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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, interesting images in the field of molecular imaging, multimodality imaging, 
nuclear medicine, radionuclide therapy, radiopharmacy, medical physics, dosimetry 
and radiobiology. MIRT is published three times a year (February, June, October). 
Audience: Nuclear medicine physicians, medical physicists, radiopharmaceutical 
scientists, radiobiologists.

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

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

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

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

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

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

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

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

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

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



INSTRUCTIONS TO AUTHORS

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

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

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

 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.
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2019’un sonlarında, viral pnömoni Wuhan, Çin’den hızla tüm ülkelere yayıldı. Şubat 2020’de Dünya Sağlık Örgütü Coronavirus Disease 2019 
(COVID-19) olarak adlandırdı ve 11 Mart 2020’de pandemi geliştiğini açıkladı. COVID-19 enfeksiyonunun yayılmasını önlemek için, TC. Sağlık 
Bakanlığı ve uluslararası kurumlar hijyen kurallarını tanımlayan broşürler yayınladı. Bilgisayarlı tomografi (BT) görüntülerinde COVID-19 tanısında 
önemli olan akciğer bulgularının tanımlanmasıyla radyoloji bölümlerinde enfeksiyondan korunma önlemleri açıklanmıştır. Nükleer tıpta tanı 
ve tedavi işlemleri için (randevu vermek, hasta kabulü, görüntüleme ve tedavi işlemleri, dezenfeksiyon gibi) korunma önlemlerini içeren yayın 
yoktur. 18F-florodeoksiglukoz pozitron emisyon tomografi/BT taramada COVID-19’u düşündüren BT bulguları hakkında iki yayın vardır. Hibrid 
görüntülerde saptanan bu akciğer bulguları akciğer tutulumunun erken tanısında faydalı olacaktır. Enfekte olgular asemptomatik olabilir ve 
farkında olmadan virüsü çevresindeki kişilere yayabilir. Öneri niteliğindeki bu kılavuz Nükleer Tıp kliniklerinde enfeksiyon riskini önlemek amacı ile 
hazırlanmıştır. COVID-19 salgını sırasında, personel uygun kişisel koruyucu ekipman kullanmalı ve hastalar klinik durumlarına göre elektif olgu olarak 
değerlendirilmelidir. COVID-19 açısından anket yapılmalıdır. Acil tedavi gereken kanser olgularında, COVID-19 test sonucuna göre radyonüklit 
tedavi (RNT) planlanmalıdır. Sonuç negatif ise RNT uygulanabilir. Sonuç pozitif ise veya semptomlar varsa, RNT ertelenmelidir. Görüntüleme 
işlemlerinden sonra, tarayıcılar ve oda yüzeyleri dezenfeksiyon konusunda uygun eğitim almış personel tarafından temizlenmelidir.
Anahtar kelimeler: Koronavirüs, COVID-19 salgını, nükleer tıp personeli, pozitron emisyon tomografi/bilgisayarlı tomografi, enfeksiyondan 
korunma kuralları, dezenfeksiyon

Öz

A viral pneumonia rapidly spread from Wuhan, China to all countries in late 2019. In February 2020, WHO named as Coronavirus Disease 2019 
(COVID-19) and declared the pandemic on March 11, 2020. To prevent the spread of COVID-19, Ministry of Health of Republic of Turkey and 
international institutions have published documents defining hygiene rules. After the lung computerized tomography (CT) findings which are 
important in the diagnosis of COVID-19 are described, protection measures against infection were defined in radiology departments. There is no 
publication involving protection measures for diagnostic and therapeutic procedures in nuclear medicine (NM) (appointment, patient acceptance, 
imaging and treatment procedures, disinfection etc). There are two reports on CT findings suggesting COVID-19 in 18F--fluorodeoxyglucose positron 
emission tomography/CT scan. These lung findings detected in hybrid images will be helpful in the early diagnosis of pulmonary involvement. 
Infected cases may be asymptomatic and can unintentionally disseminate the virus to surrounding people. This advisory guide has been prepared 
to avoid infection risk in NM clinics. During the COVID-19 outbreak, staff must use proper personal protective equipment and patients should 
be evaluated as the elective case according to clinical status. A questionnaire should be made for COVID-19. In cancer cases requiring urgent 
treatment, radionuclide treatment (RNT) should be planned according to the COVID-19 test result. If the result is negative, RNT can be applied; 
but if not or if the symptoms are present, RNT must be postponed. Following imaging procedures, scanners and room surfaces should be cleaned 
by personnel with proper disinfection training. 
Keywords: Coronavirus, COVID-19 outbreak, nuclear medicine staff, positron emission tomography/computerized tomography, infection 
protection rules, disinfection
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Introduction

In late 2019, a new coronavirus was isolated from a group 
of patients admitting with viral pneumonia in Wuhan, 
China. With the increasing global people movement, 
the major concern over the possibility of this novel virus 
spreading and reaching pandemic levels has unfortunately 
now come true. In the first group of patients, the virus 
was believed to be transmitted from the wet “seafood 
market” in Wuhan. Since then, numerous reports which 
are related with human-to-human transmission have been 
published. It has rapidly spread to all countries world-wide. 
New countries affected by the virus are reported every day.  
The novel virus is one member of the coronavirus family 
and Coronavirus Disease 2019 (COVID-19) spreads from 
human-to-human like flu (1).

Due to the increasing number of patients in our country 
since Mid-March 2020, more attention has been given 
to infection control measures especially in hospitals that 
have the potential to spread the virus not only among 
patients but also healthcare personnel. These measures 
should be implemented at the national level, not just at 
the hospital level and regional. It is important to comply 
with the general hygiene rules for public persons and 
health professionals. After the World Health Organization 
(WHO) declared that the COVID-19 global pandemic has 
developed on March 11, 2020, general hygiene rules have 
been published by Republic of Turkey Ministry of Health 
and international related institutions to prevent the spread 
of disease and to avoid new infected cases (Annex 1) 
(2). However, more strict and branch-specific protection 
rules are necessary, since healthcare professionals are 
more likely to come in contact with the infected and/
or probable infected cases. Because the lung findings in 
the computerized tomography (CT) images are useful in 
the diagnosis of COVID-19, although there are articles 
about how they can be careful to reduce to the risk of 
outbreaks in the radiology departments, there are very few 
application recommendations for nuclear medicine (NM) 
clinics (1,3,4). Despite the similarities, there are pertinent 
differences between radiology and NM regarding the 
urgency of diagnostic and therapeutic applications, the 
length of patient contact, the ability for portable imaging 
instruments and the duration of scans, which necessitate 
a separate set of advice. Therefore, just like infection 
protection algoritms prepared by other medical specialities, 
preventive applications guide has become mandatory in 
the NM clinics, too. 

NM departments are the clinics that necessarily apply 
the principles of infection protection published by WHO 
in their daily practices due to the ionizing radiation 

protection measures (distance, time, shielding). Similar 
to the radiology departments, NM specialists, nurses and 
technicians are generally at the highest risk of exposure 
to the COVID-19. COVID-19 is believed to be mainly 
transmitted through respiratory droplets and close contact 
with infected patients or with the asymptomatic carriers in 
the incubation period. Also, it may be transmitted indirectly 
through touching in contaminated surfaces or objects. 
There have been no reports of airborne transmission of the 
COVID-19 virus to date. However, it can not be denied that 
some aerosol-forming process such as supportive oxygen 
therapy or intubation, would be able to cause transmission 
in the healthcare units. There are some experiences 
providing important recommendations and measures, 
which have been vested from prior coronavirus epidemics 
of SARS and MERS outbreaks which in the same class with 
COVID-19, to combat the current outbreak (1,3). 

Nuclear medicine department is partially lucky compared to 
other branches because the majority of imaging methods 
and radionuclide treatment (RNT) performed are elective 
and tend to be outpatient. In addition, NM workers will 
have the chance to take the necessary precautions, since 
the new studies will usually be performed in the patients 
who have already been hospitalized and secreened for 
COVID-19. Nevertheless, the absence of portable single 
photon emission computerized tomography (SPECT) or 
positron emission tomography (PET)/CT instruments is 
the most important risk. Setting appointments over the 
phone will help to identify infected and probable patients, 
it partially will prevent COVID-19 contamination to the 
patients and staff, and also the development of outbreak 
in NM clinics. However, the risk of encountering the virus 
will not be zero by patients who have not been diagnosed 
yet, with no suspicious history in terms of disease, but any 
form of asymptomatic infection at the time of admission. 
Therefore, this guideline including some suggestions has 
been prepared with a goal for providing the protection 
of patients and healthcare workers in the NM clinics 
that continue to perform the diagnostic and therapeutic 
procedures even under the risk of contamination by 
COVID-19 virus which is defined as pandemic by WHO.

The recommendations set out in this guide should be 
adapted to the clinics’ own working conditions, fields of 
activity and the number of patients.

Patient Registration

1.	 In the patients whose new appointments will be 
arranged, the clinician or assisstant physician responsible 
for the patient referring to the NM clinic should be 
asked to give detailed information on COVID-19 and 
the patients’s previous illnesses. 
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2.	 During recourse and enrollment to the department, the 
patients travelling to the country with known COVID-19 
outbreak should be encouraged to self-report, especially 
when they are symptomatic (Annex 2) (2).

a.	 The first registration, if possible, should first be accepted 
by phone and an inquiry should be made in this regard. 

b.	 If it is not possible to make an appoinment by phone, 
the necessity to fill the notification form prepared for 
patients to declare their own information in the NM 
secretariat will be useful in the identifying infected and 
suspicious cases (Annex 2). 

3.	 During admission, the fever measurement of the 
patients who registered for outpatient-treatment, and 
who will undergo a diagnostic procedure may be useful 
in distinguishing asymptomatic patients. In the large 
departments dealing with outpatient or referral service 
to the healthcare provider, thermal screening by thermal 
scanning and mass screening systems that measure 
the skin temperature at high-speed using temperature 
measurement equipment as used in airports must be 
considered. 

4.	 Healthcare staff should well know the symptoms of 
COVID-19 infection such as fever, dry cough, fatique 
and shortness of breath. Additionally, they should be 
aware that patients are asymptomatic carriers of the 
virus and that history of contact with a suspicious case 
is important for probable infection. 

5.	 If there is a suspicious case for COVID-19 when setting 
an appoinment over the phone, the responsible NM 
specialist should be informed by the interviewing staff. 
After that, the competent authority must be notified 
immediately and the patient should be transferred to 
the competent hospital. 

6.	 Advisory staff who are arranging the patient procedures 
in nuclear medicine, making an appoinment and 
providing the necessary documents exchange should be 
properly trained for the risk of COVID-19 transmission. 
It is strongly recommended to use anti-virus protective 
equipments such as disposable head caps, disposable 
masks, disposable gloves and hospital-only work clothes. 

7.	 When such patients are identified, they should be placed 
in a separate waiting area and must be consulted to the 
infectious diseases specialist or local line accross, our 
country 184, should be called in the case of strong suspect. 

8.	 Taking into consideration of current information, the 
patients should use a surgical mask in order to minimize 
the potential risk of transmission while waiting for 
results of assessments. 

9.	 If possible, it is recommended to postpone all patient 
procedures (for diagnostic or therapeutic purposes) 
until the results of the COVID-19 tests are obtained. 

10.	When the COVID-19 endemia develops, giving 
disposable masks to all patients to put on while they 
are in the department should be considered.  This 
practice must be applied at the expense of the patient’s 
objection. 

11.	If there is more than one receptionist, it is recommended 
that the work desks are placed at a distance of 1 m, 
and similarly, a barrier may be created in front of the 
counseling desk with a distance of 1 m between the 
desk and the patients or accompanying persons.

Registration Reception Hall Waiting Area

1.	 Waiting areas must be close to hand washing facilities, 
masks should be in easy reach.  Patients can be 
encouraged/provided to follow basic hygiene practices. 

2.	 Since the risk of coronavirus transmission increases 
within one (1) m, the waiting area should have enough 
space in order to provide enough distance while 
waiting. The concept of sufficient distance should be 
designed according to the daily patient load of each 
clinic. In NM clinics that cannot provide 1 m distance 
measure between the patients, keeping the admitted 
patient and/or accompanying persons outside the clinic 
for providing the social isolation distance; or that to 
take in the patients individually and in a way that will 
not cause a confluence in the waiting area, or limiting 
the number of new appointments based on the size of 
the waiting area is recommended.

3.	 The reception hall and waiting area should be good 
ventilated by equipment with a high-efficiency 
particulate air filter.

If the Patient has been Called for Procedure

1.	 NM staff welcoming patients such as NM technicians 
or nurses are individuals who will be in the most close 
contact with infected patients. 

2.	 Because physical contact is unavoidable during catheter 
insertion intravenously and it may take a long time, it 
is very important to identify probably infected patients 
before this step.  

3.	 Therefore the informations in terms of COVID-19 
infection should be added into the cases’ anamnesis 
(Annex 2).

4.	 If COVID-19 outbreak is defined in the country, it is 
mandatory that workers use proper personal protective 
equipment (PPE). PPE (level 1 protective equipment) is 
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generally sufficient in the NM clinics. Level 1 protective 
equipment includes a disposable surgical mask, special 
work clothes, disposable latex gloves and/or disposable 
insulating clothing. Additionally, staff wearing contact 
lenses must switch to glasses to protect health. 
Wearing eyeglasses can shield their eyes from probable 
transmission by contaminated hands or infected 
respiratory droplets (5). However, level 2 PPE should 
be used during the examination and imaging of the 
confirmed or probable patient, and during cleaning of 
the equipment used to the patient with a suspicious 
or confirmed disease. Unlike level 1, level 2 PPE 
requires the use of N95 or equivalent mask, disposable 
protective suit, googles or face shield (3). Especially the 
beard and/or mustache interfere with the N95 masks 
or respirators fitting to entire face and thereby virus 
transmission risk increases. It is important to be clean 
shaved for complete protection against infection (6). 

5.	 However, the procedures performed with full PPE are 
difficult and may affect the ability of personnel to 
handle the same patient load as before.

6.	 These practices may change depending on the number 
of positive cases in the hospital and the departmental 
success to catch infected or suspicious patients 
who have been admitted to the department for any 
procedure or the number of confirmed or probable 
COVID-19 cases referred. 

Recommendations for The Waiting Rooms of 
Radioactive Patients 

Most of NM imaging and procedures require a processing 
time from several minutes to several hours following 
radiopharmaceutical administration. During this time,

1.	 1 m distance between patients placed in the separate 
radioactive patient areas (PET patients) or in the 
common waiting rooms (for gamma camera patients) 
should be maintained to prevent novel coronavirus 
transmission among patients.

