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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 
Beslenme Durumları, Fiziksel Aktiviteleri ve Beden Kitle 
İndeksleri Kan Lipidleri Arasındaki Ilişkiler. H.Ü. Sağlık Bilimleri 
Enstitüsü, Doktora Tezi. 2007.
 
Manuscripts Accepted for Publication, Not Published Yet: 
Slots J. The microflora of black stain on human primary teeth. 
Scand J Dent Res. 1974.
 
Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, 
Roberts JP, Wang ZJ. Adult living donor liver imaging. Diagn 
Interv Radiol. 2016 Feb 24. doi: 10.5152/dir.2016.15323. 
[Epub ahead of print].
 
Manuscripts Published in Electronic Format: Morse SS. 
Factors in the emergence of infectious diseases. Emerg 
Infect Dis (serial online) 1995 Jan-Mar (cited 1996 June 5): 
1(1): (24 screens). Available from: URL: http:/ www.cdc.gov/
ncidodlElD/cid.htm.
 
REVISIONS

When submitting a revised version of a paper, the author must 
submit a detailed “Response to the reviewers” that states point 
by point how each issue raised by the reviewers has been 
covered and where it can be found (each reviewer’s comment, 
followed by the author’s reply and line numbers where the 
changes have been made) as well as an annotated copy of 
the main document. Revised manuscripts must be submitted 
within 30 days from the date of the decision letter. If the revised 
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ABSTRACT
Objective: Although the trends and outcomes of controlled medications prescribed by emergency physicians especially opioids 
are well-defined in the literature, there is insufficient evidence regarding their parenteral use during emergency department (ED) 
visits. Thus, we aimed to determine the prevalence use of these drugs and the conditions under which they are ordered.
Methods: We conducted a retrospective study from January to June 2018 at a secondary care ED in Turkey. Narcotics and psycho-
tropics, were administered parenterally (intravenous or intramuscular) during patients’ ED visits. We obtained the following data 
from the registry and hospital records: time of use, age, sex, diagnosis, drug (active ingredient), and type of physician (general 
practitioner or attending).
Results: During the six-month study period, parenteral controlled medication was used in 1111 ED visits (1% of all ED visits). 
Tramadol and pethidine were the most commonly used narcotic drugs in the ED. They were often used for musculoskeletal pain 
(29.1% and 47.1%, respectively) and abdominal pain (22.5% and 18.6%, respectively). ED revisits of patients who took these drugs 
were related to cancer pain. Meanwhile, diazepam and biperiden were the predominantly used psychotropics. Anxiety/agitation 
was diagnosed in 69.1% of patients who received diazepam and acute exacerbation of psychiatric diseases in 70.6% of patients 
who received biperiden. However, revisits of these patients to the ED were related to acute exacerbation of psychiatric diseases.
Conclusion: The rate of controlled medication use in the studied hospital is much lower than that in developed countries. This 
finding can be attributed to different factors, such as physician attitude, patient demands, and possibly cultural differences. Finally, 
revisits of these patients to the ED were mostly related to acute exacerbation of chronic diseases.
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INTRODUCTION
Narcotic drugs (opioids) can stop severe pain without loss of 
consciousness. Many narcotics are controlled, as they cause 
respiratory depression and have dangerous side effects (physi-
cal and psychological dependence). Psychotropic drugs, which 
have a stimulating effect on the central nervous system, and are 
used in the treatment of behavioral and psychiatric disorders by 
changing consciousness and emotions. Both drug groups are 
used in a controlled manner because they have addictive effects 
when used over long periods (1).

International conventions have been established to prevent the 
illegal use of these drugs. Turkey is a party to the 1961 United 
Nations Single Convention on Narcotic Drugs, the 1971 United 
Nations Convention on Psychotropic Substances, and the 1988 
United Nations Convention against Illicit Traffic in Narcotic Drugs 
and Psychotropic Substances (2-5). Prescribing controlled med-
ications (especially narcotic drugs) is well-documented in re-
search in western countries. According to the literature, opioid 

prescription rate is over 30% in EDs in the United States (US) (6). 
Studies also show that concern has been raised in developed 
countries (7). In Turkey, there are a few works regarding con-
trolled prescriptions, and are not related to EDs (8, 9). In addition, 
parenteral use of these medications in EDs is unclear both in our 
country and in the literature.

In this study, we aimed at determining the prevalence of con-
trolled medication use by patients in a secondary care ED in Tur-
key. We also identified the diagnoses and reasons for revisits of 
these patients.

METHODS

Study Design
We conducted a retrospective study from January to June 2018 
in a secondary care ED in Turkey. This clinic is the largest and 
most crowded unit in its city. During the study period, the ED was 
visited 108,740 times. Ethics committee approval was received 
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for this study from the ethics committee of the Nevşehir Hacı 
Bektaş Veli University (10.09.2018 – No:2018.10.119).

Study setting and population
In Turkey, controlled drugs are prescribed for outpatients by at-
tending physicians, and for inpatients by all hospital physicians. 
Narcotic drugs classified by The Ministry of Health include meth-
ylphenidate and opioid derivations such as fentanyl, pethidine, 
hydromorphone, morphine, and codeine. Psychotropic medica-
tions include barbiturates and benzodiazepines such as alprazol-
am, lorazepam, diazepam, and midazolam. Tramadol, which is 
not a controlled drug in international settings, is under national 
control in Turkey. Biperiden is also under national control as a 
psychotropic drug, although it is an anticholinergic drug. There-
fore, we included these drugs in this study.

In the hospital setting, narcotics and psychotropics are protected 
in pharmacies and sent to clinics in specific amounts by phar-
macists when necessary. In EDs, these drugs are stored in locked 
cabinets for security. The responsibility of keeping records, 
counting, and returning of drugs belongs to the head nurse in 
the clinic. The drugs are used when ordered for patients by phy-
sicians. All these medications are administered parenterally (in-
travenous or intramuscular) in the ED.

We evaluated all ages in the study. We classified ED visits (where 
controlled drugs were administered) as single visits and revisits. 
Single visit means one patient had only one presentation to the 
ED, while revisit means one patient had more than one ED pre-
sentation. We obtained the following data from the registry and 
hospital records: time of use, gender, diagnosis, drug (active in-
gredient), and type of physician (general practitioner or attend-
ing). All controlled drugs are recorded in the registry when they 
are used. We included all records falling within the study period 
in the study.

Data Analysis
We performed statistical analyses using the Statistical Package 
for Social Sciences, IBM SPSS version 21.0 for Windows (IBM SPSS 
Corp.; Armonk, NY, USA). We presented continuous variables as 
median values and interquartile ranges. We described categori-
cal variables as frequencies and percentages and compared us-
ing Pearson χ2 or the Fisher exact test. A critical α value of 0.05 
was accepted as statistically significant.

RESULTS
During the six-month study period, 1111 ED visits (1% of all ED 
visits) where any parenteral controlled medication was used 

were found. The median age was 43 years (IQR 31–59), and 51.9% 
of the patients were males. The rates of controlled drug use were 
16.3% between 24:00 and 08:00 am, 37.2% between 08:00 and 
16:00 hours, and 46.5% between 16:00 and 24:00 hours. Among 
these ED visits, 25.1% were revisits. These drugs were ordered by 
general practitioners in 62.2% of the patients and by attending 
emergency physicians in 37.8%. Two controlled medications 
were given in a single visit to 4.9% of the patients, while only 
one of such medication was given in the same visit to 95.1% of 
the patients.

Narcotics
Tramadol was ordered in 481 ED visits. The most prevalent di-
agnoses were musculoskeletal pain (29.1%), abdominal pain 
(22.5%), and renal colic (17.3%). The rate of revisit was 26.8%. The 
rates of musculoskeletal pain and abdominal pain were higher in 
the single visits than in the revisits, while that of cancer pain was 
higher in the revisits (Table 1).

Pethidine was used in 70 visits. The most common diagnoses 
were musculoskeletal pain (47.1%), abdominal pain (18.6%), and 
cancer pain (12.9%). The rate of revisit was 24.3%. The rate of 
musculoskeletal pain was higher in the single visits, while that 
of cancer pain was higher in the revisits than in the single visits 
(p=0.007) (Table 2).

Morphine was used in 18 visits. The most frequent diagno-
ses were myocardial infarction (77.8%), musculoskeletal pain 
(16.7%), and abdominal pain (5.6%). Fentanyl was used in only 
one visit, and it was ordered for musculoskeletal pain.

Psychotropics
Diazepam was used in 339 visits. Anxiety/agitation was the most 
common diagnosis in 69.1% of the patients who received this 
drug, followed by acute exacerbation of psychiatric diseases 
(13%) and convulsion (12.4%). Among these visits, 23.6% were 
revisits. Acute exacerbation of psychiatric diseases was more fre-
quent in the revisits, whereas anxiety/agitation was more preva-
lent in the single visits (p<0.001) (Table 3). Rectal diazepam was 
used in 17 pediatric patient visits for convulsions.

Biperiden was ordered for 119 visits. Among all indications for 
biperiden, acute exacerbation of psychiatric diseases account-
ed for 70.6%, and anxiety/agitation comprised 29.4%. In total, 
43.7% were revisits. The rate of revisits was higher in acute exac-
erbation of psychiatric diseases (51.2%) than in anxiety/agitation 
(25.7%) (p=0.011).

Midazolam was ordered for 114 visits. It was used mostly in seda-
tion procedures (89.5%) and treatment for convulsions (10.5%). 
Thiopental and ketamine were used in three visits each for seda-
tion procedures.

DISCUSSION
Between 2005 and 2007 in the US, the proportion of ED visits 
wherein controlled medications were prescribed was three-folds 
higher than that of ambulatory office visits for patients aged 
15–29 years (10). Another study conducted in the US reported 

Main Points:

• During the study period, parenteral controlled medication 
was used in 1% of all secondary care ED visits. 

• This rate was much lower than that in developed countries.
• Tramadol and pethidine were the most commonly used 

narcotic drugs.
• Diazepam and biperiden were the predominantly used psy-

chotropics.
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that the proportion of ED visits where any opioid medication 
was prescribed increased from 20.8% to 31.0% between 2001 
and 2010 (6). In Turkey, the rate of controlled prescription use by 
healthcare centers in Istanbul for the city’s population was 3.5% 
in 2009 (8). According to our study, controlled medication was 
used in 1% of all ED visits. Because the aforementioned previous 
studies reported data on prescriptions of controlled medications 
in healthcare settings, there is insufficient data regarding the use 
of parenteral medications during ED visits. Nevertheless, the rate 
obtained in the present work is much lower than that reported 
in western countries.

A study conducted in the US reported that the mean age of adult 
patients who are prescribed controlled substances during ED 

visits is 44 years (11). A research performed in a family medicine 
unit in Turkey showed that mean age of all aged patients who are 
prescribed psychotropic substances is between 32 and 39 years 
(9). This study found that the median ages of patients in national 
and international studies are similar.

Sutter et al. (12) showed that the most commonly used paren-
teral opioids in 2013 in the US were morphines (52.8%), hydro-
morphones (42.9%), and fentanyl (4.3%). A review performed by 
Patanwala et al. (13) showed the most commonly studied intrave-
nous opioids in prehospital and ED settings as morphines, hydro-
morphones, fentanyl, and meperidine (pethidine). According to 
the International Narcotics Control Board (INCB) reports for 2017, 
buprenorphine, codeine, ethylmorphine, morphine, oxycodone, 

Table 1. Clinical conditions in which Tramadol was used in the ED visits

ED visits

Clinical conditions, n (%) Total Single Multiple p

Musculoskeletal disease 140 (29.1) 114 (32.4) 26 (20.2) <0.001

Nonspecific abdominal pain 108 (22.5) 95 (27.0) 13 (10.1)

Renal colic 83 (17.3) 66 (18.8) 17 (13.2)

Cancer pain 78 (16.2) 15 (4.3) 63 (48.8)

Lumbalgia 42 (8.7) 35 (9.9) 7 (5.4)

Headache 21 (4.4) 19 (5.4) 2 (1.6)

Cholelithiasis 4 (0.8) 3 (0.9) 1 (0.8)

Dysmenorrhea 2 (0.4) 2 (0.6) 0 (0)

Arterial embolism 2 (0.4) 2 (0.6) 0 (0)

Chest pain 1 (0.2) 1 (0.3) 0 (0)

Total 481 (100) 352 (100) 129 (100)

ED: emergency department

Table 2. Indications of Pethidine in the ED visits

Clinical conditions, n (%)

ED visits

pTotal Single Multiple

Musculoskeletal disease 33 (47.1) 29 (54.7) 4 (23.5) 0.007

Nonspecific abdominal pain 13 (18.6) 10 (18.9) 3 (17.6)

Cancer pain 9 (12.9) 2 (3.8) 7 (41.2)

Renal colic 8 (11.4) 6 (11.3) 2 (11.8)

Headache 4 (5.7) 3 (5.7) 1 (5.9)

Lumbar pain 2 (2.9) 2 (3.8) 0 (0)

Myocardial infarction 1 (1.4) 1 (1.9) 0 (0)

Total 70 (100) 53(100) 17(100)

ED: emergency department
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diphenoxylate, pethidine, fentanyl, and remifentanil were the 
principal narcotics consumed in 2016 in Turkey. Furthermore, 
the INCB reported levels of consumption of narcotics in Turkey 
for 2014–2016 (excluding preparations in Schedule III). The mean 
consumptions of fentanyl, buprenorphine, morphine, pethidine, 
oxycodone, hydromorphone, and others were 593, 53, 17, 16, 6, 
2, and 18, respectively, in defined daily dose (DDD) per million 
inhabitants per day (14). In the present study, tramadol (Sched-
ule IV), which is under national but not international control, was 
found to be the most commonly administered parenteral drug 
during ED visits, followed by pethidine, morphine, and fentanyl. 
These results differ from those in the INCB report because while 
INCB reported the use of all narcotic drugs in Turkey, only paren-
teral narcotics in EDs were evaluated in the present study.

Hoppe et al. (15) showed that the most prevalent diagnoses 
associated with opiate prescriptions in US EDs are back pain 
(10.2%), abdominal pain (10.1%), and extremity fracture (7.1%). 
O’Connor et al. (16) stated that the most common indications of 
intravenous morphine or hydromorphone are abdominal pain, 
trauma, and back pain. Similar to the literature, the present study 
found musculoskeletal pain and abdominal pain to be the most 
common indications.

Patel et al. (17) stated that nearly one-third of cancer patients 
receive any opioid during their ED visits. A study conducted by 
Ernst et al. (18) reported that 19% of patients on opioid medica-
tions for chronic pain revisit EDs within 90 days. In the current 
work, the rate of ED revisit was approximately 25%, of which 
more than 40% was related to cancer pain in the tramadol and 
pethidine groups.

According to a Centers for Disease Control and Prevention report 
regarding controlled substance prescription patterns, opioid an-
algesics were prescribed approximately twice as often as stim-
ulants or benzodiazepines in 2013 in the US (19). Nevertheless, 
EDs have seen a sharp increase in benzodiazepine-related visits 
(20). Pharmacologic interventions (antipsychotics or benzodiaz-
epines) are often used under certain conditions, such as acute 
agitation, which is becoming an increasingly common presen-

tation to EDs. Benzodiazepines are not typically the first choice 
for these indications. However, because antipsychotics are not 
controlled medications, diazepam and biperiden were reported 
in this study.

In the literature, there is insufficient demographic data regard-
ing the medical use of psychotropic drugs in EDs. According to 
an INCB report, the average consumption of benzodiazepines 
(group K - anxiolytics) in Turkey in 2015–2017 was 2.9 in DDD 
per thousand inhabitants per day (14). A study conducted in the 
United Kingdom reported that 26.1% of the population has tak-
en a benzodiazepine or a Z-drug either under medical direction 
or misuse (21). Another study reported that among all patient 
visits from 1993 to 2010 in US ambulatory healthcare settings, 
the rate of benzodiazepine-related visits was 3.5%. In addition, 
the rate of anxiety and mood disorders is approximately 40% in 
patients with benzodiazepine prescriptions (22). In the current 
study, anxiety and agitation were the most common cause of 
ED visits (about 70%) among patients receiving diazepam, while 
acute exacerbation of psychiatric diseases was the most preva-
lent cause of ED visits (around 70%) in patients receiving biper-
iden. For both medications, the rate of revisits was more com-
mon for acute exacerbation of psychiatric diseases. Midazolam, 
which is a psychotropic drug, was ordered in up to 90% of visits 
for sedation procedures. Thiopental and ketamine were rarely 
used sedatives during the ED visits of patients.

CONCLUSION
Parenteral controlled medication was used in the studied clin-
ic in 1% of all ED visits. Tramadol (under national control) and 
pethidine were the most typically preferred narcotics, and re-
visits to the ED were mainly related to cancer pain. Diazepam 
and biperiden (under national control) were the most common 
psychotropics used in the ED, and were frequently ordered for 
anxiety/agitation and acute exacerbation of psychiatric diseases, 
respectively. However, revisits to the ED were related to acute ex-
acerbation of psychiatric diseases. Although there is insufficient 
data regarding the use of these controlled medications during 
ED visits, this rate seems to be much lower than that of devel-
oped countries’ EDs. Nonetheless, regular follow-up regarding 

Table 3. Indications of Diazepam in the ED visits

Clinical conditions, n (%)

ED visits

pTotal Single Multiple

Anxiety / agitation 231 (68.1%) 183 (70.7%) 48 (60%) 0.001

Acute exacerbation of psychiatric diseases 44 (13%) 22 (8.5%) 22 (27.5%)

Convulsion 42 (12.4%) 34 (13.1%) 8 (10%)

Vertigo 16 (4.7%) 14 (5.4%) 2 (2.5%)

Headache 5 (1.5%) 5 (1.9%) 0 (0%)

Sedation 1 (0.3%) 1 (0.4%) 0 (0%)

Total 339 (100%) 259 (100%) 80 (100%)

ED: emergency department
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chronic diseases may further reduce the revisits of these patients 
to the ED.
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ABSTRACT
Objective: Studies have shown that hypercholesterolemia can induce ventricular vulnerability to fibrillation, and statin ther-
apy exerts antiarrhythmic effects.
In the present study, we investigated the relationship between arrhythmogenic substrate and familial hypercholesterolemia 
(FH) with regard to statin therapy.
Methods: We evaluated 46 statin-naive patients (41±12 years) with FH, and 46 healthy subjects (40±8 years) prospectively. 
Electrocardiography (ECG) of patients were compared before and after 6 months of intensive statin therapy and with control 
groups. The ECG parameters were calculated by two experienced cardiologists who blinded to each other’s findings.
Results: There were no significant differences found between groups’ baseline characteristics. Total cholesterol (343±49 mg/
dL vs. 161±12 mg/dL; p<0.001) and low-density lipoprotein-cholesterol (LDL-C) (260±42 vs. 95±13; p<0.001) levels were sig-
nificantly higher in FH group. Both total cholesterol (343±49 vs. 206±45; p<0.001) and LDL-C (260±42 vs. 138±40; p<0.001) 
levels were decreased after statin therapy. Both mean baseline Tpe-interval (90.7±9.3 ms vs. 77.6±7.3 ms; p<0.001) and Tpe/
QTc ratio (0.219±0.02 vs. 0.193±0.01; p<0.001) were found to be significantly higher in FH group than control subjects. After 
statin therapy, Tpe-interval (90.7±9.3 ms vs. 81.3±8.3 ms; p<0.001) and Tpe/QTc ratio (0.219±0.02 vs. 0.201±0.02; p<0.001) 
were significantly decreased. Compared to the control group, Tpe-interval (81.3±8.3 ms vs. 77.6±7.3 ms; p=0.027) and Tpe/
QTc (0.206±0.02 vs. 0.193±0.01; p=0.021) ratio remained higher in FH patients after statin therapy. There was a strong and 
positive correlation between basal LDL-C and Tpe-interval (r=0.740; p<0.001) and Tpe/QTc ratio (r=0.597; p<0.001)
Conclusion: This study showed that Tpe-interval and Tpe/QTc ratio on ECG were significantly prolonged in FH patients and 
improved with intense statin therapy by lowering LDL-C.
Keywords: Electrocardiography, familial hypercholesterolemia, Tpe/QTc ratio, Tpe-interval, ventricular arrhythmias
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INTRODUCTION
Previous experimental studies have shown that hypercholester-
olemia can induce proarrhythmic electrophysiological remodel-
ing (1). Both clinical and experimental evidence have shown that 
the statin therapy provides antiarrhythmic effects. Statins reduce 
ventricular arrhythmias with their direct antiarrhythmic effects 
and through pleiotropic properties. This beneficial effect has 
been shown in nonischemic patients (2, 3). Various surface elec-

trocardiogram (ECG) markers of dispersion of ventricular repo-
larization (DVR) including QT, QTc, QT dispersion, QTc dispersion, 
and Tpeak−Tend (Tpe-interval) have been proposed as predictors of 
risk for ventricular arrhythmia. The Tpe-interval and Tpe/QTc (QT 
interval corrected for heart rate) ratio are markers of DVR (4, 5).

Prolonged Tpe-interval reflects abnormal DVR and is related to 
increased risk of ventricular arrhythmogenesis (6-8). Moreover, 
previous studies have shown that the Tpe/QTc ratio, which is in-
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dependent of heart rate alteration, is a more accurate measure-
ment of ventricular repolarization (6-8). Familial hypercholes-
terolemia (FH) is associated with elevated levels of low-density 
lipoprotein-cholesterol (LDL-C) (9). In FH patients, high choles-
terol exposure begins in childhood and causes premature ath-
erosclerosis. Most cases of sudden cardiac deaths occur because 
of ischemic heart disease that causes ventricular arrhythmia (10, 
11). To our best knowledge, no study has evaluated the Tpe-in-
terval and Tpe/QTc ratio as markers of ventricular arrhythmogen-
esis in patients with FH. Therefore, in the present study, we inves-
tigated the effect of intensive statin therapy on the Tpe-interval 
and Tpe/QTc ratio in patients with FH.

METHODS

Study Design and Population
A total of 49 newly diagnosed statin-naive FH patients were eval-
uated prospectively from January 2016 to October 2017. The 
diagnosis of FH was based on genetic analysis (pathogenic mu-
tation in the LDL receptor, proprotein convertase subtilisin/kexin 
9 [PCSK9] or apolipoprotein B-100 genes) in patients with LDL-C 
>190 mg/dL (5 mmol/L).

Forty-six age–gender-matched normolipidemic individuals with-
out any medication were included in the study as the control 
group. All patients were followed-up for 6 months. Patients with 
coronary artery disease (CAD), history of myocardial infarction, 
moderate-to-severe valvular heart disease, hypertrophic or dilat-
ed cardiomyopathies, thyroid dysfunction, electrolyte disturbanc-
es, pulmonary, malignancy, renal dysfunction, hepatic disease, or 
connective tissue disease were all excluded from the study.

All patients had to undergone treadmill stress test with ECG ac-
cording to the Bruce protocol or single-photon emission com-
puted tomography to exclude subclinical CAD. Coronary angi-
ography was performed in patients with positive or suspicious 
result in noninvasive stress testing. Thus, 3 patients were exclud-
ed with the diagnosis of CAD, and finally, 46 patients with FH 
constituted the study population.

The local institutional ethics committee of Gaziantep University 
Faculty of Medicine has approved the study protocol (2016/104). 
The study was in compliance with the principles of the Decla-
ration of Helsinki. Informed consent was obtained from the pa-
tients included in the study.

Demographic characteristics, medical history, and medication 
and anthropometric measurements were recorded. Transthorac-
ic echocardiography was performed with EPIQ (Philips Medical 
Systems, Bothell, WA, USA) in all patients.

Routine blood parameters included were total cholesterol, 
LDL-C, high-density lipoprotein-cholesterol, triglyceride, fasting 
blood glucose, and serum creatinine were assessed for all pa-
tients. However, for FH patients, these biochemical parameters 
were evaluated in the third and sixth month of statin therapy. 
Intensive statin therapy (atorvastatin 80 mg/day or rosuvastatin 
40 mg/day) was prescribed at the time of diagnosis of FH and 
was kept constant throughout the study. Patients did not receive 
any non-statin lipid-lowering drug during the study period. All 
patients were followed-up for the side effects of statins, and no 
significant side effects were noticed during the study period.

