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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, invited reviews, editorials, short communications, letters, 
consensus statements, guidelines and case reports with a literature review on the 
topic, 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.

Molecular Imaging and Radionuclide Therapy is indexed in Pubmed, Pubmed 
Central (PMC), Emerging Sources Citation Index (ESCI), TUBITAK-ULAKBIM, 
DOAJ, Scopus, Gale/Cengage Learning, EBSCO databases, Embase, ProQuest 
Health & Medical Complete, CINAHL, Index Copernicus, J-Gate, IdealOnline, 
ROOT INDEXING, Türkiye Atıf Dizini-Turkiye Citation Index, Turk Medline, 
EuroPub, Hinari, GOALI, ARDI, OARE and AGORA.

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.

Subscription Information
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

Copyight Statement
Turkish Society of Nuclear Medicine holds the international copyright of all the 
content published in the journal.

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.

The author(s) hereby affirms that the manuscript submitted is original, that all 
statement asserted as facts are based on author(s) careful investigation and 
research for accuracy, that the manuscript does not, in whole or part, infringe 
any copyright, that it has not been published in total or in part and is not being 
submitted or considered for publication in total or in part elsewhere.

Completed Copyright Statement form should be submitted to the online article 
system.

By signing this form,

1. Each author acknowledge that he/she participated in the work in a substantive 
way and is prepared to take public responsibility for the work.

2. Each author further affirms that he or she has read and understands the “Ethical 
Guidelines for Publication of Research”.

3. The author(s), in consideration of the acceptance of the manuscript for 
publication, does hereby assign and transfer to the Molecular Imaging and 
Radionuclide Therapy all of the rights and interest in and the copyright of the 
work in its current form and in any form subsequently revised for publication and/
or electronic dissemination.

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Instructions for Authors
Instructions for authors are published in the journal and on 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. 
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INSTRUCTIONS TO AUTHORS

Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, 
MIRT) publishes original research articles, short communications, invited reviews, 
editorials, case reports with a literature review on the topic, interesting images, 
consensus statements, guidelines, letters in the field of molecular imaging, 
multimodality imaging, nuclear medicine, radionuclide therapy, radiopharmacy, 
medical physics, dosimetry and radiobiology. MIRT is published by the Turkish 
Society of Nuclear Medicine three times a year (February, June, October). 
Molecular Imaging and Radionuclide Therapy does not charge any article 
submission or processing fees. 

GENERAL INFORMATION
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.
Manuscripts must be written in English and must meet the requirements of the 
journal. The journal is in compliance with the uniform requirements for manuscripts 
submitted to biomedical journals published by the International Committee of 
Medical Journal Editors (NEJM 1997; 336:309-315, updated 2016). Manuscripts 
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 
this deadline will be treated as new submissions.
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 
research involving “Human beings” conducted in accordance with such principles. 
Reports describing data obtained from research conducted in human participants 
must contain a statement in the MATERIALS AND METHODS section indicating 
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 
must include in the cover letter a statement indicating that the author(s) has 
(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 
duplication rate at or higher than 5% with a single source will be returned back 
to authors.

MANUSCRIPT CATEGORIES

1. Original Articles

2. Short Communications are short descriptions of focused studies with important, 
but very straightforward results. 
3. Reviews address important topics in the field. Authors considering the submission 
of uninvited reviews should contact the editor in advance to determine if the 
topic that they propose is of current potential interest to the Journal. Reviews 
will be considered for publication only if they are written by authors who have at 
least three published manuscripts in the international peer reviewed journals and 
these studies should be cited in the review. Otherwise only invited reviews will be 
considered for peer review from qualified experts in the area.
4. Editorials are usually written by invitation of the editor by the editors on current 
topics or by the reviewers involved in the evaluation of a submitted manuscript 
and published concurrently with that manuscript.
5. Case Report and Literature Reviews are descriptions of a case or small number of 
cases revealing a previously undocumented disease process, a unique unreported 
manifestation or treatment of a known disease process, unique unreported 
complications of treatment regimens or novel and important insights into a 
condition’s pathogenesis, presentation, and/or management. The journal’s policy 
is to accept case reports only if it is accompanied by a review of the literature on 
the related topic. They should include an adequate number of images and figures.
6. Interesting Image
One of the regular parts of Molecular Imaging and Radionuclide Therapy is 
a section devoted to interesting images. Interesting image(s) should describe 
case(s) which are unique and include interesting findings adding insights into the 
interpretation of patient images, a condition’s pathogenesis, presentation, and/
or management. 
7. Consensus Statements or Guidelines may be submitted by professional societies. 
All such submissions will be subjected to peer review, must be modifiable in 
response to criticisms, and will be published only if they meet the Journal’s usual 
editorial standards. 
8. Letters to the Editor may be submitted in response to work that has been 
published in the Journal. Letters should be short commentaries related to specific 
points of agreement or disagreement with the published work. 
Note on Prior Publication
Articles are accepted for publication on the condition that they are original, 
are not under consideration by another journal, or have not been previously 
published. Direct quotations, tables, or illustrations that have appeared in 



INSTRUCTIONS TO AUTHORS

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 
not recommended. Books: Surnames and initials of author’s names, chapter title, 
editor’s name, book title, edition, city, publisher, date and pages.
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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 (200, 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. 

 Invited 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.
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 
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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 
Author Guidelines, which is found in About the Journal.
6. English keywords should be provided from http://www.nlm.nih.gov/mesh(Medical 
Subject Headings), while Turkish keywords should be provided fromhttp://www.
bilimterimleri.com
7. The title page should be a separate document from the main text and should 
be uploaded separately.
8. The “Affirmation of Originality and Assignment of Copyright/The Disclosure 
Form for Potential Conflicts of Interest Form” and Authorship Contribution Form 
should be downloaded from the website, filled thoroughly and uploaded during 
the submission of the manuscript.

TO AUTHORS

Copyright Notice
The author(s) hereby affirms that the manuscript submitted is original, that all 
statement asserted as facts are based on author(s) careful investigation and 
research for accuracy, that the manuscript does not, in whole or part, infringe 
any copyright, that it has not been published in total or in part and is not being 
submitted or considered for publication in total or in part elsewhere. Completed 

Copyright Assignment & Affirmation of Originality Form will be uploaded during 
submission. By signing this form;

1. Each author acknowledges that he/she participated in the work in a substantive 
way and is prepared to take public responsibility for the work.

2. Each author further affirms that he or she has read and understands the “Ethical 
Guidelines for Publication of Research”.

3. The author(s), in consideration of the acceptance of the manuscript for 
publication, does hereby assign and transfer to the Molecular Imaging and 
Radionuclide Therapy all of the rights and interest in and the copyright of the 
work in its current form and in any form subsequently revised for publication and/
or electronic dissemination.

Privacy Statement

The names and email addresses entered in this journal site will be used exclusively 
for the stated purposes of this journal and will not be made available for any other 
purpose or to any other party.

Peer Review Process

1. The manuscript is assigned to an editor, who reviews the manuscript and makes 
an initial decision based on manuscript quality and editorial priorities.

2. For those manuscripts sent for external peer review, the editor assigns at least 
two reviewers to the manuscript.

3. The reviewers review the manuscript.

4. The editor makes a final decision based on editorial priorities, manuscript 
quality, and reviewer recommendations.

5. The decision letter is sent to the author.

Contact Address

All correspondence should be directed to the Editorial Office:

Cinnah Caddesi Pilot Sokak No:10/12 06650 Çankaya / Ankara, Turkey

Phone: +90 312 441 00 45

Fax: +90 312 441 12 97

E-mail: info@tsnmjournals.org



CONTENTS

	 Original Articles
94	 Value of Dynamic 18F-FDG PET/CT in Predicting the Success of Neoadjuvant Chemotherapy in Patients with Locally 	
	 Advanced Breast Cancer: A Prospective Study

	 Lokal İleri Evre Meme Kanserli Hastalarda Neoadjuvan Kemoterapi Yanıtı Öngörüsünde Dinamik 18F-FDG PET/BT’nin Değeri: Prospektif Çalışma
	 Osman Kupik, Murat Tuncel, Pınar Özgen Kıratlı, Meltem Gülsün Akpınar, Kadri Altundağ, Figen Başaran Demirkazık,  
	 Belkıs Erbaş; Muğla, Ankara, Turkey

103	 The Evaluation of Sentinel Lymph Node Biopsy Using Radiocolloid in First Stage Endometrial Cancer

	 Birinci Evre Endometrial Kanserde Radyokolloid Kullanılarak Yapılan Sentinel Lenf Nodu Biyopsisinin Değerlendirilmesi
	 Anamarija Jankulovska, Sinisha Stojanoski, Sasho Stojcevski, Igor Aluloski, Rubens Jovanovic, Slavica Kostadinova Kunovska,  
	 Mile Tanturovski, Nevena Manevska, Gordana Petrusevska, Daniela Miladinova; Skopje, Republic of North Macedonia

112	 Comparison of Radioactive Iodine Activities in Terms of Short- and Long-term Results in Ablation Therapy in 	
	 Patients with Low-risk Differentiated Thyroid Cancer

	 Düşük Risk Grubundaki Diferansiye Tiroid Kanseri Hastalarında Ablasyon Tedavisinde Radyoaktif İyot Aktivitelerinin Kısa ve Uzun Dönem 	
	 Sonuçları Açısından Karşılaştırılması
	 Seray Saraçoğlu, Osman Güven, Gündüzalp Buğrahan Babacan, Savaş Karyağar, Tamer Özülker, Sadık Ergür,  
	 Sevda Sağlampınar Karyağar; İstanbul, Bursa, Turkey

117	 Gastric Emptying Scintigraphy: Diagnostic Value of Delayed Imaging and the Impact on Reclassification of Diagnosis

	 Mide Boşalma Sintigrafisi: Gecikmiş Görüntülemenin Tanısal Değeri ve Tanının Yeniden Sınıflandırılmasına Etkisi
	 Mohsen Qutbi, Reyhane Ahmadi, Elinaz Hosseinzadeh, Ali Asadi; Tehran, Hamadan, Iran

123	 Potential Role of Somatostatin Receptor Scintigraphy for In Vivo Imaging of Vulnerable Atherosclerotic Plaques 	
	 and Its Association with Myocardial Perfusion Imaging Finding: A Preliminary Study

	 Hassas Aterosklerotik Plakların İn Vivo Görüntülenmesinde Somatostatin Reseptör Sintigrafisinin Potansiyel Rolü ve Bunun Miyokardiyal 		
	 Perfüzyon Görüntüleme Bulgusu ile İlişkisi: Bir Ön Çalışma
	 Abdullatif Amini, Esmail Jafari, Mohammad Reza Pourbehi, Dariush Iranpour, Reza Nemati, Hojjat Ahmadzadehfar, Majid Assadi;  
	 Bushehr, Iran; Dortmund, Germany

131	 Comparison of Regadenoson and Dipyridamole Safety Profiles During Stress Myocardial Perfusion Imaging

	 Stres Miyokardiyal Perfüzyon Görüntüleme Esnasında Regadenozon ve Dipiridamol Güvenlik Profillerinin Karşılaştırılması
	 Jan Roczniak, Justyna Bączalska, Gabriela Kanclerz, Weronika Zielińska, Joanna Ożga, Błażej Cymerman, Agnieszka Stępień, 	
	 Magdalena Kostkiewicz, Katarzyna Holcman; Kraków, Poland

138	 Clinical Utility of CT-based Attenuation-correction in Myocardial Perfusion SPECT Imaging

	 Miyokard Perfüzyon SPECT Görüntülemede, BT Bazlı Atenüasyon Düzeltmenin Klinik Yararı
	 Filiz Hatipoğlu, Neslihan Çetin; İzmir, İstanbul, Turkey

	 Interesting Images
146	 68Ga-FAPI-04 PET/CT Findings in Patients with Liver Cirrhosis	

	 Karaciğer Sirozu Olan Hastalarda 68Ga-FAPI-04 PET/BT Bulgular
	 Gamze Tatar, Ediz Beyhan, Özge Erol Fenercioğlu, İsa Sevindir, Nurhan Ergül, Tevfik Fikret Çermik; İstanbul, Turkey

150	 Comparison of 68Ga-PSMA PET/CT and 18F-PSMA PET/CT of a Patient with Prostate Cancer Recurrence on Urinary 	
	 Bladder Wall

	 Mesane Duvarında Prostat Kanseri Nüksü Tespit Edilen Hastanın 68Ga-PSMA PET/BT ve 18F-PSMA PET/BT Görüntülerinin Karşılaştırılması
	 Çiğdem Soydal, Burak Demir, Gizem Sütçü, Mine Araz, Nuriye Özlem Küçük; Ankara, Turkey



CONTENTS

153	 Cutaneous Metastase of Rectal Neuroendocrine Carcinoma Revealed on 18F-FDG PET/CT
	 Rektal Nöroendokrin Karsinomun 18F-FDG PET/BT’de Kutanöz Metastazı
	 Ömer Faruk Şahin, Rahime Şahin, Mehmet Can Baloğlu, Tevfik Fikret Çermik, Nurhan Ergül; İstanbul, Turkey

156	 Testicular Metastasis of Jejunal Neuroendocrine Tumor on 68Ga-DOTATATE PET/CT
	 Jejunal Nöroendokrin Tümöre Sekonder Gelişen Bilateral Testiküler Metastazın 68Ga-DOTATATE PET/BT Bulguları
	 Ömer Faruk Şahin, Özge Erol Fenercioğlu, Ediz Beyhan, Tevfik Fikret Çermik, Nurhan Ergül; İstanbul, Turkey

159	 18F-FDG PET/MRI Image of Skin Metastasis of Ovarian Cancer
	 Over Kanserinde Deri Metastazının 18F-FDG PET/MR Görüntüsü
	 Ali Kibar, Sertaç Asa, Rabia Lebriz Uslu Beşli, Muhammet Sait Sağer, Kerim Sönmezoğlu; İstanbul, Turkey

162	 Brain Perfusion Changes in a Patient with Facial Trauma
	 Yüz Travmalı Bir Hastada Beyin Perfüzyon Değişiklikleri
	 Chrissa Sioka, Anastasia Zikou, Petros Petrikis, Asimakis Asimakopoulos, George Alexiou, Vasileios Ragos; Ioannina, Greece

165	 Meningioma Mimicking Bone Metastasis in Breast Cancer
	 Meme Kanserinde Kemik Metastazını Taklit Eden Menenjiom
	 Oğuzhan Şahin, Gündüzalp Buğrahan Babacan, Tamer Özülker; İstanbul, Turkey

168	 Unusual Case of Pseudomembranous Colitis Presenting as Fever of Unknown Origin Diagnosed by Tc-99m-HMPAO-	
	 labeled Leukocytes SPECT/CT
	 Nedeni Bilinmeyen Ateş ile Prezente olan ve Tc-99m-HMPAO İşaretli Lökosit SPECT/BT ile Teşhis Edilen Olağan Dışı Psödomembranöz Enterokolit 	
	 Olgusu 
	 Rosanna Del Carmen Zambrano-Infantino, Jean Félix Piñerúa-Gonsálvez, Noelia Alvarez-Mena, Sandra Izquierdo-Santervás, 	
	 Noelia Alcaide, Maria Garcia-Aragon, Ricardo Ruano-Pérez; Valladolid, Spain

171	 Urinary Bladder Carcinoma Demonstrated on Bone Scintigraphy and SPECT/CT Images
	 Kemik Sintigrafisi ve SPECT/BT ile Gösterilen Üriner Mesane Karsinomu
	 Sotiria Alexiou, Xanthi Xourgia, Pavlos Raptis, Dimitrios Baltogiannis, Chrissa Sioka; Ioannina, Greece

175	 Incidental Spleen Cyst Mimicking Thyroid Carcinoma Metastasis: False-positive Uptake on Radioiodine Whole Body Scan
	 Tiroid Karsinom Metastazını Taklit Eden Rastlantısal Dalak Kisti: Radyoaktif İyot Tüm Vücut Taramada Yanlış Pozitif Tutulum
	 Mustafa Genç, Nazım Coşkun, Seyda Türkölmez; Sivas, Ankara, Turkey

178	 I-131 Avid Tumor Thrombus in a Case of Poorly Differentiated Thyroid Cancer
	 Kötü Diferansiye Tiroid Kanseri Olgusunda I-131 Tutan Tümör Trombüsü
	 Sana Munir Gill, Aamna Hassan, Humayun Bashir, Waqas Shafiq; Lahore, Pakistan

181	 Hypermetabolic Axillary Lymph Nodes Associated with COVID-19 Vaccination in Breast Cancer Management
	 Meme Kanseri Yönetiminde COVID-19 Aşısına Bağlı Hipermetabolik Aksiller Lenf Nodları
	 Cengiz Taşçı, Ahmet Dirican, Ethem Murat Sözbilen, Fatma Seher Pehlivan, Selim Serter; İzmir, Turkey

186	 Polyostotic Fibrous Dysplasia in a Six-year-Old Boy
	 Altı Yaşındaki Erkek Çocukta Poliostotik Fibröz Displazi
	 Nevena Manevska, Dushica Todorova-Stefanovski, Smijana Bundovska Kocev, Sinisha Stojanoski, Tanja Makazlieva; Skopje, Macedonia



 Original Article

94

©Copyright 2023 by the Turkish Society of Nuclear Medicine / Molecular Imaging and Radionuclide Therapy published by Galenos Publishing House.
Licensed by Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

Mol Imaging Radionucl Ther 2023;32:94-102

Address for Correspondence: Osman Kupik MD, Muğla Training and Research Hospital, Clinic of Nuclear Medicine, Muğla, Turkey
Phone: +90 252 214 13 23 E-mail: osmankupik@gmail.com ORCID ID: orcid.org/0000-0001-9473-7940

Received: 29.08.2022 Accepted: 18.12.2022

 Osman Kupik1,  Murat Tuncel2,  Pınar Özgen Kıratlı2,  Meltem Gülsün Akpınar3,  Kadri Altundağ4, 
 Figen Başaran Demirkazık3,  Belkıs Erbaş2

1Muğla Training and Research Hospital, Clinic of Nuclear Medicine, Muğla, Turkey
2Hacettepe University Faculty of Medicine, Department of Nuclear Medicine, Ankara Turkey
3Hacettepe University Faculty of Medicine, Department of Radiology, Ankara, Turkey
4MKA Breast Cancer Clinic, Ankara, Turkey

Lokal İleri Evre Meme Kanserli Hastalarda Neoadjuvan Kemoterapi Yanıtı Öngörüsünde 
Dinamik 18F-FDG PET/BT’nin Değeri: Prospektif Çalışma

Abstract
Objectives: This prospective study was planned to compare the predictive value of dynamic 18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) in locally advanced breast cancer patients (LABC) receiving neoadjuvant chemotherapy (NAC). 
Methods: Twenty seven patients with LABC [median age: 47, (26-66)] underwent a dynamic 18F-FDG PET study at baseline, and after 2-3 cycles 
of (NAC) were included (interim). Maximum standardized uptake value (SUV

max
) values and SUV ratios for the 2nd, 5th, 10th, and 30th minutes and 

dynamic curve slope (SL) values and SL ratios were measured using 18F-FDG dynamic data. In addition, the values of SUV
mean

 (2minSUVmean), 
SULpeak (2minSULpeak), metabolic volume (2minVol), and total lesion glycolysis (2minTLG) were measured for the first 2 min. Percent changes 
between baseline and interim studies were calculated and compared with the pathological results as the pathological complete response (PCR) or 
the pathological non-complete response (non-PCR). Receiver operating characteristic curves were obtained to calculate the area under the curve 
to predict PCR. Optimal threshold values were calculated to discriminate between PCR and non-PCR groups. 
Results: Baseline study SUV 30 (p=0.044), SUV 30/2 (p=0.041), SUV 30/5 (p=0.049), SUV 30/10 (p=0.021), SL 30/2 (p=0.029) and SL 30/5 
(p=0.027) values were statistically significant different between PCR and non-PCR groups. The percentage changes of 2minVol between PCR and 
non-PCR groups were statistically significant. For the threshold value of -67.6% change in 2minVol, the sensitivity, specificity, positive predictive 
value, negative predictive value, and accuracy were 87.2%, 77.8%, 63.6%, 93.3%, and 80.7%, respectively (area under the curve: 0.826, p=0.009). 
Conclusion: Semiquantitative parameters for dynamic 18F-FDG PET can predict PCR. % changes in 2minVol can identify non-responding patients 
better than other parameters.
Keywords: Breast cancer, dynamic positron emission tomography, fluorodeoxyglucose, neoadjuvant therapy

Öz
Amaç: Bu prospektif çalışmada neoadjuvan kemoterapi (NAC) alan lokal ileri meme kanseri hastalarda (LABC) dinamik 18F-florodeoksiglukoz (FDG) 
pozitron emisyon tomografisi/bilgisayarlı tomografinin (PET/BT), NAC yanıt öngörüsünü araştırdık.
Yöntem: LABC’li 27 hastaya [medyan yaş: 47, (26-66)] NAC öncesi ve 2-3 kür kemoterapi sonrası dinamik 18F-FDG PET çalışması uyguladık. Dinamik 
çalışmanın 2., 5., 10 ve 30. dakikalarında maksimum standartlaştırılmış alım değeri (SUV

maks
) değerleri, SUV oranları ile dinamik eğri eğim (SL) 
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Introduction

Neoadjuvant chemotherapy (NAC) is administered as a 
standard treatment for locally advanced breast cancer. 
Some of the main goals of NAC are to increase the rate of 
breast-conserving surgery and to predict the prognosis by 
monitoring the response of the tumor to treatment (1,2). 
The pathological complete response (PCR) in breast cancer 
patients receiving NAC is an important indicator of disease-
free and overall survival (3,4).

Response to NAC is essential to be predicted at an early 
stage. Because in patients who do not respond to NAC it 
may be possible to change ineffective chemotherapy to 
minimize its toxic effects and prevent unnecessary costs. 
Successful results have been obtained in predicting the 
response to NAC with 18F-fluorodeoxyglucose (FDG) positron 
emission tomography/computed tomography (PET/CT), 
which evaluates the metabolic activity of the tumor (5).

Obtaining dynamic data with 18F-FDG enables a more 
detailed quantitative analysis of 18F-FDG kinetics. Classically, 
a dynamic study requires recording 60 minute serial images 
and quantitatively evaluating the obtained data using 
a 2-compartment analysis. Various studies have shown 
that dynamic analysis is superior to semiquantitative 
analysis, with only standardized uptake values (SUV) in the 
diagnostic evaluation of the tumor and the follow-up of the 
response to treatment (6). Dynamic studies with 18F-FDG 
have become uptodate again in recent years. Publications 
are increasingly applying clinical studies in a shorter time 
and with different analysis methods (7,8,9,10).

This prospective study investigated the success of baseline 
and interim dynamic PET parameters and percentage 
changes between them in predicting NAC response in 
patients with locally advanced breast cancer (LABC).

Materials and Methods

Study Cohort

We included 41 patients [median age: 47 years old, (26-
66)] diagnosed with LABC and planned to receive NAC. 

Ethics Committee approval was obtained from Hacettepe 
University Faculty of Medicine (approval no: GO 13/45-
29). We included patients with stage IIB, IIIA, IIIB, or IIIC 
according to the staging criteria of the American Joint 
Committee on Cancer 7th edition (11) without distant 
metastases and with 18F-FDG uptake by a primary tumor 
in baseline imaging. Written informed consent forms were 
obtained from the patients who agreed to participate in 
the study. We did not include uncooperative patients or 
patients with uncontrolled diabetes mellitus. In addition, 
we excluded patients with dose infiltration and suboptimal 
image quality. Breast cancer diagnosis in all patients was 
confirmed histopathologically from biopsy materials. 
Estrogen, progesterone, and HER2 receptor determination 
were evaluated immunohistochemically. We grouped the 
patients as those with PCR or pathological non-complete 
response (non-PCR) according to the results of the 
histopathological evaluation. Patients were scanned with 
18F-FDG PET/CT before treatment (baseline), after 2-3 
cycles of NAC (interim), and after the end of treatment, 
before surgery.

Imaging Protocol: Patients laid comfortably in the prone 
position with arms raised and breasts droop. A unique 
breast coil produced for this study was used. Attention 
was paid to fast for a minimum of 6 h before imaging 
and a maximum blood glucose 170 mg/dL during the 
injection. Dynamic images were obtained in a single 
bed position, including the primary tumor and the axilla, 
starting immediately after 18F-FDG injection from the 
arm on the opposite side of the breast tumor or lower 
extremity. Dynamic phase images were recorded for 32 
min, including ten frames of 30 min, five frames of 1 min, 
five frames of 2 min each, and four frames of 3 min (12). 
Iterative image processing was applied to the images (2 
iterations, 21 subsets). CT images were obtained using a 
4-slice device (140 kV, 80 mA), and attenuation correction 
was made with CT slices.

Data Analysis: Two nuclear medicine physicians with 
more than 20 years of expertize and a research assistant 
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değerleri ve SL oranları, 18F-FDG dinamik verileri kullanılarak ölçüldü. Ayrıca ilk 2 dakika için SUVmean (2minSUVmean), SULpeak (2minSULpeak), 
metabolik volume (2minVol), and total lezyon glikoliz (2minTLG) değerlerini hesapladık. Parametrelerin tedavi öncesi ve interim çalışma arasındaki 
yüzde değişimlerini hesapladık ve patolojik sonuçlar [patolojik tam yanıt (PCR) olan ve olmayan (non-PCR)] ile karşılaştırdık. Parametrelerin patolojik 
yanıtı (PCR ve non-PCR) ayırt edebilmesi için ROC eğrisi kullanarak en uygun eşik değerleri hesapladık. 
Bulgular: Tedavi öncesi SUV 30 (p=0,044), SUV 30/2 (p=0,041), SUV 30/5 (p=0,049), SUV 30/10 (p=0,021), SL 30/2 (p=0,029) ve SL 30/5 
(p=0,027) değerleri PCR ve non-PCR hasta grupları arasında istatistiksel anlamlı farklı idi. Yüzde (%) değişim 2minVol, PCR ve non-PCR hasta grupları 
arasında istatistiksel olarak anlamlı farklılık vardı. 2minVol’deki -%67,6 değişim eşik değeri için duyarlılık %87,2, özgüllük %77,8, pozitif öngörü 
değeri %63,6, negatif öngörü değeri %93,3 ve doğruluk %80,7 idi (eğrinin altındaki alan: 0,826, p=0,009).
Sonuç: Dinamik 18F-FDG PET parametreleri patolojik yanıtı öngörebilir. 2minVol’deki % değişiklikler, non-PCR hastaları diğer parametrelerden daha 
iyi belirleyebilir.
Anahtar kelimeler: Meme kanseri, dinamik pozitron emisyon tomografi, fluorodeoksiglukoz, neoadjuvan tedavi
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performed the images at the AW-46 workstation. We 
evaluated the obtained dynamic images using the 
“DynamicVue” program on the Advantage workstation 
(GE Healthcare, USA). We obtained time-activity curves by 
plotting areas of interest on the lesion, symmetrical breast 
tissue, and aorta in the plane where the primary lesion is 
most prominent (Figure 1). 

We first evaluated the curves visually. For semiquantitative 
evaluation, we measured SUV

max
 values (SUVmax2, 

SUVmax5, SUVmax10, SUVmax30) for the 2nd, 5th, 10th, 
and 30th minutes (Figure 2). 

The slope (SL) values of the time-activity curves were 
calculated separately for the 0-2, 0-5, 0-10, and 0-30 
minutes time periods of the obtained curves (SL2, SL5, 
SL10, SL30). 

In addition, SUV
mean

 (2minSUV), SULpeak (2minSULpeak), 
volume (2minVol), and total glycolytic index (2minTLG) 
values were calculated by combining images taken 
between 0 and 2 min.

The percentage change of all measured numerical 
parameters after 2-3 cycles was c alculated according to the 
following formula [% change = (value after chemotherapy 
- baseline value) / baseline value x 100].

Statistical Analysis

The conformity of the variables to the normal distribution 
was examined with the Kolmogorov-Smirnov test. 
Continuous variables were expressed as median (minimum-
maximum) and mean with standard deviation. Chi-square, 

Fisher’s Exact, t-test, or Mann-Whitney U tests were used, 
depending on the analysis of NAC response with univariate 
analyses. The diagnostic decision-making properties of the 
calculated parameters in predicting the surgical response 
were analyzed by Receiver operating characteristic curve 
(ROC) analysis. The sensitivity, specificity, positive and 
negative predictive values, and accuracy ​​were calculated in 
the presence of significant threshold values. P values ​​<0.05 
was considered statistically significant. Statistical analysis 
were performed using SPSS 18.

Results

Study Cohort: We performed baseline imaging in 29 
patients and interim imaging in 41 patients and analyzed 27 
patients [median age: 47, (26-66)] with baseline and interim 
imaging. The histopathological diagnosis of 22 patients 
was invasive ductal carcinoma, and five was mixed type 
(ductal + lobular) invasive carcinomas. While the primary 
tumor was unifocal in 23 patients, it was multicentric/
multifocal in 4. Tumor size ranged from 16 to 96 mm 
(median: 44 mm). One patient had T1, 12 patients had T2, 
12 patients had T3 and two had T4 tumors. The tumors of 
13 patients were grade 2, while 14 was grade 3. Eighteen 
patients were in the hormone receptor-positive group, 4 
in the TN group, and 5 in the HER2+ group. Ten patients 
were postmenopausal and 17 were premenopausal. There 
was no difference in the distribution between the groups 
according to receptor and menopausal status. The clinical 
information of the patients is given in Table 1.

﻿Kupik et al. Dynamic 18F-FDG PET Predicts NAC Response ﻿

Figure 1. Time-activity curves. Right breast IDC, grade 2 tumor, 63 years-old patient. Patient was on the prone position. A green ROI was drawn to 
the right breast tumor, a purple ROI to the contralateral breast tissue, and a pink ROI to the aorta. Arrows indicate all three ROIs. The SUV

max
-time 

graph is shown on the right. The SUV
max

-time curve of each ROI is shown in the same color. While the contralateral breast tissue draws a low-slope 
SUV-time curve at the end of 29 minutes (purple curve), the tumor shows a significant SUV-time increase compared to normal tissue (green curve). 
While the SUV value in the aorta is initially high, it decreases rapidly over time (pink curve). At approximately 16 minutes, the aorta and tumor curves 
intersect (blue arrow)
IDC: Invasive ductal carcinoma, mixt, invasive ductal and lobular carcinoma, ROI: Region of interest, SUV

max
: Maximum standardized uptake value
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Surgical Response Assessment: One patient did not 
want to be operated on after NAC, and the remaining 
26 patients underwent modified radical mastectomy. PCR 
was detected in 8 patients. In the remaining 18 patients, 
residual tumors ranging from 10 to 70 mm (median: 30 
mm) were observed. 

Neoadjuvant Chemotherapy Regimen: The chemotherapy 
regimen  included four cycles of  adriamycin and 
cyclophosphamide every 21 days, followed by weekly paclitaxel 
for 12 weeks. Patients with HER2+ breast cancer also received 
concomitant weekly trastuzumab with paclitaxel.