2.	 Waiting rooms of radioactive patients should be good 
ventilated by an equipment with a high-efficiency 
particulate air filter. 

3.	 The crowded rooms may increase possible transmission 
risk due to cases who are asymptomatic and have an 
inappropriate history. It is adviced to limit the number 
of patients according to the size of radioactive patient 
room.

4.	 Similar measures as those defined for the non-
radioactive patients and accompanying persons in the 
registration hall should be applied to all other stages 

after radiopharmaceutical administration. First of all, 
all of them should be supported to wear a protective 
mask.

When the Patient is Scanned

1.	 Once patients’ scan is complete, scanners and room 
surfaces should be disinfected to avoid potential spread. 

2.	 As a general rule of Public Health Units;

a.	 In the absence of visible pollution after scanning, 
disinfectants produced for especially the hospitals or 
the 1/1000 (1000 parts per million) parts of chlorine 
solutions containing are recommended to use in 
the disinfection of scanning instruments and clinical 
rooms used (7). 

b.	 Terminal cleaning procedures must be applied in case 
of the presence of patient secretions, urine or stool 
contamination (7). 

c.	 Adequate and appropriate training is recommended 
for cleaning staff to work properly.

The Safety of Nuclear Medicine Staff

1.	 The same precautions and tests recommended to the 
patients at the time of admission should also be valid for 
NM personnel (eg technicians, nurses, NM specialists) 
who are in close contact with the patient.

2.	 Personnel who is in contact with patients must wear 
a whole apron, gloves, surgical mask, protective eye 
glasses and shoe covers.

3.	 Personnel should be trained in the use of these 
equipments and be warned to correct their mistakes 
seen during usage.

4.	 Similar measures such as isolation at home, should 
be taken for the staff who has symptoms like fatique, 
fever, cough, or a history of travelling in areas with 
more widespread local transmission of COVID-19 or a 
history of contact with travellers visiting infected areas 
or contact with confirmed cases, for reducing the risk 
of virus transmission.

5.	 It would be appropriate for senior clinician and/or 
supervisors to advice workers not come to work if they 
feel unwell.  

6.	 Due to the possibility of the presence of asymptomatic 
infected personnel, employees can be prevented being 
together by adjusting rest time.

7.	 If COVID-19 spread increases, the larger NM 
departments, may consider dividing their staff into 
alternative working groups to reduce the risk of viral 
transmission among the healthcare providers causing 
department work to fail.
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8.	 All staff should receive proper training to ensure 
maximum compliance for measures.  

9.	 Clinical staff should stay under observation at home 
to monitor the daily symptoms if they have come 
into contact with a probable case in less than 1 meter 
distance without PPE or if they directly or indirectly 
exposed to the patient’s respiratory secretions. If test 
result of the suspicious infected case who contacted 
with, is negative, the observation is terminated. But, 
if test result is confirmed as positive, the observation 
at home should continue for 14 days. Staff who have 
symptoms should be managed in accordance with the 
applications for COVID-19 probable case according to 
the COVID-19 Disease Guide and the COVID-19 case 
flow-chart published by the Ministry of Health of 
Republic of Turkey.  

10.	An emergency and business continuity plan should be 
prepared. 

Recommendations for Diagnostic and Therapeutic 
Applications with Radionuclides During Outbreak 

A. Myocardial Perfusion Scintigraphy (MPS)

1.	 Taking into consideration asymptomatic patients, 
patient in a good clinical condition without any strict 
contraindication criterion, performing pharmacological 
stress test (especially with vasodilatator agents) shortens 
the procedure time instead of treadmill exercise test. 
This recommendation can keep safe the staff and also 
the patient from possible transmission. 

2.	 Since the pharmacological stress test will be performed 
at a less distance than 1 m, particular attention should 
be paid to the use of PPE. If possible, it is recommended 
to wear a disposable clothing over the lead apron, and 
to properly disinfect the materials and the clothes used 
during the procedure. Additionally, patient must wear a 
protective mask during the entire procedure.

3.	 Cardiac arrhytmias, myocarditis, low ejection fraction 
and sudden death cases have been reported due 
to SARS-Cov-2 (COVID-19) infection (8). There is no 
published MPS scintigraphy study including COVID-19 
cases, yet. Another important issue here is that 
hydroxychloroquine preparations (hydroxychloroquine is 
a drug known with strong antimalarial effect. However, 
today it is used in the treatment of autoimmune disease 
rather than malaria treatment) has been reported to 
be effective in COVID-19 treatment and even for 
prophylaxis, may cause similar cardiac findings. The 
side effects of hydroxychloroquine drugs are not 
dose dependent in each case and may also develop 
idiosyncratic side effects in individuals who are sensitive 

to 4-aminoquinoline compounds. Therefore, it should 
be taken into account that side effects of the drugs 
may be thought as the cardiac manifestations of the 
disease. Additionally, it may cause serious retinopathy 
and skin lesions (9,10,11). It is recommended to be 
used prophylactically with the decision of the expert 
and under the supervision of specialist in the healthcare 
workers at high risk of disease.

B. Lung Perfusion Scintigraphy

The most common symptoms in COVID-19 patients 
are high fever, cough, myalgia and fatigue. Pneumonia 
involving multiple lobes, bilaterally has been reported 
in the published studies. The SARS-Cov-2 pneumonia 
resulting extensive inflammation and infiltration is localized 
particularly in the posterior and peripheral zones of the 
lungs (12,13) (Table 1). However, patients especially who 
are at risk for pulmonary embolism (PE) such as deep vein 
thrombosis, malignancy, and presence of immobilization 
may be considered as PE because of that typical complaints 
are not detected and no severe infiltration findings in lungs 
in the early stages. 

PE can lead to non-specific findings such as arterial 
hypoxemia and hypocapnia in the patients. These findings 
are also seen in chronic obstructive pulmonary disease, lung 
cancer or pulmonary fibrosis besides PE. The pulmonary 
X-rays will be helpful in the differential diagnosis of non-PE 
diseases. But its sensitivity is very low (40%). Although the 
sensitivity (82%) and specificity (96%) of perfusion-only 
study is inferior to combined ventilation/ perfusion study, 
these values are still high in the diagnosis of pulmonary 
embolism. 

1.	 In the clinics where there is no SPECT/CT equipment, 
patients suspicious for PE should be referred to lung CT 
scanning in terms of the possible COVID-19 pneumonia, 
even if their body temperature is not high. After that 
if necessary, pulmonary perfusion scintigraphy should 
be performed following CT. Planar or SPECT perfusion 
study should be evaluated together with clinical findings 
and simultaneous CT images (14,15,16). 

2.	 If SPECT/CT camera is available, hybrid imaging have to 
be performed; careful examination in terms of ground- 
glass opacities and pneumonic infiltration in the CT 
slices obtained, especially posterior and peripheral, 
subpleural zones, will provide useful informations in the 
the early diagnosis. 

3.	 Lung ventilation scintigraphy must not be performed 
if there are findings mimicking COVID-19 pneumonia 
such as non-segmental perfusion defects, non-wedge-
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shaped perfusion defects, resembling lung parenchymal 
disease. 

a.	There is a risk of transmission of all viral and 
bacterial infections, including COVID-19, by means of 
ventilation devices. 

b.	Additionally, the lung ventilation procedure can cause 
aerosolization and the formation of microdroplets. 
Therefore, lung ventilation study should not be 
performed in patients with probable PE during the 
pandemic (6). 

c.	 If necessary, perfusion-only study should be settled in 
these cases as defined above. 

4.	 Pneumonia and PE findings sometimes overlap. 
Diagnostic lung CT imaging should be performed in 
both conditions. 

5.	 The flow-chart recommended in probable cases should 
be followed. 

The Tc-99m macroagregated albumin (MAA) particles used 
for lung perfusion scintigraphy are 15-100 μm in size and 
the particle distribution accurately shows regional lung 
perfusion. Since MAA particles block pulmonary capillaries 
and precapillary arterioles, the number of particles injected 
is important. Normally 100.000-500.000 (ideally 400.000) 
particles are injected during perfusion study. However, 
60.000 particles are sufficient for obtaining uniform 
distribution of activity reflecting regional perfusion. Taking 
into account that the number of pulmonary capillaries 
and precapillary arterioles present in the lungs, the 
administration of up to 400.000 MAA particles will result 
in obstruction in a very small fraction of pulmonary vessels. 
But it is recommended to inject the minimum number of 
MAA particles (60.000 particles) which sufficient for good 
quality images (14,15). In this way, developing widespread 
microemboli will be prevented and kept pulmonary 
functions in the patients with the possibility of COVID-19 
pneumonia which can cause severe damage in the lungs. 

C. Hybrid Imagings  

1.	 There is increasing number of reports which describe 
CT findings of COVID-19 associated pneumonia. 
Recently a manuscript containing 4 (four) cases about 
random CT findings suggesting COVID-19 in the 18F--
fluorodeoxyglucose (FDG) PET/CT scans and a case 
report including a patient who underwent FDG PET/
CT scan due to a lesion in the lung were published. 
COVID-19 was detected in one case in each publication 
(17,18,19).

2.	 If interlobular septal thickening and ground-glass density 
areas with high metabolic activity are detected in the 
cases who underwent to 18F- FDG PET/CT imaging for 
other reasons, these cases should be referred to the 
relevant institutions or departments.

3.	 Similar lung CT findings for COVID-19 pneumonia 
observed in the SPECT/CT slices of the thorax should 
be reported to the Infection Control Committee or to 
the call centers in the hospital by NM specialists.

4.	 Based on these cases, a more careful evaluation of PET/
CT or SPECT/CT images of each patient, especially the 
lungs in the CT components, and reporting the lung 
findings observed by NM specialists will offer very useful 
informations to the clinicians in the early diagnosis of 
COVID-19 lung involvement (12,13). Because such 
patients may be asymptomatic, and being unaware, can 
spread the virus to the surrounding people and to the 
people who they are in contact with. Imaging findings 
are similar to previous coronaviruses such as MERS or 
SARS. These nonspecific findings become meaningful 
in terms of COVID-19 infection if they comply with 
suspicious case definition. 

5.	 Information about the patient’s clinical history will be 
useful in the diagnosis for evaluation of radiology and 
NM images, as in routine practice. Risk factors such as 
chronic illness, the history of contact with confirmed 

Table 1. CT findings and their distributions in the lung lobes that can be observed during COVID-19 infection

CT findings according to the disease stage Localization ratios

Early stage
0-4th days 

Ground-glass opacities*, partial crazy paving**, a small number 
of lobes involved

Bilateral involvement 87.5%
Posterior involvement 80.4%
Multilobar involvement 78.8%
Peripheral lesions 76%

Progressive stage
5-8th days

Ground-glass opacities, increased crazy paving findings

Peak stage 
10-13th days Consolidation

Resolution stage
≥14 days

Gradual resolution of findings

*Ground-glass opacities are present in 88% of cases, **Crazy paving: ground glass opacity overlapping interlobular and intralobular septal thickening areas, CT: Computerized 
tomography
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patients and visiting to the places where COVID-19 
infection spread should be investigated.  

6.	 Staff performing injection and imaging of these patients 
must be questioned in detail for a history of contact 
with patient (such as duration, proximity, whether using 
PPE) .

Table 1 shows the CT findings and their distributions 
regarding to lung lobes that can be observed during 
COVID-19 infection. 

D. Radionuclide Treatments 

Although cancer patients have a higher risk than healthy 
people, there is still no published chronic disease and 
algorithm for COVID-19 infection in these patients. It is 
accepted that the presence of other being older than 65 
years will rise the infection risk. Although there is a small 
number of reports on surgical treatments in cancer cases 
suspicious for COVID-19 infection or infected (20,21), 
any published report regarding RNT is not present, yet. 
If necessary, the guide for surgery of these cases may be 
applied. According to these rules;

1.	 The patients referred for RNT, should be evaluated 
electively based on their clinical condition. 

a. A questionnaire should be made for symptoms and 
signs of COVID-19 infection, and answers should be 
recorded (Annex 2).

b. It should be questioned whether there are any 
infected or suspicious cases at home or in their 
immediate vicinity. It should be recommended to 
postpone the appointment and refer to the relevant 
institution or unit for the diagnosis of COVID-19, if 
there is a suspicion for coronavirus infection.

 2. If the patient preparation for I-131 treatment or whole 
body scanning is not urgent, treatment should be 
postponed and replacement treatment should be given 
for euthyroidism in hypothyroid patients who are in the 
preparation period. If urgent treatment is necessary, 
recombinant TSH (rTSH) can be preferred, instead of 
hypothyroidism in these cases.  

 3. Patients who had an appointment for RNT other than 
I-131 should also follow the recommendations defined 
for patients who will be arranged new appoinments.

4. For all RNT including I-131, in case of requiring urgent 
treatment, the questionnaire for COVID-19 infection 
should be applied at initial referral and must be 
recorded.  

a. If there is fever (>37.3), a history of travel to the 
outbreak area or contact with an infected person, 

social isolation at home is recommended for 
fourteen days before treatment. At the end of this 
period, reevaluation should be done.

aa. Treatment can be planned for the patients who 
COVID-19 is negative or without having symptoms 
following 14 days of isolation.

aaa. The patients with positive test results for COVID-19 
or who have symptoms should be directed to the 
authorized units for infection treatment at first. 
After COVID-19 treatment, re-evaluation should 
be made and a novel appointment for RNT have 
to be arranged.

5. 	A flow-chart similar to cancer cases should be followed 
in patients whose I-131 treatment is planned due to 
hyperthyroidism. Antithyroid treatment should continue 
until COVID-19 is identified as negative. 

6. During treatment, COVID-19 positive and negative 
cases, and also personnel applying treatment should be 
followed the measures suggested for people at high 
transmission risk but no with cancer diagnosis, and 
hygiene rules (5,6,12).

7.  Dose rate values  of the patients regarding COVID-19 
test positive soon after RNT should be recorded by the 
Radiation Protection Officer at the time of hospital 
discharge and the epicrisis related to treatment process 
should be given (22,23).

8. In case of deterioration in the general condition of these 
patients (use of a ventilator, intubation, hemodialysis) 
or death, relevant national and international guidelines 
should be consulted for measures and practices to 
be taken in terms of radiation safety and infection 
transmission (22,23,24,25,26.27,28).