Electrocardiography
The ECGs were evaluated both at the time of diagnosis of FH 
before statin treatment and 6 months after statin treatment. 
Baseline ECGs were compared between the FH population and 
control subjects, and also after intensive statin therapy in the FH 
group. Twelve-lead ECGs were obtained with 10 mm/mV ampli-
tude, and 25 mm/s (Nihon Kohden Corp., Tokyo, Japan) in the su-
pine position. All ECGs obtained in the first and last examination 
of patients were recorded in the computer. Adobe Photoshop 
software (400% magnification) was used to measure ECG param-
eters. Each ECG was evaluated by two experienced cardiologists 
who were blinded to each other’s findings and status of each pa-
tient and control subject.

Patients presented with U waves, bundle branch block or evi-
dence of any intraventricular conduction defect, left ventricular 
hypertrophy, left ventricular dysfunction, and atrial fibrillation in 
their ECG were excluded from the study. Also, patients who were 
taking medications, such as antiarrhythmics, antihistamines, dig-
italis, tricyclic antidepressants, diuretics, and antipsychotics were 
all excluded from this study.

QT was calculated from the beginning of the QRS to the end of 
T wave, which comes back to the isoelectric line. For each QT, 
two consecutive calculations were done, and the average value 
of two readings was recorded. Bazett’s formula: QTc=QT/√R – R 
interval was performed to calculate QTc. RR interval was mea-
sured as the average of three complexes. Tpe-interval was deter-
mined as the interval from the peak of T wave to the end of T 
wave, where the wave reached the isoelectric line. Tpe-interval 
was measured mostly in V5. However, if V5 is not suitable for cal-
culation, V4 or V6 leads were used (8, 12, 13).

The calculation was done only in leads with T wave amplitude >1.5 
mm. The Tpe/QTc ratio was calculated from these measurements.

Statistical Analysis
Continuous parameters with normal distribution were presented 
as means and standard deviation, and non-normally distributed 
parameters were presented as median and interquartile range. 
Normal distribution was evaluated by Kolmogorov–Smirnov test. 166
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Main Points:

• Previous studies have shown that hypercholesterolemia 
can induce ventricular vulnerability to fibrillation, and sta-
tin therapy exerts antiarrhythmic effects. 

• In this study, we showed that Tpe-interval and Tpe/QTc ra-
tios were increased in treatment-naive FH patients. 

• These parameters were significantly decreased after an in-
tensive statin therapy. 

• These results support the possible effects of hypercholes-
terolemia and statin therapy on Tpe-interval and Tpe/QTc 
ratio.



Continuous parameters with normal distribution were compared 
with Student’s t-test and non-normally distributed parameters 
were compared with Mann–Whitney U test between groups.

Categorical parameters were presented as percentages and 
compared between groups with the Chi-square test or Fisher’s 
exact test.

Paired Student’s t-test was used to compare repeated measure-
ments (at baseline and 6 months) for ECG and laboratory pa-
rameters. The correlation coefficients and significance between 
LDL-C and ECG parameters were calculated by Pearson’s or 
Spearman’s test. Changes in LDL-C and ECG parameters before 
and after statin therapy were represented as Δ, and correlation 
between ΔLDL-C and ECG parameters were analyzed.

A p-value<0.05 was statistically significant. Statistical analyses 
were conducted using the Statistical Package for the Social Sci-
ences 115 (SPSS 20.0) for Windows (IBM SPSS Corp.; Armonk, NY, 
USA).

RESULTS
Our study enrolled 46 consecutive patients with newly diagnosed 
FH (21 females; mean age 41±12 years) and 46 healthy controls 
(19 females; mean age 40±8 years). Baseline characteristics in-
clude gender, age, body mass index, smoking, hypertension, and 
diabetes mellitus. Table 1 shows similarity between groups with 
respect to these baseline characteristics. Left ventricular ejection 
fraction and mean systolic and diastolic blood pressure were also 
found similar between the two groups.

Total cholesterol, LDL-C, and triglyceride levels were found sig-
nificantly higher in the FH patients than in the control subjects 
(Table 1). Levels of both total cholesterol (343±49 mg/dL vs. 
206±45 mg/dL; p<0.001) and LDL-C (260±42 mg/dL vs. 138±40 
mg/dL; p<0.001) were shown to decrease significantly at the 
sixth month of the intensive statin treatment. Although, effec-
tive reduction was detected in total cholesterol (39.4%±13.1%) 
and LDL-C (49.2%±16.2%) levels with statin therapy, posttreat-
ment levels of both remained significantly higher than control 
subjects (for both; p<0.001). ECG evaluation revealed normal si-
nus rhythm for both FH and control groups. The mean baseline 
Tpe-interval was found significantly prolonged in the FH patients 
compared to the control group (90.7±9.3 ms vs. 77.6±7.3 ms; 
p<0.001) (Table 2). Tpe/QTc ratio was shown to be significant-
ly higher in the FH patients than control subjects (0.219±0.02 
vs. 0.193±0.01; p<0.001) (Figure 1). Although QT (399±10.5 ms 
vs. 389±8.5 ms; p=0.608) and QTc (414±19.5 ms vs. 402±16.9 
ms; p=0.094) intervals were prolonged in FH group, it was not 
statistically significant (Table 2). In FH patients, the Tpe-inter-
val (90.7±9.3 ms vs. 81.3±8.3 ms; p<0.001) and Tpe/QTc ratio 
(0.219±0.02 vs. 0.201±0.02; p<0.001) were significantly reduced 
after intensive statin therapy compared to baseline. The QT and 
QTc intervals did not show any significant change after the sta-
tin therapy (for both; p>0.05) (Table 3). Compared to the control 
group, the Tpe-interval (81.3±8.3 ms vs. 77.6±7.3 ms; p=0.027) 
and Tpe/QTc ratio (0.201±0.02 vs. 0.193±0.01; p=0.021) were still 
significantly higher in the FH patients after the statin therapy. 

The number of patients with 50%≥LDL-C reduction after inten-
sive statin therapy was 20 (43.5%). No significant difference was 
found between patients with 50%≥LDL-C reduction and without 
after statin therapy in terms of Tpe-interval (82.3±8.4 vs. 80.6±8.3; 
p=0.493) and Tpe/QTc ratio (0.204±0.01 vs. 0.200±0.02; p=0.462). 
A strong and positive correlation was found between basal LDL-C 
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Table 1. Baseline characteristic and laboratory parameters of FH 
patients and control group

Parameter
FH  

(n=46)
Control  
(n=46) p

Age, years 41±12 40±8 0.379

Female, n (%) 21 (45.7) 19 (41.3) 0.674

Smoking, n (%) 10 (21.7) 9 (19.6) 0.797

Hypertension, n (%) 8 (17.4) 6 (13.0) 0.562

Diabetes mellitus, n (%) 3 (6.5) 2 (4.3) 1.000

Body mass index (kg/m2) 27.3±4.2 24.9±3.6 0.324

Systolic BP (mmHg) 128±11 125±8 0.191

Diastolic BP (mmHg) 74±10 71±9 0.171

LVEF (%) 65.3±2.5 66.2±3.1 0.878

Total cholesterol, (mg/dL) 
Median (IQR)

338 (60) 157 (46) <0.001

LDL-C (mg/dL)  
Median (IQR)

253 (16) 91 (11) <0.001

HDL-C (mg/dL) 42 (17) 47 (6) 0.228

Triglyceride (mg/dL) 139±31 83±22 <0.001

eGFR 94±22 89±13 0.652

BP: blood pressure; eGFR: estimated glomerular filtration rate; HDL-C: 
high-density lipoprotein-cholesterol; FH: familial hypercholesterolemia; 
LDL-C: low-density lipoprotein-cholesterol; LVEF: left ventricular ejection 
fraction

Table 2. Comparison of electrocardiographic findings of the 
patients with FH and control subjects

Variables
Pretreatment  

(n=46)
Control  
(n=46) p

HR, beats/min 65±6.3 65±4.5 0.374

PR, ms 137±21 141±19 0.477

QRS, ms 89±8 91±6 0.731

QT, ms 399±10.5 389±8.5 0.211

QTc, ms 414±19.5 402±16.9 0.087

Tpe-interval, ms 90.7±9.3 77.6±7.3 <0.001

Tpe/QT 0.227±0.02 0.199±0.01 <0.001

Tpe/QTc 0.219±0.02 0.193±0.01 <0.001



and Tpe-interval (r=0.740, 95% CI: 0.639–0.820; p<0.001) and 
Tpe/QTc ratio (r=0.597, 95% CI: 0.549–0.706; p<0.001) (Figure 2). 
However, a significant but weak association was found between 
LDL-C and Tpe-interval (r=0.349, 95% CI: 0.170–0.512; p<0.001) 
and Tpe/QTc ratio (r=0.217, 95% CI: 0.001–0.424; p=0.038) after 
therapy. No significant correlation was found between ΔLDL-C 
and ΔTpe-interval (r=0.215; 95% CI: −0.356 to −0.561 p=0.172) 
and ΔTpe/QTc (r=248; 95% CI: −0.50 to −0.566; p=0.113) after sta-
tin therapy.

DISCUSSION 
In the present study, we showed that Tpe-interval and Tpe/QTc 
ratio were prolonged in treatment-naive patients with FH as 
compared to control subjects. Tpe-interval and Tpe/QTc ratio 
were also shown to be decreased significantly after the statin 
therapy in patients with FH. To our best knowledge, this is the 
first report that demonstrated prolonged Tpe-interval and in-
creased Tpe/QTc ratio in FH patients and their improvement 
after intense LDL-C lowering with statins. Moreover, our results 168
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Figure 1. Comparison of Tpe-interval and Tpe/QTc ratio between FH (pre and post statin therapy) and control group
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Figure 2. Correlation between TPe-inteval and Tpe/QTc ratio and LDL-C level before therapy  
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showed that improvement of ECG parameters might explain ef-
fects of intensive statin therapy.

Previous studies have reported that lipid-lowering therapy 
(LLT) reduces coronary artery events and mortality (14, 15). The 
beneficial effects of LLT could be attributed to the reduction of 
ventricular arrhythmias and sudden death (14-16). This hypoth-
esis was first evaluated by De Sutter et al. (17) who reported 
that in patients with CAD, receiving an implantable cardiovert-
er-defibrillator (ICD), LLT reduction was associated with occur-
rence of inappropriate shocks. Similarly, Mitchell et al. (18) have 
shown that LLT was associated with a 40% reduction in relative 
hazard of recurrence of ventricular tachycardia/fibrillation in 
patients with an ICD for secondary prevention. In addition, the 
results of Multicenter Automatic Defibrillator Implantation Trail 
II (MADIT-II) have shown that use of statin decreases the risk of 
ventricular fibrillation and sudden cardiac death (19). Vrtovec 
et al. (20) demonstrated that atorvastatin treatment had short-
ened the QTc interval and thus might have reduced the risk of 
arrhythmias in patients with advanced heart failure. These clin-
ical trials supported the evidence of favorable effects of statin 
on ventricular arrhythmias. Previous experimental studies had 
also demonstrated that hypercholesterolemia produced signif-
icant cardiac proarrhythmic neural and electrical remodeling 
(1, 21, 22). These neural and electrical remodeling processes 
may contribute to of the presence of ventricular arrhythmia 
(1, 21, 23). In their study, Liu et al. (21) showed that hypercho-
lesterolemia-induced significant nerve sprouting and sympa-
thetic hyperintervention, prolonged action potential duration 
and QTc interval, and increased the repolarization dispersion 
in a rabbit model. In this study, the researchers had also shown 
that the neural and electrophysiological remodeling induced 
by hypercholesterolemia was associated with increased ven-
tricular vulnerability to fibrillation. Simvastatin had shown to 
significantly reduce the vulnerability of ventricular fibrillation 
via mechanism of reduction of hypercholesterolemia-induced 
neural and electrophysiological remodeling in another study 
conducted by the same researchers (1). Experimental studies 
provide strong evidence for the hypercholesterolemia-induced 
life-threatening ventricular arrhythmias. Both experimental 
and clinical trials support the beneficial effects of statins on 
life-threatening ventricular arrhythmias.

The T wave is indicative of ventricular repolarization in ECGs. 
The Tpe-interval is the marker of the total DVR. An increased 
Tpe-interval is associated with malignant ventricular arrhyth-
mias (24-26). Yayla et al. (27, 28) in their studies, have shown 
that both Tpe-interval and Tpe/QTc ratio are increased in pa-
tients with systemic sclerosis and aortic stenosis that might ex-
plain increased frequency of ventricular arrhythmias in these 
cases.

Tpe/QTc ratio was suggested as a more accurate measure of DVR 
because Tpe-interval is affected by the variations in body weight 
and heart rate (8).

Our study showed that both Tpe-interval and Tpe/QTc ratio are 
markers of ventricular transmural dispersion of repolarization 
and are significantly longer in FH patients than the control sub-
jects. Our results are in line with previous reports of association 
between hypercholesterolemia and repolarization dispersion. 
Our study showed significant decrease in Tpe-interval and Tpe/
QTc ratio after LLT with statins. This result is important to provide 
further evidence for both experimental and clinical studies that 
evaluated the effects of the statin therapy in ventricular repolar-
ization and life-threatening ventricular arrhythmias.

Our results might be explained by either long-term exposure to 
high-level LDL-C or beneficial effects of statin therapy. Long-term 
exposure to elevated LDL-C levels in asymptomatic FH patients 
might have led to prolonged Tpe-interval and Tpe/QTc ratio be-
cause of subclinical atherosclerosis, microvascular dysfunction, 
and endothelial dysfunction (29-31). Impaired subclinical left 
ventricular systolic functions had also been shown previously 
in asymptomatic FH patients compared to control subjects by 
2D strain echocardiography (32). Although after intensive sta-
tin therapy, Tpe-interval and Tpe/QTc ratio were significantly 
decreased compared to baseline, but it remained prolonged 
than control subjects. Additionally, there were no significant 
differences seen between patients with ≥50% LDL-C reduction 
attained and without. This result might support the effect of 
long-term exposure to high levels of LDL-C as a leading cause of 
prolonged Tpe-interval and Tpe/QTc ratio.

The decrease of Tpe-interval and Tpe/QTc ratio might be ex-
plained by possible pleiotropic effects of statin therapy (33). 
Many studies have shown the effect of statin therapy on regres-
sion of atherosclerosis, both in symptomatic and asymptomatic 
patients (34-36). Kayikcioglu et al. (33) have shown improvement 
of endothelial functions and normalization of ischemic findings 
even in normolipidemic patients with cardiac syndrome-x after 
only 3 months of statin therapy. Therefore, the favorable effect 
that we observed in the Tpe-interval and Tpe/QTc ratio after such 
a short statin therapy might be the result of improvement in en-
dothelial functions. Thus, we suggest that with a longer statin 
therapy it might be possible to normalize the Tpe-interval and 
Tpe/QTc ratio in FH patients.

Our study has several limitations. It is a single-center study with 
low number of patients and a short follow-up duration of only 
6 months. Therefore, the clinical outcomes such as ventricular 
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Table 3. Comparison of electrocardiographic findings of the 
patients with FH (pre- and posttreatment)

Variables
Pretreatment 

(n=46)
Posttreatment 

(n=46) p

HR, beats/min 65±6.3 63±4.5 0.091

QT, ms 399±10.5 393±9.2 0.608

QTc, ms 414±19.5 404±17.7 0.094

Tpe-interval, ms 90.7±9.3 81.3±8.3 <0.001

Tpe/QT 0.227±0.02 0.206±0.02 <0.001

Tpe/QTc 0.219±0.02 0.201±0.02 <0.001



arrhythmic episodes could not be evaluated. Our study popula-
tion consisted of newly diagnosed treatment-naive FH patients. 
Moreover, the diagnosis of FH was confirmed genetically in all 
subjects. Therefore, this population represents a more homoge-
neous FH population. Another important limitation is that pa-
tients received atorvastatin or rosuvastatin, which had different 
effect on ECG parameters.

CONCLUSION
This prospective observational study presented an evidence 
that suggested Tpe-interval and Tpe/QTc ratios were increased 
in treatment-naive FH patients. These parameters were signifi-
cantly decreased after an intensive statin therapy. These results 
support the possible effects of hypercholesterolemia and statin 
therapy on Tpe-interval and Tpe/QTc ratio. All these findings 
should be confirmed in prospective, multicenter studies. These 
markers might be better predictor of sudden death and ventricu-
lar arrhythmias in FH patients. Therapies such as PCSK9 inhibitors 
or combination of LLT should be evaluated for their effects on 
arrhythmogenic substrate in patients with FH.
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ABSTRACT
Objective: This study aimed to assess the efficacy of enamel matrix derivatives (EMD) used in combination with casein phospho-
peptide amorphous calcium phosphate (CPP-ACP) to recover minerals to the enamel after artificial caries formation.
Methods: Fifty enamel samples were prepared from the buccal surfaces of extracted human third molars. The samples were di-
vided into five groups: (G1) Untreated enamel samples (control), (G2) Application of 500 ppm sodium fluoride (NaF), (G3) CPP-ACP, 
(G4) EMD, and (G5) CPP-ACP + EMD. All of the samples were placed in an acidic buffer solution for 96 hours to simulate a carious 
lesion. Ca/P ratios were calculated using energy dispersive X-ray spectroscopy (EDX). After seven days of the remineralization pro-
cedure, the mineral contents of the samples were re-measured. All the data were analyzed statistically.
Results: There were no statistically significant differences in the mineral contents of the samples between the groups after demin-
eralization (p>0.05). The Ca/P ratios of G2, G3, G4, and G5 increased significantly (p<0.05) after remineralization. The highest levels 
of the Ca/P ratio were obtained in G5.
Conclusion: Despite the limitations of this in vitro study, the combined use of CPP-ACP and EMD may increase the remineralization 
potential. Furthermore, this procedures may be an alternative for providing enamel remineralization in future clinical trials.
Keywords: Casein phosphopeptide amorphous calcium phosphate, enamel matrix derivatives, enamel remineralization, fluoride, SEM-EDX
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INTRODUCTION
Dental caries is an infectious disease of the teeth that results in 
the dissolution and destruction of hard tissues such as the enam-
el and dentin (1). The first sign of dental caries is the initial caries 
lesion defined as “subsurface enamel porosity from carious de-
mineralization” (2), and it can be reversed by the recovery of min-
erals to the lost structure (3). Some methods or materials like the 
application of topical fluoride or CPP-ACP provided aided remin-
eralization (4). Fluoride is a classic anti-caries agent, although it is 
more effective for sound enamel than caries lesions (5) since its 
effectiveness is limited by the availability of calcium and phos-
phate ions (6). CPP, which is the protective factor in milk, was 
obtained by the digestion of casein with trypsin enzyme, using 
the selective precipitation method (7). CPP can stabilize calcium 
phosphate as a CPP-ACP complex (8), and these complexes pro-
mote remineralization by increasing calcium phosphate in the 
dental plaque (9).

More recently, biomimetic remineralization approaches are re-
ceiving increasing attention as a promising anti-caries therapy 
(10). The biomimetic synthesis of materials such as enamel can 
provide a noninvasive alternative treatment for early carious le-
sions. Amelogenin is the most common enamel matrix protein 
that plays a role in the formation and growth of the enamel crystal 
structure (11). Regarding the interaction of amelogenin and calci-
um phosphate, it is believed that amelogenin modulates the cal-
cium phosphate nanocrystalline structure and plays an important 
role in enamel biomineralization (11). Amelogenin, calcium, and 
phosphate ions are important substances for the formation of 
organized hydroxyapatite crystals in vitro (12). Enamel matrix de-
rivatives (EMD) are commercially available derivatives of enamel 
matrix proteins (EMP). EMD includes 90% amelogenin and 10% 
pig enamel matrix protein derivatives, which have been shown to 
promote periodontal ligament cell proliferation and collagen pro-
duction, and also to enhance in vitro mineralization (13).
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In light of these knowledge,the null hypothesis of the present in 
vitro study was that CPP-ACP and EMD would have a positive syn-
ergistic effect on the recovery of the lost structure of the enamel 
surface. This in vitro study aimed to evaluate the remineralization 
potential of CPP-ACP and EMD in initial caries lesions by EDX and 
make comparisons between the groups.

METHODS

Preparation of the Enamel Samples
Fifty impacted human third molar teeth were collected for this 
study, and ethics committee approval was obtained from the 
İnönü University/Turkey Clinical Research Ethics Committee 
(2013/146). The teeth were stored in 4°C deionized water con-
taining 0.2% thymol for at most 30 days. The samples were eval-
uated using a stereomicroscope (Nikon, Tokyo, Japan) at 2× mag-
nification to choose thesound enamel surfaces. The teeth were 
then cut using the IsoMet ™ Low Speed Precision Cutter (Buehler, 
Germany). The enamel surface of the blocks was polished on a 
polishing machine (Ecomet 3, Bueller, IL, USA) and water-cooled 
to obtain a smooth enamel surface. Then, they were covered 
with two coats of acid-resistant nail varnish, except for a 3×3 
mm2 enamel window.

Caries Lesion Formation
Early artificial caries lesions were produced in 50 enamel sam-
ples. The samples were placed in a demineralization solution 
containing 2.2 mM CaCl2, 2.2 mM NaH2PO4, 50 mM acetic acid, 
and 1 M KOH. The pH of the solution was adjusted to 5.0, andthe 
demineralization was performed at 37°C for 96 hours (14).

pH-Cycling Model  
The samples were divided into five groups: (G1) Untreated 
enamel samples (control), (G2) 500 ppm sodium fluoride (NaF, 
Oral-B Stages, Oral-B Laboratories, Netherlands), (G3) CPP-
ACP (Tooth Mousse, containing 10% CPP-ACP; GC Int., Tokyo, 
Japan), (G4) EMD gel (Emdogain, lyophilized protein fractions 
dissolved in acetic acid, Straumann, Biora, Sweden), and (G5) 
CPP-ACP + EMD. pH-cycling was carried out using a reminer-
alization solution (1.5 mM CaCl2, 0.9 mM NaH2 PO4, 150 mM 
KCl, 1 M KOH, and pH 7.0) and demineralization solution (2.2 
mM CaCl2, 2.2 mM NaH2 PO4, 50 mM acetic acid, and 1 M KOH, 
pH 5.0) (15). The experimental design included 2 demineral-
ization/remineralization cycles a day for 10 days: immersion of 
the enamel samples in 10 mL of demineralizing solution, twice 
daily (at 9 AM and 9 PM) for 30 minutes; application of the solu-
tions (described above) for 4 minutes(in group 5;CPP-ACP was 
applied for 4 minutes firstly, washing in distilled water for 10 
seconds, then EMD gel was applied for 4 minutes); washing in 

distilled water for 10 seconds; immersion in 100 mL of the rem-
ineralizing solution (16).

SEM-EDX Analysis
SEM-EDX analysis was performed to determine the mineral con-
tent of the enamel samples after caries lesion formation and 
pH-cycling. Elemental analysis was performed on both halves of 
the exposed enamel surfaces in 20 Kv and fluoride (F) %, calcium 
(Ca) %, and phosphate (P) % values were recorded atomically. 
The Ca/P% ratio was then calculated. Image analysis was also 
performed using an SEM to determine the structure of the initial 
carious lesions and the variations after remineralization.

Statistical Analysis
After demineralization and application of the remineralization 
agents to the demineralized samples, a paired t-test was per-
formed for each group to evaluate the mineral changes in the 
samples. The one-way ANOVA test was conducted to compare 
mineralization differences between the groups after demineral-
ization and remineralization. In addition, the post-hoc Tukey test 
was used to compare the differences between the groups after 
remineralization.

RESULTS
The mean atomic values of the F%, Ca%, and P% values were re-
corded atomically using SEM-EDX, and the Ca/P% ratios of all the 
study groups were statistically compared (Table 1).