Baseline Study: SUV2, SUV5, SUV10, and SUV30 tumor 
and contralateral breast tissue values increased significantly 
(p=0.0001) (Figure 3). Tumor/contralateral breast SUV 
ratios did not change significantly over time. Figure 4 
shows tumor and contralateral breast tissue dynamic SUV 
values and tumor/contralateral breast tissue SUV ratios 

Response to Neoadjuvant Chemotherapy

SUV Values (2, 5, 10, and 30 minutes): We calculated 
the percentage changes in SUV values in 26 patients with 
complete baseline and interim data. Eight of 26 patients 
had a PCR, and 18 had a residual tumor. We did not find 
a statistically significant difference in baseline and interim 
study SUV values between the PCR and non-PCR groups. 
In addition, there was no statistically significant difference 
in the percentage change of SUV values. Only the baseline 
study SUV30 differed significantly between the groups 
(p=0.44). The baseline SUV30 value was higher in the PCR 
group (Table 2). 

SUV Ratios: Baseline and interim ratio values were 
statistically different (p<0.001). There was a statistically 
significant difference in baseline SUV 30/2, 30/5, and 
30/10 values ​​between groups with and without PCR 
(p=0.041, 0.049, 0.021, respectively). SUV rates were 
higher in the PCR group (Table 3).

Kupik et al. Dynamic 18F-FDG PET Predicts NAC Response ﻿﻿

Figure 2. Right breast IDC grade 3 tumor, 56 years-old patient. Images at the 2nd, 5th, 10th and 30th minutes were obtained using data acquired in the 
dynamic phase. Arrows indicate the same tumor
IDC: Invasive ductal carcinoma, mixt, invasive ductal and lobular carcinoma

2.min 5.min

10.min 30.min
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Table 1. Patients characteristics

Patient no Age Histology Tumor grade ER PR HER-2 Menopause status T N Tumor focality

1 43 IDC 2 - Pre 2 1 Multifocal

2 49 IDC 2 - Post 2 1 Unifocal

3 66 IDC 2 - Post 2 1 Unifocal

4 32 IDC 2 - - Pre 3 1 Unifocal

5 48 Mixt 3 - Pre 2 0 Unifocal

6 65 IDC 3 - Post 2 1 Unifocal

7 66 IDC 2 - Post 2 0 Unifocal

8 47 Mixt 2 - Pre 3 3 Unifocal

9 56 IDC 3 - - - Post 3 2 Unifocal

10 56 Mixt 2 - Post 3 3 Multifocal

11 36 IDC 2 - - Pre 2 1 Unifocal

12 32 Mixt 3 - - - Pre 3 3 Unifocal

13 48 IDC 3 - - - Post 1b 2 Multifocal

14 32 IDC 2 - Pre 3 1 Unifocal

15 63 IDC 3 - Post 2 1 Unifocal

16 44 Mixt 2 - - Pre 3 3 Unifocal

17 33 IDC 3 - Pre 3 1 Unifocal

18 40 IDC 2 - Pre 2 1 Unifocal

19 46 IDC 3 - Pre 3 1 Unifocal

20 28 IDC 2 - - Pre 3 1 Multifocal

21 41 IDC 2 - Pre 3 3 Unifocal

22 56 IDC 3 - - Post 2 0 Unifocal

23 52 IDC 3 - - Pre 4 1 Unifocal

24 39 IDC 3 - Pre 3 3 Unifocal

25 26 IDC 3 - - - Pre 2 3 Unifocal

26 37 IDC 3 - - Pre 4 2 Unifocal

27 54 IDC 3 - - Post 2 2 Unifocal

ER: Estrogen receptor, PR: Progesterone receptor, HER-2: Human epidermal growth factor receptor 2, IDC: Invasive ductal carcinoma, mixt, invasive ductal and lobular carcinoma

Figure 3. Increase in tumor (a) and contralateral breast tissue (b) SUV values over time in the baseline study
SUV: Maximum standardized uptake value
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Dynamic Curve Slope Values: From the second minute 
to the 30th minute, tumor SL values showed a statistically 
significant decrease (p<0.001). There was no statistically 
significant difference in tumor SL values ​​between groups 
with and without PCR (Table 4).

Slope Ratios: Baseline and interim SL ratios were 
statistically different (p<0.001). Baseline study SL 30/2 and 
SL 30/5 values ​​ significantly differed between the PCR and 
non-PCR groups (p=0.029 and 0.027, respectively). The 
values ​​were higher in the PCR group (Table 5).

0-2 Minutes Values: 2minSUVmean, 2minSUVpeak, 
2minTLG, and 2minVol values obtained from the 2nd minute 
of dynamic data were statistically different in baseline and 

interim study (p<0.001). Only percentage change 2minVol 
was statistically different between the PCR and non-PCR 
groups (p=0.009). The percentage change 2minVol values ​​
were higher in the non-PCR group (-84.8% vs. -52.55%) 
(Table 6). 

We performed ROC analysis prediction of 2 minVol for PCR 
(area under the curve: 0.826, p=0.009). For the threshold 
value of -67.6% change, the sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy 
were 87.2%, 77.8%, 63.6%, 93.3%, and 80.7%, 
respectively.

Discussion

This study investigated dynamic 18F-FDG parameters 
predicting NAC response in patients with LABC. In dynamic 
imaging, 18F-FDG uptake of tumor and normal breast tissue 
increased with time. While the SUV value in the tumor tissue 
was 2 on average in the 2nd minute, it increased to 5 in a 
short time. It was observed that the SUV value in normal 
breast tissue increased from 0.4 to around 0.8 within 30 
min. Thus, in 30 min, tumor tissue shows 18-FDG uptake at 
a rate of 6-10 times compared to normal tissue. Only a few 
groups are working on the dynamic study of breast cancer 
and prediction of NAC response, and generally with small 
patient groups (8,13,14,15). 

A study comparing dynamic 18F-FDG PET/CT with standard 
whole-body 18F-FDG PET/CT in predicting response to 
NAC showed that K1 and Ki values were more accurate 
than SUV values and were associated with overall survival 
and disease-free survival (8). In multivariate analysis, K1 
was the only independent predictor of survival. Thus, the 
dynamic study was more advantageous than the standard 

Table 2. Baseline and interim study SUV values, % changes, and their relation with pathological complete response

Parameter Imaging All patients PCR non-PCR p

SUV2min

Baseline 2.37 (0.50, 4.53) 2.195 (0.96, 4.53) 2.47 (1.04, 3.90) NS

Interim 0.80 (0.1, 4.27) 0.77 (0.1, 3.32) 0.98 (0.14, 3.88) NS

Change % -46.19 (-93.01, 53.22) -58.22 (-86.37, -26.74) -45.67 (-93.01, 53.22) NS

SUV5min
Baseline 2.85 (1.03, 3.92) 3.085 (1.48, 3.89) 2.57 (1.48, 3.92) NS

Interim 1.31 (0.22, 4.04) 1.11 (0.23, 3.23) 1.41 (0.22, 4.04) NS

Change % -51.95 (-84.09, 38.74) -62.14 (-84.09, -11.03) -41.25 (-82.88, 38.74) NS

SUV10min
Baseline 3.28 (1.27, 6.54) 3.54 (1.82, 6.54) -41.25 (-82.88, 38.74) NS

Interim 1.61 (0.39, 5.15) 1.41 (0.47, 3.19) 2.82 (1.67, 5.0) NS

Change % -47.02 (-88.48, 38.59) -50.88 (-88.48, 3.84) 1.64 (0.39, 5.15) NS

SUV30min Baseline 4.19 (1.39, 12.20) 6.03 (2.92, 12.2) 3.78 (2.05, 8.45) 0.044

Interim 1.97 (0.86, 6.37) 1.63 (0.86, 5.35) 2.01 (0.86, 6.37) NS

Change % -43.28 (-88.57, 10.69) -59.81 (-88.57, -22.65) -40.28 (-69.04, 10.69) NS

NS: Statistically non-significant, PCR: Pathological complete response, SUV: Standardized uptake value

Figure 4. Tumor and contralateral breast tissue SUV values and tumor/
contralateral SUV ratios
SUV: Maximum standardized uptake value
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whole-body 18F-FDG PET/CT study in predicting the surgical 
response and prognosis. In their comparative study with 
15 H

2
O and 18F-FDG PET/CT, the same study group showed 

that blood flow measured directly with 15 H
2
O was 

correlated with K1 values measured with 18F-FDG, and that 
K1 values were a parameter that indirectly showed blood 
flow (14). FDGK1 reflects glucose transport from blood to 
tissue and FDGKi is a flow constantly. It is assumed that 
18F-FDG is transported from blood to tissue at a linear 
transfer rate of K1 relative to blood flow. K1, a measure 
of capillary permeability and perfusion, has been shown 
to have a prognostic value in cancer therapy. A dynamic 
PET study in patients with soft tissue sarcoma also found 
a strong relationship between SUV obtained between 1.5 

and 2.5 min and K1 values (r=0.79, p<0.05) (16). In a 
study on lung cancer, it was shown that there is a strong 
correlation (r=0.83, p=0001) between K1 values obtained 
with dynamic 18F-FDG PET and early phase imaging (0-2 
minutes) (17).

In our study, the perfusion parameters (2minSUV, 
2minSULpeak, 2minTLG, and 2minVol) were obtained from 
the first 2 min images, which were created assuming that 
the perfusion of the tumor showed a significant decrease in 
response to NAC. In a study comparing contrast-enhanced 
dynamic MRI with dynamic 18F-FDG PET/CT, the change 
in K1 and Ki values, the enhancement peak showing 
vascularity in MRI, and the change in tumor volume 
were compared. They found a higher rate of change in 
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Table 3. Baseline and interim study SUV ratio values and relationship with pathological complete response

Parameter Imaging All patients PCR non-PCR p

SUV30/2min 
Baseline 1.98 (0.79, 6.57) 2.93 (1.15, 6.57) 1.94 (0.79, 5.09) 0.041 

Interim 2.21 (0.90, 8.45) 3 (0.90, 8.45) 2.120 (0.93, 6.12) NS

SUV30/5min 
Baseline 1.41 (0.81, 3.19) 2.05 (1.14, 3.19) 1.35 (0.99, 2.74) 0.049 

Interim 1.570 (0.92, 4.0) 1.790 (0.92, 3.68) 1.515 (0.97, 4) NS

SUV30/10min
Baseline 1.34 (0.84, 2.0) 1.65 (1.11, 20) 1.27 (0.84, 1.90) 0.021 

Interim 1.19 (0.88, 2.36) 1.19 (0.88, 2.36) 1.205 (0.98, 2.22) NS

NS: Statistically non-significant, PCR: Pathological complete response, SUV: Standardized uptake value

Table 4. Baseline and interim study slope values. Relationship with the pathological complete response

Parameter Imaging All patients PCR non-PCR p

Slope 2min
Baseline 0.0173 (0.0042, 0.214) 0.0158 (0.0074, 0.034) 0.0186 (0.0075, 0.214) NS

Interim 0.0068 (0.0008, 0.0329) 0.0058 (0.0008, 0.0158) 0.0078 (0.0010, 0.0270) NS

Slope 5min
Baseline 0.0069 (0.0018, 0.0125) 0.0068 (0.0039, 0.0119) 0.0072 (0.0018, 0.0125) NS

Interim 0.0040 (0.0006, 0.008) 0.0034 (0.0008, 0.0059) 0.0042 (0.0006, 0.008) NS

Slope 10min
Baseline 0.0034 (0, 0.0096) 0.0033 (0.002, 0.0096) 0.0034 (0, 0.0065) NS

Interim 0.0019 (0.0004, 0.005) 0.0014 (0.0007, 0.0037) 0.002 (0.0004, 0.005) NS

Slope 30min
Baseline 0.0013 (-0.0001, 0.0065) 0.0025 (0.0006, 0.0065) 0.0012 (-0.0001, 0.0039) NS

Interim 0.0007 (-0.0003, 0.006) 0.0007 (0, 0.0024) 0.0012 (-0.0001, 0.0039) NS

NS: Statistically non-significant, PCR: Pathological complete response

Table 5. Baseline and interim study slope ratio values. Relationship with the pathological complete response

Parameter Imaging All patients PCR non-PCR p

Slope 30/2min Baseline 0.1 (-0.01, 0.42) 0.19 (0.03, 0.42) 0.09 (0, 0.30) 0.029 

Interim 0.12 (-0.01, 0.98) 0.19 (0.3, 0.75) 0.115 (-0.1, 0.98) NS

Slope 30/5min Baseline 0.21 (0.04, 0.55) 0.47 (0.11, 0.55) 0.19 (0.04, 0.44) 0.027 

Interim 0.25 (-0.05, 2.14) 0.29 (0, 0.75) 0.235 (-0.5, 2.1) NS

Slope 30/10min Baseline 0.48 (0.15, 0.83) 0.675 (0.27, 0.78) 0.42 (0.15, 0.83) NS 

Interim 0.42 (-0.25, 3.0) 0.43 (0.02, 0.86) 0.42 (-0.25, -3) NS

NS: Statistically non-significant, PCR: Pathological complete response
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patients who fully responded to treatment (15). A two-
compartment analysis of 18F-FDG yields five constants: Four 
transport rates (k1, k2, k3, k4) describe the exchange of 
tracer between blood and tissue. In the case of 18F-FDG, 
k1 reflects the influx, k2 the efflux, k3 the phosphorylation 
rate, and k4 the dephosphorylation rate of the glucose 
analog. Ki= (k1xk3/k2+k3). Through these, the metabolic 
rate can be quantitatively measured. However, since this 
process requires time and a unique computer program, we 
calculated the SL values of time-activity curves, which are 
practical for routine studies. A group working on dynamic 
18F-FDG studies used the SL and intercepted values obtained 
by linear regression analysis applied to time-activity curves 
as parametric images (18).

It is stated that the SL values reflect the trapping function 
of 18F-FDG. Based on this information, we calculated the 
SL values in different periods of the 30-min dynamic study. 
While the SL values were high in the early periods, they 
decreased in tumor and normal breast tissue over time. 
At the same time, the SL values did not differ between 
the groups in predicting the NAC response. The values of 
baseline SL ratios SL30/2 and SL30/5 were higher in the 
PCR group.

Study Limitations

K1 and Ki values could be calculated by evaluating the 
kinetic analysis of dynamic studies through a special 
program. However, the program was not available on our 
workstation. A separate statistical evaluation according to 
receptor subgroups could not be made due to the small 
number of patients.

Conclusion

In conclusion, dynamic imaging is a component that can be 
used in specific patient groups and can be easily added to 
standard imaging. Semiquantitative parameters for dynamic 
18F-FDG can predict the response to NAC. Percentage 
changes in 2 minVol can identify non-responding patients.
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Abstract
Objectives: Detection of a sentinel lymph node (SLN) in patients with endometrial cancer (EC) reduces the rate of unnecessary systemic lymph 
dissection. The aim of this study was to assess the SLN detection rate, accuracy of the method using Tc-99m-SENTI-SCINT and the rate of 
metastatic nodal involvement in patients with preoperative first stage EC.
Methods: A prospective study of SLN biopsy of 41 patients with stage I EC was conducted after cervical application of 4mCi Tc-99m-SENTI-SCINT. 
Planar lymphoscintigraphy and single-photon emission computed tomography/computed tomography (SPECT/CT) of the pelvis were performed, 
followed by site-specific lymphadenectomy in intermediate-risk patients if no SLN was detected per hemipelvis and pelvic lymphadenectomy in all 
high-risk patients.
Results: Pre-operative detection rate of planar lymphoscintigraphy was 80.49 [95% confidence interval (CI): 68.36-92.62] and of SPECT/CT 95.12 
(95% CI: 88.52-101.7). The total intraoperative SLN detection rate was 95.12 (95% CI: 88.52-101.7) per patient and 26.83 (95% CI: 19.91-33.75) 
bilaterally. The average number of SLNs removed was 1.6±0.8. The most common anatomical location of SLN was the right external iliac region. 
The SLN metastatic rate was 17%. Both sensitivity and negative predictive value regarding metastatic involvement were 100%.
Conclusion: The SLN detection rate, sensitivity and negative predictive value using Tc-99m-SENTI-SCINT in patients with EC in our study were high. 
The application of ultra-staging in the histopathological analysis of SLN increases the detection of nodal metastases and improves the staging in 
these patients.
Keywords: Endometrial carcinoma, sentinel lymph node, ultra-staging, SPECT/CT

Öz
Amaç: Endometriyal kanserli (EK) hastalarda sentinel lenf nodu (SLN) saptanması gereksiz sistemik lenf diseksiyonu oranını azaltır. Bu çalışmanın 
amacı, preoperatif birinci evre EK’li hastalarda SLN saptama oranını, Tc-99m-SENTI-SCINT kullanılan yöntemin doğruluğunu ve metastatik nodal 
tutulum oranını değerlendirmekti.
Yöntem: 4mCi Tc-99m-SENTI-SCINT’nin servikal uygulamasından sonra evre I EK’li 41 hastanın SLN biyopsisini içeren prospektif bir çalışma yapıldı. 
Pelvisin planar lenfosintigrafisi ve tek foton emisyonlu bilgisayarlı tomografisi/bilgisayarlı tomografisi (SPECT/BT) çekildi, ardından hemipelvis başına 
SLN saptanmadıysa orta riskli hastalarda bölgeye özgü lenfadenektomi ve tüm yüksek riskli hastalarda pelvik lenfadenektomi uygulandı.
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Introduction

Endometrial carcinoma (EC) is the sixth most common 
cancer among women worldwide, with 417,367 new cases 
registered in 2020 (1). The surgical treatment includes 
hysterectomy with adnexectomy for histopathological 
analysis of the tumor, further with pelvic lymphadenectomy, 
with or without para-aortic lymphadenectomy, for nodal 
staging (2). Radical lymphadenectomy in EC is a current 
topic of a debate and is very controversial, on one hand 
due to lack of impact on the overall survival and recurrence 
of the disease, while on the other could lead to frequent 
complications such as lymphedema/lymphocyst, pelvic 
infections, nerve injury, and/or deep vein thrombosis (3,4).

To improve the quality of EC treatment in 2020, the existing 
guidelines have been updated and new recommendations 
have been established in terms of patient management. 
Sentinel lymph node (SLN) biopsy has been proposed as 
a viable alternative to conventional lymphadenectomy to 
evaluate the nodal status in tumor stage I/II (5). The SLN, 
as first described by Gould et al. (6), is the first drainage 
lymph node of the tumor area and thus has the highest 
probability to be the carrier of metastatic cells. Therefore, 
if the SLN is negative for metastatic disease, it is assumed 
that all lymph nodes in the same lymph pathway are also 
free of metastasis. This concept of SLN removal in EC 
patients would provide an adequate approach between 
sub-treatment (no lymphadenectomy) and over-treatment 
(radical lymphadenectomy) with a significant risk of 
complications.

The cervical application of Tc-99m labeled colloid particles 
2-24 hours before the operation allows the tracer to be 
trapped by phagocytosis by the SLNs so they can be detected 
preoperatively either on planar lymphoscintigraphy and/or 
single-photon emission computed tomography/computed 
tomography (SPECT/CT), which is not the case when other 
tracers/techniques are being used. Planar images show 
two-dimensional mapping of the lymphatic drainage and 
the SLN, while SPECT/CT provides important information 
about its anatomical location, facilitating surgical detection 
(7). SLNs are detected intraoperatively with a hand-held 

gamma detector probe, following its acoustic signal 
and determining the counts per second (8). In this way, 
lymph nodes at atypical locations are detected, especially 
locations where lymphadenectomy would not commonly 
be performed, in the immediate vicinity of blood vessels. 
An important advantage of the SLN concept is the 
possibility of detecting small-volume metastases by detailed 
histopathological analysis that otherwise would have been 
missed by routine procedures (9).

SLN mapping with radiocolloid has already been established 
at our Institution and incorporated as a part of the surgical 
staging of patients with breast cancer, melanoma, and 
colorectal cancer. Using this knowledge, we established 
a nuclear medicine method for SLN biopsy in EC patients 
with presumed first stage of the disease. Furthermore, 
purpose of our study was to evaluate the detection rate 
of SLN in preoperative imaging and intraoperative during 
SLN biopsy using the Tc-99m-SENTI-SCINT as a tracer, the 
diagnostic accuracy of SLN biopsy procedure for detecting 
nodal metastases (sensitivity and negative predictive value), 
lymphatic drainage, and the rate of metastatic lymph nodes 
in these patients. 

Materials and Methods

Study Design

This is a prospective interventional study that included 
41 patients with preoperative (presumed) International 
Federation of Gynecology and Obstetrics first stage EC 
who met the inclusion criteria (histopathologically verified 
EC, T1; N0; M0; patients over 18 years of age, signed 
informed consent for the procedures and participation in 
this study) for the SLN biopsy. Patients with EC who had 
any of the following exclusion criteria were not included 
in the study: presumed disease stage II-IV (confirmed by 
ultrasound, computed tomography or magnetic resonance 
imaging); patients who refused to sign the informed 
consent for the procedure and participation in this study; a 
documented contraindication for application of radioactive 
tracer; existence of contraindications for surgical treatment; 
and patients who have received neoadjuvant therapy). 

Bulgular: Planar lenfosintigrafinin ameliyat öncesi saptama oranı 80,49 iken [%95 güven aralığı (GA): 68,36-92,62] SPECT/BT’nin saptama oranı 
95,12 (%95 GA: 88,52-101,7) idi. Toplam intraoperatif SLN saptama oranı hasta başına 95,12 (%95 GA: 88,52-101,7) ve bilateral olarak 26,83 
(%95 GA: 19,91-33,75) idi. Çıkarılan ortalama SLN sayısı 1,6±0,8 idi. SLN’nin en yaygın anatomik yerleşim yeri sağ eksternal iliak bölge idi. SLN 
metastatik oranı %17 idi. Metastatik tutulumla ilgili hem duyarlılık hem de negatif öngörü değeri %100 idi.
Sonuç: Çalışmamızda EK’li hastalarda Tc-99m-SENTI-SCINT kullanılarak SLN saptama oranının ve Tc-99m-SENTI-SCINT’nin duyarlılığının ve negatif 
prediktif değerinin yüksek olduğu gösterildi. Ultra evrelemenin SLN’nin histopatolojik analizinde uygulanması nodal metastazların saptanmasını 
arttırır ve bu hastalarda evrelemeyi geliştirir.
Anahtar kelimeler: Endometriyal karsinom, sentinel lenf nodu, ultra evreleme, SPECT/BT



105

Mol Imaging Radionucl Ther 2023;32:103-111 Jankulovska et al. Sentinel Node Biopsy in Endometrial Cancer

The study was approved by the Ethics Committee of the 
Medical Faculty in Skopje (approval number: 03-366/8).

Procedures

In the morning on the day of the surgical intervention, 
37MBq Tc-99m-SENTI-SCINT (Tc-99m marked human 
serum albumin millimicroaggregate-colloidal particles with 
a diameter of 100-600 nm) was applied in four cervical 
quadrants (3, 6, 9 and 12 o’clock positions) by a specialist 
in gynecology and obstetrics. Planar lymphoscintigraphy 
and SPECT/CT for SLN detection were than performed to 
the following acquisition protocol as recommended by the 
EANM guidelines (8):

- Static images (600 seconds) at 30, 60 and 120 min after 
application (anteroposterior) position, and if necessary in 
left lateral and/or right lateral position (gamma camera 
Mediso DHV Nucline Spirit).

- SPECT/CT at 120-180 minutes (SPECT/CT camera OPTIMA 
NM/CT 640 GE Healthcare dual detector/4 slice CT).

Intraoperative detection of SLN was performed with a 
hand-held gamma detector probe (EUROPROBE SYSTEM 
III), taking into account the results of lymphoscintigraphy 
and SPECT/CT. In patients with more than one hot node 
per hemipelvis, we followed the 10% rule. In this regard, all 
lymph nodes that had 10% higher counts per second than 
those of the hottest node were also treated as SLNs and 
were removed (8). 

In intermediate-risk patients (endometrioid histology with 
histological grade 1-2 and more than 50% myometrial 
invasion or histological grade 3 and less than 50% 
myometrial invasion) where no SLN was detected in either 
half of the pelvis, site-specific lymphatic dissection was 
performed. Pelvic lymphadenectomy was performed in 
all high-risk patients (non-endometrioid histology; grade 
3 endometrioid adenocarcinoma with more than 50% 
myometrial invasion). The surgical method was laparotomy. 
After SLN biopsy, all patients underwent abdominal 
hysterectomy with bilateral salpingo-oophorectomy.

Histopathological Evaluation

The operative material was analyzed at the Institute of 
Pathology, where a macroscopic evaluation was performed 
with isolation of SLNs. After fixation in 10% neutral 
formalin, tissue specimens were paraffin embedded, 
serially cut, and stained with standard hematoxylin and 
eosin (H&E) staining for microscopic analysis.

In SLNs where no metastatic deposits were found on the 
initial sections, two additional sections were done, every 
20 microns deep, one of which was stained with standard 
H&E staining, and the second immunohistochemically for 

cytokeratin AE1/AE3, in order to detect the presence of 
low-volume metastasis. Briefly, the paraffin tissue sections 
were cut (3-5 µm) and mounted on silanized glass slides, 
followed by deparaffinization in the thermostat at 58-60 
°C. PT Link pretreatment was performed in Autostainer 
Link instrument with diluted EnVision Flex Target Retrieval 
solution in deionized water for 30 minutes at 97 °C. After 
cooling the slides to 65 °C, the sections were rinsed in 
diluted EnVision Flex Wash Buffer for 5 min. DAKO FLEX 
Ready to Use primary antibody-cytokeratin AE1/AE3 by 
using Dako EnVision FLEX+ detection system was applied by 
pre-programmed Autostainer Link Software on Autostainer 
PT LINK platform. We used Flex + Mouse and Flex+ Mouse 
2x5 DAB (Linker) protocol. When the staining procedure 
was completed, the specimens were mounted with Neo-
clear (xylene substitute) after the procedure of dehydrating 
and clearing the sections. Positive and negative tissue 
controls were used at the same time.

Detection of malignant cells in the lymph nodes was defined 
according to the recommendations of the American Joint 
Committee on Cancer:

- The presence of macrometastasis (MM): focus on 
metastatic tumor cells larger than 2 mm in diameter,

- The presence of micrometastasis (Mm): focus on 
metastatic tumor cells 0.2-2 mm in diameter,

- The presence of isolated tumor cells (ITCs): microscopic 
clusters and single cells less than 0.2 mm in diameter.

Statistical Analysis

Statistical analysis was performed using SPSS 23.0. 
Categorical (attributive) variables were represented by 
absolute and relative numbers. Numerical (quantitative) 
variables were represented by average, standard deviation, 
minimum, and maximum values. The detection rate of SLN on 
planar lymphoscintigraphy, SPECT/CT, and intraoperatively 
was defined as the ratio between the number of patients 
with at least 1 detected SLN on planar lymphoscintigraphy, 
SPECT/CT, and intraoperatively with the total number of 
subjects in the study. Bilateral detection rate was defined 
as the ratio between the number of patients with at least 
1 intraoperatively removed SLN in each hemipelvis and the 
total number of subjects in the study. The status of the 
SLN after histopathological examination was defined as 
true positive-if SLN contained malignant cells regardless of 
the pathological status of the subsequent non-SLNs in the 
pelvis (the other lymph nodes in the pelvis); true negative-if 
SLN did not contain malignant cells and the subsequent 
non-SLNs in the pelvis were also negative for metastasis or 
false negative- if SLN did not contain malignant cells but at 
least one subsequent removed non-SLN in the pelvis was 
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positive for metastasis. No false positive SLN status was 
evaluated because positivity of the SLN guaranties nodal 
metastatic disease. The sensitivity and negative predictive 
value of SLN biopsy for detecting nodal metastasis were 
analyzed on a per-patient basis. We used and compared 
the pathological status of SLNs and non-SLNs to determine 
if radionuclide mapping and SLN biopsy accurately detected 
SLN (through finding if the pathological status of the SLN 
reflects the same pathological status of the non-SLNs). 
Considering this, the estimated sensitivity and negative 
predictive value were referred to the SLN biopsy procedure 
and consequentially (secondarly) to the imaging modality 
(planar lymphoscintigraphy and SPECT/CT). The sensitivity 
of SLN biopsy was calculated as the ratio between patients 
with true positive SLN and patients with true positive SLN 
and false negative SLN. Negative predictive value of SLN 
biopsy was calculated as the ratio between patients with 
true negative SLN and all patients with negative SLN (true 
negative and false negative). 

Results

Demographics

The mean age of the patients was 60.2±7.9 years. The 
body mass index (BMI) had a mean value of 32.3±5.9 kg/
m2, while the average age of menarche was 12.9±1.3 years. 
Thirty nine patients were in menopause at the time of EC 
diagnosis with an average age at menopause occurring at 
50.1±4.0 years. Only four patients had a family history of 
malignancy (9.8%). 

Endometrial Carcinoma Characteristics

The characteristics of EC are shown in Table 1. The results 
of fractional curettage of the endometrium presented 
endometrioid adenocarcinoma as the most common 
histopathological type (78.05%). Preoperatively, most 
carcinomas were intermediate differentiated (46.34%) 
and in stage IA (82.92%). Endometrioid adenocarcinoma 
was also the dominant postoperative histological type, 
proven in 82.9% patients, followed by serous type in 
9.75% patients. Postoperative histopathological analysis 
presented the largest number of carcinomas in stage IA 
(70.7%) and grade 2 (68.3%) with a size of 2 cm and larger 
(63.4%). Lymphovascular space invasion and invasion 
of the myometrium greater than 50% were in 11 (26%) 
carcinomas. The mean duration of surgery with SLN biopsy 
was 2.26±0.5 hours, ranging from 1.15 to 3.35 h. 

Sentinel Lymph Node Detection

The detection rate of the SLN (hot spots referred as SLNs) 
on planar lymphoscintigraphy was 33/41=80.49% [95% 
confidence interval (CI): 68.36-92.62]; while on SPECT/

CT 39/41=95.12% (95% CI: 88.52-101.7); the total 
intraoperative detection rate of SLN was 39/41=95.12% 
(95% CI 88.52-101.7); the bilateral intraoperative detection 
rate of SLN was 11/41=26.83% (95% CI: 19.91-33.75). 
The SLN presentation on planar lymphoscintigraphy and on 
SPECT/CT is shown in Figures 1 and 2. Table 2 presents the 
distribution of SLNs detected on planar lymphoscintigraphy 
and SPECT/CT. Comparing the pre-operative SPECT/CT and 
intraoperative findings, total concordance was obtained in 
35 patients (85.4%), while partial concordance was noticed 
in 6 patients (14.6%). In these 6 patients, we removed 
the “hottest” SLN detected by both preoperative imaging 
and gamma probe (fist echelon). The additional hot spots 
(n=10), detected on SPECT/CT were not registered by the 
gamma probe or had activity below 10% counts from the 
“hottest” SLN and thus were not removed. These nodes were 
characterized as second echelon nodes and were located in 
the common iliac region (9) and internal iliac region (1) on 
SPECT/CT. In two patients, no SLN was detected by both 
preoperative imaging and gamma probe (4.8%). 

