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Aims & Scope

European Journal of Therapeutics (Eur J Ther) is the double-blind peer-reviewed, open access, international 
publication organ of the Gaziantep University School of Medicine. The journal is a quarterly publication, published 
on March, June, September, and December. The journal publishes content in English.
 
European Journal of Therapeutics aims to contribute to the international literature by publishing original clinical 
and experimental research articles, short communication, review articles, technical notes, and letters to the editor 
in the fields of medical sciences. The journal’s target audience includes researchers, physicians and healthcare 
professionals who are interested or working in in all medical disciplines.
 
The editorial and publication processes of the journal are shaped in accordance with the guidelines of the 
International Committee of Medical Journal Editors (ICMJE), World Association of Medical Editors (WAME), Council 
of Science Editors (CSE), Committee on Publication Ethics (COPE), European Association of Science Editors (EASE), 
and National Information Standards Organization (NISO). The journal is in conformity with the Principles of 
Transparency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).
 
European Journal of Therapeutics is indexed in Web of Science-Emerging Sources Citation Index, TUBITAK ULAKBIM 
TR Index, EBSCO and GALE.
 
Processing and publication are free of charge with the journal. No fees are requested from the authors at any point 
throughout the evaluation and publication process. All manuscripts must be submitted via the online submission 
system, which is available at www.eurjther.com. The journal guidelines, technical information, and the required 
forms are available on the journal’s web page.
 
All expenses of the journal are covered by the Gaziantep University School of Medicine. Potential advertisers 
should contact the Editorial Office. Advertisement images are published only upon the Editor-in-Chief’s approval.
 
Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) 
and not the opinions of the Gaziantep University School of Medicine, editors, editorial board, and/or publisher; the 
editors, editorial board, and publisher disclaim any responsibility or liability for such materials.
 
European Journal of Therapeutics is an open access publication and the journal’s publication model is based on 
Budapest Open Access Initiative (BOAI) declaration. Journal’s archive is available online, free of charge at www.
eurjther.com. European Journal of Therapeutics’s content is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License.
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Instructions to Authors
European Journal of Therapeutics (Eur J Ther) is the double-
blind peer-reviewed, open access, international publication 
organ of the Gaziantep University School of Medicine. The 
journal is a quarterly publication, published on March, June, 
September, and December and its publication language is 
English.
 
European Journal of Therapeutics aims to contribute to the 
international literature by publishing original clinical and 
experimental research articles, short communication, review 
articles, technical notes, and letters to the editor in the fields 
of medical sciences. The journal’s target audience includes 
researchers, physicians and healthcare professionals who are 
interested or working in in all medical disciplines.
 
The editorial and publication processes of the journal are 
shaped in accordance with the guidelines of the International 
Council of Medical Journal Editors (ICMJE), the World 
Association of Medical Editors (WAME), the Council of Science 
Editors (CSE), the Committee on Publication Ethics (COPE), the 
European Association of Science Editors (EASE), and National 
Information Standards Organization (NISO). The journal 
conforms to the Principles of Transparency and Best Practice 
in Scholarly Publishing (doaj.org/bestpractice).
 
Originality, high scientific quality, and citation potential are 
the most important criteria for a manuscript to be accepted 
for publication. Manuscripts submitted for evaluation should 
not have been previously presented or already published in an 
electronic or printed medium. The journal should be informed 
of manuscripts that have been submitted to another journal 
for evaluation and rejected for publication. The submission of 
previous reviewer reports will expedite the evaluation process. 
Manuscripts that have been presented in a meeting should 
be submitted with detailed information on the organization, 
including the name, date, and location of the organization.
 
Manuscripts submitted to European Journal of Therapeutics 
will go through a double-blind peer-review process. Each 
submission will be reviewed by at least two external, 
independent peer reviewers who are experts in their fields in 
order to ensure an unbiased evaluation process. The editorial 
board will invite an external and independent editor to manage 
the evaluation processes of manuscripts submitted by editors 
or by the editorial board members of the journal. The Editor 
in Chief is the final authority in the decision-making process 
for all submissions.
 
An approval of research protocols by the Ethics Committee 
in accordance with international agreements (World Medical 
Association Declaration of Helsinki “Ethical Principles for 
Medical Research Involving Human Subjects,” amended in 
October 2013, www.wma.net) is required for experimental, 
clinical, and drug studies and for some case reports. If 
required, ethics committee reports or an equivalent official 
document will be requested from the authors. For manuscripts 
concerning experimental research on humans, a statement 
should be included that shows that written informed consent 
of patients and volunteers was obtained following a detailed 
explanation of the procedures that they may undergo. For 

studies carried out on animals, the measures taken to prevent 
pain and suffering of the animals should be stated clearly. 
Information on patient consent, the name of the ethics 
committee, and the ethics committee approval number should 
also be stated in the Materials and Methods section of the 
manuscript. It is the authors’ responsibility to carefully protect 
the patients’ anonymity. For photographs that may reveal the 
identity of the patients, signed releases of the patient or of 
their legal representative should be enclosed.
 
All submissions are screened by a similarity detection software 
(iThenticate by CrossCheck).
 
In the event of alleged or suspected research misconduct, 
e.g., plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in accordance 
with COPE guidelines.
 
Each individual listed as an author should fulfill the authorship 
criteria recommended by the International Committee of 
Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that 
authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation of 
data for the work; AND

2 Drafting the work or revising it critically for important 
intellectual content; AND

3 Final approval of the version to be published; AND

4 Agreement to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately 
investigated and resolved.

 
In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-
authors are responsible for specific other parts of the work. 
In addition, authors should have confidence in the integrity of 
the contributions of their co-authors.
 
All those designated as authors should meet all four criteria 
for authorship, and all who meet the four criteria should be 
identified as authors. Those who do not meet all four criteria 
should be acknowledged in the title page of the manuscript.
 
European Journal of Therapeutics requires corresponding 
authors to submit a signed and scanned version of the Copyright 
Agreement and Acknowledgement of Authorship Form 
(available for download through www.eurjther.com) during 
the initial submission process in order to act appropriately on 
authorship rights and to prevent ghost or honorary authorship. 
If the editorial board suspects a case of “gift authorship,” 
the submission will be rejected without further review. As 
part of the submission of the manuscript, the corresponding 
author should also send a short statement declaring that he/
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she accepts to undertake all the responsibility for authorship 
during the submission and review stages of the manuscript.
 
European Journal of Therapeutics requires and encourages 
the authors and the individuals involved in the evaluation 
process of submitted manuscripts to disclose any existing or 
potential conflicts of interests, including financial, consultant, 
and institutional, that might lead to potential bias or a conflict 
of interest. Any financial grants or other support received for 
a submitted study from individuals or institutions should be 
disclosed to the Editorial Board. To disclose a potential conflict 
of interest, the ICMJE Potential Conflict of Interest Disclosure 
Form should be filled in and submitted by all contributing 
authors. Cases of a potential conflict of interest of the editors, 
authors, or reviewers are resolved by the journal’s Editorial 
Board within the scope of COPE and ICMJE guidelines.
 
The Editorial Board of the journal handles all appeal and 
complaint cases within the scope of COPE guidelines. In such 
cases, authors should get in direct contact with the editorial 
office regarding their appeals and complaints. When needed, 
an ombudsperson may be assigned to resolve cases that cannot 
be resolved internally. The Editor in Chief is the final authority 
in the decision-making process for all appeals and complaints.
 
European Journal of Therapeutics requires each submission 
to be accompanied by a Copyright Agreement and 
Acknowledgement of Authorship Form (available for 
download at www. eurjther.com). When using previously 
published content, including figures, tables, or any other 
material in both print and electronic formats, authors must 
obtain permission from the copyright holder. Legal, financial 
and criminal liabilities in this regard belong to the author(s). 
By signing this form, authors agree that the article, if accepted 
for publication by the European Journal of Therapeutics, will 
be licensed under a Creative Commons Attribution-Non 
Commercial 4.0 International License (CC-BY-NC). 

Statements or opinions expressed in the manuscripts 
published in European Journal of Medical Sciences reflect the 
views of the author(s) and not the opinions of the editors, 
the editorial board, or the publisher; the editors, the editorial 
board, and the publisher disclaim any responsibility or liability 
for such materials. The final responsibility in regard to the 
published content rests with the authors.
 
MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with 
ICMJE-Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals 
(updated in December 2019 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare 
manuscripts in accordance with the CONSORT guidelines 
for randomized research studies, STROBE guidelines for 
observational original research studies, STARD guidelines 
for studies on diagnostic accuracy, PRISMA guidelines for 
systematic reviews and meta-analysis, ARRIVE guidelines for 
experimental animal studies, and TREND guidelines for non-
randomized public behavior.

Manuscripts can only be submitted through the journal’s 
online manuscript submission and evaluation system, 
available at www.eurjther.com. Manuscripts submitted via any 
other medium will not be evaluated.
 
Manuscripts submitted to the journal will first go through a 
technical evaluation process where the editorial office staff will 
ensure that the manuscript has been prepared and submitted 
in accordance with the journal’s guidelines. Submissions that 
do not conform to the journal’s guidelines will be returned to 
the submitting author with technical correction requests.
 
Authors are required to submit the following:
• Copyright Agreement and Acknowledgement of 

Authorship Form
• ICMJE Potential Conflict of Interest Disclosure Form 

(should be filled in by all contributing authors)
 
during the initial submission. These forms are available for 
download at www.eurjther.com.
 
Preparation of the Manuscript

Title page: A separate title page should be submitted with all 
submissions and this page should include:
• The full title of the manuscript as well as a short title 

(running head) of no more than 50 characters,
• Name(s), affiliations, and highest academic degree(s) of 

the author(s),
• Grant information and detailed information on the other 

sources of support,
• Name, address, telephone (including the mobile phone 

number) and fax numbers, and email address of the 
corresponding author,

• Acknowledgment of the individuals who contributed to 
the preparation of the manuscript but who do not fulfill 
the authorship criteria.

 
Abstract: An abstract should be submitted with all submissions 
except for Letters to the Editor. The abstract of Original 
Articles should be structured with subheadings (Objective, 
Methods, Results, and Conclusion). Please check Table 1 
below for word count specifications.
 
Keywords: Each submission must be accompanied by a 
minimum of three to a maximum of six keywords for subject 
indexing at the end of the abstract. The keywords should 
be listed in full without abbreviations. The keywords should 
be selected from the National Library of Medicine, Medical 
Subject Headings database (https://www.nlm.nih.gov/mesh/
MBrowser.html).

Main Points: All submissions except letters to the editor 
should be accompanied by 3 to 5 “main points” which should 
emphasize the most noteworthy results of the study and 
underline the principle message that is addressed to the 
reader. This section should be structured as itemized to give 
a general overview of the article. Since “Main Points” targeting 
the experts and specialists of the field, each item should be 
written as plain and straightforward as possible.
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Manuscript Types

Original Articles: This is the most important type of article since 
it provides new information based on original research. The main 
text of original articles should be structured with Introduction, 
Methods, Results, Discussion, and Conclusion subheadings. 
Please check Table 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. 
Statistical analyses must be conducted in accordance with 
international statistical reporting standards (Altman DG, Gore 
SM, Gardner MJ, Pocock SJ. Statistical guidelines for contributors 
to medical journals. Br Med J 1983: 7; 1489-93). Information 
on statistical analyses should be provided with a separate 
subheading under the Materials and Methods section and the 
statistical software that was used during the process must be 
specified.
 
Units should be prepared in accordance with the International 
System of Units (SI).
 
Editorial Comments: Editorial comments aim to provide a 
brief critical commentary by reviewers with expertise or 
with high reputation in the topic of the research article 
published in the journal. Authors are selected and invited 
by the journal to provide such comments. Abstract, 
Keywords, and Tables, Figures, Images, and other media 
are not included.
 
Review Articles: Reviews prepared by authors who have 
extensive knowledge on a particular field and whose scientific 
background has been translated into a high volume of 
publications with a high citation potential are welcomed. 
These authors may even be invited by the journal. Reviews 
should describe, discuss, and evaluate the current level of 
knowledge of a topic in clinical practice and should guide 
future studies. The main text should contain Introduction, 
Clinical and Research Consequences, and Conclusion sections. 
Please check Table 1 for the limitations for Review Articles.
 
Short Communication: This type of manuscript present 
significant findings from tangential investigations that are 
offshoots from larger studies or from early results that will 
have to be confirmed through further study. An unstructured 
main text should be prepared for each short communication. 
Please check Table 1 for the limitations for Short Note.
 
Technical Notes: This type of manuscripts should present a 
new experimental, computational method, test, procedure, 
or comparison of methods. The method described may 
either be completely new, or may offer a better version of an 
existing method. The technical note article must describe a 
demonstrable advance on what is currently available. Please 
check Table 1 for the limitations for Technical Notes.
 
Letters to the Editor: This type of manuscript discusses 
important parts, overlooked aspects, or lacking parts of a 
previously published article. Articles on subjects within the 
scope of the journal that might attract the readers’ attention, 
particularly educative cases, may also be submitted in the 

form of a “Letter to the Editor.” Readers can also present 
their comments on the published manuscripts in the form 
of a “Letter to the Editor.” Abstract, Keywords, and Tables, 
Figures, Images, and other media should not be included. The 
text should be unstructured. The manuscript that is being 
commented on must be properly cited within this manuscript.

Table 1. Limitations for each manuscript type

Type of 
manuscript

Word 
limit

Abstract 
word limit

Reference 
limit

Table
limit

Figure 
limit

Original Article 3500 250 
(Structured)

30 6 7 or total of 
15 images

Review Article 5000 250 50 6 10 or total of 
20 images

Short 
Communication

1500 200 20 5 1 or total of 
5 images

Technical Note 1500 No abstract 15 No tables 10 or total of 
20 images

Letter to the Editor 500 No abstract 5 No tables No media

Tables

Tables should be included in the main document, presented 
after the reference list, and they should be numbered 
consecutively in the order they are referred to within the 
main text. A descriptive title must be placed above the tables. 
Abbreviations used in the tables should be defined below 
the tables by footnotes (even if they are defined within the 
main text). Tables should be created using the “insert table” 
command of the word processing software and they should 
be arranged clearly to provide easy reading. Data presented 
in the tables should not be a repetition of the data presented 
within the main text but should be supporting the main text.
 
Figures and Figure Legends

Figures, graphics, and photographs should be submitted as 
separate files (in TIFF or JPEG format) through the submission 
system. The files should not be embedded in a Word document 
or the main document. When there are figure subunits, the 
subunits should not be merged to form a single image. 
Each subunit should be submitted separately through the 
submission system. Images should not be labeled (a, b, c, etc.) 
to indicate figure subunits. Thick and thin arrows, arrowheads, 
stars, asterisks, and similar marks can be used on the images 
to support figure legends. Like the rest of the submission, the 
figures too should be blind. Any information within the images 
that may indicate an individual or institution should be blinded. 
The minimum resolution of each submitted figure should be 300 
DPI. To prevent delays in the evaluation process, all submitted 
figures should be clear in resolution and large in size (minimum 
dimensions: 100 × 100 mm). Figure legends should be listed at 
the end of the main document.
 
All acronyms and abbreviations used in the manuscript should 
be defined at first use, both in the abstract and in the main 
text. The abbreviation should be provided in parentheses 
following the definition.
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When a drug, product, hardware, or software program is 
mentioned within the main text, product information, including 
the name of the product, the producer of the product, and city and 
the country of the company (including the state if in USA), should 
be provided in parentheses in the following format: “Discovery St 
PET/CT scanner (General Electric, Milwaukee, WI, USA)”
 
All references, tables, and figures should be referred to within 
the main text, and they should be numbered consecutively in 
the order they are referred to within the main text.
 
Limitations, drawbacks, and the shortcomings of original 
articles should be mentioned in the Discussion section before 
the conclusion paragraph.
 
References

While citing publications, preference should be given to the 
latest, most up-to-date publications. Authors should avoid 
using references that are older than ten years. The limit for 
the old reference usage is 15% in the journal. If an ahead-of-
print publication is cited, the DOI number should be provided. 
Authors are responsible for the accuracy of references. 
Journal titles should be abbreviated in accordance with the 
journal abbreviations in Index Medicus/ MEDLINE/PubMed. 
When there are six or fewer authors, all authors should be 
listed. If there are seven or more authors, the first six authors 
should be listed followed by “et al.” In the main text of the 
manuscript, references should be cited using Arabic numbers 
in parentheses. The reference styles for different types of 
publications are presented in the following examples.
 
Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanović 
M, Gajović O, Lazić Z, et al. Impact of imaging diagnostics 
on the budget – Are we spending too much? Vojnosanit Pregl 
2013; 70: 709-11. 
 
Book Section: Suh KN, Keystone JS. Malaria and babesiosis. 
Gorbach SL, Barlett JG, Blacklow NR, editors. Infectious 
Diseases. Philadelphia: Lippincott Williams; 2004.p.2290-308.
 
Books with a Single Author: Sweetman SC. Martindale the 
Complete Drug Reference. 34th ed. London: Pharmaceutical 
Press; 2005.
 
Editor(s) as Author: Huizing EH, de Groot JAM, editors. 
Functional reconstructive nasal surgery. Stuttgart-New York: 
Thieme; 2003.
 
Conference Proceedings: Bengisson S. Sothemin BG. 
Enforcement of data protection, privacy and security in medical 
informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, 
editors. MEDINFO 92. Proceedings of the 7th World Congress 
on Medical Informatics; 1992 Sept 6-10; Geneva, Switzerland. 
Amsterdam: North-Holland; 1992. pp.1561-5.
 
Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf 
B, Agrón E, Wu L, Lindley A, et al. Early Treatment Diabetic 
Retinopathy Study Research Group. Risk factors for renal 
replacement therapy in the Early Treatment Diabetic 

Retinopathy Study (ETDRS), Early Treatment Diabetic 
Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yılmaz B. Ankara Üniversitesindeki Öğrencilerin 
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Surgical Approach to Paranasal Sinus Osteomas:
Our Experience in 22 Cases

Secaattin Güls�en1 , Aykut Tas�demir2 , Semih Mumbuç2
1Department of Otorhinolaryngology, Dr. Ersin Arslan Training and Research Hospital, Gaziantep,
Turkey
2Department of Otorhinolaryngology, Gaziantep University Faculty of Medicine, Gaziantep, Turkey

ABSTRACT
Objective: Paranasal sinus (PNS) osteomas are rare, but the most common benign bone tumors of the paranasal region that can
remain asymptomatic until reaching certain size are usually diagnosed incidentally. This study aimed to evaluate the factors that deter-
mine the surgical approach to PNS osteomas.
Methods: This retrospective study included 22 patients who underwent surgery for PNS osteoma between January 2012 and December
2018. Demographic characteristics, tumor location and size, symptoms, surgical techniques, and postoperative complications were ana-
lyzed retrospectively. The relationship between the location and size of the osteoma and the surgical approach was investigated.
Results: Of the 22 patients who underwent surgery for PNS osteoma, eight (36.3%) and 14 (63.7%) were women and men, respectively.
The mean age of the patients was 39.1 years (range, 21–54 years). Based on their PNS location, osteomas were found in the ethmoid,
frontal, maxillary, and both frontal and ethmoid sinuses in 10 patients (45.4%), eight patients (36.3%), three patients (13.6%), and one
(4.5%) patient, respectively. The tumor was excised using the osteoplastic flap technique in five (22.7%) patients with frontal sinus
osteomas larger than 2 cm in size. A combination of the Caldwell–Luc and transnasal endoscopic techniques was used in three (13.6%)
patients with maxillary sinus osteomas. The tumor was excised using the lateral rhinotomy technique in one patient (4.5%) with a giant
osteoma in the ethmoid sinus. Osteoma excision was performed using a transnasal endoscopic approach in the remaining 12 patients
with ethmoid (n¼ 9) and frontal sinus (n¼ 3) involvement.
Conclusions: Although the tendency to perform minimally invasive and less morbid transnasal endoscopic approaches in PNS osteoma
surgery is increasing, open surgical techniques and combined approaches should be preferred for ethmoid and frontal sinus osteomas
with potential complications and which extend beyond the PNS boundaries. PNS osteoma size and localization, surgical equipment,
endoscopic sinus surgery experience, and experience in open surgical techniques are the determinants for the surgical approach in
PNS osteoma surgery.
Keywords: Osteoma, osteoplastic flap, paranasal sinus, transnasal endoscopic approach

INTRODUCTION
Osteomas are rare, slowly growing, and benign tumors of the
paranasal region originating from bone tissue. Although it can
be found in every age group, it is generally seen in the fourth
and fifth decades and most frequently in men.1 Paranasal sinus
(PNS) osteomas, which are usually asymptomatic, are detected
incidentally on radiographs or tomographies for other medical
purposes. Although there is no consensus regarding the etiology
of PNS osteomas, theories, such as infections, embryological
developmental disorders, and trauma, have been proposed.2,3

When PNS osteomas reach a certain size, they may cause various
symptoms and findings depending on their location. Headache
and facial pain are among the most common symptoms of PNS
osteomas.3–5 PNS osteomas can grow in the orbital structures
and cause diplopia, proptosis, ptosis, and orbital pain. When
they extend into the intracranial structures, life-threatening
complications, such as cerebrospinal fluid (CSF) leakage, cerebral

abscess, and meningitis, may occur.4,6 Based on the histological
types, osteomas are divided into three groups: (1) compact, (2)
spongious, and (3) mixed types, and the most common form
observed is the compact type.7 Osteomas are most commonly
located in the frontal sinus, and then, in the ethmoid, maxillary,
and sphenoid sinuses with decreasing frequency.6

Although the definitive treatment for symptomatic PNS osteo-
mas is surgical excision, follow-up is also recommended in
asymptomatic cases.7,8 Currently, there are two main
approaches for the surgical treatment of PNS osteomas, open
surgical techniques (osteoplastic flap, Caldwell–Luc, and lateral
rhinotomy), and transnasal endoscopic techniques.8–12 The
authors aimed to present the clinical results in relation to
patients who underwent surgery for PNS osteomas and to eval-
uate the factors that determine the surgical approach in the
treatment of PNS osteomas.

How to cite: Gulsen S, Tas�demir A, Mumbuç S. Surgical Approach to Paranasal Sinus Osteomas: Our Experience in 22 Cases. Eur J
Ther 2021; 27(4): 250-255.

ORCID iDs of the authors: S.G. 0000-0003-0687-6057; A.T. 0000-0001-9476-0075; S.M. 0000-0003-4977-2581.

Corresponding Author: Aykut Tas�demir E-mail: integral8927@gmail.com

Received: July 30, 2019 �Accepted: November 18, 2019

Content of this journal is licensed under a Creative
Commons Attribution-NonCommercial 4.0 International License.

European Journal of Therapeutics DOI: 10.5152/eurjther.2019-19083

Original Article

250

https://orcid.org/0000-0003-0687-6057
https://orcid.org/0000-0001-9476-0075
https://orcid.org/0000-0003-4977-2581


METHODS
This study included 22 patients with PNS osteoma in the Oto-
rhinolaryngology Clinic of the Dr. Ersin Arslan Training and
Research Hospital and the Otorhinolaryngology Department of
the Faculty of Medicine of the University of Gaziantep between
January 2012 and September 2018. The Gaziantep University
local ethics committee approved the study protocol. A written
informed consent was obtained from all patients. The medical
records of the patients were analyzed retrospectively, including
data such as age, sex, follow-up, localization, size of the oste-
oma, symptoms, surgical approach, and complications. Oste-
oma in all cases was diagnosed using computed tomography
(CT) and confirmed by histopathological examination. Magnetic
resonance imaging (MRI) was also used in certain cases where
the osteoma had invaded the orbit and extended beyond the
PNS. Preoperative CT images were examined, and a surgical
approach was planned, depending on the location of the oste-
oma, its size, and whether it had spread beyond the PNS
borders.

Depending on the location and size of the osteomas; transnasal
endoscopic, lateral rhinotomy (external ethmoidectomy),
Caldwell–Luc, and osteoplastic flap techniques were adopted.
Combined surgical approaches using transnasal endoscopic
and open surgical techniques were preferred in some cases
where the osteoma could not be completely removed through
the nasal cavity. All patients were operated under general anes-
thesia. In all patients, the tumor was removed without residues.
In patients with giant osteomas in which the tumor could not
be removed en bloc, the osteomas were fragmented using an
otologic drill and then excised. In patients who underwent sur-
gery using the transnasal endoscopic approach, the nasal
mucosa and turbinates were decongested with 0.05% oxymeta-
zoline hydrochloride-impregnated buffers preoperatively. Oxy-
tetracycline hydrochloride pomade-mixed buffers were filled
into the nasal cavity postoperatively. In patients with external
skin incision, dressings were performed for 1 week, and the
sutures were removed thereafter. In patients who underwent
the Caldwell–Luc procedure, oral mucosal incisions were closed
using absorbable sutures. All patients were administered post-
operative prophylactic antibiotics and analgesics, if necessary.
Nasal packs were removed on the third day, and the patients
were called for a control examination at 3-day intervals in the
first week, then once weekly for 2 weeks, followed by follow-
ups at the end of the first month, sixth month, and 1 year. The
mean postoperative follow-up was 15.8 months (minimum:
8 months and maximum: 27 months).

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) version
22.0 (IBM SPSS Corp.; Armonk, NY, USA) was used for statistical
analysis of the data. Descriptive and statistical analyses were
performed. Results are presented as mean (6standard devia-
tion), median (range), and per cent.

RESULTS
The medical records of 22 patients diagnosed with osteomas
by postoperative histopathological examination were examined
retrospectively. The most common types of osteomas were
compact (n ¼ 15), followed by mixed (n ¼ 5) and spongious (n
¼ 2) types. The clinical and demographic data of the patients
are presented in Table 1. Of the 22 patients who underwent
surgery for osteomas, eight (36.3%) and 14 (63.7%) were
women and men, respectively. The mean age of the patients
was 39.1 years (range, 21–54 years). Based on their location,
osteomas were found in the ethmoid, frontal, maxillary, and
both frontal and ethmoid sinuses in 10 patients (45.4%), eight
patients (36.3%), three patients (13.6%), and one patient (4.5%),
respectively. In one patient, ethmoid sinus osteoma had a
retro-orbital invasion, causing diplopia and proptosis symp-
toms. Based on PNS CT measurements, osteoma sizes ranged
from 0.5 to 7.5 cm, and the mean was 2.9 cm. The most
common symptoms at the time of admission were headache (n
¼ 14), followed by periorbital pain (n ¼ 4), nasal obstruction (n
¼ 2), proptosis and diplopia (n ¼ 1), and facial pain (n ¼ 1).

Osteomas were successfully excised completely using the trans-
nasal endoscopic approach in 12 patients (54.5%), of which
nine (40.9%) and one (13.6%) were located in the ethmoid and
frontal sinuses, respectively. In patients who underwent trans-
nasal endoscopic surgery, the mean osteoma size was
1.9 cm (range, 0.5–3.8 cm) and 1.5 cm (range, 0.5–2 cm) for eth-
moid and frontal sinuses, respectively. The overall mean size of
the osteomas removed using the transnasal endoscopic
approach was 1.8 cm (range, 0.5–3.8 cm). Of the three cases of
PNS osteomas removed using the transnasal endoscopic
approach, two were in the frontal sinus inferior wall, and one
was in the frontal sinus recess. In one case, a 3.8-cm ethmoid
sinus osteoma, causing retro-orbital invasion and diplopia, was
completely excised throughout the medial wall of the orbit by
using the transnasal endoscopic approach (Figure 1). In the
early postoperative period, proptosis and diplopia resolved rap-
idly without complications.

The osteoplastic flap technique was preferred in five (22.7%)
patients with frontal sinus osteomas >2 cm. The mean size of
frontal sinus osteomas excised using the osteoplastic flap
approach was 3.9 cm (range, 2.3–5.5 cm). Of the five patients
with excised using the osteoplastic flap approach, three had
osteomas in the lateral wall of the frontal sinus, one had an
osteoma on the posterior aspect of the frontal sinus, and one
had an osteoma on the anterior wall of the frontal sinus. In
three (13.6%) patients with maxillary sinus involvement, the
osteomas originated from the maxillary sinus posterior wall in
two patients and from the lateral wall in one patient. The
Caldwell–Luc and transnasal endoscopic approaches were used
in combination in three patients with maxillary sinus osteomas.
A 4.5-cm ethmoid sinus osteoma was removed using the lateral

Main Points

• There are basically three different alternatives for para-
nasal osteomas: open and transnasal endoscopic
approach and their combination.

• Appropriate approach should be determined according to
the location and size of paranasal sinus (PNS) osteomas
and the surgeon’s experience.