E. Disinfection Procedures in Nuclear Medicine 
Departments

1. Visual materials such as brochures and in-hospital 
broadcasts may be used to promote hand washing and 
good respiratory hygiene measures in the department.

2. All gamma camera gantries and image monitoring 
station mouses and keyboards, sphygmomanometer 
cuffs, all surfaces (tables, seats, chairs and beds), 
should be wiped with disinfectant regularly and after 
each contact with suspicious patients. 

3. 	Make sure disinfectant bottles in the work area are 
easy accesible and refilled regularly. 

4. 	The risk encountered at the time of cleaning is not the 
same as contacting an infected patient who coughs 
or sneezes. However, cleaning personnel who makes 
clean all areas in the department during work and 
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out of working hours should be specifically trained 
for professional cleaning of potentially contaminated 
surfaces after high-risk patient contact (3,7). During 
cleaning time, cleaning personnel should;

a. Use proper PPE. Informations should be given on how 
to put on and take off this equipment and practical 
training should be done.

b. Informed about not touching their faces, especially 
mouth, nose and eyes.

c. 	Wear water-proof disposable gloves and use a surgical 
mask, eye protective or face shield, shoes cover. 

d. 	Wear glasses instead of lenses (5).

e. 	Use alcohol-based hand disinfectants before and 
after wearing their gloves. 

f. 	Use alcohol-based disinfectants with a virucidal effect 
before and after wearing surgical mask. 

g. If there is a possibility of visible contamination with 
respiratory secretion or other body fluids; in addition 
to surgical masks and eye protection equipment, 
disposable protective clothing that covers the entire 
body should be worn prior to cleaning work. 

Take-home Messages

• For outpatient cases, the imaging process should be 
carried out in accordance with hospital policy. If imaging 
is really necessary, special patient waiting rooms 
equipped with high-efficiency particulate air filters are 
recommended.

• 	 An algorithm must be developed to ensure that 
probable cases are identified in a timely manner.

• 	 All staff must receive appropriate training to ensure 
maximum compliance measures.

• 	 Staff should be contacted and given the message that 
they should stay at home even in the presence of mild 
COVID-19 symptoms. 

• 	 In case of signs of illness suggesting COVID-19 or 
confirmed infection in your personnel, emergency and 
business continuous workflow plans should be adapted 
in order to prevent the disruption of function.

Conclusion

Although there are many issues raised for NM applications 
concerning the current COVID-19 outbreak, NM 
departments can make a significant contribution to reducing 
the effect of COVID-19 infection on patients and staff, if 
adequately prepared for PPE and disinfection procedures. 
The lessons learned from the current experience and the 
data obtained from the case groups will help to improve 

preparedness and address possible deficiencies in case of 
new outbreaks in the future.
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Amaç: 18F-florodeoksiglikoz (FDG) pozitron emisyon tomografisi/bilgisayarlı tomografide (PET/BT) servikal lenf nodlarının maksimum standardize 
uptake değerine (SUV

maks
) dayalı oransal değerlerin skuamöz hücreli larenks kanserli (LSHK) hastalarda metastaz varlığını tahmin etmedeki gücünü 

değerlendirmeyi amaçladık. 
Yöntem: Bu retrospektif çalışmaya LSHK olan 43 hasta alındı. Tüm hastalara 18F-FDG PET/BT görüntülemeden sonraki 4 hafta içinde primer 
tümör rezeksiyonu ve boyun diseksiyonu yapıldı. Metastatik lenf nodlarının tanısı açısından lenf nodu SUV

maks
/primer tümör SUV

maks
 (SUV

maks
LN/

SUV
maks

PT), lenf nodu SUV
maks

/aortik SUV
maks

 (SUV
maks

LN/SUV
maks

A), lenf nodu SUV
maks

/karaciğer SUV
maks

 (SUV
maks

LN/SUV
maks

L) oranları alıcı işletim 
karakteristiği (ROC) analizi yapılarak değerlendirildi.
Bulgular: SUV

maks
LN/SUV

maks
A, SUV

maks
LN/SUV

maks
L, SUV

maks
LN/SUV

maks
PT oranları metastatik lenf nodlarında metastatik olmayanlara göre anlamlı 

derecede yüksek idi. ROC analizinde metastaz tespiti açısından eşik değerler, SUVmaxLN için 3,87; SUV
maks

LN/SUV
maks

A için 1,78; SUV
maks

LN/
SUV

maks
L için 1,08; SUV

maks
LN/SUVmaxPT için 0,36 olarak bulundu. Tanısal duyarlılık, özgüllük ve AUC değerleri SUV

maks
LN, SUV

maks
LN/SUV

maks
A, 

SUV
maks

LN/SUV
maks

L, SUV
maks

LN/SUV
maks

PT için sırasıyla %83,7, %77, 0,856; %79,7, %84, 1,78; %84,1, %76, 0,833; %53,6, %76, 0,666 idi.
Sonuç: SUV

maks
LN/SUV

maks
A, SUV

maks
LN/SUV

maks
L, SUV

maks
LN/SUVmaksPT oranları, LSHK hastalarında metastatik servikal lenf nodlarının tanısında 

güvenle kullanılabilir.
Anahtar kelimeler: Servikal lenf nodu, metabolik aktivite, larenks kanseri, pozitron emisyon tomografisi/bilgisayarlı tomografi

Öz

Objectives: We aimed to evaluate the proportional values of maximum standardized uptake value (SUV
max

) for cervical lymph nodes on 
18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for prediction of the presence of metastasis in 
patients with larynx squamous cell cancer (LSCC). 
Methods: This retrospective study involved 43 patients with LSCC. All patients underwent resection of the primary tumor and neck dissection 
within 4 weeks after undergoing 18F-FDG PET/CT examinations. Receiver operating characteristic (ROC) analysis was performed to evaluate the 
lymph node SUV

max
/primary tumor SUV

max
 (SUV

max
LN/SUV

max
PT), lymph node SUV

max
/aortic SUV

max
 (SUV

max
LN/SUV

max
A), and lymph node SUV

max
/

liver SUV
max

 (SUV
max

LN/ SUV
max

L) ratios for diagnosis of lymph node metastasis. 
Results: SUV

max
LN/SUV

max
A, SUV

max
LN/SUV

max
L, and SUV

max
LN/SUV

max
PT rates were significantly higher in metastatic lymph nodes compared to 

non-metastatic nodes. ROC analysis for metastasis showed that the cut-off thresholds were 3.87 for SUV
max

LN; 1.78 for SUV
max

LN /SUV
max

A; 1.08 
for SUV

max
LN/SUV

max
L; and 0.36 for SUV

max
LN/SUV

max
PT. The diagnostic sensitivity, specificity and AUC were 83.7%, 77%, 0.856 for SUV

max
LN; 

79.7%, 84%, 1.78 for SUV
max

LN/SUV
max

A; 84.1%, 76%, 0.833 for SUV
max

LN/SUV
max

L; and 53.6%, 76%, 0.666 for SUV
max

LN/SUV
max

PT, respectively.
Conclusion: SUV

max
LN/SUV

max
A, SUV

max
LN/SUV

max
L, and SUV

max
LN/SUV

max
PT ratios can be safely used for diagnosis of cervical lymph node 

metastasis in patients with LSCC.
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Introduction

18F-fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) is being increasingly carried 
out to determine the stage and localization of metastatic 
disease in patients with larynx squamous cell cancer (LSCC). 
The correct diagnosis of metastatic cervical lymph nodes 
is important in terms of determining prognosis and 
providing adequate treatment. In clinical practice, CT 
and/or magnetic resonance imaging (MRI) are generally 
recommended for the assessment of tumor extension and 
cervical lymph node involvement (1).

Several studies in the literature reported that 18F-FDG PET/
CT had reliable diagnostic value for a depiction of lymph 
node metastasis of head and neck squamous cell (HNSCC) 
compared with conventional CT/MRI (2,3). Meta-analyses 
of 18F-FDG PET/CT showed that the pooled per-patient, 
per-neck-side, and per-neck-level sensitivities/specificities 
were 0.91/0.87, 0.84/0.83, and 0.80/0.96, respectively. 
Across 13 studies (3460 neck levels) for which per-neck-
level data were available, sensitivity and specificity were 
0.84/0.96 respectively for 18F-FDG PET/CT and 0.63/0.96 
for conventional imaging (CT and MRI), respectively (4).

Cut-off value of 2.5 for the maximum standardized  
uptake value (SUV

max
) is used commonly to differentiate 

between benign and malignant lesions on 18F-FDG PET/
CT imaging. But many biological and technical factors can 
affect SUV

max 
value, such as patient’s weight, blood glucose 

level, postinjection uptake time, respiratory motion, tumor 
behavior, lesion size, motion artefacts, variability of the 
scanner, image-reconstruction parameters and contrast 
agent used (5,6). These factors may affect SUV values by 
5% to 50% and cause false negativity or positivity (7).

In the literature, there are many studies on proportional 
values such as SUV

max
LN/ SUV

max
PT, SUV

max
LN/SUV

max
A, 

and SUV
max

LN/SUV
max

L for the prediction of metastatic 
lymph nodes in various malignancies, mainly lung cancer 
and breast cancer. However, the number of studies about 
LSCC is limited (8,9,10,11,12). In this study, we aimed to 
evaluate the proportional values of the SUV

max
 for cervical 

lymph nodes on 18F-FDG PET/CT imaging for the prediction 
of the presence of metastasis in patients with LSCC.

Materials and Methods

This retrospective study involved 43 patients (42 men,1 
woman; mean age=60.20±8.12 years, range=46-83) with 
LSCC.

The following criteria were defined for patient selection: 

- Patients with diagnosis ofprimary LSCC made by a biopsy. 

- Patients who did not undergo any treatment for LSCC 
before 18F-FDG PET/CT imaging and had no secondary 
malignancy. 

- Patients who did not undergo any diagnostic excisional 
or incisional cervical lymph node biopsy for metastasis 
evaluation before 18F-FDG PET/CT imaging.

- Patients who underwent resection of the primary tumor 
and neck dissection within 4 weeks after undergoing 
18F-FDG PET/CT imaging.
18F-FDG PET/CT imaging was performed at our institution 
between November 2013 and January 2018. Ethics 
Committee Approval was obtained from Okmeydanı 
Training and Research Hospital Ethics Committee with 
the decision number “1066” and date “12.04.2018”. The 
written informed consent was obtained from all patients at 
the time of imaging.
18F-FDG PET/CT studies were carried out using an integrated 
PET/CT scanner, which consisted of a full-ring HI-REZ LSO 
PET and a 6-slice CT (Siemens Biograph 6; Siemens, Chicago, 
USA). All patients were instructed to fast for at least 6 h 
before the 18F-FDG injection. Blood glucose levels were 
measured before the study and the injection was given only 
when the blood glucose levels were below 11.11 mmol/L. 
The patients were injected with 370 to 555 MBq 18F-FDG, 
according to body weight. After 60 minutes of waiting on a 
semireclined relaxed chair, the patients were imaged using 
an integrated PET/CT scanner. The CT portion of the study 
was performed without injection of intravenous contrast 
medium to define anatomical landmarks and attenuate 
correction on PET images. CT was acquired first with the 
following parameters: 50 mAs, 140 kV, and 5 mm section 
thickness. Whole-body CT was performed in a craniocaudal 
direction. PET images were acquired in a three-dimensional 
mode, from the vertex to mid-thigh, with six to eight bed 
positions of 3 min each, and PET data were collected 
in a caudocranial direction. Image reconstruction used 
“ordered subsets expectation maximization” algorithm of 
2 iterations and 8 subsets. Image analysis was carried out 
on the Esoft multimodality computer platform (Siemens 
Medical Solutions, Erlangen, Germany). 18F-FDG PET/CT 
images were retrospectively interpreted by 3 experienced 
nuclear medicine physicians. The observers were blinded 
to the results of preoperative diagnostic imaging 
examinations such as MRI or ultrasonography and to the 
histopathological evidence of lymph node dissections. All 
cervical lymph nodes on CT which increased tracer uptake 
compared with background activity were accepted as 
metastatic. Semi-quantitative analysis of 18FDG uptake was 
performed, through creation of a region of interest (ROI) 
over the primary lesion and lymph nodes. SUV

max
 was also 
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determined by manually placing a cylindrical ROI over the 
arcus aorta and right lobe of the liver. Lymph node SUV

max
 

values were divided by the SUV
max

 of the primary tumour, 
arcus aorta (mediastinal blood pool) and liver to calculate 
the following: 

- Lymph node SUV
max

/primary tumour SUV
max

 (SUV
max

LN/
SUV

max
PT)

- Lymph node SUV
max

/aortic SUV
max

 (SUV
max

LN/SUV
max

A)

- Lymph node SUV
max

/Liver SUV
max

 (SUV
max

LN/SUV
max

L)

Operations were performed in our head and neck surgical 
clinic based on clinical and imaging findings. Modified 
radical neck dissection was performed in all patients. Lymph 
nodes and tumors were dissected from the specimens and 
stained with hematoxylin and eosin for histologic analysis. 
Serial histologic sections were used. We compared results 
of preoperative examinations using 18F-FDG PET/CT with 
those of the corresponding histopathologic examinations. 
If one lymph node showed increased uptake on 18F-FDG 
PET/CT images and had some findings on CT such as 
≥10 mm diameter or round shape or hypoechogenicity 
or irregular margin or loss of fatty hilum findings and if 
histopathology showed lymph node with metastasis in 
the same neck level, this lymph node was accepted as 
a true positive finding for 18F-FDG PET/CT. If metastatic 
lymph node number on histopathology was lower than 
lymph node numbers that were accepted as metastatic 
on 18F-FDG PET/CT, the lymph node showing the lowest 
uptake was accepted as false positive. If metastatic lymph 
node number on histopathology was higher than lymph 
node number accepted as metastatic on 18F-FDG PET/CT, 
it was recorded as false-negative lymph node for 18F-FDG 
PET/CT.

Statistical Analysis      

While evaluating the findings of the study, IBM SPSS 
Statistics 22 program (IBM SPSS, Turkey) was used 
for statistical analysis. The normal distribution of the 
parameters was evaluated by the Shapiro-Wilk test 
and it was found that the parameters did not show 
normal distribution. The Mann-Whitney U test was used 
to compare the parameters between the two groups. 
Receiver operating characteristic (ROC) curve analysis was 
performed to identify the best cut-off value and to evaluate 
whether SUV

max
LN and also SUV

max
LN/SUV

max
PT, SUV

max
LN/

SUV
max

A and SUV
max

LN/SUV
max

L ratios provided diagnosis 
of lymph node metastasis. For the calculation of sensitivity 
and specificity, the screening test was used. A p value 
<0.05 was accepted as statistically significant.