The SEM-EDX analysis method was used after applying the de-
mineralization procedure, and it revealed that there was no sta-
tistically significant difference between the groups in terms of 
the mean atomic Ca/P% (p<0.05). After the remineralization, the 
mean atomic Ca/P% ratio in all groups, except for the control 
group, exhibited a statistically significant increase (p<0.05). Ac-
cording to the paired t-test, the highest Ca/P% ratio after treat-
ment was obtained in group 5, whereas the lowest Ca/P% ratio 
was obtained in group 1 (Table 2).

Due to the intergroup comparison of the mean Ca/P% ratios 
after remineralization using the post-hoc Tukey test, the mean 
Ca/P% ratio of group 5 was found to be higher than that of group 
2. However, the difference between these values was not found 
to be statistically significant (p>0.05). The mean Ca/P% ratio ob-
tained from groups 2 and 5 was higher than the mean Ca/P% 
ratio obtained from group 3, and the mean Ca/P% ratio obtained 
from group 3 was higher than that obtained from groups 1 and 
4 (p<0.05). The mean Ca/P% ratio obtained from group 4 was 
higher than that obtained from group 1. However, the difference 
between these values was not found to be statistically significant 
(p>0.05; Table 3).

By evaluating the SEM images according to the treatment 
groups, we observed the enamel surfaces of the groups (Fig-
ure 1). The small particles and cracks found in the control 
groups (a)could be due to the dissolved Ca/P ions from the 
enamel subsurface. Prism structure could be seen in NaF (b) 
and CPP-ACP+EMD (e) with smaller pores and showed a dense 
packed precipitation layer. CaF2 deposition was also observed 

Main Points:

• The combined use of CPP-ACP and EMD increased Ca/P% 
ratio at the enamel surface.

• CPP-ACP showed close efficacy to the fluoride in enamel 
remineralization.

• The use of EMD alone was not sufficient to reverse the min-
eral loss from the enamel.
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Table 2. Comparison of the mean atomic values of the Ca/P% ratiosin the demineralization and remineralization periods

GROUPS

G1 n=10 G2 n=10 G3 n=10 G4 n=10 G5 n=10 OWA P

Demineralization 1.77±0.10 1.75±0.09 1.72±0.08 1.70±0.10 1.73±0.09 0.90 0.46

Remineralization 1.79±0.08 2.18±0.06 2.07±0.12 1,86±0,09 2.21±0.11 37.86*

Difference +0.01±0.14 +0.42±0.12 +0.35±0.16 +0,15±0,14 +0.47±0.14

PTT (P) 0.801 0.0001* 0.0001* 0.007* 0.0001*

Group 1: Control, Group 2: NaF, Group 3: CPP-ACP, Group 4: EMD, Group 5: CPP-ACP+EMD.
OWA: One-way Anova, PTT: Paired T-Test,
*: statistically significant difference (p<0.05)

Table 1. Comparison of the mean atomic values of the F%, Ca%, P%, and Ca/P% ratiosin the demineralization and remineralization periods

Groups

Elements % G1 G2 G3 G4 G5 OWA P

F Demineralization 13,44±1,29 13.44±0.84 13.57±1.05 13.45±1.06 13.59±0.84 0.054 0.99

Remineralization 13,61±1,32 17.10±0.48 12.60±1.19 15.25±0.78 15.21±1.10 37.862*

Ca Demineralization 15,53±1,79 15.03±1.73 14.37±0.94 14.23±0.89 14.06±1.46 1.887 0.12

Remineralization 15,43±0,83 17.81±0.29 20.81±1.37 15.59±1.11 18.29±1.26 44.22*

P Demineralization 8,74±0,81 8.56±0.85 8.34±0.30 8.38±0.73 8.09±0.56 1.305 0.28

Remineralization 8,63±0,61 8.15±0.23 10.03±0.94 8.40±0.72 8.29±0.77 11.923*

Ca/P Demineralization 1,77±0,10 1.75±0.09 1.72±0.08 1.70±0.10 1.73±0.09 0.90 0.46

Remineralization 1,79±0,08 2.18±0.06 2.07±0.12 1.86±0.09 2.21±0.11 37.86*

Group 1: Control, Group 2: NaF, Group 3: CPP-ACP, Group 4: EMD, Group 5: CPP-ACP+EMD.
OWA: One-way Anova,
*: statistically significant difference (p<0.05)

Table 3. Comparison of the mean atomic values of the Ca/P% ratios between the groups after remineralization

Group Group PHT(P) Group Group PHT(P) Group Group PHT(P)

G1 G3 0.0001* G2 G3 0.014* G3 G4 0.0001*

G4 0.118 G4 0.0001* G5 0.003*

G5 0.0001* G5 0.556 G2 0.014*

G2 0.0001* G1 0,0001* G1 0.0001*

Group Group PHT(P) Group Group PHT(P)

G4 G3 0.0001* G5 G3 0.003*

G5 0.0001* G4 0.0001*

G2 0.0001* G2 0.556

G1 0.118 G1 0.0001*

Group 1: Control, Group 2: NaF, Group 3: CPP-ACP, Group 4: EMD, Group 5: CPP-ACP+EMD
PHT: Post Hoc Tukey,
*: statistically significant difference (p<0.05)
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in the NaF (b) group, but CPP-ACP+EMD (e) seemed to have a 
less porous structure than the NaF (b) group. In the CPP-ACP 
groups (c) and EMD (d), patch-like structures were clearly seen 
while some enlarged pores were also observed (Figure 1a-e).

DISCUSSION
This study evaluated the effectiveness of using EMD combined 
with CPP-ACP on the remineralization of initial caries lesions, an-
dit was found that using the two materials in combination may 

a

c

e

b

d

Figure 1. a-e. Scanning Electron Microscope (SEM) images (× 3.00 k). a) G1: Control b) G2: NaF c) G3: CPP-ACP d) G4: EMD, and e) 
G5: CPP-ACP+EMD
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have a synergistic effect on biomimetic remineralization. These 
materials may be proposed as a new treatment alternative fo-
rinitial caries lesions. However, there is need for further research 
to clarify this.

The progression of caries or enabling of remineralization de-
pends on the balance between pathological (demineralization) 
and protective factors (improving remineralization and decreas-
ing bacteria formation) (17). Among the protective factors, flu-
oride is the most commonly known agent that supports remin-
eralization. Sodium fluoride (NaF), which has a very high water 
solubility, is the simplest fluoride compound that can be used 
(18). When toothpaste containing fluoride with an ionic bond 
(NaF) is used, a CaF2 layer accumulates on the dental hard tis-
sue while teeth are being brushed. This reserve is used over time, 
and fluoride concentrations rise in the enamel and saliva (19). A 
toothpaste containing 500 ppm NaF was used with the positive 
control group in this study. Controlling the decay process with 
the fluoride treatment may not be sufficient in individuals who 
are at a higher risk of caries. Therefore, new anti-caries agents 
and delivery systems have recently been developed.

EMD is a purified acidic extract of EMP that is secreted from Her-
twing’s epithelial root sheath in the development of the swine 
teeth at the embryonic stage (20). EMP that mainly consists of 
amelogenin, has a hydrophobic structure (21). EMD consist of 
90% amelogenin and 10% proline-rich non-amelogenin, tuftelin, 
tuft protein, serum, ameloblastin, amelin, and saliva proteins 
(22). EMD regulates enamel biomineralization by inducing and 
guiding crystal formation, supporting crystal growth, protecting 
the mineral phase, combining mineral ions, and regulating the 
growth rate (23).

Wang et al. (24) obtained many new hydroxyapatite crystals us-
ing EMP and showed that it plays an important role in hydroxy-
apatite crystals formation and growth. It was therefore demon-
strated that EMP induces enamel remineralization. Chen et al. 
(25) used EMP to obtain hydroxyapatite nanorods, and thus sim-
ulated the enamel mineralization process. These rods were simi-
lar to mature enamel not only in terms of their chemical compo-
sition, but also in terms of their size. Xiang et al. (26) investigated 
the remineralization effect of EMDs on initial enamel carious 
lesions. According to the results of this study, it was found that 
EMD plays an essential role in promoting the remineralization of 
initial carious lesions. However, the complete remineralization of 
such lesions could not be achieved. Considering the findings in 
these studies, our study aimed to enhance the understanding of 
the remineralization activity of EMD. Therefore, we used casein 
phosphopeptide amorphous calcium phosphate, which is a rem-
ineralization agent containing Ca and P.

We also used an SEM in this study to determine the structure of 
the initial carious lesion on the enamel and the changes that oc-
curred after the treatment. Moreover, the changes created by the 
administered treatment agents at the mineral level in the enamel 
samples were evaluated using a microanalytical technique with 
EDX. SEM is a well-defined technique being used in almost every 
field of modern medicine, and it is generally used as a supportive 

technique in various studies. Energy dispersive X-ray spectros-
copy (EDS, EDX, or XEDS) is an analytical technique that can be 
used in combination with SEM for the chemical characterization 
or elemental analysis of samples (27).

It has been reported in the literature that CPP-ACP remineraliza-
tion pastes increase the Ca/P% ratio on demineralized enamel 
surfaces, and thus have the potential ofrecovering minerals to 
dental hard tissues (28, 29). Recently, biomineralization of the 
enamel with a regrown enamel-like mineral layer has been con-
sidered in the treatment of initial caries lesions. Self‐assembling 
peptide (30), amelogenin (31), or EMD (26, 32) can be used for 
this purpose. In our study, SEM-EDX measurements showed 
that all the groups except the control group exhibited reminer-
alization. It was found that EMD could play an essential role in 
promoting the remineralization of the initial carious lesions, and-
previous studies also support this finding (23, 26, 32). However, 
when used alone, it could not provide complete remineralization 
of such lesions. CPP-ACP administration provided an effective 
remineralization of the enamel and therefore, CPP-ACP agent can 
be an alternative to fluoride in enamel remineralization. The fact 
that the Ca/P% ratio was higher in the group that received the 
combination of Emdogain and CPP-ACP compared to the groups 
that received these materials separately supports the opinion 
that EMD is an important promoter of enamel bio-remineraliza-
tion and a modulator of calcium phosphate nanocrystal struc-
tures (11). Furthermore, the highest Ca/P% ratio was obtained 
from the group that received the combination of Emdogain and 
CPP-ACP. SEM images also supported the data obtained in our 
study using the EDX microanalytical method.

CONCLUSION
In this study, we found that using a combination of CPP-ACP and 
EMD could enhance the remineralization activity of each other. 
However, further studies are required to evaluate the profit-loss 
relationship and the remineralization activity in terms of the 
cost, in order to create a standard procedure with regard to the 
frequency of application, and to evaluate the possible effects on 
oral-dental and general health in the case of combined CPP-ACP 
and EMD use.
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Serum Adropin Level in Patients with Isolated 
Coronary Artery Ectasia
Mehmet Küçükosmanoğlu , Mehmet Kaplan , Fethi Yavuz 
University of Health Sciences, Adana Health Practice and Research Center, Adana, Turkey

ABSTRACT
Objective: Isolated coronary artery ectasia (iCAE) is characterized by localized or diffuse dilatation of the coronary arteries, and the 
exact mechanism underlying iCAE is unclear. However, endothelial dysfunction is related to iCAE. Adropin has a regulatory effect 
in the coronary artery endothelium. This study aimed to determine the relationship of adropin level to iCAE.
Methods: Fifty patients with iCAE and 32 age- and sex-matched control subjects with normal coronary angiography (CAG) find-
ings were selected from 4546 patients who underwent CAG between July 2019 and October 2019. Blood sample for adropin 
analysis were collected just before CAG.
Results: No significant difference was found between groups in terms of baseline characteristics and laboratory parameters. The 
mean adropin level in patients with iCAE was significantly lower than that in control subjects (0.33±0.35 vs. 0.55±0.35 ng/mL, 
p<0.001). In receiver operating characteristic analysis, the cut-off value of adropin ≤0.341 had 76.0% sensitivity and 84.37% speci-
ficity for predicting iCAE (area under the curve: 0.839, p<0.001). Multivariate analysis included age, left ventricular ejection fraction, 
and adropin level, which showed that adropin (per 1 ng/dL decrease) (odds ratio: 0.973 [0.956–0.990]; p=0.002) was independently 
associated with iCAE.
Conclusion: The present study showed that adropin level is significantly lower in patients with iCAE patients and is independently 
associated with iCAE.
Keywords: Adropin, coronary ectasia, endothelial dysfunction
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INTRODUCTION
Coronary artery ectasia (CAE) is characterized by localized or 
diffuse dilatation of the coronary arteries. CAE is determined 
as the ratio of dilated segment of the coronary artery to the ad-
jacent normal segment of >1.5 (1). The prevalence of CAE was 
1.2%– 4.9% in different studies (1-3). The exact mechanism un-
derlying CAE is unclear. However, atherosclerosis, inflammation, 
and endothelial dysfunction have been suggested to be possible 
mechanisms (2,3). The possible mechanism in almost half of pa-
tients with CAE is atherosclerosis. However, in a small number of 
patients, CAE occurs without significant atherosclerosis, which is 
called isolated CAE (iCAE). The prevalence of iCAE is 0.1%–0.79% 
in studies (1-3). The endothelium plays an important role in the 
maintenance of vascular homeostasis, and dysfunction of the 
endothelium is related to CAE (4, 5).

Adropin is a protein that participates in the maintenance of en-
ergy homeostasis and insulin response. Moreover, adropin has 
vascular effect by increasing the eNOS protein levels and mRNA 
expression in the coronary artery endothelium (6). Hence, adro-
pin has a regulating effect in the coronary artery endothelium. 
We aimed to determine the relationship of adropin level to CAE.

METHODS

Patients
Between July 2019 and October 2019, all consecutive patients 
(n=4546) underwent elective coronary artery angiography 
(CAG) for angina pectoris, or significant myocardial ischemia 
was evaluated using non-invasive stress test in our center. Of 
those, 132 (2.9%) patients were diagnosed with CAE. Patients 
with acute coronary syndrome, atherosclerotic stenosis in 
the coronary arteries, left ventricular ejection fraction (LVEF) 
<40%, acute heart failure, severe valvular disease or signif-
icant left ventricular hypertrophy (septal thickness> 15 mm) 
in echocardiography, previously known inflammatory/auto-
immune disorders, malignancy, and chronic infection were 
excluded from the study. After exclusion criteria, 50 (37.8%) 
patients with iCAE were included. The control subjects were 32 
age- and sex-matched healthy subjects with normal coronary 
arteries. Detailed medical characteristics of patients and con-
trol subjects were recorded after CAG. All participants signed 
informed consent forms before study inclusion. The local ethic 
committee of Adana Health Practice and Research Center ap-
proved this research (2019-518).
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Hypertension (HT) was defined as systolic blood pressure (BP) 
≥140 mmHg (≥130 mmHg for diabetes mellitus [DM]) and/or 
diastolic BP ≥90 mmHg (≥80 mmHg for DM), and use of antihy-
pertensive drugs.

Type 2 DM was defined as use of anti-diabetic medications or 
fasting blood glucose of ≥126 mg/dL. Hyperlipidemia was de-
fined as total cholesterol level ≥200 mg/dL and/or use of lip-
id-lowering medications. Family history was defined as history of 
coronary artery disease or sudden cardiac death in any first-de-
gree relative (male <55 years or female <65 years).

Angiographic Analysis
Routine coronary angiography was performed for all patients, 
and all images were recorded with coronary angiography dig-
itized system (Siemens, Munchen, Germany). All CAG images 
were recorded and analyzed by two experienced interventional 
cardiologists blinded to the patient’s clinical status. CAE was de-
termined as exceeding coronary artery dilatation 1.5-fold than 
the normal segment of the coronary artery.

Blood Sample Collection and Analyses
Venous blood specimens were collected in citrate tubes for adro-
pin analysis just before the CAG procedure. The specimens were 
centrifuged for 30 min at 4000 cycles. Plasma was placed in an 
Eppendorf tube and kept at −80°C until the assay was performed. 
Frozen serum was thawed slowly for 24 h, and the adropin levels 
were measured after the samples reached room temperature. 
Serum adropin levels were analyzed using a commercially avail-
able enzyme-linked immunosorbent assay kit (Cusabio Biotech 
Co., Wuhan, China).

Statistical Analyses
Continuous variables with normal distribution were described as 
mean (±SD). Variables with normal and not normal distribution 
were compared using Student t-test and Mann Whitney U-test, re-
spectively. Categorical variables are presented as numbers and per-
centages and compared using the chi-squared or Fisher exact test. 
The receiver operating characteristics (ROC) was used to determine 
the sensitivity and specificity of adropin cut-off values for iCAE.

Binary logistics regression analysis was performed to determine 
the variable associated with iCAE, Statistical Package for the So-
cial Sciences (SPSS 20.0) for Windows (IBM SPSS Corp.; Armonk, 
NY, USA) was used for statistical analysis, and p<0.05 was consid-
ered statistically significant.

RESULTS
The study included 50 patients (58.7±11.2 years, 32.0%, n=16 wom-
en) and 32 (55.6±8.2 years, 43.8%, n=14 women) control subjects.

Baseline medical and demographic characteristics of the patients 
and control subjects are summarized in Table 1. Demographic 
and medical characteristics of study groups were similar. The 
laboratory parameters of the groups are summarized in Table 2.

No significant difference was found between the groups in terms 
of total cholesterol, low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol, triglyceride, hemoglo-
bin, fasting blood glucose, C-reactive protein, and troponin level. 
Compared with the control subjects, the mean adropin level was 
significantly lower in iCAE (0.55±0.35 ng/mL vs. 0.33±0.35, p<0.001) 
(Figure 1). The correlation between adropin level and demographic 
and laboratory parameters are shown in Table 3. A statistically sig-
nificant but weak correlation was found between adropin level and 
mean platelet volume and LVEF. In the ROC analysis, a cut-off value 

Main Points:

• The exact mechanism underlying isolated coronary artery 
ectasia is unclear. In present study we showed that Adropin, 
which has a regulatory effect in the coronary artery endo-
thelium, level is significantly lower in patients with isolated 
coronary artery ectasia. 

Table 1. Baseline characteristics of the study population

Variables
iCAE (+) 
(n=50)

Control  
(n=32) p

Age, years 58.7±11.2 55.6±8.2 0.183

BMI (kg/m2) 24.8±5.7 25.8±6.6 0.515

Female, % (n) 32.0 (16) 43.8 (14) 0.281

Diabetes mellitus, % (n) 38.0 (19) 34.4 (11) 0.740

Hypertension, % (n) 62.0 (31) 59.4 (19) 0.812

Smoker, % (n) 46.0 (23) 43.6 (14) 0.842

Family history of coronary 
artery disease, % (n)

10.0 (5) 12.5 (4) 0.724

Systolic blood pressure 
(mmHg)

122±19 116±14 0.166

Diastolic blood pressure 
(mmHg)

76±10 73±13 0.259

LVEF, % 56.1±3.9 54.7±7.6 0.241

Figure 1. Comparison of adropin level of study groups
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of adropin ≤0.341 had 76.0% sensitivity and 84.37% specificity for 
predicting iCAE (area under the curve, 0.839; 95% confidence inter-
val [CI], 0.743–0.935; p<0.001] (Figure 2). Univariate and multivariate 
logistic regression analyses were performed to determine the risk 
factors of iCAE, and the results are summarized in Table 4. Univariate 
analysis showed that LVEF (OR, 1.192; 95% CI, 1.053–1.349; p=0.005) 
and adropin (OR, 0.976; 95% CI, 0.962–0.990; p<0.001) were pre-
dictors of iCAE. The multivariate analysis included age, LVEF, and 
adropin and showed that adropin (per 1 ng/mL decrease) (OR, 0.973 
[0.956–0.990]; p=0.002) was independently associated with iCAE.

DISCUSSION 
In our study, plasma adropin level was significantly decreased in 
patients with iCAE compared with the healthy control subjects. 
Decreased serum adropin level was also independently associat-
ed with iCAE.

Figure 2. Receiver operating characteristic analysis of adropin level
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Table 2. Comparison of laboratory parameters of the study groups

Parameters
iCAE (+) 
(n=50)

Control  
(n=32) p

Hemoglobin, g/dL 13.7±1.8 13.2±1.5 0.192

Hematocrit, % 40.2±5.1 39.4±4.1 0.406

White blood cell count, ×10³/
mL

8.3±2.2 8.4±2.4 0.960

Platelet count, ×10³/mL 259±70 269±50 0.514

Lymphocyte count, ×10³/mL 2.7±1.2 2.6±0.9 0.752

Neutrophil count, ×10³/mL 4.6±1.5 4.7±1.5 0.667

Monocyte count, ×10³/mL 0.7±0.2 0.7±0.1 0.991

Mean platelet volume, fL 8.59±0.9 8.84±1.02 0.235

Neutrophil/lymphocyte ratio 1.95±1.01 1.87±0.5 0.725

Glucose (mg/dL) 121±40 134±46 0.184

Creatinine (mg/dL) 0.81±0.16 0.78±0.15 0.421

C-reactive protein (mg/L) 2.83±2.9 2.1±1.7 0.235

CK-MB (ng/mL) 1.44±1.1 1.36±0.98 0.727

Troponin (ng/mL) 7.1±3.3 5.7±2.2 0.378

Total cholesterol (mg/dL) 209±47.8 212±34 0.744

HDL-cholesterol (mg/dL) 43±9.7 45±8.3 0.396

LDL-cholesterol (mg/dL) 141±43 147±26 0.546

Triglyceride (mg/dL) 190±94 184±97 0.780

Adropin (ng/mL) 0.33±0.35 0.55±0.35 <0.001

Table 3. Correlation between serum adropin level and baseline 
characteristics and laboratory parameters of patients

Variable

Adropin level

r p

Age −0.167 0.133

BMI −0.122 0.901

Female −0.10 0.376

Diabetes mellitus 0.041 0.713

Hypertension −0.03 0.817

Smoker −0.12 0.282

Family history of coronary artery disease 0.016 0.883

Systolic blood pressure (mmHg) 0.02 0.862

Diastolic blood pressure (mmHg) 0.104 0.354

LVEF −0.343 0.002

Hemoglobin −0.134 0.231

Platelet count 0.098 0.383

Lymphocyte count −0.058 0.605

Neutrophil/lymphocyte ratio −0.081 0.470

Mean platelet volume 0.219 0.048

Glucose 0.071 0.526

Creatinine −0.118 0.292

C-reactive protein −0.090 0.424

Troponin 0.090 0.422

Total cholesterol −0.063 0.571

HDL-cholesterol 0.040 0.723

LDL-cholesterol 0.044 0.692

Triglyceride −0.066 0.554
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CAE is characterized by localized or diffuse dilatation of the cor-
onary arteries with 1.2%–4.9% prevalence in different CAG stud-
ies. Although the exact mechanism underlying of CAE remain 
unclear, different mechanisms have been suggested.

CEA is considered a variant of atherosclerosis, mainly due to an 
extensive exaggerated positive remodeling of the coronary ar-
tery (7). The most probable mechanism for this inappropriate 
remodeling is the thinning of the tunica media associated with 
enzymatic degradation of the extracellular matrix and chronic 
inflammation (8, 9).

Markis et al. (10) suggested that CAE is caused by tunica media 
damage. Another potential causative mechanism is chronic over-
stimulation of the endothelium by nitric oxide (NO). Although 
nearly half of patients with CAE have atherosclerosis as the un-
derlying disease, in the other half, CAE develops without athero-
sclerosis and is defined as iCAE (11, 12). The most important un-
derlying cause of patients with iCAE is chronic inflammation and 
endothelial dysfunction as mentioned above. Several studies have 
previously shown a relationship between inflammation markers, 
such as plasma interleukin-6, plasma soluble adhesion molecules 
(ICAM-I, VCAM-I, and E-selectin), and C-reactive protein, and iCAE 
development (12-15). In addition, Kocaman et al. (16) showed that 
monocyte, leukocyte, and neutrophil levels in patients with iCAE 
were significantly higher than those in normal controls. Doğduş 
et al. (11) have recently determined that the increase may have 
occurred in the early pathogenesis of iCEA. The vascular endothe-
lium has many different mechanisms to maintain normal vascular 
physiology. NO is a potent endogenous vasodilator and has an 
important role in flow-mediated vasodilation (17-20). NO also sup-
presses vascular smooth muscle proliferation and inhibits platelet 
adhesion to the endothelium (18, 19). Inflammatory cell-mediated 
NO production results in high NO levels, and toxin production de-
grades elastin and disrupts the extracellular matrix. Decreased NO 
level in the vascular endothelium is related to vasoconstriction, 
ischemia, and atherosclerosis. In addition, Gurlek et al. (21) have 

shown that the NO level in patients with CAE patients was signifi-
cantly lower than that in normal subjects.