• While surgical treatment is recommended for sympto-
matic PNS osteomas, incidentally detected PNS osteomas
are followed.
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rhinotomy technique in one patient (4.5%). In one patient
(4.5%), a 7.5-cm osteoma from the frontal and ethmoid sinuses
was completely removed by fragments by using a combination
of the osteoplastic flap and transnasal endoscopic techniques
(Figure 2). Two patients who presented with nasal obstruction
and diagnosed with PNS osteoma underwent both septoplasty
and osteoma excision in the same session. The patients were
hospitalized for 1 day postoperatively. Nasal tampons were
removed after 48–72 hours, and the patients were followed-up
by weekly controls every 3 days for the first week and thereafter
for a month. Patients who underwent surgery using external
approaches were advised to attend for controls every 2 days for
dressing during the first week, then called for a weekly checkup
for 1 month. Prophylactic oral penicillin was administered for
1 week postoperatively. None of the patients had intraoperative

or early postoperative complications, such as CSF rhinorrhea,
massive bleeding, periorbital hematoma, or PNS infection. In
one patient who underwent surgery using the osteoplastic flap
technique, a local soft tissue infection developed in the third
postoperative month due to the titanium plate used for defect
repair of the frontal sinus anterior wall. The local infection
resolved with antibiotic treatment and did not recur during the
18-month follow-up period. One patient with frontal sinus oste-
oma resected using the osteoplastic flap approach had numb-
ness in the forehead region.

DISCUSSION
Osteomas are asymptomatic until they reach a certain size;
hence, small osteomas are generally diagnosed incidentally.

Table 1. Demographic and Clinical Characteristics of Patients with Paranasal Sinus Osteoma

Patients
Number

Age
(Years) Gender

Osteoma
Location

Size
(cm) Symptom

Surgical
Approach

Follow-Up
(Months)

1 21 Male Ethmoid sinus 1.5 Headache TE 12

2 37 Female Ethmoid sinus 0.5 Nasal obstruction TE 27

3 43 Male Frontal sinus 2.3 Headache OF 21

4 52 Male Frontal sinus 2.5 Periorbital pain OF 13

5 33 Female Ethmoid sinus 2.5 Headache TE 16

6 35 Female Maxillary sinus 4.5 Headache CL þ TE 17

7 47 Male Frontal sinus 2.5 Headache OF 22

8 44 Male Maxillary sinus 2.5 Nasal obstruction CL þ TE 8

9 38 Female Ethmoid sinus 2.3 Headache TE 11

10 37 Female Maxillary sinus 4.5 Periorbital pain CL þ TE 21

11 54 Male Frontal þ ethmoid sinus 7.5 Headache OF þ TE 18

12 32 Female Frontal sinus 2 Periorbital pain TE 24

13 27 Male Ethmoid sinus 2.5 Facial pain TE 11

14 49 Female Frontal sinus 0.5 Headache TE 14

15 38 Male Ethmoid sinus 4.5 Headache LR 23

16 41 Male Frontal sinus 6.5 Headache OF 12

17 38 Male Ethmoid sinus 1.5 Headache TE 11

18 50 Male Ethmoid sinus 1.2 Periorbital pain TE 16

19 41 Male Frontal sinus 2 Headache TE 11

20 46 Female Ethmoid sinus
(retroorbital extension)

3.8 Propitozis þ diplopia TE 14

21 49 Male Ethmoid sinus 1.5 Headache TE 13

22 26 Male Frontal sinus 5.5 Headache OF 14

TE, transnasal endoscopic; CL, Caldwell–Luc; OF, osteoplastic flap; LR, lateral rhinotomy.
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Symptoms and findings vary according to the location, size,
and development rate, and direction of the osteomas.6 Osteo-
mas may cause diplopia, proptosis, and periorbital pain due to
the involvement of orbital structures; meningitis, CSF rhinor-
rhea, and cerebral abscess due to intracranial spread; and
chronic sinusitis and mucocele due to the disruption of drain-
age in the PNS.8–10 Based on studies in the literature, the most
commonly reported symptom of PNS osteomas is head-
ache.5,11,12 Nasal mucosal inflammation adjacent to the oste-
oma, chronic rhinosinusitis due to obstruction of the drainage
pathways of the PNS, and compression effect on the struc-
tures around the osteoma are factors that may cause head-
ache.1,5 In our study, the most common symptom was pain in
the head, face, and periorbital regions, which was consistent
with the literature. Osteomas are generally diagnosed in the
40–50-year age group and are more common in men.8 In this
study, male predominance was determined, and age distribu-
tion was consistent with the literature. In terms of localization,
PNS osteomas originate most frequently from the frontal
sinus, followed by the ethmoid, maxillary, and sphenoid
sinuses in decreasing frequency.6,11,13 By contrast, in a pro-
spective study with a large sample size, the authors argued
that osteomas originate most frequently from the ethmoid
sinus and then from the frontal, maxillary, and sphenoid
sinus.1 In our study, PNS osteomas were detected more fre-
quently in the ethmoid sinus.

Although indications for the surgical treatment of PNS osteo-
mas are controversial, there is a general consensus that surgical
treatment should be performed for symptomatic patients and
rapidly growing osteomas.14,15 Savić and Djerić8 suggested sev-
eral indications for the surgical treatment of osteomas from the
frontal and ethmoid sinuses, including osteomas extending
beyond the frontal sinus boundaries, fast-growing osteomas,
disruption of drainage of PNS, nasolacrimal duct involvement,
and headache. Georgalas et al.16 indicated that surgical treat-
ment should be performed in cases where osteomas com-
pletely obstruct the frontal recess, cause orbital and
neurological symptoms due to intraorbital and intracranial
extensions, if the growing osteomas occupies >50% of the

space in the frontal sinus. Although it is widely accepted that
patients with asymptomatic PNS osteomas diagnosed inciden-
tally should be followed-up because they show very slow
growth characteristics, in the literature, studies advocating sur-
gical treatment of asymptomatic PNS osteomas also exist as
their increasing size may cause potential complications in the
later stages of life.14 In this study, surgical excision was per-
formed in all symptomatic patients with PNS osteoma detected
by PNS CT. PNS CT is the gold standard imaging modality for
the diagnosis of osteomas. Compact osteomas appear as
smooth, hyperdense, noncontrast-enhancing masses on CT.
Spongious and mixed types of osteomas are denser than the
surrounding bone tissue and appear as heterogeneous bone
masses on a CT with partial contrast enhancement.1 In addition,
the most appropriate approach in the follow-up of asymptom-
atic patients who did not undergo surgery is a periodic evalua-
tion with PNS CT. MRI is recommended to evaluate soft tissue
in patients with orbital involvement and intracranial extension
of osteomas.10

Surgical options for PNS osteomas can be classified into three
main groups: open, closed (transnasal endoscopic), or a combi-
nation of these. Although the surgical approach is not standard
for the surgical treatment of PNS osteomas, the surgical
approach can be determined preoperatively according to the
location and size of the tumor and the surgeon’s experience
with surgical techniques. Open surgical options include

Figure 2. Fronto-ethmoid sinus osteoma resection via com-
bination of osteoplastic flap and transnasal endoscopic
technique. (a) X-ray view of the osteoma involving the fron-
tal and ethmoid sinus, (b) intraoperative view of the giant
osteoma, (c) appearance of the frontal sinus and frontal
recess after osteoma removal, and (d) frontal sinus anterior
wall reconstruction using titanium plate.

Figure 1. Osteoma surgery with orbital invasion by endo-
nasal endoscopic approach. (a) Paranasal computed tomog-
raphy (CT) image of the osteoma showing orbital invasion.
(b) Paranasal CT image after osteoma excision with an
endonasal endoscopic approach.
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alternative approaches, such as lateral rhinotomy and external
ethmoidectomy for complicated osteomas located in the eth-
moid sinus, Caldwell–Luc for osteomas located in the maxillary
sinus, and osteoplastic flap or bicoronal flap techniques for
osteomas >2 cm in the frontal sinus.14 All large osteomas out-
side the frontal sinus can be safely removed in one piece or by
fragmentation with the endonasal endoscopic approach.15

Although open surgical approaches have advantages, such as
better surgical vision, ability to use both hands simultaneously,
and easier intervention for possible complications, such as
bleeding and CSF rhinorrhea, they have several disadvantages
compared with the transnasal endoscopic approach, such as
being more invasive and resulting in visible scarring due to
external surgical incisions, causing higher postoperative pain,
resulting in prolonged hospital stays and high postoperative
morbidity.16

The osteoplastic flap and bicoronal flap techniques, which are
commonly used, are open surgical methods that provide
shorter operative times, wider areas for surgical intervention,
and excellent surgical exposure for frontal sinus located osteo-
mas >2 cm.14,15 Open surgical approaches allow the complete
removal of frontal sinus osteomas without residues; moreover,
they provide easier repair of complications, such as defects in
the posterior wall of the frontal sinus and CSF rhinorrhea.15

Despite these advantages, pain and loss of sensation in the
frontal region, scar on the skin due to surgical incisions, pain,
and cosmetic deformity are among the most important disad-
vantages of open surgical techniques.16 In our study, a titanium
plate was used to repair the bone defect in the anterior wall of
the frontal sinus in a patient who underwent osteoma excision
with the osteoplastic flap approach, and a late postoperative
soft tissue infection due to the presence of the titanium plate,
which was treated with systemic oral antibiotics. In another
patient who underwent excision of a frontal sinus osteoma
with the osteoplastic technique, a transient temporary loss of
sensation in the frontal region improved spontaneously within
6 months postoperatively.

The transnasal endoscopic approach, which offers minimally
invasive surgery for the treatment of PNS osteomas, has been
increasingly adopted in appropriate cases. Compared with
open surgical techniques, the transnasal endoscopic approach
results in scarless surgery, less pain, shorter hospital stays, low
postoperative morbidity rates, and lower complication
rates.12,13 However, Rokade and Sama reported that the endo-
scopic transnasal approach is quite risky and challenging in
patients with osteomas that fill >75% of the frontal sinus and
erode the posterior wall of the frontal sinus or in patients with
a history of meningitis and CSF rhinorrhea.12 After endoscopic
surgery, the anatomical structures of the nose and the drainage
pathways of the sinuses were significantly preserved, and con-
sequently, no deterioration of PNS function was observed. Cas-
telnuovo et al.17 reported that the transnasal endoscopic
approach is not appropriate for the surgical treatment of
patients with PNS osteomas, exceeding the ethmoidal sinus
boundaries and showing orbital invasion, osteomas not arising
from the inferior wall of the frontal sinus and frontal recess, or
osteomas in the anterior or inferior maxillary sinus and
>2 cm in size. In addition, the transnasal endoscopic approach
is not an appropriate surgical technique for PNS osteomas that

erode the posterior wall of the frontal sinus and show intracra-
nial extension. By contrast, some studies suggest that trans-
nasal endoscopic excision of large osteomas in the frontal sinus
and osteomas in the upper medial wall of the maxillary sinus is
feasible in suitable cases with large frontal recesses.18 Seiberl-
ing et al.19 reported that they successfully performed surgery in
23 patients with large frontal sinus osteomas with the trans-
nasal endoscopic approach. Although the transnasal endo-
scopic technique has many advantages, it is not considered an
appropriate option in intraorbital and intracranial extension
osteomas due to the possibility of complications, such as intra-
orbital hemorrhage and CSF rhinorrhea. Although it is endo-
scopically possible to intervene in complications, such as CSF
rhinorrhea and periorbital hemorrhage, it increases morbid-
ity.17,18 However, in our study, in a patient with a 3.8-
cm osteoma with retro-orbital invasion exceeding the ethmoid
sinus margins, the tumor was successfully removed completely
using the transnasal endoscopic approach. Although the size
and location of the osteoma have an impact on determining
the surgical approach, the experience of the surgeon perform-
ing the surgery is also an important determining factor in
choosing the surgical approach.

Finally, in this study, tumor excision was successfully performed
using the transnasal endoscopic approach in patients with
osteomas not exceeding 2 cm in size located in the frontal sinus
inferior wall and recess. The tumor was excised using the osteo-
plastic flap approach in patients with osteomas >2.5 cm in size
and located in the posterior and lateral regions of the frontal
sinus. PNS osteoma was excised by using lateral rhinotomy in a
patient with ethmoid sinus involvement and lateral extension.
Serious major complications, such as periorbital hemorrhage,
orbital injury, and CSF rhinorrhea, did not occur. In a patient
who underwent open surgery for giant frontal sinus osteoma,
soft tissue infection was developed in the third postoperative
month due to the titanium plate used to defect repair and was
treated with systemic oral antibiotics. During the follow-up
period, no complications, such as reactions to a foreign body or
explanation related to titanium plate use, were observed.

CONCLUSION
Open, transnasal endoscopic, and combined approaches for
PNS osteomas have been described, and the decision regarding
the surgical approach is determined based on the tumor loca-
tion, size, and invasion to adjacent structures. Although there
has been an increased tendency to apply the transnasal endo-
scopic approach in PNS osteoma surgery in recent years, open
surgical techniques and combined approaches should be pre-
ferred for ethmoid and frontal sinus osteomas exceeding the
PNS boundaries and have a potential for complications. In
selecting the surgical approach, size and localization of the
osteoma, surgical equipment, and surgeon’s experience in
endoscopic sinus surgery and open surgical techniques are also
determinant factors.
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Can Chemotherapy Induced Cardiomyopathy Be
Detected from Pretreatment Platelets to
Lymphocytes Ratio?

Candan Mansuroğlu
Department of Cardiology, Ankara City Hospital, Ankara, Turkey

ABSTRACT
Objective: In this study, we aimed to identify patients at risk of chemotherapy-induced cardiotoxicity with a simple method like plate-
let-to-lymphocyte ratio (PLR) before starting therapy.
Method: A total of 65 breast cancer patients who completed anthracycline or adjuvant trastuzumab treatment were evaluated retro-
spectively. Serial PLR calculations, echocardiographic examinations, and cardiac markers before treatment and after follow-up period
were analyzed. Cardiotoxicity was determined according to Cardiac Review and Evaluation Committee Criteria.
Results: Patients were divided into two groups according to their baseline PLR levels as Group C—PLR < 119 and Group D—PLR �
120. The median follow-up of the study was 22.23 (12-42) months. Concomitant disease and baseline characteristics were similar in
both groups. Symptomatic cardiotoxicity was not observed in both groups. Cardiotoxicity was occurred in one patient (2.3%) in Group
C and in four patients (9.5%) in Group D (P ¼ .005). Average mean left ventricular ejection fraction loss from baseline was 10.7 6 7.0%
in Group D vs 2.3 6 6.4% in Group C (P ¼ .008). Interpretation of cardiac markers that were present in nearly half of the patients
revealed that serum hs-c-reactive protein and pro-brain natriüretic peptide levels were significantly higher in patients who developed
cardiotoxicity compared to who did not develop cardiotoxicity. PLR � 120 had 99% sensitivity and 85% specificity in predicting
cardiotoxicity.
Conclusion: This study’s results showed that high PLR levels were associated with chemotherapy-induced cardiotoxicity. To our best
knowledge, this is the first study, examining the impact of whole blood test on chemotherapy-induced cardiotoxicity before starting
the therapy and allowing doctors plot a route for these risky patients.
Keywords: Breast cancer, cardiotoxicity, chemotherapy, platelets-to-lymphocytes ratio

INTRODUCTION
Aged people are increasing as a consequence of better living
conditions and improved technological development in our
country as in the world. The incidence of malignancy especially
breast cancer in women and, hence, the chemotherapy-treated
patients is increasing with ages.1 Apparently in the near future,
cancer patients and also chemotherapy-treated patients will
increase. The anthracycline and trasthuzumab therapy has
been shown to improve survival in breast cancer patients.2

According to the large retrospective studies, apparent reduc-
tions were recorded in mortality with these chemotherapeutic
agents.3–5 Although the drugs are highly effective in treatment,
silent and severe cardiac side effects make to stop the therapy
and limit the therapy effectiveness.6,7 An effective parameter is
not currently available to detect the cardiotoxicity.

PLR is a novel biomarker showing inflammation in cardiac and
noncardiac patients. T and B lymphocytes and platelets secrete
proinflammatory substances such as chemokines and cytokines
are suggested to play a prominent role in the development

and progression of many cancer types. PLR is a fast, simple, and
cheap biomarker, showing inflammation in cardiac and noncar-
diac patients and widely studied in many subjects and found as
an independent predictor for cardiac complications and
prognosis.8–15 In this study, we planned to find out patients
with the risk of cardiotoxicity before starting the therapy with a
simple whole blood test.

METHODS
Consent was obtained from the patients in accordance with the
Declaration of Helsinki for participation. This study was
approved by the Ankara Numune Education and Research
Hospital Ethics Committee on March 5, 2017 (study number
2017E- 18)

The demographic characteristics including age, gender, history
of arterial hypertension, diabetes mellitus, tobacco use, body
mass index, past medications menopausal history, treatment
history, beginning and ending time of treatments, timing of
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hormonal and chemotherapeutic treatments, and history of
comorbid disease are presented in Table 1, and serum levels of
fasting blood glucose, hemogram, c-reactive protein (CRP), and
a lipid panel including low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, and triglyceride levels are
all evaluated and shown in Table 2. Baseline and control echo-
cardiographic left ventricular ejection fraction (LVEF) measure-
ments and echocardiographic data are presented in Table 3. All
data were analyzed retrospectively. Patients with heart failure,
significant valvular disease, cardiomyopathy, uncontrolled
hypertension, abnormal hepatic and renal functions, active
infection, chronic inflammatory disease, chronic obstructive
pulmonary disease, other malignancies, previous use of chemo-
therapy, and radiotherapy and immunotherapy patients were
excluded. Recurrent or metastatic patients and severely ill
patients were also excluded from the study. The PLR was calcu-
lated before and after 6 months of treatment. Institutional
ethics committee approval was obtained. Cardiotoxicity was
defined according to Cardiac Review and Evaluation Committee
definition as an absolute decline of LVEF of 5% to <55% with
symptoms of HF or an asymptomatic reduction of LVEF of 10%
to <55%.16

The long and short axis parasternal and apical views, two-
dimensional, M-mode, pulsed, and color flow Doppler echocar-
diographic examinations in the left lateral decubitus position
were done using a Vivid 5, GE Vingmed, Horten, Norway, 2–4
mHz phased array transducer. Left ventricle end-diastolic
(LVEDD), left ventricle end-systolic (LVESD), LVEF, mitral inflow
indices as the peak early filling (E peak) and late diastolic filling
(A peak) velocities, the E/A ratio, deceleration time (DT) of early
filling velocity, and the isovolumic relaxation time (IVRT) were
present in echocardiography reports.

An automated blood cell counter (ADVIA 2120i Hematology
System, Siemens Healthcare Diagnostics, Deerfield, IL) was used
in hematology laboratory. A Cobas E-601 analyzer (Roche Diag-
nostics, Mannheim, Germany) using electrochemiluminescence
immunoassay was used in vitro CK-MB, pro-brain natriüretic
peptide (BNP), and Troponin I and high-sensitive (hs) Troponin
T analyses. A Hitachi Modular P800 analyzer (Roche Diagnostics,
Mannheim, Germany) was used to measure the hs-CRP.

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) version 18.0
(IBM SPSS Corp.; Armonk, NY, USA) was used for statistical anal-
ysis. Variables were analyzed using the Kolmogorov–Smirnov
test. Categorical variables were presented as percentages, and
parametric variables were presented as mean 6 standard devi-
ation. Nonparametric variables were expressed as median (min-
imum – maximum). The normally distributed numeric variables
were analyzed using the Student’s t-test, and non-normally dis-
tributed variables were evaluated by the Mann–Whitney U test
variance analysis. The categorical variables were compared
with Chi-square test. P value < .05 was accepted as statistically
significant.

RESULTS
This study was consisted of a total of 65 patients with breast
cancer completed at least �6 months an anthracycline-
containing regimen setting weekly doxorubicin (24 mg m�2 IV)
with daily oral cyclophosphamide (60 mg m�2 PO) for
12 weeks, and in 11 of 65 patients, taxanes were added to the
regimen. Patients’ demographic characteristics were listed in
Table 1. The median follow-up of the study was 22.23 (12-42)
months and was not significant between two groups (P ¼ .34).
Of the enrolled patients, 29 (28.57%) patients were PLR < 119
in Group C and 36 (47. 61%) patients were PLR � 120 in Group
D. The median age was 48.1 6 7.7 years (35-69) for Group D,
whereas it was 46.2 6 8.6 years (32-67) for Group C (P ¼ .47).
These accompanying chronic diseases were similar in both
treatment groups. Histology of the primary tumor, lymphovas-
cular invasion, perineural invasion, extracapsular extension, and
histological grade and type of surgery were similar and not
statistically significant in both groups.

Baseline LVEF values were 65.5 6 3.4% and 67.1 6 4. 5% in
Group C and Group D, respectively (P ¼ .13). Symptomatic
heart failure was not observed during treatment in both
groups. All echocardiographic results were presented in
Table 2. Asymptomatic LVEF decline was observed in one
(2.3%) and four (9.5%) patients in Group C and Group D, respec-
tively (P ¼ .005). The incidence of LVEF decline was significantly
higher in Group D (P < .001). The lowest LVEF values during
treatment were 64.3 6 3.9% and 58.6 6 6.7% in Group C and
Group D, respectively (P ¼ .01). Mean LVEF values decreased
below 50% for two patients in Group D, and all of them had
been treated with heart failure medications. In the subgroup
analyses, no association was found between cardiotoxicity and
hypertension (P ¼ .54), hyperlipidemia (P ¼ .69), diabetes (P ¼
.59), obesity (P ¼ .79), total anthracycline dose (P ¼ .68), and
family history of coronary artery disease (P ¼ .68). Despite the
risk of cardiotoxicity was increased with advanced age
>60 years (P ¼ .08) and with a combination of taxane and
anthracycline regimens (P ¼ .07), this risk was not significant.
Baseline mean LVEF values were similar in Group C and Group
D. Mean LVEF was 64.3 6 2.7% and 63.8 6 3.2% in Group C
and Group D (P ¼ .29), respectively. Average mean LVEF loss
from baseline was significantly higher in Group D than Group C
(10.7 6 7.0% vs 2.3 6 6.4%, HR: 1.46; 95% CI: 1.17 to 1.73; P ¼
.008). As shown in Figure 1, patients with cardiotoxicity had sig-
nificantly higher PLR values lower lymphocyte counts than
those with cardiotoxicity not observed group. In the subgroup

Main Points

• We aimed to identify patients at risk of chemotherapy-
induced cardiotoxicity with a simple method like platelet-
to-lymphocyte ratio (PLR) before starting therapy. Because
cardiotoxicity is a therapy limiting factor in cardio-
oncology.

• We planned this study to find out any possible association
between PLR and cardiac complications.

• For the first time, the study results showed a possible cor-
relation between PLR and cardiotoxicity.

• With this knowledge, we can predict the patients at cardi-
otoxicity risk and change if possible the chemotherapeutic
agent or lower the dose.
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analyses, mean LVEF was significantly lower in patients who
developed cardiotoxicity during treatment compared to who
did not develop (61.9 6 3.6% vs 64.4 6 2.6%, P ¼ .01). Baseline
LVEF values were significantly higher in patients who devel-
oped cardiotoxicity compared to who did not develop cardio-
toxicity (69.0 6 5.5% vs 65.6 6 3.3%, P ¼ .01). No significant
differences were found in other echocardiographic measure-

ments between both groups. Cardiac biomarkers such as hs-
CRP, CK-MB, troponin I, troponin T, and pro-BNP were present
in nearly half of the patients, and levels were shown in Table 4.
Serum hs-CRP and pro-BNP levels were significantly higher in
patients who developed cardiotoxicity compared to who did
not develop cardiotoxicity (HR: 1.58; 95% CI: 1. 25 to 2. 01; P ¼
.001) as shown in Figure 2.

Table 1. Baseline Demographic Characteristics of the Study Population

Variables
Group C, n (%);
29 (44.61%)

Group D, n (%);
36 (55.38%) P

Age, years; median 48.1 6 7.7 (35-69) 46.2 6 8.6 (32-67) .47

Diabetes mellitus, n (%) 5 (7.65) 7 (10.7) .24

Hypertension, n (%) 17 (26.15) 19 (29.23) .19

Hyperlipidemia, n (%) 5 (7.69) 6 (9.03) .23

Family history with cancer, n (%) 14 (21.53) 13 (20.0) .32

Grade, n (%)

I 4 (6.15) 3 (4.61) .67

II 8 (12.30) 13 (20.0) .48

III 17 (26.10) 20 (30.70) .56

T-Stage at diagnosis, n (%)

T1 2 (3.07) 3 (4.61) .56

T2 15 (23.07) 17 (26.15) .67

T3 7 (10.7) 13 (20.20) .65

T4 5 (7.65) 3 (14.61) .54

Chemotherapy, n (%)

Anthracycline 18 (27.69) 24 (36.9) .65

Anthracycline þ taxanes 11 (16.9) 13 (20.0) .47

Hormonal treatment, n (%)

No 9 (13.8) 13 (20.0) .23

Yes 20 (30.7) 23 (36.38) .45

Prior medication, n (%)

Beta-blocker, ACE inhibitor 4 (6.67) 7 (10.7) .32

ARB 5 (7.69) 4 (6.67) .65

Calcium-channel blocker 2 (3.07) 3 (4.61) .56

Statin 1 (1.65) 2 (3.07) .67

4 (6.67) 3 (4.61) .45

Data are expressed as mean 6 standard deviation (SD) for continuous variables and as percentages for dichotomous variables. P-values denote overall differences between

groups.
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Finally, ROC analysis was performed in cardiotoxicity and non-
cardiotoxicity groups to detect the cutoff value of PLR for pre-
dicting cardiotoxicity. The cutoff value of PLR on admission to
predict cardiotoxicity in all study population was 96, with a sen-
sitivity of 69% and 68% and a specificity of 65% and 66%,
respectively (area under curve ¼ .675 and .700, P <.001 and
<.001, respectively; Figure 3).

DISCUSSION
Many chemotherapeutics agents like anthracyclines have been
associated with severe early and late cardiovascular side
effects that started mainly in the early stage of therapy within
a wide range of symptoms from nonspecific symptoms to car-

diogenic shock. Clinicians’ subsequent experience with anthra-
cyclines has demonstrated considerable cardiotoxicity even at
low doses, making them frightened to use them at therapeutic
level. Consequently, patients were left with incomplete ther-
apy and added new cardiovascular problems. Diagnosis of
acute and late cardiotoxicity from cancer therapeutics has
become increasingly important, and several studies were done
to evaluate the risk, as cancer evolved into a chronic disease
with new drugs and surgery techniques that require a life-long
lasting therapy and need a long-term follow-up for ongoing
cardiovascular toxicity. As more patients with cancer are
treated, achieve remission, and enter survivorship, there is a
need to monitor those at risk and to design best therapy for
them.

Table 2. Biochemical and Hematological Measurements of the Study Population

Variables Group C (n ¼ 29) Group D (n ¼ 36) P

Hemoglobin (g dL�1) median (IQR) 14.3 (12.7-15.8) 13.9 (12.1-16) .184

WBC (�103 lL�1), mean 6 SD 8.4 6 3.9 7.2 6 3.7 .062

Lymphocyte (�103 lL�1), mean 6 SD 2.0 6 1.1 1.7 6 1.2 .035

Platelet (�103 lL�1), mean 6 SD* 213 6 65 254 6 59 .001

PLR, median (IQR) 100 (86-119) 129 (120-154) <.001

Creatinine (mg dL�1), mean 6 SD 1.1 6 0.4 1.1 6 0.3 .655

Data are expressed as mean 6 SD, number (percentage), or median (interquartile range).

IQR, interquartile range; PLR, platelet-to-lymphocyte ratio; SD, standard deviation; TG, triglyceride; WBC, white blood cell.

Table 3. Comparison Echocardiographic Findings between Group C and Group D

Characteristics Group C (n ¼ 29) Group D (n ¼ 36) P

LVEDD (3.5-5.8 cm) 4.2 6 0.4 4.0 6 0.4 .87

LVESD (2.45-4.1 cm) 2. 7 6 0.3 2.9 6 0.3 .26

Baseline LVEF (%) 65.5 6 3. 4 67.1 6 4.5 .13

Control LVEF (%) 65.3 6 3. 1 62.8 6 3. 2 .29

Average LVEF loss (%) 2.3 6 6.4 10.7 6 7.0 .008

E peak velocity (m sn�1) 10. 4 6 0.48 1.03 6 0.38 .31

A peak velocity (m sn�1) 0.77 6 0.19 0.75 6 0.15 .46

E/A ratio 0.85 6 0.22 0.87 6 0.28 .85

IVRT (msn) 95.5 6 20.0 94.9 6 16.7 .31

PAP (mm Hg�1) 26.4 6 5.8 28.0 6 4.7 .59

A peak, late diastolic filling velocity; E peak, early diastolic filling velocity; IVRT, isovolumic relaxation time; LVEDD; left ventricle end-diastolic diameter; LVEF, left ventricular

ejection fraction; LVESD, left ventricle end-systolic diameter; PAP, pulmonary artery pressure.