Table 1. Characteristics of EC (n=41). Results are present 
as number and percent

Preoperative 
characteristics

Postoperative 
characteristics

Histological type n (%)
Endometrioid 
adenocarcinoma
Serous 
Mixed form 
Undifferentiated  
Mucinous 

32 (78.05)

4 (9.75)
1 (2.44)
1 (2.44)
3 (7.32)

34 (82.93)

4 (9.75)
1 (2.44)
1 (2.44)
1 (2.44)

Grade n (%)
1 
2 
3 

13 (31.70)
19 (46.34)
9 (21.95)

5 (12.19)
28 (68.29)
8 (19.51)

Stage n (%) 
IA 
IB 
II 
IIIC 

34 (82.92)
7 (17.07)

29 (70.73)
7 (17.07)
1 (2.44)
4 (9.76)

Size of the carcinoma (cm) 
<2
≥2 

15 (36.58)
26 (63.41)

Lymphovascular space 
invasion
Present
Absent

11 (26.83)
30 (73.17)

Myometrial invasion
None
<50%
>50%

30 (73.17)
11 (26.83)

2 (4.88)
28 (68.29)
11 (26.83)

EC: Endometrial cancer
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In half of the patients, more than one SLN was removed. 
The total number of SLNs removed was 66, and the average 
number was 1.6±0.8. Metastatic deposits in the SLN were 
detected in 8 SLNs in 7 (17.1%) patients, of which 3 were 
MM, 1 Mm, and 4 were ITCs. Micrometastatic deposit 
in a SLN is shown in Figure 3. The total number of non-
SLNs removed during site-specific lymphadenectomy (in 4 
patients) and pelvic lymphadenectomy (in 8 patients) was 
154. In 2 patients, metastatic deposits were in both SLNs 
and non-SLNs. The sensitivity of the SLN biopsy regarding 

nodal metastasis was 100%. The true negative rate was 
100%. No false negative SLN was found, and the negative 
predictive value was 100%. The data for intraoperative 
SLN detection are presented in Table 3. There were no 
adverse events during cervical application of the tracer, SLN 
mapping on nuclear medicine imaging, and during surgery 
regarding radiocolloid and SLN biopsy. 

The most common anatomical location of the SLN was 
the right external iliac region, followed by the left external 
iliac region and the right obturator regions. SLNs with 
metastatic deposits were most often located in the right 
external iliac region. Only in the left obturator region 
was no SLN with metastatic deposits found. Data for the 
anatomical localization of the SLN and the distribution of 
the SLN with metastatic deposits are presented in Table 4.

Discussion

The concept of SLN detection in the EC has been 
controversial for a long time due to the central position of 
the uterus and thus the complex lymphatic drainage as well 
as the heterogeneity of the used techniques. Although it 
was first applied in 1996 by Burke et al. (10), this procedure 
was not accepted as a possible alternative to complete 
lymphadenectomy until 2014 (11). Two uterine lymphatic 
drainage pathways are identified in the pelvis: the upper 
paracervical pathway with drainage to the external iliac 
and/or obturator lymph nodes and the lower paracervical 
pathway with drainage to the internal iliac and/or presacral 
lymph nodes (12). Mainly the upper lymph nodes and 
only part of the lower paracervical pathway are removed 
by conventional lymphadenectomy, which leaves the 
possibility of some nodal metastases to be missed. During 
SLN biopsy, a specific lymph node is removed regardless 
of the location, including those detected in less typical 
places such as parametrium, interiliac region, presacral 
region etc. (13,14). At the same time, the detection 

Figure 1. Planar lymphoscintigraphy and SPECT/CT in a 51-year-old 
patient with grade 3 mixed form of endometrial adenocarcinoma. 
Planar lymphoscintigraphy (A) and SPECT/CT (B) showed drainage to 
the bilateral pelvic regions. The hot spots refereed as SLNs were further 
localized on the axial CT image in the right external iliac region (C) and 
in the left external iliac region (D). The second hot spot in the right 
hemipelvis was characterized as second echelon node and was located in 
the right common iliac region
SPECT/CT: Single-photon emission computed tomography/computed tomography, 
SLN: Sentinel lymph node

Figure 2.  Planar lymphoscintigraphy and SPECT/CT in a 54-years old patient with grade 2 endometrioid adenocarcinoma. Planar lymphoscintigraphy 
(A) and SPECT/CT (B) showed intensive focal accumulation in the left hemipelvis, corresponding to a left obturator node on the axial CT image (C)
SPECT/CT: Single-photon emission computed tomography/computed tomography, SLN: Sentinel lymph node
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rate of nodal metastases was increased compared with 
lymphadenectomy (14.7% vs. 9.9%; p=0.002) (15).

Several tracers for identification of the SLN and techniques 
for their application have been reported (16,17,18,19,20). 
The total detection rate varies and it is lowest for blue dye 
as a single tracer 71-76% (14,16), while the best results are 
obtained using the double-tracer (dual detection) method, 
which combines radiocolloid and indocyanine green, with 
a detection rate of 91-100% and a bilateral detection 
rate of 69-87.3% (17,18,19). Furthermore, future studies 
concerning SLN biopsy in EC with hybrid tracer (fluorescent 
and radioactive tracer) would be beneficial as this tracer 
contains advantages of both compounds.

Several places of tracer application are being proposed: 
cervical, hysteroscopic-endometrial, and subserosal/
myometrial. Cervical injection is most commonly used 
because of its easy access to the cervix and the highest pelvic 
detection rate (20). However, the para-aortic SLN count is 
significantly lower compared with endometrial injection 
(21). Another concern is that the cervical injection site of 
Tc-99m-colloid can stimulate gamma detectors, making it 
difficult to distinguish it from parametrial SLNs (22).

In our study, we used Tc-99m-SENTI-SCINT applied cervically 
at the 3, 6, 9 and 12 o’clock positions of the uterine cervix, 
and the total intraoperative detection rate was high, 
95.12%. A lower detection rate of 80% was published 
when only two cervical injections of Tc-99m-labeled 
tracer were used at the 3 and 9 o’clock positions (21). 

Table 2. Patients (n=41) distribution according to the 
number of SLNs detected on planar lymphoscintigraphy 
and SPECT/CT. Results are presented as number and 
percent

Visualization of hot spots 
referred as SLNs on 
gamma camera

Number of hot spots referred 
as SLNs

Planar 
lymphoscintigraphy 
n (%)

SPECT/CT 
n (%)

0 8 (19.51) 2 (4.88)

1 17 (41.46) 18 (43.90)

2 12 (29.27) 13 (31.71)

3 3 (7.32) 5 (12.19)

4 1 (2.44) 3 (7.32)

Total number of hot spots 
referred as SLNs 62 72

Mean ± SD 1.3±0.9 1.7±0.9

SLN: Sentinel lymph node, SPECT/CT: Single-photon emission computed 
tomography/computed tomography, SD: Standard deviation

Table 3. Data for intraoperative SLN detection. Results are 
presented as number and percent 

Variable Statistical 
parameter

SLN detection n (%)
Unilateral pelvic
Bilateral pelvic
Unsuccessful detection

28 (68.29)
11 (26.83)
2 (4.88)

Number of removed SLNs
Total number
Mean ± SD

66
1.6±0.8

Lymphatic metastases in SLN n (%)
Yes 
No 

7 (17.07)
34 (82.93)

Macrometastasis 
Micrometastasis 
Isolated tumor cells 

3 (7.32)
1 (2.44)
3 (7.32)

SLN: Sentinel lymph node

Table 4. Distribution of the SLNs in the pelvis by anatomical 
regions and localization of SLNs with metastatic deposits 

Anatomical location of the 
SLN in the pelvis

Total number 
of SLN 

Positive for 
metastatic 
deposits

Right hemipelvis n (%) 37 5/37 (13.51%) 

Right common iliac region 8/37 (21.62%) 1/5 (20%) 

Right external iliac region 15/37 (40.54%) 2/5 (40%)

Right internal iliac region 4/37 (10.87%) 1/5 (20%) 

Right obturator region 10/37 (27.03%) 1/5 (20%) 

Left hemipelvis n (%) 29  3/29 (10.34%)

Left common iliac region 7/29 (24.14%) 1/3 (33.33%)

Left external iliac region 11/29 (37.93%) 1/3 (33.33%)

Left internal iliac region 3/29 (10.34%) 1/3 (33.33%)

Left obturator region 8/29 (27.59%) 0/3 (0%)

SLN: Sentinel lymph node

Figure 3. A positive sentinel lymph node for micrometastasis 
(immunohistochemistry with cytokeratin 7; magnification, x40)
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Various factors affecting the SLN detection rate have been 
published. In their study, Restaino  et al. (23) pointed out 
that older patients with higher BMI and non-endometrioid 
histology were more likely to have no SLN mapping. The 
SLN in our study was not detected by both SPECT/CT and 
handheld gamma probes in two patients. Both patients 
had low grade endometrioid type adenocarcinoma on final 
histopathology, but were obese as the possible reason for 
mapping failure. 

For a hot spot to be considered as SLN on preoperative 
imaging, some criteria should be fulfilled, such as lymphatic 
duct visualization, first appearing node in the lymphatic 
basin, and high intensity of lymph node uptake. These factors 
further determine the probability of SLN identification 
(24). Total concordance between preoperative imaging 
and intraoperative SLN detection was achieved in 85.4% 
and partial concordance in the rest of the cases in our 
study. Elisei  et al. (25) published a moderate concordance 
(73% of the cases) between SPECT/CT and intraoperative 
findings with a gamma probe, with SPECT/CT having the 
highest detection rate. Furthermore, Sawicki et al. (26) 
found 35 false-positive hot spots detected on SPECT/CT 
that were not found by gamma probe intraoperatively. 
This could be due to misinterpreting a lymphatic duct or a 
lymphatic lake for an SLN or a higher echelon lymph node 
with mild activity below 10% of the counts of the hottest 
node.

The diagnostic accuracy of SLN biopsy in EC was evaluated 
by a meta-analysis (34 studies) of How et al. (27), with a 
pooled sensitivity of 94% (95% CI: 91-96%) and negative 
predictive value of 100% (95% CI: 99-100%). To calculate 
the above mentioned parameters, a complete pelvic 
lymphadenectomy is required. However, lymph node 
dissection does not provide any therapeutic benefit except 
adding prognostic information in low-risk ECs. Considering 
this, we decided not to perform lymphadenectomy 
besides SLN biopsy in these patients. Complete pelvic 
lymphadenectomy and site-specific lymphadenectomy 
were performed in 12 patients. These non-SLNs were 
further analyzed for sensitivity and negative predictive 
value of the procedure. Specificity and positive predictive 
values were not analyzed because false-positive results for 
SLN can not occur. If a SLN is found positive for metastasis, 
it would remain unchanged by histopathological analysis 
of the additional non-SLNs removed at systematic 
lymphadenectomy. The sensitivity and negative predictive 
value was 100% in our study, which indicates the high 
accuracy of the technique although the sample of patients 
was small.

The most common anatomical localization of SLN in the 
pelvis regardless of the tracer used is the external iliac 
region, followed by the obturator region (17,20). These 
results were also confirmed .

The second advantage of SLN detection is the extensive 
histopathological analysis with the possibility of detecting 
low volume deposits of tumor cells (Mm and ITCs). Ultra-
staging is expensive and prolongs the processing time, 
making it impossible to apply to several lymph nodes. In 
contrast to radical lymphadenectomy, SLN biopsy removes 
a few lymph nodes, which can be histopathologically 
analyzed in more detail. Thus, the SLN concept offers an 
increase in the sensitivity of detecting nodal metastases, 
especially since Mm is also considered N1 and such patients 
are classified into stage III of the disease (5,28). 

In our study, 57% of the patients positive for nodal 
metastases had low-volume metastases, of which Mm 
was found in one patient, with the final stage being IIIC. 
This patient would have been missed and misclassified as 
stage I by conventional histopathology. Patients with Mm/
ITCs have a higher relative risk of recurrence compared 
with patients without nodal metastases. However, the 
importance of the ITCs is still not clear enough, so it does 
not affect the staging for the time being. In addition, it is 
recommended that ITCs be noted in the surgical pathology 
report but designated as pNo(i+) (29). Large, randomized 
studies are needed to assess their impact on recurrence 
and overall survival (30).

Study Limitations

Limitations of the study include the small sample size and 
not performance of para-aortic lymph node dissection as 
there was no case of first echelon para-aortic lymph node 
visualization on planar lymphoscintigraphy/SPECT/CT. 
Additionally, pelvic lymphadenectomy was not performed 
in patients with low-risk EC. Therefore, we could not 
analyze the sensitivity and negative predictive value of the 
method in low-risk EC.

Conclusion

Our study indicates that SLN biopsy is a safe, non-invasive, 
and effective alternative for lymph node assessment in EC 
patients. The present results point out the high detection rate 
and diagnostic accuracy of the lymphoscintigraphy method 
for detecting SLN with cervical application of Tc-99m-
SENTI-SCINT in patients with apparently uterine-confined 
EC. Furthermore, the application of immunohistochemical 
analysis of the SLN increases the detection of low-volume 
metastases in the lymph nodes, contributing to more 
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accurate staging and thus appropriate adjuvant treatment 
in these patients. Additionally, since the lymphatic drainage 
of the uterus is complex and there could be more than 
one drainage region and therefore more than one SLN, 
we recommend following the 10% rule and removal of all 
lymph nodes with counts per second higher than 10% of 
the counts of the hottest SLN. 
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Düşük Risk Grubundaki Diferansiye Tiroid Kanseri Hastalarında Ablasyon Tedavisinde 
Radyoaktif İyot Aktivitelerinin Kısa ve Uzun Dönem Sonuçları Açısından Karşılaştırılması

Abstract
Objectives: The aim of this study was to compare the treatment responses after ablation with 30-50 mCi radioactive iodine (RAI) and 100 mCi RAI 
in patients with differentiated thyroid cancer (DTC) who were in the low-risk group according to 2015 American Thyroid Associations Classification 
(ATA 2015) criteria.
Methods: Between February 2016 and August 2018, 100 patients who received RAI treatment in our clinic after total thyroidectomy and who 
were in the low-risk group DTC were included in this retrospective study. These patients were divided into 2 groups: low-activity (30-50 mCi) (group 
1) and high-activity (100 mCi) (group 2). While 54 patients were treated with low activity, 46 patients received high activity RAI. The 2 groups were 
compared according to the 1st- and 3rd-year treatment response status.
Results: According to the first-year follow-up, 15 patients were accepted as indeterminate response and 85 patients as excellent response. Three 
(5.5%) of the patients who were accepted as indeterminate response were in group 1 and 12 (26%) were in group 2. According to the third 
year follow-up, 1 patient in group 1 and 3 patients in group 2 were accepted as indeterminate response. No biochemical incomplete response or 
recurrent disease was detected. In the chi-square analysis performed to investigate the relationship between the first-year treatment response and 
RAI activities, a significant relationship was found (p=0.004). In the Mann-Whitney U test performed to investigate the parameters that may be 
effective in the treatment response, only the preablative serum thyroglobulin value was shown to have a significant difference between the two 
groups (p=0.01). In the long-term follow-up of the patients, based on the third year treatment response data, chi-square analysis was performed 
to evaluate the two groups in terms of treatment responses, and no statistically significant relationship was found (p=0.73).
Conclusion: Ablation with 30-50 mCi can be safely applied in DTC patients who are in the ATA 2015 low-risk group and are planned for RAI 
ablation treatment.
Keywords: Differentiated thyroid carcinoma, low-risk, radioiodine, remnant ablation

Öz
Amaç: Bu çalışmanın amacı, 2015 Amerikan Tiroid Dernekleri Sınıflandırması (ATA 2015) kriterlerine göre düşük risk grubunda olup radyoaktif iyot 
ile ablasyon (RAİ) tedavisi almış olan diferansiye tiroid kanseri (DTK) hastalarında, 30 veya 50 mCi RAİ ile 100 mCi RAİ ile ablasyon sonrası tedavi 
yanıtlarının karşılaştırılmasıdır.

Comparison of Radioactive Iodine Activities in Terms of Short- and 
Long-term Results in Ablation Therapy in Patients with Low-risk 
Differentiated Thyroid Cancer
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Introduction

Differentiated thyroid carcinomas (DTC) usually show a 
slow course of progression and patients diagnosed with 
DTC have a long life expectancy. A significant increase 
has been observed in the incidence of DTC with the 
widespread use of imaging modalities recently (1,2). An 
important reason for this is thought to be the incidental 
detection of small-sized nodules, which would not normally 
cause any symptoms in the patient, in imaging studies 
such as computed tomography (CT), magnetic resonance 
imaging (MRI), ultrasonography (USG), and positron 
emission tomography (PET)/CT applied to the patient for 
other reasons. This has led to a significant increase in the 
incidence of especially low-risk thyroid cancer through 
the early diagnosis of slow-progressing malignant thyroid 
nodules.

According to the 2015 American Thyroid Associations 
Classification (ATA 2015), patients without risk factors 
such as extrathyroidal extension, distant metastasis, or 
aggressive histological subtype are defined as low-risk (3). 
In these patients, the recurrence of the disease or disease-
related mortality after treatment is extremely rare. It has 
been reported that when patients with DTC undergo 
successful radioactive iodine (RAI) remnant ablation after 
total thyroidectomy, less than 1-4% of patients have 
disease recurrence (4,5,6,7). The very slow course of the 
disease and the very low rate of recurrence have led to the 
emergence of very different clinical approaches, and there 
is no consensus among physicians yet on the necessity of 
RAI in these patients and the activity to be administered 
if necessary. This situation often leads to overtreatment 
of these patients, resulting in undesirable results such 
as unnecessary radiation exposure, an increase in the 
frequency of side effects and secondary malignancies, and 
cost increase (8,9). The aim of this study was to compare 
the treatment responses after ablation with low-activity 
(30-50 mCi) RAI and high-activity (100 mCi) RAI in patients 

with DTC who were in the low-risk group according to ATA 
2015 criteria.

Materials and Methods

Patients

Between February 2016 and August 2018, 100 patients 
(97 patients with papillary, and 3 patients with follicular 
carcinoma) who received RAI treatment in our clinic after 
total thyroidectomy and who were in the low-risk group 
DTC were included in this retrospective study.

The inclusion criteria were as follows: age at diagnosis 
≥18 years; patients undergoing total or near-total 
thyroidectomy; low-risk DTC; and primary RAI therapy 
after surgery. The exclusion criteria were the presence of 
aggressive histologic subtypes, high preablative serum anti-
thyroglobulin (anti-Tg) levels, vascular invasion, microscopic 
or gross extrathyroidal extension, metastatic lymph nodes 
of any size, any RAI-avid metastatic foci outside the thyroid 
bed on the first posttreatment whole-body RAI scan 
indicating distant metastasis, and secondary malignancy. 
These patients were divided into two groups: low-activities 
(30-50 mCi) (group 1) and high-activity (100 mCi) (group 2). 
While 54 patients were treated with low activity (6 patients 
with 30 mCi and 48 with 50 mCi), 46 patients received 
high activity RAI. The 2 groups were compared according 
to the 1st- and 3rd-year treatment response status.

Radioactive Iodine Administration

Patients admitted to our clinic in the 1-6 months 
postoperative period were prepared with thyroid hormone 
withdrawal for 4 weeks and a low-iodine diet for 2 weeks. 
Patients with thyroid-stimulating hormone (TSH) level ≥30 
mU/L were evaluated for RAI activity determination by 
serum Tg and anti-Tg levels, neck USG, and technetium-
99m pertechnetate thyroid scintigraphy. Four to 7 days 
after RAI treatment, a post-therapy I-131 whole-body scan 
(WBS) was performed using a Mediso Anyscan SC-SN-

Yöntem: Şubat 2016-Ağustos 2018 tarihleri arasında kliniğimizde total tiroidektomi sonrası RAİ tedavisi alan ve düşük risk grubu DTK olan 100 
hasta bu retrospektif çalışmaya dahil edildi. Bu hastalar düşük doz (30-50 mCi) (grup 1) ve yüksek doz (100 mCi) (grup 2) olarak 2 gruba ayrıldı. Elli 
dört hasta düşük doz ile tedavi edilirken, 46 hasta yüksek doz RAİ aldı. İki grup 1. ve 3. yıl tedavi yanıt durumuna göre karşılaştırıldı.
Bulgular: Birinci yıl takibine göre 15 hasta belirsiz yanıt, 85 hasta mükemmel yanıt olarak kabul edildi. İndetermine yanıt olarak kabul edilen 
hastaların 3’ü (%5,5) grup 1’de, 12’si (%26) grup 2’deydi. Üçüncü yıl takibine göre grup 1’de 1, grup 3’te 2 hasta indetermine yanıt olarak kabul 
edildi. Hiçbir hastada biyokimyasal yetersiz yanıt veya nüks hastalık saptanmadı. Birinci yıl tedavi yanıtı ile RAİ dozları arasındaki ilişkiyi araştırmak 
için yapılan ki-kare analizinde anlamlı ilişki bulundu (p=0,004). Tedavi yanıtında etkili olabilecek parametreleri araştırmak için yapılan Mann-Whitney 
U testinde sadece preablatif serum tiroglobulin değerinin mükemmel yanıt ve indetermine yanıt gösteren hasta grupları arasında anlamlı fark 
gösterdiği tespit edildi (p=0,01). Hastaların uzun dönem takiplerinde üçüncü yıl tedavi yanıt verilerine göre iki grubu tedavi yanıtları açısından 
değerlendirmek için ki-kare analizi yapıldı ve istatistiksel olarak anlamlı bir ilişki bulunamadı (p=0,73).
Sonuç: ATA 2015 düşük risk grubunda yer alan ve RAİ ablasyon tedavisi planlanan DTK hastalarında 30-50 mCi ile ablasyon güvenle uygulanabilir.
Anahtar kelimeler: Diferansiye tiroid kanseri, düşük risk, radyoaktif iyot, remnant ablasyonu
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3s-60R high energy parallel hole collimator. Scan images 
were reviewed by 2 consultant nuclear physicians before 
reporting.

Response to Therapy

The ATA 2015 guideline has a dynamic risk assessment 
system that classifies the patient based on the response to 
therapy (excellent, indeterminate, biochemical incomplete, 
and structural incomplete response) using serum Tg level, 
anti-Tg antibodies, USG, diagnostic wholebody scan, CT, 
PET/CT, and MRI (3). In this study, response to therapy 
assessment was performed twelve months and three years 
after RAI treatment based on the ATA 2015 risk assessment 
system.

Thus, an excellent response was defined as negative 
imaging with TSH-stimulated Tg <1 ng/mL or suppressed 
Tg <0.2 ng/mL.

Meanwhile, an incomplete response was defined as 
one of the following:

1. Biochemical incomplete response was defined as 
negative imaging with abnormal suppressed Tg (≥1 ng/mL) 
and/or stimulated Tg values (≥10 ng/mL) or rising anti-Tg.

2. Structural incomplete response was defined as 
locoregional or distant metastases on USG and/or WBS 
(independent of Tg and anti-Tg).

Lastly, indeterminate response was defined as non-specific 
findings on imaging studies, non-stimulated Tg between 
0.2 and 1 ng/mL, stimulated Tg between 1 and 10 ng/mL, 
or anti-Tg stable or declining in the absence of structural or 
functional disease.

University of Health Sciences Turkey, Prof. Dr. Cemil 
Taşcıoğlu City Hospital Ethics Committee approval was 
obtained on 09.05.2022 with decision number 147 for this 
clinical study, which was designed retrospectively.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics 26.0 for 
Windows. Results were expressed as mean ± standard 
deviation. Comparisons of the data were performed 
by Mann-Whitney U and chi-square tests. Results were 
considered statistically significant when the two-tailed p 
value was less than 0.05.

Results

Of the 100 patients included in the study, 79 were female 
and 21 were male. The mean age of the patients was 47±13 
(range 19-75 years), while the mean tumor diameter was 
19.40±10.68 millimeters. The mean preablative Tg value 
was calculated as 2.92 (0.04-82.55) in all patients in the 

study group. While there were 7 T1a, 38 T1b, 8 T2, 1 T3 
stage patients in group 1, which consisted of patients 
who received low-activity (30-50 mCi) RAI treatment, 
there were 3 T1a, 21 T1b, 19 T2, 3 T3 stage patients in 
group 2, which consisted of patients who received high- 
activity (100 mCi) RAI treatment. In group 1, 25 patients 
had unifocal and 29 patients had multifocal disease, while 
in group 2, 23 patients had unifocal and 23 patients had 
multifocal disease. While the mean primary tumor diameter 
was 21.62±7.39 (4-45) mm in group 1, it was 23.11±12.69 
(3-65) mm in group 2. Preablative serum Tg value was 1.81 
(0.04-34) ng/mL in group 1 and 4.25 (0.05-82.55) ng/mL 
in group 2. The demographic and clinical features of the 
patients in this study are summarized in Table 1.

According to the first-year follow-up, 15 patients were 
accepted as indeterminate response and 85 patients as 
an excellent response. Three (5.5%) of the patients who 
were accepted as indeterminate response were in group 1 
and 12 (26%) were in group 2. According to the 3rd year 
follow-up, 1 patient in group 1 and 3 patients in group 2 
were accepted as indeterminate response. No biochemical 
incomplete response or recurrent disease was detected in 
any patient in either patient group. The treatment responses 
of the patients at the end of the 1st and 3rd years according 
to the administered RAI activities are summarized in Table 
2.

In the chi-square analysis performed to investigate the 
relationship between the first-year treatment response 
and RAI activities, a significant relationship was found 
(p=0.004). Accordingly, group 2 had significantly more 
patients who were accepted as indeterminate response 
than group 1 at the end of the first year. It was investigated 
which parameters had a statistically significant difference 
between patients with excellent response and patients 

Table 1. Patient characteristics

Parameters n

Gender
Female 79

Male 21

Age 47±13 years

Mean tumor diameter 19.9±10.68 milimeters

Mean preablative Tg 2.92 ng/mL

T stage

T1a 10

T1b 59

T2 27

T3 4

Tumor multifocality
Unifocal 48

Multifocal 52

Tg: Thyroglobulin
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with indeterminate response. In the Mann-Whitney U test 
performed for this purpose, only the preablative serum Tg 
value was shown to have a significant difference between 
patients with excellent and indeterminate response 
(p=0.010), and tumor size, patient age, and preablative 
anti-Tg levels were found to be not statistically significant 
factors (p=0.083; 0.38; 0.80; respectively).

The mean preablative serum Tg value was 2.14 (0.04-
85.55) ng/mL in patients with excellent response at 1st year 
after treatment and 6.21 (0.83-41) ng/mL in patients with 
indeterminate response. In the long-term follow-up of the 
patients, based on the third year treatment response data, 
chi-square analysis was performed to evaluate the two 
groups in terms of treatment responses, and no statistically 
significant relationship was found (p=0.73).

Discussion

The ATA 2015 guideline does not recommend routine RAI 
ablation in low-risk thyroid cancer patients but recommends 
the application of low-activity RAI if ablation is required. 
Similarly, there are multiple studies that have shown that a 
low activity of RAI is as effective as a high activity for thyroid 
remnant ablation in low- and intermediate-risk patients. 
However, due to changes in definitions of response to 
treatment and patient selection criteria, the rate of ablation 
success may differ between these studies.

In this study, we found that 85 out of 100 patients with 
low-risk DTC showed excellent response to treatment 
1 year after RAI treatment. Similarly, in a single-center 
randomized study by Dong et al. (10), it was found that 
RAI ablation was successful at 6 months after RAI in 412 
of the 474 (87.5%) low-intermediate risk patients. In the 
same study, it was reported that the successful ablation 
rates between the patients who received high- and low-
activity RAI were similar (87.5% vs. 86.5%; respectively). 
Comparably, in another study that included 34 patients 
by Yasmin et al. (11), it was reported that no statistically 
significant difference concerning the treatment response 
was found between high- and low-activity RAI receiving 
patients at 1 year after RAI treatment [82% vs. 76%, 
respectively (p=0.671)]. As opposed to these studies, in the 
present study, there was a statistically significant difference 

between the two groups 1 year after RAI treatment. 
In this study, the successful ablation rates 1 year after 
treatment were 94.5% at low- and 74% at high-activity 
RAI receive patients (p=0.004). This variability among 
these past studies and this study could be due to different 
study populations and different definitions of treatment 
response. In the Mann-Whitney U test performed to 
investigate the parameters that may be effective in the 
significant difference in treatment responses in the current 
study, only the preablative serum Tg value was shown 
to have a significant difference between the two groups 
(p=0.01); and tumor size, patient age, preablative anti-Tg 
levels were found to be not statistically significant factors 
(p=0.083; 0.38; 0.80; respectively).

In the present study, the mean preablative serum Tg value 
was 2.14 (0.04-85.55) ng/mL in patients with excellent 
response at 1st year after treatment and  6.21 (0.83-41) ng/
mL in patients with indeterminate response. In a different 
study by Ha et al. (12), it was reported that 121 of 176 
(68.8%) patients with low-risk DTC had successful ablation 
after receiving low-activity RAI. Although the successful 
ablation rate was lower in the study by Ha et al. (12), it was 
also discovered similarly to our study that the pre-ablative 
serum Tg levels were the only independent factor related 
to the treatment response (1.2±2.3 ng/mL in successful, 
vs. 6.2±15.2 ng/mL in unsuccessful ablation, p=0.027).

In two major open-label, randomized, controlled trials, there 
was no statistically significant correlation found between 
high- and low-activity RAI receiving low-intermediate risk 
patients, considering the treatment response in long-term 
follow-up. In the HiLo study including 434 patients by 
Dehbi et al. (13), the successful ablation rates were similar 
between the high- and low-activity RAI groups at 3-5 years 
after treatment (98.5% vs. 97.9% at 3 years and 97.9% vs. 
97.3% at 5 years after RAI, respectively). Likewise, in the 
ESTIMABL1 study including 752 patients by Schlumberger 
et al. (14), 98% of the low-risk DTC patients had excellent 
response to treatment at 5 years after RAI. Of the 11 
patients who showed evidence of disease 5 years after RAI, 
5 had previously received high-activity and 6 had received 
low-activity RAI treatment. Similar to these studies, in 
this study, no statistically significant difference was found 

Table 2. The treatment responses of the two patient groups at the end of the 1st and 3rd years, according to the administered 
RAI activities

1st year treatment response 3rd year treatment response

Excellent Indeterminate  Excellent Indeterminate

Group 1 (30-50 mCi) 51 3 53 1

Group 2 (100 mCi) 34 12 40 6

RAI: Radioactive iodine
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between the high- and low-activity RAI groups at 3 years 
after treatment (98% vs. 87%, respectively, p=0.73).

Study Limitations

The limitations of this study were the retrospective design, 
limited number of patients, and relatively short follow-up 
time of 3 years. As previously stated, DTC is a disease that 
can progress over a long period of time. Thus, extending 
this period may have some positive impacts on patient 
outcome.