Results

Patients general characteristics are given in Table 1. 

Histopathological examination revealed 71 metastatic 

lymph nodes in 21 patients (mean=3.5; range=1-12). 

On 18F-FDG PET/CT imaging, 68 lymph nodes showing 

Table 1. General characteristics of patients

Total number of patients (n) 43

Laryngectomy

-Partial 14

-Total 29

Neck dissection

-Bilateral 39

-Unilateral 4

Histopathologic evaluation of lymph nodes 

-Metastatic             21

-Nonmetastatic 22

Figure 1. 18F-FDG PET/CT with axial slice PET (A, C, E), axial slice CT (B, 
D, F) and whole-body PET (F) images of a 59-year-old patient with larynx 
squamous cell cancer. 18F-FDG PET/CT imaging showed primary laryngeal 
hypermetabolic lesion and hypermetabolic lymph nodes at left upper 
and middle jugular region compatible with metastasis. He underwent 
total laryngectomy and left modified neck dissection. Histopathological 
examination revealed three metastatic lymph nodes
FDG: Fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed 
tomography
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increased FDG uptake were evaluated by histopathological 
examination and metastasis was detected (Figure 1), but 
the histopathological examination of 26 lymph nodes 
showing 18F-FDG involvement showed no metastasis. There 
was no pathological involvement on 18F-FDG PET/CT in 3 
lymph nodes with metastasis in 1 patient. 

In patients with metastatic lymph nodes, the primary tumor 
SUV

max
 values were significantly higher than non-metastatic 

patients (26.76±10.43 vs 17.73±8.14; p=0.001). Mean 
SUV

max
LN, SUV

max
LN/SUV

max
L

 
ratio, SUV

max
LN/SUV

max
A ratio, 

and SUV
max

LN/ SUV
max

PT ratio were significantly higher in 
patients with metastatic lymph nodes than non-metastatic 
nodes (Table 2). 

For diagnosis of lymph node metastasis with ROC 
analysis, the cut-off point for SUV

max
LN was 3.87 (AUC 

0.856, p: 0.000) with the sensitivity of 83.7%, specificity 
77%, positive predictive value (PPV) 89.1% and negative 
predictive value (NPV) 58% (Figure 2). The cut-off point 

for SUV
max

LN/SUV
max

L was 1.08 (AUC 0.833, p=0.000), 
with a sensitivity of 84.1%, specificity of 76%, PPV 90.6%, 
and NPV 63.3% (Figure 3). The cut-off point for SUV

max
LN/

SUV
max

A was 1.78 (AUC 0.822, p=0.000) for the diagnosis 
of lymph node metastasis. The sensitivity of this value was 
79.7%, specificity was 84%, PPV was 93.2%, and NPV was 
60% (Figure 4). The cut-off point for SUV

max
LN/SUV

max
PT 

was 0.36 (AUC 0.666, p: 0.014) for the diagnosis of lymph 
node metastasis, with a sensitivity of 53.6%, specificity 
76%, PPV 86.1%, and NPV 37.3% (Figure 5). When 
SUV

max
LN

 
>2.5 was taken as a criterion for the detection 

of metastatic lymph nodes, the sensitivity was 95.7%, the 
specificity was 26.9%, PPV was 78%, and NPV was 70%. 

Discussion

Quantitative data obtained using 18F-FDG PET/CT can be 
useful for lymph node assessment in addition to visual 
evaluation. In general practice, if a lymph node shows 
18F-FDG uptake and SUV

max
 value is more than 2.5, it is more 

Table 2. Diagnostic performance of the quantitative metabolic parameters

Metastatic
(n=69)

Non-metastatic
(n=25)

Total
(n=94)

p

Avg ± SD (median) Avg ± SD (median) Avg ± SD (median)

SUV
max

LN 11.51±7.99 (10.14) 4.16±3.96 (3.25) 9.48±7.71 (5.87) 0.000*

SUV
max

LN/SUV
max

L 2.77±1.73 (2.5) 1.21±1.03 (0.8) 2.35±1.72 (1.6) 0.000*

SUV
max

LN/SUV
max

A 4.13±2.71 (3.5) 1.82±1.69 (1.2) 3.51±2.68 (2.3) 0.000*

SUV
max

LN/SUV
max

PT 0.48±0.52 (0.4) 0.3±0.23 (0.2) 0.43±0.47 (0.3) 0.014*

*p<0.04, Avg: Average, SD: Standard deviation, SUV
max

: Maximum standardized uptake value, LN: Lymph node, A: Aortic, L: Liver, PT: Primary tumor

Figure 2. ROC curve for SUV
max

LN in the diagnosis of lymph node 
metastasis
ROC: Receiver operating characteristic, SUV

max
: Maximum standardized uptake 

value, LN: Lymph node

Figure 3. ROC curve for SUV
max

LN/SUV
max

L in the diagnosis of lymph 
node metastasis
ROC: Receiver operating characteristic, SUV

max
: Maximum standardized uptake 

value, LN: Lymph node, L: Liver
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likely to be malignant (13). But, SUV
max

 value does not have 
sufficient diagnostic capability to detect metastatic lymph 
nodes in head and neck cancer. In our study, if SUV

max
 >2.5 

was taken as the criterion for detection of metastatic lymph 
node, the sensitivity would be 95.7% and the specificity 
would be 26.9%. To increase diagnostic accuracy for 
detecting metastatic lymph nodes, different lymph node 
SUVmax cut-off value and proportional ratios reproduced 
from lymph node SUVmax are used ( 12,14,15,16,17).  

In our study, the mean SUV
max

 values, SUV
max

LN/SUV
max

L 
ratio, SUV

max
LN/ SUV

max
A ratio, and SUV

max
LN/SUV

max
PT 

ratio of metastatic lymph nodes were significantly higher 

than non-metastatic lymph nodes. In the ROC analysis, the 
cut-off point for SUV

max
LN was 3.87 for the diagnosis of 

lymph node metastasis, with a sensitivity of 83.7% and 
specificity of 77%. A study by Marshall et al. (16) included 
114 patients with head and neck cancer and found that 
SUV

max 
cut-off was 3.9 and that yielded a sensitivity of 

85% and specificity of 73%. Suenaga et al. (17) used a 
SUV

max
 cut-off value of 3.65 and found that sensitivity, 

specificity, and accuracy of 18F-FDG PET/CT on a level by 
level basis were 72.9, 96.8, and 92.1%, while sensitivity, 
specificity, and accuracy of CT were 52.9, 98.6, and 89.6%, 
respectively (17). 

In our study, cut-off values for SUV
max

LN/SUV
max

L and 
SUV

max
LN/ SUV

max
A were 1.08 and 1.78, respectively. The 

sensitivity and specificity for these cut-off values were 84.1%-
76% and 79.7%-84%, respectively. These proportional 
values were proven to have higher AUC compared to 
SUV

max
LN/SUV

max
PT ratio and have high diagnostic power 

for the diagnosis of metastatic lymph node. We think 
that this situation is due to the variance in SUV

max
 of the 

primary tumor due to the size or histopathological features 
of the tumor. The specificity of all 3 proportional values we 
examined in our patient group was higher when SUV

max
 

>2.5 criterion was used. Lim et al. (12) studied 74 patients 
with HNSCC and found that nodal SUV

max
 ≥3.16 yielded a 

sensitivity of 74.4% and specificity of 84.9% in detecting 
metastatic nodes and also that nodal SUV

max
LN/SUV

max
L 

ratio ≥0.90 yielded a sensitivity of 74.1% and specificity 
of 93.4%.

Study Limitations

There are some limitations of the present study. It was a 
retrospective study with a limited number of patients. As the 
study was retrospective, there were technical impediments 
to the matching of the lymph nodes detected on 18F-FDG 
PET/CT imaging and histopathological examination. 
Because the precise spatial correlation between 18F-FDG 
PET/CT and histopathology was impossible and one to 
one matching between them showed increased uptake 
on 18F-FDG PET/CT and metastatic lymph nodes on 
histopathologic evaluation could not be attributed due to 
the retrospective study design; analysis of results of the 
study should use this model. Therefore, there is a need for 
prospective studies with larger samples.

Conclusion

SUV
max

LN/SUV
max

A, SUV
max

LN/SUV
max

L, and SUV
max

LN/
SUV

max
PT ratios can be used safely for diagnostic evaluation 

of metastasis in cervical lymph nodes on 18F-FDG PET/CT 
imaging in patients with LSCC.

Figure 4. ROC curve for SUV
max

LN/SUV
max

A in the diagnosis of lymph 
node metastasis
ROC: Receiver operating characteristic, SUV

max
: Maximum standardized uptake 

value, LN: Lymph node, A: Aortic

Figure 5. ROC curve for SUVmaxLN/SUVmaxPT in the diagnosis of lymph 
node metastasis
ROC: Receiver operating characteristic, SUVmax: Maximum standardized uptake 
value, LN: Lymph node, PT: Primary tumor
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Objectives: The aim of this study was to evaluate the impact of maximum standard uptake value (SUV
max

) of the primary tumor and locoregional 
metastatic lymph node in predicting survival in patients with the preoperative rectal adenocarcinoma.
Methods: One hundred and fifteen patients [mean age ± standard deviation (SD): 58.7±11.4 years] with biopsy-proven rectal adenocarcinoma 
underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) imaging for the staging were included 
in this study. All patients were followed-up for a minimum of 12 months (mean ± SD: 29.7±13.5 months). Tumor-node-metastasis 2017 clinical 
staging, SUV

max 
of the primary rectal tumor and locoregional lymph nodes on the PET/CT studies were evaluated.

Results: All patients had increased FDG activity of the primary tumor. The mean ± SD SUV
max

 of the primary tumor and locoregional metastatic 
lymph node were 21.0±9.1 and 4.6±2.8, respectively. Primary tumor SUV

max
 did not have an effect on predicting survival (p=0.525) however 

locoregional metastatic lymph node SUV
max

 had an effect (p<0.05) on predicting survival. Clinical stage of the disease was a factor predicting 
survival (p<0.001).
Conclusion: 18F-FDG PET/CT is an effective imaging modality for detecting primary tumors and metastases in rectal adenocarcinoma and clinical 
stage assessment with PET/CT had an effect on predicting survival. Furthermore, in our study locoregional lymph node SUV

max 
was defined as a 

factor in predicting survival. 
Keywords: Rectal adenocarcinoma, 18F-FDG PET/CT, staging, SUV

max
, prognosis

Abstract

Amaç: Çalışmamızın amacı preoperatif rektum adenokanserli olan hastalarda sağkalımı öngörmede primer tümör ve lokorejyonel metastatik lenf 
nodu maksimum standart alım değeri (SUV

maks
) değerinin etkinliğini değerlendirmektir.

Yöntem: Bu çalışmaya, biyopsiyle kanıtlanmış rektal adenokarsinoma ile evreleme amaçlı 18F-florodeoksiglikoz (FDG) pozitron emisyon tomografi/
bilgisayarlı tomografi (PET/BT) görüntüleme yapılan 115 hasta [ortalama yaş ± standart sapma (SS): 58,7±11,4 yıl] dahil edildi. Tüm hastalar en 
az 12 ay (ortalama ± SS: 29,7±13,5 ay) takip edildi. Tümör-nodül-metastaz 2017 klinik evreleme, primer rektal tümör SUV

maks
 ve lokorejyonel lenf 

nodu SUV
maks

değerlendirildi.
Bulgular: Tüm hastalarda primer tümöre ait artmış FDG tutulumu saptandı. Primer tümör ve lokorejyonel metastatik lenf nodu ortalama SUV

maks
’ları 

sırasıyla 21,0±9,1 ve 4,6±2,8 idi. Primer tümör SUV
maks

’ın sağkalımı öngörmede bir etkisi saptanmamış olup (p=0,525) lokorejyonel metastatik lenf 
nodu SUV

maks
’ın sağkalımı öngörmede etkisi saptandı (p<0,05). Hastalığın klinik evresi sağkalımı öngören bir faktördü (p<0,001).

Sonuç: 18F-FDG PET/BT rektum kanserinde primer tümör ve metastazlarının saptanmasında etkili bir görüntüleme yöntemi olup lokorejyonel lenf 
nodu SUV

maks
 değerlerinin prognostik değerinin bulunduğu ve rektum kanserinin tedavi öncesi preoperatif evrelemede hastaların tedavi yönetimine 

önemli katkılar sağlayacağı düşünülmüştür.
Anahtar kelimeler: Rektum kanseri, 18F-FDG PET/BT, evreleme, SUV

maks
, prognoz
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Introduction

Colorectal cancer is the third most common cancer in men 
and the second most common in women (1). Furthermore, 
it is one of the most important causes of cancer-related 
morbidity and mortality, globally (2). The primary treatment 
is surgical resection of the primary tumor and coupled with 
a (neo) adjuvant therapy increases the rates of survival 
of colorectal carcinoma (3). The importance of clinical 
staging with positron emission tomography/computed 
tomography (PET/CT) is established (4), the effect of the 
maximum standard uptake value (SUV

max
) acquired with 

18F-fluorodeoxyglucose (FDG) PET/CT on survival in initial 
staging has been evaluated by several studies. Primary 
tumor SUV

max 
is related to survival in some studies (5,6) 

however, some authors reported that primary tumor 
SUV

max
 was not associated with survival (7). On the other 

hand, the effect of metastatic locoregional lymph node 
FDG uptake level on survival has not been sufficiently 
studied. The aim of this study was to analyze the effect of 
the primary tumor and locoregional metastatic lymph node 
SUV

max
 and stage of disease detected with 18F-FDG PET/

CT on the survival of patients with rectal adenocarcinoma.

Materials and Methods

The study was approved by the Local Ethics Committee 
of İstanbul University İstanbul Medical Faculty of 
(2015/1867). The patients with histologically proven rectal 
adenocarcinoma who underwent FDG-PET/CT staging were 
assessed retrospectively. Clinical follow-up was performed 
until September 2015.

Localization of tumor was categorized as upper, mid rectal 
and distal rectal. Clinical staging was achieved using tumor-
node-metastasis (TNM) staging provided by the American 
Joint Committee on Cancer Colon and Rectum Cancer 
Staging 8th Edition after assessing pathology reports, CT 
and PET/CT images.