Values are median (interquartile range) or n (%).
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In the United States, cancer survivors are estimated to be by
nearly 11 million: it will be 26.1 million in 2040, and only 18% of
patients will be between the ages of 50 and 64 years and 8%
will be younger than age 50 years.17 Thus, the older population
became the largest proportion of survivors requiring more
imaging and treatment approaches for diagnosis and follow-
up.

The incidence of toxicity reported in the larger trials is 4.1-
35.4%.18–24 There are insufficient data about predicting the car-
diotoxicity in these patients. Although many studies were done
to define the risky group, any clear evidence was not present at
the moment.25,26 Newly completed study results showed a cor-
relation between cardiac and inflamamtory markers as tropo-
nins (TnI), myeloperoxidase and hs-CRP, and cardiotoxicity, but
study investigators claimed that their study results needed
more confirmative studies.27

Although the exact mechanism of cardiac toxicity is not yet
fully understood, autopsy studies of patients’ cardiotoxicity

showed myocarditis with the infiltration of predominantly pla-
telets, macrophages, and lymphocytes, and the chemokines
causing the cell death. These inflammatory molecules are over-
expressed, which might contribute to cardiac injury.28 Patients
with multiple diseases hemograms demonstrated increased
neutrophil, monocyte, and platelet counts. Several studies
reported a strong association between inflammation and
cancer and various other chronic diseases and correlate posi-
tively with other markers of systemic inflammation, particularly
with NLR and PLR.29,30 They served as a laboratory marker for
predicting various neoplastic, prothrombotic, and metabolic
diseases in clinical practice.31 In fact, PLR gives information
about both aggregation and inflammatory pathways that can
be superior to the platelet or lymphocyte counts alone for the
prediction of cardiotoxicity since both inflammation and endo-
thelial damage play a role in the pathogenesis of the disease.
Some small studies also have shown an association between
high PLR and NLR levels and heart failure.32

Table 4. Comparison Long-Term Cardiac Biomarkers in Group
C and Group D

Characteristics
Group C
(n ¼ 29)

Group D
(n ¼ 36) P

Troponin I
(ng mL�1)

0.5
(0.0-0.1)

0.3
(0.0-0.1)

.15

CK-MB
(ng mL�1)

1.57
(0.53-6.0)

1.61
(0.5-7.1)

.43

hs-CRP
(mg L�1)

3.24
(0.5-29.7)

4.12
(0.27-41.3)

.001

pro-BNP
(pg mL�1)

64.8
(33-550)

116
(69-880)

.001

hs-CRP, high-sensitive CRP; CK-MB, creatine kinase MB; pro-BNP, pro-brain natri-

üretic peptide.

Figure 1. PLR values of the study groups. Figure 2. Correlation of PLR and hs-CRP values.

Figure 3. ROC analysis of PLR for predicting cardiotoxicity
in patients with (a) no change in LVEF values and (b) in
patients with decreased LVEF values.
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We hypothesized that PLR could be associated with
chemotherapy-induced cardiotoxicity. There are no prior data
testing pretreatment PLR and detection of cardiotoxicity. Our
findings suggested that a PLR of >96 was significantly corre-
lated with chemotherapy-induced cardiotoxicity. Besides its
close relation with chemotherapy-induced cardiotoxicity, PLR
also had a positive correlation with serum CRP and BNP level in
our study, which supported its role in systemic inflammation.
From a clinical point of view, PLR may be used as a predictor of
chemotherapy-induced cardiotoxicity as a new inflammatory
marker in daily clinical practice.

Our study had some limitations; first it is a retrospective study;
therefore, we could analyze the available parameters in data for
cardiotoxicity and also could not analyze the follow-up data
adequately. Second, only a small number of our patients had
the cardiac enzymes and inflammatory markers other than CRP,
such as IL-6, TNF-a, and MMP, which were not analyzed and,
therefore, not compared with PLR. Third, we had analyzed one
blood sample, and repeated analysis was not done. This study
is not the first to use echocardiography to assess cardiac func-
tions, but we did not employ speckle tracking techniques like
strain parameters to evaluate the cardiotoxicity and RV func-
tion, and this is another limitation. Finally, our study group was
a relatively small group, that is why our subgroup analysis was
inadequate.

Besides, chemotherapy-induced cardiac side effects are more
dramatic than other side effects; doctors avoid from chemo-
therapy and do not want their patient to compel with therapy-
induced another disease at an expense of mortality.33,34

CONCLUSION
The need to diagnose cardiotoxicity rapidly and efficiently is of
great concern to involved clinicians and must be aware of
these adverse events due to their high fatality rate. A high level
of clinical suspicion and early diagnosis indicators are required
due to the rapid progress and fulminant course of the disease.
The assessment of clinical features in combination with labora-
tory examinations, ECG, TTE, CMR, and EMB, contributes to the
diagnosis of cardiotoxicity.

Our study has shown the relationship between pretreatment
PLR level and the development of cardiotoxicity, demonstrating
PLR is a powerful and independent predictor of cardiotoxicity
in breast cancer patients. Patients were at greater risk of toxicity
in the higher PLR vs lower PLR group (30.3% vs 1.9%, P < .001).

Finally, our results suggest that more sensitive methods
needed to detect LVEF decrease, and a multimarker approach
may increase the sensitivity of cardiotoxicity risk prediction in
patients treated with chemotherapeutic agents.
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ABSTRACT
Objective: Aortic regurgitation (AR) is one of the common cardiac valve diseases in the world. Grading the severity of chronic AR is
quite critical. Despite the several clinical and echocardiographic data used, AR quantitation still remains challenging today. Findings
obtained from the previous studies suggest that not only the duration of the retrograde flow but also the speed of the retrograde flow
and diastolic velocity time integral (dVTI) may be associated with the AR grade. In our study, we aim to investigate the relationship and
importance of the diastolic flow reversal parameters in the aorta with the grading of aortic regurgitation.
Method: The study is designed as a single-center observational study for the evaluation of dVTI and end-diastolic flow velocity (EDFV)
parameters in AR grading. A total of 93 patients were included in our study after exclusion criteria. Patients were divided according to
the aortic regurgitation degree into three groups as mild (n ¼ 33), moderate (n ¼ 21), or severe (n ¼ 39). Echocardiographic acquisi-
tions were done. Pulse wave velocity measurements were recorded in the descending aorta by positioning ultrasound rays parallel to
the flow in the aorta and EDFV and dVTI parameters were determined.
Result: According to echocardiographic measurements; between the groups; dVTI in the mild, moderate and severe AR groups were
(8.5 6 2.4, 12.8 6 5.8, 17.4 6 6.2 cm, respectively, P < .001), and EDFV in the mild, moderate, and severe AR groups were (0.11 6 0.11,
0.10 6 0.11, and 0.24 6 0.13 m/s, respectively, P < .001), statistically significant different.
Conclusion: In the light of the data obtained in our study, echocardiographic evaluation of the diastolic flow reversal profile in the
descending aorta in patients with chronic AR and dVTI and EDFV measurements can contribute to AR grading.
Keywords: Aortic Valve Insufficiency, Heart Valve Diseases, Diagnostic Imaging, aortic valve diseases

INTRODUCTION
Aortic regurgitation (AR) is one of the common cardiac valve
diseases in the world. Although there are many factors in AR
etiology, valve degeneration and annuloaortic ectasia are the
most common causes. Rheumatic heart disease protects its
importance as etiological reason in developing countries.1,2

Echocardiography is the key method for the diagnosis of AR.
Echocardiography may suggest opinions on several issues such
as etiological factor, valve and aortic structure, bicuspid/tricus-
pid valve discrimination, grade of insufficiency, and ventricular
dimensions.

Grading the severity of chronic AR is quite critical as it gives
ideas about prognosis and determines the follow-up periods of
the patients and more importantly, the timing for surgery

required to be performed prior to the development of left ven-
tricular (LV) dysfunction. Despite the several clinical and echo-
cardiographic data used, AR quantitation still remains
challenging today.

Several parameters (effective regurgitant orifice area, regurgi-
tant volume, Jet/left ventricular outflow tract ratio, vena con-
tracta, holodiastolic flow reversal, LV dilatation, and AR pressure
half time [PHT]) obtained through two-dimensional (2D) echo-
cardiography are used in quantitation.

Retrograde diastolic flow in the aorta is observed in most of the
patients with chronic AR. The duration, peak speed, end-
diastolic flow velocity (EDFV), and diastolic velocity time inte-
gral (dVTI) measurements of the flow reversal observed in the
aorta have been addressed in certain studies and have been
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suggested that they can be a guide for aortic insufficiency
grading.3–5

“Holodiastolic flow reversal” which is defined as retrograde flow
seen in the aorta throughout the whole diastole is one of the
important parameters used in the advanced assessment of AR.
Findings obtained from the previous studies suggest that not
only the duration of the retrograde flow but also the speed of
the retrograde flow, and dVTI may be associated with the AR
grade. In our study, we aim to investigate the relationship and
importance of the diastolic flow reversal parameters in the
aorta with the grading of aortic regurgitation.

METHODOLOGY

Study Protocol
The study is designed as a single-center observational study for
the evaluation of dVTI and EDFV parameters in AR grading and
the local ethics committee approval (22.09.2020/3) was
obtained. All AR patients who apply to the echocardiography

laboratory of our hospital within 6 months and meet the exclu-
sion and inclusion criteria were included in the study sequen-
tially. All patients were informed about the study and their
consents were obtained. A total of 131 patients were evaluated
in our study. Of these, 20 patients were excluded from the
study due to accompanying additional valve pathology, 6
patients were excluded due to inadequate image quality, 5
patients were excluded since their EF value was detected under
50%, and 7 patients were excluded due to the conflict of the
experts evaluating on insufficiency grade. In addition, 93
patients were included in our study after exclusion criteria
(Figure 1). Patients were divided according to the aortic regur-
gitation degree into three groups as mild (n ¼ 33), moderate (n
¼ 21), or severe (n ¼ 39). Patients with acute AR or decompen-
sated valvular failure, other concomitant valvular disease of
more than mild in severity, chronic pulmonary obstructive dis-
ease, previous cardiac or valve surgery, reduced left ventricular
ejection fraction (LVEF; �50%), known ischemic heart disease,
atrial fibrillation, and inadequate echocardiographic data for
2D-speckle tracking echocardiography analysis were excluded.
The study population chart was shown in Figure 1.

Physical Examination and Echocardiography
A complete physical examination was performed by obtaining
clinical history and anamnesis from all the subjects. Demo-
graphical and clinical particulars are given in Table 1.

Transthoracic echocardiographic images were obtained using
an ultrasound system, Vivid-7 (General Electric Vingmed), from
the patients in the left lateral decubitus position, and these
images were digitally kept for offline examination (EchoPAC ver-
sion 110.0.0, GE-Vingmed). Echocardiographic acquisitions (col-
ored, standard 2D, pulsed, and continuous-wave Doppler) were
done. Standard M-mode images at a parasternal long-axis view
were used to obtain the LV dimensions. Then, LV end-diastolic
and end-systolic volumes were calculated using biplane Simp-
son’s method from the apical views (two- and four-chamber).

Figure 1. Flow diagram of study patients.

Main Points

• Aortic regurgitation (AR) is one of the common cardiac
valve diseases in the world and grading the severity of
chronic AR is quite critical.

• Despite the several clinical and echocardiographic data
used, AR quantitation still remains challenging today.

• Main findings of our study are diastolic flow reversal end-
diastolic flow velocity in the aorta is higher and different
in severe AR compared to mild and moderate AR and dia-
stolic velocity time integral increases linearly with the AR
grade and is different between AR patient groups.

• In the light of the data obtained in our study, diastolic
flow reversal profile in the aorta can be a guide in addition
to the current parameters in AR grading.
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Following the aforementioned measurements, LVEF was calcu-
lated and the results were expressed with percentage.

All measurements and evaluations performed in the study were
carried out considering the guidelines of the European Society
of Echocardiography. Detailed examination of the aortic root,
AV, and proximal ascending aorta was performed taking into
account the standard guidelines. To evaluate the AR severity,
comprehensive, color, continuous, and pulsed-wave Doppler
recordings were carried out considering the recommendations
that included the measurement of regurgitant jet width, vena

contracta width, pressure half-time, and diastolic flow reversal
in the descending aorta.6,7

The transducer was placed in the suprasternal notch to mea-
sure the diastolic flow reversal parameters. Pulse wave velocity
measurements were recorded in the descending aorta by posi-
tioning ultrasound rays parallel to the flow in the aorta. The
existence of holodiastolic flow reversal, duration of diastolic
flow reversal, and speed of peak and end-diastolic flow and
dVTI were calculated. EDFV was determined at the peak R wave
on a simultaneously recorded electrocardiogram and the EDFV

Table 1. Demographic Features of Mild/Moderate and Severe AR Patients

Mild (n ¼ 33) Moderate (n ¼ 21 ) Severe (n ¼ 39) P

Age (years) 54.9 6 15.3 47.6 6 18.6 40.5 6 18.2 .006

Gender (male n, %) 12 (36.3) 12 (54.5) 25 (64.1) .062

DM (n, %) 6 (18.1) 4 (18.1) 6 (15.3) .939

HT (n,%) 7 (21 ) 9 (40.9) 8 (20.5) .167

Smoking (n, %) 12 (36) 8 (40) 15 (37) .326

DL (n, %) 3 (9.1) 5 (22) 6 (15.3) .378

Abbreviations: DM: diabetes mellitus; HT: hypertension; DL: dyslipidemia.

Table 2. Echocardiographic and Diastolic Flow Reversal Features of Mild/Moderate and Severe AR Patients

Mild (n ¼ 33) Moderate (n ¼ 21) Severe (n ¼ 39) P

Aort diastolic diameter (cm) 3.02 6 0.57 3.25 6 0.55 3.26 6 0.68 .212

EDD (cm) 4,74 6 0.43 4.86 6 0.41 5.71 6 0.63 <.001

ESD (cm) 3.09 6 0.45 3.12 6 0.37 3.7 6 0.43 <.001

Septum 1.04 6 0.15 1.14 6 0.19 1.20 6 0.25 .013

Posterior wall 1.06 6 0.16 1.13 6 0.22 1.25 6 0.25 .002

EF (%) 63.2 6 6.68 64.5 6 6.96 62.9 6 7.16 .691

E (cm/s) 0.5 6 0.1 0.6 6 0.2 0.5 6 0.1 .89

A (cm/s) 0.6 6 0.1 0.6 6 0.1 0.6 6 0.1 .51

TAPSE (cm) 2.29 6 0.4 2.48 6 0.46 2.42 6 0.6 .362

AR VC (cm) 0.32 6 0.9 0.48 6 0.12 0.63 6 0.13 <.001

Jet/LVOT 0.29 6 0.8 0.39 6 0.11 0.49 6 0.10 <.001

AR PHT (ms) 480.0 6 96.2 435.4 6 89.06 293.7 6 97.89 <.001

dVTI (cm) 8.5 6 2.4 12.8 6 5.8 17.4 6 6.2 <.001

EDFV (m/s) 0.11 6 0.11 0.10 6 0.11 0.24 6 0.13 <.001

EDD, end-diastolic diameter; ESD, end systolic diameter; TAPSE, tricuspid annular plane systolic excursion; EF, ejection fraction; AR, aortic regurgitation; PHT, pressure half

time; VC, vena contracta; EDFV, end-diastolic flow velocity; dVTI, diastolic VTI; LVOT, left ventricular outflow tract.
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measurements were performed on three consecutive RR inter-
vals. Echocardiographic and diastolic flow reversal parameters
are given in Table 2.

AR severity was fixed on by two expert cardiologists who were
working in an echocardiography laboratory with more than
5 years of experience. They used conventional echocardio-
graphic evaluation methods for deciding severity degree if
both of them are in the same decision on severity degree these
patients concluded in the study.

Statistical Analysis
All statistical analyses were carried out using Statistical Package
for the Social Sciences (SPSS) Version 22.0. (IBM SPSS Corp.;
Armonk, NY, USA).

Descriptive statistics for numerical variables are expressed as
mean 6 standard deviation (SD), while categorical data are
reported as numerical values and percentages. The chi-square
test and Fisher’s exact chi-square test were used to compare
categorical variables between the groups. One-way analysis of
variance test was used to compare means between groups. The
statistical significance was set at P < .05, and the confidence
interval at 95%.

RESULTS
According to the AR degree, the patients were divided into
three groups: mild, moderate, and severe AR. The basal varia-
bles among these groups are presented in Table 1. No statisti-
cally significant difference was noticed on parameters among
the groups.

Echocardiographic and diastolic flow reversal parameters are
defined in Table 2. According to these parameters, end-
diastolic diameter (EDD) was detected to be 4.74 6 0.43 cm in
the mild AR group, 4.86 6 0.41 cm in the moderate AR group
and 5.71 6 0.63 cm in the severe AR group (P < .001). End-
systolic diameter (ESD) was detected to be 3.09 6 0.45 cm in
the mild AR group 3.12 6 0.37 cm in the moderate AR group
and 3.7 6 0.43 cm in the severe AR group (P < .001). AR vena
contracta (VC) was detected to be 0.3 6 0.9 cm in the mild AR
group, 0.48 6 0.12 cm in the moderate AR group and 0.63 6

0.13 cm (P < .001) in the severe AR group. AR PHT was detected
to be 480.0 6 96.2 ms in the mild AR group, 435.4 6 89.06 ms
in the moderate AR group and 293.7 6 97.89 ms in the severe
AR group with a P value <.001.

Diastolic VTI (dVTI) was detected to be 8.5 6 2.4 cm in the mild
AR group 12.8 6 5.8 cm in the moderate AR group and 17.4 6

6.2 cm in the severe AR group (P < .001). EDFV was detected to
be 0.11 6 0.11 m/s in the mild AR group, 0.10 6 0.11 m/s in the
moderate AR group and 0.24 6 0.13 m/s in the severe AR
group (P < .001).

DISCUSSION
Main findings of our study are as follows:

1. Diastolic flow reversal EDFV in the aorta is higher and signifi-
cantly different in severe AR compared to mild and moderate
AR,

2. dVTI increases linearly with the AR grade and is significantly
different between the mild/moderate and severe AR patient
groups,

3. Diastolic flow reversal profile in the aorta can be a guide in
addition to the current parameters in AR grading.

AR grading with echocardiography is quite complex. The flow
reversal in the descending aorta (in a way to reflect the amount
of blood that flows back inside from the aortic valve) is directly
proportional to the AR grade and remains important in AR
grading as a result of the studies performed for many years.
Echocardiographic parameters such as flow reversal which con-
tinues throughout the diastole, high end-diastolic flow speed,
and high diastolic/systolic flow ratio were suggested as guides
in AR rating.8 Diastolic flow reversal seen in chronic AR can be
observed markedly and as holodiastolic in patients with moder-
ate/severe AR.9

It was determined in the previous studies that flow reversal in
ascending aorta was less reliable compared to the examination
of flow reversal in the descendant aorta due to the irregular
flow pattern.8 It was highlighted that early diastolic flow rever-
sal may be affected by the aortic compliance, therefore,
the flow reversal in late diastole was more reliable in AR
grading.4 Therefore, the importance of the measurements of
the descending aorta increased, and EDFV was studied
intensively.

In the study conducted by Tribouilloy et al.3 published in 1991;
EDFV assessed with pulse wave doppler (PWD) was suggested
as a routine noninvasive parameter that may be beneficial for
AR grading. It was concluded that the EDFV being above
18 cm/s may predict the moderate and severe AR. Again in
another study, EDFV measured in the descending aorta was
found correlated with regurgitant reaction detected in MRI.8

In the study conducted by Kalaycı et al.,5 dVTI detected in the
descending aorta with PWD may predict severe AR with high
specificity and susceptibility. dTVI cut-off value was determined
as 13.5 cm for severe AR in this study. In another study, it was
concluded that EDFV and dVTI were effective in AR grading. In
the same study, cut-off values for severe AR were suggested as
dVTI >13 and for EDFV as >13 cm/s.9

The gold standard methods for AR grading are MRI and cardiac
catheterization.5 It is often not possible to assess all patients
with interventional procedures such as catheterization or hard-
to-reach methods such as MRI. The guidelines are suggesting
the concomitant use of quantitative, semiquantitative, and
quantitative echocardiographic parameters to evaluate the AR
severity.6,7 The most accurate results can be obtained with
quantitative methods, but these methods are both time-
consuming and have inter-observer variability.5 Most of these
methods have specific limitations and may be inadequate for
AR grading alone. Nonplanar/noncircular regurgitant orifice
and a thickened, calcified valve may limit the use of proximal
isovelocity surface area method.10 Increased AR grade is
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associated with increased LV remodeling and prolonged PHT;
and PHT may be an indicator for LV filling pressure, rather than
AR grade.11 Therefore, all parameters that can be obtained with
a noninvasive method such as echocardiography and contrib-
ute to AR grading are important. This situation increases the
importance of parameters such as EDFV and dVTI.

The diagnostic importance of diastolic flow reversal in AR grad-
ing is also indicated in the guidelines. Recent European guide-
line (>20 cm/s for severe AR) recommends EDFV as a
parameter to be used in grading, while American Society of
Echocardiography6 emphasizes the existence of holodiastolic
flow reversal as a criterion for severe AR in its suggestions.7

Examining the flow reversal profile in AR may have limitations
in some situations. When AR is mild, flow speed may be low or
flow reversal may not be observed. Regular flow that may be
seen in the aorta in congenital diseases such as patent ductus
arteriosus, coarctation of aorta, or clinical situations such as aor-
topulmonary fistula, aortic dissection can disturb the flow rever-
sal profile. And again in the cases of acute AR, the benefit of
the evaluation of flow reversal is limited due to the rapid equal-
ization of aortic and ventricular pressures.3

The results we obtained in our study show the importance of
EDFV and dVTI parameters in AR grading in parallel with the
previous studies. Therefore, routine evaluation of diastolic flow
reversal with echocardiography, which is an easily accessible
noninvasive method, may be a reasonable approach in AR
grading.

The limitations of our study are that it is single-center, the
number of patient population is limited, we are unable to vali-
date the AR grade with gold standard methods and AR degree
was calculated by semi-quantitative methods. Multicenter
extensive studies that will be validated with a large patient
population and gold standard methods will show the role of
EDFV and dVTI parameters in AR grading more clearly.

CONCLUSION
In the light of the data obtained in our study, echocardio-
graphic evaluation of the diastolic flow reversal parameters like
EDFV and dVTI measured in the descending aorta can contrib-
ute to AR grading. Handling these semiquantitative parameters
with other grading criteria as a whole may strengthen the pre-
diction in AR grading.
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ABSTRACT
Objective: The measurement of international publication activities is one of the essential indicators used to evaluate the scientific
development level of countries. Although many studies are using the bibliometric method in the literature, it is seen that there are very
few bibliometric studies in the field of anatomy. This study aimed to analyze the articles bibliometrically which conducted by research-
ers at institutions from Turkey and indexed in Science Citation Index Expanded (SCI-E) of the Web of Science database in the category
of Anatomy and Morphology.
Materials and Methods: According to 2019 data, journals in the Anatomy and Morphology category and indexed in the SCI-E were
determined. Publications from Turkey that were published in these journals was determined. The full-texts of these articles were exam-
ined, and study types were defined. Also, VOSviewer software was used to create a collaboration and word co-occurrence network.
Results: It was determined that there were 48,002 publications in 21 journals. It was found that 1,461 publications (3.04%) have at least
one author from Turkey. The total number of citations was 11,728 for these publications. The average number of citations was 8.02 6

11.95. The radiological studies have increased statistically more than both experimental animal and cadaveric studies by years. In addition,
it has been determined that the total number of articles, especially the radiological studies, has increased significantly over the years.
Conclusion: The increase in the number of scientific studies in the field of anatomy is important in terms of the contribution of Turkey
to literature in this area.
Keywords: Anatomy, bibliometric analysis, Web of Science

INTRODUCTION
Anatomy, one of the oldest known medical sciences, is a disci-
pline that forms the basis of medical education and is an inte-
gral part of the medical curriculum.1 It is thought that the first
studies in the field of anatomy date back to the 19th century
B.C. These studies started with animal dissections.2 Undoubt-
edly, cadavers have been the essential teaching method in
anatomy education in this long process. As a matter of fact,
many scientists who have made significant contributions to
anatomy owe these contributions to cadaveric studies.3 On the
other hand, with the development of medical imaging methods
over time, radiological and clinical studies also have been
added to cadaver dissection studies, which are still valuable
and relevant.4

Because countless scientists contributed to the development of
anatomy over this long period, the highly detailed knowledge
of anatomy in today’s medical literature has emerged.1,5 For

this reason, every study in the field of anatomy is exceptionally
essential in terms of its contribution to the field.

Bibliometry (bibkı́o: Book, l�esqgrg: Measurement) is a Greek
origin word.6 It is a kind of research approach used to measure
and analyze the productivity of the literature in a particular
area or journal. Today, many disciplines use bibliometric analy-
sis to examine the impact of their field.7 The bibliometric analy-
sis includes features such as the article type, content of article,
number of citations to the article, number of authors, the affilia-
tion of authors, index, and category of the journals.7–9 Although
many studies are using the bibliometric method in the litera-
ture, it is seen that there are very few bibliometric studies in
the field of anatomy.5,10,11

The Web of Science (WoS) database is one of the widely used
databases in bibliometric research. The most valid measure of
the quality of scientific publications and the productivity of
researchers at the international level are the number of articles
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published in journals in the WoS database and the number of
citations of these articles. All these criteria can be interpreted
as a quality indicator and used to evaluate institutions, acade-
micians, and even countries.12 On the other hand, the measure-
ment of international publication activities is one of the
essential indicators used to evaluate the scientific development
level of countries. In the WoS database, there are articles

indexed in the Science Citation Index Expanded (SCI-E) since
1980. In 2019, journals indexed in SCI-E were classified into 178
different categories. One of these categories is Anatomy and
Morphology.13 To the best of our knowledge, in the literature,
there is no bibliometric study that evaluated the Anatomy and
Morphology category. We think that this study is the first study
to examine the Anatomy and Morphology category in the WoS
database studies on a country basis bibliometric.

This study aimed to assess the bibliometric characteristics of
related articles in the Anatomy and Morphology category, which
indexed in SCI-E of the WoS database by researchers from Turk-
ish institutions.

METHODS
According to 2019 data, in the WoS database, journals in the
Anatomy and Morphology category and indexed in the SCI-E

Table 1. List of Journals in the Anatomy and Morphology Category of the WoS Database Indexed in SCI-E

Journal Name
Abbreviated
Journal Name ISSN

Publication Period
in the WoS Database

Surgical and Radiologic Anatomy Surg Radiol Anat 0930-1038 1986-present

International Journal of Morphology Int J Morphol 0717-9502 2008-present

Clinical Anatomy Clin Anat 0897-3806 1997-present

Folia Morphologica Folia Morphol 0015-5659 2009-present

Microscopy Research and Technique Microsc Res Tech 1059-910X 1992-present

Anatomia Histologia Embryologia Anat Histol Embryol 0340-2096 1992-present

Annals of Anatomy-Anatomischer Anzeiger Ann Anat 0940-9602 1992-present

Journal of Anatomy J Anat 0021-8782 1980-present

Applied Immunohistochemistry and Molecular
Morphology

Appl Immunohisto M M 1541-2016 1994-present

Anatomical Science International Anat Sci Int 1447-6959 2006-present

Journal of The Anatomical Society of India J Anat Soc India 0003-2778 2008-present

Tissue and Cell Tissue Cell 0040-8166 1980-present

Anatomical Record-Advances in Integrative Anat-
omy and Evolutionary Biology

Anat Rec 1932-8486 2007-present

Acta Zoologica Acta Zool 0001-7272 1980-present

Cells Tissues Organs Cells Tissues Organs 1422-6405 1999-present

Journal of Morphology J Morphol 0362-2525 1980-present

Brain Structure and Function Brain Struct Funct 1863-2653 2007-present

Developmental Dynamics Dev Dyn 1058-8388 1992-present

Zoomorphology Zoomorphology 0720-213X 1980-present

Frontiers in Neuroanatomy Front Neuroanat 1662-5129 2007-present

Advances in Anatomy Embryology and Cell Biology Adv Anat Embryol Cell Biol 0301-5556 1982-present

Main Points

• It has been found that the total number of articles in the
field of Anatomy and Morphology, especially radiological
studies, has increased significantly over the years.

• With this study to examine the articles originated from
Turkey in the anatomy field and determination of research
trends of authors is thought to be guiding the work to be
done in this area.