Conclusion

In conclusion, although the data obtained in our study 
revealed that there was a statistically significant difference 
between the high- and low-activity RAI groups at the 
end of the first year, there was no statistically significant 
difference in long-term follow-up. Therefore, considering 
the unwanted effects of high-activity RAI treatment such 
as side effects, cost increase, and secondary malignancy, 
ablation with 30-50 mCi can be safely applied in DTC 
patients who are in the ATA 2015 low-risk group and are 
planned for RAI ablation treatment.
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Abstract
Objectives: To investigate the added diagnostic value of delayed imaging at 3 and 4 h compared to 2 h imaging as well as scanning up to 4 h 
compared to 3, and by this means, diagnosis reclassification or changes in diagnosis across various time points.
Methods: Seventeen patients clinically suspected of gastroparesis, 8 (47.1%) men and 9 (52.9%) women, according to the standard procedural 
guidelines, underwent gastric emptying scintigraphy after ingesting a standard meal. One-minute static images in anterior and posterior projections 
were acquired immediately after ingestion and then at 1-, 2-, 3- , and 4 h time points. For image analysis, a manual region-of-interest was drawn, 
and then, count of stomach in each projection was used to calculate geometric mean for each time point. Decay correction was applied. At 2-, 
3- and 4 h time points, percentage of retained activity was compared to standard values; therefore, each patient was labeled as normal or delayed.
Results: Pairwise correlation between time points was statistically significant. Value of hour 3 shows an extremely strong correlation with the 
value of hour 4 (r=0.951, p<0.001). In hour 2, of 17 participants, 11 (64.7%) were diagnosed as normal and 6 (35.3%) as delayed. In hour 3, 
the diagnosis made as delayed rose to 9 (52.9%), whereas normal was 8 (47.1%). Finally, in hour 4, results were 10 (58.8%) as delayed and 7 
(41.2%) as normal. All subjects who were labeled as delayed in hour 3 remained with the same diagnosis and 1 out of 8 subjects categorized 
as normal in hour 3 changed to delayed. For testing agreement, coefficient of kappa was computed between each pair. Agreement between 
diagnosis in hour 2 with hours 3 or 4 was not strong (kappa <0.6 for both pairs). However, a strong agreement was found between diagnosis in 
hours 3 and 4 (kappa: 0.881).
Conclusion: Because of excellent correlation between values of hours 3 and 4 and strong agreement between the diagnosis in those time points, 
extending acquisition from 3 to 4 h adds little to the final diagnosis and may not be noticeably meaningful, especially in the clinical setting.
Keywords: Gastric emptying scintigraphy, delayed imaging, diagnostic value, reclassification of diagnosis

Öz
Amaç: İkinci saatteki görüntülemeye kıyasla üçüncü ve dördüncü saatteki gecikmeli görüntülemenin ve üçüncü saatteki görüntülemeye kıyasla 
dördüncü saatteki görüntülemenin tanıya katkısını araştırarak bu sayede tanının yeniden sınıflandırılmasını veya çeşitli zaman noktalarında tanıdaki 
değişikliklerin tespit edilmesi.
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Introduction

Gastric emptying scintigraphy (GES) is currently the 
standard and validated method to non-invasively 
evaluate patients suspected of gastroparesis. This 
method enables us to quantitatively measure the speed 
and timing of the emptying function of the stomach 
(1). Because of the high reliability and reproducibility of 
GES (1), it helps monitor patients on serial imaging in 
addition to its role in making the initial diagnosis. The 
American Neurogastroenterology and Motility Society 
and the Society of Nuclear Medicine have published 
consensus recommendations to help health professionals 
apply standardized protocols of performance and 
interpretation of GES across the world. Accordingly, 
imaging at several time points, including 0, 1, 2, 3, 
and 4 h after ingestion of a low-fat eggwhite meal is 
recommended as a solution to maximize the sensitivity 
of the test (2,3). However, there is some uncertainty 
about the compliance and adherence of nuclear 
medicine laboratories to follow these guidelines (4). One 
such issue is the time points at which the images should 
be acquired. Some centers only perform imaging up to 
hour 2 post-ingestion, but others extend the duration 
of imaging to 4 h. There are a number of investigations 
that have found the superiority of delayed imaging 
(5,6,7,8). The extent to which delayed imaging, i.e., in 3 
and 4 h, improves the diagnostic power of GES is yet to 
be elucidated. Additionally, the percentage of patients 
in whom the diagnosis is changed between consecutive 
time points and the added value of extending the 
scanning time is almost unknown. In this study, it is 
intended to investigate the added diagnostic value of 
delayed imaging at 3 and 4 h and thereby the changes 
in diagnosis from one time point to another.

Materials and Methods

Study Subjects

Seventeen patients clinically suspected of gastroparesis 
were referred by a referral gastroenterology center to our 
laboratory for GES for further evaluation of gastrointestinal 
symptoms, of whom 8 (47.1%) were male and 9 (52.9%) 
were female with a mean age of 49.3±21.1, from 15 to 
77. All patients were initially examined clinically for their 
complaints and a thorough pertinent history was taken 
including prior esophageal and gastric surgeries, current 
prokinetic medications (metoclopramide, domperidone, 
etc.) and history of reflux or other esophageal problems. 
Patients who underwent recent upper endoscopic 
procedures were excluded from the study. Informed 
consent was obtained from all participants and the 
study has been approved by the Affairs-Shahid Beheshti 
University of Medical Sciences Ethics Committee (approval 
no: IR.SBMU.RETECH.REC.1402.058, date: 16.04.2023).

Patient Preparation and Study Procedure

According to the standard procedural guidelines and 
consensus recommendations for performing and 
interpreting GES, all patients were advised to keep a 4 
h period of fasting before imaging and to discontinue 
taking any prokinetic or anti-motility medications for at 
least 2 days. Also, blood testing was performed for all 
participants to measure serum glucose using a glucometer 
shortly before initiation of the procedure. Those with 
serum glucose higher than 200-250 mg/dL were excluded. 
Patients were also asked to abstain from smoking from a 
few hours before until the end of study. Each patient was 
provided a standard meal containing the white of 4 eggs, 
two slices of toasted bread and 30 g or a spoonful of jam 
and then mixed with 18-20 MBq of Tc-99m-sulfur colloid 

Yöntem: Standart prosedür kılavuzlarına göre klinik olarak gastroparezi şüphesi olan 8’i (%47,1) erkek ve 9’u (%52,9) kadın 17 hastaya, standart 
bir yemek yedikten sonra mide boşalma sintigrafisi uygulandı. Anterior ve posterior projeksiyonlardaki bir dakikalık statik görüntüler, yemek 
yedikten hemen sonra ve ardından 1-, 2-, 3- ve 4 saatlik zaman noktalarında elde edildi. Görüntü analizi için, manuel bir ilgi bölgesi çizildi ve 
ardından, her bir zaman noktası için geometrik ortalamayı hesaplamak için her projeksiyondaki mide sayısı kullanıldı. Parçalanma düzeltilmesi 
uygulandı. 2-, 3- ve 4 saatlik zaman noktalarında tutulan aktivite yüzdesi standart değerlerle karşılaştırıldı; bunun için, her hasta normal veya 
gecikmiş olarak etiketlendi.
Bulgular: Zaman noktaları arasındaki ikili korelasyon istatistiksel olarak anlamlıydı. Üçüncü saat değeri 4. saat değeri ile son derece güçlü bir 
korelasyon göstermekteydi (r=0,951, p<0,001). İkinci saatte 17 katılımcının 11’i (%64,7) normal, 6’sı (%35,3) gecikmiş olarak teşhis edildi. Üçüncü 
saatte gecikmiş tanı 9’a (%52,9), normal tanı ise 8’e (%47,1) çıktı. Son olarak, 4. saatte katılımcıların 10’u (%58,8) gecikmiş ve 7’si (%41,2) normal 
olarak teşhis edildi. Üçüncü saatte gecikmiş olarak etiketlenen tüm denekler aynı teşhiste kaldı ve 3. saatte normal olarak sınıflandırılan 8 kişiden 
1’i teşhisi gecikmiş olarak değişti. Uyumu test etmek için, her çift arasında kappa kat sayısı hesaplandı. İkinci saatteki tanı ile 3. veya 4. saatteki 
tanı arasındaki uyum güçlü değildi (her iki çift için kappa <0,6). Ancak 3. ve 4. saatlerdeki tanı arasında güçlü bir uyum bulundu (kappa: 0,881).
Sonuç: Üçüncü ve dördüncü saat değerleri arasındaki mükemmel korelasyon ve bu zaman noktalarındaki tanılar arasındaki güçlü uyum nedeniyle, 
görüntülemeyi 3. saatten 4. saate uzatmak nihai tanıya çok az katkıda bulunur ve özellikle klinik uygulamada anlamlı bir etkisi olmayabilir.
Anahtar kelimeler: Mide boşalma sintigrafisi, gecikmiş görüntüleme, tanı değeri, tanının yeniden sınıflandırılması
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cooked in an oven until being firm and patients were 
instructed to eat the meal, prepared as a small sandwich, 
within 10 min. Each patient was also given a glass of 
water (about 200 mL) to help them swallow their meal. 
Immediately after ingestion of meal, for each patient, 1 
min static images (matrix size of 128x128) in anterior and 
posterior projections of the trunk were acquired (as time 
0) using a single-headed gamma camera in an upright 
position, in a way that their body touched the detector 
surface. Acquisition was repeated at 1-, 2-, 3- and 4-hour 
time points post-ingestion for all participants with the same 
protocol (1,3,4). Patients who were experiencing episodes 
of vomiting during the procedure were excluded from the 
study as well. Besides, the process of meal ingestion by 
patients was monitored uninterruptedly to ensure that the 
meal was ingested sufficiently. Participants were requested 
to avoid intense physical activity for usual daily movement.

Image Analysis and Gastric Emptying Calculation

Before analyzing images, all were inspected for quality to 
ensure that no esophageal reflux or overlapping of the 
intestinal loop containing radioactivity in the stomach 
existed. Then, in each projection, a region-of-interest is 
manually drawn around the stomach (Figure 1). Care was 
taken not to include interfering intestinal activity. The 
count of the stomach in each projection was determined. 
For each time point, the geometric mean was calculated 
by the following formula: squared root of the product of 
counts of anterior and posterior projections. For 1-, 2-, 
3- and 4 h time points, decay correction was employed 
using coefficients from the physical decay table of Tc-
99m (fraction remaining after 1, 2, 3 and 4 h are 0.891, 
0.794, 0.708 and 0.631 respectively) (9). Decay-corrected 
geometric mean of each time point was divided by that 
of time 0 so that the percentage of the activity retained 
in the stomach was computed. At 2-, 3- and 4-hour time 

points, the percentage of retained activity was compared 
to standard or reference values (values higher than 90%, 
60%, 30% and 10% at 1-, 2-, 3- and 4-hours post-ingestion 
respectively are considered abnormal) and therefore were 
labeled dichotomously as normal or abnormal (delayed). 
The images and the pattern of emptying or approximate 
curve was observed to ensure proper labeling.

Statistical Analysis

Mean and standard deviation, median, and quartiles of the 
percentages retained in the stomach at five time points (0, 
1, 2, 3, and 4) were calculated. Error bar plot and box plot 
were used to display the results. Pairwise correlation testing 
was conducted between various time points, and Pearson’s 
correlation coefficient was computed and graphed in matrix 
scatterplot. To compare diagnosis (labeled as normal or 
delayed) at 2-, 3-, and 4 h time points, an agreement test 
was employed between pairs and the kappa coefficient 
was computed. All statistical analyses were conducted and 
graphs were plotted in the SPSS software package (version 
24), and a significance level of 0.05 was considered.

Results

Mean and standard deviation, median, and quartiles of the 
percentages retained in the stomach at each time point 
are summarized in Table 1. These values are graphically 
displayed in the error bar plot and box plot in Figure 2. 
Pairwise correlations between time points were statistically 
significant and are presented in Table 2. The value at hour 
1 is strongly correlated with that at hour 2 but weak to 
moderate to those at hours 3 and 4. The value of hour 3 
shows an extremely strong correlation with the value of 
hour 4 (r=0.951, p<0.001). The correlation coefficients of 
hour 2 are also moderate to strong with hours 3 and 4. 
Figure 3 presents the matrix scatterplot. Figure 4 depicts 
a stacked bar chart for diagnosis at different time points. 
Diagnosis was determined based on comparison with 
reference values recommended by standard guidelines. In 
hour 2 of 17 participants, 11 (64.7%) were diagnosed as 
normal and 6 (35.3%) as delayed. In hour 3, the diagnosis 

Table 1. Values of mean, median, and quantiles of the 
percentage retained in the stomach at 4 time points

Time point Mean (SD) Median
Quartiles

25 50 75

Hour 1 75.36 (11.84) 78.00 64.50 78.00 85.00

Hour 2 50.05 (18.42) 56.00 33.00 56.00 67.00

Hour 3 31.28 (20.98) 34.00 8.25 34.00 48.50

Hour 4 21.62 (19.33) 17.00 3.35 17.00 38.75

SD: Standard deviation

Figure 1. Planar images in anterior and posterior projections at five time 
points: 0 (immediately after ingestion), 1, 2, 3 h. Regions of interest 
of the stomach are manually drawn in a way that no other interfering 
activity gets included in it. Upper and lower rows demonstrate anterior 
and posterior projections, respectively, from left (hour 0) to right (hour 4)
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made as delayed rose to 9 (52.9%), whereas the normal 
was 8 (47.1%). Finally, at hour 4, the results were 10 
(58.8%) as delayed and 7 (41.2%) as normal. As can be 
seen in Table 3, from the 2 h to 3 h time point, 4 subjects 
who were normal were rediagnosed as delayed and vice 
versa, and one subject who was delayed in hour 2 was 
reclassified as normal. All subjects who were labeled as 
delayed in hour 3 remained with the same diagnosis and 1 
out of 8 subjects categorized as normal in hour 3 changed 
to delayed. For testing agreement, the coefficient of kappa 
was computed between each pair. The agreement between 
diagnosis in hour 2 and hours 3 or 4 was not strong (kappa 
<0.6 for both pairs). However, a strong agreement was 
found between diagnosis in hours 3 and 4 (kappa: 0.881) 
(Table 4).

Discussion

GES as a useful tool for non-invasive evaluation of the 
physiology of the stomach still need to be standardized in 
performance of the procedure and interpretation. Several 
mathematical methods for measuring the emptying rate of 
the stomach have been proposed. Some methods derive 
parameters from a dynamic image continuously acquired 
from ingestion up to a desired time, for example, 1 or 2 h. 
Other methods employ static images obtained at various 

Figure 2. Error bar plot and box plot of the amount of retained activity 
in the stomach at various time points. The line connecting the means or 
medians seems to be fitted to an exponential curve

Figure 4. Stacked bar chart for diagnosis at time points of 2, 3 and 
4 h. The dotted horizontal line represents the percentage of patients 
diagnosed as delayed (patterned part of the bar). As can be seen, the 
difference between hours 2 and 4 (shown by asterisk) is noticeable 
compared to that between hours 3 and 4 (shown by double asterisk), in 
which the difference is negligible

Figure 3. Matrix scatterplot of pairs at various time points. Pairs of hours 
3 and 4 show the strongest correlation.

Table 2. Results of correlation testing between pairs of 
time points

Pairwise correlation between 
variables

Correlation 
coefficient p value

Hour 1

Hour 2 0.797 0.000

Hour 3 0.569 0.017

Hour 4 0.569 0.017

Hour 2
Hour 3 0.756 0.000

Hour 4 0.727 0.001

Hour 3 Hour 4 0.951 0.000
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time points and provide parameters different from the 
former. Each has its own advantages and disadvantages 
(2,3,10,11). The method that is used more commonly 
in clinical settings and is recommended by consensus 
guidelines is imaging at 1 h intervals up to 4 h to maximize 
the sensitivity. Although the lag phase and emptying half-
time cannon be computed, this method is sufficiently 
reliable and easy to perform in imaging centers. It has 
been shown that delayed imaging improves the diagnostic 
accuracy of GES and finds patients with delayed emptying 
whose scan up to 2 h is indicated as a normal result. 
However, to what extent the imaging in 4 h compared 
to 3 h scanning improves the diagnostic accuracy and 
what percentage of patients would benefit from is still 
under debate. In other words, it is less known how much 
extending the scanning up to 4 h outweighs and prevails 
over the one up to 3 h. In our study, correlation testing 
showed that consecutive time points were well correlated. 
Particularly, pairs of 3 and 4 h depicted an excellent 
correlation (r=0.951). Additionally, based on dichotomous 
diagnosis (normal versus delayed), a strong agreement was 
found between the diagnosis in hour 3 compared to hour 
4. According to the results presented in Table 3, in patients 
whose diagnosis was normal in hour 3, 12.5% changed 
to delayed and likewise, in those with diagnosis labeled as 
delay in hour 3, none reclassified in terms of diagnosis. We 

think that the difference between scanning up to 3 h in 
comparison to 4 h adds little to the final diagnosis and may 
not be noticeably meaningful, especially in clinical practice. 
Our study results agreed with previous investigations 
(5,6,7,8). However, we emphasized and focused our 
attention on the respective difference between numerical 
results and diagnosis in hours 3 and 4, contrary to previous 
research that investigated the difference between hours 
2 and 4 (5,6,7,8). Another point worth noting is that 
making a diagnosis based on numbers or numerical values 
may lead to false-positive and false-negative results. Visual 
interpretation to recognize the pattern ought to be used 
as an adjunct to quantitative analysis to maximize the 
accuracy of GES (12). We are aware that the number of 
participants in our study was, to some degree, low and this 
may affect the conclusion, particularly in calculating the 
percentages of patients with reclassification of diagnosis. 
An innate shortcoming of such quantitative methods and 
comparing the results of each time point with constant 
reference values may lead to discordant results with the 
physician’s clinical suspicion and impression.

Study Limitations

One of the limitations of our study is that the clinical data 
of the participants were excluded from the analysis and 
the interpretation was only the results of scans, although 
the patients who were clinically suspected of gastroparesis 
were included. Another issue is the number of subjects 
enrolled in the study, which might affect the results.

Conclusion

Because of excellent correlation between values of hours 
3 and 4 and strong agreement between the diagnosis in 
those time points, extending acquisition from 3 to 4 h 

Table 4. Results of the agreement test between diagnosis 
at different pairs of time points

The test of agreement between 
variables pairwise

Kappa 
coefficient p value

2 hr diagnosis
3 hr diagnosis 0.422 0.064

4 hr diagnosis 0.553 0.011

3 hr diagnosis 4 hr diagnosis 0.881 0.000

Table 3. Reclassification of the diagnosis of subjects from hour 2 to hours 3 and 4 and from hour 3 to hour 4

Initial diagnosis at each time point
Reclassification of diagnosis the following time 
extension

To 3 h To 4 h

Time point Diagnosis Number (%) Diagnosis Number (%) Diagnosis Number (%)

Diagnosis at hour 2

Normal 11 (64.7%)
Normal 7 (63.6%) Normal 7 (63.6%)

Delayed 4 (36.4%) Delayed 4 (36.4%)

Delayed 6 (35.3%)
Normal 1 (16.7%) Normal 0 (0.0%)

Delayed 5 (83.3%) Delayed 6 (100%)

Diagnosis at hour 3

Normal 8 (47.1%)
N/A N/A Normal 7 (87.5%)

N/A N/A Delayed 1 (12.5%)

Delayed 9 (52.9%)
N/A N/A Normal 0 (0.0%)

N/A N/A Delayed 9 (100%)

N/A: Not applicable
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adds little to final diagnosis and may not be noticeably 
meaningful, especially in the clinical setting with high 
throughput.
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Hassas Aterosklerotik Plakların İn Vivo Görüntülenmesinde Somatostatin Reseptör 
Sintigrafisinin Potansiyel Rolü ve Bunun Miyokardiyal Perfüzyon Görüntüleme Bulgusu ile 
İlişkisi: Bir Ön Çalışma

Abstract
Objectives: This study was conducted to detect atherosclerotic plaques with somatostatin receptor scintigraphy (SRS) using Tc-99m-octreotide 
that binds to somatostatin receptor-2.
Methods: Of the 783 patients referred for myocardial perfusion imaging (MPI), 52 underwent additional chest single-photon emission computed 
tomography (SPECT) with Tc-99m-octreotide and participated in this study. In addition, 43 patients who underwent Tc-99m-octreotide scan for 
neuroendocrine tumor (NET) also received cardiac SPECT. Angiography was performed within 1 month after SRS for 19 patients who showed 
intensive uptake in SRS and had cardiac risk factors. 
Results: Of 52 patients who underwent MPI and SRS, 15 showed intensive cardiac uptake in SRS. Moreover, of 43 patients who were referred 
for NET, 4 patients had marked cardiac uptake in SRS in the heart. Nineteen patients including 12 women and 7 men aged 28 to 84 (58±8.04) 
years underwent coronary angiography. SRS and angiography in the left anterior descending territory were concordant in 15/19 (79%) patients, 
whereas only 7/15 (46%) cases had concordant MPI and angiography results. In the right coronary artery territory, SRS and angiography were 
concordant in 16/19 (84%) cases, while MPI and angiography were concordant in 11/15 (73%) cases. In the left circumflex artery territory, SRS 
and angiography were concordant in 15/19 (79%) cases, whereas MPI and angiography were concordant in 6/15 (40%) cases. In the remaining 
76 patients who did not undergo coronary angiography based on cardiovascular profile and SRS, no cardiac events occurred in a follow-up of 
2-11 months (7.52±2.71).
Conclusion: Tc-99m-octreotide uptake was more concordant with coronary plaques relative to MPI findings, suggesting a potential role for Tc-
99m-octreotide in the evaluation of atherosclerosis. 
Keywords: Tc-99m-octreotide, somatostatin receptor-2 (SSTR-2), myocardial perfusion scintigraphy, coronary angiography
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with Myocardial Perfusion Imaging Finding: A Preliminary Study
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Introduction

Cardiovascular diseases are the main cause of about one-
third of deaths in men and women across the world. It is 
estimated that more than 19 million patients worldwide 
suffer from cardiovascular disease annually. One common 
cause of cardiac events is the buildup of fats, cholesterol, 
and any other compounds in the arterial wall leading to the 
formation of plaques, known as vulnerable atherosclerotic 
plaques (VAPs) (1,2).

VAP formation in coronary arteries is one of the common 
causes of cardiac disease, which can lead to cardiac events 
and death. These plaques develop gradually and mild 
plaques usually have no complications. The complications 
of atherosclerosis start when the artery becomes occluded 
due to plaque formation, leading to inadequate blood 
supply to the tissues. A VAP may restrict coronary blood 
flow leading, leading myocardial infarction and death. A 
VAP consists of a fine fibrous cap and a vast lipid core, 
resulting in the accumulation of activated macrophages. 
The activated macrophages may rupture the VAP, resulting 
in sudden cardiac events and death. Given the importance 
of this issue, the detection of early changes in the coronary 
walls is of enormous importance (3,4). VAP, which is 
prone to rupture, usually does not cause marked stenosis; 
therefore, it is not diagnosed by myocardial perfusion 
imaging (MPI), the procedure commonly used for ischemia 
evaluation. Many preclinical and clinical studies have been 
conducted to understand VAP recently (5).

The standard methods for diagnosis of VAP include 
physical examination, laboratory tests, ankle/brachial 
index, electrocardiogram, and ultrasound examination, as 
well as invasive methods including intravascular coronary 
ultrasound, angiography, and angioscopy (6,7). All these 

procedures have differences in terms of sensitivity, 
specificity, availability, and reproducibility. Nowadays, 
molecular and cellular imaging has made it possible to 
evaluate early changes in the arterial walls toward VAP 
formation, opening new windows in detecting VAP in 
subclinical and clinical stages. 

As mentioned earlier, VAPs result in the accumulation of 
activated macrophages, therefore imaging macrophages 
can be used as a potential target for the characterization 
and diagnosis of VAP. It has been indicated that somatostatin 
receptor-2 (SSTR-2) is overexpressed by activated 
macrophages (8). Several radiotracers have an affinity for 
somatostatin receptors, including SSTR-2, and are used for 
imaging and management of patients with neuroendocrine 
tumors (NETs) in multiple centers around the world, such 
as 68Ga-DOTATATE positron emission tomography (PET) 
and Tc-99m-octreotide single-photon emission computed 
tomography (SPECT) (9,10,11,12).

The potential role of several radiotracers such as 68Ga-
DOTATATE and 18F sodium florine PET in the evaluation of 
inflammatory processes and detection of VAP has been 
investigated in several studies (4,13,14,15,16). Therefore, 
this study was conducted to detect atherosclerotic plaques 
by somatostatin receptor scintigraphy (SRS) using Tc-99m-
octreotide SPECT and to compare SRS with coronary 
angiography for detection of atherosclerotic plaques and 
its association with MPI using Tc-99m-MIBI SPECT finding.

Materials and Methods

Study Population

In this study, VAP was evaluated using Tc-99m-octreotide 
SPECT in the following patients at Bushehr Nuclear 
Medicine Department:

Öz
Amaç: Bu çalışma, somatostatin reseptör-2’ye bağlanan Tc-99m-oktreotid kullanılarak somatostatin reseptör sintigrafisi (SRS) ile aterosklerotik 
plakların saptanması amacıyla yapılmıştır.
Yöntem: Miyokardiyal perfüzyon görüntülemesi (MPI) için sevk edilen 783 hastadan 52’sine ek olarak Tc-99m-oktreotid ile göğüs tek foton 
emisyonlu bilgisayarlı tomografisi (SPECT) uygulandı ve bu hastalar çalışmaya katıldı. Ayrıca, nöroendokrin tümör (NET) için Tc-99m-oktreotid 
taraması yapılan 43 hastaya da kardiyak SPECT uygulandı. SRS’de yoğun tutulum gösteren ve kardiyak risk faktörü taşıyan 19 hastaya SRS’den 
sonraki 1 ay içinde anjiyografi yapıldı. 
Bulgular: MPI ve SRS uygulanan 52 hastanın 15’inde SRS’de yoğun kardiyak tutulum görüldü. Ayrıca NET için yönlendirilen 43 hastanın 4’ünde 
kalpte SRS’de belirgin kardiyak tutulum saptandı. Yaşları 28 ile 84 (58±8,04) arasında değişen 12’si kadın, 7’si erkek olmak üzere 19 hastaya 
koroner anjiyografi yapıldı. SRS ve sol ön inen arter bölgesinde anjiyografi 15/19 (%79) hastada uyumlu iken, sadece 7/15 (%46) hastada uyumlu 
MPI ve anjiyografi sonuçları vardı. Sağ koroner arter bölgesinde 16/19 (%84) hastada SRS ve anjiyografi, 11/15 (%73) hastada MPI ve anjiyografi 
uyumluydu. Sol sirkumfleks arter bölgesinde 15/19 (%79) hastada SRS ve anjiyografi, 6/15 (%40) hastada MPI ve anjiyografi uyumluydu. 
Kardiyovasküler profil ve SRS’ye göre koroner anjiyografi yapılmayan geri kalan 76 hastada 2-11 aylık takipte (7,52±2,71) kardiyak olay gelişmedi.
Sonuç: Miyokardiyal perfüzyon görüntülemesi bulgularına göre Tc-99m-oktreotid alımının koroner plaklarla daha uyumlu olması, aterosklerozun 
değerlendirilmesinde Tc-99m-oktreotidin potansiyel bir rolü olduğunu düşündürmektedir. 
Anahtar kelimeler: Tc-99m-oktreotid, somatostatin reseptör-2 (SSTR-2), miyokardiyal perfüzyon sintigrafisi, koroner anjiyografi
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1. Patients who were referred for MPI were asked to 
perform an additional Tc-99m-octreotide SPECT for 
evaluation of VAP within 3 to 7 days following MPI. 

2. Patients who were referred for evaluation of NETs by 
Tc-99m-octreotide and had cardiac risk factors underwent 
cardiac Tc-99m-octreotide SPECT in addition to the whole-
body scan for evaluation of VAP (Figure 1).

A detailed history including age, hypertension, angina, 
diabetes, hyperlipidemia, smoking, family history of cardiac 
diseases, obesity and history of cardiac attack was taken 
from all patients for evaluation of cardiac risk factors. The 
inclusion criteria were age >18 and the presence of cardiac 
risk factors. In addition, because of the possibility of false-
positive results, patients with a history of interventional 
coronary therapy such as CABG or stent were excluded from 
the study. The images were evaluated by nuclear medicine 
physicians. Patients who showed significant uptake of Tc-
99m-octreotide in the heart and had cardiac risk factors 
were asked to undergo angiography for the evaluation of 
VAP in coronary arteries. This study was approved by a 
local ethics committee, and written consent was obtained 
from all patients before each stage of the study. The Ethical 
Committee of Bushehr University of Medical Sciences 
approved this study (IR.BPUMS.REC.1401.175).

Image Acquisition

SPECT Images

Patients fasted overnight and all cardiovascular medications 
were discontinued at least 2 days before the study. An 
intravenous line of normal saline solution was connected 
to the antecubital vein using a 20-gauge cannula. 
Dipyridamole (0.56 mg/kg) was infused above 4 min. 
Patients’ symptoms and three-lead electrocardiography 
were monitored continuously. A dose of 740 MBq of Tc-
99m-sestamibi as a compact bolus was injected 4 min after 

the initiation of the infusion. Sixty minutes later, the patients 
were asked to eat a fatty meal to accelerate hepatobiliary 
clearance of Tc-99m sestamibi, and imaging was 
performed 90 min after the initial infusion of dipyridamole. 
The rest phase was performed next day.

The one-day stress-rest protocol was used for MPI. Patients 
fasted overnight and all cardiovascular drugs were stopped 
at least 2 days before the examination. In the stress phase, 
the patients underwent treadmill testing or pharmacologic 
stress with the infusion of 0.56 mg/kg dipyridamole over 
5 min. Then 370-555 MBq (10-15 mCi) Tc-99m-sestamibi 
(ParsIsotope Co., Iran) was administered at the peak of 
stress. SPECT images were acquired 30-45 minutes after 
stress. Four hours after the stress phase, the rest phase 
was performed with an injection of 740-925 MBq (20-25 
mCi) Tc-99m-sestamibi. SPECT images were acquired 60-90 
minutes after the radiotracer injection.

For SRS, 60 to 90 min following injection of 740-925 MBq 
(20-25 mCi) Tc-99m-octreotide, SPECT imaging of the heart 
was performed in addition to a whole-body scan. 

The scans were acquired using a dual-head gamma 
camera (ADAC-Pegasys) equipped with a low-energy high-
resolution collimator, a 140 keV photopeak with a 20% 
energy window, and a matrix size of 64x64. The SPECT 
images were acquired with 32 projections (20 seconds/
projection) 180° rotations from RAO to LPO for MPI and 
with 64 projections (20 seconds/projection) and 360° 
rotations for SRS. Image reconstruction was performed 
using the filtered back projection method (Wiener filter; 
cut-off: 0.66, order: 5). The images were evaluated by a 
nuclear medicine specialist.

Coronary Angiography

Angiography was performed using the standard Judkins 
method. A cardiologist who was not aware of the 
scintigraphic results analyzed the angiograms.

Image Analysis

In this study, a blinded cardiologist evaluated the 
angiographic data and a blinded nuclear medicine specialist 
evaluated the scintigraphic data. The coronary arteries 
are divided into three main arteries, including the left 
anterior descending (LAD), right coronary artery (RCA), 
and left circumflex artery (LCx), according to angiographic 
standards. In scintigraphic images, the left ventricular wall 
was mapped to the standard 17-segment model. 

For MPI, a 17-segment model was used for interpretation. 
According to this model, the left ventricle was divided into 
three main coronary arteries. For the evaluation of each 
segment, changes in radiotracer uptake in stress and rest 
phases were evaluated. A decreased radiotracer uptake 

Figure 1. Study design 
MPI: Myocardial perfusion imaging, SRS: Somatostatin receptor scintigraphy, NETs: 
Neuroendocrine tumors, SPECT: Single-photon emission computed tomography
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(defect) observed in the stress phase that improved on 
rest was considered an ischemic defect, and a stress defect 
that did not improve was considered a fixed defect. In this 
study, any myocardial defect observed in the region of 
interest was considered abnormal.

For SRS, similar to MPI, the left ventricle was mapped into 
17 segments and then divided into three main coronary 
arteries. For interpretation, any marked radiotracer uptake 
in these 17 regions as compared to background tissue was 
considered VAP in that region. 

Statistical Analysis

Statistical analysis was performed using SPSS software 
version 21 for Windows. The continuous variables are 
expressed as median ± standard error of mean. 