PET/CT Protocol

Patient Preparation

Patients with blood glucose levels lower than 200 mg/
dL after at least 6 h of fasting were admitted for the 
procedure. Patients received an intravenous injection of 
5.4 MBq/kg 18F-FDG and then rested for approximately 60 
min before undergoing imaging. Patients were instructed 
to discontinue oral antidiabetic ‘metformin’ use 3 days 
before PET/CT imaging. Long-acting insulin treatment was 
allowed 12 hours before 18F-FDG injection. Patients were 
administered oral contrast media 12 hours before imaging. 
All of the patients were instructed to refrain any muscular 

activity to avoid muscle uptake during the distribution 
phase of injected 18F-FDG. 

PET/CT Imaging

PET/CT scan was performed using a Biograph 6 True 
Point HD LSO (Siemens Healthcare, Molecular Imaging, 
Knoxville, Tennessee, USA) integrated device. Initially, a 
CT scan (130-136 keV; 60-90 mAs) from vertex to upper 
thighs was performed in a single step which was used for 
attenuation correction of PET/CT images. The PET images 
were iteratively reconstructed with 5 mm thickness (TrueX 
option, subsets=21, iterations=3). A PET emission scan was 
acquired using whole-body mode following the CT scan. 
Six to 9 bed positions were used with an acquisition time 
of 3 minutes for each bed position. Additional imaging 
of the lower extremities was carried out in patients with 
multiple metastases. The PET data were reconstructed 
using 3D PET reconstruction with a system matrix derived 
from point source measurements.

Image Analysis

All images were examined on an LCD monitor as attenuation-
corrected and uncorrected multiplanar PET, CT and PET/
CT fusion cross-sections (maximum intensity projection) 
using the eSOFT software. 18F-FDG-PET/CT studies were 
reviewed for abnormally increased tracer uptake foci by 
a nuclear medicine physician with minimum 5 years of 
experience. Each focal uptake identified in PET images was 
correlated in the corresponding CT sections and a PET/CT 
scan was considered to be positive if one or more areas of 
abnormal 18F-FDG uptake were noted with a corresponding 
abnormality in CT. Furthermore, focally increased 18F-FDG 
accumulations of lymph nodes higher than the background 
activity, a short axis of 6 mm or larger, round shaped and 
fatty hilum loss were considered as pathological lymph 
nodes. Pathological FDG uptake in the liver was assumed 
as metastasis. The quantification was made by calculating 
the SUV that was used as a relative measure of 18F-FDG 
uptake. The simple expression for SUV was the ratio of 
tracer activity concentration (C) in the region of interest 
and the decay-corrected amount of injected activity (kBq) 
per weight of the patient (gr): SUV=C (kBq/mL)/[injection 
activity (kBq)/patient’s weight (g)].

Histopathological Analysis

All patients had primary tumor resection and lymph 
node dissection. Besides primary tumor and lymph nodes 
pathology, largest tumor diameter, venous invasion, 
angiolymphatic invasion, perineural invasion, surgical 
margins, and K-ras mutation status were evaluated in the 
pathology department.
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Statistical Analysis

The normality of the data distribution was assessed with the 
Shapiro-Wilk test. Non-parametric data were presented as 
median and minimum-maximum ranges, while parametric 
data as means ± standard deviation (SD). Nominal and 
categorical variables were presented as frequencies and 
percentages. The parametric distribution was compared 
with the Student t-test in independent groups, and with 
the Mann-Whitney U test in the rest. Survival was evaluated 
by the Kaplan-Meier method. Categorical variables were 
evaluated with chi-square and Fisher’s Exact Contingency 
tests. The tests were two-sided. p<0.05 was accepted as 
significant. Statistical analysis was performed with SPSS 
statistical software, version 21.0 (IBM SPSS Statistics for 
Windows, Version 21.0. Armonk, NY: IBM Corp.). The 
receiver operating characteristics (ROC) was applied to 
determine the threshold value for the optimal inventory 
SUV

max
. Sensitivity, specificity, positive-negative predictive 

values and accuracy rates were calculated for different 
threshold values.  

Results

We reviewed data of 115 patients that underwent 18F-FDG 
PET/CT for initial staging. Thirty nine (34%) patients were 
female and 76 (66%) patients were male. The mean ± SD 
of patients was 58.7±11.4 (range=31-82 y). All patients 
underwent surgery and their histopathologic diagnosis was 
rectal adenocarcinoma. According to TNM, 66 patients 
had pN stage 0, 37 had pN stage 1 and 20 had pN stage 
2 disease. Eleven patients had stage 1, 42 had stage 2, 39 
had stage 3 disease and 23 had metastatic disease in initial 
staging (Table 1) (8). Subsequent to initial 18F-FDG PET/
CT scan, all patients were followed-up for a 12-75 (29.7) 
months period and the estimated 5-year survival was found 
to be 61.8 ±2.9 months (Figure 1). Increased pathological 
18F-FDG uptake in primary tumor was observed on PET/CT 
in all patients. The mean ± SD SUV

max 
of the primary tumor 

was 21.0±9.1 (7.6-55). There was no significant relation 
between primary tumor SUV

max
 and disease-free survival 

(DFS) or primary tumor SUV
max

 and overall survival (OS) 
(p=0.760 and p=0.525) (Table 2).

Fifty eight out of 115 patients (50.4%) had locoregional 
lymph node with increased 18F-FDG uptake in initial PET/
CT. Histologically proven metastatic LNs were found in 39 
out of 115 patients (33.9%). Thirty of the PET/CT findings 
were true positive, 28 false positive, 48 true negative and 9 
false negative. The sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy of 18F-FDG 
PET/CT were 76.9%, 63.1%, 51.7%, 84.2% and 67.8%, 
respectively.

The mean ± SD SUV
max

 of metastatic lymph nodes were 
4.6±2.8 (1.7-14.9). There was a significant correlation 
between locoregional metastatic lymph node SUV

max
 and 

DFS or OS (p=0.049 and p=0.045, respectively). Also in 
accordance with the ROC curve (Figure 2) when the cut-off 
point for the lymph node SUV

max
 was taken as 3.55; the 

sensitivity and specificity were 66.7% and 54.5% for DFS, 
72.7% and 54.2% for OS, respectively. Metastatic lymph 
node SUV

max
 was higher in the patient group who died 

compared with the individuals who survived [5.8 (2.5-14.9) 
vs 3.5 (1.7-12.0)]. 

The lymph node SUV
max

 was higher in the patients as the 
stage of the disease increased and it was found to be 
statistically significant (p=0.002). The mean ± SD SUV

max 

of the metastatic lymph nodes was 2.5±0.6 for stage 1, 
3.2±1.8 for stage 2, 4.7±2.0 for stage 3 and 6.7±3.9 for 
stage 4. 

K-ras mutation was assessed in 22 patients and 11 
of patients had K-ras mutation (50%). There was no 
association between K-ras mutation and the primary tumor 
SUV

max
 or metastatic tumor SUV

max
 (p=0.358 and p=0.643, 

respectively). There was no correlation between tumor 
localization, angiolymphatic invasion, perineural invasion 
of the primary tumor and DFS or OS (p>0.05). A higher 
maximum diameter of the primary tumor and the number 
of metastatic lymph node or positive venous invasion of 
tumor predicted worse DFS in patients (p=0.012, p=0.03, 
p=0.024, respectively).

Table 1. Patient characteristics

Characteristics All patients n=115 (%)

Sex
Female
Male

39 (33.9)
76 (66.1)

Age (years) 58.7±11.4

Histopathologic tumor type
Adenocarcinoma

 
115 (100)

TNM stage, AJCC*
1
2
3
4

11 (9.5)
42 (36.5)
39 (34.0)
23 (20.0)

pT stage, AJCC*
2
3
4

22 (19.1)
76 (66.1)
17 (14.8)

pN stage, AJCC*
0
1
2

66 (57.4)
37 (32.2)
12 (10.4)

*AJCC: American Joint Committee on Cancer 8th edition, TNM: Tumor-node-
metastasis
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N-stage was determined to be significant on DFS and 
OS (p=0.001, p=0.021, respectively). According to TNM 
stage, 23 patients had metastases (17 liver, 10 thorax, 
11 non-regional lymph nodes, 3 peritoneum and 1 bone 
metastases) at diagnosis. Metastatic disease had predictive 
value on both DFS and OS (p<0.001). 

Discussion

Rectal cancer is a common malignancy and a common 
cause of mortality; thus, accurate staging of rectal cancer 
is extremely important in determining the prognosis of 
the disease and the treatment protocol (9). The overall 
predicted 5-year survival rate after diagnosis is less than 
60% but it is significantly dependent on disease stage (10).

One of the most used techniques to detect prognosis in 

clinical practice is 18F-FDG PET/CT (11); providing a semi-
quantitative measure of the metabolism of the tumoral 
lesion that is a comparative rate of tumoral proliferation 
(12). In patients with lung cancer and esophageal cancer, 
the SUV

max
 is a predictive value for survival. Primary 

tumor 18F-FDG uptake in non-small cell lung cancer was 
demonstrated to be the most potent prognostic factor in 
the curative treatment patient group (13). As the same, 
the initial 18F-FDG uptake was predictive of survival in 
esophageal cancer (14). In the light of this data, primary 
tumor SUV

max
 of rectal cancer for predicting survival has 

been investigated in previous studies and SUV
max

 has 
been asserted as a prognostic factor (15). However, in 
a study to assess the prognostic value of preoperative 

Table 2. Correlation between histopathological features, SUV
max

 values and survival rates

Values p value for DFS and OS, respectively

Primary tumor SUV
max

 (mean ± SD) 21.0±9.1 (7.6-55) p=0.760, p=0.525

Lymph node SUV
max 

(mean ± SD) 4.6±2.8 (1.7-14.9) p=0.049, p=0.045

Maximum diameter of the primary tumor (mm) 36.9±16 (15-82) p=0.012, p=0.092

Number of metastatic lymph nodes 1.21±2.5 (0-16) p=0.030, p=0.605

Positive perineural invasion (%) 50 p=0.765

Positive angiolymphatic invasion (%) 78 p=0.292

Positive venous invasion (%) 33 p=0.024

Positive K-ras mutation 50 p=1

SUV
max

: Maximum standard uptake value, SD: Standard deviation, DFS: Disease-free survival, OS: Overall survival

 Figure 1. Kaplan-Meier survival analysis of all patients

Figure 2. ROC analysis of lymph node SUV
max

 (blue) with DFS
ROC: Receiver operating characteristic, SUV

max
: Maximum standard uptake value, 

DFS: Disease-free survival
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18F-FDG PET/CT, Lee et al. (16) detected that SUV
max 

was 
not a significant predictor of recurrence or DFS. In a rectal 
cancer patient group that received neoadjuvant radiation 
therapy, Oku et al. (17) found that pretreatment 18F-FDG 
PET/CT SUV

mean
 was unrelated to disease recurrence 

or response to therapy. In the study by Bang et al. (18), 
SUV

mean
, SUV

peak
, and SUV

max
 were not associated with 

recurrence or neoadjuvant radiation and chemotherapy in 
locally advanced rectal cancer. In a study of 100 patients by 
Deantonio et al. (7); higher level of metabolic parameters 
was significantly associated with higher clinical tumor 
stage that was considered as more aggressive, but none 
of the analyzed metabolic parameters had any significant 
correlation with DFS or OS. In a study conducted by Ogawa 
et al. (19); it was shown that OS did not differ significantly 
between low and high SUV

max
 and SUV

mean 
groups. On the 

other hand, Dehdashti et al. (20) found that high 18F-FDG 
uptake (≥14.3) on initial PET/CT correlated with better DFS 
and better neoadjuvant therapy response, and so on better 
outcomes contrary to prior studies. Regarding the patient 
results in our study, increased FDG uptake of the primary 
tumor was shown in all patients. As the preoperative 
18F-FDG PET/CT parameters could be able to predict 
survival outcomes in rectal cancer, we evaluated the impact 
of primary tumor SUV

max
 on survival and it was shown that 

there was no correlation between primary tumor SUV
max 

and survival. 
18F-FDG PET/CT is not widely used in routine practice, 
but is a useful test for the detection of metastatic lymph 
nodes and distant metastasis (21). As is well known, one 
of the most important prognostic factors in rectal cancer is 
lymph node metastasis (22) and correct diagnosis of lymph 
node metastasis in staging might improve the therapy 
(23). Bae et al. (24) evaluated the diagnostic accuracy of 
18F-FDG PET/CT in diagnosis of lymph nodes in patients 
with rectal cancer with optimal SUV

max
 cut-off values 

according to lymph node size. It was shown that lower 
cut-off SUV

max 
improved the diagnostic performance of 

18F-FDG PET/CT, especially in small lymph node evaluation. 
In our study, lymph node size was not considered in 
determining optimal SUV

max
 cut-off values but the lymph 

node metastasis revealed by 18F-FDG PET/CT was always 
confirmed histologically and the optimal cut-off values of 
the SUV

max
 were calculated using ROC analysis. As we took 

a cut-off SUV
max 

lymph node value of 2.5 in the ROC analysis 
regarding DFS (area under the curve 0.671; p=0.049; 95% 
CI: 0.506-0.836; Figure 2), the sensitivity and specificity at 
this value were 80.0% and 45.5%, respectively. Chen et 
al. (25) identified a cut-off SUV value of 1.15 in the ROC 
analysis regarding DFS and the sensitivity and specificity at 
that value were 84.2% and 59.2%, respectively, pointing 

out similar sensitivity but slightly higher specificity than the 
results of our study.

The other significant finding in our study was that the high 
SUV

max
 of the lymph nodes was predictive of low survival. 

In this respect, prior literature studies have put forward 
several and conflicting data about the relationship between 
survival and PET parameters such as primary tumor SUV

max
, 

MTV and post-treatment metabolic changes (7,18,26,27) 
Chen et al. (25) showed that preoperative SUV lymph 
node measured on 18F-FDG PET/CT could predict the 
recurrence in patients with colorectal carcinoma. In our 
study, we assessed only the patients with rectal carcinoma. 
Furthermore, in addition to DFS, OS was evaluated, as well. 
The higher level of lymph node SUV

max
 in preoperative 

18F-FGD PET/CT was significantly related to the more 
advanced clinical stage of the disease that was associated 
with more aggressive disease and poor survival outcomes. 
Morphological criteria such as lymph node size and number, 
which were higher in advanced stages, were considerable 
in this issue due to partial volume effect in small lymph 
nodes <10 mm in size leading to underestimation of true 
SUV (28).