Adropin is a recently identified protein encoded by energy ho-
meostasis-associated gene (Enho) and mainly expressed in the 
heart, brain, liver, and coronary endothelial cells (22). Adrop-
in is involved in regulating lipid metabolism, improving insu-
lin resistance, protecting vascular endothelial cells, and has 
anti-inflammatory effects. The positive effects of adropin can 
be achieved by increasing endothelial NO synthase expres-
sion. Studies have shown that decreased serum adropin level 
is associated with endothelial dysfunction (20, 23). Moreover, 
Decreased adropin levels may play a role in the cause and pro-
gression of atherosclerosis by weakening the protective effect 
of the endothelium (6, 23-25). Yu et al. (26) showed that serum 
adropin levels in patients with acute coronary artery disease 
were significantly lower than those in healthy controls. Similar-
ly, Demircelik et al. (27) showed that the adropin level in pa-
tients with occluded saphenous vein graft is lower than that in 
those with potent saphenous graft. In summary, adropin is as-
sociated with vascular endothelial function, inflammation, and 
atherosclerosis. Similarly, iCAE is associated with endothelial 
dysfunction and inflammation. Because adropin and iCAE share 
similar pathogenic mechanisms, we hypothesized that adropin 
level and iCAE may be associated. Our results supported our 
hypothesis and showed that adropin level in iCAE patients is 
lower than that in normal control subjects. Moreover, adropin 
is an independent predictor for iCAE.

Our study has many limitations. First, the study primarily has a 
cross-sectional design and relatively small population and is sin-
gle center. Thus, the molecular mechanism underlying the rela-
tionship between adropin and iCAE could not be clarified. Sec-
ond, the correlation between adropin and other inflammatory 
markers, such as P-selectin and interleukin-6, was not evaluated. 
Third, because of the lack of follow-up, the effect of adropin in 
the clinical outcomes was not evaluated in patients with iCAE.

Table 4. Logistic regression analysis of possible predictors for isolated coronary artery ectasia

Analysis Univariate Multivariate

Variables p OR (95% CI) p OR (95% CI)

Age 0.183 1.031 (0.986–1.078)

Female 0.283 1.653 (0.661–4.135)

Body mass index (per 1 kg/m2 decrease) 0.496 0.975 (0.905–1.050)

LVEF (per 1% decrease) 0.005 1.192 (1.053–1.349)

Mean platelet volume 0.234 0.747 (0.463–1.207)

Glucose 0.186 0.993 (0.983–1.003)

Systolic blood pressure 0.168 1.020 (0.992–1.048)

Hemoglobin 0.193 1.193 (0.915–1.557)

C-reactive protein 0.248 1.147 (0.909–1.446)

Adropin (per 1-ng/dL decrease) <0.001 0.976 (0.962–0.990) 0.002 0.973 (0.956–0.990)
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CONCLUSION
Our study showed that adropin level is significantly lower in pa-
tients with iCAE, and adropin is independently associated with 
iCAE.
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ABSTRACT
Objective: The objective of this study is to determine the effect of epinephrine administration on the return of spontaneous circu-
lation (ROSC) and one-month mortality in patients with cardiopulmonary arrest.
Methods: We conducted this study between August 1, 2016 and May 31, 2017. Importantly, we included the witnessed cases (≥18 
years) of in-emergency department cardiopulmonary arrest (IEDCA) and out-of-hospital cardiopulmonary arrest (OHCA) in the 
study. We divided the patients into two groups: the adrenaline group (Group 1) and the non-adrenaline group (Group 2). Thereaf-
ter, we investigated ROSC and one-month mortality in them.
Results: We included 183 patients (50.3% of males and 49.7% of females with a mean age of 64.2±16.8 years) in the study. The 
percentages of IEDCA and OHCA cases were 25.1% and 74.9%, respectively. Epinephrine was administered to 100 (54.6%) patients 
(Group 1). Among these patients, 15.9% (n=29) of the patients had shockable rhythms (ventricular fibrillation, pulseless ventricular 
tachycardia) and 84.1% (n=154) of them had non-shockable rhythms (asystole, pulseless electrical activity) as the initial rhythm. 
ROSC and one-month mortality rate of these patients were 24% (n=44) and 72.8% (n=36), respectively. The one-month mortality 
rates of Group 1 (30% of patients had IEDCA and 70% of patients had OHCA) and Group 2 were 43.8% and 56.2%, respectively 
(p=0.0231). The ROSC and one-month mortality rates of Group 1 and Group 2 cases, whose initial rhythm was a shockable rhythm, 
were 26.6% and 50% vs. 42.8% and 66.6%, respectively.
Conclusion: In this study, we found no significant difference in terms of obtaining ROSC between the shockable rhythm and ROSC 
in the IEDCA and OHCA cases (p=0.963 and p=0.141, respectively). The effect of epinephrine administration on patients with IED-
CA and OHCA whose ROSC was obtained on one-month mortality was not statistically significant (p>0.05).
Keywords: Cardiac arrest, cardiopulmonary resuscitation, epinephrine, in-emergency department, out-of-hospital
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INTRODUCTION
In 2017, the USA’s Cardiac Arrest Register to Enhance Surviv-
al reported 76,215 out-of-hospital cardiac arrest (OHCA) cases. 
Most of these cases were either unwitnessed cases (51.1%) or 

cases whose rhythms were non-shockable rhythm (81.6%) (1). 

The mortality rate for OHCA cases is approximately 90%, and 

they mostly occur at home (68.5%), public areas (21%), and care 

homes (10.5%) (2). Although the incidence and survival rates for 
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in-emergency department cardiopulmonary arrest (IEDCA) cases 
are not clear, like OHCA, it occurs in every 1–6 of 1,000 hospital-
ized patients whose non-shockable rhythm ratio is high (72.3%), 
and the discharge rate stands at approximately 15% (3, 4).

The literature shows that the incidence and mortality rate for 
non-shockable rhythms are higher. In many studies, aside from 
cardiopulmonary resuscitation (CPR), drugs such as bicarbonate, 
atropine, calcium chloride, vasopressin, and epinephrine have 
been used to contribute toward survival. However, no promising 
results have been achieved, with most of these drugs remaining 
at the level of 2B recommendation (5, 6). Numerous studies have 
shown that epinephrine increases the likelihood of coronary ar-
tery perfusion and the return of spontaneous circulation (ROSC) 
in patients with cardiopulmonary arrest (CPA). Additionally, epi-
nephrine reduces hospital discharge and neurological survival 
rates. Its effects on brain perfusion are still debatable (5-7). 

The effect of epinephrine on ROSC is undeniable; however, the 
risk/benefit profile of this drug is still a controversial issue due to 
the fact that most of the cases that are followed up after having 
an arrest in the intensive care units are linked with a high or mor-
tality rate or are discharged with sequela. Considering the long-
term hospitalization of patients in intensive care after ROSC, the 
expectations of their relatives, the costs, the need to investigate 
whether epinephrine actually provides benefits or causes harm 
are increased. To clarify the uncertainty associated with the use 
of epinephrine during CPR, this study intends to investigate the 
effects of this drug on ROSC and one-month mortality rates by 
comparing epinephrine with placebo in the witnessed OHCA 
and IEDCA cases.

METHODS
We prospectively conducted this study between August 1, 2016 
and May 31, 2017. Importantly, we obtained the Ethics commit-
tee approval from Gaziantep University (Date: July 25, 2016 and 
Decision no: 2016–217). The informed consent was postponed 
until the resolution of patients’ emergency condition, after which 
consent was obtained from the patients’ legal representatives. 
We included a total of 183 cases (137 OHCA and 46 IEDCA cases) 
occurring during the shifts of 12 emergency medicine specialists 
from four hospitals (three from each hospital) and four medical 
emergency teams in the study. The first CPR on OHCA cases was 
performed by at least two paramedics working for Turkish emer-
gency medical health services. Ongoing CPR for patients upon 
arrival and CPR for all the cases experiencing a cardiac arrest 

in the emergency departments were managed by emergency 
medical specialists.

Inclusion Criteria:
- Patients who were witnessed cases of OHCA and IEDCA 

and underwent CPR in the emergency departments of the 
abovementioned four hospitals.

- Only patients with CPA in the emergency departments 
were included in the study.

Exclusion Criteria:
- ≥18 years old 
- Cardiac arrest during pregnancy
- Arrest due to anaphylaxis
- Asthma-induced arrest
- Patients ≥85 years in the terminal period who had an arrest
- For OHCA, cases wherein ≥30 minutes had elapsed be-

tween the occurrence of the incident and arrival of the 
paramedics at the scene were excluded from the study, in 
addition to unwitnessed cases.

Structure:
The patients were divided into two groups: patients admin-
istered with epinephrine (Group 1) and patients without epi-
nephrine administration (Group 2). Each group was then con-
sequently divided into subgroups, namely patients who were in 
the emergency department and patients who were out of the 
hospital at the time of arrest.

Medicine Preparation and Administration Techniques:
We informed the individuals who were performing CPR about 
the study beforehand. We asked them to administer medication 
every three minutes for each case on an average and continue 
CPR for a minimum of 45 minutes for patients for whom no ROSC 
could be achieved. No limitation was imposed on the dose of 
epinephrine to be administered. The persons who had not pre-
viously performed CPR in the hospital or emergency ambulance 
(nurses or paramedics) were given separate training in advance 
and were described as third parties. The study coordinators put 
in black, non-transparent plastic bags with epinephrine (1 mg of 
epinephrine and 9 cc of normal saline) and without epinephrine 
(10 cc of saline only) into the boxes along with an equal number 
of normal saline and delivered them to the third parties. When 
CPR performers asked for epinephrine, the third parties took 
the bags out of the boxes at random and administered it to the 
patients through intravenous push over 5 seconds. Those who 
performed CPR were unaware as to whether epinephrine was 
present in the syringes prepared for the patients. The third par-
ties recorded the contents of the bags taken out of the boxes in 
the previously prepared forms and delivered them to the study 
coordinators on a weekly basis.

Parameters considered for the study:
- ROSC
- One-month mortality rate
- Where the arrest occurred, that is OHCA or IEDCA?
- Start time of epinephrine and administered doses
- The first detected rhythm (whether shockable or not)184
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Main Points:

• Administration of epinephrine to patients with shockable 
rhythm decreased the ROSC ratio.

• Administration of epinephrine to patients with non-shock-
able rhythm increased the chances of ROSC.

• One-month mortality was higher in patients with 
non-shockable rhythm who were administered with epi-
nephrine.

• Epinephrine administration had no significant effect on ei-
ther ROSC or one-month mortality in the OHCA and IEDCA.



- Start time of chest compression
- The presence of chronic diseases and risk factors
- Lactate, pH, and pCO2 concurrently checked with CPR
- Activation time
- Arrival time of emergency medical intervention teams
- Whether endotracheal intubation (ETI) was performed for 

brought-in patients

Statistical Analysis 
We tested the normality of the distribution of numerical data 
using the Shapiro–Wilk test. We employed the Student T-test 
for the comparison of variants that complied with normal dis-
tribution. We used the Mann–Whitney U test to compare the 
variables that did not have a normal distribution in the two 
groups. We used the Chi-Square test to determine the relation-
ship between categorical variables and used SPSS 22.0 package 
software for the analyses (IBM SPSS Corp.; Armonk, NY, USA). A 
p value <0.05 was accepted as statistically significant for this 
study.

RESULTS
We prospectively conducted this study between August 1, 2016 
and May 31, 2017. We included 183 patients with CPA (92 males 
[50.3%] and 91 females [49.7%]) in the study. The mean age of fe-
male patients having arrests (66.69±17.61 years) was higher than 
male patients (59.58±16.58 years; p=0.005). The mean age of all 
the patients was 64.2 years (±16.8) (age range: 19–99 years). In 
total, 46 (25.1%) of the cases were IEDCA and 137 (74.9%) were 
OHCA. The initial CPR of the three out-of-hospital arrest cases 
was performed by the relatives of the patients within the speci-
fied period of time, whereas the initial CPR of the 134 arrest cases 
was performed by at least two paramedics working for the emer-
gency ambulance services.

Chronic diseases identified in the medical history of patients 
with CPA were as follows: diabetes mellitus (DM) (24%, n=44), 
coronary artery disease (CAD) (21.2%, n=39), hypertension (HT) 
(16.9%, n=31), chronic obstructive pulmonary disease (6.6%, 
n=12), obstructive sleep apnea syndrome (3.3%, n=6), cerebro-
vascular disease (6.6%, n=12), chronic heart failure (9.8%, n=18), 
and chronic renal failure (3.3%, n=6).

The mean values of arterial blood gas results taken within five 
minutes of the arrival of patients at the hospital were as fol-
lows: pH: 7.03 (±0.17), lactate: 11.2 (±4.7) mg/dL, and PCO2: 
57.6 (±17.65) mm/Hg. ETI was performed on all the IEHCA cases 
(n=46) during resuscitation. When admitted to the emergen-
cy department, 91 of the OHCA cases (66.4%) received ETI, 38 
(27.7%) received a bag valve mask, and 6 (4.4%) received a la-
ryngeal mask airway as respiratory support. Meanwhile, two pa-
tients (1.7%) received esophageal intubation.

According to the first rhythms detected inside and outside of the 
hospital, we divided the cases of arrest into two groups: shock-
able (ventricular fibrillation, pulseless ventricular tachycardia) 
and non-shockable (pulseless electrical activity [NEA], asystole) 
rhythms. In both groups, the rate of non-shockable rhythm was 
higher (76% vs. 24% and 87% vs. 13%; respectively).

In total, 54.6% (n=100) of patients with CPA were randomly ad-
ministered epinephrine (Group 1), whereas 45.4% (n=83) of the 
patients were not administered with epinephrine (Group 2). In 
the IEDCA cases, chest compression was started in the first min-
ute of arrest. The mean initial chest compression and breathing 
times for OHCA cases were 8.9±4.4 and 9.2±4.4 minutes, respec-
tively. The first ROSC time was 31.8±18.1 minutes for all the pa-
tients on an average. ROSC was obtained in 44 patients (24%) 
during CPR. Of the patients for whom ROSC was obtained, 24 
(54.5%) were in Group 1 and 20 (45.5%) were in Group 2. The 
one-month mortality rate was 72.8% (n=36) in the patients for 
whom ROSC was obtained. Although the ROSC ratio was higher 
in male patients (28.3%) than female patients (19.8%), this dif-
ference was not statistically significant (p=0.180). One-month 
mortality was higher among the female patients, but it was not 
statistically significant (p=0.054).

The mean time interval between reporting of an arrest case 
in Group 1 and epinephrine administration at the scene was 
16.33±9.87 minutes, and the mean administered dose of epi-
nephrine was 6.2±5.7 mg. The mean dose of epinephrine (n=4 
mg) for patients for whom ROSC was obtained was less than the 
average dose of epinephrine (n=7 mg) administered to the pa-
tients for whom no ROSC could be obtained. However, the differ-
ence was not statistically significant (p=0.140).

The start times of chest compressions in Groups 1 and 2 were 
7±3.6 and 6.8±6.4 minutes, respectively. Although the initial ad-
ministration of epinephrine delayed the start of chest compres-
sion, it was not statistically significant (p=0.828).

ROSC was obtained for 44 (24%) patients in both the groups, and 
the initial rhythm of 10 (34.4%) of these patients was found to 
be shockable. We found that although the administration of epi-
nephrine in the patients with shockable rhythm decreased the 
ROSC ratio (26.6% vs. 42.8%), the administration of epinephrine 
in patients with non-shockable rhythm increased the chance of 
ROSC (23.5% vs. 20.2%), but that this ratio was not statistically 
significant (Table 1).

There was no statistically significant relationship between the 
groups in terms of whether the initial rhythm was shockable or 
not as well as one-month mortality (p=0.079 and p=0.344, re-
spectively) (Table 2). However, one-month mortality was higher 
in Group 2 cases whose first rhythm was shockable and Group 1 
cases whose initial rhythm was non-shockable according to the 
table (66.6% vs. 50% and 90% vs. 85.8%, respectively).

When we looked at the effect of administering epinephrine 
to the patients for whom ROSC was obtained on one-month 
mortality, epinephrine was found to increase the one-month 
mortality rate, but this ratio was not statistically significant 
(Table 3).

The mean age of the patients for whom ROSC was obtained 
was smaller (p=0.003). While prolonged chest compression did 
not increase the likelihood of ROSC (p=0.001), early respiratory 
support (p=0.004) and chest compression (p=0.007) increased 
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the likelihood of ROSC. There was no statistically significant rela-
tionship among pH, lactate, and pCO2 values in the patients for 
whom ROSC was obtained (Table 4).

There was no statistically significant difference in the IEDCA and 
OHCA cases between the shockable rhythms and obtaining 
ROSC (p=0.963 and p=0.141, respectively).

186

Sabak et al. The Effect of Epinephrine on Arrest Patient Eur J Ther 2020; 26(3): 183-91

Table 1. Relationship between ROSC in Group 1 and 2 according to the Initial Rhythm

Group 1 Group 2

ROSC ROSC

Yes None Yes None

Shockable Rhythm (N: 15/14) 4 (26.6%) 11 (73.4%) 6 (42.8%) 8 (57.2%)

Non-Shockable Rhythm (N: 85/69) 20 (23.5%) 65 (76.5%) 14 (20.2%) 55 (79.8%)

p 0.795 0.087

Table 2. The Effect of Epinephrine on One-Month Mortality according to the Initial Rhythm

Group 1 Group 2

One-Month Mortality One-Month Mortality

Survived Did not survive Survived Did not survive

Shockable Rhythm (N: 4/6) 2 (50%) 2 (50%) 2 (33.3%) 4 (66.6%)

Non-Shockable Rhythm (N: 
20/14)

2 (10%) 18 (90%) 2 (14.2%) 12 (85.8%)

p 0.079 0.344

Table 3. Relationship between Group 1 and 2 and ROSC and One-Month Mortality

Patients for whom ROSC was obtained Group 1 Group 2 Total p

24 (54.5%) 20 (45.5%) 44 0.988

One-Month Mortality

Survived 4 (16.7%) 4 (20%) 8 (18%)

Did not survive 20 (83.3%) 16 (80%) 36 (82%) 0.776

Table 4. Comparison between ROSC and Variables

Variables ROSC (n:44) Ex (n:139) p

Age 56.27±17.8 65.28±16.79 0.003

Minute When Chest Compression Was Started 5.16±3.89 7.52±5.34 0.007

Duration of Chest Compression (Minutes) 33±19.92 58.29±17.17 0.001

Minute When Respiratory Support Was First Started 5.41±4 7.92±5.32 0.004

pH 7.05±0.16 7.03±0.18 0.733

Lactate (mg/dL) 10.96±4.74 11.34±4.7 0.640

pCO2 (mm/Hg) 55.87±18.13 58.2±17.53 0.447



The mean chest compression time of eight patients who sur-
vived for a month after ROSC was 26.6±14.8 minutes, whereas it 
was 34.1±20.7 minutes in 36 patients who died within a month. 
It was established that prolonging chest compressions did not 
contribute to one-month mortality (p=0.360).

The effect of epinephrine administration on one-month 
mortality in patients with IEDCA and OHCA for whom ROSC 
was obtained was not statistically significant (p≥0.05) (Table 
5).

No statistically significant result was detected in the comparison 
of age, duration of chest compression and respiratory support, 
pH, lactate, pCO2, and one-month mortality between Groups 1 
and 2 (p≥0.05) (Table 6).

DISCUSSION 
The Turkish Statistical Institute stated that circulatory system dis-
eases were the most common cause of death in 2017, contrib-
uting to 39.7% of deaths. This rate was 36% in Gaziantep, where 
this study was conducted, and most of the patients were in the 
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Table 5. The Effect of Epinephrine Administration on One-Month Mortality in IEDCA and OHCA Patients for Whom ROSC Was 
Obtained

Patients for Whom ROSC Was  
Obtained

One-Month Mortality

Survived Did not survive Total

Group 1 N (%) Group 2 N (%) Group 1 N (%) Group 2 N (%) ROSC

IEDCA 1 (25%) 3 (75%) 6 (30%) 7 (43.8%) 17

OHCA 3 (75%) 1 (25%) 14 (70%) 9 (56.2%) 27

p 0.158 0.231

Table 6. Comparison of Group 1 and 2 and Categorical Variables in Terms of One-Month Mortality 

Categorical Variables

One-Month Mortality

Survived Did not survive p

Age

Group 1 4 (48.5±19.5) 20 (61.3±15.7) 0.388

Group 2 4 (54.5±12.6) 16 (52.3±20.4) 0.963

Minute When Chest Compression Was Started

Group 1 4 (5.2±2.9) 20 (5.9±3.9) 0.627

Group 2 4 (2±2) 16 (4.9±4.1) 0.249

Minute When Chest Compression Ended (Minutes)

Group 1 4 (33±16) 20 (35.5±19.2) 1.000 

Group 2 4 (20.2±12.2) 16 (33±23.1) 0.249

Minute When Respiratory Support Was Started

Group 1 4 (5.2±2.9) 20 (6.4±4.1) 0.477

Group 2 4 (2.5±3) 16 (4.9±4.1) 0.335

pH

Group 1 4 (7.11±0.08) 20 (7.04±0.15) 0.431

Group 2 4 (7.15±0.14) 16 (7.0±0.18) 0.122

Lactate

Group 1 4 (8±4.7) 20 (11.8±3.5) 0.210

Group 2 4 (7.9±4.3) 16 (11.3±5.8) 0.290

pCO2

Group 1 4 (67.8±10.4) 20 (57.6±17.59) 0.210

Group 2 4 (40±1.7) 16 (54.6±20.4) 0.099



age group of 75–84 years (50.3% of patients were females, 49.7% 
of patients were males) (8). The average life expectancy accord-
ing to the Turkish Statistical Institute’s data for 2016 was 78 years 
(75.3 vs. 80.7 years; male vs. female) (9). In a randomized study 
where epinephrine was administered, Perkins et al. (10) found 
that the mean age of male and female patients in the OHCA cas-
es was similar (69.7 and 69.8 years, respectively), but the rate of 
arrest was approximately twice as high in males (65% and 35%, 
respectively). In a study on patients with arrest, Koscik et al. (11) 
found that the mean age of OHCA cases was 68.8±17 years (62% 
of male patients). In another study on patients who had suffered 
from OHCA, the mean age of the cases was found to be 65 years, 
and most (73%) of them were male patients (12). Meanwhile, in 
Turkey, according to a study conducted by Oğuztürk et al. (13) 
that examined IEDCA cases, the mean age was 63.4 years (58.6% 
of them were males. The results of our study show that most of 
the patients were male, and the mean age was consistent with 
the literature; however, it was below the average life expectancy 
found by the Turkish Statistical Institute.

In their study on comorbidity and survival in the OHCA cases, 
Hirlekar et al. found that heart failure (29%), myocardial infarc-
tion (24%), and diabetes (23%) were the most common chronic 
diseases. In the same study, patients with cardiac and respiratory 
failure and renal dysfunction who had an in-hospital arrest were 
found to have the lowest rate of survival (14, 15). A separate 
study examining the characteristics of patients in whom CPA oc-
curred during the interventional radiological procedures found 
that most patients had diabetes, HT, and renal failure (16). Mean-
while, in our study, the most common chronic diseases in CPA 
cases were DM, CAD, and HT. According to these results, CPA is 
more likely to occur in the patients with comorbidities.