Eur J Ther 2021; 27(4): 268–280 Bahs�i et al. Turkey’s Research Activity in Anatomy and Morphology

269



were determined using Clarivate Analytics’ Journal Citation
Reports database. The names, abbreviated names, publication
periods, and ISSN numbers of these journals were recorded
(Table 1). The WoS database was searched for each journal with
ISSN numbers by using the advanced search. Also, it has been
taken into consideration that there may be changes in ISSN
over the years, so another search also was done with the jour-
nal names. Articles published from January 1, 2020, onwards, it
was excluded as any capture from that period forward would
include incomplete bibliometric data for that year. In the WoS
options, all categories such as Conference Proceedings Citation
Index-Science, Arts and Humanities Citation Index, Social Scien-
ces Citation Index, and Book Citation Index-Science were
excluded, except for SCI-E. Afterward, meeting abstract, pro-
ceedings paper, early access, reprint, book series titles, and con-
ference titles were excluded. Finally, in the Countries/Regions
option, Turkey was chosen, and articles were determined. For
each publication, all information relevant to the analysis was
exported to Microsoft Excel and a bibliography manager (End-
Note Desktop). Concretely this was: Author(s), Title, Source,
Addresses, Times Cited, and Keywords. Since the document
type in WoS is not detailed enough to evaluate the output of
different types of papers, each article was separately examined
while evaluating the document types. Therefore, the full texts
of the articles were examined, and study types were defined as
per the National Library of Medicine’s MeSH database14 and
the evaluated journals. Also, VOSviewer software (version
1.6.15) was used to create a collaboration and word co-
occurrence network.15

Statistical Analysis
Descriptive statistics are given as mean 6 standard deviation
for numerical variables and number and percentage values for
categorical variables. The relations between numeric variables
were tested by using the Pearson correlation coefficient, and
study designs were compared with years using Tamhane Post
Hoc Tests. SPSS (IBM SPSS Corp.; Armonk, NY, USA) for Windows
version 22.0 package software was used for statistical analysis,
and P < .05 was considered statistically significant.

RESULTS
The journals listed in the Anatomy and Morphology category of
the WoS database and all the publications, publications remain-
ing after exclusion criteria, and publications from Turkey that
were published in these journals, are shown in Table 2. It was
determined that there were 48,002 publications in these 21
journals. It was found that 1,461 publications (3.04%) which
have at least one author from Turkey and published in 20 differ-
ent journals (Figure 1). In one of the journals (Adv Anat Embryol
Cell Biol), there is no publication from Turkey. When examined
with the VOSviewer software, it was determined that there was
a total of 25,979 different words in the titles and abstracts of
1,461 publications (Figure 2). The colors used in Figure 2 indi-
cate words within the same topic cluster and distinguishing
three colored clusters. In spite of the WoS database started
indexing SCI-E journals since 1980, it was seen that most of
these journals started to be indexed in the following years.
Although we examine the 40 years between 1980 and 2019, our
results obtained belong to the articles published in 1983-2019.
However, in the first year (1983), only one document was pub-

lished, and this is the same for 1986, 1989, and 1990. Besides, it
was determined that there was no publication in 1984, 1985,
1987, and 1988. The distribution of all publications by years is
shown in Figure 3. The articles were found to be published most
in 2019 (n ¼ 138, 9.45%). Furthermore, it was determined that
financial support was received from various institutions for 232
out of 1,461 publications (15.88%). These supports were mostly
given by TUBITAK (in 25 publications).

While the maximum number of publications (n ¼ 431/1,461,
29.50%) from Turkey were published in Surg Radiol Anat, the
journal with the highest rate of publications from Turkey was

Table 2. The Total Number of Articles in 21 Journals and the
Number of Articles That Afliate to Turkey*

Journal

Publication
Numbers of the Journals

Total
From

Turkey (%)

Surg Radiol Anat 3,556 431 (12.12%)

Int J Morphol 2,714 181 (6.67%)

Clin Anat 3,099 160 (5.16%)

Anat Histol Embryol 2,160 148 (6.85%)

Folia Morphol 841 149 (17.72%)

Microsc Res Tech 4,589 102 (2.22%)

Ann Anat 2,125 71 (3.34%)

J Anat 4,943 34 (0.69%)

Appl Immunohisto M M 1,900 35 (1.84%)

Anat Sci Int 604 28 (4.64%)

J Anat Soc India 500 28 (5.60%)

Tissue Cell 2,677 27 (1.01%)

Anat Rec 2,526 25 (0.99%)

Acta Zool 1,296 12 (0.93%)

Cells Tissues Organs 1,224 11 (0.90%)

J Morphol 3,998 5 (0.13%)

Brain Struct Funct 1,838 5 (0.27%)

Dev Dyn 5,088 4 (0.08%)

Zoomorphology 1,152 4 (0.35%)

Front Neuroanat 1,067 1 (0.09%)

Adv Anat Embryol Cell Biol 105 0 (0.00%)

Total 48,002 1,461 (3.04%)

*The data belong to 21 journals in the Anatomy and Morphology category.
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Figure 1. Distribution of publications from Turkey by the journals.

Figure 2. Word co-occurrence network built using words present in titles and abstracts of publications.
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Folia Morph (n ¼ 149/841, 17.72%) when the journals were
evaluated separately.

When the institutions according to the affiliations of authors
were examined, it was determined that there are nearly 200
institutions. The 25 institutions with the highest number of
publications are shown in Table 3. In addition, Figure 4 presents
these publications’ collaboration map of universities in Turkey.

While all author(s) were from Turkey in 1,275 out of 1,461 publi-
cations (87.27%), the authors from Turkey were collaborating
with the researchers from 46 different countries in 186 out of
1,461 publications (12.73%). The USA was leading these coun-
tries with 69 publications. The collaboration map of the publica-
tions between Turkey and other countries is shown in Figure 5.

The total number of citations was 11,728 for all publications.
The average number of citations was 8.02 6 11.95 (min: 0, max:
127). At least one citation was made to 1,179 out of 1,461 publi-
cations (80.70%). When the number of citations was examined
by years (Figure 6), it was seen that most citations were made
in 2019. The H-index of 1,461 publications was 41. The 25 most
cited publications are shown in Table 4.16–40 It was seen that 11
of these 25 publications (44%); in other words, the vast majority
of them were published in the Surg Radiol Anat.

The study types and the average number of citations according
to the study types are given in Table 5. It was determined that
1,233 of them (84.39%) were original articles, and 184 of them
(12.59%) were case reports. It was found that the most cited
publications type was review. On the other hand, subtypes of
the original articles and the case reports are detected and
given in Table 6. In addition, the three study types with the
highest number of publications were compared by years, a stat-

istically significant difference was found (Table 7). Accordingly,
the radiological studies have increased statistically more than
both experimental animal and cadaveric studies by years (Tam-
hane post hoc test: P ¼ .001 and P ¼ .001). Furthermore, experi-
mental animal studies have also increased statistically more
than cadaveric studies by years (Tamhane post hoc test: P ¼
.001). While cadaver studies have decreased in recent years,
experimental animal studies and especially radiological studies
have increased (Figure 7). It was determined that there was a
very strong positive correlation between the number of publi-
cations and the years (P ¼ .001, r ¼ .939). Although it was
found that there were very strong positive correlations
between experimental animal studies and years (P ¼ .001, r ¼
.838) and radiological studies and years (P ¼ .001, r ¼ .906),
there was no correlation between cadaveric studies and years
(P ¼ .199).

DISCUSSION
Bibliometric studies allow us to measure the productivity and
effectiveness of a field in the literature.7 The number of publica-
tions of any institutions or countries in the WoS database and
the number of citations of these publications can be inter-
preted as a quality indicator.12 Although there are numerous
articles that evaluated the bibliometry for different specialties
and subspecialties, we were unable to find a study about biblio-
metric analysis of the Anatomy and Morphology category in the
WoS database in the literature.

On the other hand, Tellioglu et al.41 reported that most of the
publications of Turkish Anatomists were published in Surg
Radiol Anat between 2000 and 2014, with a rate of 27%. Simi-
larly, Gürses et al.42 examined the publication rates of oral and
poster presentations in 2007 and 2008 national anatomy con-
gresses in Turkey and determined that the most preferred

Figure 3. Distribution of published articles by the years.
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journal is Surg Radiol Anat. In this study, it was seen that the
most preferred journal was Surg Radiol Anat, similar to these
two studies.41,42

In the study conducted by Petekkaya,10 it was reported that the
articles in the anatomy field showed a significant increase,
especially between 1997 and 2010. In the present study, it was
determined that there was a great positive relationship
between the years and the number of publications annually.
Many reasons, such as an increase in the number of academi-
cians, the number of medical faculties, and changes in the aca-
demic promotion criteria in Turkey in the anatomy field, maybe
the reasons for this situation.

Although it is considered as the most reliable database, it is
known that document types are not sufficient in WoS data-
base.43 As a matter of fact, when the journals in the Anatomy
and Morphology category are examined in the WoS database, it
is determined that there is no study design as a case report. On
the other hand, it is seen that some studies published as an
original article in journals in the Anatomy and Morphology cate-
gory, they are scanned as reviews in the WoS database.44,45 The
criteria of the WoS database in this regard are as follows; any
article containing more than 100 references and articles whose
titles contain the word “review” or “overview” are coded as a
review.46 For this reason, the full texts of 1,461 publications
were examined in order to obtain the more precise information
and to classify the publications in detail. These publications
were classified according to both study types, which were
defined by the National Library of Medicine’s MeSH database14

and categories in the journals evaluated.

It is known that the reviews had higher average numbers of
citations than original articles,46 as determined in this study.
Notwithstanding, it is noteworthy that there are very few num-
bers of reviews in the field of anatomy (1.03%). Kramer et al.47

reported this rate as 13.2% in the bibliometric analysis of trau-
matic dental injuries in the primary dentition. Hafeez et al.48

stated this rate as 6.8% in the bibliometric analysis of six major
psychiatry journals. On the other hand, the rate of the case
reports was found as 33.6% in the study of Kramer et al.47 and
as 4.8% in the study of Hafez et al.48 In this study, the rate of
case reports was found to be 12.59%. Differences in these rates
suggest that the distribution of study designs varies for differ-
ent areas.

Petekkaya10 reported that the majority of the top 100 most
cited articles in the anatomy field consisted of experimental
studies. In this study, contrary to Petekkaya,10 it was found that
most of the studies were radiological anatomy studies.
Undoubtedly, there are many reasons for this situation. The
probable reason for this situation is the increase in radiological
anatomy studies, especially in recent years. In addition, in
recent years, the importance and place of cadavers in the field
of medicine have become a subject of discussion.4 The number
of cadaver studies has not increased, maybe due to the
number of people donating their bodies being very low in
many countries, including Turkey, while the development of
technology has led to an increase in radiologic studies.
Although cadaver studies are examined by years, it is observed
that there is no correlation. However, it is seen that the highest
number of studies was between 2004 and 2010 and gradually
decreased in the following years. Despite the increase in radio-
logic and experimental animal studies, we think that this
decline in cadaver studies is alarming.

On the other hand, in Turkey, the establishment of the univer-
sities that have the highest number of publications in Anatomy
and Morphology category generally is known to be older than
other universities. In addition, it has been observed that these
universities have more publication requirements for academic
assignment criteria.49 The first two universities, Ankara Univer-
sity and Hacettepe University, with the highest number of pub-
lications of this field are the most prominent examples of this
situation.

Table 3. The 25 Institutions With the Highest Number of
Publications

Institutions N (%)

Ankara University 126 (8.62%)

Hacettepe University 107 (7.32%)

Dicle University 101 (6.91%)

Ege University 79 (5.41%)

Gülhane Military Medical Academy 73 (5%)

Ondokuz Mayıs University 63 (4.31%)

Istanbul University 60 (4.11%)

Gazi University 58 (3.97%)

Selcuk University 56 (3.83%)

Erciyes University 55 (3.76%)

Akdeniz University 46 (3.15%)

Suleyman Demirel University 43 (2.94%)

Mersin University 41 (2.81%)

Afyon Kocatepe University 40 (2.74%)

Adnan Menderes University 39 (2.67%)

Dokuz Eylul University 39 (2.67%)

Kirikkale University 39 (2.67%)

Cumhuriyet University 38 (2.6%)

Uludag University 36 (2.46%)

Atatürk University 32 (2.19%)

Cukurova University 30 (2.05%)

Gaziantep University 27 (1.85%)

Baskent University 25 (1.71%)

Marmara University 25 (1.71%)

Kafkas University 21 (1.44%)

Eur J Ther 2021; 27(4): 268–280 Bahs�i et al. Turkey’s Research Activity in Anatomy and Morphology

273



Figure 4. Collaboration map of universities in Turkey.

Figure 5. Collaboration map in the publications with Turkey and other countries.
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Figure 6. Distribution of citations by years.

Table 4. Top 25 Cited Publications in the Anatomy and Morphology Category*

Author(s) Title Journal Year NC PY

1 Kargi et al.25 The diagnostic value of TTF-1, CK 5/6,
and p63 immunostaining in classication

of lung carcinomas

Appl Immuno-
histo M M

2007 127 9.77

2 Pinar and
Govsa32

Anatomy of the supercial temporal artery
and its branches: Its importance for

surgery

Surg Radiol
Anat

2006 111 7.93

3 Vilhelmsen
et al.39

Host location and oviposition in a basal
group of parasitic wasps: The subgenual
organ, ovipositor apparatus and associ-
ated structures in the Orussidae (Hyme-

noptera, Insecta)

Zoomorphology 2001 92 4.84

4 Unal et al.38 Risky anatomic variations of sphenoid
sinus for surgery

Surg Radiol
Anat

2006 87 6.21

5 Sanli et al.34 Stature estimation based on hand length
and foot length

Clin Anat 2005 85 5.67

6 Ercan et al.21 Facial asymmetry in young healthy sub-
jects evaluated by statistical shape

analysis

J Anat 2008 78 6.50

7 Demir et al.19 Classication of human placental stem
villi: Review of structural and functional

aspects

Microsc Res
Tech

1997 77 3.35

8 Pinar et al.31 Anatomic study of the blood supply of
perioral region

Clin Anat 2005 70 4.67

9 Saylam et al.35 Reduced hippocampal volume in drug-
free depressed patients

Surg Radiol
Anat

2006 69 4.93

10 Durgun et al.20 Evaluation by angiography of the lateral
dominance of the drainage of the dural

venous sinuses

Surg Radiol
Anat

1993 64 2.37
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Table 4. Top 25 Cited Publications in the Anatomy and Morphology Category* (Continued)

Author(s) Title Journal Year NC PY

11 Tekdemir
et al.37

A clinico-anatomic study of the auricular
branch of the vagus nerve and Arnold’s

ear-cough reex

Surg Radiol
Anat

1998 62 2.82

12 Karakas et al.24 Morphometric measurements from vari-
ous reference points in the orbit of male

Caucasians

Surg Radiol
Anat

2003 62 3.65

13 Kalender
et al.23

Evaluation of the mental foramen and
accessory mental foramen in Turkish
patients using cone-beam computed

tomography images reconstructed from
a volumetric rendering program)

Clin Anat 2012 61 7.63

14 Altunkaynak
et al.16

The effects of high-fat diet on the renal
structure and morphometric parametric

of kidneys in rats

J Anat 2008 60 5.00

15 Coskun et al.18 Incidence of accessory ossicles and sesa-
moid bones in the feet: A radiographic

study of the Turkish subjects

Surg Radiol
Anat

2009 60 5.45

16 Huijing et al.22 Effects of knee joint angle on global and
local strains within human triceps surae
muscle: MRI analysis indicating in vivo
myofascial force transmission between

synergistic muscles

Surg Radiol
Anat

2011 55 6.11

17 Kiray et al.27 Surgical anatomy of the cervical sympa-
thetic trunk

Clin Anat 2005 55 3.67

18 Ozturk et al.30 Measurement of the distance and angle
between the aorta and superior mesen-
teric artery: Normal values in different

BMI categories

Surg Radiol
Anat

2007 54 4.15

19 Orhan et al.28 Evaluation of bid mandibular canals with
cone-beam computed tomography in a
Turkish adult population: A retrospective

study

Surg Radiol
Anat

2011 52 5.78

20 Cavdar et al.17 The pathways connecting the hippocam-
pal formation, the thalamic reuniens
nucleus and the thalamic reticular

nucleus in the rat

J Anat 2008 51 4.25

21 Kilic et al.26 The position of the mandibular canal and
histologic feature of the inferior alveolar

nerve

Clin Anat 2010 51 5.10

22 Zumre et al.40 Investigation of the bifurcation level of
the common carotid artery and variations
of the branches of the external carotid

artery in human fetuses

Ann Anat 2005 50 3.33

23 Ozdogmus
et al.29

Connections between the facial, vestibu-
lar and cochlear nerve bundles within the

internal auditory canal

J Anat 2004 50 3.13

24 Taskaya-
Yilmaz et al.36

A possible etiology of the internal
derangement of the temporomandibular
joint based on the MRI observations of

the lateral pterygoid muscle

Surg Radiol
Anat

2005 48 3.20

25 Safak et al.33 The thickness of the ligamentum avum in
relation to age and gender

Clin Anat 2010 48 4.80

*Citations before January 1, 2020 were examined, NC, Number of Citations, PY, Average Citations Per Year.
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Table 5. Study Types and Citation Averages by the Study Types

Study Type n (%) Average Number of Citations (Mean 6 SD)

Original Article 1,233 (84.39%) 7.44 6 11.38

Case Report(s) 184 (12.59%) 6.66 6 7.09

Letter to the Editor 24 (1.64%) 0.67 6 1.49

Review 15 (1.03%) 16 6 20.91

Clinical Vignette 3 (0.21%) 15 6 4.58

Viewpoint* 1 (0.07%) 38

Short Report* 1 (0.07%) 12

Total 1,461 8.02 6 11.95

n, the total number of articles; SD, standard deviation.

*It was determined that there is only one article in viewpoint and short report article type.

Table 6. Distribution of Original Articles and Case Reports by Study Design

Study Design
Original

Articles, n (%)
Case

Reports, n (%)
Both of These
Types, n (%)

Radiological Study 278 (22.55%) 58 (31.52%) 336 (23.71%)

Experimental Animal Study 316 (25.63%) 2 (1.09%) 318 (22.44%)

Cadaveric Study 173 (14.03%) 109 (59.24%) 282 (19.90%)

Histological Study 189 (15.33%) 189 (13.34%)

Experimental Study 81 (6.57%) 81 (5.72%)

Fetus Study 72 (5.84%) 2 (1.09%) 74 (5.22%)

Dry Bone Study 44 (3.57%) 2 (1.09%) 46 (3.25%)

Autopsy Study 6 (0.49%) 3 (1.63%) 9 (0.64%)

Clinical Study 8 (4.35%) 8 (0.56%)

Dry Bone and Cadaveric Study 7 (0.57%) 7 (0.49%)

History of Anatomy 6 (0.49%) 6 (0.42%)

Cadaveric and Radiologic Study 5 (0.41%) 5 (0.35%)

Teaching Anatomy 5 (0.41%) 5 (0.35%)

Dry Bone and Radiologic Study 4 (0.32%) 4 (0.28%)

Dry Bone and Radiologic and Cadaveric Study 2 (0.16%) 2 (0.14%)

Cadaver and in vivo 2 (0.16%) 2 (0.14%)

Fetus and Cadaveric 1 (0.08%) 1 (0.07%)

Fetus and Radiologic 1 (0.08%) 1 (0.07%)
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Table 7. Multiple Comparison of the Study Designs by Tamhane Post Hoc Tests

Study Design (I) Study Design (J) Mean Difference (I-J)

95% Confidence Interval

PLower Bound Upper Bound

Experimental Animal Study Cadaveric Study 3.73 2.43 5.02 .001*

Radiological Study �2.29 �3.49 �1.09 .001*

Cadaveric Study Experimental Animal Study �3.73 �5.02 �2.43 .001*

Radiological Study �6.02 �7.17 �4.87 .001*

Radiological Study Experimental Animal Study 2.29 1.09 3.49 .001*

Cadaveric Study 6.02 4.87 7.17 .001*

*Significant difference (P < .05).

Table 6. Distribution of Original Articles and Case Reports by Study Design (Continued)

Study Design
Original

Articles, n (%)
Case

Reports, n (%)
Both of These
Types, n (%)

Other Studies* 41 (3.33%) 41 (2.89%)

Total 1,233 (100%) 184 (100%) 1,417 (100%)

n, the total number of articles; SD, standard deviation.

*Other studies include studies in which new methods and approaches are introduced.

Figure 7. Distribution of the radiological, experimental animal and cadaveric studies by years.
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Limitations of This Study
Although the articles in the WoS database published before
2019 were scanned, the journals that were not active in 2019
could not be included in the study due to the inaccessibility of
current data about these journals. Another limitation of this
study is that the scanned 21 journals in the Anatomy and Mor-
phology category in the Web of Science database published
not only anatomical studies but also studies from the other
fields. In fact, there were publications in the field of pathology
and zoology in the first 25 articles with the most citations. The
reason for this is that the types of articles accepted by some of
these journals were from different scientific fields. Despite this
limitation, we believe that the findings obtained in this study
will be very useful in the field of anatomy.

CONCLUSIONS
A large amount of the articles conducted by researchers at insti-
tutions from Turkey and indexed in SCI-E of the WoS database in
the category of Anatomy and Morphology were published in Surg
Radiol Anat. In addition, it has been determined that the total
number of articles, especially the radiological studies, has
increased significantly over the years. The increase in the number
of scientific studies in the field of anatomy is important in terms
of the contribution of Turkey to literature in this area. With this
study to examine the articles originated from Turkey in the anat-
omy field and determination of research trends of authors is
thought to be guiding the work to be done in this area.
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ABSTRACT
Objective: This study aimed to research the radioprotective aspect of propolis on the brain tissue of rats exposed to ionizing radiation
and its ability in reducing nitrosative stress resulting from ionizing radiation.
Methods: In this study, 32 rats were used. They were randomly divided into four equal groups: two control groups, one irradiation only
group, and the last group is both IR exposed and propolis administered. A single dose of 5 Gy was given to the other two groups
except the control groups. Biochemical parameters were measured by spectrophotometry to determine whether protective effects of
propolis were present.
Results: In this study, it was determined that nitric oxide, peroxynitrite values, and nitric oxide synthase activity were significantly
higher in the radiotherapy only group in comparison to both propolis and irradiation-treated groups.
Conclusion: These findings suggest that the use of propolis has a protective effect against the adverse effects of nitrosative stress
caused by ionizing radiation. However, to be assured of these beneficiary effects of propolis should be supported by further pharmaco-
logical and toxicological research.
Keywords: Irradiation, propolis, nitric oxide, nitric oxide synthase, peroxynitrite

INTRODUCTION
Reactive oxygen species (ROS) and reactive nitrogen species
(RNS) are constantly produced in living organisms and are ren-
dered harmless.1–3 Reduced antioxidative capacity and increase
in free radical (FR) production cause significant damage to the
components of the cell by causing oxidative/nitrosative
stress.4–7

Cancer, which was accepted as the second cause of death in
2015, caused the death of 8.8 million people in the world and is
an expensive and important health problem. Although many
strategies have been found to treat cancer such as surgery,
chemotherapy, radiotherapy, targeted therapy, and immuno-
therapy, great care has been taken to investigate additional
strategies to combat cancer using natural plants and their bio-
active components.8

Radiotherapy is one of the indispensable treatment methods in
cancer treatment, and approximately two-third of the cancer
patients are receiving radiotherapy. While the total dose
required for effective local control with radiotherapy is exited,

damage occurs in normal tissues in the field of irradiation. The
resulting damage is also closely related to the sensitivity to
radiation. It is known that ionizing radiation forms FRs.4,9,10

Radiation effects can be grouped into two types: direct and
indirect effects. The direct effect occurs with ionization in DNA,
whereas the indirect effect occurs with water ionization in the
organism. Since about two-thirds of the human body weight is
water, most of the radiation damage is caused by FR, which is
caused by the effect of radiation on water.11 The aim of the
radiotherapy is to preserve as much as of the normal tissue pos-
sible and to give maximum ionizing radiation to the tumor
tissue. Because radiation is toxic to both tumor tissues and
healthy tissues, normal tissue damage can also increase as the
radiation dose increases as a result of the near healthy tissues
exposure to radiation. Unfortunately, most of the radio-
protectors used today have significant toxic side effects that
limit their role in medical treatment.12 Therefore, the search for
effective and nontoxic compounds with radioprotective ability
has led to increased interest in antioxidants such as thymoqui-
none and propolis.13
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Propolis has immunomodulatory, antitumoral, cancer-
preventative, antimetastatic, anti-inflammatory, cytotoxic, and
antioxidant properties. Our main focus here is the antioxidant
activity and radioprotective effects of propolis.13,14

To our knowledge, we did not find an experimental study
investigating the effect of propolis on nitrosative stress parame-
ters in the brain tissues of rats given ionizing radiation. There-
fore, in this study, we aimed to investigate the possible effects
of propolis from total cranial irradiation on nitrosative stress.

METHODS

Study Protocol and Rats and Experimental Groups
This research was conducted at the Departments of Medical
Biochemistry and Radiation Oncology after obtaining ethical
approval from Animal Ethics Committee of Gaziantep University
(ethical committee number: 2017/2). Thirty-six Sprague–Dawley
rats (200 6 20 g) fed with standard laboratory chow and water
were used. Experimental animals were quarantined for at least
1 week. Later, they were randomly divided into four groups,
including eight rats in each group. Information on groups is as
follows:

Sham control group: no propolis but sham irradiation.

The control group of irradiation (IR) plus propolis group: saline
only (1 mL) through an orogastric tube, no IR, no propolis.

The IR group received 5 gray (Gy) gamma irradiation and 1 mL
saline as a single dose. IR plus propolis group received both
5 Gy of gamma irradiation as a single dose to total cranium and

propolis (80 mg kg�1 day�1) starting 1 hour before irradiation
and continuing for 10 days through an orogastric tube. Supple-
mentation period was 10 days.

All rats that received 80 mg kg�1 ketamine hydrochloride
(Pfizer Pharmaceuticals, Istanbul, Turkey) were anesthetized.
Then, the rats in the IR and IR plus propolis groups were given
a single dose of ionizing radiation with the aid of a Cobalt-60
teleotherapy unit (Picker, C9, Maryland, NY, USA).

Biochemical Analysis
Determination of nitric oxide synthase activity, nitric oxide,

and peroxynitrite levels

All rats were anesthetized with ketamine hydrochloride 50 mg
kg�1 i.p. on Day 11. Approximately equal amounts of tissue
were obtained from the frontal lobes of each rat brain. The
homogenization of tissues was carried out in a Teflon glass
homogenizer. The supernatant obtained after homogenization
was taken into eppendorf tubes and kept at –80�C until bio-
chemical analyzes.

Nitric oxide synthase (NOS) was studied according to the
method described by Durak et al.15 NOS activity was deter-
mined by the diazotization of sulfanilic acid by NO at acid pH
and subsequent coupling to N-(1-napthyl) ethylenediamine. To
0.1 mL of sample, 0.2 mL of 0.2 M arginine was added, and the
mixture was incubated at 37�C for 1 hour, after which 0.2 mL of
10 mM HCl, 100 mM sulfanilic acid, and 60 mM N-(1-napthyl)
ethylenediamine were added. Absorbance at 540 nm was mea-
sured after 30 minutes. Sodium nitroprusside standard solution
(25 mM) was used as standard. Results were expressed as U
mg�1 protein. Nitric oxide (NO�) levels were measured as previ-
ously described,16 which express as lmol g�1 weight. Peroxyni-
trite (ONOO–) determination was performed according to the
method proposed by Vanuffelen et al.17 and modified by Al-
Nimer et al.,18 which expresses as lmol g�1 wet weight. The
protein content was determined as described.19

Statistical Analysis
The data obtained from the study were analyzed using Statisti-
cal Package for the Social Sciences (SPSS) version 22.0 (IBM
SPSS Corp.; Armonk, NY, USA). The Kolmogorov–Smirnov test

Table 1. Parameters Measured in Brain Tissue of Rats

Nitric Oxide
(lmol g21 Weight)

Nitric Oxide Synthase
(U mg�1 Protein)

Peroxynitrite
(lmol g21 Weight)

Sham control group 4.58 6 0.3b 3.48 6 0.7b 74.41 6 23.7b

The control of IR þ propolis 5.52 6 1.9a 3.28 6 0.9b 62.96 6 23.2b

IR group 7.21 6 0.8 5.12 6 1.0 189.34 6 60.4

IR þ propolis group 5.65 6 1.2a 2.99 6 0.5b 63.06 6 20.9b

IR, Irradiated.
aP < .01.
bP < .0001 vs IR group.

Main Points

• Ionizing radiation produces free radicals.
• Excessive free radicals create nitrosative stress.
• Nitrosative stress plays an important role in the pathoge-

nesis of many diseases.
• Propolis prevented nitrosative stress caused by ionizing

radiation.
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was used to test whether the data are parametrical or not.
ANOVA and LSD multiple comparison tests were used to com-
pare three independent groups of variables with normal distri-
bution. Mean 6 standard deviation was given as descriptive
statistics. P � .05 was considered statistically significant.