Bang et al. (18) showed that lymphatic and venous 
involvements were not significantly associated with 3-year 
DFS, whereas in our study positive venous invasion had a 
prognostic impact (worse DFS). Chen et al. (29)  reported 
that the mutated K-ras tumors were associated with higher 
18F-FDG accumulation and higher SUV

max
 was a predictor 

of K-ras mutations. We should note that in our study, 
due to the retrospective nature, only 20 patients’ K-ras 
results were interpreted and there was no correlation 
between K-ras results and 18F-FDG PET/CT metabolic 
parameters. Furthermore, it has been reported that there 
is a heterogeneity of K-ras status among the primary rectal 
tumor (30). As a result, the correlation analysis might be 
biased because of the small patient group and dissected 
specimens for mutational testing could not reflect the real 
status of the total tumor, and 18F-FDG PET/CT displayed the 
entire status of tumor (31). 

In this retrospective study, we found that primary tumor 
SUV

max
 in preoperative staging 18F-FDG PET/CT scan had no 

effect on predicting survival. On the other hand, the SUV
max

 
of lymph nodes in 18F-FDG PET/CT was predictive regarding 
survival. Our results showed that the staging system which 
was still used in clinical practice was effective on predicting 
survival of patients with rectal cancer.

Study Limitations

There were some limitations in this study. First of all, it was 
a retrospective, single-institution study; thus, the findings 
of 18F-FDG-PET/CT as a prognostic factor in preoperative 
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rectal cancer required strengthening in a prospective, 
multicenter study with a larger patient number. Another 
weakness was the small sample size of patients and the 
heterogeneity of the clinical stages of the disease in the 
patient group that might have biased the outcome of this 
study. Additionally, we chose the SUV

max 
cut-off values from 

the ROC curves for the balance of sensitivity and specificity. 
However, these choices could be improved with a larger 
and homogeneous patient group.

Conclusion

The results showed that primary tumor SUV
max

 obtained 
in initial 18F-FDG PET/CT was not predictive of survival in 
patients with rectal cancer. On the other hand, the lymph 
node SUV

max
 had negative effect on survival. For this 

reason, we suggest the use of high lymph node SUV
max

 as 
a new parameter for clinical practice, which has a negative 
impact on survival.
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İmmünokompetan Hastada Fungal Pnömoni: Polipozis ile Alerjik Fungal Sinüzit ve 
Gastroözefageal Reflü Sintigrafisi ile Saptanan Tekrarlayan Pulmoner Enfeksiyon Arasında 
Olası İstatistiksel Bağlantı

Objectives: Fungal pneumonia in the immune competent host is a rarity with few reported cases in the literature. We present a series of 7 cases 
of recurrent fungal pneumonia in association with allergic fungal rhinosinusitis and gastroesophageal reflux disease (GERD). We hypothesised 
that recurrent infection may have been transported from the infected paranasal sinuses into the lung by GERD as the process was terminated by 
surgical fundoplication in 2 of these patients.
Methods: Patients were recruited into the study if they were immune competent and had recurrent fungal pneumonia and GERD. Allergic fungal 
rhinosinusitis was proven by biopsy. GERD was investigated by a scintigraphic test that assessed local oesophageal disease, lung aspiration and 
head and neck involvement with a hybrid gamma camera and X-ray computed tomography.
Results: All patients were shown to have GERD with 5/7 showing paranasal sinus contamination and 7/7 showing laryngopharyngeal involvement 
and 6/7 lung aspiration. One patient had characteristics strongly predictive of aspiration. Fundoplication led to cessation of fungal lung infection 
in two patients.
Conclusion: Recurrent fungal pneumonia in the immune competent host should raise the possibility of re-infection from the paranasal sinuses, 
especially in patients with GERD.
Keywords: Allergic, fungal, rhinosinusitis, pneumonia, reflux, scintigraphy

Abstract

Amaç: İmmünokompetan hastada fungal pnömoni literatürde az sayıda olguda bildirilmiştir. Bu yazıda alerjik fungal rinosinüzit ve gastroözofageal 
reflü hastalığı (GÖRH) ile ilişkili tekrarlayan fungal pnömonisi olan 7 olgu sunulmuştur. Bu hastaların 2’sinde cerrahi fundoplikasyon ile tekrarlayan 
fungal pnömoni atakları sonlandığı için, tekrarlayan enfeksiyonun enfekte paranazal sinüslerden GÖRH ile akciğere taşındığını varsaydık.
Yöntem: Tekrarlayan fungal pnömonisi ve GÖRH olan immünokompetan hastalar çalışmaya alındı. Alerjik fungal rinosinüzitin varlığı biyopsi ile 
kanıtlandı. GÖRH, lokal özofagus hastalığı, akciğer aspirasyonu ve baş-boyun tutulumunu bir hibrit gamma kamera ve X-ışını bilgisayarlı tomografi 
ile değerlendiren bir sintigrafik test ile araştırıldı.
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Introduction

The Aspergillus species of fungus is widespread and 
generally acquired by inhalation of airborne spores. The 
immunocompetence of the host is a critical factor in the 
establishment of invasive infection. More rarely, infection 
may occur in the immunocompetent host, as has been 
described by a number of authors (1,2,3). Such cases 
have been described since 1959 (4). These cases include 
patients with chronic fungal infections of the maxillary 
sinuses, mediastinum, lymph nodes and direct pulmonary 
involvement. The cohort in which the biggest of these 
series has been described (3) have consisted relatively 
young men and women. In that series 9 of 18 patients had 
allergic fungal sinusitis with polyposis with a background of 
chronic rhinosinusitis. 

This paper presents 7 patients with recurrent pulmonary 
infections who are distinguished from most previous 
reports in terms of a connection between recurrent fungal 
pneumonia and allergic fungal sinusitis with polyposis. 
Several of these patients had undergone lobectomy 
to eradicate the primary infection of the lungs with 
subsequent recurrence elsewhere in the lungs. All patients 
gave a history of symptomatic gastroesophageal reflux 
disease (GERD), and were tested with a scintigraphic reflux 
study (5,6) to evaluate the presence of disease within 
the oesophagus, paranasal sinuses and the possibility of 
aspiration of refluxate into the lungs. The findings led 
to exploration of a possible connection between these 
conditions and surgical intervention, supporting the 
conclusions.

Based on this case series, we hypothesised that there might 
be a connection between severe GERD with aspiration 
into the lungs, recurrent pulmonary fungal infections and 
allergic fungal sinusitis with polyposis 

Materials and Methods 

Patient Group

Consecutive patients with fungal pneumonia were 
referred to a single Nuclear Medicine practice as part 
of a large research study to evaluate extra-oesophageal 
manifestations of GERD over a period of 3 years. All 

patients had established GERD on the basis of 24-hour 
pH, manometry and impedance monitoring and most 
had undergone upper gastrointestinal endoscopy and 
ear, nose and throat assessment with laryngoscopy. The 
presence of allergic fungal sinusitis with polyposis had been 
confirmed by biopsy of tissue from the paranasal sinuses, 
although culture had been unsuccessful in 3 of 7 cases. 
There was no evidence of invasion or mycetoma formation 
in these patients. Microscopy of lung tissue obtained by 
lobectomy or bronchoscopy confirmed semi-invasive fungal 
disease (7 aspergillus species) in all patients. Immunological 
testing had confirmed immune competence in all patients. 
Patients with fungal disease being treated for malignancy 
or following organ transplantation were excluded from the 
study.

All patients were on proton pump inhibitor (PPI) therapy at 
the time of the study and were clinically assessed with the 
Belafsky Reflux symptom index score (7). 

Ethical Considerations

A database of patients with either proven or suspected 
GERD/Laryngopharyngeral reflux (approved by the 
Institutional Ethics Committee of University of Notre Dame 
015149S) was maintained prospectively.

Statistical Analysis

All statistical analysis was performed on the Statistical 
Package for the Social Sciences (SPPS Version 24, IBM, 
New York, USA).

Scintigraphic Reflux Study 

Patients were fasted for 12 hours and medications ceased 
for the 24-hours prior to the test. While upright, patients 
were positioned in front of a Hawkeye 4 gamma camera 
(General Electric, Milwaukee, USA) with markers on the 
mandible and stomach to ensure regions of interest were 
in the field of view of the camera. Patients consumed 50-
100 mL of water with 60-100 MBq of Technetium Phytate 
followed by flushing with 50 mL of water to clear the 
mouth and oesophagus from radioactivity. Dynamic images 
of the pharynx, oesophagus and stomach were obtained 
for 2 minutes at 15 secs per frame into a 64x64 matrix 
while upright. This was followed by a 30-minute dynamic 
in the supine position. Delayed images were obtained at 2 

Bulgular: Tüm hastalarda GÖRH olduğu gösterildi. Yedi hastanın 5’inde paranazal sinüs kontaminasyonu, tamamında laringofaringeal tutulum 
ve 6’sında akciğer aspirasyonu gösterildi. Bir hastada aspirasyonun olduğunu güçlü bir şekilde öngören özellikler vardı. Fundoplikasyon iki hastada 
fungal akciğer enfeksiyonunun kesilmesine yol açtı.
Sonuç: İmmünokompetan hastalarda tekrarlayan fungal pnömoni, özellikle GÖRH olan hastalarda paranazal sinüslerden re-enfeksiyon olasılığını 
düşündürmelidir.
Anahtar kelimeler: Alerjik, mantar, rinosinüzit, pnömoni, reflü, sintigrafi
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hours to assess the presence of aspiration of tracer activity 
into the lungs. Following acquisition of the planar image of 
the lungs, a single photon emission computed tomography 
(SPECT) study of the head, neck and lungs was obtained 
and registered with X-ray computed tomography (CT) 
of the region. These images were reconstructed, fused 
and displayed in standard projections. Dynamic images 
were analysed by time activity curves over the pharynx/
laryngopharynx, upper and lower half of the oesophagus 
and by a background region over the right side of the chest, 
away from the stomach and oesophagus. Delayed images 
were analysed by a line profile over the lungs. Time activity 
curves were graded as showing no GERD, falling, flat or 
rising curves. Area under the curve and maximal amplitude 
compared to background were estimated. Liquid gastric 
emptying half-time was determined from the 30-minute 
supine acquisition with a single exponential fit to the data.

Results

Patient data. A total of 7 patients were included in the 
study with an average age of 62 years (range= 47-74 years). 
There were 5 females and 2 males. The average length of 
history of sinusitis was 7 years (range=4-8 years). All had 
been treated for recurrent biopsy-proven allergic fungal 
sinusitis with polyposis of the paranasal sinuses and lung 
infection over a period of approximately 4-5 years. Five of 7 
patients were on concurrent therapy for asthma, although 
lung function testing had shown no reversible component. 
Three patients had undergone lobectomy of the lungs to 
eradicate the infection without success. All patients had 
undergone paranasal sinus surgery with recurrence of 
infection within weeks of the surgery. Biopsy of tissue from 
the paranasal sinuses/lungs failed to grow the fungus in 
media in 3 patients, although microscopy confirmed semi-
invasive disease in all 7 patients. Antifungal antibiotics 
utilised in treatment included erbinafine, fluconazole, 
itraconazole, voriconazole, posaconazole and griseofulvin. 

High resolution CT scanning of the lungs demonstrated 
pulmonary fibrosis in 3 patients, with bronchiectasis in 2 of 
these and a further patient with bronchiectasis. 

All 7 patients had previously been investigated for GERD 
with 24-hour pH manometry and impedance that confirmed 
reflux disease and been commenced on long-term PPI and 
other therapy (Nexium-5, Somac-3, Losec-1, Ranitidine-4, 
Tazac-1, Motilium-1). Four patients had no symptoms of 
heartburn, globus or regurgitation, while 3 gave a history 
of daily symptoms. The average Belafsky score (7) was 20.0 
(range: 0-35.0). 

Two of the seven patients who had undergone lobectomy 
for recurrent fungal pneumonia and shown lung aspiration 

of refluxate in the scintigraphic studies underwent 
laparoscopic fundoplication. These patients became disease 
free in the lungs within 3 months while on antifungal 
therapy and at follow-up showed reduced parameters of 
reflux and no further lung aspiration of refluxate. 

Scintigraphic findings. All 7 patients showed evidence 
of significant intermittent or continuous full-column 
GER (Figure 1) with pharyngeal/ laryngopharyngeal 
contamination by refluxate. The average amplitude of the 
refluxate was 4.8 times higher than background and the 
average frequency of reflux to the larygopharynx in supine 
position was 22 episodes in 30 minutes (range=10-50 
episodes). Liquid gastric emptying was normal in 2 patients 
(half-clearance time <16.0 minutes) while 5 were abnormal 
with half-clearance times ranging from 18.0 to 124.0 
minutes (mean=56.8 minutes). Sample analysis is shown 
in Figure 1.

Analysis of the pattern of time-activity curves for the 
pharynx/laryngopharynx showed 5 rising curves when 
upright with 2 showing a falling pattern. When supine, 4 
showed rising curves and 3 falling curves.

Figure 1. Initial anterior dynamic image with the analysis of the dynamic 
image in the panel below. Three 15 second frames of the supine dynamic 
image are shown in the panel above with the oropharynx and stomach 
labelled. The patient also has a hiatus hernia. The analysis in the panel 
below shows the regions of interest in A and the time-activity curves 
for the pharynx/laryngopharynx (red) and osesophagus (yellow) and the 
curve fitted to the pharynx/laryngopharyngeal curve (pink) in B. Liquid 
gastric emptying is shown in C with a single exponential curve fitted to 
the time-activity curve for the stomach. The frequency of reflux to the 
pharynx/laryngopharynx is shown in D
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Six of the 7 cases showed evidence of pulmonary aspiration 
of refluxate in the delayed study (Figure 2) and the patient 
who did not show had rising time-activity curves for 
thelaryngopharyngeal region in the upright and supine 
positions.

SPECT/CT imaging of the head, neck and lungs (Figure 
3-5) demonstrated laryngopharyngeal contamination by 
refluxate in all 7, nasopharyngeal in 6 and maxillary sinus 
contamination in 5 patients. One patient had right middle 
ear contamination by refluxate. Lung aspiration of refluxate 
was confirmed in 6 patients.