Results

Of 783 patients with suspected coronary artery disease 
who presented to Bushehr Nuclear Medicine Department 
for MPI, 52 consented to perform additional SRS and were 
included in the final study cohort. In addition, 43 patients 
who underwent Tc-99m-octreotide scan for NET also 
underwent cardiac SPECT. In total, 95 cases had cardiac 

Tc-99m-octreotide SPECT for evaluation of VAP. Of these 95 
patients, 19 patients, including 12 women and 7 men aged 
28 to 84 (58±8.04) years) who showed marked radiotracer 
uptake in SRS, underwent coronary angiography. An 
example of such a case is presented in Figure 2. Four out of 
19 patients were NET patients who did not undergo MPI. 
Angiography was abnormal in all 19 patients, while MPI 
was normal in one of them. The baseline characteristics of 
the patients are shown in Table 1.

As for concordance between scintigraphic data and 
angiography in three main arteries, the results of SRS and 
angiography were concordant in the LAD territory in 15/19 
(79%) patients, while only 7/15 (46%) cases had concordant 
MPI and angiography results. In the RCA territory, the 
results of SRS and angiography were concordant in 16/19 
(84%) cases, while MPI and angiography results were 
concordant in 11/15 (73%) cases. In the LCx territory, the 
results of SRS and angiography were concordant in 15/19 
(79%) cases, while MPI and angiography were concordant 
in 6/15 (40%) cases. Table 2 shows the results in detail. A 
false positive and false negative case is presented in Figure 
3. 

Figure 2. Myocardial perfusion imaging (MPI) single-photon emission computed tomography (SPECT) of a 64-year-old woman with non-specific chest 
symptoms who was referred from the department of cardiology for assessment of the perioperative risk of ischemic cardiac events. MPI SPECT showed 
only mild ischemia in the inferoseptal wall (A). Somatostatin receptor scintigraphy using Tc-99m-octreotide SPECT in the same patient showed intense 
uptake areas in the inferior and anterior regions (B). Coronary angiography showed a severe left anterior descending lesion just after the diagonal 
branch, cut-off diagonal branch, multiple non-significant plaques in the left circumflex, severe proximal right coronary artery lesion, and a severe lesion 
of the PDA origin (C)
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As for the scintigraphic data, the results of SRS and MPI 
were concordant in 11/15 (73%), 10/15 (66%), and 
10/15 (66%) patients in the LAD, RCA, and LCx territories, 
respectively (Table 3).

Cardiac events were not observed in a follow-up period 
of 2-11 months (7.52±2.71) in any of the remaining 76 
patients who did not undergo coronary angiography based 
on the cardiovascular profile. Interestingly, they did not 
show a remarkable uptake on SRS. 

Discussion

This study was conducted to evaluate coronary VAP using 
SRS and compare it with MPS and angiography for the 
first time. Several studies have evaluated PET radiotracers 

Table 1. Baseline characteristics of patients

Patients (n=19)

Age (mean ± SD) 58±8.04

Sex (female) 12 (63.2)

Chest pain 8 (42.1%)

Cardiac risk factor
Hypertension
Diabetes
Smoking
Hyperlipidemia
Family history
Obesity
Cardiac attack

11 (57.9%)
9 (47.4)
7 (36.8%)
8 (42.1%)
3 (15.8%)
3 (15.8%)
3 (15.8%)

SD: Standard deviation

Figure 3. The cardiac examination of a 58-year-old woman presented with normal myocardial perfusion imaging (MPI) (A). Somatostatin receptor 
scintigraphy (SRS) single-photon emission computed tomography indicated uptake in anteroseptal [left anterior descending (LAD)] (green arrow) and 
inferior wall [right coronary artery (RCA)] (yellow arrow) (B) but angiography showed LAD lesion and normal RCA resulted in false positive in SRS, 
which may be due to liver uptake. In another case, cardiac examination of a 64-year-old woman presented with a defect in the anteroseptal wall 
according to MPI (C). In SRS, only uptake in the anterolateral wall (LAD) (white arrow) was reported and uptakes in the inferior and inferoseptal (RCA) 
(red arrow) were considered as liver uptake (D), but lesions were observed in both LAD and RCA in coronary angiography, which resulted in false 
negatives, which may be due to liver uptake
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such as 68Ga-DOTATATE, 18F-fluorodeoxyglucos (FDG), and 
18F sodium florine for VAP (4,7,15,16,17); however, no 
study has investigated SPECT radiotracers. We previously 
reported the role of SRS in a case of myocarditis (18).

It has been shown that about 50% of cardiovascular-related 
mortality is due to acute myocardial infarction. About 75% 
of myocardial infarctions are due to an acute thrombotic 
event because of the rupture of a VAP, and plaque erosion 
is responsible for the remaining 25% (19). Because of the 
importance of this subject, early detection of VAP is of 
great significance.

Clinically, according to the guidelines (20,21), invasive 
coronary angiography is considered the gold standard 
investigation in patients presenting with symptoms of 
CAD and angina. MPI is performed when the diagnosis is 
equivocal or to evaluate the functional significance of a 
familiar coronary lesion. CT coronary angiography (CTa) is 
another modality that may help to avoid invasive methods. 
Except for CTa, other above-mentioned modalities are only 
used for detection of obstructive intraluminal stenosis and 
therefore provide little information on the nature of plaques 
and cannon determine the vulnerability of plaques (22). It 
has been shown that multicontrast magnetic resonance 
imaging (MRI) has the highest potential for evaluation of 
carotid plaque and interrogation of the fibrous cap, but its 
high cost and lengthy procedure are its major limitations 
(23,24).

Molecular imaging procedures have attracted attention for 
the evaluation of VAP, which provide additional information 
about the process of VAP formation such as calcification, 

apoptosis, hypoxia, and neovascularization as a non-
invasive method. Moreover, these procedures can lead to 
early diagnosis of high-risk patients with prospective culprit 
lesions and help to prevent subsequent cardiovascular 
events with proper management (22). Clinically, many 
studies have investigated two molecular imaging protocols 
including ultrasmall superparamagnetic iron oxide-contrast-
enhanced MRI and 18F-FDG-PET (25). Although 18F-FDG-
PET is the most common radiotracer for nuclear plaque 
imaging, some other PET radiotracers, including 11C and 
18F-choline, 11C-PK11195, 11C-acetate, 18F-sodium fluoride, 
and 68Ga-DOTATATE, have also been studied for plaque 
imaging (4,13,14).

Biologically, VAP formation occurs following endothelial 
injury and accumulation of low-density lipoprotein 
cholesterol in the intimal layer of the coronary wall. 
Monocytes are recruited into the damaged wall in 
response to damage and transform into macrophages (26). 
This inflammatory process following the accumulation of 
activated macrophages on the coronary wall can lead to 
destabilization, progression, initiation, and finally rupture 
of the VAP, which causes the cardiac event. Therefore, 
this inflammatory process can be used for imaging and 
diagnosis of VAP (17).

Because of the overexpression of SSTR-2 on activated 
macrophages, 68Ga-DOTATATE PET and Tc-99m-octreotide, 
which have a high affinity for SSTR-2 and an unremarkable 
uptake in the normal myocardium, can be used for the 
evaluation of VAP. The role of 68Ga-DOTATATE in the 
evaluation of VAP has been demonstrated in several 

Table 3. Concordance between SRS and MPI

SRS

LAD RCA LCx

Negative Positive Concordance Negative Positive Concordance Negative Positive Concordance

MPI
Negative 6 0

11/15 (73%)
4 4

10/15 (66%)
4 4

10/15 (66%)
Positive 4 5 1 6 1 6

MPI: Myocardial perfusion imaging, SRS: Somatostatin receptor scintigraphy, LAD: Left anterior descending, RCA: Right coronary artery, LCx: Left circumflex artery

Table 2. Concordance between coronary angiography and SRS and MPI

Angiography

LAD RCA LCx

Negative Positive Concordance Negative Positive Concordance Negative Positive Concordance

SRS
Negative 4 3

15/19 (79%)
5 2

16/19 (84%)
7 0

15/19 (79%)
Positive 1 11 1 11 4 8

MPI
Negative 3 7

7/15 (46%)
4 4

11/15 (73%)
4 4

6/15 (40%)
Positive 1 4 0 7 5 2

SRS: Somatostatin receptor scintigraphy, MPI: Myocardial perfusion imaging, LAD: Left anterior descending, RCA: Right coronary artery, LCx: Left circumflex artery
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studies. Rominger et al. (13) studied the uptake of 68Ga-
DOTATATE in the LAD and showed a significantly increased 
68Ga-DOTATATE uptake in the LAD, suggesting the potential 
role of this tracer for plaque imaging in the coronary 
arteries. Mojtahedi et al. (4) evaluated the uptake of 68Ga-
DOTATATE in the coronary arteries for the detection of VAP. 
They reported a significantly increased uptake in fibrotic 
and VAPs compared with normal coronary arteries (4). In 
addition, previous studies have shown the superiority of 
68Ga-DOTATATE for detecting VAP compared to 18F-FDG 
(14,17).

In this study, all patients with significant uptake of the 
radiotracer in SRS had abnormal coronary angiography. 
The results showed a high concordance between SRS 
and coronary angiography in three main coronary arteries; 
therefore, SRS can be used as a non-invasive and widely 
available modality for the assessment of VAP. The higher 
concordance of SRS with coronary angiography compared 
to MPI may be due to the inability of MPI to detect 
plaques without remarkable coronary stenosis, which 
can be detected by SRS. Therefore, early VAPs can be 
detected using SRS, which prevents future cardiac events. 
In conclusion, SRS and MPI complete each other in the 
assessment of coronary artery diseases.

Finally, it should be mentioned that PET radiotracers, 
including 68Ga-DOTATATE and 18F-FDG, are the best 
radiotracers for nuclear plaque imaging because in 
comparison between PET and SPECT, PET has a higher 
spatial resolution and sensitivity. Moreover, absolute 
quantification of radionuclide uptake can be performed 
by PET. However, SPECT has advantages that cannot be 
ignored including lower costs, wider availability, and better 
physical properties of its radionuclides such as longer half-
life. Therefore, the SPECT protocol is more applicable than 
PET for evaluating VAP, especially in regions where PET is 
less available.

Study Limitations

The limitations of this study include its small sample 
size and lack of PET/CT and SPECT/CT for anatomical 
assessment. Therefore, studies with larger populations 
are warranted for the validation of the clinical use of 
SPECT with somatostatin receptor imaging for evaluating 
VAP. In addition, due to ethical considerations, coronary 
angiography was only performed for patients according to 
cardiovascular guidelines, which may limit the accuracy of 
the findings due to the lack of angiography results in all SRS 
participants. It is necessary to perform accurate diagnostic 
tests, e.g. IVUS, accompanied by histological examinations 
for all patients undergoing SRS to improve the results. 
Another limitation of the study is that not all ischemic 

lesions diagnosed on MPI are due to plaque formation in 
the coronary arteries; therefore, plaque detection is not a 
good measure for comparing these two tests. Further well-
designed studies are required to verify these preliminary 
findings. 

Conclusion 

The results of Tc-99m-octreotide uptake were more 
concordant with coronary plaques than Tc-99m-MIBI SPECT, 
suggesting a potential role for Tc-99m-octreotide in the 
evaluation of atherosclerosis. In addition, coronary uptake 
may provide a molecular guide for coronary atherosclerotic 
lesions. Specific regional uptake should be ascertained by 
histology. 
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Abstract
Objectives: The pharmacological stress test with vasodilator agents is an alternative cardiological diagnostic tool for patients with contraindications 
to the classical stress test provided by physical activity during single-photon emission computed tomography (SPECT) myocardial perfusion imaging 
(MPI). The study compared the frequency of the side effects of regadenoson and dipyridamole during a SPECT MPI. 
Methods: This retrospective study included data of 283 consecutive patients who underwent pharmacological stress tests in years 2015-2020. 
The study group consisted of 240 patients who had received dipyridamole and 43 patients who had received regadenoson. The collected data 
included the patients’ characteristics, the occurrence of side effects (divided into mild: headache, vertigo, nausea, vomiting, dyspnea, chest 
discomfort, hot flushes, general weakness and severe: bradycardia, hypotension, loss of consciousness), and blood pressure values/measurements.
Results: Overall, complications occurred relatively often (regadenoson: 23.2%, dipirydamol: 26.7%, p=0.639). Procedure discontinuation was 
necessary in 0.7% of examinations, whereas pharmacological support was necessary in 4.7%. There was no difference in the prevalence of mild 
(regadenoson: 16.2%, dipirydamol: 18.3%, p=0.747) and severe complications (regadenoson: 11.6%, dipyridamole: 15.0%, p=0.563). However, 
regadenoson has been found to cause a significantly smaller mean decrease of systolic blood pressure (SBP) (regadenoson: -2.6±10.0 mmHg, 
dipyridamole: -8.7±9.6 mmHg, p=0.002), diastolic blood pressure (DBP) (regadenoson: -0.9±5.4 mmHg, dipyridamole: -3.6±6.2 mmHg, p=0.032), 
as well as mean arterial pressure (MAP) (regadenoson: -1.5±5.6 mmHg, dipyridamole: -5.4±6.5 mmHg, p=0.001).
Conclusion: Regadenoson and dipyridamole presented a similar safety profile during SPECT MPI. However, regadenoson has been found to cause 
significantly smaller decreases in SBP, DBP, and MAP.
Keywords: Regadenoson, dipyridamole, myocardial perfusion imaging, vasodilators, stress test, single photon emission computed tomography

Öz
Amaç: Vazodilatör ajanlarla yapılan farmakolojik stres testi, tek foton emisyonlu bilgisayarlı tomografi (SPECT) miyokardiyal perfüzyon görüntülemesi 
(MPI) sırasında fiziksel aktivite ile sağlanan klasik stres testinin uygulanmasının kontrendike olduğu hastalar için alternatif bir kardiyolojik tanı 
aracıdır. Bu çalışmada, SPECT MPI sırasında regadenozon ve dipiridamolün yan etkilerinin sıklığı karşılaştırıldı.
Yöntem: Bu retrospektif çalışma, 2015-2020 yıllarında farmakolojik stres testi uygulanan ardışık 283 hastanın verilerini içermektedir. Dipiridamol 
alan 240 hasta ve regadenozon alan 43 hasta çalışma grubunu oluşturdu. Toplanan veriler içinde hastaların özellikleri, ortaya çıkan yan etkiler (baş 
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Introduction

Coronary artery disease (CAD) is a cardiovascular condition 
that involves atherosclerotic plaque formation in the vessel 
lumen. Due to impairment in the blood flow, oxygen delivery 
to the myocardium is disturbed (1). For this reason, CAD is 
proved to be one of the main causes of death in developed 
and developing countries and should be properly diagnosed 
and treated (2). The single-photon emission computed 
tomography (SPECT) myocardial perfusion imaging (MPI) is 
a non-invasive diagnostic tool that is performed in patients 
with suspected CAD. This method is a superior alternative 
to the treadmill electrocardiography test, especially in 
patients with single-vessel CAD, with superior safety profile 
compared to the invasive diagnostic procedure, namely 
coronary arteriography (3,4). This imaging technique shows 
myocardial perfusion and the effects of stress on the heart 
muscle. SPECT MPI is a nuclear medicine imaging technique 
using gamma rays and radiopharmaceuticals such as 
Technetium-99m; it may be performed in a one- or two-day 
protocol (5). In the one-day protocol, the patient undergoes 
a rest SPECT scan in the morning and then a SPECT stress 
scan after 4 h. In the 2-day protocol, only one SPECT scan 
is taken daily. There are two strategies for stress testing. 
The most common is exercise on a treadmill with constant 
heart rate, blood pressure, and electrocardiographic 
monitoring. The second technique is pharmacological and 
is used if the exercise test is contraindicated (6). During 
this method, the patient receives one of the coronary 
vasodilators adenosine agonists: adenosine, regadenosine, 
or dipyridamole. Dipyridamole is an indirect adenosine 
agonist, and regadenosine and adenosine are direct 
agonists. Regadenoson is a selective α(2A) receptor 
agonist, whereas dipyridamole and adenosine can activate 
adenosine α(1), α(2A), α(2B) and α(3) receptors. These 
substances mimic physical exercise on the heart muscle 
(5). Each of the drugs applied to simulate cardiovascular 
stress causes various adverse effects due to stimulation 

of adenosine receptors, most commonly: headache, chest 
pain, decrease in blood pressure, nausea (5). Therefore, 
it is important to compare the most commonly used 
vasodilators in terms of their safety profiles. The study 
compared regadenoson and dipyridamole in terms of 
complications and impact on blood pressure during SPECT 
examination.

Materials and Methods

The study included 283 consecutive patients who 
underwent pharmacological stress SPECT in years 2015-
2020 in the John Paul II Hospital in Kraków, Poland. The 
study population consisted of two groups: 240 patients 
who had received dipyridamole (Persantin, Boehringer 
Ingelheim Pharmaceuticals Inc, Germany) and 43 patients 
who had received regadenoson (Rapiscan, GE Healthcare 
AS, Norway). The inclusion criteria were having undergone 
a pharmacological stress SPECT with the administration 
of dipyridamole or regadenoson and age above 18 years. 
Each patient included in the study gave informed consent 
to perform pharmacological stress SPECT. The exclusion 
criteria were the contraindications to the pharmacological 
stress with vasodilators (a history of severe bronchospasm, 
asthma during physical activity, severe aortic stenosis, 
severe obstructive hypertrophic cardiomyopathy, pregnancy 
or lactation, 2° or 3° degree, atrioventricular block and 
atrial node disease, arterial hypotension (SP <90 mmHg), 
or history of allergic reaction to the previously mentioned 
drugs) (7). The collected data included the characteristics 
of the patients such as sex, age, body mass index (BMI), 
medical information regarding chronic diseases like 
diabetes, hypertension, atherosclerosis, hyperlipidemia as 
well as past myocardial infarction (MI) or heart failure and 
the history of medical procedures [percutaneous coronary 
interventions (PCI), and coronary artery bypass graft surgery 
(CABG)] as well as information regarding to the stress 
MPI procedure: side effects (divided into mild: headache, 

ağrısı, vertigo, mide bulantısı, kusma, nefes darlığı, göğüs rahatsızlığı, sıcak basması ve genel halsizlik hafif yan etkiler; bradikardi, hipotansiyon ve 
bilinç kaybı şiddetli yan etkiler olarak sınıflandırıldı) ve kan basıncı değerleri/ölçümleri bulunmaktaydı.
Bulgular: Genel olarak, komplikasyonlar nispeten sık meydana geldi (regadenozon: %23,2, dipiridamol: %26,7, p=0,639). Muayenelerin 
%0,7’sinde işlem sona erdirilirken, %4,7’sinde farmakolojik destek gerekliydi. Hafif (regadenozon: %16,2, dipiridamol: %18,3, p=0,747) ve ağır 
komplikasyonların (regadenozon: %11,6, dipiridamol: %15,0, p=0,563) prevalansları açısından fark yoktu. Bununla birlikte, regadenozonun sistolik 
kan basıncında (SBP) (regadenozon: -2,6±10,0 mmHg, dipiridamol: -8,7±9,6 mmHg, p=0,002), diyastolik kan basıncında (DBP) (regadenozon: 
-0,9±5,4 mmHg, dipiridamol: -3,6±6,2 mmHg, p=0,032) ve ortalama arter basıncında (MAP) (regadenozon: -1,5±5,6 mmHg, dipiridamol: -5,4±6,5 
mmHg, p=0,001) anlamlı olarak daha az düşüş ile ilişkili bulunmuştur.
Sonuç: Regadenozon ve dipiridamol, SPECT miyokard perfüzyon görüntülemesi sırasında benzer bir güvenlik profili sergilemiştir. Bununla birlikte, 
regadenozonun SBP’de, DBP’de ve MAP’de anlamlı olarak daha az düşüşe neden olduğu bulunmuştur.
Anahtar kelimeler: Regadenozon, dipiridamol, miyokardiyal perfüzyon görüntüleme, vazodilatörler, stres testi, tek foton emisyonlu bilgisayarlı 
tomografi
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vertigo, nausea, vomiting, dyspnea, chest discomfort, 
hot flushes, overall weakness, and severe: bradycardia 
(defined as heart rate below 60), hypotension [defined as 
systolic blood pressure (SBP), <90 or mean blood pressure 
(MBP) <70 and loss of consciousness] and blood pressure 
measurements: before the procedure, 5 times during the 
procedure (every minute) and 4 times after the procedure 
(every minute). Standard descriptive statistics were used 
to describe the data. Categorical variables were presented 
as percentages. Quantitative data were presented as 
mean value ± 1 standard deviation for data with normal 
distribution or median with interquartile range quartile 1 
and 3, respectively for data with distribution other than 
normal. 

Statistical Analysis

The normality of the data was assessed using the Shapiro-
Wilk test for samples smaller than 50 or Kolmogorov-
Smirnov test for samples greater than 50. Quantitative 
variables with a normal distributions were compared using 
the Student’s t-test. Non-normally distributed quantitative 
variables were compared using Mann-Whitney Wilcoxon U 
test. Categorical variables were compared using Pearson’s 
chi-square test. The statistical significance was set at 
p≤0.05. All analyses were carried out with the software 
TIBCO Software Inc. (2017). Statistical (data analysis 
software system) version 13. http://statistica.io.

The study was provided with the ethical principles for 
clinical research based on the Declaration of Helsinki. 
Every patient included in the study gave informed consent 
for the SPECT examination. The Bioethics Committee of 
Jagiellonian University approved this study (approval no: 

1072.6120.155.2021). It gave consent to the use of patient 
health data related directly to the perfusion SPECT (the 
course of the procedure, complications, the measure given) 
as well as general information containing demographic 
data and information on general health for conducting the 
study. The bioethics committee waived the obligation to 
obtain informed consent from enrolled patients due to the 
retrospective nature of the study.

Results 

The study group consisted of 283 patients who underwent 
pharmacological stress tests, 240 of whom had been 
administered dipyridamole and 43 regadenoson. The most 
common chronic condition was hypertension, followed by 
hyperlipidemia, atherosclerosis, and obesity. Both groups 
were comparable in terms of chronic diseases, BMI, 
past cardiovascular history MI, PCI, and CABG. The full 
characteristics of patients are presented in the table below 
(Table 1). 

Overall, complications occurred relatively often 
(regadenoson: in 10 of 43;23.2%, dipyridamole: in 64 of 
240; 26.7%, p=0.639). The majority was mild complications 
(regadenoson: in 7 of 43; 16.2%, dipyridamole: in 44 of 
240; 18.3%, p=0.747); however, therewas also a high 
occurrence of severe complications (regadenoson: in 5 of 
43; 11.6%, dipyridamole: in 36 of 240; 15.0%, p=0.563). 
The difference between the two vasodilator drugs in terms 
of specific and pooled complications was not significant. A 
detailed comparison has been presented in Table 2.

The differences in MBP values SBP, diastolic blood pressure 
(DBP), and mean arterial pressure (MAP) during and 

Table 1. Characteristics of the study group

 Total Regadenoson (n=43) Dipirydamol (n=240) p value

Age (years) 70.4±9.2 71.0±7.4 70.3±9.5 0.638

Male sex 158 (55.8%) 24 (55.8%) 134 (55.8%) 0.993

BMI (kg/m2) 29.7±5.15 30.3±6.9 29.8±4.6 0.892

Obesity (BMI >30) 123 (43.5%) 17 (39.5%) 106 (44.2%) 0.639

Diabetes mellitus type 2 87 (30.9%) 10 (23.3%) 77 (32.2%) 0.241

Hypertension 227 (80.5%) 30 (69.8%) 197 (82.4%) 0.054

Atherosclerosis 139 (49.3%) 20 (46.5%) 119 (49.8%) 0.692

Hyperlipidemia 197 (69.5%) 31 (72.1%) 166 (69.5%) 0.729

Past MI 86 (30.5%) 11 (25.6%) 75 (31.4%) 0.447

Past PCI 89 (31.6%) 12 (27.9%) 77 (32.2%) 0.576

Past CABG 28 (9.93%) 4 (9.3%) 24 (10.0%) 0.881

Heart failure 118 (41.8%) 15 (34.9%) 103 (43.1%) 0.315

Quantitative data with normal distribution has been presented as mean ± standard deviation. Categorical variables have been presented as counts with percentages in 
brackets. BMI: Body mass index, MI: Myocardial infarction, PCI: Percutaneous coronary intervention, CABG: Coronary artery bypass grafting
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before the procedure are presented in Table 3. Changes 
in SBP, DBP and MAP values in time compared between 
dipyridamole and regadenoson have been presented 
in Figure 1. Regadenoson has been found to cause a 
significantly smaller mean decrease of SBP (regadenoson: 
-2.6±10.0 mmHg, dipyridamole: -8.7±9.6 mmHg, p=0.002) 
and DBP (regadenoson: -0.9±5.4 mmHg, dipyridamole: 
-3.6±6.2 mmHg, p=0.032), as well as MAP (regadenoson: 
-1.5±5.6 mmHg, dipyridamole: -5.4±6.5 mmHg, p=0.001) 
compared with the value before the procedure (Table 3) 
(Figure 2A, B, C). 

Discussion

In this study of the vasodilators’ safety profile during MPI, 
the administration of dipyridamole was associated with 
a significant decrease in systolic (8.7±9.6 mmHg versus 
2.6±10 mmHg, p=0.002), diastolic (3.6±6.2 mmHg versus 
0.9±5.4 mmHg, p=0.032) and MAP (5.4±6.5 mmHg versus 
1.5±5.6 mmHg, p=0.001), in comparison to regadenoson. 
No such differences between the vasodilators were 
observed in terms of the symptoms reported by patients 
undergoing the procedure and the need for oxygen or 
aminophylline administration. The occurrence of any 
side effects was observed in 10 of 43 patients (23.2%) 
in regadenoson and 64 of 240 patients (26.7%) in the 
dipyridamole group (p=0.639). The main adverse effects 
of vasodilator administration were: hypotension (reported 
by 38 of 283 patients, 13.4%, p=0.707), headache (15 
of 283, 5.3%, p=0.092), and dyspnea (14 of 283, 4.9%, 
p=0.505). Presented data may suggest that regadenoson is 
safer than dipyridamole. 

In the study conducted by Amer et al. (8), regadenoson 
was associated with more frequent adverse effects (241 
of 284, 84.9%) than dipyridamole (161 of 284, 56.7%) in 
patients undergoing MPI, with a p value <0.0001. There 
were particular types of complaints, which were statistically 
rarely observed in the dipyridamole group compared to 
regadenoson, which were: dyspnea (2.1% vs. 52.5%, 

Table 2. Detailed comparison of complications

 Total Regadenoson (n=43) Dipyridamole (n=240) p value

Complications 74 (26.1%) 10 (23.2%) 64 (26.7%) 0.639

Mild complications 51 (18.0%) 7 (16.2%) 44 (18.3%) 0.747

-Headache 15 (5.3%) 0 15 (6.25%) 0.092

-Vertigo 4 (1.4%) 1 (2.3%) 3 (1.3%) 0.582

-Nausea 1 (0.4%) 0 1 (0.4%) 0.672

-Vomiting 0 0 0 1.0

-Dyspnea 14 (4.9%) 3 (7.0%) 11 (4.6%) 0.505

-Chest discomfort 8 (2.8%) 0 8 (3.3%) 0.224

-Hot flushes 5 (1.8%) 0 5 (2.1%) 0.340

-Overall weakness 9 (3.1%) 2 (4.6%) 7 (2.9%) 0.551

Severe complications 41 (14.4%) 5 (11.6%) 36 (15.0%) 0.563

-Bradycardia 6 (2.1%) 2 (4.7%) 4 (1.7%) 0.211

-Hypotension 38 (13.4%) 5 (11.6%) 33 (13.75%) 0.707

-Loss of consciousness 0 0 0 1

Procedure discontinuation 2 (0.7%) 0 2 (0.8%) 0.548

Aminophylline administration 14 (4.9%) 2 (4.7%) 12 (5.0%) 0.922

Oxygen administration 5 (1.8%) 2 (4.7%) 3 (1.3%) 0.119

Categorical variables have been presented as counts with percentages in brackets

Figure 1. Change of blood pressure values in time (mmHg)
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial 
pressure
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p<0.0001), gastrointestinal discomfort (8.1% vs. 27.8%, 
p<0.0001) and chest pain (3.9 vs. 15.8%, p<0.0001). 
Hypotension was very rare: 1.1% in the regadenoson group 

and 0% in the dipyridamole group (8). In our study, there 
was no statistically significant difference in dyspnea in the 
dipyridamole group compared with regadenoson (4.6% 
vs. 7%, p=0.505). Hypotension was the most common 
complication in both the dipyridamole and regadenoson 
groups. Overall, complications were rarely observed in our 
study than in the study by Amer et al. (8).

Goudarzi et al. (9) investigated the hemodynamic responses 
to regadenoson and dipyridamole. The increase in the heart 
rate was significantly higher in the regadenoson group than 
in patients who received dipyridamole (34±14 vs. 23±10 
beats per minute increase from baseline; p<0.01). Stress 
myocardial body flow and myocardial flow reserve were 
not different between the groups (2.2±0.6 vs. 2.1±0.6 
mL/min/g, p=0.39, and 2.9±0.8 vs. 2.8±0.7, p=0.31, 
respectively). If we consider the most common side effects 
of regadenoson, in a study conducted by Katsikis et al. (10), 
in the group of patients who underwent the MPI stress 
test, 197 of 279 women (71%) and 162 of 279 men (58%) 
experienced side effects of regadenoson. The following 
side effects occurred more frequently in women: chest 

Figure 2A. Average SBP change during and after the procedure. Data 
has been presented as median, quartiles and non-outlier range
SBP: Systolic blood pressure

Figure 2B. Average DBP change during and after the procedure. Data 
has been presented as median, quartiles and non-outlier range
DBP: Diastolic blood pressure

Figure 2C. Average MAP change during and after the procedure. Data 
has been presented as median, quartiles and non-outlier range
MAP: Mean arterial pressure

Table 3. Average change of blood pressure values during the procedure

Total Regadenoson (n=27) Dipyridamole (n=240) p value

SBP change (mmHg) -8.1±9.8 -2.6±10.0 -8.7±9.6 0.002

SBP change (% of initial value) -5.6 (-9.5)-(-1.0) 0 (-7.6)-(6.0) -6.0 (-9.7)-(-1.7) 0.002

DBP change (mmHg) -1.1 (-6.6)-(0.0) 0 (-4.0)-(0.0) -1.1 (-7.8)-(0.0) 0.032

DBP change (% of initial value) -1.4 (-9.3)-(0.0) 0 (-5.0)-(0.0) -1.6 (-9.7)-(0.0) 0.051

MAP change (mmHg) -4.0 (-8.1)-(-0.6) -1.0 (-4.0)-(2.0) -4.1 (-8.6)-(-1.2) 0.001

MAP change (% of initial value) -4.1 (-8.73)-(-0.6) -1.0 (-5.0)-(2.8) -4.3 (-8.8)-(-1.2) 0.002

Quantitative variables which followed normal distribution have been presented as mean ± standard deviation. Results with significant p values have been presented in bold. 
Positive value = increase, negative value = decrease
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure
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pain (65 of 279, 23% versus 33 of 279, 12%, p=<0.001), 
gastrointestinal discomfort (55 of 279, 20% versus 33 of 
279, 12%, p=0.01) dizziness (35 of 279, 12% versus 14 of 
279, 5%, p=0.002) and headache (56 of 279, 20% versus 
37 of 279, 13%, p=0.03) respectively in women and men. 
Other adverse effects appear to be unrelated to gender 
(10) In another study, the most common side effects of 
regadenoson were: dyspnea (149 of 232 patients, 64%), 
headache (45 of 232, 19%), and chest pain (39 of 232, 
17%). Three patients (1.3%) required administration of 
pharmaceuticals or hemodynamic support to relieve their 
symptoms. If hemodynamic responses are considered, 
a significant (p<0.0001) drop in SBP and DBP was 
observed as well as an increase in the heart rate (11).  
Complications of regadenoson in our study were observed 
more rarely compared to those studies; dyspnea was 
present in 7% of patients, followed by overall weakness 
(4.6%), and no cases of headache and chest discomfort 
were reported. Hypotension occurred in 11.6% and 
bradycardia in 4.7% of patients administered regadenoson. 
On the other hand, additional support was more often 
necessary; 4.7% of participants required administration of 
aminophylline and 4.7%-oxygen.