RESULTS
Results are shown in Table 1 and Figures 1-3. In statistical analy-
sis, the difference between the groups in terms of ONOO– (P <
.0001) and NO� (P < .0001) values, and NOS activity (P < .01)
was found to be statistically significant. ONOO–, NO� values,
and NOS activities were significantly higher in rats in the
irradiation-only group than sham control group, irradiation plus
propolis, and control group of group given propolis.

DISCUSSION
The physiological processes of all aerobic organisms generate
FRs necessary for the maintenance of normal life activities.
There are many endogenous FR scavenging pathways in living
things, and the balance between FRs and antioxidant systems
is crucial to maintain the health of the organism. However,
excessive accumulation of FRs damages normal cells and tis-
sues, damages human tissues, and organs and cells and plays a
role in the pathogenesis of many diseases.3,9,20

Although there are some possible mechanisms by which oxida-
tive/nitrosative stress plays a regulatory role in tumor growth
and progression, some important questions remain unan-
swered. Whether oxidative/nitrosative stress is caused by the
increased oxidant production of the tumor, or the deficiency of
the antioxidant defense system is not completely explained.
Although significant changes in cellular redox homeostasis
during tumor growth have been documented in experimental
models, such changes have not been demonstrated in humans.
Most of the difficulties encountered in these studies are related
to the complexity of the biochemical pathways that regulate
the cellular redox balance.21,22

The purpose of radiation therapy is to carefully give ionized
radiation doses to a defined tumor volume to protect the cells
and tissues around the tumor with minimal damage, destroy
tumor cells, provide the patient with a high quality of life, and
prolong survival. The purpose of radiation therapy is to carefully
give ionized radiation doses to a defined tumor volume to pro-
tect tissues around the tumor with minimal damage, destroy
tumor cells, provide the patient with a high quality of life, and
prolong survival.9,11,23

In some studies, investigating the parameters affected by ioniz-
ing radiation as a result of oxidation, it has been reported that
ionizing radiation increases the levels of NO in cells and tissues,

Figure 2. Mean 6 SD of nitric oxide synthase (NOS)
assigned in the brain tissue of rats. IR: irradiated.

Figure 3. Mean 6 SD of peroxynitrite (ONOO–) assigned in
the brain tissue of rats. IR: irradiated.

Figure 1. Mean 6 SD of nitric oxide (NO�) assigned in the
brain tissue of rats. IR: irradiated.
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leading to an increase in RNS and consequently cause oxidative
and nitrosative stress.9,23 Even though antioxidant properties of
propolis are proven in a large number of studies, to our knowl-
edge, this is the first investigation that studied the effects of
propolis on radiation-induced nitrosative stress in brain tissue.
In the present study, we found that NO� and ONOO� levels
and NOS activity in the rats given propolis were significantly
lower compared to the rats received irradiation-only group. The
results obtained in the study support the research hypothesis
that the systemic administration of propolis would reduce the
nitrosative damage in irradiated brain tissue.

The brain’s antioxidant defense system is vulnerable to brain FR
damage, as its ability to cleanse FRs is weaker compared to other
tissues. Therefore, a decrease in the antioxidant defense system
of brain tissue can cause ROS/RNS deposition during IR.23–25

In the present study, we found a significant increase in NO�

and ONOO� levels and NOS activity in irradiated rats when
compared to other groups, which is similar to that reported by
previous studies.9,23,26 The results support the research hypoth-
esis that the systemic administration of propolis would reduce
the nitrosative damage in irradiated brain tissue in the experi-
mental rat model. Our findings support the antioxidant proper-
ties of propolis in radiation-induced brain tissue damage.

Although biochemical analyzes suggest that propolis has a radio-
protective effect against nitrosative damage in the brain tissue of
irradiated rats, the absence of histopathological evaluation sup-
porting this study was one of the limitations of the study.

CONCLUSION
Our findings demonstrated increased nitrosative stress in brain
tissue of irradiated rats. This is the first study that investigates
the effects of propolis on the nitrosative stress in the brain
tissue of the irradiated rats. Oxidative/nitrosative stress is
mainly a result of increased ROS and RNS productions and may
be one of the main causes of cardiovascular, inflammatory, neu-
rodegenerative, and autoimmune diseases, as well as important
in cancer. The current results have shown that propolis clearly
prevents from nitrosative stress in radiation-induced brain
tissue damage by inhibiting FR generation or scavenging ROS/
RNS. The use of propolis as an antioxidant against serious side
effects in patients with head and neck cancer exposed to ioniz-
ing radiation may be beneficial in obtaining a more beneficial
treatment. However, further research is needed to support
these results.
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1Department of Neurosurgery, Erzincan Binali Yıldırım University, Faculty of Medicine, Erzincan, Turkey
2Department of Neurosurgery, Adıyaman University Medical Faculty, Adıyaman, Turkey
3Department of Histology and Embryology, Erzincan Binali Yıldırım University Medical Faculty,
Erzincan, Turkey
4Department of Anatomy, Erzincan Binali Yıldırım University, Faculty of Medicine, Erzincan, Turkey
5Department of Biostatistics, Erzincan Binali Yıldırım University, Faculty of Medicine, Erzincan, Turkey
6Department of Neurosurgery, Erzincan Binali Yıldırım University, Faculty of Medicine, Erzincan, Turkey
7Department of Pharmacology, Erzincan Binali Yıldırım University, Faculty of Medicine, Erzincan, Turkey

ABSTRACT
Objective: Benidipine is an antihypertansive agent which elicits vasodilatation of arteries by blocking Ca2þ. The aim of this study is to
investigate the neuroprotective effects of benidipine on rat sciatic nerves exposed to ischemia and reperfusion (I/R).
Method: 30 male Wistar Albino rats were used in this study. The rats were divided into three groups(n=10 per group). I/R procedure
was administered to the IR group, 10 lg/kg/day, i.v. benidipine was given for 2 hours (h) to the BIR group before I/R procedure. And
a sham group (SG) was created. Next, histopathological and biochemical investigations were performed on sciatic nerve tissues.
Superoxide dismutase (SOD), Malondialdehyde (MDA) and glutathione (GSH) were analyzed as oxidative stress markers; interleukin
1 beta (IL-1b) and tumor necrosis factor alpha (TNF-a) were analyzed as inflammatory stress markers in biochemical tests.
Results: Axonal swelling, myelin loss and disorganisation were seen in the IR group. Schwann cells showed hypertrophy, hyperplasia,
blood vessels were seen as congested. But these results were under normal values and almost similiar between BIR and SG groups. In
the BIR group ischemic fibere degeneration score was significiantly lower than IR group. And MDA, TNF-a, IL-1b values higher, GSH and
SOD values were lower in the IR group, but in the BIR group all these values were kept within normal limits.
Conclusion: This study showed that benidipine reduced oxidative stress and inflammation in rat sciatic nerve after I/R injury.
Keywords: ischemia-reperfusion, sciatic nerve, benidipine hydrochloride

INTRODUCTION
Prolonged hypoperfusion of the peripheral nerves usually
causes irreversible neuronal damage and neurologic worsening
during the first 24–48 hours (h).1,2 Some studies have men-
tioned that reperfusion should be achieved within 4.5 h to get
rid of irreversible damage.3,4 Therefore, blood supply to the tis-
sues should be restored as early as possible. Unfortunately,
tissue damage may be aggravated after reperfusion.5,6 This
undesirable situation makes it difficult to treat peripheral nerve
ischemia. And the pathophysiological mechanism of tissue
damage due to ischemia-reperfusion (I/R) injury has not been
not fully elucidated. Especially, mediators secreted from endo-
thelial cells have been reported to be effective in I/R injury.7–10

In this present study, we used benidipine hydrochloride to

reduce the damage of I/R injury in the peripheral nerves. Many
previous studies mentioned that benidipine reduced the forma-
tion of lipid peroxidation and showed antioxidant activity in
cells exposed to I/R damage.11,12 Therefore, our hypothesis is
that benidipine may have a protective effect in I/R damaged
peripheral nerve tissues. So biochemical and histopathological
effects of benidipine hydrochloride on sciatic nerve cells dam-
aged by I/R were investigated.

METHODS

Animals
Before conducting the experiments, permission was obtained
from the Animal Care and Use Committee of the Ataturk
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University, Erzurum, Turkey (11/198/25.10.2018). Thirty Wistar
Albino rats (280-298 g) were kept in polypropylene cages with
a 12/12 h light/dark cycle and controlled temperature (22 6

2�C) for 1 week prior to the experiments.

Animal Groups
Three different groups (n ¼ 10 per group) were formed.

IR group: Only I/R procedure was administered to the animals
of this group.

BIR group: Benidipine hydrochloride, 10 lg/kg, iv for 2 h,
was administered to the animals of this group before I/R
procedure.

SG group: Sham operation was performed on this group.

Experimental Procedure
An appropriate laboratory environment was prepared for the
experiments of all the animal groups. Body temperature of all
of the animals was regulated at 37�C. BIR group was pretreated
with benidipine hydrochloride (Deva-Turkey) (10 lg/kg/day, i.v.
for 2 h). Then all of the animals were anesthetized with 25 mg/
kg of thiopental sodium (Ulagay-Turkey). They were fixed to
the operating table in supine position. After shaving the ante-
rior abdominal wall of the animals, operation region was steri-
lized with povidone-iodine solution. Laparotomy was
performed. Then, a Yasargil aneurysm clip was used to clamp
the abdominal aorta. Blood flow was measured with laser-
Doppler flowmetry (PF5010; Perimed Co.Ltd., Sweden). The
abdominal region was closed with a sterile surgical thread and
all animals were taken into separate single cages for resting.
The abdominal cavity was opened from the same skin incision
and the clips were removed after 3 hours. After checking the
reperfusion with laser-Doppler flowmetry, the abdominal
region was closed with a sterile surgical thread. After 24 hours
of reperfusion time, animals were sacrificed by thiopental
sodium. Animals in the SG underwent only abdominal dissec-
tion with the same methods. Left sciatic nerves of the animals
were carefully removed (Figure 1). Half of the samples were
taken for histopathological examination and the other half was
stored in a freezer at �80�C for biochemical evaluation.

Histopathological Examination
The tissue samples were fixed in a 10% formaldehyde solution,
washed under tap water, treated with alcohol, and then
embedded in paraffin. Four to 5 lm sections were cut from the
paraffin blocks, hematoxylin–eosin (H/E) and modified Gomori

trichrome staining was administered. Ischemic fiber degenera-
tion (IFD) values were graded according to the method speci-
fied by Mitsui et al.13 According to their method the sections
were graded as follows: grade 0: �2%, grade 1: 3–25%, grade 2:
26–50%, grade 3: 51–75%, and grade 4: >75%.

Biochemical Examination
Determination of superoxide dismutase (SOD) was performed
according to the method specified by Sun et al.14 Malondialde-
hyde (MDA) measurements were made according to the
method specified by Ohkawa et al.15 The absorbance of super-
natant was determined at 530 nm. Total thiobarbituric acid-
reactive materials were expressed as MDA. Determination of
glutathione (GSH) measurements were made according to the
method specified by Sedlak and Lindsay.16 Determination of
interleukin 1 beta (IL-1b) and tumor necrosis factor-alpha (TNF-
a) levels were performed in the same way as in the previous
studies by using rat-specific sandwich enzyme-linked immuno-
sorbent assay Rat Interleukin 1b ELISA Kit (Cat no: YHB0616Ra,
Shanghai LZ) and Rat Tumor Necrosis Factor a ELISA kits (Cat
no: YHB1098Ra, Shanghai LZ).16 Analyses were performed in
accordance with the manufacturers’ instructions.

Statistical Analysis
The results were presented with continuous variables as mean
6 standard deviation. The normality of distribution was con-
firmed with Shapiro–Wilk test. One-way analysis of variance
was used for the comparison of three groups. As a post hoc
test Tukey’s HSD or Games-Howell test was used according to
the homogeneity of variances. In graphical representations, the

Figure 1. Appearance of the left sciatic nerve in a rat.

Main Points

• Prolonged hypoperfusion of the peripheral nerves causes
irreversible neuronal damage.

• I/R injury of peripheral nerves usually leads to the release
of oxidative stress and acute inflammatory changes in the
tissues.

• Benidipine hydrochloride showed histopathologically veri-
fied neuroprotective effects against cellular damage after
I/R injury.
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mean levels and standard errors were shown. The statistical
level of significance for all tests was considered to be 0.05. Sta-
tistical Package for the Social Sciences (SPSS) Version 22.0. (IBM
SPSS Corp.; Armonk, NY, USA).

RESULTS

Histopathological Findings
In the SG group, the nerve structures were generally normal,
axons were located centrally and surrounded by normal myelin
sheaths. Also, blood vessels were in normal shape and number.
Moreover in the SG group, Schwann cells showed neither

hypertrophy nor hyperplasia (Figure 2A). On the other hand,
there was severe fiber degeneration, axonal swelling, and
shrinkage in the IR group. The myelin loss and disorganization
were found to be more in this group compared to the SG. Fur-
thermore, Schwann cells showed hypertrophy, and hyperplasia
and blood vessels were found as congested (Figure 2B). In addi-
tion, histopathological results were almost similar between BIR
and SG groups. Myelinated nerve fibers were partially swollen
but generally normal in sight and axons located centrally.
Schwann cells were found to be normal in shape and morphol-
ogy. Degeneration of myelin sheaths were decreased and
blood vessels were mostly normal in the BIR group (Figure 2C).

And in the IR group, the mean IFD score was 3.22 6 0.09, and
in the BIR group, it was 1.94 6 0.02. There was a significiant dif-
ference between the IR and BIR groups about the IFD scores (P
< .05) (Figure 3).

Biochemical Findings
SOD levels

Figure 4 shows the SOD levels in all of the groups. The mean
SOD levels were found statistically lower in the IR group than
SG and BIR group (P < .05 and P < .05, respectively), and there
was no significant difference between SG and BIR groups (P ¼
.602).

MDA levels

Figure 5 shows the MDA levels in all of the groups. Significantly
(P < .001) higher levels of MDA were found in the IR group
compared to SG and BIR groups.

Figure 2. Hematoxylin (H/E) staining of the sciatic nerve tissues. (A) Hematoxylin–eosin staining of the sciatic nerve tissue
obtained from the SG. Axons with normal shape and morphology and normal shape Schwann cells and blood vessels are seen.
(B) H/E staining of the sciatic nerve tissue obtained from the IR group. Swollen and degenerated myelinated axon and dilated
and congested blood vessel are seen. (C) H/E staining of the sciatic nerve tissue obtained from the BIR group. Decreased conges-
tion in blood vessels and no pericellular edema are seen. ": myelinated axon; " Schwann cell nucleus (normal shape); ?: blood
vessel.

Figure 3. IFD (Ischemic fiber degeneration) scores of sciatic
nerves. All data were presented as mean 6 SD.
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Total GSH levels

Figure 6 shows the GSH levels in all of the groups. There was a
significant (P < .001) decrease in the levels of GSH in the IR
group compared to SG and BIR groups. Pretreatment with beni-
dipine was found to have statistically higher (P < .001) GSH
levels in the BIR group compared to IR group.

TNF-a and IL-1b Levels
Figures 7 and 8 show the TNF-a and IL-1b levels in all of the
groups. Mean TNF-a and IL-1b levels in the IR group were
found to be statistically higher than that of BIR group (P < .001

Figure 5. The levels of MDA on rat sciatic nerves.

Figure 4. The levels of SOD on rat sciatic nerves. Figure 6. The levels of total GSH on rat sciatic nerves.

Figure 7. The levels of TNF-a levels on rat sciatic nerves.
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and P < .001, respectively). There were significant decreases in
TNF-a and IL-1b levels in the BIR group. Furthermore, there was
no significant difference between sham and BIR groups (P ¼
.098, P ¼ .157).

DISCUSSION
We investigated the tissue-protective effects of benidipine
hydrochloride on sciatic nerve I/R injury in rats. Benidipine
hydrochloride (10 lg/kg) was administered orally to the BIR
group for 2 h. This dose was selected based on the previous
studies, which demonstrated that administration of benidipine
hydrochloride at this dose markedly reduced calcium overload
in the tissues.17,18 And benidipine showed histopathologically
verified neuroprotective effects against cellular damage such as
reduction of cellular swelling, hypertrophy/hyperplasia of
Schwann cells, and the occurrence of myelin degeneration
after I/R injury. Namely, we found significantly lower IFD levels
with pretreatment of bendipine hydrochloride. Although vari-
ous mechanisms have been proposed for the pathophysiology
of tissue damage after I/R, the mechanism of this cascade has
not been clearly known.19,20 Many studies state that I/R injury
usually leads to the release of oxidative stress and acute inflam-
matory changes.2,8,21 Presumably, oxidative stress caused by I/R
injury is a result of overproduction of reactive oxygen species
(ROS) and excessive ROS production causes tissue damage.22,23

Bendipine hydrochloride showed a decrease in the levels of,
MDA, TNF-a, and IL-1b and an increase in GSH and SOD levels
indicating a significant reduction in oxidative stress, inflamma-
tion, and an increase in antioxidant marker. According to the

previous studies among calcium channel blockers, it was found
that benidipine had antioxidative specifications.11,24 Yasunari
et al.25 indicated that benidipine hydrochloride exhibited pro-
tective effect for the tissue at an approximately 100-fold lower
concentration than amlodipine and nifedipine. Various meth-
ods of measuring the amount of oxidative stress in the tissues
have been available in the literature.26–28 As a sample; measure-
ment of MDA levels has been known as one of the methods to
determine the level of oxidative stress and the degree of lipid
peroxidation in tissues.29–33 It was noted by Matsubara et al.10

that benidipine decreased lipid peroxidation and MDA levels in
tissues exposed to I/R injury. And Hassan et al.9 reported that
membrane injury due to lipid peroxidation was ameliorated by
the pretreatment of benidipine in myocardial cells. According
to the results of our study; benidipine decreased the MDA
levels and thus inhibited the formation of lipid peroxidation in
sciatic nerve tissues being exposed to I/R.

Also, significantly higher GSH levels were found in the sciatic
nerve tissues in the BIR group. The decrease in the antioxidative
status also supports the development of oxidative stress and
an increase in cellular damage.34 Therefore, maintaining GSH,
an antioxidant enzyme, in normal limits is crucial for the variety
of life processes.35 Because one of the major functions of GSH
is detoxification of xenobiotics and/or their metabolites by pro-
ducing oxidized glutathione in the form of glutathione disul-
fide. Unlubilgin et al.16 revealed that benidipine hydrochloride
prevented ovaries from the increase in oxidants and proinflam-
matory cytokines and they found that benidipine prevented
the decrease in GSH in the tissues after I/R injury. In the light of
all these findings, benidipine hydrochloride may reduce the
consumption of GSH by inhibiting the increase in ROS by Ca þ
2 channel blockade in tissues exposed to I/R.

It was found in our study that there were statistically significant
higher levels of TNF-a and IL-1b in the IR group than BIR group.
In other words, benidipine prevented the formation of acute
inflammation and inflammatory injury of sciatic nerve cells
exposed to I/R. As known, there has been a strong evidence
that TNF-a and IL-1b are central regulators of inflammation and
their antagonists have proven to be efficacious in treating
inflammatory diseases.36–39 And Yuan et al.40 showed in their
study that myocardial TNF-a and IL-1b expression were signifi-
cantly less in rats treated with low-dose benidipine hydrochlor-
ide compared with untreated rats. Also, it was stated in the
previous studies that the tissue protection of benidipine hydro-
chloride may be caused by suppression of inflammatory cyto-
kines such as TNF-a and IL-1b.40,41

In addition, SOD, which is one of the markers of defense against
tissue damage caused by ROS, catalyzes the dismutation of
superoxide anion to hydrogen peroxide and prevents the for-
mation of the hydroxyl radicals.42 So SODs have been reported
to alleviate inflammatory, respiratory, metabolic, cardiovascular
diseases, and central nervous system disorders in the litera-
ture.43 As a sample Ohno et al.44 mentioned the cardiovascular
protective effect of benidipine in their study and they stated
that this agent increased SOD levels in the tissues. And this
mechanism had been reported to be achieved by Ca þ 2 chan-
nel blockade in addition to its antihypertensive efficacy.

Figure 8. The levels of IL-1b levels on rat sciatic nerves.
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CONCLUSIONS
Lack of neurophysiological evaluation by electromyography was
the limitation of our study. On the contrary, we are at the opinion
that benidipine hydrochloride may become an alternative or a
supplementary agent in the treatment of axonal I/R injury.
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Effect of Sugammadex on Coagulation Parameters
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ABSTRACT
Objective: To evaluate, for the first time in the literature, the effect of sugammadex in elective C/S patients in terms of hemostatic
parameters and postoperative bleeding.
Methods: Seventy-six patients enrolled for this observational prospective controlled study. Patients were divided into two groups
according to anesthetic reversal agent: sugammadex (group I) vs neostigmin (group II). Intraoperative and postoperative amount of
bleeding were recorded. At the end of the surgery, after administration of reversal agent, and at postoperative 30th minute, 1st, and
2nd hours, activated partial thromboplastin time (aPTT), prothrombin time (PT), and international normalized ratio (INR) values were
recorded. Postoperative Hct, Hgb, and Plt values at 6th and 24th hours of reversal agent administration were also recorded.
Results: Alterations in aPTT, PT, and INR values were similar between the groups (P ¼ .986, .549, .05, respectively).
Conclusion: Sugammadex at 2 mg kg�1 in cesarean section patients has a similar effect on coagulation parameters compared to neo-
stigmin. Further studies are needed particularly in patients under thromboprophylaxis.
Keywords: Cesarean section, coagulation, sugammadex, aPTT, neostigmin, postpartum bleeding

INTRODUCTION
Maintenance of pregnancy and fetal well-being depends on
several changes in hemostatic system. However, these changes
in pregnancy may also cause an increase in maternal hemato-
logical complications during pregnancy, delivery, and postpar-
tum period.1-4 Hemostasis comprises very complex
mechanisms with several alterations in both coagulation and
fibrinolytic systems. In normal pregnancy concentration of
coagulation factors, V, VII, IX, XII, fibrinogen, and von Willebrand
factors show a significant increase.5-8

On the other hand, factor XI level, which is the one of the key
factors for thrombin formation, decreases in pregnancy. Levels
of coagulation inhibitors also show alterations during preg-
nancy. Protein C and antithrombin remain at the same levels,
while protein C inhibitors and free and total protein S increase
during pregnancy. Fibrinolytic system function is also inhibited
during pregnancy and returns its normal activity just after the
delivery.5 As a result of all of these alterations, pregnancy
becomes a hypercoagulable state. This hypercoagulable state is
one of the preventive mechanism for postpartum hemorrhage

after the delivery. Because we know that postpartum hemor-
rhage is still an important maternal mortality and morbidity
reason in both vaginal and cesarean section (C/S) delivery,
proper functioning of this system is very important.

Due to increasing trend of cesarean delivery in whole world,
anesthetic management of C/S is more in sight of the research-
ers. Although regional anesthesia is more recommended by the
guidelines for C/S, general anesthesia is still widely used
around the world. Intubation of pregnant women is one of
major challenges because of the higher incidence of difficult
intubation compared to normal population.9 Recently, a newly
introduced sugammadex has being used for the reversal of
nondepolarizing neuromuscular blocking agents (rocuronium
and vecuronium) in C/S patients. Sugammadex shows its effect
by encapsulation of vecuronium and rocuronium.10-13 Com-
pared to other acetylcholinesterase inhibitors (neostigmine,
etc.), sugammadex has better recovery and less residual block-
ing effect.14 Also, several studies have been showed its applic-
ability in C/S patients.15-19 On the other hand, studies have
been reported the alterations in hemostatic parameters as an
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effect of sugammadex.20-22 These studies especially underlined
the prolongation in activated partial thromboplastin time
(aPTT) and prothrombin time (PT). However, its clinical conse-
quences, in the context of postoperative bleeding, in different
surgical patients are still unknown.

In this study, we aimed to evaluate, for the first time in the liter-
ature, the effect of sugammadex in the elective CS patients in
terms of hemostatic parameters and postoperative bleeding.

METHODS
This observational prospective study was conducted at a uni-
versity hospital. After obtaining Ethical Committee approval
was obtained in 2019 from Niğde Ömer Halisdemir University
Medical Faculty Ethics Committee, informed consents were
taken from all participants. A total of 76 patients scheduled for
elective C/S were included in this study. All the patients were in
the ASA I-II (American Society of Anesthesiologists). Patients
with pre-eclampsia, intrauterin growth retardation (IUGR), pre-
gestational or gestational diabetes mellitus, multiple gestation,
macrosomic fetus, known hematologic disorders, abnormal
blood tests result in platelet (Plt) count, activated partial throm-
boplastin time (aPTT), prothrombin time (PT), and international
normalized ratio (INR), and patients receiving anticoagulant/
antiaggregant drugs were excluded from the study cohort.
General anesthesia indications were maternal refusal of, or
inability to cooperate with, neuraxial anesthesia.

Patients were divided into two groups: sugammadex (group I, n
¼ 39) and neostigmine (group II, n ¼ 37). Assignment of
patients into groups was done by two anesthesiologists (D.D.
and F.K.) preoperatively according to ASA guideline. All C/S
operations were performed by same physician (E.D.).

In the operating room, all patients were monitorized for heart
rate, pulse oximeter, end-tidal carbon dioxide level, noninvasive
arterial pressure, and neuromuscular block monitoring (train of
four (TOF) Watch SX monitor; Organon, Dublin, Ireland). Follow-
ing the administration of 2-2.5 mg kg�1 propofol and 0.6 mg
kg�1 rocuronium, intubation was performed. Maintenance of
anesthetic status of patients was achieved with sevoflurane 2%,
2 L oxygen þ 2 L dry air with 0.8 mL kg�1 tidal volume. To keep
end-tidal volume CO2 level at 30-35 mmHg, frequency of respi-
ration was adjusted as 12 min�1. Paracetamol (Parol flacon
10 mg mL�1, Mefar Chemistry, _Istanbul, Turkey) infusion 1 g/
100 mL was applied to all patients after the removal of pla-

centa. The modified Misgav-Ladach technique was used as C/S
method in all patients. After the cord clamping, all patients
received 20 U oxytocin infusion with 1,000 mL saline solution.
Intraoperative blood loss was calculated by measurements of
blood-soaked pads and amount of blood in aspiration tube. At
the end of the surgery, group I patients were applied 2 mg
kg�1 sugammadex (BridionVR 200 mg/2 mL, N.V. Organon Kloos-
terstraa 6, Holland), and group II patients were applied 0.05 mg
kg�1 neostigmine and 0.02 mg kg�1 atropine. When TOF � 0.9,
patients were extubated and transferred to postoperative
recovery room. After the operation, in the postoperative obstet-
ric unit, blood samples were taken for coagulation parameters
at 30th minute, 1st, and 2nd hours of following the administra-
tion of sugammadex or neostigmine. Whole blood counts sam-
ples were also taken from all patients at postoperative 6th and
24th hours. Pad weights were measured to evaluate the blood
loss at first 24 hours.

Statistical Analysis
The data were analyzed using IBM SPSS Corp.; Armonk, NY,
USA. The alterations in aPTT, PT, INR, Hgb, Htc, and Plt values
according to group and time were examined with generalized
linear models (Wald Chi-square test). Demographic characteris-
tics, intraoperative bleeding, and pad weight comparisons of
groups were evaluated with independent t-test. The Mann–-
Whitney U test was used to examine gravida, parity, and
number of CS between the groups. P value of <.05 was consid-
ered statistically significant. Power analysis was performed
using the G-power software (G-power v3.1.9.2, Universitat Kiel,
Kiel, Germany). Post hoc power analysis demonstrated that we
achieved a power of 0.83 with a 5% level of significance and a
0.60 effect size to use one-tailed two independent mains t-test.

Hemostatic Tests
Preoperative and postoperative aPTT and PT blood samples
were taken into citrate-included tubes and centrifuged at 2,000
� g for 10 minutes at 4� C, and plasma samples were analyzed
by original reagent on ERBA analyzer.

RESULTS
A total of 76 patients who met the criteria were included. Com-
parison of groups demographic data and amount of bleeding is
shown in Table 1. There were no differences between the
groups in terms of age, BMI, gravida, parity, and amount of
intraoperative bleeding and duration of surgery. At the first
24 hours of postoperative period, mean pad weights of groups
were significantly higher in group I (P ¼ .037). aPTT, PT, and INR
values were evaluated in terms of time, group, and group–time
interaction effect. The group and time interaction had no signif-
icant effect on the aPTT and PT mean values (P ¼ .986 and .549,
respectively) (Table 2). Main effect of time on aPTT and PT was
statistically significant within the groups themselves (P ¼ .022
and <.001, respectively) (Table 2). But, upper or lower limit of
aPTT, PT, and INR values did not exceed at any time of sugam-
madex administration (Table 3). Main effect of group and time
on INR mean values showed no significant differences (P > .05).
Also, the effect of group and time interaction on INR mean
values was similar between the groups (P > .05) (Table 2).
While the main effect of groups on Hgb and Htc values was not
significant, the main effect of time on Hgb, Htc, and Plt values

Main Points

• Sugammadex prolongs activated partial thromboplastin
and prothrombin time, but the association between pro-
longation and effect on postoperative bleeding remains
unknown in cesarean section patients.