Discussion

This series raises a number of troubling issues pertaining to 
the relationship between rhinosinusitis and GERD. What is 
the role of GERD in sustaining the inflammatory process in 
the paranasal sinuses? Is it a primary cause or a promoter 
or is it a bystander phenomenon? How can one establish 
whether GERD involves the paranasal sinuses? What is the 

Figure 2. Delayed image of the anterior thorax obtained at two hours 
demonstrating aspiration of refluxate into predominantly the right 
lung (arrow). Radiopharmaceutical breakdown in the delayed image 
sometimes leads to free pertechnetate formation, which is taken up by 
the thyroid gland and is apparent in this study (arrowhead)

Figure 3. SPECT/CT image of head, neck and lungs. The CT image 
shows evidence of soft tissue thickening within the maxillary sinuses 
(arrows) consistent with sinus disease. The fused image in the middle 
panel demonstrates LPR, NP, NT and maxillary sinus contamination by 
refluxate. The lower panel shows aspirated refluxate within the lung 
tissue. Some misregistration is inevitable in the lungs due to respiratory 
motion and frequent coughing in many of these patients.
SPECT: Single photon emission computed tomography, CT: Computed tomography, 
LPR: Laryngopharyngeal, NP: Nasopharyngeal, NT: Nasal turbinate

Figure 4. SPECT/CT image of head and neck. The upper panel of CT 
images with evidence of polyposis of both maxillary sinuses consistent 
with sinus disease. The fused images in the lower panel demonstrate 
evidence of LPR as well as contamination of the NP, NT and both 
maxillary sinuses. The central panel shows the scintigraphic images from 
the region in the absence of anatomical landmarks
SPECT: Single photon emission computed tomography, CT: Computed tomography, 
LPR: Laryngopharyngeal, NP: Nasopharyngeal, NT: Nasal turbinate
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relationship between chronic fungal sinusitis and recurrent 
fungal pneumonia? Five of seven patients in this series 
were diagnosed as having asthma and treated for asthma 
although lung functions tests showed no reversibility after 
bronhcodilators. Many of these troubling issues can be 
explained by the scintigraphic reflux studies as both local 
disease in the oesophagus and extra-oesophageal structures 
can be physically visualised and at least semi-quantitated 
as shown. All 7 patients showed laryngopharyngeal 
contamination by refluxate with 6 also demonstrating lung 
aspiration. Laryngopharyngeal reflux was supported by the 
Belafsky scores of~20.0. 

The majority of the patients in this case series gave a 
good history of established rhinosinusitis (8) predating the 
episodes of fungal pneumonia. They also had established 
and treated gastroesophageal reflux. It raises the question 
of how fungal infection can establish itself in the paranasal 

sinuses in an immune competent host. The combination of 
pseudostratified ciliated epithelium which is held together 
by tight junctions and protein secretions that have 
antimicrobial properties generally protects the host from 
infection (9). Breakdown of this barrier occurs in response 
to either allergic or inflammatory stimuli with secretion 
of epithelial-derived thymic stromal lymphopoietin, which 
in an up-regulated state may damage tight junctions, 
together with other toxic molecules such as the interleukins 
and interferon (9,10). All seven patients in this study had 
established GERD with the scintigraphic study showing 
paranasal sinus contamination by refluxate in the majority. 
There is a body of evidence that shows pepsin in refluxate 
as an agent capable of damaging nasal epithelium, which 
may have contributed or potentiated chronic rhinosinusitis 
(11). The seminal question is whether fungi initiate the 
inflammatory change or exploit a pre-existing inflammatory 
condition. The balance of opinion is that fungi initiate the 
inflammatory changes and then exploit the breakdown in 
defensive barriers (12). Luong et al. (13) demonstrated that 
common etiologic fungal antigens induced peripheral blood 
mononuclear cells to secrete elevated levels of interleukin 
4 and 5 in patients with allergic fungal rhinosinusitis 
compared to normal controls. Inflammatory changes may 
also be promoted by coexistent staphylococcus aureus 
infection of the paranasal sinuses with the elevated IgE 
response to enterotoxin A and B, superantigens which are 
secreted by the bacterium (14). Pathogenic organisms such 
as fungi create a favourable environment for growth in the 
paranasal sinuses and subsequently produce conditions 
(eg. biofilms) that help evade the host immun system, 
antibiotic therapy and even surgical intervention (15). 

The key finding that supports the hypothesis of recurrent 
infection of the lungs from established fungal disease 
of the paranasal sinuses is the response to laparoscopic 
fundoplication. It clearly implies a fundamental role 
for GERD with extra-oesophageal manifestations in the 
paranasal sinuses and subsequent aspiration of refluxate 
into the lungs. This is a complex issue as virtually all 
patients were on maintenance PPI therapy for the clinically 
diagnosed reflux disease. As has been shown, patients on 
high-dose PPI therapy, will continue to experience non-acid 
or even alkaline reflux which may be asymptomatic (16). 
This raises the possibility that PPI therapy in this cohort may 
have reduced the sterilisation effect of acid reflux on fungal 
disease in the paranasal sinuses and encouraged growth 
of the fungus in an alkaline environment. The change in 
pH of growth medium has been shown to induce fungal 
gene expression involved in the regulation of extracellular 
enzymes that may promote growth (17). While Aspergillus 
species are capable of growth across the entire range of pH 

Figure 5. SPECT/CT image of head and neck. The upper panel of CT 
images demonstrates evidence of sinus disease in the left maxillary 
sinus. Fused images in the lower panel confirm the presence of refluxate 
contaminating the LPR, trachea, maxillary sinuses, NP, nasal NT and 
the right middle ear. The middle panel demonstrates the scintigraphic 
images and the difficulty in ascribing anatomical sites to these images 
without the CT study. Note uptake in the thyroid gland (arrowhead) in 
the fused sagittal image due to breakdown of the radiopharmaceutical 
in the delayed images
SPECT: Single photon emission computed tomography, CT: Computed tomography, 
LPR: Laryngopharyngeal, NP: Nasopharyngeal, NT: Nasal turbinate



77

Burton et al. Fungal Pneumonia in the Immunocompetent HostMol Imaging Radionucl Ther 2020;29:72-78

from 2 to 11, they have been shown to be more tolerant 
to alkaline pH for growth (18). Furthermore, the alkaline 
pH with co-existent gastric mucositis may have reduced the 
absorption of many of the anti-fungal antibiotics utilised 
in these patients, with the exception of fluconazole (19).

GERD could play the role of transporter, particularly in its 
extra-oesophageal reach through the paranasal sinuses, 
laryngopharynx and airways as happened in all 7 patients. 
This system would need to be operational for a significant 
period, particularly when the patient was supine and the 
protective mechanisms against reflux were minimised, 
most likely during sleep (20,21). The possibility of assessing 
extra-oesophageal manifestations of GERD has until 
recently been a matter of deductive reasoning or based on 
observation of inflammatory change in the laryngopharynx 
on laryngoscopy (22). More recently, 24-hour impedance/
pH monitoring has shown some promise although 
reproducibility has been an issue (23). The scintigraphic 
reflux technique utilised in the current study allows direct 
visualisation of refluxate within the sinuses, laryngopharynx 
and lungs (Figure 3, 4, 5) in addition to demonstrating 
disease within the oesophagus. Entry of refluxate into 
the paranasal sinuses was evident in 5 of 7 patients and 
aspiration into the lungs in 6 of 7 with recurrent fungal 
pneumonia. The scintigraphic reflux study assesses patients 
for lung aspiration after a sampling period of 2 hours, 
during which the patient is supine for only 30 minutes. 
Previous work has shown that rising time activity curves for 
the pharynx/laryngopharynx and upper oesophagus have 
a positive predictive value of 90% for lung aspiration of 
refluxate (5). The only patient who did not show aspiration 
in the 2-hour study had this pattern of activity for the 
laryngopharynx and upper oesophagus. It does suggest a 
high likelihood of aspiration during prolonged recumbency, 
especially during sleep (20,21).

The inability to eradicate fungal disease from the lungs has 
suggested more complex pathology, as even pulmonary 
lobectomy of the infected sites has not solved the problem. 
There has appeared to be a source of recurrent fungal 
infection, raising the strong possibility that the disease 
in the paranasal sinuses may have been the source, and 
the passage of refluxate through the sinuses, the main 
transport mechanism for infected tissue into the lungs. 
The only method of breaking the cycle of infection and 
re-infection has appeared to be to disrupt recurrent gastro-
oesophageal reflux with surgical fundoplication. This 
technique effectively reduces the volume of reflux and 
interrupts what has appeared to be a recurrent transport 
system from the sinuses into the lungs in this particular 
group of patients.

Diagnosis of aspergillosis within the paranasal sinuses has 
proven to be problematic as engendering fungal growth in 
external media has sometimes been unproductive. However, 
microscopy of biopsies from the sinuses with silver staining 
or molecular techniques has demonstrated semi-invasive 
disease of the mucosa with a diagnosis of allergic fungal 
sinusitis with polyposis. This is important, as studies of 
normal (uninfected) paranasal sinuses has shown a biome 
in which fungal elements may be inhaled as airborne 
contaminants and trapped in the paranasal mucous, being 
shuttled to the oropharynx for removal (24). One of the 
significant problems with molecular techniques is the 
detection of molecular material of inactive microorganisms 
(24). The inability to culture fungi from biopsy material 
may be related to the formation of biofilms, which inhibits 
growth in culture media, as has been shown in a number of 
reviewed studies (24). The type of biofilm (eg. haemophilus 
influenza versus staphylococcus aureus) may affect the 
severity of disease by protecting pathogenic organisms 
from the effects of antibiotics in chronic rhinosinusitis and 
even affect the success of surgery (15,25,26). 

Conclusion

Fungal pneumonia in the immunocompetent host is rare. 
It may well begin in the paranasal sinuses, as has been 
shown in one of the larger series and when coupled 
with the appropriate pre-conditions become chronic and 
increase the risk of spread to the lungs. This series offers a 
good case to support the hypothesis that recurrent fungal 
pneumonia may be due to re-infection of the lungs from 
allergic fungal sinusitis with polyposis by passage of GER 
through the paranasal sinuses and into the lungs.

Ethics

Ethics Committee Approval: Institutional Ethics 
Committee of University of Notre Dame 015149S.

Informed Consent: Consent forms were filled out by all 
participants.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: H.V.W., G.F., Concept: L.B., 
J.B., Design: L.B., D.J., Data Collection or Processing: H.V.W., 
K.B., L.B., D.N.,  Analysis or Interpretation: H.V.W., Literature 
Search: L.B., G.F., Writing: L.B., H.V.W., D.N., G.F.

Conflict of Interest: No conflict of interest was declared

by the authors.

Financial Disclosure:  No financial issues to declare as no 
funding was received for the study.



78

Burton et al. Fungal Pneumonia in the Immunocompetent Host Mol Imaging Radionucl Ther 2020;29:72-78

References 
1.	 Hillerdal G, Benson L, Lindgren A, Hjertquist SO. Disseminated pulmonary 

aspergillosis in a previously healthy young woman. Scand J Infect Dis 
1984;6:217-222.

2.	 Karam GH, Griffin FM Jr. Invasive pulmonary aspergillosis in 
nonimmunocompromised, nonneutropenic hosts. Rev Infect Dis 
1986;8:357-363.

3.	 Karim M, Alam M, Shah AA, Ahmed R, Sheikh H. Chronic invasive 
aspergillosis in apparently immunocompetent hosts. Clin Infect Dis 
1997;24:723-733.

4.	 Finegold S, Will D, Murray F. Aspergillosis, a review and report of twelve 
cases. Am J Med 1959;27:463-482.

5.	 Falk GL, Beattie J, Ing A, Falk SE, Magee M, Burton L, Van der Wall H. 
Scintigraphy in laryngopharyngeal and gastroesophageal reflux disease: 
a definitive diagnostic test? World J Gastroenterol 2015;21:3619-3627.

6.	 Falk M, Van der Wall H, Falk GL. Differences between scintigraphic 
reflux studies in gastrointestinal reflux disease and laryngopharyngeal 
reflux disease and correlation with symptoms. Nucl Med Commun 
2015;36:625-630.

7.	 Belafsky PC, Postma GN, Koufman JA. Validity and reliability of the reflux 
symptom index (RSI). J Voice 2002;16:274-277.

8.	 Bent JP 3rd, Kuhn FA. Diagnosis of allergic fungal sinusitis. Otolaryngol 
Head Neck Surg 1994;111:580-588.

9.	 Patel NN, Kohanski MA, Maina IW, Workman AD, Herbert DR, Cohen 
NA. Sentinels at the wall: epithelial-derived cytokines serve as triggers of 
upper airway type 2 inflammation. Int Forum Allergy Rhinol 2019;9:93-
99.

10.	 Lavigne P, Lee SE. Immunomodulators in chronic rhinosinusitis. World J 
Otorhinolaryngol Head Neck Surg 2018;4:186-192.

11.	 Southwood JE, Hoekzema CR, Samuels TL, Wells C, Poetker DM, 
Johnston N, Loehrl TA. The Impact of Pepsin on Human Nasal Epithelial 
Cells In Vitro: A Potential Mechanism for Extraesophageal Reflux Induced 
Chronic Rhinosinusitis. Ann Otol Rhinol Laryngol 2015;124:957-964.

12.	 Plonk DP, Luong A. Current understanding of allergic fungal rhinosinusitis 
and treatment implications. Curr Opin Otolaryngol Head Neck Surg 
2014;22:221-226.

13.	 Luong A, Davis LS, Marple BF. Peripheral blood mononuclear cells from 
allergic fungal rhinosinusitis adults express a Th2 cytokine response to 
fungal antigens. Am J Rhinol Allergy 2009;23:281-287.

14.	 Dutre T, Al Dousary S, Zhang N, Bachert C. Allergic fungal rhinosinusitis-
more than a fungal disease? J Allergy Clin Immunol 2013;132:487-489.

15.	 Foreman A, Wormald PJ. Different biofilms, different disease? A clinical 
outcomes study. Laryngoscope 2010;120:1701-1706.

16.	 Mainie I, Tutuian R, Shay S, Vela M, Zhang X, Sifrim D, Castell DO. Acid 
and non-acid reflux in patients with persistent symptoms despite acid 
suppressive therapy: a multicentre study using combined ambulatory 
impedance-pH monitoring. Gut 2006;55:1398-1402.

17.	 Caddick MX, Brownlee AG, Arst HN Jr. Regulation of gene expression 
by pH of the growth medium in Aspergillus nidulans. Mol Gen Genet 
1986;203:346-353.