Considering the relative potency of vasodilators, 
regadenoson produces higher stress myocardial blood flow 
(95±11 vs. 86±12 beats/minute) and myocardial perfusion 
reserve (3.11±0.63 vs. 2.61±0.57) than dipyridamole and, 
if adjusted to the heart rate, has a much higher heart 
rate response. This means that regadenoson has superior 
vasodilator efficacy to dipyridamole; therefore, it could be 
a better agent to perform the stress MPI test (12). In a 
survey-based study by Friedman et al. (13), regadenoson 
and dipyridamole were compared in terms of duration of 
MPI test (156 vs. 191 min, respectively) and time from 
the administration to the start of the imaging procedure, 
including the dose calculation and infusion time, which 
were also shorter for regadenoson (mean difference: 12 
min). Also, the time to manage the occurring adverse 
events was shorter in regadenoson (13).

It is worth adding that in the literature there is a certain 
trend in the popularity of using various vasodilators. In a 
survey study from 2013, the responders group consisted 
of the employees of healthcare facilities that perform 
MPI stress studies on the territory of the United States 
of America. In 93 of 141 (69%) imaging laboratories that 
took part in the survey, only one agent had been used: 38 
(28%) adenosine, 27 (20%) dipyridamole, and 28 (21%) 
regadenoson. From 141 labs, 36 (27%) used two agents: 21 
(16%) adenosine and regadenoson, 8 (6%) adenosine and 
dipyridamole, and 7 (5%) dipyridamole and regadenoson. 

Only 6 (4%) labs used all three agents (13). In a similar 
study from 2020, 35 of 50 (70%) participating labs were 
using only regadenoson, and dipyridamole or adenosine 
were both used in only 3 (6%) of responders’ places of 
work. There were 10 labs (20%) using two agents, one of 
which was regadenoson. In 7 (14%), the other one was 
dipyridamole and in 3 (6%), it was adenosine. Only 2 (4%) 
centers used all three agents (14).

Study Limitations

This is a retrospective observational study with all its 
inherent biases. There was a difference in the size of the 
groups in this  study, which could have impacted the results 
of statistical analysis. The duration of the symptoms was 
not taken into consideration because it was not available in 
the documentation.

Conclusion

Overall, based on our findings, regadenoson, and 
dipyridamole presented a similar safety profile during 
a SPECT MPI. There was no significant difference in the 
assessed complications. The occurrence of complications 
was high overall: 26.1%,  mild: 18.0%, severe: 14.4%. 
Procedure discontinuation was necessary in 0.7% of 
examinations, whereas pharmacological support was 
necessary in 4.7%. However, regadenoson has been found 
to cause a significantly smaller decrease in SBP, DBP, and 
MAP, so it might be preferred for patients with lower blood 
pressure or a known tendency for hypotony. 
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Öz
Amaç: Miyokard perfüzyon görüntülemede, atenüasyon artefaktları tetkik spesifitesini etkilemektedir. Çalışmamızda tek foton emisyonlu 
bilgisayarlı tomografi/bilgisayarlı tomografi (SPECT/BT) sistemi ile elde edilen atenüasyon düzeltmesi yapılmış görüntüler, düzeltme yapılmamış 
görüntüler ile karşılaştırıldı. Bilgisayarlı tomografi (BT) bazlı atenüasyon düzeltmenin klinik pratiğe katkısı araştırıldı.
Yöntem: Tek gün protokolü ile strest-rest Tc-99m sestamıbı SPECT/BT yapılan ve ±3 ay içinde koroner anjiyografi (CAG) sonuçları mevcut olan 53 
kadın, 71 erkek 124 hastanın datası retrospektif olarak incelendi. Atenüasyon düzeltmesi yapılmış ve yapılmamış görüntüler iki nükleer tıp uzmanı 
tarafından vizüel olarak değerlendirildi. Bulgular referans standart kabul edilen CAG sonuçları ile karşılaştırıldı.
Bulgular: Atenüasyon düzeltmesi yapılmış ve yapılmamış görüntüleme için sırasıyla tüm grupta, spesifite %66, %60; sensitivite %71, %79 ve 
doğruluk %69, %70 olarak hesaplandı (p>0,05). Kadın ve erkek subgruplarında da atenüasyon düzeltmesi yapılmış ve yapılmamış görüntüler 
arasında, spesifite, sensitivite ve doğruluk için istatistiksel olarak anlamlı fark saptanmadı. Sağ koroner arter (RCA) hastalığının dedekte edilmesinde 

Abstract
Objectives: We aimed to investigate and compare the role of computed tomography (CT)-based attenuation-corrected images (AC) with non-
attenuation-corrected images (NAC) obtained by single-photon emission computed tomography/computed tomography (SPECT/CT) myocardial 
perfusion imaging (MPI).
Methods: The data of 124 patients who were applied one-day stress-rest Tc-99m sestamibi SPECT/CT MPI and who had coronary angiography 
(CAG) results within ±3 months were retrospectively reviewed. AC and NAC images were visually evaluated by two nuclear medicine specialists in 
a consensus. CAG results were used as the reference standard. 
Results: Specificity, sensitivity, and accuracy were calculated as 66%, 61%, 71%, 79% and 69%, 70% for AC and NAC imaging in the whole 
group, respectively. There was no statistically significant difference between AC and NAC images for specificity, sensitivity, and accuracy in the 
male and female subgroups. In the diagnosis of right coronary artery (RCA) disease, CT AC significantly increased the specificity from 87% to 96%. 
However, in the left anterior descending artery (LAD) region, the specificity was significantly reduced from 95% to 77%.
Conclusion: CT-based AC did not significantly contribute to diagnostic performance for increased specificity for the RCA and reduced specificity 
in the LAD region. Therefore, AC images should always be evaluated side by side with NAC images to benefit from the different advantages of 
both techniques.
Keywords: Myocardial perfusion, scintigraphy, attenuation correction
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Introduction

Myocardial perfusion imaging (MPI) is a non-invasive 
diagnostic test applied in the evaluation of functional 
severity of known or suspected coronary artery disease 
(CAD) (1,2). Although the diagnostic currency of MPI is 
accepted, attenuation developing secondary to the photon 
absorption caused by soft tissues such as the breast, 
diaphragm, thoracic wall, and prominent subdiaphragmatic 
gastrointestinal activity can cause the artifacts. These 
artifacts can ultimately affect the diagnostic performance of 
the test (3). Many methods such as electrocardiogram (ECG) 
gated imaging, prone imaging, and transmission mapping 
with external radioactive sources have been developed to 
overcome attenuation artifacts (4,5). Attenuation artifacts 
are partially eliminated by ECG-gated single-photon 
emission computed tomography (SPECT) imaging, which 
is frequently used in clinical practice to assess regional 
myocardial contractility (6). However, in inhomogeneous 
attenuation regions, such as thorax, attenuation maps 
obtained by transmission imaging are thought to be more 
effective than ECG-gated SPECT in attenuation correction 
(7). Transmission imaging conducted with external 
radioactive sources brings several disadvantages, such as 
cross-talk between emission and transmission energies 
and suboptimal image quality (8,9). Recently developed 
combined SPECT and low dose computed tomography 
(CT) devices can generate the transmission maps with 
high count and resolution in a short time, and enhance 
the image quality (10). Many previous studies have 
shown that SPECT/CT MPI has high diagnostic accuracy 
in the evaluation of CAD (11). Nevertheless, it increases 
radiation exposure, can mask some perfusion defects, and 
reveal false-positive defects with new unexpected artifacts 
(10,12). Therefore, the discussions continue on the routine 
usage of SPECT/CT MPI in clinical practice.

Materials and Methods

Patients 

A total of 124 patients in the age group of 35-82 (median 
age 61.8±11.4 years), including 71 males (57.3%) and 
53 females (42.7%), who were referred to our clinic for 

evaluation of myocardial perfusion in 2012 and 2014 with 
the diagnosis of known or suspected CAD, were enrolled 
in our retrospective study. One-day stress-rest Tc-99m 
sestamibi (MIBI) ECG gated SPECT/CT imaging was applied 
to all subjects. All patients had available CAG data within 
three months before or after MPI.

Patients who were not able to perform treadmill exercise 
test due to their clinical condition, who had undergone 
pharmacological stress, and patients with left bundle 
branch block or arrhythmia causing insufficient counting 
statistics/quality in ECG-gated imaging were excluded 
from the study. The cases were divided into subgroups of 
females and males. Patients were instructed to read the 
detailed information form before the procedure and signed 
the consent form. The study protocol was approved by the 
Ethics Committee of Clinical Investigations of our hospital 
with decision number 372/2-97 dated 06.06.2016. The 
study was performed in accordance with the ethical 
standards laid down by the Declaration of Helsinki in 1964 
and all its subsequent revisions. The medical history and 
symptoms of the patients are given in Table 1.

Patient Preparation and SPECT/CT Myocardial 
Perfusion Imaging Protocol

After at least 4 h of fasting, an exercise stress test was 
performed in patients according to modified Bruce 
protocol. Calcium channel blockers or beta-blockers were 
stopped 48 hours before imaging and long-acting nitrates 

BT ile atenüasyon düzeltmesi, spesifiteyi %87’den %96’ya yükseltti. Ancak sol ön inen arter (LAD) alanında BT bazlı atenüasyon düzeltme ile 
spesifitenin %95’ten %77 ye gerilediği görüldü (p=<0,0001).
Sonuç: BT bazlı atenüasyon düzeltmesi, RCA alanı için artan spesifite dışında tüm hasta grubunda tanısal performansa anlamlı bir katkı sağlamamış, 
LAD alanında da spesifiteyi azaltmıştır. Bu nedenle atenüasyon düzeltmesi yapılmış görüntüler, düzeltme yapılmamış görüntüler ile yan yana, klinik 
veriler eşliğinde değerlendirilmelidir.
Anahtar kelimeler: Miyokard perfüzyon, sintigrafi, atenüasyon düzeltme

Table 1. Symptoms and medical history of the patients

Variables n Percentile (%)

Hypertension 81 65.3

Hyperlipidemia 62 50

Diabetes 34 27.4

Smoking 60 48.4

Typical angina pectoris 34 27.4

Atypical chest pain 30 24.2

Asymptomatic 60 48.4

Myocardial infarction 12 9.7

Coronary artery bypass grafting 16 12.9

Percutaneous coronary intervention 36 29
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were discontinued the day before the study if there was 
no medical contraindication. 8-10 millicuries (mCi) [296-
370 megabecquerels (MBq)] Tc-99m MIBI was injected 
to each patient during exercise when target heart rate 
was reached or an indication for the exercise termination 
(physical fatigue, progressive angina, systolic blood pressure 
lower than 20 mmHg, systolic blood pressure higher than 
250 mmHg, ST depression more than 3 mm, etc.) was 
observed. After the injection, patients were fed with greasy 
foods that accelerated the hepatobiliary clearance of the 
radiopharmaceutical. ECG stress images were recorded 
after about 45 minutes. At least 2 h after the stress test, 
24-30 mCi (888-1110 MBq) of Tc-99 m MIBI injected 
intravenously and resting ECG-gated images were obtained 
after approximately 45 min following injection. Studies 
were conducted using a Siemens Symbia T6 (Healthcare, 
Erlangen, Germany) dual-head SPECT/CT hybrid camera 
equipped with high-resolution low energy parallel hole 
collimators. When the patients were in the supine position 
and the angle between the collimators was 90°, in a 64×64 
matrix, a total of 60 projections were acquired using a step 
& shot technique over a 180° rotation from the 45° right 
anterior oblique to the 45° left posterior oblique, in 20% 
energy window centered on the 140 keV energy peak of 
Tc-99m MIBI and with a zoom factor of 1.33.

For ECG-gated SPECT imaging, all patients were monitored 
with a 3-lead ECG. Images were gated at 8 frames per cardiac 
cycle. A low-dose CT study (140 kV, 2.5 mA) of the chest 
was performed for attenuation mapping during both stress 
and rest imaging following the emission study. Obtained 
SPECT and AC images were automatically reconstructed 
using standard filtered back-projection technique and 
FLASH 3D iterative reconstruction algorithm, respectively. 
Emission and transmission data were visually inspected on 
axial, sagittal, and coronal fusion plans, and misalignments 
were manually corrected in 50 patients (40.3%).

Evaluation

Analysis of AC and NAC images was performed visually 
by two nuclear medicine specialists in consensus. Sections 
on the short, vertical, and horizontal axes obtained by the 
Cedars Sinai Quantitative Perfusion Gated SPECT (QPS-
QGS) software packages (Cedars Sinai Medical Center, Los 
Angeles, CA) were evaluated.

The left ventricle was evaluated in association with 
the presence or absence of perfusion defects based 
on a 17-segment model of three main coronary arterial 
territories left anterior descending (LAD), left circumflex 
(LCx), and right coronary arteries (RCA) recommended by 
the American Heart Association (13).

MPI results were reported as normal in the absence of 
perfusion defects in both stress and rest images. If the 
perfusion was normal in resting images in areas where a 
perfusion defect was detected in stress images, ischemia 
(reversible defect) was reported. MPI result was reported as 
infarct (fixed defect) in the presence of a matched perfusion 
defect in both stress and rest images. However, when NAC 
images were reported, ECG-gated images were taken into 
account and areas with a fixed perfusion defect without 
any wall motion abnormality was interpreted as artifacts.

Coronary Angiography

CAG results of 124 patients obtained within ±3 months 
were analyzed. CAG findings served as the reference 
standard for the diagnostic performance of MPI. A 
reduction in the luminal diameter of ≥50% in at least one 
of the three coronary arteries was defined as a significant 
stenosis.

Statistical Analysis

All statistical analysis were performed using the IBM SPSS 
version 21.0 for Windows program (SPSS, Chicago, Ill.). 
The mean, standard deviation, minimum, and maximum 
values ​​of all numerical variables were calculated. NAC 
and AC images were compared in terms of sensitivity, 
specificity, and accuracy. The McNemar test was used for 
statistical difference analysis in assessing the diagnostic 
accuracy (sensitivity, specificity, accuracy) obtained by NAC 
and AC imaging. Results with a p value of less than 0.05 
were regarded as statistically significant.

Results 

Myocardial Perfusion Imaging

In NAC images, perfusion defects were compatible with 
ischemia and infarction in 48 (38.7%) and 17 (%13.7) 
cases, respectively. Both ischemia and infarction were 
detected in 10 cases (8.1%). In 8 cases (6.5%) with a fixed 
perfusion defect in the inferior myocardial wall, MPI results 
were evaluated favorably for diaphragmatic attenuation 
because wall motion was normal in these cases. In 41 
patients (33%), MPI findings were reported as normal. 
When the AC images of all patients were assessed, 39 cases 
(31.4%) were diagnosed with ischemia, 19 cases (15.3) 
were diagnosed with infarction, 9 cases (7.3%) were found 
to have both ischemia and infarction. MPI findings were 
reported as normal according to AC images in 57 (46%) 
patients.

Coronary Angiography

There was significant stenosis in 66 cases according to 
CAG results. Of the cases, 9 had three vessels, 17 had two 
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vessels, 40 had single-vessel stenosis. 58 (46.8%) patients 
had no critical stenosis. Table 2 summarizes the MPI results 
of NAC and AC images according to CAG findings. 

In the entire study group, CT increased specificity (60% and 
66% for NAC and AC imagings, respectively) and decreased 
sensitivity and accuracy (79%, 71%, and 70% and 69% 
for NAC and AC imagings, respectively) (Table 3). However, 
the results were not statistically significant. Moreover no 
significant effect of AC imaging was found in the male and 
female subgroups (Table 3).

In the diagnosis of RCA disease, the sensitivity decreased 
slightly according to AC imaging. Furthermore, for the 
RCA region, CT-AC increased specificity and accuracy both 
in the entire study population and subgroups (there was 
statistical significance in the study group and the male 
subgroup regarding specificity). In the LCx territory with AC 
imaging, sensitivity decreased mildly, while a slight increase 
was observed in terms of specificity and accuracy. However, 
CT had no statistically significant effect on the diagnostic 
performance in the entire group and subgroups of patients 
in the LCxterritory. In the detection of LAD artery stenosis, 
with the effect of CT-AC, the sensitivity and accuracy did 
not significantly change, while specificity significantly 
decreased. This reduction of specificity, which was 
determined by attenuation correction in the LAD region, 
was observed similarly in subgroups as well (Table 4).

Discussion

When evaluating CAD, in addition to morphological 
information about the location and grade of coronary 
artery stenosis, functional severity should be determined 
for the selection of the patient group that will benefit from 
revascularization (1,14). There are several studies showing 
the prognostic value of SPECT MPI used for this purpose 
in evaluating known or suspected CAD (15). However, 
the diagnostic performance of SPECT MPI is limited by 
low spatial resolution. The artifacts caused by soft tissue 
attenuation and subdiaphragmatic activity affect the 
diagnostic accuracy of SPECT MPI, especially by reducing 
specificity. Therefore,artifacts reduce the cost-effectiveness 
of this technique (16). Methods such as ECG-gated imaging, 
prone imaging, and transmission mapping have been 
developed for the elimination of attenuation artifacts, but 
all methods have some limitations. For instance, ECG-gated 
SPECT, which is very practical for clinical routine use, is 
problematic in distinguishing artifacts from ischemic tissue. 

Table 2. Compliance with CAG findings of AC and NAC MPI 
results 

CAG (-) CAG (+) 
Total

Male Female Male Female

NAC
- 20 15 9 5

124
+ 6 17 36 16

AC
- 20 18 14 5

124
+ 6 14 31 16

LCx

NAC - 46 40 10 3
124

+ 2 6 13 4

AC - 54 36 8 7
124

+ 3 1 6 9

RCA

NAC - 38 43 9 6
124

+ 11 1 13 3

AC - 45 44 11 6
124

+ 4 0 11 3

LAD

NAC - 45 30 9 8
124

+ 0 4 17 11 

AC - 39 25 10 5
124

+ 6 13 16 10

CAG: Coronary angiography, AC: CT-based attenuation corrected images, NAC: 
Non-attenuation corrected images, LAD: Left anterior descending artery, RCA: Right 
coronary artery, LCx: Left circumflex artery, MPI: Myocardial perfusion imaging

Table 3. Diagnostic value of NAC versus AC images

Sensitivity % p value Specificity % p value Accuracy % p value

Total (n=124)

NAC 79 (0.67-0.88)
0.146

60 (0.47-0.73)
0.328

70 (0.61-0.78)
0.864

AC 71 (0.59-0.82) 66 (0.52-0.78) 69 (0.60-0.77)

Males (n=71)

NAC 80 (0.65-0.90) 0.134 77 (0.56-0.91)
1.000

79 (0.68-0.88)
0.333

AC 69 (0.53-0.82) 77 (0.56-0.91) 72 (0.60-0.82)

Females (n=53)

NAC 76 (0.53-0.92)
1.000

47 (0.29-0.65)
0.356

58 (0.44-0.72)
0.528

AC 76 (0.53-0.92) 56 (0.38-0.74) 64 (0.50-0.77)

AC: CT-based attenuation corrected images, NAC: Non-attenuation corrected images
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While prone imaging, which is used to solve inferior wall 
artifacts, occasionally causes new artifacts in the anterior 
wall and prolongs the imaging time. Moreover, transmission 
maps generated by external radioactive sources, which 
seem to be more effective in inhomogeneous attenuation 
regions, also have disadvantages such as suboptimal quality 
transmission images and additional imaging time (8,9). 
In the transmission study conducted with the combined 
SPECT/CT system, the imaging time is not prolonged and 
the image quality increases due to high counting and 
resolution. However, new artifacts may arise and additional 
radiation exposure occurs (9,10).

Some studies evaluating the diagnostic efficiency of AC 
MPI reported that CT-AC increased specificity and accuracy 

significantly, while others reported that it decreased 
sensitivity in CAD detection with the improvement of 
specificity (17,18,19). In a study conducted with 120 
patients, when AC images were compared with NAC 
imagings, the overall sensitivity decreased significantly 
from 87% to 70%. Overall specificity increased from 
54% to 62%, although it was not statistically significant. 
In addition, the accuracy did not show any significant 
difference (12). In our study, there was no statistically 
significant difference between AC and NAC imaging 
regarding sensitivity specificity and accuracy. In the entire 
study group, CT-AC increased specificity from 60% to 
66% and decreased sensitivity and accuracy from 79% to 
71% and from 70% to 69%, respectively. However, their 

Table 4. Diagnostic value of NAC vs AC images according to coronary arterial territories

Sensitivity (%) p value Specificity (%) p value Accuracy p value 

RCA

NAC 52 (0.34-0.69)
NS

87 (0.80-0.94)
0.011

78 (0.70-0.85)
NS

AC 45 (0.28-0.63) 96 (0.92-1.00) 83 (0.75-0.89)

LCx

NAC 57 (0.37-0.74)
NS

91 (0.84-0.96)
NS

83 (0.75-0.89)
NS

AC 50 (0.31-0.69) 96 (0.89-0.99) 85 (0.77-0.91)

LAD

NAC 62 (0.47-0.76)
NS

95 (0.88-0.99)
<0.0001

83 (0.75-0.89)
NS

AC 63 (0.47-0.78) 77 (0.67-0.86) 73 (0.64-0.80)

RCA, males

NAC 59 (0.39-0.80)
NS

78 (0.66-0.89)
0.019

72 (0.60-0.82)
NS

AC 50 (0.29-0.71) 92 (0.84-1.00) 79 (0.68-0.88)

RCA, females

NAC 33 (0.03-0.64)
NS

98 (0.93-1.00)
NS

87 (0.75-0.95)
NS

AC 33 (0.03-0.64) 100 (1.00-1.00) 89 (0.77-0.96)

LCx, males

NAC 57 (0.34-0.77)
NS

96 (0.86-0.99)
NS

83 (0.72-0.91)
NS

AC 43 (0.18-0.71) 95 (0.85-0.99) 85 (0.74-0.92)

LCx, females

NAC 57 (0.20-0.94)
NS

87 (0.77-0.97)
NS

83 (0.70-0.92)
NS

AC 56 (0.30-0.80) 97 (0.86-1.00) 85 (0.72-0.93)

LAD, males

NAC 65 (0.44-0.83)
NS

100 (0.92-1.00)
0.0017

87 (0.77-0.94)
NS

AC 62 (0.41-0.80) 87 (0.73-0.95) 77 (0.66-0.87)

LAD, females

NAC 58 (0.34-0.80)
NS

88 (0.73-0.97)
0.0074

77 (0.64-0.88)
NS

AC 67 (0.38-0.88) 66 (0.49-0.80) 66 (0.52-0.78)

(Data in parentheses are 95% confidence intervals). AC: CT-based attenuation-corrected images, NAC: Non-attenuation corrected images, LAD: Left anterior descending artery, 
RCA: Right coronary artery, LCx: Left circumflex artery, NS: Not statistically significant
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differences were both non-significant. In the literature, CT-
AC improves the specificity in a general manner, while it 
results in different conclusions in terms of sensitivity and 
accuracy (20). This difference of outcomes may also be 
related to group characteristics, subjectivity affecting visual 
image analysis, and individual differences in interpreters, 
as well as technical reasons such as software used for 
reconstruction of the study, the use of scatter correction 
and resolution recovery (21,22,23). The pattern of the 
patients in the study group and the effect of the individual 
trends of the interpreters are also observed in the work of 
Sharma et al. (19) which used the same method and the 
same equipment to interpret the image.

Many factors affecting the outcome of clinical trials make 
it difficult to determine the diagnostic efficacy of CT-AC in 
CAD detection. However, as AC imaging provides high left 
ventricular count homogeneity, attenuation correction is 
thought to facilitate the separation of patients with positive 
and negative data according to coronary angiography. In a 
study conducted by Płachcińska et al. (6), specificity and 
accuracy in CAD detection increased statistically through 
AC imaging, and the increase in specificity was also 
observed in the male and female subgroups. According to 
Huang et al. (24), CT-AC reduced the defect size in the 
inferior wall in both male and female groups; however, AC 
imaging was found to be more beneficial in male than in 
female subgroups as diaphragmatic attenuation artifact in 
the inferior wall was seen more frequently in men than 
in women. Moreover, according to this study, attenuation 
correction increased the specificity for RCA disease from 
77.9% to 98.7%; hence, the contribution of attenuation 
correction was most commonly seen in the RCA territory 
(24). As the current study demonstrated, the vascular area 
that most benefited from attenuation correction was RCA. 
Similar to the literature, attenuation correction yielded a 
decrease in the sensitivity in the whole group, while the 
specificity increased in the whole group and male subgroup 
(6).

In our study, there was no statistically significant difference 
in sensitivity, specificity, and accuracy between AC and 
NAC images in the LCx territory, as in the literature, for 
both whole group and subgroups. Conflicting results are 
reported for the LAD region (25). There are also papers 
that have reported that attenuation correction increases 
the capacitance of the detection of LAD disease (26). In 
contrast to Wolak et al. (27), AC imaging has also been 
reported to be useful in female patients (6). Additionally, 
some publications have argued that apical defects observed 
in AC images may be secondary to true apical thinning (28). 
It has been reported that artifacts observed in the anterior 
wall of NAC images were corrected in AC images (29). 

In the current study, however, there was no statistically 
significant change in sensitivity in the whole group between 
AC and NAC imaging in LAD region, whereas the specificity 
was observed to decrease in the whole group, besides 
the subgroups (Figure 1). In accordance with the current 
study, it has been reported in the literature that CT-AC 
reduced specificity in ​​LAD territory and it is not sufficient 
for the elimination of breast artifacts, as well as it has been 
informed that new defects occasionally arise from the 
apical, anterior and septal wall with AC imaging (24,30). It is 
known that the attenuation map (small field of view), which 
does not contain the entire thoracic wall, can cause these 
defects in oversized patients. Besides, the underestimation 
of the attenuation effect on the anterior thoracic wall due 
tomis registration of the emission and transmission images 
(caused by patient movement or respiratory motion) can 
also create new defects (31). Although re-registration 
seems beneficial, manual correction is based on the visual 
evaluation, and the correction process can vary depending 
on the user’s experience (32). Furthermore, regardless of 
misalignment, overestimation of the attenuation correction 
in the inferior wall, hence, a relative decrease in other 
segments and false perfusion defects may occur (31). 
All misalignments in our study were corrected manually. 
Nonetheless, lower specificity and accuracy values ​​were 
obtained in AC images in the LAD territory, and there was 
no statistically significant improvement in the LCx field with 
attenuation correction. This is thought to be caused by the 
effect of user-dependent realignment or overcorrection of 
the inferior wall, as mentioned in the literature.

Study Limitations

Our study was planned retrospectively with a single 
centered, relatively small patient sample. Another limitation 
of our study is that a functional diagnostic test such as 
SPECT MPI for the diagnosis of CAD is compared with 
an anatomical method such as invasive angiography as a 
reference method. Moreover, we did not have a prognostic 
value of AC MPI in our study because there were no follow-
up details of the patients. According to our own clinical 
experience, AC imaging contributes to the detection of 
perfusion defects in the inferior wall; however, it reduces 
specificity in the evaluation of the anterior wall. Therefore, it 
should be kept in mind that the inferior wall defects, which 
are only observed in NAC images, and anterior wall defects, 
which are detected only in AC images, may be artefacts. It 
is thought that NAC images should be evaluated primarily 
for the findings of anterior, anteroseptal, anterolateral 
walls and apex.
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Conclusion

In conclusion, when using CT-based attenuation correction 
in MPI, a visual review of raw data along with the 
reconstructed images is required for the correct registration 
of the emission and transmission data. Additionally, AC 
images should always be evaluated side by side with NAC 
images to benefit from the different advantages of both 
techniques.
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Öz
Fibroblast aktivasyon proteini (FAP), karaciğer sirozunda ve tümör mikroçevresinde fibröz dokudan proenflamatuvar bir ajan olarak eksprese edilir. 
Siroz, herhangi bir kronik karaciğer hastalığının son aşamasını gösterir ve sirozun doğal seyri, asit gelişimi ile asemptomatik fazdan semptomatik 
dekompanse faza ilerlemedir. Kronik karaciğer hastalığı olan hastalarda çeşitli klinik özellikler sirozu düşündürse de, kesin tanıdan önce invaziv 
olmayan yöntemler klinik yaklaşımı takip etmelidir. Burada, sirozda 68Ga-fibroblast aktivasyon protein inhibitörü (FAPI)-04 pozitron emisyon 
tomografisi/bilgisayarlı tomografi taramasının yararlılığını göstermek için FAPI tutulumu olan üç karaciğer sirozu olgusunu sunuyoruz.
Anahtar kelimeler: PET/BT, 68Ga FAPI-04, siroz, karaciğer, moleküler görüntüleme

Abstract
Fibroblast activation protein (FAP) is expressed as a pro-inflammatory agent from fibrous tissue in liver cirrhosis and in the tumor microenvironment. 
Cirrhosis is the last stage of any chronic liver disease, and the natural course of cirrhosis is the progression from the asymptomatic phase to the 
symptomatic decompensated phase with the development of ascites. Although various clinical features suggest cirrhosis in patients with chronic 
liver disease, non-invasive methods should follow the clinical approach before a definitive diagnosis. Herein, we present three cases of liver cirrhosis 
with fibroblast activation protein inhibitor (FAPI) uptake to demonstrate the usefulness of 68Ga-FAPI-04 positron emission tomography/computed 
tomography (PET/CT) scan in cirrhosis. 
Keywords: PET/CT, 68Ga FAPI-04, cirrhosis, liver, molecular imaging
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Figure 1. A 50-year-old woman patient presented with abdominal pain and was found to have massive ascites and had undergone 
18F-fluorodeoxyglucose (FDG) and 68Ga-fibroblast activation protein inhibitor (FAPI)-04 positron emission tomography/computed 
tomography (PET/CT) imaging for a suspected gastric tumor. Abnormal liver activity was not observed on 18F-FDG PET/CT, but 
diffuse intense FAPI uptake [maximum standardized uptake value (SUV

max
): 11.2] was seen in the liver on 68Ga-FAPI-04 PET/CT. 

The hypodense area detected in CT sections [(A, D) arrow] at the right lobe of the liver did not show prominent 18F-FDG [(B) 
PET, (C) fusion images] or FAPI uptake [(E) PET, (F) fusion images] in the parenchyma. Also, no malignant cells were found in the 
peritoneal aspiration fluid. The patient is being followed up with the diagnosis of decompensated alcoholic cirrhosis.