• Sugammadex was evaluated, for the first time, in cesarean
section patients, in terms of alterations in coagulation
parameters and postoperative bleeding.

• In this study, we found that sugammadex is safe to use in
cesarean section, because it did not cause an increase in
activated partial thromboplastin and prothrombin time.
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was significantly different between the groups (P < .001, <.001,
and .020, respectively) (Table 4). The effect of group and time
interaction on Hgb, Htc, and Plt was also similar between the
groups (P > .05) (Table 4). Descriptive statistics and multiple
comparison results of hemoglobin, Hct, and Plt values by group
and time were shown in Table 5.

DISCUSSION
In this study, we found that coagulation parameters showed no
significant differences after the administration of sugammadex
at a dose of 2 mg kg�1 when compared to neostigmine. Also,
postoperative hemoglobin, hematocrit, and platelet values
were similar between the groups.

Literature about sugammadex is relatively new. The effect of
sugammadex on coagulation parameters was documented
with in vitro studies, which showed a limited and transient
increase in both aPTT and PT values via the inhibition of factor
Xa activity.23 This effect was first observed at 10 minute after

the administration and resolved within 60 minutes. For the last
10 years, several studies have been showed this effect with
in vivo research. In 2013 and 2014, De Kam et al.21,22 showed a
transient and limited increase in aPTT and PT related to sugam-
madex use. However, this increment was not associated with
more postoperative bleeding. Studies were randomized and
double-blinded, sugammadex was administered at doses of
4 mg kg�1 or 16 mg kg�1 to patients, and also each patient was
taking aspirin alone or enoxaparin and unfractioned heparin. In
another study, Rahe-Meyer et al.20 found similar results in
patients with increased risk of bleeding because of concomi-
tant use of thromboprophylaxis agent. They revealed a tran-
sient (<1 hour) and limited (<%8) rise in aPTT and PT. Also,
their results were not accompanied by an arise in postoperative
bleeding. In current study, we did not observe any increase in
aPTT and PT. In the assessment of postoperative bleeding,
hemoglobin, hematocrit, and platelet levels showed similar
alteration between the groups. However, mean pad weights
were significantly higher in sugammdex group. In 2015, Tas�
et al.24 investigated the effect of sugammadex on coagulation
parameters and postoperative bleeding in patients who had
septoplasty surgery. They found no difference in terms of coag-
ulation parameters, while the amount of postoperative bleed-
ing was higher in sugammadex group. Their results were
similar to ours, but they measured amount of postoperative
bleeding by nasal tip dressing, which is more objective to accu-
rately detect the amount of bleeding than our method. Also,
the effect of sugammadex on Hgb and Htc values was similar
compared to neostigmine administration in our study, which is
more objective criteria to evaluate the amount of postoperative
bleeding. One prospective observational study published in
2015 investigated the patients who underwent open abdomi-
nal cancer surgery.25 In their study, cohort divided into three
groups: neostigmine, sugammadex 2 mg kg�1, and sugamma-
dex 4 mg kg�1. At the end of the study, they did not observe

Table 1. Comparison of Demographic and Operative Data between the Groups

Sugammadex (n ¼ 39) Neostigmin (n ¼ 37) Total (n ¼ 76) P

Age (year) 27.9 6 5.3 29.4 6 5.2 28.6 6 5.3 .217*

Height (cm) 163.6 6 4.1 163.2 6 6.1 163.4 6 5.1 .757

Weight (kg) 77.5 6 6.8 73.6 6 10.5 75.6 6 8.9 .062

BMI 28.9 6 2.5 27.6 6 3.5 28.3 6 3.1 .056

Gravity, n 3 (1-6) 2 (1-5) 2 (1-6) .199**

Parity, n 2 (0-5) 1 (0-4) 1 (0-5) .251**

Number of C/S, n 2 (1-4) 2 (1-3) 2 (1-4) .836**

Amount of intraoperative bleeding (mL) 513.6 6 191.5 547.7 6 203.7 530.2 6 196.9 .454*

Ped weight (mg) 433.5 6 150.7 365.9 6 124.6 400.6 6 141.8 .037*

*Independent samples t test (mean 6 SD).

**Mann–Whitney U test [median (min – max)].

Note: Statistically significant values are indicated in bold.

Table 2. Comparison of aPTT, PT, and INR Values between the
Groups in Terms of Group and Time

APTT* PTZ* INR*

Group 0.263 0.997 0.190

Time 0.022 <0.001 0.333

Group � time 0.986 0.549 0.396

*Generalized linear models P value.

Note: Statistically significant values are indicated in bold.
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any significant difference between the groups in terms of coag-
ulation parameters and postoperative hemoglobin concentra-
tions. Relative weakness of this study is that they had small
number of patients in neostigmine group (n ¼ 11), which were
37 in our study.

To our knowledge, this is the first study in the literature that
evaluated the effect of sugammadex in C/S patients in the con-
text of coagulation parameters and postoperative bleeding.
However, the effect of sugammadex on coagulation parameters
only has been seen so far with doses of 4 mg kg�1 and 16 mg
kg�1.26 Mean prolongations of aPTT and PT were both by

22%.26 Our study was conducted with doses of 2 mg kg�1,
which is advised by ASA for C/S patients.

In conclusion, our prospective observational study demon-
strated that sugammadex is not related to a significant increase
in aPTT and PT or decrease in postoperative hemoglobin,
hematocrit, and platelet levels. This study is the first one that
investigated coagulation parameters and postoperative bleed-
ing among C/S patients. But, further studies are needed to
investigate the relation between the sugammadex and postce-
sarean patients particularly with patients who use thrombopro-
phylaxis during the pregnancy.

Table 3. Descriptive Statistics and Multiple Comparison Results of APTT(sn), PTZ(sn), and INR Values by Group and Time

Group Time APTT PTZ INR

Sugammadex Preoperative 26.5 6 2.4 11.1 6 0.8 0.969 6 0.066

Postoperative 30th minute 25.8 6 2.2 11.4 6 0.8 0.992 6 0.071

Postoperative 1st hour 25.4 6 2.4 11.5 6 1.1 1.006 6 0.089

Postoperative 2nd hour 25.7 6 2.6 11.6 6 1.0 1.004 6 0.084

Total 25.8 6 2.4 11.4 6 0.9 0.993 6 0.078

Neostigmin Preoperative 26.2 6 2.2 10.9 6 0.5 0.951 6 0.042

Postoperative 30th minute 25.6 6 2.1 11.6 6 0.8 1.265 6 1.579

Postoperative 1st hour 25.1 6 2.2 11.6 6 0.5 0.955 6 0.225

Postoperative 2nd hour 25.3 6 2.6 11.6 6 0.6 1.251 6 1.472

Total 25.5 6 2.3 11.4 6 0.7 1.105 6 1.085

Total Preoperative 26.3 6 2.3a 11.0 6 0.7a 0.960 6 0.056

Postoperative 30th minute 25.7 6 2.2ab 11.5 6 0.8b 1.125 6 1.104

Postoperative 1st hour 25.2 6 2.3b 11.5 6 0.8b 0.981 6 0.170

Postoperative 2nd hour 25.5 6 2.6b 11.6 6 0.8b 1.124 6 1.029

Total 25.7 6 2.4 11.4 6 0.8 1.048 6 0.760

There is no difference between times with the same letter (a, b) in each parameter.

Table 4. Comparison of Hgb, Htc, and Plt Values by Group and Time

Hemoglobin* HTC* PLT*

Group 0.714 0.575 0.005

Time <0.001 <0.001 0.020

Group � time 0.963 0.754 0.922

*Generalized linear models P value.

Note: Statistically significant values are indicated in bold.
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ABSTRACT
Objective: The aim of this study was to investigate a bibliometric analysis of publications produced by researchers from Turkey and cat-
aloged in Web of Science’s (WoS) Science Citation Index-Expanded (SCI-E) under the rheumatology category.
Methods: The WoS database’s 2019 data was scanned for journals in the rheumatology category and indexed in the SCI-E. Articles iden-
tified as having been published before January 1, 2020 in the advanced search section of the WoS database were examined using their
journal ISSN numbers. Meeting summaries, proceedings, early access studies, book series, and conference titles were excluded. All bib-
liometric data were evaluated for each publication.
Results: Thirty-one journals scanned in the rheumatology category were investigated. It was determined that a total of 84,761 articles
were published over 40 years (1980-2019), and that 3,179 (3.75%) of these articles were written solely by Turkish authors. It was
observed that these 3,179 articles were cited 43,494 times, and that the average number of citations was 13.68 6 23.52. The total h-
index value was 76. The most cited article received 444 citations and the article with the highest annual average number of citations
had a value of 20.17 citations/year. It was found that of the top 20 most cited articles, seven articles were about Behçet’s disease, and
four concerned familial Mediterranean fever.
Conclusion: This study will contribute to the literature by reflecting upon the amount of research that has been carried out and shed-
ding light on future work that could be considered in the field of rheumatology in Turkey.
Keywords: Bibliometric analysis, rheumatology, Turkey

INTRODUCTION
Rheumatology is a branch of medicine that deals with the treat-
ment (preventive, active, and rehabilitation) of musculoskeletal
diseases, including autoimmune and autoinflammatory condi-
tions.1 Rheumatic disorders are some of the most common
health problems in the world, and they can lead to disability in
both children and adults.2 Although a large number of studies
have been conducted on common rheumatic diseases, such as
rheumatoid arthritis and spondylarthritis, research on the prev-
alence of all rheumatic diseases in the general population is
limited, with figures ranging from 9.8% to 25%.3–5 Rheumatol-
ogy as a study dates back to ancient times, while its develop-
ment as a specialty began in the 20th century. Thanks to the
administration of medication such as steroids, methotrexate,
and anti-TNF, crucial developments have occurred in the field
of rheumatology, particularly over the last five decades.6,7

Rheumatology is an extensive field of research with a long
standing in scientific publications. The demand for rheumatol-

ogy has increased due to the widespread presence of these dis-
eases in the community and the recent discovery of new
drugs.7 The number of publications in the field of rheumatol-
ogy has therefore been increasing almost every year, on a par
with other fields.8,9

A bibliometric study is one method that can be used to numeri-
cally analyze the publications produced by people or institu-
tions in a particular area, period, or region, to investigate
associations between these publications, and to draw conclu-
sions from these findings.10 In bibliometric studies, a large
number of features, such as publication type, topic, number of
citations, number of authors, the affiliations of these authors,
and journal index and category, may be examined.11 Moreover,
a bibliometric analysis can provide insight into the growing
tendencies and characteristics of research output by analyzing
keywords and subject categories. Additionally, an investigation
into bibliometric properties may reveal differences in research
orientation and capacities.12 Bibliometric analyses are now
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being performed in many scientific fields in order to investigate
the impact of research.13

Web of Science (WoS) is recognized as the world’s most reliable
publisher-independent global citation database.14 WoS features
a wide range of indexes, including Science Citation Index
Expanded (SCI-E). According to the data for 2019, the SCI-E
index includes 178 different scientific disciplines across approx-
imately 9,200 journals.14 Each journal and book covered by
WoS’ core collection is assigned to at least one subject cate-
gory, one of which is rheumatology.15

The scope of a country’s international publications is an essen-
tial indicator of its level of scientific advancement.16 Bibliomet-
ric analysis is a popular method that has been used to assess
this in recent years.17 Nonetheless, to the best of our knowl-
edge, no comprehensive bibliometric study on Turkish research
in the field of rheumatology has previously been carried out.

The present study aims to conduct a bibliometric analysis of
Turkish research in the WoS’ SCI-E index, under the rheumatol-
ogy category, in order to provide a holistic view of these publi-
cations and a new perspective for directions in which future
research could go.

MATERIALS AND METHODS
In line with Journal Citation Reports’ data for 2019, 32 journals
were found in the SCI-E index under the rheumatology cate-
gory. Rev Bras Reumatol (ISSN: 0482-5004) was renamed as Adv
Rheumatol (ISSN: 2523-3106) in 2018. Articles published in both
versions of the journal were therefore combined for the pur-
pose of this study. This means that the total number of journals
examined was 31 (Table 1). All relevant articles published in
these journals were determined by conducting a WoS
advanced search with the journals’ ISSN numbers. Among
these publications, the following were excluded: Articles pub-
lished after 31 December 2019, meeting abstracts, proceedings
papers, early access articles, reprints, book series titles, and con-
ference titles.

This study was conducted in order to investigate articles under
the WoS’ rheumatology category written by authors with
Turkish-based affiliations. Multicenter publications involving the
participation of more than one country could have affected the
statistical values, thus all countries except Turkey were excluded
from the countries/regions search. The names of these articles,
the journals to which they belonged, the authors, the year of
publication, the authors’ affiliations, and the numbers of cita-

tions were recorded in line with the WoS’ data. To ascertain the
number of citations, data before January 1, 2020 was evaluated
in the same way as the publication data. The details for each
publication were recorded under the following column head-
ings: Author(s), title, year, journal name, author(s)’ affiliations,
and document type. For each publication, all information rele-
vant to the analysis was exported to Microsoft Excel, Plain Text,
and a reference management tool (EndNote Desktop). The
extracted data include author(s), title, source, addresses, times
cited, and keywords. VOSviewer software (Version 1.6.15, Center
for Science and Technology Studies, Leiden University, Nether-
lands) was used to create a collaboration and word co-
occurrence network and to evaluate citation densities.18

RESULTS
Over a period of 40 years (1980-2019), 84,761 publications were
published in the 31 journals scanned in the rheumatology cate-
gory. The number of publications with an author with a
Turkish-based affiliation was 3,717 (4.39%), while the number
of publications written by authors all with a Turkish-based affili-
ation was 3,179 (3.75%). The articles’ distribution by year is illus-
trated in Figure 1. Of the publications, 3,179 were cited a total
of 43,494 times before January 1, 2020. The mean number of
citations per publication was 13.68 6 23.52. It was observed
that 2,692 of the articles had been cited, while 487 articles have
never been cited. The h-index for all the articles was found to
be 76. The most cited article had 444 citations,19 and the article
with the highest annual average number of citations had 20.17
citations.20

The top 20 most cited articles on rheumatology written by
authors all with Turkish-based affiliations are presented in
Table 2.19–38 The top 20 articles with the most citations per year
are presented in Table 3.19,20,22–24,27,28,31,32,35,38–47 The totals of
11 articles are included in both tables.19,20,22–24,27,28,31,32,35,38

Seven of the top 20 most cited articles were on Behçet’s dis-
ease19,23,24,28,30,33,34 and four were on familial Mediterranean
fever.26,29,35,38

Turkey is ranked 13 when it comes to the number of articles
published in the field of rheumatology (3.23%). As a compari-
son, the rankings of other countries are ordered as follows: USA
(23.22%), UK (11.99%), Germany (8.66%), France (6.77%), Italy
(6.58%), Canada (6.39%), Netherlands (6.29%), Japan (5.93%),
Spain (3.97%), China (3.71%), Sweden (3.31%), and Australia
(3.29%).

It was observed that the three institutions with the highest
number of publications were Hacettepe University with 383,
Istanbul University with 364, and Ankara University with 180. A
collaboration map for the top 25 most productive institutions is
shown in Figure 2. It was seen that 4,188 different keywords
were used in all the articles. The 50 most frequent keywords
are presented in Figure 3.

In terms of number of citations, the most cited institution was
Istanbul University, with 5,568 citations, followed by Hacettepe
University, with 5,326 citations, and Ankara University, with
2,924 citations. In addition, the cooperation map of the top 25
most cited institutions is shown in Figure 4.

Main Points

• With this study, providing information about the Turkey-
based articles in the field of Rheumatology and it is aimed
at helping researchers in future studies.

• It is thought that this article could help direct future
studies.

• In this study, it has been determined that Turkey-based
articles in the field of Rheumatology have increased over
the years.
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Table 1. Journals in the Rheumatology Category in the Web of Science Database in 2019

Journal Title
Journal Title
Abbreviation ISSN IF

NP

Contributions of
All country

Contributions
of Turkey

1 Acta Reumatologica
Portuguesa

Acta Reumatol
Port

0303-464X 1.183 836 80

2 Advances in
Rheumatology *

Adv Rheumatol 2523-3106 0.854 106 3

3 Aktuelle Rheumatologie Aktuel Rheumatol 0341-051X 0.316 2.082 9

4 Annals of The Rheumatic
Diseases

Ann Rheum Dis 0003-4967 16.102 12.596 69

5 Archives of
Rheumatology

Arch Rheumatol 2148-5046 0.731 421 258

6 Arthritis Care & Research Arthrit Care Res 2151-464X 4.056 2.759 6

7 Arthritis Research &
Therapy

Arthritis Res Ther 1478-6354 4.103 4.560 11

8 Arthritis & Rheumatology Arthritis
Rheumatol

2326-5191 9.586 2.322 9

9 Best Practice & Research
in Clinical Rheumatology

Best Pract Res Cl
Rh

1521-6942 2.727 1.371 11

10 BMC Musculoskeletal
Disorders

BMC Musculoskel
Dis

1471-2474 1.879 4.932 15

11 Clinical and Experimen-
tal Rheumatology

Clin Exp
Rheumatol

0392-856X 3.319 7.940 294

12 Clinical Rheumatology Clin Rheumatol 0770-3198 2.394 7.136 601

13 Current Opinion in
Rheumatology

Curr Opin
Rheumatol

1040-8711 4.006 1.930 14

14 Current Rheumatology
Reports

Curr Rheumatol
Rep

1523-3774 3.873 726 6

15 International Journal of
Rheumatic Diseases

Int J Rheum Dis 1756-1841 1.980 2.039 157

16 JCR-Journal of Clinical
Rheumatology

JCR-J Clin
Rheumatol

1076-1608 2.360 2.567 88

17 Joint Bone Spine Joint Bone Spine 1297-319X 3.741 3.138 111

18 Journal of Rheumatology J Rheumatol 0315-162X 3.350 18.599 136

19 Lupus Lupus 0961-2033 2.251 4.987 58

20 Modern Rheumatology Mod Rheumatol 1439-7595 2.113 1.886 73

21 Nature Reviews
Rheumatology

Nat Rev Rheumatol 1759-4790 16.625 1.371 5

22 Osteoarthritis and
Cartilage

Osteoarthr
Cartilage

1063-4584 4.793 4.009 1

23 Pediatric Rheumatology Pediatr Rheumatol 1546-0096 2.595 617 4

24 Revista Brasileira De
Reumatologia†

Rev Bras Reumatol 0482-5004 1.810 1
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Twenty-nine of the rheumatology journals included articles
with a Turkish affiliation. It was observed that the most articles
with a Turkish affiliation were published in Rheumatol Int jour-
nal (939 articles). Clin Rheumatol was second with 601 articles,
and Clin Exp Rheumatol was third with 294 articles. The number

of Turkish articles published in these journals is shown in
Table 1.

It was seen that the top three journals also ranked in the same
order when it came to the citation analysis of the articles

Table 1. Journals in the Rheumatology Category in the Web of Science Database in 2019 (Continued)

Journal Title
Journal Title
Abbreviation ISSN IF

NP

Contributions of
All country

Contributions
of Turkey

25 Rheumatic Disease Clin-
ics of North America

Rheum Dis Clin N
Am

0889-857X 3.244 1.783 -

26 Rheumatology Rheumatology 1462-0324 5.606 8.261 97

27 Rheumatology and
Therapy

Rheumatol Ther 2198-6576 3.615 156

28 Rheumatology
International

Rheumatol Int 0172-8172 1.984 5.756 939

29 Scandinavian Journal of
Rheumatology

Scand J Rheumatol 0300-9742 3.025 3.928 68

30 Seminars in Arthritis and
Rheumatism

Semin Arthritis
Rheu

0049-0172 4.751 2.444 10

31 Therapeutic Advances in
Musculoskeletal Disease

Ther Adv
Musculoskel

1759-720X 5.043 131 6

32 Zeitschrift Fur
Rheumatologie

Z Rheumatol 0340-1855 1.166 3.777 35

Abbreviations: IF: impact factor; NP: number of publications.

The name of the journal called Rev Bras Reumatol.

*In 2018; in the evaluations, both were combined and analyzed.
†Changed to Adv Rheumatol.

Figure 1. Illustration of the distribution of articles by year.
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Table 2. The 20 Most Cited Articles in Rheumatology from Turkey Between 1980 and 2019

Title Journal Year TC PC

1 Vascular Involvement in Behçet’s Disease19 J Rheumatol 1992 444 15.86

2 Inuence of Age of Onset and Patient’s Sex on
the Prevalence and Severity of Manifestations of

Behçet’s Syndrome30

Ann Rheum Dis 1984 285 7.92

3 Behçet’s Disease: Infectious Etiology, New
Autoantigens, and HLA-B5123

Ann Rheum Dis 2001 243 12.79

4 Mean platelet volume (MPV) as an inammatory
marker in ankylosing spondylitis and rheuma-

toid arthritis20

Joint Bone Spine 2008 242 20.17

5 Behcet’s disease: An update on the
pathogenesis24

Clin Exp Rheumatol 2001 236 12.42

6 Familial Mediterranean Fever35 Rheumatol Int 2006 221 15.79

7 Diagnostic values of clinical diagnostic tests in
subacromial impingement syndrome22

Ann Rheum Dis 2000 193 9.65

8 The Validity and Reliability of the Turkish Ver-
sion of the Fibromyalgia Impact

Questionnaire36

Rheumatol Int 2000 192 9.60

9 Short-term trial of etanercept in Behcet’s dis-
ease: A double-blind, placebo-controlled

study28

J Rheumatol 2005 188 12.53

10 A new set of criteria for the diagnosis of familial
Mediterranean fever in childhood38

Rheumatology 2009 174 15.82

11 Signicance of catechol-O-methyltransferase
Gene Polymorphism in Fibromyalgia

Syndrome25

Rheumatol Int 2003 164 9.65

12 Lipid peroxidation, some extracellular antioxi-
dants, and antioxidant enzymes in serum of

patients with rheumatoid arthritis37

Rheumatol Int 2002 161 8.94

13 The Prevalence of Behçet’s Syndrome in a Rural
Area in Northern Turkey33

J Rheumatol 1988 157 4.91

14 Vasculitis in Familial Mediterranean Fever29 J Rheumatol 1997 152 6.61

15 Acceptability, reliability, validity, and respon-
siveness of the Turkish version of WOMAC

osteoarthritis index32

Osteoarthritis Cartilage 2005 150 10

16 Comparison of lidocaine injection, botulinum
toxin injection, and dry needling to trigger

points in myofascial pain syndrome31

Rheumatol Int 2005 149 9.93

17 Kikuchi-Fujimoto Disease: Analysis of 244
cases27

Clin Rheumatol 2007 148 11.38

18 A Turkish version of the bath ankylosing spon-
dylitis disease activity index: Reliability and

validity21

Rheumatol Int 2005 137 9.13

19 Acute phase response in familial Mediterranean
fever26

Ann Rheum Dis 2002 135 7.50

20 The arthritis of Behcet’s disease: A prospective
study34

Ann Rheum Dis 1983 134 3.62

Abbreviations: TC: sum of times cited; PY: average citations per year.
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Table 3. The 20 Most Average Citations Per Year in Rheumatology from Turkey Between 1980 and 2019

Title Journal Year TC PY

1 Mean platelet volume (MPV) as an inammatory
marker in ankylosing spondylitis and rheumatoid

arthritis20

Joint Bone Spine 2008 242 20.17

2 Vascular Involvement in Behçet’s Disease19 J Rheumatol 1992 444 15.86

3 A clinical guide to autoinammatory diseases: Fam-
ilial Mediterranean fever and next-of-kin43

Nat Rev Rheumatol 2014 104 17.33

4 A new set of criteria for the diagnosis of familial
Mediterranean fever in childhood38

Rheumatology 2009 174 15.82

5 Familial Mediterranean Fever35 Rheumatol Int 2006 221 15.79

6 Behçet’s Disease: Infectious Etiology, New Autoan-
tigens, and HLA-B5123

Ann Rheum Dis 2001 243 12.79

7 Management of Takayasu arteritis: A systematic
review42

Rheumatology 2014 76 12.67

8 Short-term trial of etanercept in Behcet’s disease:
A double-blind, placebo-controlled study28

J Rheumatol 2005 188 12.53

9 Behcet’s disease: An update on the pathogenesis24 Clin Exp Rheumatol 2001 236 12.42

10 Two new inammatory markers associated with
Disease Activity Score-28 in patients with rheuma-

toid arthritis: Neutrophil–lymphocyte ratio and
platelet–lymphocyte ratio47

Int J Rheum Dis 2015 62 12.40

11 Kinesio taping compared to physical therapy
modalities for the treatment of shoulder impinge-

ment syndrome41

Clin Rheumatol 2011 111 12.33

12 Behcet’s disease: How to diagnose and treat vas-
cular involvement44

Best Pract Res Clin Rheumatol 2016 46 11.50

13 Kikuchi-Fujimoto Disease: Analysis of 244 cases27 Clin Rheumatol 2007 148 11.38

14 The effect of dry needling in the treatment of myo-
fascial pain syndrome: A randomized double-

blinded placebo-controlled trial46

Clin Rheumatol 2013 76 10.86

15 Familial Mediterranean fever in childhood: A
single-center experience39

Rheumatol Int 2018 21 10.50

16 Vascular involvement in Behcet’s syndrome: A ret-
rospective analysis of associations and the time

course45

Rheumatology 2014 62 10.33

17 Acceptability, reliability, validity, and responsive-
ness of the Turkish version of WOMAC osteoarthri-

tis index32

Osteoarthritis Cartilage 2005 150 10.00

18 Comparison of lidocaine injection, botulinum
toxin injection, and dry needling to trigger points

in myofascial pain syndrome31

Rheumatol Int 2005 149 9.93

19 Takayasu’s arteritis in Turkey—clinical and angio-
graphic features of 248 patients40

Clin Exp Rheumatol 2009 109 9.91

20 Diagnostic values of clinical diagnostic tests in
subacromial impingement syndrome22

Ann Rheum Dis 2000 193 9.65

Abbreviations: TC: sum of times cited; PY: average citations per year.
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Figure 2. Collaboration map of the 25 institutions with the highest number of publications.

Figure 3. Collaboration map of the 50 most frequently used keywords.
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Figure 4. Collaboration map of the top 25 most cited institutions.

Figure 5. Cooperation map of the top 15 most cited journals.
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printed within them. There were 13,819 citations of the articles
published in Rheumatol Int, 10,263 citations of the articles pub-
lished in Clin Rheumatol, and 4,544 citations of the articles pub-
lished in Clin Exp Rheumatol. The cooperation map of the top
15 most cited journals is given in Figure 5.

Using VOSviewer software, it was possible to see that 33,245
different words are present in the titles and abstracts of these
articles. The top three most frequently used words were
“treatment” appearing 681 times, “score” appearing 678 times,
and “pain” 540 appearing times. The crossover network for the
30 words with the highest usage rate is given in Figure 6.
Words shown in the same color in Figure 6 have been analyzed
according to their frequency of use together.

DISCUSSION
Science has progressed from ancient times to the present with
the contribution of countless scientists.48 Especially in the last
few centuries, scientific articles play a significant role in intro-
ducing new medical knowledge and ensuring it is applied by
physicians and researchers.17 A bibliometric analysis is one of
the methods that can be used to determine the number and
quality of publications in a particular country.10,49 In the litera-
ture, it was observed that bibliometric analyses had been con-
ducted for many countries in the field of rheumatology, among

them Malaysia,50 Bulgaria,51 China,52–54 and countries in the
Arab League.55 Bibliometric studies have been carried out for
Turkey in a great number of medical fields, such as anesthe-
sia,16 emergency medicine,56 anatomy,57 pathology,58 endo-
crine surgery,59 dermatology,60 orthopedy,49 psychiatry61 and
otorhinolaryngology.62 However, a detailed review of the litera-
ture revealed that no bibliometric studies had been conducted
for Turkey in the field of rheumatology. It is therefore thought
that the present article is the first comprehensive bibliometric
analysis of Turkish articles in the field of rheumatology.
Although there are databases other than the WoS database,
such as PubMed, Google Scholar, and Scopus, the WoS data-
base is generally known to be the most trusted, especially in
bibliometric studies. This is because the WoS database is more
objective.63,64 For this reason, the WoS database was preferred
in this study.