A study evaluating blood gas analysis in OHCA cases reported 
that patients for whom ROSC was obtained had high pH and low 
lactate and pCO2 levels, and that patients with a pCO2 level less 
than 75 mm Hg were 3.3 times more likely to have successful 
ROSC (17). Another study found a strong correlation between 
lactate along with pH parameters and patient mortality within 
the first five days (18). Dadeh et al. (19) found no significant rela-
tionship between the initial lactate levels and ROSC with neuro-
logical survival in the non-traumatic OHCA cases. In our study, we 
found no statistically significant relationship among pH, lactate, 
and pCO2 values in the patients for whom ROSC was obtained. 
We think that this result is due to the extended resuscitation at-
tempts in the cases for whom ROSC was obtained in accordance 
with the literature guidelines. Therefore, we cannot regard it as 
a predictive value in terms of ROSC and one-month mortality.

In a study of patients with OHCA, 74.1% were administered with 
ETI, 24.2% were administered with supraglottic airway (SGA) de-
vices, and the rest of them received both airway techniques. Ad-
ditionally, the chest compression fraction with supraglottic de-
vices was found to be higher as compared to the other methods 
(20). Another study conducted in Finland showed that the rate 
of ETI use was 67.3% in patients with OHCA, whereas the rate of 
supraglottic device use was 30.2% (21). A different study examin-
ing OHCA and airway methods found that 52.3% of the patients 

received pre-hospital ETI and 15% of them were administered 
with a pre-hospital SGA device. According to the results of this 
study, the comparison of ETI and SGA revealed that patients re-
ceiving ETI had higher rates of discharge with ROSC, survival, and 
good neurological outcomes (22). In our study, ETI was applied 
to all the IEDCA and most of the OHCA cases (66.4%). The com-
parison of the type of respiratory device used and ROSC found 
no statistically significant difference between them (p=0.419). 
Therefore, especially in the cases where pre-hospital airway in-
terventions may interrupt chest compressions, priority should 
be given to effective chest compressions, and ventilation options 
that can be performed without interrupting chest compressions 
should be chosen.

A retrospective study examined the effect of epinephrine on 
neurological survival in about 200,000 witnessed OHCA cases 
whose initial rhythm was non-shockable rhythm. It was shown 
that epinephrine may increase the neurological survival in the 
cases where the epinephrine administration time is ≤19 min-
utes for patients brought to the hospital in ≥11 minutes (23). In 
a similar study, Hansen et al. (24) found that in the cases with 
an epinephrine administration time of less than 10 minutes, 
each minute’s delay compromised survival and a positive neu-
rological outcome. Many other similar studies have emphasized 
the importance of early epinephrine administration (25-27). In 
this study, the epinephrine administration time in the OHCA 
cases was longer than the time recommended in the literature 
(16.33±9.87 minutes). As the time for reaching the patient was 
within the acceptable limits, we attributed this delay to the dif-
ficulty of accessing the collapsed vascular structures outside of 
the hospital. We believe that such situations can be overcome 
by providing training and opportunities to the paramedics that 
promote alternative methods, such as intraosseous access. In 
epinephrine-administered OHCA cases, the low ROSC and one-
month survival rates may have been due to the inability to ad-
minister epinephrine at an early stage in this study.

Fisk et al. (28) noted in their study that increasing the dose of 
epinephrine in OHCA cases did not had a significant impact on 
patient discharge and neurological outcomes. In a systemat-
ic review study, Lin et al. (29) mentioned that the advantage of 
epinephrine administered in a standard dose over placebo and 
high doses of epinephrine in patients with OHCA was still not 
clear, be it in terms of hospital discharge or good neurological 
survival, and that more studies were needed to determine the 
optimal dose. There are also studies suggesting that high-dose 
epinephrine is harmful and should not be administered (30). In 
this study, we found that increasing the dose of epinephrine did 
not contribute to the success of ROSC. Despite the large number 
of clinical studies, it is not clear within which regimen it should 
be administered to generate a positive impact on survival and 
good neurological outcomes.

A review study of the effects of epinephrine on cardiac arrest 
cases found that epinephrine contributed to ROSC but did 
not help with survival or good neurological outcomes (30). 
According to many other studies, epinephrine contributes to 
ROSC but delivers no benefits to survival and neurological re-188
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covery (31-34). On the contrary, some studies have shown that 
epinephrine decreases mortality, especially in patients with 
non-shockable rhythm (35, 36). The results of the PARAMEDIC 
2 study showed that the ROSC and one-month survival rates 
of the patients in the epinephrine group were higher as com-
pared to the placebo group. However, it was reported that this 
result may lead to more negative results (10). In this study, not 
administering epinephrine to patients with shockable rhythm 
and administering epinephrine to patients with non-shockable 
rhythm further increased the one-month mortality. While this 
situation can be explained by the small number of cases and 
the fact that most of the cases had non-shockable first rhythm, 
it may also have been caused by the delay in the administration 
of epinephrine.

An analysis of OHCA cases in Japan between 2007 and 2010 
showed that the rate of ROSC was higher when epinephrine was 
administered to those whose first rhythm was non-shockable 
(18.5% vs. 5.7%) as well as in those with shockable first rhythm 
who were not administered epinephrine (28.1% vs. 21.6%, re-
spectively). According to the same study, the one-month sur-
vival rate was found to be higher in the cases with shockable 
and non-shockable first rhythm who were not administered 
epinephrine (28.8% vs. 16.5% and 4.2% vs. 3.9%, respectively) 
(37). Another study conducted in Japan reported that the surviv-
al rates were higher in patients with shockable and non-shock-
able rhythms who were administered adrenaline (5.4% vs. 4.7%) 
(34). A study that analyzed OHCA cases showed that the ROSC 
and one-month survival rates of patients with shockable first 
rhythm who were not administered epinephrine were higher as 
compared to the patients administered with epinephrine (27.7% 
vs. 22.8% and 27% vs. 15.4%, respectively) (38). In this study, the 
results indicate that administering epinephrine to patients with 
shockable rhythm decreased the ROSC ratio, whereas withhold-
ing it increased the one-month mortality rates. On the contrary, 
administering epinephrine to patients with non-shockable 
rhythm increased the chances of ROSC, whereas the one-month 
mortality rate was higher in the patients with shockable rhythm 
who were administered with epinephrine.

CONCLUSION
According to the results of our study, ROSC was obtained for 44 
(24%) patients, whereas a one-month survival was achieved for 
eight patients (1.4%). Although the administration of epinephrine 
to patients with shockable rhythm decreased the ROSC ratio, the 
administration of epinephrine to patients with non-shockable 
rhythm increased the chances of ROSC. There was no statistical-
ly significant relationship between the groups whether the first 
rhythm was shockable or not as well as one-month mortality, but 
one-month mortality was higher in patients with non-shockable 
rhythm who were administered with epinephrine. In conclusion, 
epinephrine administration had no significant effect on either 
ROSC or one-month mortality in the OHCA and IEDCA cases. A 
large number of placebo-controlled, prospective, randomized, 
and double-blind studies should be performed to demonstrate 
the efficacy of epinephrine, especially due to the small number 
of in-hospital arrest cases.

Study Limitations
The fact that staff providing emergency health care for pre-hos-
pital OHCA cases administered adrenaline later than the time 
recommended in the guidelines may have limited the effects of 
the adrenaline. One of the most important reasons for this ac-
tion is not having alternative vascular access (such as intraosse-
ous insertion). The inequality in the distribution of in-hospital 
and out-of-hospital arrest cases was another factor served as 
the limitation of this study because of the insufficient number 
of cases.
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ABSTRACT
Objective: Current evidence supports the use of herbal drugs in the reduction of symptoms of acute (ARS) and chronic rhinosi-
nusitis (CRS). Intranasal corticosteroids are the first line treatment option for treating CRS with or without nasal polyps. This study 
was designed to compare the safety and efficacy of plant medication BNO 1016 and fluticasone propionate nasal spray (FPNS) for 
treating CRS without nasal polyps (CRSsNP). 
Methods: Forty subjects with CRSsNP were randomly divided into two treatment groups that comprised 20 patients each. The 
patients from Group 1 were treated with herbal drug BNO 1016, tablets of 160 mg, 3×1/d per os, for 28 d. The patients from Group 
2 used FPNS 200 μg once daily, 2 puffs in each nostril in the morning for 28 d. We evaluated the nasal total symptom score (TSS), 
individual scores for each symptom (nasal congestion/obstruction, rhinorrhea/postnasal discharge, facial pain with the sense of 
pressure, headache, loss of the sense of smell), total endoscopic score (TES), and individual endoscopic signs (edema of the nasal 
mucosa, nasal secretion, and nasal crusting), before and after the therapy.
Results: TSS was lower on Day 7 (p=0.008), Day 14 (p=0.004), Day 21 (p<0.001), and Day 28 (p=0.002) in patients treated with BNO 
1016. Moreover, the TES was lower on Day 21 (p=0.001) and Day 28 (p=0.002) in subjects who were on therapy with BNO 1016. No 
adverse events were noted in Group 1; however, in patients treated with intranasal glucocorticoids, 2 patients reported mild nasal 
bleeding, and 1 reported a sense of dryness in the nose. 
Conclusion: BNO 1016 could be a good alternative to intranasal corticosteroids in the treatment of CRSsNP without adverse events. 
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INTRODUCTION
Chronic rhinosinusitis (CRS) is an inflammatory disease of the 
sinonasal mucosa, with complaints (nasal congestion/obstruc-
tion, rhinorrhea/postnasal discharge, facial pain with the sense 
of pressure, headache and loss of the sense of smell) that persist 
for >12 wk. In addition to the symptoms, diagnosis is also based 
on signs of mucosal edema with or without nasal polyps during a 
nasal endoscopy. Furthermore, computed tomography (CT) scan 

of the paranasal sinuses might show changes within the ostio-
meatal complex or the sinuses (1, 2).

The etiology of CRS remains unknown. The mechanisms involved 
in the translation from acute rhinosinusitis (ARS) to CRS are de-
batable. Repeated viral, bacterial, and fungal infections; cigarette 
smoking; air pollution; allergic reactions of the nasal mucosa; 
neurogenic inflammation; as well as innate and adaptive im-
mune dysfunction are the focus of discussion (3, 4). 

Content of this journal is licensed under a Creative  
Commons Attribution-NonCommercial 4.0 International License.
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The prevalence of CRS in Europe is estimated to be 7%–27% 
(around 11%). This disease considerably affects the quality of life. 
The first option in the pharmacological treatment of CRS with 
nasal polyps (CRSwNP) and CRS without nasal polyps (CRSsNP) is 
the use of intranasal corticosteroids; other medications, such as 
macrolide antibiotics, nasal irrigation with sea water isotonic and 
hypertonic solutions, systemic glucocorticoids, antihistamines, 
and biological drugs are also used (1, 2, 5). 

The efficacy of the herbal medicinal product BNO 1016 that is 
available as tablet, syrup, and drops, has been assessed in several 
studies for the treatment of acute upper-airway infections (6-9). 
However, two controlled studies have evaluated the efficacy of 
BNO 1016 in the treatment of CRS (10, 11). The main constituents 
are the extracts of the following five medicinal plants: gentian 
(Gentiana lutea, root); primrose (Primula veris, flower); common 
sorrel (Rumex acetosa, herb); elder (Sambucus nigra, flower); and 
European vervain (Verbena officinalis, herb). Previous reports 
have shown clear mucolytic, secretomotoric, anti-inflammato-
ry, virostatic, and bacteriostatic effects of these extracts (6-12). 

We aimed to investigate the safety and efficacy of BNO 1016 in 
comparison to that of corticosteroid fluticasone propionate na-
sal spray (FPNS) in the treatment of CRSsNP. To the best of our 
knowledge, this is the first study to compare the effects of BNO 
1016 and intranasal glucocorticoid in CRS patients without nasal 
polyps. 

METHODS

Participants
Adult patients diagnosed with CRSsNP were eligible for this ran-
domized, non-inferiority, open-label, parallel arm, prospective 
study. The study period was May 2019 to October 2019 as per 
the principles of the Helsinki Declaration. The Ethics Committee 
of the Military Medical Academy, Belgrade, Serbia approved the 
protocol for investigation (Approval No. 05/2019). Written in-
formed consent was obtained from all the subjects who partici-
pated in the study.

CRS was diagnosed as per the criteria of the International Con-
sensus Statement on Allergy & Rhinology: Rhinosinusitis (ICAR 
2016) (1) and the European Position Paper on Rhinosinusitis and 
Nasal Polyps (EPOS 2012) (2). Only patients with nasal symptoms 
that had lasted for >12 wk, with specific endoscopic findings 
without features of nasal polyps and with findings on paranasal 
sinuses CT scans were enrolled. CT scan was performed for all the 
participants before the start of therapy as per the Lund-Mackay 
scoring system (13). We did not perform post-treatment CT scans 
owing to the limitations noted in the local Ethics Committee Ap-
proval. Patients with CRSwNP, bronchial asthma, and non-steroid 
anti-inflammatory drug-exacerbated respiratory disease (N-ERD) 
were excluded from the study by the experienced rhinologist, al-
lergist, and pulmonologist as per clinical findings, prior history of 
reaction to non-steroid anti-inflammatory drugs, and pulmonary 
function results. 

Other exclusion criteria were as follows: age <18 years, age > 
65 years; ARS; presence of choanal polyps and hamartomatous 
lesions in the nasal cavities; deformations of the nasal septum 
and hypertrophy of the inferior and/or middle turbinate that sig-
nificantly impaired the nasal airflow and the application of nasal 
sprays; systemic diseases that affected nasal function, such as 
Churg-Strauss syndrome, primary ciliary dyskinesia, and granu-
lomatosis with polyangiitis; allergies to medications used in the 
study; use of antibiotics, antihistamines, and glucocorticoids in 
the form of drops, sprays, or oral tablets within 4 wk before study 
initiation; pregnancy or lactation; previous paranasal sinus sur-
gery; and cigarette smoking. 

Treatment
We randomly divided CRSsNP patients into the following two 
study groups. Group 1 patients (n=20) were treated for 28 days 
with a herbal medicinal product BNO 1016 (Sinupret® forte, Bion-
orica, Neumarkt, Germany), oral tablets of 160 mg (Flixonase®), 
3×1/day. The subjects from Group 2 (n=20) used FPNS (Glaxo 
Smith Kline Pharmaceuticals S.A., Burgos, Spain) 200 μg/day in 
the morning, two sprays in each nostril for 28 days, and these pa-
tients were informed about the correct application of INCS. Both, 
the investigators and the patients were aware of the drug being 
given. The patients did not use other medications simultaneous-
ly with herbal drug or intranasal corticosteroid. 
 
Clinical Evaluation (Primary Outcomes)
The intensity of five nasal symptoms (nasal congestion/obstruc-
tion, rhinorrhea/postnasal discharge, facial pain with a sense of 
pressure, headache, and loss of the sense of smell) was evaluated 
by the patients on Day 0 and during Days 7, 14, 21, and 28 fol-
lowing treatment initiation. They used a visual analog scale (VAS) 
(0–10 cm; from 0=the absence of symptoms to 10=symptoms of 
maximal level). A 10-cm VAS was applied and explained for use in 
patients by the nurse following randomization. During the inves-
tigation, patients recorded their symptom scores and noted the 
use of medications on diary cards after taking the medications, 
and the investigator recorded the scores at the visits. The investi-
gator evaluated treatment compliance based on the information 
in the diary cards. 

Main Points:

• This is the first study designed to compare the effects of 
herbal drug BNO 1016 and intranasal corticosteroid in the 
therapy of patients with CRSsNP. 

• Our results demonstrated better efficacy of BNO 1016 on 
nasal congestion/obstruction, facial pain with the sense of 
pressure, headache, and loss of the sense of smell in com-
parison to fluticasone propionate nasal spray (FPNS).

• The endoscopic findings in CRSsNP patients were superior 
after the therapy with BNO 1016. 

• No adverse events were noted in patients treated by BNO 
1016, however, in patients treated with intranasal cortico-
steroids, 2 patients reported mild nasal bleeding, and 1 re-
ported a sense of dryness in the nasal cavity.

• BNO 1016 could be a good alternative to intranasal cor-
ticosteroids in the treatment of CRSsNP without adverse 
events.
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An experienced rhinologist performed the nasal endoscopic 
examination at each visit using a 4 mm 0° and 30º endoscope 
(Karl Storz SE & Co., Tuttlingen, Germany) to assess the value of 
edema of the nasal mucosa, nasal secretion, and nasal crusting. 
Thereafter, the patients’ local findings were scored as per the 
Likert endoscopic scoring system (14) as follows: 0, none; 1, mild; 
2, moderate; 3, moderately severe; and 4, severe.

The parameters of clinical efficacy (main endpoints) were as 
follows: total symptom score (TSS; sum of the scores for nasal 
symptoms), individual symptom score (score for individual nasal 
symptom), total endoscopic score (TES; sum of the scores for all 
endoscopic signs – edema of the nasal mucosa, nasal secretion, 
nasal crusting), and individual endoscopic score for each endo-
scopic sign during Days 0, 7, 14, 21, and 28 following treatment 
initiation.

Safety
The reported adverse events were recorded throughout the 
study period, with severity grades classified as mild, moderate, 
and severe. At visits, nasal examination, laboratory tests, and 
vital signs assessment were performed. All the patients were 
aware of the potential adverse effects of both the medications. 

Randomization
Randomization was performed as per the CONSORT statement. Fif-
ty patients (n=50) with CRSsNP who were examined and treated 
at two hospitals were selected for the study. Two patients refused 
study participation, and eight did not meet the inclusion criteria. 
Thus, finally, 40 patients were included and divided into Group 1 
(n=20) and Group 2 (n=20). The simple computer-generated pro-
cedure for participant randomization was used to allocate the pa-
tients into the study groups. The patients’ eligibility was decided by 

Figure 1. Flow diagram, presented as per the CONSORT statement. Fifty patients (n=50) were involved in this study. Two (n=2) did 
not consent to participate, and eight (n=8) did not meet the inclusion criteria. Finally, 40 patients were recruited and assigned to 
Group 1 (n=20) and Group 2 (n=20)
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the investigator who then informed the nurse about the eligibility; 
thereafter, the nurse assigned the participants to either of the two 
study groups using computer-generated random allocation. The 
study profile has been presented in Figure 1. 

Power of the Study and Statistical Analyses
A study power analysis indicated that 20 subjects would be re-
quired in each study group to reach a power level of at least 
80% and a significance level of 5%. In our literature review, 

Figure 2. a-e. Comparison of the individual scores for nasal symptoms during treatment with two different medications: (a) Nasal 
congestion/obstruction; (b) Rhinorrhea/postnasal drip; (c) Facial pain with the sense of pressure; (d) Headache; and (e) Loss of the 
sense of smell. The levels of statistical significance: *p<0.05, **p<0.001
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we found no studies that have investigated the minimally im-
port and difference in the symptom scores, assessed using the 
VAS for CRS patients; however, Devillier et al. (15) found that 
this value in patients with perennial allergic rhinitis could be 
rounded up to −1 unit for convenience. Therefore, the sample 
size was calculated as per the clinically relevant change for 
symptom scores and endoscopic scores of 1 point (IQR 1). The 
study parameters were expressed as median with interquartile 
range (IQR) values because the main variables were not dis-
tributed normally. We had several independent samples and 
assumed that they were arranged orderly; we used the non-
parametric Jonckheere-Terpstra test for between-group com-
parisons of clinical median parameters on Days 0, 7, 14, 21, and 
28 after treatment initiation. For paired comparisons within a 
group between the parameters of two successive visits (e.g. 
Day 0 vs. Day 7), for before-after effect and matched paired 
samples, we used the nonparametric Marginal Homogeneity 
test. We considered p-values <0.05 as statistically significant. 
For the statistical analysis, we used SPSS software (Statistical 
Package for the Social Sciences, version 15.0, (SPSS Inc.; Chi-
cago, IL, USA).

RESULTS
Twenty patients who provided informed consent were en-
rolled in each group. There were no dropouts during the study 
period. Total 40 adult patients (23 men and 17 women, aged 
25–61 y) who were diagnosed with CRSsNP were enrolled. We 
found no significant differences in the age and the pre-treat-
ment Lund-Mackay CT score (p=0.587; p=0.482, respectively) 
(Table 1).

When we compared the individual symptom scores of the two 
groups, we found that Group 1 had significantly lower scores 
for nasal congestion/obstruction on Day 21 (p<0.001) and 
on Day 28 (p<0.001), significantly lower score for facial pain 
with the sense of pressure on Day 21 (p<0.001), lower scores 
for headache on Days 0, 7, 14, 21, and 28 (p=0.041; p=0.014; 
p=0.008; p=0.038; p=0.046, respectively), and lower scores 
for loss of the sense of smell during Day 7 (p=0.006), Day 14 
(p=0.002), and Day 28 (p=0.039). The scores for rhinorrhea/
postnasal discharge were not significantly different between 
the study groups from the start to the end of the investigation 
(Table 2, Figure 2 a-e). 

Figure 3. a-c. Comparison of the individual scores for nasal endoscopic findings during treatment with two different medications: (a) Ede-
ma of the nasal mucosa; (b) Nasal secretion; and (c) Nasal crusting. The levels of statistical significance were as follows: *p<0.05, **p<0.001 
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Comparing the individual endoscopic scores, we found that 
Group 1 had a significantly lower score for edema of the nasal 
mucosa on Day 28 (p<0.001), lower score for nasal secretion on 
Day 21 (p=0.007), and lower scores for nasal crusting on Day 21 
(p=0.008) and Day 28 (p=0.003) (Table 2, Figure 3a-c). 

Finally, we found significantly lower TSS in Group 1 during Day 7 
(p=0.008), Day 14 (p=0.004), Day 21 (p<0.001), and Day 28 (p=0.002) 
(Table 2, Figure 4). We found significantly lower TES in Group 1 on 
Day 21 (p=0.001) and Day 28 (p=0.002) (Table 2, Figure 5). 

With respect to paired comparisons within a group between 
the parameters of two successive visits, we found significantly 

decreased levels from Day 0 to Day 28 for individual symptom 
scores, individual endoscopic scores, TSS, and TES, except for 
nasal secretion and nasal crusting in Group 1 between the visits 
on Day 21 and Day 28 (p=0.061; p=0.087, respectively). Further, 
we found no significant differences in Group 2 for mucosal ede-
ma between the visits on Day 21 and Day 28 (p=0.618), for nasal 
crusting in the same group between the visits on the Day 14 and 
Day 21 (p=0.329), and between the visits on the Day 21 and Day 
28 (p=0.583). All these results are presented in Table 3. 

Group 1 patients exhibited no adverse events; however, Group 
2 patients reported mild epistaxis, and one patient in Group 2 
reported dryness in the nose.

DISCUSSION 
To the best of our knowledge, only one study by Passali et al. 
has compared the efficacy and safety of BNO 1016 with intra-
nasal corticosteroid in ARS treatment (16). The authors demon-
strated better efficacy and safety of BNO 1016 in terms of the 
nasal symptoms and quality of life in comparison to that with 
fluticasone furoate nasal spray (16). Regarding the CRSsNP, only 
two randomized studies with BNO 1016 have been performed. 
The first randomized, placebo-controlled trial investigated 31 
patients who had CRSsNP and were treated with BNO 1016 for 
28 d (10). Of the 16 patients in the BNO 1016 group, 15 showed 
improvement in the radiological findings. However, of the 15 
patients in the placebo group, only 6 showed improvement on 
paranasal sinus radiographies (10). In a recent, double blind, pla-
cebo-controlled study, Palm et al. (11) demonstrated that BNO 
1016 can be recommended for the treatment of CRS patients for 
3 mon with 3 times higher concentrations of drug constituents.