Figure 2. 18F-FDG and 68Ga-FAPI-04 PET/CT imaging were performed on a 55-year-old patient who was investigated for a liver malignancy that 
may occur on the basis of cirrhosis. Heterogeneous intense FAPI uptake was detected in the liver, especially in the right lobe, whereas there was 
no significant pathological uptake apart from parenchymal areas protected from cirrhosis [(C) arrows] [(A) CT, (B) PET, (C) fusion images] and no 
prominent liver activity on 18F-FDG PET/CT [(D) CT, (E) PET, (F) fusion images]. In addition, mild to moderately increased thyroidal uptake suggestive of 
thyroiditis was revealed on the maximum intensity projection image of 68Ga-FAPI-04 PET/CT.
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Figure 3. 18F-FDG and 68Ga-FAPI-04 PET/CT scans were obtained on a 70-year-old woman patient with free fluid in the peritoneum 
for the evaluation of liver cirrhosis [(A, D) CT)]. Slightly increased tracer activity in the liver [(B) PET, (C) fusion images] and 
diffusely increased thyroid uptake (arrow) indicated thyroiditis were seen on 18F-FDG PET/CT. The axial view of PET (E) and fusion 
images (F) showed intense heterogeneous FAPI uptake (SUV

max
: 9.7) in the liver, but no FAPI uptake in the thyroid gland on 

68Ga-FAPI-04 PET/CT. 
The histological diagnosis of cirrhosis indicates the last stage of any chronic liver disease, and the natural course of cirrhosis 
is the progression from the asymptomatic phase to the symptomatic decompensated phase with the development of ascites 
(1,2). FAPI was superior to 18F-FDG in detecting liver tumors and many types of cancer (3,4,5). In a few cases published in 
the literature, diffuse intense FAPI uptake in the liver has been defined in patients with cirrhosis and 68Ga-FAPI-04 PET/CT has 
been shown to have a place in the differentiation of liver lesions due to its preferred image contrast (6). In a study evaluating 
liver lesions comparatively both with FAPI and 18F-FDG PET/CT on twenty patients, 68Ga-FAPI-04 PET/CT was found superior to 
18F-FDG in detecting liver lesions and Shi et al. (7) also detected significantly higher hepatic FAPI uptake in nine patients with 
cirrhosis than the non-cirrhotic study group. Low background activity is among the important advantages of imaging with FAPI, 
but high uptake on the liver in patients with cirrhosis may limit the evaluation of hepatic lesions in terms of malignant nature. 
Therefore, in patients without cirrhosis, some liver lesions may be better differentiated in the absence of intense FAPI uptake. 
However, Zhao et al. (8) reported a case of cirrhosis with multiple FAPI-negative benign hepatic nodules with increased liver FAPI 
uptake. According to this patient example, they stated that 68Ga-FAPI-04 PET/CT might be an appropriate tool for differentiating 
benign nodular lesions from primary malignant tumors. Our results, together with the published cases, suggest that 68Ga-
FAPI-04 PET/CT may have a place in the treatment plan and management of liver cirrhosis in addition to tumor imaging in the 
future molecular era.
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Öz
Prostat kanseri dünyada en sık görülen kanserlerden biridir. Radikal prostatektomi operasyonu sonrasında prostat-spesifik antijen (PSA) düzeyleri 
genellikle prostat kanseri rekürrens için tümör belirteçi olarak kullanılmaktadır. Yüksek PSA düzeylerinde ise 68Ga- prostat-spesifik membran antijeni 
(PSMA) pozitron emisyon tomografi/bilgisayarlı tomografi (PET/BT) veya daha yeni bir alternatifi olan 18F-PSMA PET/BT rekürrensin tespitinde 
kullanılabilmektedir. Artan PSA düzeyleri tespit edilen ve 8 yıl önce opere edilmiş olan 49 yaşında prostat kanseri tanılı bir hastayı sunduk. Her ne 
kadar 68Ga-PSMA PET/BT’de belirgin bir patolojik aktivite tutulumu izlenmese de, 18F-PSMA PET/BT görüntülemesi sonucunda mesane duvarında 
patolojik tutulum gösteren lezyon tespit edildi. 
Anahtar kelimeler: Kanser, prostat, pozitron emisyon tomografisi, 68Ga-PSMA, 18F-PSMA

Abstract
Prostate cancer is one of the most prevalent cancers in the world. After radical prostatectomy, prostate-specific antigen (PSA) levels are usually 
used as a marker of recurrence for prostate cancer. In the case of increased PSA levels, 68Ga-prostate-specific membrane antigen (PSMA) or 
18F-PSMA, a new alternative, can be performed for the detection of recurrent disease. We report a case of a 49-year-old male patient with 
increasing PSA levels who was previously operated 8 years ago. Although no obvious pathological uptake was detected in 68Ga-PSMA positron 
emission tomography/computed tomography (PET/CT), 18F-PSMA PET/CT revealed a lesion with pathological uptake on the urinary bladder wall.
Keywords: Cancer, prostate, positron emission tomography, 68Ga-PSMA, 18F-PSMA
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Figure 1. A 49-year-old man with a history of radical prostatectomy for prostate adenocarcinoma was referred for 68Ga-prostate-
specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) because of increased levels 
of PSA as high as 0.52 ng/mL. There was no discernible pathological uptake on 68Ga-PSMA PET/CT maximum intensity projection 
(MIP) (A), coronal (B), and axial (C) projections. After completing 68Ga-PSMA whole-body PET/CT, pelvic PET/magnetic resonance 
imaging (MRI) with intravenous MRI contrast agent was performed to detect any local recurrence in the pelvis. In coronal (D) 
and axial (E) T1-weighted post-contrast MRI sequences, a lesion with contrast enhancement (blue arrows) was spotted on the 
left superior wall of the urinary bladder. However, in coronal (F) and axial (G) PET/MRI fusion images, no discernible uptake from 
radioactive urine could be detected. Three days later, the patient underwent a whole-body 18F-PSMA PET/CT scan. Pathological 
uptake of 18F-PSMA in the previously reported location in MRI scans has been observed (green arrows) in MIP (H), coronal (I), 
and axial (J) projections. In 18F-PSMA PET/CT scans, there was a significant difference between activities detected in lesion and 
radioactive urine, unlike 68Ga-PSMA PET scans. Prostate cancer is one of the most prevalent cancers in men worldwide (1). PSMA 
is a transmembrane protein that is highly expressed in prostate cancer cells (2). Its expression is increased in cases of more 
aggressive and dedifferentiated tumors (3). With the utilization of 68Ga or 18F labeled PSMA ligands, prostate cancer lesions can 
be imaged with positron emission tomography (4,5). Although 18F-PSMA-1007 and 68Ga-PSMA-11 are both PSMA ligands that 
can be used for imaging prostate cancer, there are some differences in their biodistribution and excretion mechanisms. Urinary 
extraction of 18F-PSMA-1007 is minimal (5), unlike 68Ga-PSMA-11, which can be an advantage in detecting local recurrences due 
to close proximity of the prostate gland and urinary bladder.
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Öz
Rektal nöroendokrin karsinomlar, tüm nöroendokrin karsinomların <%1’ini ve tüm gastrointestinal sistem malignitelerinin <%1’ini oluşturur. Rektal 
nöroendokrin karsinomun deri metastazı, viseral metastazlardan daha nadirdir. Bir yıl önce rektum kaynaklı nöroendokrin tümör grade 3 tanısı 
konan 71 yaşında bir erkek hastayı sunuyoruz. Hasta 6 kür kemoterapi ve radyoterapi sonrası yeniden evreleme için 18F-florodeoksiglukoz (FDG) 
pozitron emisyon tomografisi/bilgisayarlı tomografiye yönlendirildi. Sağ kasık bölgesindeki deride yoğun artmış 18F-FDG tutulumu aynı bölgeden 
alınan biyopsi sonucuyla birlikte nöroendokrin karsinom metastazı ile uyumluydu.
Anahtar kelimeler: 18F-FDG-PET, rektal nöroendokrin karsinom, kutanöz metastaz
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Abstract
Rectal neuroendocrine carcinomas constitute <1% of all neuroendocrine carcinomas and <1% of all gastrointestinal tract malignancies. Cutaneous 
metastases of rectal neuroendocrine carcinoma are rarer than visceral metastases. We represent a 71-year-old man who was diagnosed with 
neuroendocrine tumor grade 3 originating from the rectum 1 year ago. He was referred for 18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography for restaging after 6 cycles of chemotherapy and radiotherapy. Intensely increased 18F-FDG uptake in the 
right cutaneous inguinal region was consistent with neuroendocrine carcinoma metastasis with biopsy from the same region.
Keywords: 18F-FDG-PET, rectal neuroendocrine carcinoma, cutaneous metastasis
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Figure 1. A 71-year-old man who was diagnosed with neuroendocrine tumor grade 3 originating from the rectum 1 year ago 
was referred to 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for restaging 
after chemoradiotherapy. Axial CT, PET (A, B), and PET/CT fusion images (C) showed increased 18F-FDG uptake related to 
metastatic lesions at vertebral regions and mass lesions at lingular segment of upper left lung and inferior anterobasal lobe 
of left lung [maximum standardized uptake value (SUV

max
): 8.6] (white arrows). There was diffuse and intense 18F-FDG uptake 

on skin at right inguinal region consistent with metastasis (SUV
max

: 15.8) on axial CT, PET (D, E), and PET/CT fusion images 
(F) (red arrows). Also, a moderate uptake is seen at distal rectum and anal canal on axial CT, PET (G, H), and PET/CT fusion 
images (I) (SUV

max
: 10.4) (yellow arrow). Rectal neuroendocrine carcinomas most commonly metastases to liver, followed 

by bone, lung, central nervous system, pleura, or mediastinum, while cutaneous metastases are considered rare (1). Primary 
cutaneous neuroendocrine carcinoma, also named Merkel cell carcinoma, is rare, accounting for less than 1% of all cutaneous 
malignancies and tends to spread quickly to the regional lymph nodes and then metastasizes to other organs, in particular 
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regions for cutaneous metastasis of rectal neuroendocrine carcinomas include the scalp, abdomen, chest, back, and extremities. 
The appearance of cutaneous metastasis is a very poor prognostic sign (4). Up to now, 5 cases were reported that rectal 
neuroendocrine carcinoma metastases to skin. However, none of them include inguinal skin metastases and use 18F-FDG PET/
CT for imaging (5,6,7,8).
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Öz
İnce bağırsak nöroendokrin tümörleri; intestinal mukozadaki serotonin eksprese eden enterokromoffin hücrelerden köken alan, tüm gastrointestinal 
tümörlerin %1’inden daha azını oluşturan tümörlerdir. İnce bağırsak nöroendokrin tümörlerinin çoğu iyi diferansiye (G1-G2) tümörler olup en sık 
mezenterik lenf nodlarına, paraaortik lenf nodlarına ve karaciğere metastaz yaparlar. Jejunal nöroendokrin tümörlerin bilateral testise metastazı 
nadirdir. Testiküler nöroendokrin tümörler tüm testiküler neoplazmların %1’inden azını oluşturur. Nöroendokrin tümör tanılı 61 yaşında erkek 
hastaya ait testis metastazı görüntüleri sunulmuştur.
Anahtar kelimeler: 68Ga-DOTATATE, testiküler metastaz, jejunal nöroendokrin tümör, PET/BT

Abstract
Neuroendocrine tumors are slow-growing tumors originating from neuroendocrine cells and capable of metastasis. Most of them are found in 
the gastrointestinal tract; however, they can also be rarely seen in other organs. Testicular neuroendocrine tumors account for less than 1% of 
all testicular neoplasms. They may present as primary testicular or secondary tumors from extratesticular sources. Jejunal neuroendocrine tumor 
metastasis to the testis is extremely rare. We present the case of a 61-year-old man with a jejunal neuroendocrine tumor and metastases to 
bilateral testicles revealed on Gallium-68-DOTATATE positron emission tomography/computed tomography.
Keywords: 68Ga-DOTATATE, testicular metastasis, jejunal neuroendocrine tumor, PET/CT
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Figure 1. A 61-year-old man with metastatic jejunal neuroendocrine tumor was referred to Gallium-68 (68Ga)-DOTATATE positron emission tomography/
computed tomography (PET/CT) for restaging. He had a jejunal operation 18 years ago and was diagnosed with a jejunal neuroendocrine tumor. He 
had received 10 cycles of 177Lu-DOTATATE therapy and Y-90 microsphere therapy for metastatic lesions in his liver 5 years ago. He has been receiving 
IM Sandostatin LAR 30 mg monthly. A whole-body 68Ga-DOTATATE PET/CT study maximum intensity projection image revealed multiple metastatic 
lesions in the whole body: a liver metastasis at segment 4A-8 [maximum standardized uptake value (SUV

max
): 37.7] (black arrowhead), multiple 

metastatic foci at the vertebral colon, bilateral hemithorax ribs, and pelvic bones (black arrows). In addition, hyperintense lesions were observed in 
bilateral testicles on CT (red curved arrows), and these lesions showed intense 68Ga-DOTATATE uptake (SUV

max
: 28.28) in axial sections of PET and 

fusion images (red arrows). The testicular ultrasonography study was then applied and both testicular lesions were found to be compatible with 
metastasis. Approximately 70% of neuroendocrine tumors are located in the gastrointestinal tract, most commonly in the small bowel (45%). Hepatic 
metastases (45%) are the most common metastatic site of jejunal neuroendocrine tumors, while regional lymph nodes, peritoneum, lungs, bones, 
pancreas, testicles, ovaries, and myocardium are other rare documented sites of distant metastasis (1,2). 68Ga-DOTATATE PET/CT is used to image 
primary tumors, metastasis, and recurrence of neuroendocrine tumors because of DOTATATE’s high affinity for somatostatin receptors (3). Testicular 
neuroendocrine tumors account for less than 1% of all testicular neoplasms (4). Primary testicular neuroendocrine tumors usually metastasize to para-
aortic lymph nodes, lungs, vertebrae, retroperitoneum, skin, and skeletal muscle (5). Metastatic testicular neuroendocrine tumors generally involve 
both testes and are associated with multifocality and vascular invasion (6). In the literature, it has been reported that gastrointestinal neuroendocrine 
tumors cause testicular metastasis in some cases, but none of them used 68Ga-DOTATATE PET/CT for imaging (4,7,8,9,10,11,12,13). 
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Öz
Over kanseri, kadınlar arasında en ölümcül tümörlerden biridir. Çoğunlukla karaciğer, plevra, akciğer ve kemiklere metastaz yapar. Altmış altı 
yaşında kadın hasta deri lezyonlarıyla başvuruyor. Deri lezyonları sebebiyle biyopsi yapılan hasta over kanseri tanısı alıyor. Metastaz arama amacıyla 
yapılan 18F-florodeoksiglukoz pozitron emisyon tomografi/manyetik rezonansta (PET/MR) özellikler alt batın ve bacaklarda yaygın deri tutulumları 
izleniyor. Over kanserinde deri tutulumları nadir olarak görülebilmektedir, bu yazıda over kanserinin deri tutulumunun 18F-FDG PET/MR görüntülerini 
paylaşmak istiyoruz.
Anahtar kelimeler: 18F-FDG PET, PET/MR, over kanseri, deri metastazı

Abstract
Ovarian cancer is one of the deadliest tumors among women. It mostly metastasizes to the liver, pleura, lungs, and bones. We present a sixty-six-
year-old patient with skin lesions. The patient who underwent biopsy due to skin lesions was diagnosed with ovarian cancer. 18F-fluorodeoxyglucose 
(FDG) positron emission tomography/magnetic resonance imaging (PET/MRI) performed for metastasis search shows widespread skin involvement, 
especially in the lower abdomen and legs. Skin involvement it ovarian cancer can be rarely seen, and in this article we would like to share 18F-FDG 
PET/MRI of skin involvement in ovarian cancer.
Keywords: 18F-FDG PET, PET/MRI, ovarian cancer, skin metastasis
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Figure 1. Ovarian cancer is responsible for most deaths among female reproductive system cancers and is also the fifth most common cause of death 
among all cancers in women according to the American Cancer Society. The most common distant metastatic sites are the liver, pleura, lung, bone, 
and brain. Skin metastasis is a rare feature of metastatic ovarian cancer. The prognosis of patients with skin metastasis varies greatly due to their 
heterogeneous sites and different times of appearance (1). Sixty six-year-old female developed skin lesions, mostly below abdominopelvic level. Biopsies 
of the lesions resulted in high-grade serous ovarian cancer. The patient underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography/
magnetic resonance imaging (PET/MRI) for staging. Bilateral metabolically highly active adnexal lesions, primary tumor site, bilateral metabolically 
highly active inguinal and axillary lymphadenopathies, and pleural effusion are revealed. Skin lesions extending from the abdominopelvic level to lower 
extremities showed diffuse-increased 18F-FDG uptake. All of these findings were consistent with the biopsy resulting in metastatic ovarian cancer. PET/
MRI has a high soft-tissue resolution which makes it useful for tumors like ovarian cancer (2). 18F-FDG PET/computed tomography (CT) has nearly 
90% sensitivity and specificity for ovarian cancer (3). Maximum standardized uptake value has a positive correlation with Ki-67 index (4). 18F-FDG PET/
MRI combines both positive aspects of 18F-FDG PET and MRI (5). PET differentiates metabolic characteristics of the lesions while MRI, using multiple 
sequences, provides high soft-tissue resolution and anatomical detail according to different signal intensities. MRI has been reported to have 95% 
sensitivity and 82% specificity (6), 18F-FDG PET/MRI is more accurate than contrast-enhanced CT and pelvic dynamic MRI according to Tsuyoshi et 
al (7). PET/MRI has a lower radiation exposure level which adds another benefit to its use compared with PET/CT (8). As a result, PET/MRI can play 
an important role in soft tissue gynecological tumors such as ovarian cancer. Maximum intensity projection image (A) shows diffuse skin uptake of 
18F-FDG, particularly seen in lower abdomen and right leg; ovaries and multiple lymph nodes also show increased 18F-FDG uptake. Selected axial fused 
T1 weighted water PET-MRI fusion slice (B) and selected axial PET-slice (C) show diffuse skin uptake due to tumor invasion; diffusion-weighted imaging 
b= 1000 MRI image (D) and apparent diffusion coefficient MRI image (E) show diffusion restriction, which is consistent with malignant invasion.
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Öz
Altmış dokuz yaşında erkek hasta, maksiller sinüs, zigomatik ark, etmoid ve sfenoid kemikleri içeren kemik kırıkları ile prezente sol yüz travması 
nedeniyle hastanemize başvurdu. Beyin bilgisayarlı tomografisinde özellik yoktu ancak hekzametil-propilen-amin oksim tek foton emisyonlu 
bilgisayarlı tomografi (SPECT) ile sol hemisferde bölgesel serebral kan akışında hipoperfüzyon görüldü. Bu hipoperfüzyon geçici olduğu ve 4 ay 
sonra tekrarlanan SPECT ile önemli ölçüde gerilediği gözlendi. Beyin perfüzyon SPECT, bazı yüz yaralanmalarında serebrovasküler durum hakkında 
bilgi sağlayabilir.
Anahtar kelimeler: Beyin perfüzyon görüntüleme, serebral kan akımı, HMPAO, yüz travması, bilgisayarlı tomografi, nörogörüntüleme

Abstract
A 69-year-old male was admitted to our hospital because of left facial trauma with bone fractures, including the maxillary sinus, zygomatic arch, 
and ethmoid and sphenoid bones. Brain computed tomography was unremarkable but regional cerebral blood flow with hexamethyl-propylene-
amine oxime single-photon emission computed tomography (SPECT) showed hypoperfusion of the left hemisphere, which was reversible since a 
repeat SPECT 4 months later was substantially improved. Brain perfusion SPECT may provide information on cerebrovascular status in some cases 
of facial injury.
Keywords: Brain perfusion imaging, cerebral blood flow, HMPAO, facial trauma, computed tomography, neuroimaging
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Figure 1. A 69-year-old male was admitted to our hospital because of left facial trauma with facial bone fractures (Figure 1). Axial computed 
tomography (CT) scan images showed several bone fractures and air bubbles (white arrows) in the left maxillary sinus (black arrows) (A, B) and the 
zygomatic arch (arrow head) (C), lamina papyracea of the ethmoid bone (red arrow) (C), greater wing of sphenoid (yellow arrow) (C), and zygomatic 
bone (blue arrow) (C). Brain CT was unremarkable (not shown).

Figure 2. Further evaluation included regional cerebral blood flow (rCBF) distribution with Tc-99m hexamethyl-propylene-amine oxime (HMPAO) 
single-photon emission computed tomography (SPECT) using NeuroGam software for the semiquantitative evaluation of perfusion of left and right 
hemispheres. The standard deviation difference over 2-fold was considered an abnormal value. rCBF with HMPAO SPECT showed hypoperfusion of 
the left frontal and parietal lobes (Figure 2A), which was reversible since a repeat SPECT 4 months later was improved (Figure 2B). In the left temporal 
lobe, the second SPECT showed mild improvement in rCBF, which could have been related to the patient’s psychological status after the accident, since 
this lobe has been linked to emotions such as depression (1).
SPECT cerebral perfusion imaging represents a sensitive method to assess brain perfusion changes even after minor traumatic brain injury (2). In 
addition, as in this case, it may show even subtle reversible changes in facial injury without brain damage. Figure 2 shows the reversibility of the 
perfusion deficit between the first (A) and the second examination (B). Blue arrows show the hypoperfused areas (A) and orange arrows show the 
reversibility (B). The colored scale in the image demonstrates the hypoperfused brain areas and their severity (≤-2) seen in the left frontal and parietal 
lobes.
This case demonstrated that during facial trauma without obvious cerebral abnormalities, brain perfusion was temporally reduced; however, this 
phenomenon was reversible. There is insufficient experience related to the impact of craniomaxillofacial injuries on the cerebrovascular bed. A recent 
retrospective study on 753 patients with such injuries demonstrated blunt cerebrovascular injuries in 3.1% of facial fracture patients (3). Similar results 
were reported in another study on 428 patients that showed that patients with craniofacial fractures exhibited a 3 to 4-fold increased risk for blunt 
cerebrovascular injuries (4). Thus, although brain imaging is not part of facial trauma evaluation, in some cases brain perfusion SPECT may provide 
further information on cerebrovascular status related to facial injury. 
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Öz
Menenjiomlar, primer santral sinir sistemi tümörlerinin %37’sini oluşturur ve kadınlarda daha sık görülür. Ayrıca, diğer primer malignitelere eşlik 
edebildiğinden tüm vücut kemik taraması (TVKT) görüntülerinde, metastaz ile karışıklığa neden olabilir. Elli sekiz yaşında meme kanseri tanısı 
konulan kadın hasta, olası kemik metastazlarının araştırılması amacıyla TVKT için nükleer tıp departmanına sevk edildi. Planar görüntülerde, 
kafa tabanının anteriorunda ve verteks bölgesinin posteriorunda multiple radyotraser akümülasyonları tespit edildi. Olası metastatik lezyonların 
anatomik lokalizasyonu için tek foton emisyon tomografisi/bilgisayarlı tomografi çalışması yapıldı ve saptanan radyotraser tutulumlarının kemik 
metastazlarına ait olmadığı, tutulumların serebral parankime  ve lezyonların falks serebriye ait olduğu ortaya çıktı. Hastanın veri geçmişi, bu 
çalışmadaki kemik metastazlarını taklit eden bulguların, beş yıl önce konmuş olan menenjiom tanısı ile uyumlu olduğunu gösterdi.
Anahtar kelimeler: Menenjiom, kemik sintigrafisi, meme kanseri

Abstract
Meningiomas constitute 37% of primary central nervous system tumors and are more common in women. Also may occur with other primary 
malignancies, which can cause confusion with the metastasis in whole body bone scan (WBBS) imaging. A 58-year-old woman diagnosed with 
breast cancer was referred to the WBBS for the investigation of possible bone metastases. In the planar images, radiotracer uptake at multiple 
sites was detected on the anterior side of the skull base and the posterior side of the vertex of the cranium. Single photon emission computed 
tomography/computed tomography was performed for anatomical localization of possible metastatic lesions, and it revealed that detected 
accumulations of radiotracer did not belong to the bone metastases; uptakes were located at the cerebral parenchyma and the lesions in the falx 
cerebri. Patient history explained that she had been diagnosed with meningioma five years ago, which mimicked bone metastases in this study. 
Keywords: Meningioma, bone scan, breast cancer
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Figure 1. Anterior planar image (A ) and lateral planar image (B) of a 58-year-old woman with a diagnosis of invasive ductal carcinoma presented with 
a complaint of shoulder pain during follow-up. Focal radiotracer uptake was observed anterior to the skull base and sagittal sinus areas.
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Figure 2. In the single photon emission computed tomography/computed tomography (SPECT/CT) images, increased radiotracer uptake was seen in 
the inferior frontal parenchymal tissue and the cerebral falx in the interhemispheric area in both sagittal and transaxial images (C, E).
In the T1-weighted sagittal and transaxial magnetic resonance imaging (D, F), a well-defined homogeneously avidly enhancing extraaxial mass at the 
planum sphenoidale with pathognomonic “dural tail sign” was demonstrated (red arrow). 
Meningiomas are 37% of primary central nervous system tumors and are more common in women (1). Meningiomas can calcify in different ways 
(2). Meningiomas contains progesterone receptors similar to breast cancers (3). Clinicians can refer patients to whole-body bone scintigraphy in the 
follow-up of breast cancer, and it is recommended for high-risk patients (4). There are studies in the literature reported that patients with breast cancer 
have a higher risk of developing meningioma compared to the general population. Lopez-Rivera et al. (5) showed that the incidence of meningioma 
was 26% higher than the normal population in their cohort study of 5,000 breast cancer patients. In this case, we would like to present that bone 
metastasis can be interpreted with false positivity. Radiotracer can be obtained not only in meningioma but also in diseases such as cerebral infarction, 
brain abscess cerebritis, and chronic subdural hematoma in the cranial area (6,7). In WBBS studies, radiotracer uptake in unusual parts of the body 
history of disease other than metastasis should be questioned. Also, if available, SPECT/CT may be useful in confirming the findings.
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Nedeni Bilinmeyen Ateş ile Prezente olan ve Tc-99m-HMPAO İşaretli Lökosit SPECT/BT 
ile Teşhis Edilen Olağan Dışı Psödomembranöz Enterokolit Olgusu

Abstract
The fever of unknown origin (FUO) represents a complex diagnostic challenge due to the wide range of etiologies that could cause it, including 
neoplastic, infectious, rheumatic/inflammatory, and miscellaneous disorders. Several nuclear medicine techniques have proven to be valuable 
tools for guiding etiologic diagnosis in the setting of FUO. One of these is technetium-99m (Tc-99m)-hexamethylpropylene amine oxime (HMPAO)-
labeled leukocyte scintigraphy, which is a diagnosis method that allows in most cases the localization and evaluation of the extension of an occult 
infection. This paper presents an uncommon case of pseudomembranous colitis without diarrhea as etiology of FUO diagnosed by Tc-99m-
HMPAO-labeled leukocytes.
Keywords: Pseudomembranous colitis, fever of unknown origin, Tc-99m-HMPAO, single-photon emission computed tomography, radionuclide 
imaging

Öz
Nedeni bilinmeyen ateş (NBA), buna neden olabilecek neoplastik, enfeksiyöz, romatizmal/enflamatuvar ve çeşitli bozukluklar dahil olmak üzere 
çok çeşitli etiyolojiler nedeniyle tanısı zor bir durumdur. Birkaç nükleer tıp tekniğinin, NBA’da etiyolojik tanıya rehberlik etmek için değerli araçlar 
olduğu kanıtlanmıştır. Bunlardan biri, çoğu durumda gizli bir enfeksiyonun lokalizasyonuna ve yayılımının değerlendirilmesine olanak tanıyan bir 
tanı yöntemi olan teknesyum-99m (Tc-99m)-heksametilpropilen amin oksim (HMPAO) işaretli lökosit sintigrafisidir. Bu yazıda, Tc-99m-HMPAO 
işaretli lökositler ile teşhis edilen NBA etiyolojisi olarak diyarenin eşlik etmediği nadir bir psödomembranöz kolit olgusu sunulmaktadır. 
Anahtar kelimeler: Psödomembranöz kolit, nedeni bilinmeyen ateş, Tc-99m-HMPAO, tek foton emisyonlu bilgisayarlı tomografi, radyonüklid 
görüntüleme
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Figure 1. An 88-year-old man with a 1-month daily fever >38.5 °C and hyporexia. All other systems were reviewed and were negative. The patient 
had a past medical history of arterial hypertension and type 2 diabetes mellitus. There were no remarkable findings in the physical examination for 
a body temperature of 38.9 °C. At admission, the laboratory findings were as follows: hemoglobin, 9.8 gr/dL; white blood cell count, 18,840/mm3; 
erythrocyte sedimentation rate, 103 mm/h; C-reactive protein, 215 mg/L; and procalcitonin, 1.38 ng/mL. Blood and urine cultures, viral serology, 
immunological profile, abdominal ultrasound, chest radiology, and echocardiogram were negative. Technetium-99m (Tc-99m)-hexamethylpropylene 
amine oxime (HMPAO)-labeled leukocytes single-photon emission computed tomography/computed tomography (SPECT/CT) was requested to 
identify the location of a probable occult infection. Planar images of the whole body were obtained after 30 min (A) and 3 h postinjection with thoraco 
abdomino pelvic SPECT/CT at 3 hours post injection. Planar images of the whole body at 3 h post-injection of Tc-99m-HMPAO-labeled leukocytes 
revealed increased uptake in the rectum and sigmoid colon (B). SPECT/CT fusion images showed pathological Tc-99m-HMPAO-labeled leukocytes 
uptake in the walls of the rectum, sigmoid, and descending colon (C, D, E). In view of the previous findings, colonoscopy was performed revealing 
multiple white-grey small plaques with mild erythema of the surrounding mucosa along the rectosigmoid and descending colon (F). These lesions were 
suggestive of pseudomembranous colitis, so rectal samples for microbiological studies and mucosal biopsies were taken. Polymerase chain reaction 
assays detected toxinogenic Clostridium difficile in the clinical isolates. Histological examination showed isolated focuses of ulceration and crypts with 
reactive changes and focal atrophy, neutrophil infiltration, and hyalinization of the lamina propriam. The patient was treated with oral vancomycin with 
subsequent cessation of fever and improvement of laboratory parameters. Fever of unknown origin (FUO) represents a complex diagnostic challenge 
due to the wide range of causes that could cause it including neoplastic, infectious, rheumatic/inflammatory, and miscellaneous disorders. This entity 
is defined by three criteria: 1) body temperature ≥38.3 °C, 2) minimum duration of 3 weeks, and 3) etiology unidentified despite an extended work-
up (1). There are several nuclear medicine techniques that are valuable tools for guiding etiologic diagnosis in the setting of FUO (2). One of these is 
Tc-99m-HMPAO labeled leukocyte scintigraphy, which is a diagnosis method that allows in most cases the localization and evaluation of the extension 
of an occult infection (3,4). The usual clinical picture of pseudomembranous colitis includes diarrhea (the most common symptom), abdominal pain, 
fever, and elevated white blood cell counts. The absence of diarrhea is very infrequent in this setting, making its diagnosis difficult. Some unusual 
presentation forms include fulminant colitis, toxic megacolon, perforation, and intestinal pseudo-obstruction (5). This paper illustrated an uncommon 
case of pseudomembranous colitis presenting as FUO in which Tc-99m-HMPAO-labeled leukocytes were the key to achieving the diagnosis.
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Öz
Tc-99m-difosfonat analogları ile kemik sintigrafisi, çeşitli kanser türlerinin evrelemesinde, yeniden evrelemesinde ve tedavi etkinliğinin izlenmesinde 
yaygın olarak kullanılmaktadır. Kemik arayan ajanlar idrar yoluyla atılır, bu da böbreklerin ve mesanenin anatomik anormalliklerin ya da patolojik 
durumlarının görselleştirilmesini sağlar. Bu yazıda, mesane karsinomu tüm vücut düzlemsel ve tek foton emisyonlu bilgisayarlı tomografi/bilgisayarlı 
tomografi ile gösterilen 63 yaşında bir erkek hastayı sunuyoruz. 
Anahtar kelimeler: Kemik sintigrafisi, SPECT/BT, mesane karsinomu, nükleer tıp

Abstract
Bone scintigraphy with Tc-99m-diphosphonate analogs are widely used in staging, restaging, and monitoring the therapy effectiveness of various 
cancer types. Bone-seeking agents are excreted through urination, resulting in the visualization of either anatomical abnormalities or pathological 
conditions of the kidneys and bladder. We present a case of a 63-year-old man with urinary bladder carcinoma depicted on whole body planar 
and single-photon emission computed tomography/computed tomography images.
Keywords: Bone scintigraphy, SPECT/CT, urinary bladder carcinoma, nuclear medicine
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Figure 1. A 63-year-old man was admitted to the urology department of our hospital due to recent macroscopic hematuria and extremely low 
hematocrit levels. From his past medical history, he had been diagnosed with non-invasive urothelial carcinoma (high grade) seven years ago, for 
which he underwent transurethral resection with complementary Bacillus Calmette-Guerin intravesical therapy. Few weeks before his admission, 
he underwent routine cystoscopy in an outside facility, and he was informed that it showed urothelial papillomas, but he denied any therapeutic 
intervention at that time. Because of his prior history of urothelial carcinoma, an abdomen-pelvis computed tomography (CT) examination and bone 
scintigraphy was ordered. A whole-body scan was obtained 2 h after intravenous administration of 20 mCi (740 Mbq) Tc-99m methyl diphosphonate. 
Anterior (A) and posterior (B) images showed mild inhomogeneous radiopharmaceutical uptake in the lumbar spine, without having the typical 
appearance of osteoblastic metastatic osseous lesions. Moderately increased tracer accumulation was also observed in the cervical spine and joints of 
upper extremities, related to degenerative disorders. In the pelvic region, a cold photopenic area occupying the right portion of the urinary bladder 
was noticed (arrow). Additionally, dilatation and tracer retention was demonstrated in the right ureter, especially in the lower third (arrowheads). 
Urinary tract abnormalities, such as filling defects of the urinary bladder, related to the presence of either intrinsic or extrinsic lesions have been 
previously reported on bone scintigrams. De Geeter and Goethals (1) in 2010 described three cases with similar appearance of the urinary bladder 
owing to carcinomas. Contrary to the above-mentioned reports, there are examples with intense tracer accumulation of urothelial carcinomas, 
pertained to tumor calcification (2,3). A case of complete absence of urinary bladder visualization caused by obstruction has also been mentioned (4). 
In male patients, regions with decreased tracer accumulation at the base of the urinary bladder, known as “inverted cups”, have been attributed to 
prostate enlargement and surgical resection (5). Clots, hematomas, and ureterocele are some other possible explanations of cold lesions inside the 
bladder (6,7). Pelvic masses, such as colon tumors, can lead to the bladder defect formation by exerting external pressure (7,8). To ascertain the origin 
of our findings, a pelvic single-photon emission computed tomography (SPECT)/CT examination was performed. 
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Figure 2. On coronal SPECT images (A), a photopenic region, possessing part of the right side of the urinary bladder (orange arrows), with concomitant 
ureteral dilatation and tracer retention, especially in the lower third, was observed (black arrow). Additionally, a smaller cold region was depicted on 
the left part of the bladder (green arrow). The concurrent low-dose CT images (B) indicated an inhomogeneous appearance of the urinary bladder 
with the presence of large, hyperdense lesions on the left and right portion involving the right vesico-ureteral junction. Fused SPECT/CT images (C) 
revealed that our findings in the urinary tract system, as shown on bone scan, were caused by the existence of urinary bladder neoplasms (red arrows).