One of the biggest advantages of this study is that it evaluated
a long period of 40 years. On the other hand, although this
long-term evaluation is an important advantage of this study,
the comparison with numerical values such as the number of
citations and articles in other studies does not yield meaningful
results due to the different time examined. Even so, if a com-
parison is made, Zhang et al.54 reported that there were 2,898
publications from China in the SCI-E between 2007 and 2017.
Similarly, Cheng and Zhang52 stated that there were 788

Figure 6. Word co-occurrence network of the 30 most frequently used words.
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publications from China between 2000 and 2009. This situation
clearly demonstrates that the number of publications in the
field of rheumatology from China is more than the Turkey.
Developed countries are more productive in the number of
publications to which they contribute and their distribution of
these. Many studies have reported that a country’s economic
wealth is associated with its academic publication productiv-
ity.63,65 In addition, the western country especially the USA and
European countries have dominant influenced on the produc-
tion of scientific publications in rheumatology as in many
branches.51 On the other hand, Bayoumy et al.55 reported the
number of rheumatology publications as 944 between 1976-
2014 in Arab countries in the Web of Science Core Collection
database. This shows that the number of publications originat-
ing from Turkey more than Arab countries. Moreover, it has
been reported that there has been a continued increase in all
publications on rheumatology in many countries.54,55 Zhang
et al.54 are of the opinion that the consistent rise in the number
of rheumatologists, improved economic situations, increases in
research and development funds, incentive reward schemes,
and career requirements are possible causes for this increase.
One of the main reasons why the increase has slowed in Turkey
may be due to a shortage of rheumatologists similar to in
Ukraine.51

In this study, the number of publications written in the field of
rheumatology in Turkey is shown to have increased remarkably
up until 2006. However, a standstill is seen after this year. In
contrast, Zhao et al.17 stated that the number of articles pub-
lished annually on ankylosing spondylarthritis has rapidly
grown worldwide over the past 10 years. Georgiev and Stoilov51

reported that the vast majority of rheumatology publications
from Bulgaria are rheumatoid arthritis, systemic lupus erythem-
atosus, osteoporosis, and osteoarthritis. In this study, it is seen
that the two most common diseases among the most fre-
quently cited 20 articles and among the most frequently used
word groups are Behçet’s disease and familial Mediterranean
fever. Behçet’s disease is more common in countries along the
ancient Silk Road is seen all over the world and the highest
prevalence was reported in Turkey.66 Behçet’s disease clinical
findings are highly influenced by ethnic origin and environ-
mental factors. Systemic involvement has been reported vari-
able in different countries and regions.67 Familial
Mediterranean fever is an autoinflammatory and autosomal
recessive disease. It affects primarily Jews, Arabs, Turks, and
Armenians.68,69 In this study, it was seen that many of the
reviewed publications focus on Behçet’s disease and familial
Mediterranean fever. The reason for this may be associated
with a more frequent incidence of both diseases in Turkey. It is
also observed that those institutions with the highest number
of publications are the more established ones. The larger
bodies of academic staff at these institutions and the stricter
criteria for academic appointment within them may contribute
to this.

The fact that the journals with the highest number of articles
and citations are ranked similarly suggests that the publications
are distributed in a balanced way. The top three journals for
both are Rheumatol Int, Clin Rheumatol, and Clin Exp Rheumatol.
Authors wishing to publish an article in the field of rheumatol-
ogy may therefore want to consider these journals first.

Limitations
The authors are aware that articles on rheumatology are not
only published in journals classified under the rheumatology
category, but also in journals focusing on many different disci-
plines. The most significant limitation of this study is the fact
that only journals in the rheumatology category were assessed,
since it would be enormously challenging to examine all jour-
nals in the other categories for articles on rheumatology.
Another limitation is the fact that the article type could not be
evaluated in this study, as the articles scanned in WoS did not
have sufficient article type categories.

CONCLUSIONS
This study investigated articles in the field of rheumatology writ-
ten by authors with a Turkish-based affiliation and identified
research trends. For this reason, it is thought that this article
could help direct future studies. In the field of rheumatology, to
increase in the years the number of publications originating
from Turkey hopeful results. Even so, we believe that rheumatol-
ogy science in Turkey still have a long way to go to take its
deserved place. Furthermore, we hope that this article will be a
useful guide for academics investigating Turkish publications in
the field of rheumatology. We are also of the opinion that scien-
tists should be encouraged to increase the number of publica-
tions produced in the field of rheumatology.
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Bas�aran1 , Lale Özıs�ık1 , Taha Koray S�ahin3 , Uğur Canpolat2 , Ahmet
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ABSTRACT
Objective: We aimed to evaluate the degree of QTc prolongation and associated factors in patients with COVID-19 in association with
their usage of hydroxychloroquine (HCQ) with or without the combination of azithromycin (AZ) and/or favipiravir (FAV).
Methods: This single-center, retrospective study was conducted in a tertiary care university hospital. We retrospectively examined the
pre- and post-treatment electrocardiogram (ECG) records of 74 patients.
Results: The median age was 44 (interquartile range [IQR] 27), and 34 (45.5%) of them were women. All these 74 patients were treated
with HCQ. Sixty-three of them (83.2%) were treated with AZ, and eight patients (10.8%) also were treated with plus favipiravir. All ECGs
were in sinus rhythm, and arrhythmia was not developed in any patients. The median (IQR) baseline QTc of 74 patients was 400 (375-
421) milliseconds, the median (IQR) post-treatment QTc was 418 milliseconds (391-432), and the change was statistically significant (P
< .001). There was no statistically significant difference in QTc prolongation between treatment groups. In the linear regression model,
moderate disease activity, higher Modified Early Warning Score (MEWS) score (�2), and heart rate were independent predictors. QTc
prolongation of more than 60 milliseconds was observed in five patients (6.7%). Post-treatment QTc value of over 500 milliseconds was
observed in three patients (4%), and the drugs were discontinued.
Conclusions: This is the first study that demonstrates that MEWS score and disease severity are related to higher QTc prolongation
values. HCQ, AZ, and FAV should be safely used in patients with lower MEWS score and without the severe disease, in conjunction with
QTc follow-up.
Keywords: COVID-19, corrected QT, hydroxychloroquine, azithromycin, favipiravir

INTRODUCTION
Coronavirus disease-2019 (COVID-19), first reported in Wuhan,
China, on December 8, 2019 and declared a pandemic by the
World Health Organization (WHO) on March 11, 2020, has
infected over 110 million people globally to date.1

There is still no valid treatment known for COVID-19 patients. In
the beginning of pandemic, hydroxychloroquine (HCQ), often

in combination with azithromycin (AZ), is being widely used for
the treatment of COVID-19.2–4 HCQ is an antimalarial drug,
which has also been used in the treatment of systemic lupus
erythematosus, rheumatoid arthritis, and other connective
tissue disorders.5 AZ is a macrolide antibiotic used to treat a
wide variety of bacterial infections and also has antiviral activ-
ity. AZ also has immunomodulatory effects by inhibiting proin-
flammatory interleukins (IL)-5, IL-6, IL-8, IL-1b, and IL-10 and
producing IL-13 and tumor necrosis factor alpha.6 Favipiravir
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(FAV), an RNA-dependent RNA polymerase inhibitor, is an
another antiviral used in the treatment of COVID-19.7

Although HCQ and AZ are frequently used in clinical practice
and generally well tolerated before the COVID-19 pandemic,
their cardiotoxic effects are known in advance. Concerns have
been reported about QT prolongation, torsade de Pointes
(TdP), and the risk of sudden cardiac death induction after
extensive use of these drugs.8,9 Prolonged QT interval due to
FAV, which is now being used for the treatment of COVID-19 in
some regions, has also been reported.10 Although WHO discon-
tinued HCQ treatment arms,11 many countries, especially
Asians, still use HCQ for COVID-19.12

In this study, we aimed to evaluate the degree of QT prolonga-
tion and associated factors in patients with COVID-19 in associ-
ation with their usage of HCQ with or without combination AZ
and/or FAV.

METHODS

Study Design and Population
This single-center, retrospective study was conducted in a terti-
ary care university hospital. We retrospectively examined the
electrocardiogram (ECG) records of 223 probable or confirmed
COVID-19 adult patients (�18 years old) hospitalized to COVID-
19 wards between March 20, 2020, the first case admitted to
our center, and May 20, 2020.

The “confirmed case” was a patient with positive SARS-CoV-2
RT-polymerase chain reaction (PCR) from nasopharyngeal swab
or a positive SARS-CoV-2 antibody test. The “probable case” was
further divided into “clinically suspected” and “radiologically
diagnosed” categories. A “clinically suspected case” was defined
as a patient with sudden onset of fever, cough, or dyspnea, who
had acute respiratory symptoms that cannot be explained with

any other cause and who tested negative for SARS-CoV-2 RT-
PCR plus a negative pulmonary imaging test.13 The
“radiologically diagnosed” patient was a clinically suspected
case who also had chest imaging findings compatible with
COVID-19. In this study, all patients were treated.

We further classified patients in three categories based on the
severity of the clinical presentation according to WHO classifi-
cation: mild, moderate, and severe.14 Severe patients with
sepsis and/or acute respiratory distress syndrome requiring
intensive care unit (ICU) at the time of admission or those who
were transferred to the ICU during the hospital stay or those
who were transferred from the ICU to the COVID-19 wards
were excluded considering that critically ill patients with
COVID-19 might have different effects on ECG. So, we analyzed
mild or moderate patients ECGs.

Hospitalization, treatment, and discharge decisions of the cases
were held by the Infectious Diseases Department or consultant
physicians (A.Ç._I.) of the wards according to the guidelines
composed and regularly updated by the Scientific Board of the
Ministry of Health of the Republic of Turkey.13 The standard
regimen of HCQ was 400 mg twice on the first day, and then
400 mg day�1 for 4 days, and AZ was 500 mg on the first day,
and then 250 mg day�1 for 4 days. The standard regimen of
FAV was 1,600 mg twice (2 � 1,600) on the first day, and then
1,200 mg day�1 (2 � 600 mg) for 4 days.

We routinely took the initial ECG from all patients on the admis-
sion day before any treatments. The ECGs taken were automati-
cally transferred to the hospital computer system. However, 47
patients’ ECGs were not recorded in the hospital computer
system. We reached the control ECGs of only 74 of the remain-
ing 176 patients after treatment was initiated. Unfortunately,
ECGs were not routinely taken at certain hours (e.g., 72 hours
later) after treatment was initiated. In the evaluation phase, we
calculated the median withdrawal time of 74 control ECGs
taken after treatment was initiated. The comparison of the con-
trol ECGs of the patients at the beginning and after the initia-
tion of treatment was made. ECGs were manually evaluated by
cardiologists (Y.Z.S� ., U.P., and H.Y.) to calculate QTc intervals
using the Bazett formula and so-called excess correction
method for QRS values greater than 120 milliseconds.

Local ethical committee approval (approval number: GO 20/
353, date: March 31, 2020) and permission of the Health Minis-
try of Turkish Republic were obtained.

Statistical Analysis
All statistical analyses were performed using Statistical Package
for the Social Sciences (SPSS) version 25 (IBM SPSS Corp.;
Armonk, NY, USA). In descriptive statistics, number and percent-
age were used for categorical variables. For continuous varia-
bles with normal distribution, mean and standard deviation
were used, and for continuous variables that do not show
normal distribution, median, interquartile range (IQR), and per-
centiles (25-75) were preferred. The suitability of variables to
normal distribution was examined using visual and analytical
methods. Non-normally distributed numerical data were ana-
lyzed using the Mann–Whitney U test and Wilcoxon test. The

Main Points

• Although hydroxychloroquine and azithromycin are fre-
quently used in clinical practice and generally well toler-
ated before COVID-19 pandemic, their cardiotoxic effects
are known in advance.

• A statistical difference was found in terms of QTc prolon-
gation in ECGs taken before and after treatment in
patients using azithromycin and/or favipravir in addition
to hydroxychloroquine. However, there was no statistically
significant difference in QTc prolongation between treat-
ment groups.

• Predictors of QTc prolongation were pretreatment heart
rate, disease severity, and Modified Early Warning Score
(MEWS) score.

• Hydroxychloroquine, azithromycin, and favipravir should
be safely used in patients with lower MEWS score and
without severe disease, in conjunction with QTc follow-
up.

• This is the first study that demonstrates that MEWS score
and disease severity are related to higher QTc prolonga-
tion values.
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parameters affecting DQTc were investigated using the Spear-
man correlation test. A multiple linear regression model was
used to identify independent predictors. The model fit was
assessed using appropriate residual and goodness-of-fit statis-
tics. For all comparisons, P-values less than .05 were considered
as statistically significant.

RESULTS

Demographic Characteristics
Seventy-four patients were diagnosed with probable/confirmed
COVID-19. Fifty-one cases (68.9%) were confirmed by PCR, and
the remaining part were diagnosed clinically and radiologically.

The median age was 44 (IQR 27), and 34 (45.5%) of them were
woman.

The most common comorbidities were hypertension (n ¼ 17,
23%) and diabetes mellitus (n ¼ 14, 19%).

There were only mild (n ¼ 13, 17.6%) and moderate (n ¼ 61,
82.4%) COVID-19 pneumonia cases since severe cases were
admitted to ICU, exclusively.

See Tables 1–3 for demographic characteristics, symptoms,
signs, diagnostic criteria, and treatments of patients on
admission.

ECG Evaluation of ECGs
The median duration between baseline and post-treatment
ECGs was 62 (IQR ¼ 20) hours. All baseline and post-treatment
ECGs were in sinus rhythm. The median (IQR) baseline QTc of
74 patients was 400 (375-421) milliseconds, the median (IQR)
post-treatment QTc was 418 milliseconds (391-432), and the
change was statistically significant (P < .001) (see Table 4).

All these 74 patients were treated with HCQ that QTc was signifi-
cantly increased. Sixty-three of them (83.2%) were treated plus
with AZ, and eight patients (10.8%) also were treated with plus
FAV to HCQ plus AZ. There was no statistically significant differ-
ence in QTc prolongation between treatment groups (see Table 3).

Six patients had (8.1%) longer baseline QTc than 450 ms, and nine
patients (12.2%) had longer post-treatment QTc than 450 ms.
Arrhythmia was not developed in any patients. QTc prolongation
more than 60 milliseconds was observed in five patients (6.7%).
The biggest DQTc was 80 milliseconds. Post-treatment QTc value
of over 500 milliseconds was observed in three patients (4%), and
the drugs were discontinued. One of the three patients was using
only HCQ, one was using HCQ plus AZ, and the other was using
HCQ plus AZ plus FAV. AZ was seen to prolong the DQTc; how-
ever, there was no statistically difference (P¼ .5).

Diabetes mellitus, metformin use, myalgia, heart rate, higher
Modified Early Warning Score (MEWS) score (�2), and

Table 1. Demographic Characteristics of the Patients

Total: 74
n (%)

QTc Differences,
Median (IQR) P

Age, Median (IQR), Year
<60years
�60years

44 (27)
13.5 (49)
13 (30)

.900

Sex, n (%)
Female
Male

34 (45.9)
40 (54.1)

12.0 (29.25)
15.0 (36)

.770

Underlying Medical Illnesses, n (%)
Diabetes mellitus
Hypertension
Coronary artery disease
Chronic heart failure
Obstructive pulmonary disease
Malignancy
Chronic kidney disease
Hypo/hyperthyoidism

14 (18.9)
17 (23)
7 (9.5)
4 (5.4)
9 (12.2)
5 (6.8)
6 (8.1)
5 (6.8)

1.0 (28.75)
18.0 (33.5)
18.0 (55.0)
33.0 (50.25)
4.0 (28.5)
23.0 (41.0)
8.5 (52.75)
18 (28)

.052

.923

.971

.300

.120

.211

.507

.643

Smoking
Alcohol

17 (23)
8 (10.8)

22.0 (35.0)
8.5 (28.0)

.115

.297

Drugs, n (%)
ACEI/ARB
Metformin
Acetylsalicylic acid
Beta blockers
Calcium channel blockers
Steroid

7 (9.5)
14 (18.9)
3 (4.1)
6 (8.1)
3 (4.1)
5 (6.8)

16.0 (35)
1.0 (28.75)
13.6 (40.2)
26.5 (51)
28.6 (21.8)
16 (73)

.664

.052

.603

.342

.275

.917

ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor blockers.
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Table 3. Treatments of Patients

Total: 74
n (%)

QTc Differences
Median (IQR) P

Treatments, n (%)

Hydroxychloroquine (HCQ)
HCQ þ azithromycin (AZT)
HCQ þ AZT þ favipiravir (combination/sequential)

11 (14.9)
55 (74.3)
8 (10.8)

5.0 (36)
16.0 (30)
16 (53.75)

.174

.224

.490

.123

Oseltamivir 46 (62.2) 12 (25) .36

Enoxaparin Treatment
No
Yes

19 (25.6)
55 (74.4)

13.0 (30)
14.0 (30)

.901

Table 2. Symptoms, Signs, and Diagnostic Criteria of Patients on Admission

Total: 74
n (%)

QTc Differences
Median (IQR) P

Symptoms, n (%)
Fever
Fatigue
Cough
Myalgia
Dyspnea
Sore throat

41 (55.4)
51 (68.9)
53 (71.6)
40 (54.1)
18 (24.3)
21 (28.4)

13.0 (28.5)
14.0 (29.0)
12.0 (29.0)
10.0 (24.75)
9.5 (26.75)
14.0 (39.0

.663

.944

.666

.099

.364

.569

Heart rate, mean (SD)
Heart rate, n (%)
60-100
>100

88 (19)

56 (75.7)
18 (24.3)

18.5 (27)
0.5 (70)

.003

Respiratory rate, median (IQR)
Respiratory rate, n (%)
<24 min�1

24-30 min�1

>30 min�1

20 (2)
65 (87.8)
7 (9.4)
2 (2.7)

12.0 (31.5)
18.0 (11)
22.5 (40.3)

.811

Saturation, mean (SD)
Oxygen support, n (%)
Not required
Nasal oxygen

96 (3)

65 (87.8)
9 (12.2)

12.0 (31)
18.0 (30)

.325

MEWS, n (%)
0-1 points
>2 points

60 (81.1)
14 (18.9)

10.5 (30.25)
25.5 (33.25)

.016

Disease severity, n (%)
Mild
Moderate

13 (17.6)
61 (82.4)

–2.0 (26.5)
18.0 (24)

.003

Diagnosis, n (%)
PCR positivity
Radiologic (PCR negative)
Clinical (negative PCR normal CT)

51 (68.9)
14 (18.9)
9 (12.2)

12.0 (32)
17.0 (34.5)
27.0 (36.5)

.559

MEWS, Modified Early Warning Score; PCR, polymerase chain reaction; CT, computed tomography.
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moderate disease activity seemed to influence DQTc (see
Tables 1 and 2). However, in the linear regression model, only
moderate disease activity, higher MEWS score (�2), and heart
rate were independent predictors (see Table 5).

We also performed statistical analysis in terms of laboratory
values that would affect disease activity and ECG changes
(hemoglobin, white blood cell count, neutrophil, lymphocyte,
platelet count, C-reactive protein, sedimentation, procalcitonin,
ferritin, creatine cinase, lactate dehydrogenase, d-dimer, tropo-
nin, creatine kinase myocardial band (CK-MB), myoglobin,
sodium, potassium, corrected calcium, phosphorus, low-density
lipoprotein, and triglycerides), but we could not find any statis-
tically significant result.

DISCUSSION
The main findings of this study are as follows: a statistical differ-
ence was found in terms of QTc prolongation in ECGs taken
before and after treatment in patients using AZ and/or FAV in
addition to HCQ. However, there was no statistically significant
difference in QTc prolongation between treatment groups. Pre-
dictors of QTc prolongation were pretreatment heart rate, dis-
ease severity, and MEWS score. No arrhythmic episodes were
developed, and drug cessation due to severe QTc prolongation
was required in only three patients (4%) as consistent with
literature.

Treatment strategies against COVID-19 include combination of
several drugs that have synergistic effects. Chloroquine/HCQ,

AZ, protease inhibitors (like lopinavir-ritonavir or darunavir-cobi-
cistat), remdesivir, and FAV are used “off-label” despite the lack
of definitive evidence on their efficacy.15,16 Major concern with
these drugs (especially with chloroquine/HCQ and AZ) is QTc
prolongation and development of TdP/sudden cardiac death,
despite it is a rare manifestation of the treatment.17 There are
several known risk factors for QTc prolongation such as electro-
lyte disorders (hypokalemia, hypocalcemia, hypomagnasemia,
etc.), co-administration of QTc prolonging drugs (antihistaminic
drugs, antipsychotic drugs, antiarrhythmic drugs, etc.), use of
diuretics, bradycardia, structural heart disease, and channelopa-
thies causing congenital long QT syndromes.18 It is reported
that concomittantly use of diuretics or AZ and higher baseline
QTc values (>450 milliseconds) are associated with more QTc
prolongation in COVID-19 patients treated with HCQ.18 In
another study, the presence of atrial fibrillation, heart failure,
and chronic kidney disease was found to be related to more
QTc prolongation in HCQ-treated patients with COVID-19.19 In
our study, we found that baseline heart rate, disease severity,
and MEWS score were predictors of QTc prolongation. Patient
population in this study is younger than other trials and has
lower burden of chronic diseases due to severe patients treated
in ICU were excluded. Therefore, significant electrolyte disorders
and frequency of chronic diseases were rare as compared with
general population. However, this situation provides the advan-
tage of the assessment effects of COVID-19 disease-related
physiologic changes and disease severity on QTc prolongation.

In previous studies, it is reported that severe QTc prolongation
(>500 milliseconds) was observed in 9-11% of the cases,

Table 5. Linear Regression Model for QTc Prolongation

Unstandardized Coefficients
Standardized Coefficients

B SE b t P

Heart rate –.314 0.180 –0.188 –1.74 .086

MEWS score (�2 score) 17.350 6.421 0.292 2.702 .009

Moderate disease activity 18.530 6.554 0.303 2.827 .006

R2: 0.230, ANOVA F ¼ 6.989, P <.001.

Table 4. Characteristics of ECGs

Baseline ECG Post-Treatment ECG D(Delta) P

Heart rate, mean (SD), pulse/minutes 89.6 (14) 80.2 (8) –8 (13.75)* <.001

PR, median (milliseconds) (IQR) 140 (21.5) 140 (33.5) 2 (16) .143

QRS, median (milliseconds) (IQR) 80 (11.75) 82 (14) 4 (9.5) .002

QTc, median (milliseconds) (IQR) 400 (25-85) (45) 418 (25-75) (41) 13.5 (29.75) <.001

D(Delta); post-treatment—baseline.

*Median (IQR).
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leading drug discontinuation in 2.5-3.5% of the patients.20

Hooks et al.21 reported that QTc prolongation more than >15%
or QTc >500 ms after treatment was occurred in 3.9% of the
COVID-19 patients treated with HCQ. In another study including
201 COVID-19 patients treated with HCQ or AZT, drug discon-
tinuation due to QTc prolongation was established in 3.5% of
the cases, and arrhythmia-related death did not occur in any
patients.22 In the present study, severe QTc prolongation (>500
milliseconds) was developed in three (4%) patients and the
drugs. The lower rates might due to exclusion of severe
patients in our study.

Baseline heart rate was found to be negatively correlated with
DQTc in our study. Despite this finding is statistically significant,
it may not have clinical significance due to the possible correc-
tion mistakes of Bazett formula in patients with abnormal heart
rates. There are several formulas including Bazett, Frederica,
Framingham, and Hodges formulas for QT correction according
to heart rate, and Bazett formula is the most common used for-
mula even it has disadvantages in patients with heart rates
<60 bpm and >100 bpm. Bazett and Fridericia are logarithmic
corrections, whereas Hodges and Framingham are linear cor-
rection formulas. Bazett formula overcorrects QT interval in
patients with heart rates higher than 100 bpm.23,24 As pretreat-
ment heart rates are significantly higher than the heart rates
during or after treatment, pretreatment QTc values should have
been overcorrected in our study resulting in underestimated
DQTc.

MEWS includes parameters of heart rate, respiratory rate, body
temperature, systolic blood pressure, and level of conscious-
ness, and it can be obtained within minutes after the patient is
admitted, providing a rapid evaluation for clinicians to enable
timely treatment to high risk patients.25 Wang et al.26 reported
that MEWS is an efficient tool for rapid assessment of elderly
COVID-19 patients, and it predicts in-hospital mortality. In our
study, higher MEWS scores were related to higher DQTc values.

Severity of COVID-19 pneumonia is classified by WHO into
three categories, and severe disease is associated with
increased mortality rates and increased need of ICU admis-
sions.14 In this study, we demonstrated that moderate disease
severity is associated with higher DQTc than mild disease sever-
ity. Despite our study population includes patients without
severe disease and younger patients with lower burden of
comorbidities, association between DQTc and both MEWS
score and disease severity indicates that COVID-19 disease-
related physiologic changes are predictors of QTc prolongation
even absence of other risk factors for QT prolongation.

First limitation of this study is the exclusion of severe cases
from the study. Therefore, effects of MEWS score and diseases
severity on DQTc could not be generalized into general popula-
tion. However, this condition provided advantage to evaluate
the pure effects of COVID-19-related physiologic alterations on
QTc prolongation by excluding confounding factors such as
chronic diseases, used medications, and electrolyte disorders.
Second limitation is the heterogenous time duration between
the baseline ECG and second ECG due to the retrospective
nature of the study. Finally, Bazett formula has disadvantages

on QT correction in patients with heart rates more than 100
bpm and lower than 60 bpm. However, all of the QT correction
formulas have similar disadvantages in different heart rates.

CONCLUSION
Although it is rare, drugs used for COVID-19 treatment may
lead to QT prolongation and development of arrhythmias. HCQ,
AZ, and FAV should be safely used in patients with lower MEWS
score and without severe disease, in conjunction with QTc
follow-up. This is the first study that demonstrates that MEWS
score and disease severity are related to higher QTc prolonga-
tion values. Future large-scale studies are needed to evaluate
the role of MEWS score to predict QTc prolongation in COVID-
19 patients.
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ABSTRACT
Gaucher disease (GD) is a lysosomal storage disease that results in glucocerebroside accumulation in the lysosomes due to deficiency
of the enzyme glucocerebrosidase (GBA). GD, inherited as an autosomal recessive disorder, is a panethnic disease. However, it is most
common in Ashkenazi Jews with a rate of 1/13. GD typically presents organomegaly and multiple organ involvement, in which the
bone marrow is infiltrated by lipid-laden macrophages. Three clinical types have been identified based on whether neurological
involvement of GD is observed. Type I GD is non-neuronopathic and the most common clinical type. The diagnosis of GD is determined
by detecting low levels of GBA enzyme in peripheral blood leukocytes. Mutation analysis should be performed in patients with low
enzyme levels. Specific treatment of GD includes enzyme replacement therapy (ERT) as a first step and substrate reduction therapy that
can be tried in patients who cannot tolerate ERT. Bisphosphonates can be used as supportive therapy in patients with osteoporosis
when there is no response to specific therapy. It is extremely important for dentists to be familiar with the maxillofacial abnormalities
such as generalized osteopenia, enlarged bone marrow spaces, pseudocystic lesions, cortical thinning, and mental demineralization
observed in the patients with GD, as well as multiple organ involvement, and hematological and skeletal involvement of GD. The aim
of this review is to comprehensively point out the general involvement of GD and to illuminate the dentomaxillofacial findings of this
disease, leading dentists on possible oral and dental complications that may develop in dental and surgical procedures of the patients
with GD.
Keywords: Gaucher disease, maxillofacial abnormalities, dental approaches

INTRODUCTION
Gaucher disease (GD) is a lysosomal storage disease that results
in glucocerebroside accumulation in the lysosomes due to defi-
ciency of the enzyme glucocerebrosidase (GBA).1 Lipid-laden
macrophages, called Gaucher cells, present a typical morphol-
ogy as large size cells with eccentric nucleus, condensed chro-
matin, and heterogeneous cytoplasm under the light
microscope. The fine lines created by the accumulated substan-
ces in the cytoplasm are called “crumpled tissue paper appear-
ance.” Although these cells can be seen wherever
macrophages are normally found, they are mostly found in the
liver, spleen, bone marrow, and lymph nodes.2

GD was first described in 1882 by the French physician Phil-
lippe Ernest Gaucher.3 The disease was named “Gaucher Dis-
ease” by N. E. Brill, the medical doctor who made the first
premortem diagnosis of the patient with this pathology in
1905.4 GD is an autosomal recessive inherited disease that can
be seen in many ethnicities. It is seen as one in 40,00-50,000
live births. The most common form is Type I without neurologi-
cal involvement. It constitutes approximately 90% of the

patients. It is common in Ashkenazi Jews, and the carrier rate is
known as 1/13.5 Although there is no study about the preva-
lence of GD in Turkey, it is estimated that it is above the general
average due to the prevalence of consanguineous marriage.
Neuronopathic GD (Type II and Type III GD) is less common. It is
known that less than 1% of 1,698 patients reported to the
Gaucher registry unit, which has the largest Gaucher patient
database in the world, were Type II GD and 5% were Type III
GD.6

The most effective and reliable way to diagnose GD is to mea-
sure the level of GBA enzyme in peripheral blood leukocytes.
Although there is usually 10-15% enzyme activity in Type I GD
patients, there is almost no enzyme activity in Types II and III
GD patients. Those whose enzyme level is lower than 4.2 IU
mL�1 are considered GD. It is thought that people with an
enzyme level greater than 10 IU mL�1 do not have GD. Individu-
als in the intermediate group may have difficulty in diagnosis.
Besides, genetic tests can be used in the differential diagnosis
of groups with an enzyme level between 4.2 and 10 IU mL�1.
The diagnosis is confirmed in patients with biallelic pathologi-
cal mutations. The presence of Gaucher cells in bone marrow
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biopsy is a key finding for diagnosis but may not be necessary
for most patients who have characteristic clinical and biochemi-
cal features.7 Mutation analysis can also be useful in terms of
giving genetic counseling to the family of the affected person
and family screening, as well as obtaining information about
the phenotypic characteristics for specific cases whose muta-
tions have been studied and determining the severity of the
disease.