Table 1. Baseline demographic characteristics and pre-treat-
ment Lund-Mackay CT score of the study subjects

Characteristics BNO 1016 FPNS p

Patients 20 20

Age, years 44 (23) 46 (16) 0.587

Females 9 (45%) 8 (40%)

Males 11 (55%) 12 (60%)

Lund- Mackay CT score 11 (4) 9 (4) 0.482

Age: median (interquartile range – IQR)
Abbreviation: FPNS – fluticasone propionate nasal spray; CT – computed 
tomography

Figure 4. Comparison of total symptom score (TSS) during 
treatment with two different medications. Note the sig-
nificantly lower TSS in Group 1 on Day 7 (p=0.009), Day 14 
(p=0.003), Day 21 (p<0.001), and Day 28 (p<0.001)

Jonckheere-Terpstra test, comparison between groups on the same day
*p<0.05  **p<0.001
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Figure 5. Comparison of the total endoscopic score (TES) 
during treatment with two different medications. Note the 
significantly lower TES in Group 1 on Day 21 (p=0.002) and 
Day 28 (p=0.001)

Jonckheere-Terpstra test, comparison between groups on the same day
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Table 2. Clinical parameters of the patients enrolled in this study. For between-group comparisons, we used a Jonckheere-Terpstra 
test (Continued)

Parameter
BNO 1016 (N=20)  

Nr (%)/Median (IQR)
FPNS (N=20)  

Nr (%)/Median (IQR) p

Nasal congestion/obstruction (Day 0) 5 (1) 5 (1) 0.782

Nasal congestion/obstruction (Day 7) 4 (1) 4 (1) 0.436

Nasal congestion/obstruction (Day 14) 3 (1) 4 (1) 0.072

Nasal congestion/obstruction (Day 21) 2 (0) 3 (1) <0.001

Nasal congestion/obstruction (Day 28) 1 (1) 2 (1) <0.001

Rhinorrhea/postnasal drip (Day 0) 6 (1) 6 (1) 0.564

Rhinorrhea/postnasal drip (Day 7) 4 (1) 5 (1) 0.113

Rhinorrhea/postnasal drip (Day 14) 3 (1) 4 (1) 0.057

Rhinorrhea/postnasal drip (Day 21) 2 (1) 3 (2) 0.151

Rhinorrhea/postnasal drip (Day 28) 1 (1) 2 (1) 0.226

Facial pain/sense of pressure (Day 0) 5 (1) 5 (1) 0.81

Facial pain/sense of pressure (Day 7) 4 (1) 4 (1) 0.083

Facial pain/sense of pressure (Day 14) 3 (0) 3 (1) 0.232

Facial pain/sense of pressure (Day 21) 2 (0) 3 (1) <0.001

Facial pain/sense of pressure (Day 28) 1 (1) 2 (1) 0.388

Headache (Day 0) 5 (1) 5 (1) 0.041

Headache (Day 7) 4 (1) 4 (1) 0.014

Headache (Day 14) 3 (1) 4 (1) 0.008

Headache (Day 21) 2 (0) 3 (1) 0.038

Headache (Day 28) 1 (1) 2 (1) 0.046

Loss of the sense of smell (Day 0) 5 (1) 5 (1) 0.063

Loss of the sense of smell (Day 7) 3 (1) 4 (1) 0.006

Loss of the sense of smell (Day 14) 3 (1) 4 (1) 0.002

Loss of the sense of smell (Day 21) 2 (1) 3 (1) 0.121

Loss of the sense of smell (Day 28) 1 (0) 2 (1) 0.039

Edema of the nasal mucosa (Day 0) 4 (1) 4 (0) 0.682

Edema of the nasal mucosa (Day 7) 3 (0) 3 (0) 0.761

Edema of the nasal mucosa (Day 14) 2 (1) 3 (1) 0.731

Edema of the nasal mucosa (Day 21) 2 (1) 2 (0) 0.107

Edema of the nasal mucosa (Day 28) 1 (0) 2 (1) <0.001

Nasal secretion (Day 0) 4 (0) 4 (0) 1.000

Nasal secretion (Day 7) 3 (1) 3 (0) 0.072

Nasal secretion (Day 14) 2 (0) 2 (0) 0.133

Nasal secretion (Day 21) 2 (1) 2 (0) 0.007
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Our study showed that 1-month therapy with FPNS reduces the 
symptoms and local clinical signs in CRSsNP patients. We also 
demonstrated that treatment with herbal drug BNO 1016 leads 
to slightly more reduction in almost all symptoms and improved 
endoscopic findings. Thus, TSS is significantly lower after BNO 
1016 treatment than after FPNS monotherapy on Days 7, 14, 21, 
and 28. 

BNO 1016 is prepared using a mixture of the following five herbal 
extracts: gentian, primrose, common sorrel, elder, and European 
vervain. BNO 1016 is a drug with strong anti-inflammatory ef-
fects. In an experiment, the pleuritis was artificially induced in 
rats. The rats that were administered BNO 1016 extracts showed 
less pleural effusion and impaired neutrophil infiltration of the 
pleural tissue owing to the effects of polysaccharides and tan-
nins from sorel and iridoids from vervain (17). BNO 1016 is shown 
to exert a strong virostatic effect against rhinoviruses, adenovi-
ruses, respiratory syncytial virus, coxackie virus, influenza, and 
parainfluenza virus due to the inhibition of the enzyme neur-
aminidase, resulting in the inhibition of viral replication (6, 12). 
Therefore, BNO 1016 exerts antibacterial effects against Gram 
positive and Gram-negative bacteria (7). These anti-inflammato-
ry and antimicrobial effects of BNO 1016 cause greater reduction 
in nasal symptoms and more improvement in the endoscopic 
findings compared to FPNS. 

However, although significant improvement was observed in 
the rhinorrhea/postnasal discharge score for subjects in both 
the study groups from the start to the completion of treatment, 
there was no significant between-group difference in terms of 
the symptoms at all 4 time-points during the treatment period. 
This finding is in contrast to the lower endoscopically evaluat-
ed nasal secretion score in the BNO 1016 group. This interesting 
phenomenon could be attributed to the strong secretolytic and 
secretomotoric activity of BNO 1016. Dysfunction of mucociliary 
clearance is caused by chronic inflammation. Transport of the 
mucus that covers the respiratory epithelium is influenced by the 
transepithelial secretion of ions, especially chloride ions (Cl-). Cl- 
ion channels are dysfunctional in the respiratory epithelium of 
patients with ARS, CRS, and cystic fibrosis, and this disturbance 
in Cl- ion transport leads to impaired mucociliary clearance of 
pathogenic microorganisms and inflammatory products (18). 
Bioflavonoids, the main pharmacological component in BNO 
1016, strongly activate transepithelial Cl- ion secretion, enhance 
Na+ ion and water molecule secretion, and increase ciliary beat 
frequency, resulting in hydration of nasal secretion and reduc-
tion of the viscosity of nasal fluid (18, 19). In contrast, intranasal 
corticosteroid application leads to decreased secretion in the 
nasal mucosal glands due to an anti-inflammatory effect (20). 
Thus, in patients treated with BNO 1016, accelerated nasal fluid 
clearance and decreased nasal secretion viscosity decreased the 

Table 2. Clinical parameters of the patients enrolled in this study. For between-group comparisons, we used a Jonckheere-Terpstra 
test (Continued)

Parameter
BNO 1016 (N=20)  

Nr (%)/Median (IQR)
FPNS (N=20)  

Nr (%)/Median (IQR) p

Nasal secretion (Day 28) 1 (0) 1 (1) 0.112

Nasal crusting (Day 0) 4 (1) 4 (1) 0.264

Nasal crusting (Day 7) 3 (1) 3 (0) 0.139

Nasal crusting (Day 14) 2 (0) 2 (1) 0.248

Nasal crusting (Day 21) 1 (1) 2 (1) 0.008

Nasal crusting (Day 28) 1 (1) 2 (1) 0.003

Total symptom score (Day 0) 24 (4) 27 (2) 0.118

Total symptom score (Day 7) 18 (3) 23 (2) 0.008

Total symptom score (Day 14) 16 (2) 18 (4) 0.004

Total symptom score (Day 21) 10 (2) 14 (4) <0.001

Total symptom score (Day 28) 6 (2) 9 (4) 0.002

Total endoscopic score (Day 0) 11 (1) 11 (1) 0.348

Total endoscopic score (Day 7) 8 (1) 9 (1) 0.112

Total endoscopic score (Day 14) 7 (1) 7 (2) 0.221

Total endoscopic score (Day 21) 5 (2) 6 (2) 0.001

Total endoscopic score (Day 28) 3 (1) 6 (2) 0.002

Abbreviations: IQR – interquartile range; FPNS – fluticasone propionate nasal spray 
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sense of rhinorrhea/postnasal discharge that is of similar intensi-
ty to the sense of nasal discharge in patients treated with FPNS. 

There were no adverse effects in patients from the BNO 1016 group 
as compared to that in two subjects of the FPNS group who report-
ed mild epistaxis and sensation of dryness in the nose. The use of 
200 μg of FPNS daily in the morning during the 1-month therapy 
may theoretically cause the formation of small areas of atrophy in 
the nasal epithelium and mild nasal bleeding. The results of an ex-
perimental animal study that was conducted by Cho et al. (21) in a 
rabbit model of CRS showed that dry extracts from BNO 1011 sup-
press the atrophic changes of the ciliated epithelium and improve 
the histological characteristics of the lamina propria. This could ex-
plain the protective role of BNO 1016 in the human nasal mucosa. 

The present study has certain limitations, such as a relatively 
small sample size. Further, we did not include the peak nasal in-

spiratory flow or other objective measurements of nasal patency. 
These parameters can increase the quality of results because the 
symptom scores are dependent on the subjective sensation of 
the patients. Although our study employed a prospective and 
randomized design, it was an open-label study wherein both, the 
researchers and participants were aware of which treatment was 
being administered. Thus, there is a need to further align herbal 
medicine with the requirements of evidence-based medicine, es-
pecially by organizing double blind, placebo-controlled studies 
that could provide better evidence of the efficacy of BNO 1016. 

CONCLUSION
Our results demonstrated better efficacy of BNO 1016 on nasal 
congestion/obstruction, facial pain with the sense of pressure, 
headache, and loss of the sense of smell. The endoscopic find-
ings in CRSsNP patients were superior after BNO 1016 treatment 
than after FPNS treatment. The absence of adverse events sug-

Table 3. P-values (differences) for the comparison of clinical parameters in the same group of patients on consecutive visits during 
treatment with BNO 1016 (a) and fluticasone propionate nasal spray (b). For paired comparison within the group, we used a Marginal 
Homogeneity test

(a) Group 1 (BNO 1016)

Parameters/Day Day 0 vs. Day 7 Day 7 vs. Day 14 Day 14 vs. Day 21 Day 21 vs. Day 28 

Nasal congestion/obstruction 0.000 0.003 0.001 0.007

Rhinorrhea/postnasal discharge 0.000 0.001 0.003 0.001

Facial pain with the sense of pressure 0.000 0.002 0.000 0.014

Headache 0.000 0.002 0.005 0.002

Loss of the sense of smell 0.000 0.001 0.011 0.001

Edema of the nasal mucosa 0.002 0.003 0.004 0.003

Nasal secretion 0.000 0.003 0.004 0.061

Nasal crusting 0.000 0.003 0.007 0.087

Total symptom score 0.000 0.000 0.000 0.000

Total endoscopic score 0.000 0.000 0.001 0.003

(b) Group 2 (Fluticasone propionate nasal spray)

Parameters/Day Day 0 vs. Day 7 Day 7 vs. Day 14 Day 14 vs. Day 21 Day 21 vs. Day 28 

Nasal congestion/obstruction 0.000 0.005 0.001 0.008

Rhinorrhea/postnasal discharge 0.000 0.000 0.002 0.001

Facial pain with the sense of pressure 0.000 0.000 0.001 0.001

Headache 0.000 0.003 0.001 0.001

Loss of the sense of smell 0.000 0.002 0.003 0.001

Edema of the nasal mucosa 0.002 0.003 0.034 0.618

Nasal secretion 0.002 0.002 0.025 0.007

Nasal crusting 0.001 0.004 0.329 0.583

Total symptom score 0.001 0.000 0.000 0.000

Total endoscopic score 0.000 0.001 0.007 0.029
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gests better safety of BNO 1016 treatment as compared to that of 
nasal corticosteroid monotherapy in CRSsNP patients.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the Ethics Committee of the Military Medical Academy, 
Belgrade, Serbia (Approval No. 05/2019). 

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

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - A.P., D.G., A.A., G.K.B., A.V.P.; Design - 
A.P., A.V.P.; Supervision - A.P.; Materials - A.P., D.G.; Data Collection and/
or Processing - A.P., D.G.; ; Analysis and/or Interpretation - A.P., D.G., A.A., 
G.K.B., A.V.P.; Literature Search - A.P., A.V.P.; Writing Manuscript - A.P.; Criti-
cal Review - A.P., D.G., A.A., G.K.B., A.V.P.

Acknowledgements: This study was performed as a part of the Research 
Project of the Military Medical Academy Faculty of Medicine, Belgrade, 
Serbia (MFVMA02/19-21/).

Conflict of Interest: The authors have no conflicts of interest to declare.

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

REFERENCES
1. Orlandi RR, Kingdom TT, Hwang PH, Smith TL, Alt JA, Baroody FM, 

et al. International Consensus Statement on Allergy and Rhinology: 
Rhinosinusitis. Int Forum Allergy Rhinol 2016; 6: S1-213. [Crossref]

2. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, et al. 
European Position Paper on Rhinosinusitis and Nasal Polyps 2012. 
A summary for otorhinolaryngologists. Rhinology 2012; 50: 1-12. 
[Crossref]

3. Prokopakis EP, Vlastos IM, Ferguson BJ, Scadding G, Kawauchi H, 
Georgalas C, et al. SCUAD and chronic rhinosinusitis. Reinforcing 
hypothesis driven research in difficult cases. Rhinology 2014; 52: 
3-8. [Crossref]

4. Smith KA, Orlandi RR, Rudmik L. Cost of adult chronic rhinosinusitis: 
A systematic review. Laryngoscope 2015; 125: 1547-56. [Crossref]

5. Günel C, Başak HS, Bleier BS. Oral steroids and intraoperative bleed-
ing during endoscopic sinus surgery. B-ENT 2015; 11: 123-8.

6. Jund R, Mondigler M, Stammer H, Stierna P, Bachert C. Herbal drug 
BNO 1016 is safe and effective in the treatment of acute viral rhi-
nosinusitis. Acta Otolaryngol 2015; 135: 42-50. [Crossref]

7. Passali D, Cambi J, Passali FM, Bellussi LM. Phytoneering: a new way 
of therapy for rhinosinusitis. Acta Otorhinolaryngol Ital 2015; 35: 
1-8.

8. Yaremchuk S, Zabolotny D, Vareniuk I, Makarchuk N, Veselsky S. 
Sinupret® oral drops protect against respiratory epithelium atro-
phy in experimental acute rhinitis. Clinical Phytoscience 2015; 1: 8. 
[Crossref]

9. Popovich VI, Koshel IV. Sinupret® as add-on therapy to saline irriga-
tion for children with acute post-viral rhinosinusitis. Clinical Phyto-
science 2017; 3: 10. [Crossref]

10. Richstein A, Mann W. Treatment of chronic rhinosinusitis with Sin-
upret. Schweiz Zschr Ganzheits Medizin 1999; 11: 280-3.

11. Palm J, Steiner I, Abramov-Sommariva D, Ammendola A, Mitzen-
heim S, Steindl H, et al. Assessment of efficacy and safety of the 
herbal medicinal product BNO 1016 in chronic rhinosinusitis. Rhi-
nology 2017; 55: 142-51. [Crossref]

12. Glatthaar-Saalmüller B, Rauchhaus U, Rode S, Haunschild J, 
Saalmüller A. Antiviral activity in vitro of two preperations of the 
herbal medicinal product Sinupret® against viruses causing respira-
tory infections. Phytomedicine 2011; 19: 1-7. [Crossref]

13. Lund VJ, Mackay IS. Staging in rhinosinusitis. Rhinology 1993; 31: 
183-4.

14. Pfaar O, Mullol J, Anders C, Hörmann K, Klimek L. Cyclamen euro-
paeum nasal spray, a novel phytotherapeutic product for the man-
agement of acute rhinosinusitis: a randomized double-blind, place-
bo-controlled trial. Rhinology 2012; 50: 37-44.

15. Devillier P, Brüning H, Bergmann K-Christian. Determination of the 
minimally important difference in a nasal symptom score in house 
dust mite allergy. Allergy 2019; 74: 2191-8. [Crossref]

16. Passali D, Loglisci M, Passali GC, Cassano P, Rodriguez HA, Bellussi 
LM. A prospective open-label study to assess the efficacy and safe-
ty of a herbal medicinal product (Sinupret) in patients with acute 
rhinosinusitis. ORL J Otorhinolaryngol Relat Spec 2015; 77: 27-32. 
[Crossref]

17. Rossi A, Dehm F, Kiesselbach C, Haunschild J, Sautebin L, Werz O. 
The novel Sinupret® dry extract exhibits anti-inflammatory effec-
tiveness in vivo. Fitoterapia 2012; 83: 715-20. [Crossref]

18. Virgin F, Zhang S, Schuster D, Azbell C, Fortenberry J, Sorscher EJ, et 
al. The bioflavonoid compound, Sinupret, stimulates transepitheli-
al chloride transport in vitro and in vivo. Laryngoscope 2010; 120: 
1051-6. [Crossref]

19. Kreindler JL, Chen B, Kreitman Y, Kofonow J, Adams KM, Cohen NA. 
The novel drug extract BNO 1011 stimulates chloride transport and 
ciliary beat frequency in human respiratory epithelial cultures. Am J 
Rhinol Allergy 2012; 26: 439-43. [Crossref]

20. Akpinar ME, Yigit O, Akakin D, Sarioz O, Ozkan N, Yildiz SD, et al. Top-
ical glucocorticoid reduces the topical decongestant-induced his-
tologic changes in an animal model nasal mucosa. Laryngoscope 
2012; 122: 741-6. [Crossref]

21. Cho DY, Skinner D, Mackey C, Lampkin HB, Elder JB, Lim DJ, et al. 
Herbal dry extract BNO 1011 improves clinical and mucociliary pa-
rameters in a rabbit model of chronic rhinosinusitis. Int Forum Aller-
gy Rhinol 2019; 9: 629-37. [Crossref]

Perić et al. BNO 1016 in Therapy of CRS without Nasal PolypsEur J Ther 2020; 26(3): 192-201

201

https://doi.org/10.1002/alr.21694
https://doi.org/10.4193/Rhino50E2
https://doi.org/10.4193/Rhin13.049
https://doi.org/10.1002/lary.25180
https://doi.org/10.3109/00016489.2014.952047
https://doi.org/10.1186/s40816-015-0009-9
https://doi.org/10.1186/s40816-017-0047-6
https://doi.org/10.4193/Rhin16.103
https://doi.org/10.1016/j.phymed.2011.10.010
https://doi.org/10.1111/all.13925
https://doi.org/10.1159/000370123
https://doi.org/10.1016/j.fitote.2012.02.008
https://doi.org/10.1002/lary.20871
https://doi.org/10.2500/ajra.2012.26.3821
https://doi.org/10.1002/lary.23207
https://doi.org/10.1002/alr.22290


DOI: 10.5152/eurjther.2020.19047European Journal of Therapeutics

Radioprotective Effects of Propolis and Caffeic 
acid phenethyl ester on the Tongue-Tissues of 
Total-Head Irradiated Rats
Halis Altay1 , Elif Demir2 , Habip Binici3 , İsmail Aytaç4 , Muhammed Enes Taysı5 , 
Seyithan Taysı1 
1Department of Medical Biochemistry, Gaziantep University School of Medicine, Gaziantep, Turkey
2Division of Biochemistry, Harran University, College of Health, Şanlıurfa, Turkey
3Clinic of Otolaryngology, Bitlis State Hospital, Bitlis, Turkey
4Department of Otolaryngology, Gaziantep University School of Medicine, Gaziantep, Turkey
5Gaziantep University School of Medicine,  Gaziantep, Turkey

ABSTRACT
Objective: This study aimed to investigate the radioprotective effects of propolis and caffeic acid phenethyl ester (CAPE) against 
radiation-induced damage in the tongue-tissues of rats exposed to total cranial gamma irradiation.
Methods: Fifty-four Sprague-Dawley rats were randomly divided into six groups. An appropriate control group was also studied. 
The animals were euthanized on day 10, and tongue-tissues were collected for evaluating biochemical oxidative parameters.
Results: Lipid hydroperoxides (LOOH), total oxidant status (TOS), oxidative stress index (OSI) levels and xanthine oxidase (XO) activ-
ity, and markers of oxidative stress were significantly higher, while paraoxonase (PON) activity was significantly lower for irradiated 
rats (IR) group compared to the other groups. When LOOH, TOS, OSI values, and XO activity in the propolis+IR and CAPE+IR groups 
were evaluated, there was no statistically significant difference between those ones and all control groups. In terms of the total 
-SH levels, the propolis+IR group was found to be significantly higher than all other groups. There was no significant difference in 
arylesterase (ARE) activity, ceruloplasmin (Cp) levels.
Conclusion: Propolis and CAPE reduce oxidative stress and have antioxidant effects that may be useful agents of ionizing radia-
tion-induced tissue damage
Keywords: Antioxidants, caffeic acid phenethyl ester, irradiation, oxidative stress, propolis 
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INTRODUCTION
Reactive oxygen species (ROS), reactive nitrogen species (RNS), 
and free radicals, which induce oxidative/nitrosative stress, play 
a role in the pathogenesis of many diseases (1-4). Studies have 
shown that head and neck cancer (HNC) is the sixth most com-
mon malignancy in the world, with an annual worldwide inci-
dence of over 600,000 cases and 350,000 deaths per year (5, 6). 
HNCs include cancers of the buccal cavity, head and neck subset, 
larynx, pharynx, thyroid, salivary glands, and nose/nasal passag-
es (6).

Radiotherapy is an indispensable modality method in cancer 
therapy, and approximately 2/3 of the patients are on radiother-
apy. When the total dose required for effective local control with 
radiotherapy is exceeded, damage occurs in normal tissues in 
the field of irradiation. The resulting damage is also closely asso-

ciated with the sensitivity to radiation. It is known that ionizing 
radiation forms free radicals (1, 6).

Radiotherapy-induced free radicals cause DNA breaks, and hence 
cell death, as well as inviting many diseases. An approach to reduce 
radiation-induced side effects is the systematic use of protective 
substances that protect normal tissues against radiation, but do 
not adversely affect the tumor such as amifostine and N-acetyl cys-
teine. Thus, early and late complications that could occur when the 
tumor is given a higher dose of radiation may be prevented (1, 7).

Propolis and an active component of its extract, caffeic acid 
phenethyl ester (CAPE), have been shown to have immunomod-
ulatory, anti-humoral, cytotoxic, anti-metastatic, anti-inflamma-
tory, and antioxidant properties. They inhibit lipoxygenase activ-
ities and suppress lipid peroxidation (7, 8).
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Efforts to diminish the toxicity of irradiation to normal cells, tissues, 
and organs have caused investigations to identify cytoprotective 
agents. Unfortunately, most of these radioprotectors possess tox-
ic side effects limiting their role in medical treatment. Therefore, 
investigations for effective and non-toxic compounds with radio-
protective capabilities caused increasing interest in naturally-oc-
curring antioxidants such as Nigella sativa, CAPE, and propolis.

In this study, we focus on the protective effects of propolis and 
CAPE on oxidative stress due to radiation in rat lingual tissue by 
examining total antioxidant status (TAS), total oxidant status 
(TOS), and oxidative stress index (OSI).

It also investigates the radical scavenger activities involved in 
the radioprotective activities of these naturally-occurring sub-
stances and their possible mechanisms for the effects of lipid 
hydroperoxides (LOOH), xanthine oxidase (XO) activity, oxidant 
enzyme, and antioxidant systems, which contain enzymes such 
as paraoxonase (PON) and arylesterase (ARE), including low mo-
lecular weight free radical scavengers such as total sulfhydryl 
(-SH) groups and proteins such as ceruloplasmin (Cp) having an-
tioxidant properties.