Figure 3. Furthermore, comparison with the enhanced coronal CT images confirmed the findings of fused SPECT/CT images (orange arrows). 
Conclusively, urinary tract abnormalities are an unexpected but possibly finding on bone scintigrams. Hybrid SPECT/CT technology providing additional 
anatomical information, represents a powerful tool in the correct and precise diagnostic interpretation of extraosseous findings on bone scintigraphy.
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Öz
Diferansiye tiroid kanserinde, radyoaktif iyot tedavisi ve tüm vücut tarama (TVT) sintigrafisi hastalık yönetiminin ayrılmaz bir parçasıdır. Radyoaktif 
iyot ile tedavi edilen multifokal tiroid karsinomlu 33 yaşında kadın hastayı sunuyoruz. Tedavi sonrası TVT sintigrafisinde, dalakta fokal artmış I-131 
tutulumu saptandı. Ancak uyarılmış tiroglobulin düzeyi uzak metastaz ile uyumlu değildi. Daha sonra karaciğere yönelik yapılan dinamik manyetik 
rezonans görüntüleme bulgunun rastlantısal bir dalak kisti olduğunu ortaya çıkardı. Radyoaktif iyot tutulumu tiroid dokusuna özgü değildir. 
Radyoaktif iyot ile TVT’de dalakta aktivite tutulumu saptanan olgularda artmış radyoiyot tutulumu gösteren benign patolojiler de düşünülmelidir.
Anahtar kelimeler: Radyoaktif iyot tedavisi, tiroid kanseri, dalak patolojileri, tüm vücut tarama

Abstract
In differentiated thyroid cancer, radioiodine therapy and whole body scans (WBS) are integral part of disease management. We present the 
case of a 33-year-old woman with multifocal thyroid carcinoma who was treated with radioiodine. Post-treatment WBS scintigraphy showed 
focal increased I-131 uptake in the spleen, although stimulated thyroglobulin level was not suggestive of distant metastasis. Dynamic magnetic 
resonance imaging performed later revealed that the finding was an incidental splenic cyst. Radioiodine uptake is not specific to the thyroid tissue. 
Benign pathologies showing increased radioiodine uptake should be considered in cases with splenic radioiodine accumulation in WBSs.
Keywords: Radioiodine therapy, thyroid cancer, spleen pathologies, whole body scan
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Figure 1. Total thyroidectomy was performed on a 33-year-old female patient with no known comorbidities. The pathology result was reported as 
diffuse sclerosing variant multifocal papillary thyroid carcinoma. Thereupon, 100 mCi radioactive iodine treatment was given to the patient in our 
clinic [thyroid stimulating hormone: 137.9, thyroglobulin (Tg): <0.20, anti-Tg: 92.2].  In the whole body scan (WBS) performed on the 7th day after the 
treatment, there were areas of activity uptake in the left thyroid lobe lodge and inferior proximity of the hyoid bone, possibly due to residual tissue 
and thyroglossal canal. In addition, focal activity uptake was observed in the left upper quadrant of the abdomen (Figure 1A). Radiopharmaceutical 
distribution in other areas was as expected. For anatomical correlation, single photon emission tomography/computed tomography imaging was 
performed by positioning the abdominal region in the field of view, which revealed a hypodense lesion measuring 83x71 mm in the superior anterior 
part of the spleen with a calcified appearance on the wall and increased I-131 uptake within the lesion (Figure 1B).
In the dynamic magnetic resonance imaging performed to clarify this finding, the lesion with a diameter of 8 cm in the upper pole of the spleen was 
evaluated as an unloculated cyst (Figure 1C).
Thyroid cancer accounts for 2.1% of all cancer cases worldwide. Approximately 90% of these cases are well-differentiated thyroid carcinoma (DTC) 
(1). Splenic metastasis is rare in DTC (2). Radioiodine has been used for more than fifty years in the diagnosis and treatment of patients with DTC 
(3). Radioiodine WBS is also an integral part of disease management (4). Radioiodine uptake is not specific to the thyroid tissue. There may be 
physiological uptake in the thymus, breast and gastrointestinal system. In addition, radioiodine uptake can be seen in benign conditions such as cysts 
and inflammation and in non-thyroid tumors (5). Radioiodine uptake in the spleen is very rare, with only 2 cases reported in the literature so far. In one 
of these cases, diffuse radioiodine uptake was detected in the spleen in post-treatment WBS, and thyroid cancer metastasis was proven by biopsy (2). 
On the other hand, radioiodine uptake was observed in the spleen in diagnostic WBS, and a littoral cell angioma was found in the biopsy result (6). In 
this study, we observed radioiodine uptake in  benign spleen pathology. To our knowledge, radioiodine uptake of splenic cystic lesions has not been 
reported before. Splenic cystic lesions as a possible cause of false positive splenic radioiodine uptake mimicking metastasis should be kept in mind to 
avoid misdiagnosis in patients with DTC.
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Öz
İntravenöz tümör yayılımı, çeşitli malignitelerde ortaya çıkan iyi bilinen bir fenomendir, ancak tiroid karsinomunda nispeten nadir bir antitedir. 
Kötü diferansiye tiroid kanseri (pDTC) olan hastalarda, başlangıçta I-131 avid superior vena cava tümörü (SVC) trombüsü nadirdir ve potansiyel 
olarak yaşamı tehdit eder. Tümör trombüsü, primer kitlenin doğrudan vasküler yayılımı veya hematojen yayılım nedeniyle oluşabilir. Hibrit nükleer 
görüntüleme, hastanın tedavi planını etkileyebilecek bu iki antiteyi ayırt edebilir. Bu yazıda, pDTC tanısı konan 46 yaşındaki bir kadında ilginç bir 
SVC trombüs gelişiminin iki yıllık görüntülerini sunuyoruz.
Anahtar kelimeler: I-131 tutan tümör trombüsü, SPECT/BT, az diferansiye tiroid kanseri

Abstract
Intravenous tumor extension is a well-recognized phenomenon occurring in various malignancies but is a relatively rare entity in thyroid carcinoma. 
In patients with poorly differentiated thyroid cancer (pDTC), I-131 avid superior vena cava tumor (SVC) thrombus at initial presentation is infrequent 
and potential life threatening. Tumor thrombus can form either due to direct vascular extension of the primary mass or by hematogenous spread. 
Hybrid nuclear imaging can differentiate the two entities, which can impact the treatment plan of the patient. We present images of an interesting 
case of evolution of SVC thrombus in a 46-year-old woman with diagnosed pDTC over the span of two years.
Keywords: I-131 avid tumor thrombus, SPECT/CT, poorly differentiated thyroid cancer
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Figure 1. A 46-year-old female was referred for radioactive iodine (RAI) ablation therapy after total thyroidectomy. Histopathology revealed poorly 
differentiated thyroid carcinoma (pDTC). Per ATA guidelines, she was at highrisk for disease recurrence and was staged as T3aN1M0. A pre-therapy 
whole body scan (WBS) was performed 48 h after oral administration of 3.5 mCi of I131(A). It showed bifocal RAI (I-131) uptake in the thyroid bed 
(blue arrow) more prominent on the right side. Linear increased activity (red arrow) was confirmed to be a superior vena cava (SVC) tumor thrombus 
on a single-photon emission tomography/computed tomography (SPECT/CT) scan (fused coronal SPECT/CT, B). Stimulated thyroglobulin level was 
11,135 ng/mL with normal anti-thyroglobulin antibody levels. 
She received 100 mCi of RAI, which was well delivered to the thyroid remnant on post-therapy scan. The patient also had a CT thorax with contrast, 
which confirmed SVC thrombus extending into the left brachiocephalic vein with an enhancing component, consistent with tumor thrombus. Magnetic 
resonance imaging (MRI) thorax also showed a long segment thrombus of SVC with expansion (G, H, I). As iodinated contrast in CT scan can increase 
the total body iodine stores for up to 3 months, which can render subsequent RAI therapy ineffective, adequate interval was ensured between CT with 
contrast and RAI therapy. Subsequently, she developed facial swelling (SVC syndrome) and urgently received 800 cGy of palliative radiation to the 
mediastinum. SVC is rarely involved in thyroid carcinomas at initial presentation, and if present, it usually occurs with systemic disease (1). SVC tumor 
thrombus can result in severe symptoms due to vascular congestion. 
Two months after radiotherapy, she received another 150 mCi of RAI. Post-therapy WBS and coronal SPECT/CT (C, D red arrow) showed a well-
delivered dose to SVC tumor thrombus. No avidity was noted in the thyroid surgical bed. Stimulated thyroglobulin levels declined to 5788 ng/mL and 
anti-thyroglobulin levels remained normal. 
pDTC has intermediate characteristics between well-differentiated thyroid carcinoma and anaplastic tumors (1). The incidence of pDTC has increased 
over the last few years with significant morbidity and mortality due to its aggressive behavior (2). Among thyroid cancers, it has an incidence of 0.23% 
to 2.6% (3). Thyroid carcinoma has a microscopic vascular invasion; however, gross venous thrombus is a rare occurrence (4). Conventional imaging 
such as MRI and CT is helpful in the diagnosis of venous thrombus (5). Doppler ultrasound has limited yield in this area as SVC is mostly obscured by 
adjacent structures (6). However, the differentiation of a tumor thrombus from other thrombi can be a challenge in conventional imaging. Thus, in 
iodine sensitive cases of thyroid carcinoma, hybrid nuclear scans such as I-131 planar images coupled with SPECT/CT are highly beneficial in identifying 
tumor thrombus versus benign thrombosis using the iodine avidity of the thrombus as in this case.
One year later, the patient had an evidence of recurrent disease on ultrasound in the left thyroid bed. pDTC is an aggressive tumor accounting for 
approximately 1-15% of thyroid carcinomas (7). More than 80% of patients with pDTC have good RAI uptake; however, 15% are non-avid iodine (8). 
As our patient had previously had iodine avid disease and had also shown response, she received a third dose of RAI, 200 mCi (cumulative dose 450 
mCi). Post-therapy WBS and coronal SPECT/CT images (E,F, blue arrow) re-demonstrated ultrasound findings of soft tissue nodule in the left thyroid 
bed, which was iodine avid. Interval regression in the avidity of SVC tumor thrombus was also noted (E, F red arrow). She received 20 Gy radiation in 
5 fractions to the thyroid. She is under regular follow-up and stable.
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Abstract
A 42-year-old female patient diagnosed with invasive ductal breast ca underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) scan for staging, 1.5 cm diameter hypermetabolic lesion was observed in the lower inner quadrant of the right 
breast that was compatible with primary tumor [maximum standardized uptake value  (SUV

max
): 10.5]. No pathological 18F-FDG uptake was 

observed in lymph nodes whose fatty hilum was seen in the right axilla. However, in the left axilla and left deep axilla, hypermetabolic lymph 
nodes with a maksimum diameter of 19 mm and fatty hilum were observed (SUV

max
: 8.0). In a detailed CT evaluation, these lymph nodes have 

thicker walls than the ones in the right axilla. The patient was questioned again and coronavirus disease-2019 (COVID-19) vaccination history (with 
BNT162b2, COVID-19 mRNA vaccine) was determined that was administrated to the left arm 5 days ago. Tru-cut biopsy was performed from 
the left aksillary lymph nodes and proved to be reactive lymphoid tissue and there was no primary or metastatic tumor in these axillary lymph 
node tissues. The patient was given neoadjuvant chemotherapy 4.5 months after the first 18F-FDG PET/CT, and the second was performed for 
the treatment response evaluation. Significant regression was determined from the findings. The patient underwent right total mastechtomy. 
She was being followed up with adjuvant chemotherapy and radiotherapy. In conclusion, hypermetabolic lymph nodes in the axillas should be 
interrogated for vaccination in patients with breast cancer. Hypermetabolic lymph nodes observed on the same side of the vaccinated arm in the 
18F-FDG PET/CT scan may be related to vaccine-induced reactive lymph node enlargement. Lymph node metastasis may be excluded, especially if 
there are hypermetabolic lymph nodes with preserved fatty hilum in the contralateral axilla on the same side as the vaccinated arm. Active lymph 
nodes  reactive to the vaccine become inactive after a while.
Keywords: Axillary lymph nodes, COVID-19 vaccination, breast cancer, 18F-FDG PET/CT

Öz
Kırk iki yaşında, invaziv duktal meme kanseri tanısı alan, evreleme için 18F-florodeoksiglukoz (FDG) pozitron emisyon tomografi/bilgisayarlı 
tomografi (PET/BT) taraması yapılan kadın hastada, sağ meme alt iç kadranda primer tümörle uyumlu 1,5 cm çaplı hipermetabolik lezyon izlendi 
[maksimum standartlaştırılmış alım değeri (SUV

maks
): 10,5]. Sağ aksillada yağlı hilusu görülen lenf nodlarında patolojik 18F-FDG tutulumu izlenmedi. 

Ancak sol aksilla ve sol derin aksillada yağlı hilusu gözlenen 19 mm çaplı hipermetabolik lenf nodları mevcuttu (SUV
maks

: 8,0). Ayrıntılı BT 
değerlendirmesinde, bu lenf bezlerinin duvarları sağ aksilladakilerden daha kalındı. Hasta tekrar sorgulandı ve 5 gün önce sol koluna uygulanan 
koronavirüs hastalığı-2019 (COVID-19)  aşısı öyküsü (BNT162b2, COVID-19 mRNA aşısı ile) belirlendi. Sol aksiller lenf nodlarından yapılan tru-
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Figure 1. A) 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scanning for staging purposes. A 
hypermetabolic lesion was observed in the lower inner quadrant of the right breast that was compatible with primary tumor [maximum standardized 
uptake value  (SUV

max
): 10.5]. No pathological 18F-FDG uptake was observed in the right axilla. However, hypermetabolic lymph nodes were observed 

in the left axilla and left deep axilla (SUV
max

: 8.0) which were confirmed to be related to the vaccination administrated to the left arm 5 days ago 
(1,2,3,4,5). No other pathological 18F-FDG uptake was observed in all other body parts of the patient. B) The second 18F-FDG PET/CT scan for 
neoadjuvant chemotherapy response evaluation, 4.5 months after the first scan. No 18F-FDG avid malignancy finding was observed.  

cut biyopsi sonucu reaktif lenfoid doku olarak geldi ve primer veya metastatik tümör izlenmediği rapor edildi. Hastaya neoadjuvan kemoterapi 
verildi. İlk 18F-FDG PET/BT’den 4,5 ay sonra, tedaviye yanıt değerlendirmesi için ikincisi yapıldı. Bulgularda belirgin regresyon gözlendi. Hastaya 
sağ total mastektomi yapıldı. Hasta kemoterapi ve radyoterapi ile takip ediliyor. Sonuç olarak, pandemi günlerinde meme kanserli hastalarda 
aksiller hipermetabolik lenf nodları COVID-19 aşısı açısından sorgulanmalıdır. 18F-FDG PET/BT taramasında aşılı kolun aynı tarafında gözlenen 
hipermetabolik lenf nodları, aşıya bağlı reaktif lenfadenomegali ile ilişkili olabilir. Özellikle memedeki kitleye göre kontralateral ancak aşı yapılan kol 
ile aynı taraftaki aksillada görülen yağlı hilusu korunmuş hipermetabolik lenf nodları, reaktif olarak değerlendirilerek lenf nodu metastazı dışlanabilir. 
Olguda aşıya bağlı reaktif (aktif) lenf nodlarının zamanla inaktif hale dönüşmesi gözlenmektedir.
Anahtar kelimeler: Aksiller lenf nodları, COVID-19 aşısı, meme kanseri, 18F-FDG PET/BT
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Figure 2. 18F-FDG PET/CT scanning performed for staging at the beginning (a, b, c) and 4.5 months after the first one performed 
for neoadjuvant treatment response evaluation (d, e, f). A hypermetabolic lesion was observed in the lower inner quadrant 
of the right breast that was compatible with primary tumor (SUV

max
: 10.5) (a). The primary tumor was reduced in size and its 

18F-FDG uptake was markedly decreased after neoadjuvant chemotherapy (d). Several hypometabolic cystic lesions were also 
observed in both breasts at the beginning. These lesions were interpreted as benign cystic lesions (fibrocystic changes?) (b). 
The hypometabolic cystic lesions were reduced in size at the second imaging (e) and confirmed by the postoperative pathology 
report. A 12 mm diameter hypermetabolic nodular lesion was observed in subcutaneous fatty tissue under the skin at the level 
of the 6th rib on the right anterior wall of the thorax at the initial imaging (SUV

max
: 4.7) (c). This lesion was interpreted as an 

intramamarian lymph node metastasis (c). This nodular lesion disappeared on second imaging (f). 
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Figure 3. Hybrid images of 18F-FDG PET/CT scanning performed for staging at the beginning (a, b). Initially, no pathological 
18F-FDG uptake was observed in lymph nodes that seemed inactive (non-metabolic) in the right axilla. However, there were 
hypermetabolic lymph nodes in the left axilla and left deep axilla (SUV

max
: 8.0). On CT images of the same 18F-FDG PET/CT 

scanning, the lymph nodes in the right axilla had fatty hiluses and thin walls, whereas the hypermetabolic lymph nodes in the 
left axilla and left deep axilla had fatty hiluses and thick walls (SUV

max
: 8.0) (a, b). At the second 18F-FDG PET/CT imaging after 

neoadjuvant chemotherapy, the lymph nodes in the left axilla were reduced in size and their 18F-FDG uptake was markedly 
decreased. Yet, the ones in the right axilla stayed stable (c). At the initial imaging, active and inactive lymph nodes are seen 
together (a, b). The active to inactive transformation of the lymph nodes after vaccination has been visualized (a, b, c). 



185

Mol Imaging Radionucl Ther 2023;32:181-185 Taşçı et al. Axillary Lymph Nodes and COVID-19 Vaccination

Ethics

Informed Consent: Written informed consent was 
obtained from the patient.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: C.T., E.M.S.,  Concept: C.T., 
A.D., E.M.S., F.S.P., S.S.,  Design: C.T., F.S.P., Data Collection or 
Processing: C.T., A.D., F.S.P., S.S., Analysis or Interpretation: 
C.T., A.D., E.M.S., F.S.P., S.S., Literature Search: C.T., Writing: 
C.T.

Conflict of Interest: No conflict of interest was declared 
by the authors.

Financial Disclosure: The authors declared that this study 
has received no financial support.

References
1.	 Özütemiz C, Krystosek LA, Church AL, Chauhan A, Ellermann JM, 

Domingo-Musibay E, Steinberger D. Lymphadenopathy in COVID-19 
vaccine recipients: diagnostic dilemma in oncologic patients. Radiology 
2021;300:296-300.

2.	 Otomi Y, Irahara S, Inoue H, Shinya T, Otsuka H, Harada M. 
Increased 18F-FDG uptake in the axillary lymph nodes of the vaccinated 
side associated with COVID-19 vaccination. Mol Imaging Radionucl Ther 
2023;32:169-171.

3.	 Nawwar AA, Searle J, Hopkins R, Lyburn ID. False-positive axillary lymph 
nodes on FDG PET/CT resulting from COVID-19 immunization. Clin Nucl 
Med 2021;46:1004-1005. 

4.	 Eifer M, Eshet Y. Imaging of COVID-19 vaccination at FDG PET/CT. 
Radiology 2021;299:248.

5.	 Brown AH, Shah S, Groves AM, Wan S, Malhotra A. The Challenge of 
Staging Breast Cancer With PET/CT in the Era of COVID Vaccination. Clin 
Nucl Med 2021;46:1006-1010.

Figure 4. A mixed staining pattern was observed in staining with CD20 CD5 and pancytokeratin in immunochemical examination, 
(a) reactive lymph nodes including anthracnose pigment (x40; hematoxylin-eosin), (b) lymphoid cells stained positive with CD20 
(x100; DAB), (c) lymphoid cells stained positive with CD3 (x100; DAB).
Hypermetabolic lymph nodes observed on the same side of the vaccinated arm in the 18F-FDG PET/CT scan may be related 
to vaccine-induced reactive lymph node enlargement (1,2,3,4,5). Lymph node metastasis may be excluded, especially if there 
are hypermetabolic lymph nodes with preserved fatty hilum in the contralateral axilla on the same side as the vaccinated arm 
(2,3,4,5).
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Öz
Fibröz displazi (FD), osteoblastların işlevini, farklılaşmasını ve olgunlaşmasını etkileyen, kemiğin yeniden şekillenmesi sürecinde bir kusur olarak 
ortaya çıkan, nadir görülen, iyi huylu konjenital bir kemik hastalığıdır. Bu süreç, normal kemik iliği dokusunun olgunlaşmamış kemik adaları ve fibröz 
stroma ile yer değiştirdiği kemik iliğinde cereyan eder. Etiyoloji net değildir, ancak etiyolojinin embriyogenez sırasında Gs α proteinini kodlayan 
genin nokta mutasyonu ile bağlantılı olduğu bilinmektedir ve bu nedenle etkilenen tüm somatik hücreler displastik hale gelmektedir. Mutasyonun 
embriyogenez sürecinde daha erken meydana gelip gelmediğini belirlemek, daha fazla mutant hücre oluşması ve hastalığın daha şiddetli bir şekilde 
ortaya çıkması açısından önemlidir. FD’nin klinik prezentasyonu değişkendir, bu nedenle çok sayıda potansiyel ayırıcı tanı vardır. En yaygın olanları 
Paget hastalığı, ossifiye olmayan fibroma, osteofibröz displazi, anevrizmal kemik kisti, adamantinom, dev hücreli tümör, kırık kallus ve düşük 
dereceli santral osteosarkomdur.
Anahtar kelimeler: Fibröz displazi, kemik sintigrafisi, SPECT

Abstract
Fibrous dysplasia (FD) is a rare congenital benign bone disease that manifests as a defect in the bone remodeling process, affecting the function, 
differentiation, and maturation of osteoblasts. This process is located in the bone marrow, where the normal marrow tissue is replaced with 
immature bone islands and fibrous stroma. The etiology is unclear so far, but it is known to be connected with a point mutation of the gene that 
encodes Gs α protein at the time of embryogenesis, and because of that, all of the affected somatic cells become dysplastic. It is important to 
determine whether the mutation occurred earlier in the process of embryogenesis so that there will be more mutant cells and the disease will 
appear in a more severe form. The clinical presentation of FD is variable, so there are plenty of potential differential diagnoses. The most common 
include Paget disease, non-ossifying fibroma, osteofibrous dysplasia, aneurysmal bone cyst, adamantinoma, giant cell tumor, fracture callus, and 
low-grade central osteosarcoma.
Keywords: Fibrous dysplasia, bone scan, SPECT 
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Figure 1. A We present a case of a 6-year-old boy complained of a right hip pain, especially at night and on exertion. He was diagnosed with a fracture 
of the subtrochanteric region of the right femur. The bone scan performed after an intravenous application of Tc-99m-methyl diphosphonate (MDP) 
revealed increased vascularization of the right hip in the early pool phase image (A). Whole-body images showed intensive uptake of Tc-99m-MDP in 
the right iliac bone and right femur (proximal diaphysis), with not very intense accumulation in the middle 1/3 of the right femur and right tibia (B). 
Single-photon emission computed tomography (SPECT) images confirmed the uptake in the iliac bone and the femur (C). 
Fibrous dysplasia (FD) accounts for 7% of the benign bone tumors, primarily affecting young adolescents and young adults, with no gender predilection 
gender predilection. It may appear as monostotic (affecting one bone), polyostotic (multiple bones), or craniofacial FD (skull and facial bones alone). 
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Figure 2. Computed tomography image of the right femur. The coronal plane showed a changed skeletal structure of the diaphysis of the right femur 
with present multifocal ground-glass opacities and cystic components.

Common sites of skeletal involvement are long bones, ribs, craniofacial bones, and the pelvis (2). The polyostotic form is found in 20-30% of cases. 
It presents earlier, typically in childhood (mean age of 8 years) with two/thirds being symptomatic by the age of 10. In early childhood, lesions are 
metabolically active and expand during linear growth. The lesions typically become static in size after puberty, and metabolic activity may decrease 
throughout adulthood (3). The polyostotic form of the disease is often accompanied by an endocrine disorder such as McCune-Albright syndrome. 
This kind of syndrome combines FD with other extraskeletal features, such as “café-au-lait” skin macules with characteristic distribution, gonadotropin-
independent sex steroid production in girls and women or autonomous testosterone production in boys and men, thyroid lesions, growth hormone 
excess, neonatal hypercortisolism, and renal phosphate wasting (4). The bone scan shows increased uptake throughout life, but the uptake becomes 
less intense as the lesions mature. Some characteristic findings within lesions of FD are a bar-shaped pattern, whole bone involvement, and a close 
match between the size of the lesion on radiographs and the size of the area of uptake. The lesions show increased uptake of the tracer, but its 
intensity is variable, so sometimes false-negative results are detected. The mechanism of different degrees of Tc-99m-MDP metabolism of FD is 
unclear. As we know, FD is developmental failure in the remodeling of the primitive bone to a mature lamellar bone. Fibroblasts are the predominant 
proliferating cells in FD lesions, and the different degrees of 99mTc-MDP metabolism among them may be due to the difference in the vascular supply 
or the number of proliferating fibroblasts or their metabolic turnover (7). 
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Figure 3. Magnetic resonance imaging (MRI) in 2019. There were multiple circumscribed lesions with ground-glass opacity in the right iliac bone, 
the superior ramus of the right ischiatic bone, and the right femur without involving the head. In the region of the right femoral neck and the 
intertrochanteric region, predominantly cystic and sclerotic components were delineated in the lesions. No cortical disruption or the cortical expansion 
was noted. There were signs of bone expansion in the inter- and subtrochanteric regions with cortical thinning but no disruption of the cortex.
Radiolucent ground glass matrix, which is smooth and homogeneous, is a typical FD lesion on radiography. Sometimes these lesions appear as 
completely radiolucent (cystic) lesions or sclerotic lesions, but mixed forms are also described. They have well-circumscribed thick sclerotic margins 
around the radiolucent lesion that can be interrupted, the so-called rind sign (5). MRI reports in patients with FD have been quite challenging, 
considering the high variability in the tumor signal on the MR examination..
Laboratory findings were as follows: C-reactive protein: 27.4 (<6 mg/L); white blood cells: 20.1 (4-9x109/L); alkaline phosphatase: 173 (36-126 U/L). 
These inflammatory markers are non-specific for FD, except for the alkaline phosphatase that can be high in patients with metabolic bone disease. 
Three months later, he underwent surgery with resection of the right fibula that was implanted on the site of the proximal diaphysis of the right femur.
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Figure 4. MRI images in 2021 there are predominantly fibrous and cystic lesions in the intertrochanteric region with mild bone expansion and 
endosteal scallopings. Changes in the skeletal structure in the basicervical, intertrochanteric, and proximal diaphyseal regions.
For confirming the diagnosis, biopsy is not always indicated. If there is a clear radiological finding for FD, only regular observation is needed. Follow-up 
radiographs should be made every six months to verify that there has been no progression. Bisphosphonates are the therapy of choice for pain relief 
and bone strengthening. Surgery is needed in rare cases only when complications such as fractures or deformities are present (8).