The purpose of the treatment of GD is to reduce the symptoms
and complications of the disease and to increase the quality of
life. It is aimed to improve organomegaly and symptomatic
cytopenia in visceral and hematological involvements, to pre-
vent bone pain, bone crises, and osteonecrosis in patients with
skeletal involvement, and to increase the mineral density of tra-
becular bone. Specific treatment of GD includes enzyme
replacement therapy (ERT) as a first step and substrate reduc-
tion therapy (SRT) that can be tried in patients who cannot tol-
erate ERT. Bisphosphonates can be used as supportive therapy
in patients with osteoporosis when there is no response to spe-
cific therapy.7

The purpose of this review is to discuss the general involve-
ment of GD comprehensively and to guide dentists about the
issues that should be taken into consideration in the dental
treatments of GD patients by shedding light on the dentomaxil-
lofacial findings of this disease.

CLINICAL AND RESEARCH CONSEQUENCES

Clinical Sub-Types of Gaucher Disease
Three clinical types of GD have been defined according to the
presence of neurological findings and the progression rate of
these neurological findings.

Type I Gaucher Disease
Type I GD is the most common clinical type, which neurological
findings are not observed. The clinical manifestation can vary
significantly. The disease is classically characterized by spleno-
megaly as a result of glucosylceramide accumulation in splenic
macrophages. Apart from the spleen, lipid-rich macrophages
called “Gaucher cells” can be observed in the liver and bone
marrow. For this reason, damage in GD is mostly observed in

organs that are rich in macrophages.8 Cytopenia, splenomeg-
aly, and hepatomegaly are common in patients due to spleen,
liver, and bone marrow involvement. In addition, orthopedic
complications and other hematological changes can be
observed.

Although it is generally thought that late-onset Type I GD has a
slow course and shows little progression in the long term,
recent studies have shown that this group of patients may
have significant visceral, hematologic, and skeletal system dis-
orders in the long-term follow-up, and also, late-onset patients
may have an increased risk of malignancy.9 According to the
Gaucher report data of the International Gaucher Group (ICGG:
International Collaborate Gaucher Group), the life expectancy
in late-onset Type 1 Gaucher patients was found to be
decreased by approximately 8.9 years compared to the
population.

Type II Gaucher Disease
Type II GD is the clinical type characterized by the onset of
symptoms in early infancy and the rapid progression of neuro-
logical symptoms. Typically, patients die within the first 3 years
of life. There are hepatosplenomegaly, anemia, thrombocytope-
nia, and significant brainstem involvement findings. Pyramidal
involvement and cognitive disorders may accompany. Brain-
stem manifestations include dysphagia, stridor pyramidal signs,
spasticity, retroflection of the neck, trismus, and
opisthotonus.10

Type III Gaucher Disease
Type III GD is called the chronic progressive neuronopathic
type and may present in infancy, childhood, adolescence, or
adulthood. Type III GD exhibits a more heterogeneous clinic
than Type II. This clinical type was previously thought to be lim-
ited to people living in the Norbotten and Vasterbotten regions
of Northern Sweden.11 However, it was later understood that it
was more common than thought and was seen in all ethnic
groups.

Tissue and Organ Systems Affected by Gaucher Disease
GD is a disease with a wide clinical variety. Symptoms of the
disease may differ even in patients with the same genetic
mutation and enzyme level. Symptoms of the disease usually
occur due to local effects of accumulated substances, organo-
megaly, and organ dysfunction. The main symptoms of the dis-
ease are hepatosplenomegaly, osteopenia, bone pain,
cytopenias, bleeding, fatigue, easy bruising, and oculomotor
apraxia. Table 1 reveals the clinical conditions and symptoms
frequently detected in GD subtypes. Splenomegaly is seen in
approximately 90-95% of GD patients. It plays a key role in
diagnosis. Hepatomegaly is seen in approximately 75-80% of all
patients. This rate is higher in patients who have undergone
splenectomy.6

The majority of patients have clinical or radiological bone
involvement. These involvements can vary from asymptomatic
osteopenia to osteonecrosis. There may be acute and chronic
bone pain, pathological fractures, and degenerative disorders
due to subchondral resorption. Some patients may have painful
bone crises, usually involving a single limb or joint. During a

Main Points

• The main symptoms of Gaucher disease are hepatosple-
nomegaly, osteopenia, bone pain, and cytopenias.

• Radiographic findings of dentomaxillofacial involvement
in Gaucher patients include generalized rarefaction, loss
of trabecular structure, enlarged marrow spaces, cortical
thinning, osteosclerosis, pseudocystic radiolucent lesions,
and loss of the anatomical structures.

• The radiographic appearance of the jawbones in Gaucher
disease may be confused with other jaw lesions, and
incorrect surgical procedures may be applied.

• The increase in osteopenia, which is present in almost all
Gaucher patients, may cause pathological fractures and
osteomyelitis in the jaws.
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bone crisis, there may be tenderness, heat increase, and edema
in the joint. Fever and leukocytosis are also observed. Clinical,
radiological, and laboratory findings can be confused as osteo-
myelitis or septic arthritis. Therefore, unnecessary surgeries can
be performed.12

Among the main findings of hematological involvement of GD,
anemia, thrombocytopenia, neutropenia, and coagulopathy are
the most common findings.13 Hematological involvement usu-
ally manifests itself with symptoms such as weakness, fatigue,
epistaxis, and easy bruising. Some patients may present with
anemia severe enough to be transfusion dependent. Leukope-
nia is less common. In GD, thrombocytopenia is prominent in
the early period, but pancytopenia can be seen in progressive
cases.12

Dentomaxillofacial Findings of Gaucher Disease
The underlying pathology of bone involvement in GD is associ-
ated with the accumulation of Gaucher cells that infiltrate the
bone marrow compartment and directly/indirectly lead to local
bone defects including cortical thinning, osteonecrosis, and
lytic lesions.14 Maxillofacial bone involvement is less commonly
seen, while long bone involvement is common in GD. However,
the mandible is considered to be a long bone that, unlike the
maxilla, appears to be potential reservoir areas for Gaucher
cells. Therefore, the mandible is also likely to be a focus of
bone involvement.15 Jawbone involvement is generally asymp-
tomatic15,16 and is detected as incidental findings in routine
dental radiographs.17 These radiographic findings include gen-
eralized rarefaction of the bone (osteopenia), loss of trabecular
structure, enlarged marrow spaces, cortical thinning, osteoscle-
rosis, pseudocystic radiolucent lesions, demineralization of the
mental region, thinning of the lamina dura, displacement of the
mandibular canal, and the root resorption in the teeth adjacent
to the lesions.18–21 There are only a few case reports reporting
maxillary sinus involvement.20,22,23 Several case reports have
also reported that the mandible is a nidus of Gaucher cell infil-
tration and/or bone crisis.22,24–27 In Table 2, studies reporting

maxillofacial involvement of GD published from 1938 to 2020
are summarized.28–34

Dentist’s Approach in Gaucher Disease
There are studies in the literature reporting that bone regenera-
tion is observed after tooth extraction in patients with GD, and
normal trabecular appearance is retrieved.20,35,36 Besides, it is
very important for dentists to know the jaw bone changes such
as generalized osteopenia, enlarged marrow cavities, pseudo-
cystic lesions, cortical thinning, and mental demineralization.
These findings are of critical clinical importance in surgical pro-
cedures such as implant placement, bone graft removal, and
orthognathic surgery.37 Also, the increase in osteopenia, which
is present in almost all GD patients, is associated with an
increased risk of bone fractures in both adult and pediatric
patients.38 A soft diet should be recommended to patients to
avoid the possibility of pathological fractures in the jaws.

In GD, osteomyelitis may occur in the mandible as a result of
trabecular bone loss in the jaws, and owing to GD, the suscepti-
bility of the bone to infection may increase.39 The importance
of oral hygiene to prevent odontogenic infections and second-
ary osteomyelitis should be emphasized if any findings related
to GD in the jawbones are detected on panoramic radiographs
or cone-beam computed tomography images. Clinical and radi-
ological examinations of patients in terms of mandibular
involvement are recommended to be performed
periodically.40,41

Diffuse sclerotic radiopaque appearance seen in patients with
GD may resemble Paget’s disease or fibrous dysplasia.20 Radio-
graphic appearance may be confused for plasma cell myeloma
or cancer metastasis, especially when accompanied by acute
bone pain.35 According to the radiological features associated
with jaw lesions, the differential diagnosis of gnathic changes
in GD is considerably extensive and includes bone marrow
defects,26 thalassemia, and sickle cell anemia20,35 for general-
ized osteopenia. The “dome phenomenon” due to

Table 1. Clinical Sub-Types and Symptoms of Gaucher Disease

Sub-Types Primary CNS Involvement Bone Disease Others

Type I GD Absent Present � Splenomegaly
� Hepatomegaly
� Cytopenia

� Pulmonary disease

Type II GD (acute or infantile) � Bulbar signs
� Pyramidal signs

� Cognitive impairment

Absent � Splenomegaly
� Hepatomegaly
� Cytopenia

� Pulmonary disease
� Dermatological changes

Type III GD (subacute, juvenile) � Oculomotor apraxia
� Attack

� Progressive myoclonic epilepsy

Present � Splenomegaly
� Hepatomegaly
� Cytopenia

� Pulmonary disease

GD, Gaucher disease; CNS, central nervous system.
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Table 2. Compilation of Published Studies and Case Reports on the Dentomaxillofacial Manifestations of GD

Author, Year
Age/

Gender Region RG Findings Treatment

Bender, 193824 13/F md and
mx

Periapical and
extraoral X-ray

Cyst-like radiolucency, loss of tra-
becular structure in the premolar-
molar region, generalized osteo-
porosis in the mandibular region

Extraction of the lower
first molar tooth

Bender, 1959
(follow-up)28

Different RL areas—further loss of
trabecular structure, endosteal

bone degeneration and reduction
in thickness, episodes of sponta-
neous bleeding in the hard palate

region

Extraction of the lower
first molar tooth

Bender et al.,
1996 (follow-
up)35

Significant improvement in radio-
lucency with regeneration of

trabeculae

Uncomplicated extrac-
tion of posterior teeth,

ERT since 1991

Moch et al.,
195333

39/F md Extraoral X-ray Pseudocystic RL areas on both
sides of the mandible, alveolar

abscess of the right upper second
premolar

Abscessed tooth extrac-
tion and curettage of

apical area (penicillin þ
500cc complete blood)

Spiegel, 195734 19/F md and
mx

Periapical and
extraoral X-ray

Radiolucency in the premolar and
molar regions, and loss of trabec-
ular structure, osteolysis in the left
maxillary premolar region, pro-
longed bleeding after minor

surgeries

Removal of the tissue
flap on the right lower

third molar

Michanowicz
et al., 196736

21/M md Periapical X-ray Small and large carious lesions in
most mandibular and maxillary
teeth, radiolucency in the right

third molar and first molar, gener-
alized osteoporosis, and cavities

in the mandible

Extraction of right lower
third molar, left lower

first molar and left upper
second molar teeth

Weigler et al.,
196748

28/M md Periapical X-ray A large RL area from the first pre-
molar to the third molar, enlarge-
ment of bone marrow spaces, loss
of lamina dura at the lower-left
second premolar and first molar

root

Extraction and curettage
of the lower left first

molar

Bildman,
197217

16/F md Periapical x-ray Bilateral radiolucent areas in the
body of the mandible

The extraction of the
upper and lower first

molars

Sela, 197225 67/F md Autopsy
examination

Histologically, tumor-like accu-
mulation of Gaucher cells replaced
by the bone marrow in the mandi-
ble, nodular reddish and yellowish

tumor-like masses

–

Browne, 197746 39/F md Periapical X-ray Poor oral hygiene, yellow pigmen-
tation of the oral mucosa, root
resorption at the apical of the
mandibular molars on radio-

graphs, generalized trabeculation
loss

Periodontal treatment
and uncomplicated tooth

extraction

Hall et al.,
198539

47/M md Panoramic X-
ray

A large RL lesion with secondary
infection in the left mandible

Debridement of the left
mandibular corpus and
ramus, lower second
premolar, first and

second molar extraction,
IV and oral penicillin
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Table 2. Compilation of Published Studies and Case Reports on the Dentomaxillofacial Manifestations of GD (Continued)

Author, Year
Age/

Gender Region RG Findings Treatment

Schwartz et al.,
198822

46/M maxillary
sinus
and

sphenoid
sinus

Extraoral sinus
X-ray and CT

Radiographic opacification of the
maxillary sinus and sphenoid

sinus, thinning of the posterolat-
eral walls of the sinuses and mild
enlargement of the maxillary

antrum

Irrigation of the bilateral
maxillary sinuses and
medical treatment for

the sinusitis-like
condition

Heasman,
199119

40/F md Periapical and
panoramic

X-ray

Hemorrhagic lesions on the
face and lips; Bilateral RO areas
seen in the premolar and molar

regions of the mandible, general-
ized edematous gingivitis

–

Lustmann
et al., 199126

50/M md and
mx

Periapical and
panoramic

X-ray

Moderate periodontal disease
and poor oral hygiene, four RL

lesions characterized by reduced
trabeculation and uncertain

borders, two in the body of the
mandible and two in the maxillary
canine-premolar region, advanced

apical resorption in canines,
premolar and molars on both

sides

–

Regenye et al.,
199247

23/M mandib-
ular

trauma

Periapical,
occlusal, pano-
ramic X-ray

and CT

There is mandibular fracture as a
result of a motor vehicle accident,
postoperative infection, no exces-
sive bleeding during surgical pro-

cedures, a decrease in bone
remodeling was detected

Stabilization of mandib-
ular fractures, treatment
of postoperative infec-
tion with clindamycin

Karabulut
et al., 199723

14/F md, mx
and

sphenoid
bones

Posteroanterior
lateral radiog-
raphy and CT

Diffuse osteopenia, trabecular
loss in both mandible and

maxilla, opacification of the sphe-
noid and maxillary sinuses

due to widening of the medullary
spaces

–

Carter et al.,
199818

28
patients

md and
mx

Panoramic
X-ray

Twenty-five of 28 patients
have radiographic evidence of
jaw involvement, the most

common findings: enlargement
of the bone marrow spaces, cyst-
like lesions, cortical thinning,

root resorption, displacement of
the mandibular canal, and
delayed permanent tooth

eruption

–

Wasserstein
et al., 199941

12/F md Panoramic
X-ray and CT

Large multilocular RL lesions
extending to the lower cortical

borders of the left and right man-
dible and invading between the
teeth from above, the symmetric
large RL lesion with ill-defined

borders in the mandibular incisor
region

A soft diet recommenda-
tion to reduce the risk of
pathological fractures

Fischman et al.,
200329

87
patients
and 31
carriers

– Clinical exami-
nation only
(DMFS index

and GI)

Despite the prevalence of throm-
bocytopenia, there is no gingival
bleeding, although there is radio-
logical evidence of bone involve-
ment, no tooth loss or mobility

was found

–
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Table 2. Compilation of Published Studies and Case Reports on the Dentomaxillofacial Manifestations of GD (Continued)

Author, Year
Age/

Gender Region RG Findings Treatment

Horwitz et al.,
200720

47/F md Periapical and
panoramic X-

ray

On clinical examination,
petechiae, large plaque, and cal-
culus deposits on the right buccal

mucosa, acute generalized
gingivitis, spontaneous bleeding

and swelling, cauliflower-like pap-
illae, bilateral cyst-like lesions on

RG examination, severe root
resorption in the premolar

molar region, enlargement of the
bone marrow cavities, loss of cort-
ical margins of the mandibular

canal

Detertrage and curet-
tage, open flap surgery,
extraction of three teeth

on the right maxilla

Lisboa et al.,
201132

24/F – Periapical X-ray History of excessive bleeding in
previous extractions of the
patient, deep carious lesion

affecting the pulp of left maxillary
first molar, and excessive

crown destruction

Extraction of the left
maxillary third molar,
postoperative bleeding,
pre- and postoperative
prophylactic antibiotic
and antifibrinolytic drug
protocol due to the risk

of infection

Givol et al.,
201130

Seven
patients

– – A study investigating thrombocy-
topenia and bleeding in dental
procedures, all patients were

thrombocytopenic and coagula-
tion tests were normal for most

patients, the need for hematologi-
cal replacement therapy during
the procedures according to the

total bleeding risk score and hem-
atological (platelet count, dys-

function, coagulopathies,
prolonged PT and PTT,

and decreased fibrinogen level)
risk score of the dental

procedure

Detertrage, crown
lengthening, surgical
tooth extraction, root

canal treatment, and cyst
enucleation

Kumar et al.,
201231

47/M mx CT Whitish necrotic bone not covered
with mucoperiosteum from the
right canine tooth to the third
molar, bone destruction of the

entire hard palate containing the
right maxillary alveolus, and ero-
sion of the right maxillary sinus

floor

Surgical removal of
necrotic bone including
right-sided alveoli, max-
illary sinus floor, and

hard palate

Nobre et al.,
201237

Ten
patients
and 20
control

md and
mx

Panoramic
X-ray and CBCT

In CBCT images, mandibular
involvement in all cases, both

mandible and maxilla involvement
in six, generalized rarefaction and

enlarged marrow spaces in all
patients, cortical thinning and

osteosclerosis in five, pseudocys-
tic RL lesions in nine, mental

demineralization in seven, flatten-
ing of the condyle head in one,
loss of the anatomical structures

in
eight, and thickening of the maxil-

lary sinus mucosa in three
patients, no pathological fracture,
root resorption or delay in tooth

eruption

–
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Table 2. Compilation of Published Studies and Case Reports on the Dentomaxillofacial Manifestations of GD (Continued)

Author, Year
Age/

Gender Region RG Findings Treatment

Zeevi et al.,
201316

30/M md Panoramic X-
ray and CT

Large, multilocular, well-defined
asymptomatic bilateral RL lesion
with scallop-like cortical margins

in panoramic radiography,
reduced trabecular structure, bone
expansion and buccal bone perfo-
ration on axial CT images, loss of
bilateral mandibular canal bor-
ders, tooth displacement, and

extensive postoperative bleeding
complication

Biopsy taken from the
area of the lesion

37/F md and
mx

Panoramic X-
ray and CT

Rarefaction of bone trabeculae in
the mandible and maxilla, asymp-
tomatic unilocular RL lesion in the
left posterior mandible, bilateral
loss of mandibular canal margins

and obliteration of maxillary
sinuses, obliterated maxillary

sinus on axial CT, enlarged bone
marrow cavities in the maxilla, rar-
efaction of the mandibular bone
and well-defined lesion of the left

posterior mandible

Biopsy taken from the
area of the lesion

Ahmadieh
et al., 201421

46/F md Periapical and
panoramic X-
ray and CT

Severe and persistent throbbing
pain in the posterior left mandible,

relatively well-circumscribed
pseudocystic multilocular RL
lesions in many regions of the

mandible in the panoramic image,
decreased trabeculation, efface-
ment of the mandibular canal, and
mild opacification of the maxillary
sinus, a large multilocular lytic

lesion and enlarged bone marrow
cavities in the left mandible with
the patient’s complaint in CBCT
images, thinning of periodontal
ligament space with loss of the

lamina dura in the affected molars

Use of oral bisphospho-
nates, a surgical biopsy
to exclude other pathol-
ogies in the area of pain,
surgical removal of path-

ological tissue

Mohamed
et al., 202014

42 pedi-
atric

patients
(16 Type
I GD and
26 Type
III GD)

md Panoramic
X-ray

Delayed permanent tooth eruption
in five patients in intraoral exami-
nation. The most common find-
ings: thinning in the inferior

cortex of the mandible, localized
and generalized rarefaction, gen-
eralized rarefaction with a similar
frequency in Type 1 and Type III
GH, enlargement of the bone

marrow spaces is more common in
Type I GD, pseudocystic RL

lesions, cortical thinning, anodon-
tia, and dental anomalies are more
common in Type III GD, no differ-
ence was found between dental

age and chronological age

Bisphosphonate and
enzyme replacement

therapy

GD, Gaucher disease; RG, radiography; F, female; M, male; Md, mandible; Mx, maxilla; CT, computed tomography; CBCT, cone-beam computed tomography; RL, radiolu-

cent; RO, radiopaque; PT, prothrombin time; PTT, partial thromboplastin time.
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preprosthetic maxillary sinus augmentation may also resemble
sinus devastation associated with GD.16 Well-defined radiolu-
cent osteolytic lesions, such as a keratocystic odontogenic
tumor, central giant cell granuloma, aneurysmal bone cysts,42

and even traumatic bone cysts,16 which are thought to be
more similar, should also be considered in the differential diag-
nosis. Gaucher lesions may also resemble alveolar bone loss
associated with periodontal disease.43 When GD is suspected,
the least invasive method for diagnosis is reduced b-GBA
enzyme activity in blood samples.43 Jaw biopsy is not recom-
mended unless another condition such as malignancy is sus-
pected. To diagnose GD, an enzymatic evaluation is required,
not a biopsy or a bone marrow sample.

Some studies have reported the use of bisphosphonates in
osteopenia/osteonecrosis therapy as a supportive treatment for
ERT in GD.14,44 It has been reported that bisphosphonates pre-
serve bone density by proving an antiresorptive effect; how-
ever, prolonged IV bisphosphonate treatment rarely causes
osteonecrosis of the jaw that is triggered by exposed bone
after tooth extraction and subsequently bacterial contamina-
tion.45 Therefore, the use and duration of bisphosphonates
should be investigated in Gaucher patients before tooth extrac-
tion or dental surgeries.

There is a possibility of complications like excessive bleeding
due to thrombocytopenia during surgical procedures, espe-
cially in patients who do not undergo splenectomy.35,46,47 Hor-
witz et al.20 reported increased bleeding during tooth
extraction and its local control in the case report they pre-
sented. However, in most of the other cases reported in the lit-
erature, it was stated that there was no abnormal bleeding, and
the recovery was normal.17,35,36,46–48 Nevertheless, in patients
with GD, it is recommended to consult the patient’s physician
before invasive procedures and to check complete blood count
including PT, PTT, bleeding time, and platelet count at the first
examination. Local hemostasis should be applied according to
the patient and procedure.

CONCLUSION
As a result, dental radiographs can play a role in the early diag-
nosis of GD, especially in the absence of clinical symptoms. The
roadmap to be followed for the diagnosis of Gaucher lesions in
the jawbones is a comprehensive medical history, and clinical
and radiological examinations. Dentists should be familiar with
the dentomaxillofacial findings of GD and be aware of possible
oral and dental complications that may develop. Furthermore,
when GD is suspected in undiagnosed patients, patients should
be able to be referred to the necessary departments.
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Penicillins are bactericidal, whereas doxycycline is bacterio-
static; simultaneous use of penicillin and doxycycline has been
associated with antimicrobial “antagonism,” and treatment fail-
ure in clinical cases of pneumococcal meningitis, scarlet fever,
and ocular syphilis.1–4 There have been significant increases in
early syphilis and Chlamydia trachomatis in men who have sex
with men (MSM). Early syphilis is treated with a single injection
of Benzathine penicillin (BPG) and chlamydia is treated with
7 days of oral doxycycline 100 mg BID.5 The summary of prod-
uct characteristics (SmPC) of both products recommend the
avoidance of simultaneous use of BPG and doxycycline
(www.medicines.org.uk/emc/product/11044/smpc#gref; www.
medicines.org.uk/emc/product/4063/smpc#gref). There is little
data on syphilis/chlamydia co-infection or associated antimicro-
bial antagonism.

We reviewed all cases of syphilis/chlamydia co-infection in
MSM in our sexual health clinic in the UK which sees 6,500
attendances by MSM per year. At the time of this study, HIV
Prep-exposure prophylaxis (PrEP) was not widely available.

In 2019, 6613 MSM attended for sexually transmitted infection
testing and 155 MSM were diagnosed with early syphilis. Fifty-
three (34%) were HIV positive, 26 of 102 (25%) HIV negative
MSM were using PrEP, the median age was 43 years (inter-
quartile range ¼ 34-53), none had neurological syphilis and all
were treated with BPG. Twenty-one (14%, 95% confidence
interval ¼ 8.6-20.1) were simultaneously diagnosed with chla-

mydia (rectal: 17/21 [81%], urethra: 4/21 [19%]). All MSM with
rectal chlamydia were tested for Lymphogranuloma vene-
reum: None were positive. MSM with syphilis/chlamydia co-
infection were the same age (43 vs 44 years, P ¼ .426), had
similar baseline Venereal Disease Research Laboratory (VDRL)
titers (1:32 vs 1:32, P ¼ .586), were diagnosed at similar stages
of syphilis, but were more likely to be HIV-positive than MSM
diagnosed with syphilis alone (13/21 [62%] vs 40/134 [30%], P
¼ .004). Thirteen out of 21 with co-infection were not treated
simultaneously because of delays in laboratory results (N ¼
10) or clinician concerns about antimicrobial antagonism (N ¼
3). Eight out of 21 MSM were inadvertently treated simultane-
ously with BPG and doxycycline. There were no treatment fail-
ures: Overall 108/155 (70%) attended for at least one follow-
up VDRL and all had at least a four-fold reduction in VDRL titer
(median 1:1) at a median of 101 days. All eight who were
treated simultaneously with BPG/doxycycline returned for
follow-up VDRL.

We have shown that 14% of MSM diagnosed with syphilis have
syphilis/chlamydia co-infection, mostly rectal chlamydia (81%).
It is interesting that living with HIV MSM with syphilis were
significantly more likely to have syphilis/chlamydia co-infection
than HIV-negative MSM suggesting that their sexual networks
remain relatively distinct or that immune responses to chla-
mydia differ in HIV patients. We treated 8 MSM simultaneously
with BPG and doxycycline and there were no apparent treat-
ment failures. There is a lack of guidance on the simultaneous
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treatment of syphilis/chlamydia co-infection with BPG and dox-
ycycline despite concerns about antimicrobial antagonism,
apart from the SmPC. Caution is needed with co-prescribing
BPG/doxycycline for syphilis until further research is available
demonstrating the safety and efficacy of simultaneous treat-
ment. An option is to use 3 weeks of oral doxycycline BID for
the treatment of syphilis/chlamydia co-infection; however,
more research is needed.
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Ahmet Yükkaldıran
Ajay Puri
Alejandro Peirone
Alessandro Castagna
Ali Tas�doğan
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Ays�e Sülü
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Ays�e Özlem Mete
Ays�egül Atak Yücel
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Behçet Al
Behice Kurtaran
Beliz Bilgili
Berna Kaya Uğur
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Çağlar Keskin
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Ediz Vurus�kan
Eduard Vieta
Eduarda Nascimento
Eduardo L. Cadore
Eduardo L. Franco
Edward P. Gerstenfeld
Edwin M. Ongkosuwito
Egle Jagelaviciene
Egon A. Özer
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Gülen Hatemi
Gürkan Bozdağ
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Gyeong-Jo Byeon
H. A. Kiraz
H. Tuna Çak
Hacı Mehmet Sökmen
Hadiye Demirbakan
Hakan Korkmaz
Hakkı S� ims�ek
Hale Arık Tas�yıkan
Halil Atas�
Halil Er
Halil Harman
Halise Devrimci Özgüven
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Hüseyin Narcı
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_Ilhan Bahsı
_Ilkay Karaoğlan
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_Ismail Akdulum
_Ismail Aytaç
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Kemal Özyurt
Ken-_Ichiro Matsumoto
Kenneth Rockwood
Kerem Öztürk
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Mahlagha Dehghan
Mahmut Doğru
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Manuel Sanchez-Garcia
Marc Arbyn
Marciana Nona Duma
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Sa’ed Zyoud
Saeed Talebian
Sait Polat
Sajjad Shirazi
Sam Schulman
Samia Hammami
Sammy Saab
Sandra Nuyts
Sang-Jin Shin
Sanja Kezic
Sanjay Dixit
Sanjit S. Jolly
Sarah P Garnett
Sean K. Lau
Sebastian Polak

Sedat Hakan Örer
Seher Yılmaz
Sei-_Ichiro Motegi
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Sema Aydoğdu
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