METHODS

Study Protocol, Rats, and Experimental Groups
In this study, 54 male Sprague-Dawley rats weighing 200±20 grams 
were used. A total of 6 groups were formed in the study, and there 
were 8 rats in the control groups and 10 rats in the other groups.

Group information was as follows
Sham control group (n=8): no propolis, no CAPE but sham irra-
diation.

The control group of propolis+irradiation (IR) (n=8): Only 1 ml of 
saline was given by an orogastric tube.

The control group of CAPE+IR (n=8): The amount of dimethyl 
sulfoxide (DMSO) used to dissolve CAPE was given intraperito-
neally (IP) to this group.

IR group (n=10): received only IR of 5 Gy.

Propolis+IR group (n=10): received IR (5 Gy) plus propolis (80 mg 
kg−1day−1, by an orogastric tube, one hour before IR).

CAPE+IR group (n=10): received IR (5 Gy) plus CAPE (10 µmol 
kg−1day−1, IP, 30 min before IR). CAPE was dissolved in DSMO just 
before giving it to the rats.

This study was conducted at the Department of Medical Bio-
chemistry after obtaining ethical approval from the Animal Eth-
ics Committee of Gaziantep University School of Medicine (ethi-
cal committee number: 2017/2).

Biochemical Analysis
Except for Wistar-Albino male rats in the control groups, those in 
the other group were anesthetized with 50 mg/kg/ip ketamine 
hydrochloride (Pfizer Ilac, Istanbul, Turkey) and the rats were 
placed in the prone position on the radiotherapy device. Irradia-
tion of these rats was performed with a single dose of 5 Gy to the 
head area with a Co 60 teletherapy device and an area of 25 cm2 
with an SSD of 80 cm. The rats in the control groups were given a 
certain volume of isotonic serum. At the end of the experiment, 
the rats were first anesthetized with ketamine 50 mg/kg/ip. The 
rats were killed by decapitation. The brain tissue was homoge-
nized with a phosphate buffer, and the supernatant was collect-
ed in 5 ependorf tubes and stored at −80°C until biochemical 
tests were performed. Biochemical analyses were performed by 
spectrophotometric methods. Group information was as follows.

All rats that received 80 mg/kg ketamine HCl (Pfizer Pharmaceu-
ticals, Istanbul, Turkey) were anesthetized and placed in a tray in 
the prone position. The rats in the IR, propolis plus IR, and the IR 
plus TQ groups underwent a single dose of 5Gy irradiation using 
a Cobalt-60 teletherapy unit (Picker, C9, Maryland, NY, USA) from 
a source-to-surface distance of 80 cm by 5×5 cm anterior fields 
covering the total, while the rats in the control and sham control 
groups received sham irradiation. The irradiation rate was 0.49 
Gy/min. The central axis dose was calculated at a depth of 0.5 cm.

Biochemical Analysis
All rats were anesthetized with ketamine hydrochloride 50 mg/
kg ip on day 11. Then, all animals were killed by decapitation, 
and their tongue-tissues were taken. The tongue-tissues were 
homogenized in physiological saline solution (IKA-NERKE, GmBH 
& CO. KB D-79219, Staufen, Germany). The supernatant obtained 
after homogenization was collected using eppendorf tubes and 
stored at −80°C until biochemical analysis.

TAS, TOS, OSI, Cp, thiol-disulfide, and total SH levels were mea-
sured as previously described (9, 10). PON and ARE activities 
were measured with commercially-available kits (Rel Assay Di-
agnostics, Gaziantep, Turkey). LOOH levels were measured with 
the ferrous ion oxidation-xylenol orange method, as previously 
described (10). XO activity was measured spectrophotometrical-
ly with uric acid formation from xanthine with an increase in ab-
sorbance at 293 nm as previously described (1), which expressed 
as U/mg protein. The protein content was measured as described 
(11). All parameters were performed using a spectrophotometer 
(Shimadu U 1601, Japan).

Statistical Analysis
Analysis of the data obtained from the study was performed with 
Statistical Package for the Social Sciences for Windows version 
11.5 (SPSS Inc.; Chicago, IL, USA). The Kolmogorov Smirnov test 
was used to test whether or not the data were normally distrib-
uted. The significance of the differences between the groups 
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izing radiation.
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was analyzed using post-hoc, the lowest significant difference 
test procedure. Pearson correlation analysis was used to test the 
correlation between variables. Quantitative variables were ex-
pressed as mean±standard deviation, while qualitative variables 
were expressed as frequencies and percentages. P values <0.05 
were considered statistically significant.

RESULTS

Antioxidant Parameters
As seen in Table 1, TAS values in the propolis+R group were sig-
nificantly higher than those of all other groups, except for the 
sham control group. The total -SH levels of the propolis+IR group 
were found to be significantly higher than those of all other 
groups (p< 0.01). On the other hand, no statistically significant 
difference in Cp levels and ARE activity was found between the 
propolis+IR group and all groups.

Oxidant Parameters
As seen in Figures 1–4, there were statistically significant dif-
ferences in certain parameters between the IR group and oth-

er groups. XO activity, LOOH, TOS, and OSI levels (p< 0.0001 for 
all parameters) were significantly higher, while PON activity was 
significantly lower for the IR group than in the other groups. 
When LOOH, TOS, OSI levels, and XO activity in the propolis+IR 
and CAPE+IR groups were evaluated, there were no statistical-
ly significant differences between those ones and the values for 
all control groups. This demonstrates that it reverses oxidative 
stress in irradiated rats given propolis and CAPE, and that these 
natural substances protect rats from ionizing radiation. In terms 
of XO activity, this protection appears to be even more evident.

DISCUSSION 
Radiotherapy (RT) is a commonly-used therapeutic method in the 
precise and palliative treatment of cancer. The effects of RT are me-
diated by the production of free radicals, which react with the unsat-
urated bonds of membrane lipids, denature proteins, and attack nu-
cleic acids. ROS, RNS, and other free radicals produced in biological 
systems are the major causes of oxidative/nitrosative stress (12, 13).

They can also mediate the activation of carcinogens to elec-
trophilic, DNA-damaging components. For example, peroxyl 

Figure 1. Mean± Standard deviation (SD) of xanthine oxidase 
(XO) activity assigned in the tongue-tissue of rats. 
IR: Irradiated, Group 1: Sham control group, Group 2: The control group of 
propolis+IR, Group 3: The control group of CAPE+IR, Group 4: IR, Group 5: 
Propolis+IR, Group 6: CAPE+IR

Figure 2. Mean±SD of lipid hydroperoxides (LOOH) levels as-
signed in the tongue-tissue of rats.
IR: Irradiated, Group 1: Sham control group, Group 2: The control group of 
propolis+IR, Group 3: The control group of CAPE+IR, Group 4: IR, Group 5: 
Propolis+IR, Group 6: CAPE+IR

Table 1. Antioxidant parameters assigned in the tongue-tissues of the rats

Sham control 
group

The control group 
of propolis+IR

The control 
group of CAPE+IR

IR group Propolis+IR  
group

CAPE+IR  
group

TAS (mmol Trolox Eq./g protein) 0.23±0.027 0.21±0.028a 0.22±.012a 0.21±0.013a 0.25±0.03 0.22±0.018a

Total-SH (µmol/g protein) 0.436±0.002a 0.445±0.0047a 0.455±0.003a 0.488±0.006a 0.560±0.009 0.460±0.007a

ARE (U/g protein) 8.76 1.0 8.31±0.99 8.6±0.45 8.14±0.74 8.49±0.84 8.77±0.69

Cp (mg/g protein) 106.±9.84 96.6±8.45 94.4±9.75 92.94±30.94 96.51±10.1 100.2±7.52

a: p<0.01vs. Propolis+IR group,
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radicals may have an indirect role in carcinogens as mediators 
of oxidation related to hydroperoxide in carcinogens. Patients 
undergoing radiotherapy suffer serious side effects during and 
after treatment. When the total dose required for effective local 
control with radiotherapy is exceeded, the normal tissues in the 
irradiated area may be damaged. The damage that occurs in 
normal healthy tissues in this way varies with the sensitivity of 
the affected tissue to radiation. For this reason, it is essential 
to know the effects of radiation on many biological systems 
and organs. Investigation of the acute and long-term effects of 
ionizing radiation on tissues and cells are among the import-
ant topics in radiotherapy (7, 14). Many experimental studies 
have stated that the radicals formed caused by ionizing radi-
ation prepare the ground for the formation of other ROS and 
RNS, which play a role in the pathophysiology of many diseas-
es and cause cell death due to DNA breaks. Numerous studies 
have been carried out to prevent early and late complications, 
which may occur due to ionizing radiation. For this objective, 
the researchers have focused on bio-protectors that decrease 
or inhibit the level of the damage caused by ionizing radiation 
(1, 6, 7, 13).

In our previous study, we found a significant increase in XO activ-
ity in different tissues of irradiated rats when compared to other 
groups. In the current study, when the comparison is made in 
terms of oxidative stress markers, XO activity, LOOH, TOS, and OSI 
levels were significantly higher in the IR group compared to the 
other groups.

Lipid peroxidation is the primary cellular damage caused by free 
radical reactions. High lipid peroxidation is responsible for the 
formation of lipid hydroperoxides. Levels of LOOH, TOS, and OSI, 
markers of oxidative stress, were similar to those reported in pre-
vious studies (15, 16).

Interestingly, XO activity in these groups, supplemented with 
propolis and CAPE, was significantly lower than in these tissues 
of irradiated rats. Therefore, in rats exposed to irradiated rats only 
(IR group), there was a significant increase in XO activity, the ox-
idant enzyme. The findings of the present study are consistent 
with previous studies reporting the antioxidant effects of these 
natural substances. Also, the finding that these antioxidants 
provide protective effects against radiation-induced oxidative 
stress is consistent with previous reports of their radioprotective 
effects (7).

The paraoxonases (PON1, PON2, and PON3) are the protein prod-
ucts of a gene family that evolved via the duplication of a com-
mon precursor and have high structural homology with each 
other. PON1 and PON3 synthesized in the liver are both associat-
ed with high-density lipoprotein (HDL) particles and exhibit an-
tioxidant and anti-inflammatory properties that hydrolyze lipid 
peroxides in low-density lipoproteins and HDL. PON2 and PON3 
are intracellular enzymes modulating mitochondrial superoxide 
radical production and endoplasmic reticulum stress-induced 
apoptosis (17, 18). However, there has been an increasing interest 
in the biological function of PONs in human cancers. Changes of 
PON status encompassing genotype, activity and/or expression 
have been reported in patients affected by cancer, as well as in 
various cancer cells in vitro. Cells undergo neoplastic transforma-
tion through a number of different events in which the cell death 
program is regulated, and apoptosis resistance is impaired. There 
is evidence supporting the role of PON2 and PON3 enzymes in 
cancer cell survival, which can be ascribed to the antioxidant and 
anti-apoptotic activities of these cells. A role in cancer cell che-
motherapeutic resistance and survival has also been ascribed to 
PON2 and PON3 (17). Previous reductions in PON activity have 
been reported in experimental and human studies (19, 20). The 
current study found that the PON activity in the tongue-tissue 

Figure 3. Mean±SD of total oxidant status (TOS) levels as-
signed in the tongue-tissue of rats.
IR: Irradiated, Group 1: Sham control group, Group 2: The control group of 
propolis+IR, Group 3: The control group of CAPE+IR, Group 4: IR, Group 5: 
Propolis+IR, Group 6: CAPE+IR

Figure 4. Mean±SD of oxidative stress index (OSI) levels as-
signed in the tongue-tissue of rats.
IR: Irradiated, Group 1: Sham control group, Group 2: The control group of 
propolis+IR, Group 3: The control group of CAPE+IR, Group 4: IR, Group 5: 
Propolis+IR, Group 6: CAPE+IR
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of irradiated rats was statistically significantly lower than those 
when compared to all the other groups. Our results showed that 
PON activity was reduced only in irradiated rats and that propolis 
and CAPE administration reversed the decrease in PON activity in 
irradiated rats.

LOOH is a well-known marker of oxidative stress caused by gly-
colipid, cholesterol, and unsaturated phospholipids by peroxi-
dative reactions under oxidative stress (21). The levels of LOOH 
have also been found to be increased in irradiated rats, and prop-
olis and CAPE applications reversed an increase in LOOH levels in 
irradiated rats. Lipid hydroperoxides in studies done have been 
reported to inhibit PON activity, and researches with pomegran-
ate juice have shown that it can maintain PON activity during 
lipoprotein oxidation. Also, for preservation, these studies have 
shown that pomegranate juice can increase PON activity (22). In 
this study, the reduction of PON activity and the consideration 
of high LOOH levels in irradiated rats can help to understand the 
underlying mechanisms of oxidative stress elevation caused by 
irradiation. The current study correlates prevention of the de-
crease in PON activity with protection of lipid peroxidation, in 
terms of reduced LOOH levels, by the administration of propolis 
and CAPE. The healing found in irradiated rats treated with these 
natural substances may provide an explanation of how these in-
hibitory effects occur.

One of the major limitations of this study is the lack of histo-
logical evaluation. Although biochemical analyzes suggest that 
propolis and CAPE exhibit radioprotective effects against oxi-
dative damage in the tongue-tissue of irradiated rats, it may be 
reasonable to support these data with histological evaluations. 
Also, radio protectants are ideally expected to have selectivity 
for normal tissues, but not for tumor tissues from the effect of 
radiotherapy. However, this study does not provide any data for 
such a comparison with propolis and CAPE. This is another lim-
itation of our work.

To our knowledge, this is the first study that simultaneously in-
vestigates the radioprotective effects of propolis and CAPE on 
the oxidative stress in the tongue-tissues of irradiated rats. The 
results obtained in the study suggest that propolis and CAPE 
exhibit radioprotective effects against oxidative stress in the 
tongue-tissues of irradiated rats. It is now apparent that the fu-
ture approach to treating irradiation-associated complications 
can consider the use of propolis and CAPE having multi-pharma-
cological activities. ROS have been implicated in many disease 
processes, including aging and carcinogenesis, and have been 
associated with a variety of complications resulting from the 
treatment of cancer.

CONCLUSION 
The treatment of free radical-induced diseases with antioxidants 
or free radical scavengers has become an important therapeu-
tic method. Since free radicals are the main mediators of radia-
tion-induced damage, a treatment that combines radiation with 
an antioxidant may provide a strategy to prevent radiation dam-
age to normal tissues.
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ABSTRACT
Objective: This study aimed to determine the presence of bacteria and their colony numbers in cerebrospinal fluid (CSF) by 
bioimpedance measurements at 50 kHz phase angle (PA) and 5 kHz impedance values. 
Methods: We evaluated the performance of the 18 Gauge probe for detecting several types of bacteria in CSF ex-vivo. We 
equally monitored the electrical differentiation between colony numbers. A quantity of 200 µl sterile CSF was used as the 
standard in each experiment and was inoculated with 1, 2, 5, and 10 colonies of Coagulase-negative staphylococci, Strepto-
coccus pneumoniae and Acinetobacter baumannii, separately. 
Results: PA and impedance values of CSF samples were compared with each other concerning different colony numbers. It 
was observed that, varying numbers of colony strains of Acinetobacter baumannii, Coagulase-negative staphylococci, and 
Streptococcus pneumoniae could be differentiated from sterile CSF using PA and impedance values. Only one colony of the A. 
baumannii strain could not be distinguished from sterile CSF due to its thin cell wall composition. 
Conclusion: The bioimpedance probe was time-saving and could detect the presence of bacteria in CSF samples correctly. 
Moreover, the probe can be used in the rapid detection of bacteria in CSF during real-time examinations.
Keywords: Bacteria, bioimpedance probe, cerebrospinal fluid

How to cite: Denkçeken T, Atak C, Demirbakan H, Erdoğan M, Günel Karadeniz P. Investigation of bacterial presence in 
cerebrospinal fluid by bioimpedance technique. Eur J Ther 2020; 26(3): 208-13.
ORCID iDs of the authors: T.D. 0000-0002-4663-5410; C.A. 0000-0002-2310-4254; H.D. 0000-0003-4180-8201; M.E. 0000-
0003-3845-9100; P.G.K 0000-0003-3768-2351.
Corresponding Author: Tuba Denkçeken E-mail: tdenkceken@sanko.edu.tr
Received: 02.01.2020 • Accepted: 19.02.2020

Original Research

INTRODUCTION
Cerebrospinal fluid (CSF) is a clear, plasma-like fluid that bathes 
the central nervous system (CNS). CNS infections are essential 
and challenging perspectives of clinical neurology. Immediate 
and accurate examination enables clinicians to introduce effec-
tive therapies; however, in conditions without the correct diag-
nosis, the patients may suffer from serious neurological deficits 
and sometimes even death. The CSF reflects the pathology of 
CNS and helps in early diagnosis and therapy (1). CSF culture is 
the gold standard method for the detection of bacteria. In CNS 
infections, the CSF culture results are positive in 70%–85% of the 
cases who have not received prior antimicrobial treatment. The 
identification of the causative agents may take up to 48 hours.

Impedance (Z) is an electrical quantity that represents the capac-
ity of a material to resist alternating current flow. When an elec-
trical potential is applied to a media, the current flows through 
the intracellular and extracellular spaces at high frequencies 
(β-dispersion; 10 kHz–10 MHz) and extracellular spaces at low 
frequencies (α-dispersion; 10 Hz–10 kHz). On the other hand, 

the cell membrane acts as an insulator in low frequencies and 
acts as a conductor in high frequencies. Resistance (R) and reac-
tance (XC) are the components of Z, which is calculated in each 
frequency with Z2=XC

2+R2. XC is related to the capacitance that 
causes the phase shift that is defined by the phase angle (PA) 
and calculated by arctan (XC/R). The current applied to the cell, 
flows through the extracellular fluid because cell membranes act 
as capacitors at low frequencies. Membrane capacitance increas-
es with an increase in cell membrane area increases. At higher 
frequencies, this capacitive effect is lost, and then the current 
passes through the extracellular and intracellular fluid, and the 
resistance decreases (2). 

Bioimpedance methods have also been used for tissue differen-
tiation, identifying intraneural needle placement, and tumor de-
tection (3-6). Studies have shown that bioimpedance can be used 
in the clinical setting for the differentiation of tissues. The small 
size required is challenging to produce bioimpedance sensing 
hypodermic needle; Kari et al. (7) presented a thin bioimpedance 
probe needle of standard 22 G size. In our study, we practiced the 
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same technology; however, we used the 18 G 1.2×89 mm spinal 
needle, which is connected to the bioimpedance analyzer.

Bioimpedance was simultaneously measured with the probe 
that was tested to determine the bacteria types and colony num-
bers in CSF at 50 kHz PA and 5 kHz Z values. Our primary aim 
was to assess the performance of the examination in detecting 
the presence of bacteria in CSF ex-vivo. Our secondary objective 
was to examine the electrical differentiation with different colo-
ny numbers. We hypothesized that if the probe could detect the 
presence of bacteria in CSF accurately, it could be used as an ear-
ly predictive diagnostic tool in laboratories.

METHODS

Study Design
The study was conducted at SANKO University School of Med-
icine, with the approval of the SANKO University Ethics Com-
mittee (2018/10-07). At the Medical Microbiology laboratory, a 
quantity of 200 µl sterile CSF was used as the standard and was 
inoculated with 1, 2, 5, and 10 colonies of Coagulase-negative 
staphylococci (CoNS), Streptococcus pneumoniae (S. pneumoniae) 
and Acinetobacter baumannii (A. baumannii), separately. A mini-
mum of five bioimpedance measurements (50 kHz PA and 5 kHz 
Z values) were taken from each specimen within 1–2 min and 
their mean values were examined.

Bioimpedance Measurements 
A bioimpedance analyzer (Quadscan 4000, Bodystat Inc.) was 
connected to an 18 G probe, and the experimental setup is 
shown in Figure 1. Using the probe, current was sent to the CSF 
samples in multiple (5, 50, 100, and 200 kHz) frequencies for bio-
impedance measurements. We used only 5 kHz Z values since 
this frequency is suitable for the cellular sizes and the current 
information from the outside of the cells was sufficient to dif-
ferentiate the CSF samples. Moreover, R, XC, and PA values were 
recorded at a 50 kHz frequency. Many bioimpedance systems 
use 50 kHz as a frequency where the capacitor’s XC becomes rel-
atively small so that the current is defined mostly by the R. The 
frequency at 50 kHz is one of the most essential and optimal 
frequency, thus we obtained the PA in this frequency. Moreover, 
most published studies have been carried out using devices with 
a frequency of 50 kHz to differentiate structures. Due to the logic 
of this reasoning, we chose to illustrate our PA results only for 
50 kHz. All bioimpedance signals were examined by IGOR pro-
gram (Wavemetrics, Lake Oswego, OR, USA). 

Suspension Preparation
Gram-negative (A. baumannii) and Gram-positive (CoNS and S. 

pneumoniae) bacterial strains which were isolated previously 
from various clinical samples were used. They were identified by 
the automated diagnostic system (Vitek2 Compact, Biomérieux, 
France) and were frozen at −80°C. CSF that was confirmed to be 
sterile after culture evaluation was stored at 2°C–8°C prior to use 
and was used as standard. Microorganisms were cultured onto 
5% sheep blood agar (RTA Laboratories, Turkey) to prepare the 
suspension. The cultures were incubated at 37°C for 24 h in a CO2 
incubator, and then the microorganisms were transferred from 
plates to the sterile CSF. In our study, one colony contained 100 
microorganisms (100 Colony-Forming Unit (CFU)/ml).

Statistical Analysis
IBM Statistical Package for the Social Sciences version 23.0 (IBM 
SPSS Corp.; Armonk, NY, USA) was used for statistical analyses (8). 

Main Points:

• Presence of bacteria and their colony numbers in CSF were 
investigated.

• Bioimpedance probe was time-saving and was able to de-
tect the bacteria in CSF.

• 18 Gauge probe has the potential to be used during the re-
al-time examination.

Denkçeken et al. Bacterial Detection in CSF by ProbeEur J Ther 2020; 26(3): 208-13

209

Figure 1. a, b. a) 18 G bioimpedance probe, b) Measurement 
set up

b

a



The Kruskal–Wallis test was used to compare the CSF samples 
according to PA at 50 kHz and impedance at 5 kHz. For pairwise 
comparisons, the Mann–Whitney U test was used with Bonfer-
roni correction. A p- value <0.05 was considered to be statisti-
cally significant. The p-value was 0.013 for tests with Bonferroni 
correction. 

RESULTS
We found current at low frequency (5 kHz) exposed to a long re-
sistive pathway around the one colony in CSF sample. However, 
the extracellular pathway decreased with the increase of colony 
number that caused a decrease in Z at low frequencies. In all the 

three cell types, Z was found high due to the strong dielectric 
characteristics of the cell membrane and the tissue interface act-
ing as a capacitance in a low frequency (5 kHz). However, Z was 
low due to the loss of this capacitive effect of the membrane at 
high frequencies (50, 100, and 200 kHz) (Figure 2). The PA val-
ues of the sterile CSF were found higher than the non-sterile CSF 
with different colony numbers since the R values of non-sterile 
CSF samples were higher than sterile CSF (Figure 3). The values 
of PA at 50 kHz and the Z at 5 kHz obtained from different CSF 
samples were compared with each other (Table 1). The PA values 
of all CSF samples with different colony numbers were compared 
and it was observed that varying number of the colonies (1, 2, 5, 
10) strains of A. baumannii, CoNS, and S. pneumoniae could be 
differentiated from sterile CSF by using their PA values. However, 
the sample with one colony of the A. baumannii strain could not 
be distinguished from sterile CSF by using PA value due to its 
thin cell wall composition (Table 2). Z values of all CSF samples 
were equally compared at different colony numbers. It was ob-
served that varying numbers of the colonies (1, 2, 5, 10) strains of 
A. baumannii, CoNS, and S. pneumoniae could be differentiated 
from sterile CSF by using 5 kHz Z values (Table 2). However, the 
sample with one colony of the A. baumannii strain could not be 
distinguished from sterile CSF by using the 5 kHz Z value due to 
its thin cell wall composition. 