18.	 Wheeler KA, Hurdman BF, Pitt JI. Influence of pH on the growth of some 
toxigenic species of Aspergillus, Penicillium and Fusarium. Int J Food 
Microbiol 1991;12:141-149.

19.	 Brüggemann RJ, Alffenaar JW, Blijlevens NM, Billaud EM, Kosterink 
JG, Verweij PE, Burger DM. Clinical Relevance of the Pharmacokinetic 
Interactions of Azole Antifungal Drugs with Other Coadministered 
Agents Clin Infect Dis 2009;48:1441-1458.

20.	 Lee KK, Birring SS. Cough and sleep. Lung 2010;188(Suppl 1):91-94.

21.	 Orr WC. Sleep and gastroesophageal reflux: what are the risks? Am J 
Med 2003;15(Suppl 3):109-113.

22.	 Habermann W, Schmid C, Neumann K, Devaney T, Hammer HF. Reflux 
symptom index and reflux finding score in otolaryngologic practice. J 
Voice 2012;26:123-127.

23.	 Zerbib F, Roman S, Bruley Des Varannes S, Gourcerol G, Coffin B, Ropert 
A, Lepicard P, Mion F; Groupe Français De Neuro-Gastroentérologie. 
Normal values of pharyngeal and esophageal 24-hour ph impedance 
in individuals on and off therapy and interobserver reproducibility. Clin 
Gastroenterol Hepatol 2013;11:366-372.

24.	 Boase S, Foreman A, Cleland E, Tan L, Melton-Kreft R, Pant H, Hu 
FZ, Ehrlich GD, Wormald PJ. The microbiome of chronic rhinosinusitis: 
culture, molecular diagnostics and biofilm detection. BMC Infect Dis 
2013;13:210.

25.	 Singhal D, Psaltis AJ, Foreman A, Wormald PJ. The impact of biofilms 
on outcomes after endoscopic sinus surgery. Am J Rhinol Allergy 
2010;24:169-174.

26.	 Foreman A, Psaltis AJ, Tan LW, Wormald PJ. Characterization of bacterial 
and fungal biofilms in chronic rhinosinusitis. Allergy Rhinol (Providence) 
2010;1:10.



79

©Copyright 2020 by Turkish Society of Nuclear Medicine
Molecular Imaging and Radionuclide Therapy published by Galenos Yayınevi.

Interesting Image

Address for Correspondence: Çiğdem Soydal MD, Ankara University Faculty of Medicine, Department of Nuclear Medicine, Ankara, Turkey
Phone: +90 312 595 64 45 E-mail: csoydal@yahoo.com ORCID ID: orcid.org/0000-0002-6199-8551

Received: 01.10.2018 Accepted: 13.02.2019

Brakial pleksopati, meme kanserli hastalarda ağrı ve hareket kısıtlılığının önemli bir nedenidir. Brakial pleksopatinin en sık görülen nedenleri 
metastatik invazyon ve radyasyon hasarıdır. Tedavi planının doğru yapılabilmesi için bu iki sebebin ayrımı önemlidir. Pleksusun karışık anatomisi 
nedeniyle bu bölgenin doğru görüntülenmesi zordur. Bu olgularda tanısal değerlendirme için tercih edilen görüntüleme yöntemi manyetik rezonans 
görüntülemedir (MRG). MRG’nin şüpheli olduğu durumlarda metastatik brakial pleksopati tanısını koymada ve radyasyona bağlı pleksopati ile 
metastatik pleksopatinin ayrımında 18F-florodeoksiglikoz  pozitron emisyon tomografi/bilgisayarlı tomografi’nin önemini gösteren bir olgu takdim 
ediyoruz.
Anahtar kelimeler: Brakial pleksopati, metastatik meme kanseri, 18F-fluorodeoksiglukoz positron emisyon tomografisi

Öz

Brachial plexopathy is a significant cause of pain and disability in patients with breast cancer. Major causes of brachial plexopathy in patients with 
breast cancer are metastatic invasion or radiation damage to the plexus. Differentiation between the two pathologies is important for appropriate 
treatment planning. The complicated anatomy of the plexus makes this a difficult area to image accurately. Magnetic resonance imaging (MRI) is 
the imaging modality of choice for diagnostic evaluation of these cases. We presented a case to demonstrate the role of 18F-flourodeoxyglucose  
positron emission tomography/computerized tomography  for confirming metastatic brachial plexopathy when MRI findings were suspicious and 
for differentiating radiation-induced brachial plexopathy from metastatic plexopathy.
Keywords: Brachial plexopathy, metastatic breast cancer, 18F-fluorodeoxyglucose positron emission tomography
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Figure 1. A 50-year-old woman diagnosed as having infiltrating ductal carcinoma of the right breast had undergone surgery (modified radical 
mastectomy and lymph node dissection), followed by adjuvant chemotherapy and radiotherapy six years ago. She presented to her oncologist with 
pain and restriction of movement of the right upper limb lately. Magnetic resonance imaging (MRI) was used for evaluation of brachial plexus and 
minimal thickening of plexus nerves was detected, which could be caused by radiation damage (Figure 1a, red arrows). The patient was referred for 
18F-fluorodeoxyglucose (FDG) positron emission tomography/computerized tomography (PET/CT) for restaging of disease after it was observed that 
tumor marker level increased. 18F-FDG PET/CT was performed and maximum intensity whole body and fused transaxial images of thorax revealed linear 
pattern of pathological FDG uptake in the right lateral aspect of the upper chest, right axillary and interpectoral lymph nodes and right femur (Figure 
1b and c, blue and yellow arrows).

a

b

c
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Figure 2. The coronal and transaxial fused PET/CT images revealed a linear pattern of FDG uptake in right brachial plexus (orange arrows).
Brachial plexopathy is a rare condition with an incidence of less than 0.5%. Metastatic breast and lung cancers are the most common nontraumatic 
causes of brachial plexopathy following radiation induced plexopathy (1). MRI is the modality of choice for diagnosis of brachial plexopathy and 
preferred to other imaging modalities for characterization of brachial plexopathy due to its multipl planar capabilities and superior soft-tissue contrast. 
In MRI, radiation fibrosis shows diffuse thickening and minimal enhancement along the brachial plexus and MRI cannot always readily differentiate 
radiation-induced plexopathy from metastatic plexopathy (2). 18F-FDG PET/CT is a useful tool in the evaluation of patients with suspected metastatic 
plexopathy, particularly when MRI findings are suspicious (3). The typical pattern as seen in MIP and coronal images is linear uptake, extending from 
the superomedial aspect (supra/infra clavicular) to the lateral aspect of axilla closely related to the subclavian/axillary vessels (4). 18F-FDG PET/CT plays 
an important role in diagnosing neoplastic plexopathy, differentiating it from radiation-induced plexopathy and monitoring response to treatment.
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Prostat kanseri, ileri yaşlarda görülme sıklığı artan ve uzak metastazı olan hastalarda 5 yıllık sağkalım oranı önemli ölçüde düşük seyreden bir 
neoplazidir. Bicalutamide, prostat kanserli hastalarda kullanılan ve hedef dokudaki androjen reseptörleri ile kompetisyona girerek inhibitör 
etki gösteren bir ilaçtır. Prostat kanseri nedeniyle takip edilen 79 yaşındaki erkek hastaya bölümümüzde kemik sintigrafisi çekildi. Kan havuzu 
görüntülerinde bir yıl önceki incelemesinde gözlenmeyen, her iki meme bölgesinde hiperemi gelişimi görüldü. Hastanın fizik muayenesinde 
bilateral ağrılı jinekomasti tespit edildi. İlk sintigrafisinden sonra hastaya Bicalutamide tedavisi başlandığı öğrenildi. Kan havuzu görüntüleri bu yan 
etkiyi tespit edebilir ve klinik şüphe halinde fizik muayene ile birlikte değerlendirilmelidir.
Anahtar kelimeler: Bicalutamide, jinekomasti, kemik sintigrafisi, prostat kanseri

Öz

Prostate cancer is a common neoplastic disease especially in elder patients. Metastatic prostate disease has low five-year survival rate. Bicalutamide 
is an androgen receptor antagonist that acts as an inhibitor by competizing androgen receptors in the target tissue and used as a treatment option 
in prostate cancer. Bone scan was performed on a 79-year-old male with prostate cancer in our department. Blood pool images showed bilateral 
hyperemia in the breast regions which was not present on the previous scan one year ago. On physical examination, there was bilateral painful 
gynecomastia. It was learned that the patient was given Bicalutamide therapy after the first bone scan. Blood pool images may detect this side 
effect and should be evaluated with physical examination in case of clinical doubt.
Keywords: Bicalutamide, gynecomastia, bone scan, prostate cancer
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Figure 1. A 79-year-old male patient with prostate cancer underwent bone scan for the detection of bone metastases in our department. Blood pool 
images were taken immediately after the administration of Tc-99m labeled methylene diphosphonate and bone phase imaging was performed after 
3 hours following the injection of radiopharmaceutical. In the blood pool phase, intense hyperemia was observed in regions corresponding to both 
areolar areas.

Figure 2. Previous scintigraphic examination of the patient one year before this scan and Bicalutamide treatment showed no sign of hyperemia in 
these areas.
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Figure 3. Bone phase images were consistent with stable degenerative changes and bone metastasis was not observed.
Physical examination of the patient revealed bilateral painful gynecomastia. In the drug questionnaire, it was learned that the patient was given 
Bicalutamide therapy after the first bone scan. No other drug use or any disease that might cause gynecomastia was found. Bicalutamide is a nonsteroidal 
drug used in patients with prostate cancer, which can be administered in combination with LHRH analogues. It has a competitive inhibitor effect on 
cytosolic androgen receptors in the target tissue (1,2). Gynecomastia, breast pain, fatigue and decreased libido are common side effects of Bicalutamide 
(3,4). When an increase in estrogen/androgen ratio in the breast tissue occurs, this may cause gynecomastia and breast pain (5). When inflammation or 
swelling occurs in breast regions, this may be seen on blood pool images. If these hyperemic tissues or lesions have no effect on nearby bones, clearance 
of the radiopharmaceutical happens and normal distribution of the tracer is seen on late bone phase images. We routinely perform 2-phase imaging 
in oncology patients to analyze the possible hyperemic status of bone lesions for the differential diagnosis of benign or malignant pathologies. Physical 
examination may help narrowing the differential diagnosis among gynecomastia, other soft tissue lesions or radioactivity contamination, when this sign 
is seen. It is also important to keep in mind that gynecomastia can sometimes be seen unilaterally. There are also several reports in the literature about 
incidental gynecomastia and other nuclear medicine procedures apart from bone scan, such as sodium fluoride positron emission tomography (PET), 
myocardial single photon emission computed tomography or single photon emission computerized tomography PET imaging (6,7,8). Blood pool images 
may detect this side effect and should be evaluated with physical examination in case of clinical doubt.
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18F-Florodeoksiglikoz Pozitron Emisyon Tomografisi/Bilgisayarlı Tomografi’de Supersken 
Görünümünün Bir Nedeni Olarak Kemik İliğinin Lenfoblastik Tutulumu

The 18F-fluorodeoxylucose (FDG) positron emission tomography (PET) is the gold standard imaging modality in the staging of lymphoma. The 
superscan appearance in the FDG PET/computerized tomography (CT) imaging might be because of benign diseases or malignant infiltrations. 
This case report presents lymphomatous blastic infiltration as a cause of superscan appearance in 18F-FDG PET/CT. 
Keywords: Superscan, FDG, PET/CT, lymphoma

Abstract

18F-florodeoksiglikoz (FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) lenfoma evrelemesinde altın standard görüntüleme 
yöntemidir. FDG PET/BT’de supersken görünümü benign hastalıklardan dolayı veya dokuların malign hastalıklarla tutulmasından kaynaklanabilir. 
Bu olgu sunumunda FDG PET/BT’de lenfomatöz blastik infiltrasyon sonucu olan supersken görünümü sunulmaktadır.
Anahtar kelimeler: Supersken, FDG, PET/BT, lymphoma
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Figure 1. Multiple intensity projection image of the fluorodeoxylucose (FDG) positron emission tomograph/computerized tomography (PET/CT) 
demonstrating significant uptake in bone marrow, spleen and lymph nodes and faint physiological activity in brain and liver without other soft tissue. 
Fifty-four-year-old female patient presented with anemia, leukopenia and trombositopenia. The patient was referred for 18F-FDG PET/CT imaging and 
bone marrow biopsy procedure. The PET/CT imaging was performed after a fasting period of 12 hours and the blood glucose level was 111 mg/dL. 
The imaging was performed 60 minutes after intravenous administration of 7.7 mCi 18F-FDG in craniocaudal direction in 3D acquisition mode for 1 
min per bed position with nondiagnostic CT scan for attenuation correction with oral contrast administration. The imaging revealed multiple servical, 
mediastinal, abdominal lymph nodes and severe bone marrow activity accumulations suggesting the infiltration of the disease as well as diminished 
activity in the soft tissues, physiological uptake in the brain, liver and spleen (Figure 1). 
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Figure 2. Pathology images of bone marrow biopsy show bone marrow infiltration of lymphoblastic cells with hematoxylene and eosine (left) and 
CD20 staining (right). The bone marrow biopsy revealed complete blastic (100%) infiltration of the bone marrow (Figure 2) and diagnosis of B cell 
lymphoma. The superscan imaging examples in the literature were usually due to the malignant tumor infiltration of the bone marrow or hepatic 
infiltration. According to a review analysis, the possible causes of superscan appearance in the FDG PET/CT imaging of the bone marrow might be due 
to the benign and malignant pathologies including the colony stimulating factors, pyrexia due to infection, primary or secondary hyperparathyroidism 
(1). Additionally, diffuse hepatic activity as a consequence of hepatic superscan in the FDG PET/CT was reported in the hepatic lymphoma (2) and 
hepatic angiosarcoma (3), previously. The superscan appearance obscures some findings and this causes false negative misinterpretation of some of 
the malignant lesions as well. There were two previously reported cases with diffuse large B cell lymphoma infiltration of the liver (4,5). These cases 
had significantly decreased physiologic uptake in the brain, cardiac and renal tissues as well. Parida et al. (6) reported a case with superscan acute 
lymphoblastic lymphoma with slight physiological uptakes in liver and spleen. This present case showed significant increased activity in bone marrow 
and spleen and superscan appearance as a result of malignant infiltration of “acute lymphoblastic lymphoma” of the tissues which was documented 
by bone marrow biopsy results. 