DISCUSSION 
According to the literature, the diameter of the A. baumannii 
cell was determined to be 0.9–1.6 μm (9), CoNS cell was defined 210
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Figure 2. a-d. Impedance values of cerebrospinal fluid (CSF) samples at multiple frequencies with different colony numbers a) 1 
colony, b) 2 colony, c) 5 colony and d) 10 colony (AB: A. baumanni; SP: S. pneumoniae)
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Table 1. Comparison of phase angle (PA) and impedance 
p-values for cerebrospinal fluid (CSF) samples at different 
colony numbers

p-values of PA and impedance at different colony num-
bers for A. baumannii, CoNS, S. pneumoniae and sterile 
CSF differentiation

Colony PA Impedance

1 0.001 0.001

2 0.001 0.0001

5 0.0001 0.0001

10 0.0001 0.0001



as 0.5–1.5 μm in diameter (10), and S. pneumoniae cell wall was 
identified as 0.5–1.25 μm (11). Gram-positive (CoNS and S. pneu-
moniae) cell wall thickness is about 20–80 nm and more homog-
enous than that of the thin (2 nm) Gram-negative (A. bauman-
nii) cell wall (12). The electrical characteristics of bacterial cells 
and their electrophysiology are fundamental for improving 
bioimpedance methods for the detection of bacterial cells. Like 
other biological cells, bacterial cells consist of structures that 
have various electrical features. The inner composition of a cell is 
sophisticated and contains vacuoles, mitochondria, nucleus, and 
many dissolved charged molecules. While the membrane of the 
cell is highly insulated, its interior is extremely conductive. The 
electrical conductivity of the cell membrane is about 10−7 S/m; 
however, the intracellular conductivity can be as high as 1 S/m. 
Bacterial suspension conductivity studies have investigated the 
electrical features of bacterial cell surface and related cell com-
ponents (13). 

Bioimpedance spectroscopy techniques have been used in some 
bacterial identification studies. In one study, Salmonella cell sus-
pensions in deionized water solution were studied over a wide 
range of frequencies. It was reported that bacterial cell suspen-
sions with different cell concentrations could result in various 
electrical Z spectral responses. It was stated that the Z of the cell 
suspension was related to the cell concentration which could 
present an alternative approach for quantifying bacterial cells in 
a label-free, cheap, and straightforward method (14). In another 

clinical study, it was demonstrated that the bioimpedance nee-
dle probe was a reliable tool for detecting spinal structures with 
a sensitivity of 100% and specificity 81% (15). In a certain study, 
22 G and 24 G bioimpedance needle probes were employed for 
the detection of synovial fluid concentrations in the joints of 
80 patients with active arthritis. It was found that the sensitivi-
ty and specificity of this probe for synovial fluid detection were 
86% and 85% respectively (16). In another Z study, the authors 
demonstrated that the Z biosensor was capable of detecting 
Listeria as low as 1.6×102 CFU/mL in 1 h based on either the PA 
or the Z change analysis (17). In another study, P. aeruginosa was 
detected by electrical impedance spectroscopy (18). Among 262 
CSF samples with positive cultures, the most frequently isolated 
agent was S. pneumoniae with 23%, which was followed by CoNS 
(21%), A. baumannii (10%), Neisseria meningitidies (9%), Entero-
bacteriaceae strains (9%), Pseudomonas spp. (7%), Staphylococ-
cus aureus (5%), Haemophilus influenzae (3%), Candida spp. (2%), 
and Enterococcus spp. (2%) (19). Based on this study, we used the 
three most frequently isolated agents to compare with the sterile 
CSF in our research.

In studies that used PA to differentiate tissues, it was shown that 
a low PA was associated with tumor development, cell death or 
decreased cell integrity; however, high PA was associated with 
a healthy cell or cell membrane (20). Similar to these results, 
non-sterile CSF PA values were low and sterile PA values were 
high in our study.
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Figure 3. a-d. Phase angle (PA) values of different CSF samples at different colony numbers a) 1 colony, b) 2 colony, c) 5 colony and 
d) 10 colony (AB: A. baumanni; SP: S. pneumoniae)
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We performed a rapid and straightforward bioimpedance meth-
od to differentiate sterile from non-sterile CSF with different col-
ony numbers. In this study, we found that sterile and non-sterile 
CSF with different colony numbers resulted in various electrical Z 
spectral responses. However, the comparison of sterile CSF with 
CSF inoculated with A. baumannii did not yield any significant 
difference in Z spectra and PA in response to one colony due to 
its thin cell wall composition. The diameter cell membrane of 
A. baumanni is small due to its thin cell wall composition, and 
thus, the capacitive effect of its membrane is low. This situation 
may explain the fact that the cell membrane does not exhibit in-
sulating properties and therefore has similar R results with the 
measurement from sterile CSF. Further, we observed that when 
colony numbers of A. baumannii were increased in CSF, the differ-
entiation of sterile and non-sterile CSF became significant since 
the applied current interacted better with the inner structure 
of the A. baumannii. Similarly, its cell membrane did not exhibit 
insulating properties and therefore it had similar Z results with 
the measurement from sterile CSF. These results indicate that the 
bioimpedance probe differentiates the sterile from non-sterile 
CSF samples with different colony numbers. 

CONCLUSION
Today, molecular tests have become prominent as rapid diagnos-
tic methods in the diagnosis of meningitis. However, these tests 
are expensive and thus are not being used in routine practice. 
Bioimpedance spectroscopy technique can provide a predictive 
approach for quantifying bacterial cells in an inexpensive, sim-

ple, and time-saving way in CSF samples with different colony 
numbers. Besides, the probe has the potential to be used in the 
rapid detection of bacteria in CSF during real-time examinations.
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ABSTRACT
Objective: This study aimed to present the clinical and demographic features of patients who underwent skin cancer surgery 
at our center during the last 10 years. Localization, age, sex, and subtype mapping of head and neck cancers were particularly 
evaluated.
Methods: A retrospective evaluation was conducted of the patient data recorded over the last 10 years in the information process-
ing system of our institute. Age, sex, tumor localization, and subtype, if indicated, were recorded.
Results: The data of 455 patients were obtained from the our hospital archive scan. Of these, 342 (75.1%) patients had basal cell 
carcinoma (BCC), 99 (21.8%) had squamous cell carcinoma (SCC), 6 (1.3%) had basosquamous cell carcinoma (BSCC), and 8 (1.8%) 
had malignant melanoma (MM). BCC was most commonly found in men (M/F: 175/167) and the nasal region. SCC was seen more 
frequently in men (M/F: 52/47) and the cheeks. BSCC was most common on the cheek (3 patients, 50%) and MM (4 patients, 50%) 
on the scalp.
Conclusion: There are very few epidemiological studies on skin cancers throughout the world and especially in Turkey. This study 
showed that SCC was more common in men and located on the cheek, whereas MM was found to be more common on the scalp. 
Residents of the Çukurova region, an eastern Mediterranean region, are exposed to high levels of sunlight. We believe that the 
difference in demographic and clinical features of skin cancers in this region may be due to this.
Keywords: Basal cell carcinoma, malignant melanoma, squamous cell carcinoma
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INTRODUCTION
Malignant skin cancers are generally classified as keratinocytic and 
melanocytic tumors. Keratinocytic or non-melanocytic skin cancers 
(NMSC) comprise basal cell carcinoma (BCC), squamous cell carci-
noma (SCC), and more rarely, basosquamous cell carcinoma (BSCC). 
These are the most seen tumors worldwide, especially in white rac-
es. The frequency of BCC in the USA has been reported to be 33%–
39% in men and 23%–28% in women (1, 2). Although NMSC are 
widespread, the morbidity and mortality rates are not high. Despite 
significant developments in the diagnostic parameters of melano-
ma, the same developments have not been seen for the diagnosis 
of NMSC. For these types of tumors, the most important data are 
obtained clinically, and diagnosis is made according to these data.

BCC is more often encountered and originates from germinative 
cells found in the hair root follicles in the epidermis. The most 

significant factor playing a role in the etiology of this tumor is UV 
light. BCC is usually seen in white-skinned people and the geriat-
ric population. SCC forms because of the malignant transforma-
tion of epithelial keratinocytes in the skin and mucosal surfaces 
(3). Chronic inflammation, chronic wounds, and wound scars are 
thought to play a role in the etiology of SCC. While acute and 
intense exposure to sunlight have a role in the etiology of BCC, 
long-term chronic exposure plays a role in the etiology of SCC 
(3, 4). Malignant melanoma (MM) melanocytes are thought to 
develop with intense UV exposure and other etiological reasons 
(5). The etiology of skin cancers varies according to geographical 
region, and no study in literature was found for the Çukurova re-
gion in south-east Turkey.

This study aimed to develop a demographic map of skin cancers 
in the Çukurova region.

Content of this journal is licensed under a Creative  
Commons Attribution-NonCommercial 4.0 International License.
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METHODS
A retrospective examination was made of the data of patients 
who presented with a skin tumor at our center in the Çukuro-
va region between 2009 and 2019. Approval for the study 
was granted by the Ethics Committee of Adana City Training 
and City Hospital (2019/550). Informed consent was obtained 
from all the study participants. A retrospective scan was made 
of patient records from September 2009 to December 2019. 
The patients included in the study were those who were his-
topathologically diagnosed with NMSC (BCC, SCC, BSCC) and 
MM. Data related to age, sex, and tumor type and localization 
were analyzed. Only patients with sufficient data were consid-
ered in our analysis. The study excluded patients with multiple 
skin lesions, primary tumors in any tissue, and chronic autoim-
mune diseases. 

Statistical Analysis
The data were analyzed using the Statistical Package for the So-
cial Sciences (SPSS) software (Version 16.0. SPSS Inc.; Chicago, IL, 
USA). Conformity of the data to normal distribution was checked 
using histograms and the Shapiro-Wilk Test. Descriptive data 
were given as mean ± standard deviation (SD) values or number 
(n) and percentage (%).

RESULTS
A total of 455 patients with complete data were included in the 
study. Because of unavailable necessary data, 23 patients were 
excluded from the study. Diagnoses were determined as BCC in 
342 cases, SCC in 99, BSCC in 6, and MM in 8.

Demographic Data of Patients with BCC
Of the total 455 patients included in the study, BCC was diagnosed 
in 342 (75%), of which 175 (51%) were men and 167 (49%) were 
women with a mean age of 66.03±13.90 years. BCC was seen most 
often in the sixth and seventh decades of life (Figure 1).

Findings regarding the localization of the lesions are summa-
rized in Figure 2. Localization had not been recorded in 38 pa-
tients. BCC was found most often in the nasal region (n: 107, 
31%) and least often in the mentum (n: 6, 0.2%) and the lips (n: 
2, 0.05%). Of the 107 lesions located on the nose, 14 (13%) were 
on the left side; 23 (21%) on the right side; and the remaining 
70 were located on the nasal tip, radix, and dorsum. Subgroup 
classification could only be made in 38 patients. Subtypes were 

mostly nodular (n: 27), followed by the infiltrative type (n: 6). Of 
the 63 patients with BCC on the cheeks, approximately half were 
located on the right side (n: 31) and half on the left side (n: 32). 
Of these patients, subtypes could be identified in only 26. Of 
17 (27%) tumors identified, 4 (0.6%) were ulcer type. Forty-five 
(13%) patients had periorbital localization, of which 27 (60%) 
were left-sided and 18 (40%) were right-sided. Subtype identi-
fication could be made in 17 patients, with nodular being the 
most common type (n: 13, 28%), followed by the superficial type 
(n: 2, 0.4%).

Demographic Data of Patients with SCC
The patients diagnosed with SCC comprised 52 (58%) men and 
47 (44%) women with a mean age of 72.12±12.80 years. These 
tumors were seen mostly in the seventh decade of life (Figure 3). 
The lesion was mostly seen on the cheek region (n.24, 25%) and 
least frequent in the frontal (n: 5, 0.5%) and periorbital region (n: 
4, 0.4%). The tumors seen on the cheeks were on the right and 
left sides at equal rates. Of the lesions observed on the lips, 19 
(86%) were located on the lower lip (Figure 4).

Demographic Data of Patients with BSCC
BSCC was extremely rare and diagnosed only in six patients. 
These lesions were located on the left cheek in four cases (66%), 
the nose and ear in one patient each (16%). Extensive data anal-
ysis could not be performed because of few cases.

Main Points:

• This study aimed to present the clinical and demographic 
features of patients who underwent skin cancer surgery at 
our center during the last 10 years

• This study showed that SCC was more common in men and 
located on the cheek, whereas MM was found to be more 
common on the scalp

• Residents of the Çukurova region, an eastern Mediterra-
nean region, are exposed to high levels of sunlight.

• We believe that the difference in demographic and clinical 
features of skin cancers in this region may be due to high 
levels of sunlight.

Figure 2. The localization of basal cell carcinoma lesions

Figure 1. Demographic features in basal cell carcinoma
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Demographic Data of Patients with MM
MM was diagnosed in eight patients, comprising 6 (75%) men 
and 2 (25%) women with a mean age of 73.8 years (range, 47–
94 years). It was located in the scalp in 4 (50%) patients, on the 
cheek in 2 (25%, on the forehead in 1 (12.5%), and in the sub-
mandibular region in 1 (12.5%). Subtypes were observed most 
as nodular (n: 4, 50%) followed by lentigo maligna (n: 2, 25%). 
Extensive data analysis could not be performed because of few 
cases.

DISCUSSION 
Sunlight and radiation are the two most important factors in the 
etiology of skin cancers. In addition, geographical region and 
advanced age are of significant importance in this etiology (6). 
With the implementation of the Cancer Monitoring System in 
Turkey in 2003 and the clear determination of early diagnostic 
criteria, the real incidence of the disease has been revealed. Thus, 
the disease can be diagnosed early before metastasis. Moreover, 
there has been a reduction in the incidence of mortality caused 
by diseases such as melanoma. However, there are very few epi-
demiological studies on skin cancer in Turkey.

Findik et al. (5) analyzed the demographic data of 400 patients 
who presented with NMSC at Konya Meram University Medical 
Faculty Hospital. The most frequent tumor was BCC (263 patients, 
65%) located most frequently in the nasal region (82 patients, 
31%). These results overlap with the findings of tumors seen in 

the current study region. In the same study by Findik et al, SCC 
cases accounted for 28% (114 cases). Lesions were located most 
often in the lower lip, eye region, and extremities and were more 
often seen in women (5). However, in our study, they were seen 
more in men, and most often found on the cheek. These data 
were not consistent with the findings of previous studies (5, 6). 
As the Çukurova region is in the eastern Mediterranean region 
of Turkey, it is exposed to more sunlight for most of the year be-
cause of the geographical characteristics and its proximity to the 
equator. In addition, the geographical conditions and employ-
ment in agriculture may explain the sex-related difference. The 
same reasons could explain the difference in the localization of 
the lesions. As there were very few MM and BSCC tumors in our 
study, detailed data analysis could not be performed.

The results in the current study are supported by the findings 
of other studies in Turkey (5, 7). MM subtypes show different re-
sponses with UV exposure. The vast majority of lentigo Malign 
Melanoma (LMM) are seen in white-skinned individuals with a 
tendency to actinic damage and long-term exposure to intense 
sunlight. The cumulative dose of UV light to which a person is 
exposed throughout life is thought to play a role in the forma-
tion of LMM (8). Nodular malignant melanoma (NMM) is seen in 
relatively younger patients, and exposure to intermittent but se-
vere UV light at an early age plays a role in its development (8). 
The frequent observation of NMM in the Çukurova region can be 
explained by exposure to intermittent but intense UV light due 
to the geography and climate. However, the low number of cases 
in this study prevented the presentation of a detailed view. The 
results of the current study are consistent with those reported 
by other studies on MM in Turkey and throughout the world (9).

This study’s limitations included its retrospective design, the ab-
sence of histological subgroup analysis, and the low sample size 
of the BCC and MM groups.

CONCLUSION
In conclusion, just as the demographic data of skin cancer cases 
vary from country to country, a difference may also be seen from 
region to region. When it is considered that except for MM, the 
diagnosis of skin cancer is generally made according to clinical 
data, studies such as ours can provide information that can be of 
guidance in early diagnosis. More studies with a larger number 
of cases and longer follow-up periods are recommended.
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ABSTRACT
Objective: There is a limited data about resistive index (RI) of median nerve (MN) in patients with carpal tunnel syndrome 
(CTS). In our study, we aimed to evaluate the relationship between CTS severity and MN-RI.
Methods: A total of 115 CTS patient wrists, and 49 wrists of control subjects without CTS, were examined on ultrasonogra-
phy (US) and color Doppler US (CDUS), pulsed Doppler ultrasonography (PDUS), and by electrophysiological evaluations. 
MN peak-systolic velocity (MN-PSV), MN end-diastolic velocity, MN-RI and MN pulsatility index (MN-PI) were measured by 
PDUS. Patients were divided into 3 groups according to electrophysiological examinations severity findings of CTS as mild 
(Group-I), moderate (Group-II), and severe (Group-III).
Results: MN-PSV, MN-PI and MN-RI increased significantly from Group-I to Group-III and these parameters were significantly 
higher in Group-III than other two groups. MN-RI independently determines the patients to have severe CTS. Increased MN-
RI (per-0.1) was found to increase the risk of having severe CTS by 3.45-times. In the ROC analysis, the area under the curve 
was 0.846 for MN-RI. When the MN-RI cut-off value was taken as 0.80, it determines patients to be severe CTS with 85.2% 
sensitivity and 78.2% specificity.
Conclusion: The increase in MN-RI in CTS patients is independently associated with disease severity and may be used in the 
clinical follow-up of these patients.
Keywords: Carpal tunnel syndrome, median nerve, pulsed doppler ultrasounography, resistive index
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INTRODUCTION
Carpal tunnel syndrome (CTS) is the most predominant entrap-
ment neuropathy of the median nerve (MN) constricted in the 
wrist. It is more common in middle-aged women (1). CTS affects 
1% of the general population, and the prevalence is 5.8% for fe-
males and 0.6% for males (2). The MN is located tightly packed in 
the carpal tunnel (CT) with 9 tendons and synovial membranes. 
CTS may occur idiopathically, as well as in rheumatoid arthritis, 
hyperthyroidism, acromegaly, and diabetes mellitus (3). Patho-
logic changes occur in CTS due to MN pressure (4). Anatomic 
variations such as bifid median nerve anomaly and persistent 
median artery synovitis and cyst, ganglion, aberrant muscle, a 
tumor that may cause nerve compression in the CT can be de-
tected by imaging methods (5). Ultrasonography (US) is the 
most commonly used imaging technique for this purpose. The 

fact that patients are not exposed to X-rays or contrasts, being a 
cheap, well-tolerated, noninvasive, ready-for-intervention, easily 
accessible, and easy-to-implement process, are the significant 
advantages of US.

In addition to anatomical parameters, MN epineural and in-
tra-neural blood flow can be revealed by Doppler US (6). These 
Doppler US are color Doppler US (CDUS), pulsed Doppler US 
(PDUS), and superb microvascular imaging (SMI) examinations 
(6, 7). Intra-neural blood flow and density or vascularity can be 
visualized with color Doppler US. MN evaluation with US started 
with B-mode US, and in the last decade, in addition to B-mode, 
USG, PDUS, CDUS, and SMI are available for MN evaluation. 
As a result of these evaluations, in CTS patients; increased MN 
cross-sectional area (CSA), vascularity, hypoechogenity, and peak 
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systolic velocity (PSV) can be revealed (7-13). There are studies 
that investigate CTS severity with intraneural PSV (1, 8). There is 
limited information about the change of MN resistive index (RI) 
and its clinical significance in CTS patients (14).

Magnetic resonance imaging (MRI) and US are two important 
techniques for the diagnosis and severity assessment of CTS. 
MN CSA diffusion tensor imaging (DTI) findings obtained from 
different levels with MRI have been shown to be closely associ-
ated with CTS severity (15, 16). In a study by Ikeda et al. (15), the 
CSA in the affected hand at the scaphoid body level was signifi-
cantly larger rather than that in the unaffected hand. The CSA at 
the scaphoid body level positively correlated with distal motor 
latency in the affected hand. In a study by Wang et al. (16), the 
fractional anisotropy and apparent diffusion coefficient values 
obtained by DTI were reported to be closely associated with the 
diagnosis and severity of CTS. However, MRI for CTS evaluation 
is more expensive and difficult to reach than US examination. It 
was shown that MN CSA, MN vascularity increase, and MN-PSV 
and SMI were significant in order to determine the diagnosis and 
severity of CTS obtained by B-mode, CDUS, and PDUS (6, 7, 10, 
11). However, other studies have reported no clear association 
between these findings and CTS severity (7, 12, 13). US is easily 
accessible, cheaper than the MRI, but is still not recommended as 
an objective and clear parameter. In most studies, MN vascularity 
has been shown to increase in CTS patients.

It has been shown that RI obtained from the renal artery, hepatic 
artery, splenic artery, and carotid artery determines the damage 
to the endothelium in these organs or related diseases (17-20). We 
think that MN compression, that occurs in patients with CTS, may 
also increase the RI and associated PDUS parameters in the arteries 
within this nerve by pressurizing the vasculature. There is limited 
information about the clinical use of the MN-RI value obtained by 
PDUS in CTS patients (14). In only one study, MN-RI values   obtained 
by PDUS were reported to be significantly higher in patients with 
MN involvement than in those without MN involvement. However, 
this study did not give us any information on the relationship be-
tween the MN-RI value and the severity of CTS disease (14).

In this study, we aimed to investigate the relationship between 
PDUS findings of MN and CTS severity in patients diagnosed CTS 
with clinical and electrophysiological examinations.

METHODS

Patients and Study Design
One hundred and fifteen wrists of 82 patients (12 males, 70 fe-
males, mean age 51.9±10.9 years) with CTS, who were referred 
to our physical medicine and rehabilitation outpatient clinic be-

tween April 2014 and April 2015, were evaluated on US, CDUS, 
and PDUS. CTS diagnosis was confirmed by both clinical and 
electrophysiological examinations. All patients had signs of 
paralysis, pain, and/or vasomotor symptoms of MN injury. For 
clinical assessment, provocative tests, including Allen’s test, Tin-
nel test, and carpal compression test, were used. Patients with 
at least one positive provocative test were given preliminarily 
diagnosed with CTS. Electrophysiological examinations were 
performed using a four-channel Medelec Synergy (Oxford In-
struments Medical, Surrey, UK) electromyography device. Neuro-
physiological tests included nerve conduction studies and nee-
dle electromyography for the median and ulnar nerves. Nerve 
conduction studies included measurement of the distal sensory 
and distal motor latencies and sensory/motor nerve conduction 
velocities. The exact diagnosis of CTS was made according to the 
most recently updated guidelines (21). CTS severity was classi-
fied, on the basis of electrophysiological results, as mild, moder-
ate, severe, or extreme, according to the modified scoring system 
of Padua et al. (22). Patients were excluded if they had polyneu-
ropathy, radiculopathy, brachial plexus injury, proximal median 
neuropathy, diabetes mellitus, hypothyroidism, rheumatoid ar-
thritis, amyloidosis, chronic renal failure managed by hemodialy-
sis, pregnancy, and a history of surgery for CTS. 

Forty-nine clinically and electrophysiologically normal wrists 
were included in the control group.

CDUS and electrophysiological evaluations were performed in all 
controls. 

The study protocol was prepared according to the principles 
of the Declaration of Helsinki. The ethics committee of Baskent 
University Faculty of Medicine approved the study protocol, and 
each participant provided written informed consent.

Median Nerve Ultrasonography 
All subjects were examined on B-mode and CDUS using a 13-
MHz linear array transducer (Sonoline Antares; Siemens Medical 
Solutions, Inc., Hoffman Estates, IL, USA) in the neutral supine po-
sition. All examinations were performed by a single radiologist 
who had 15 years of work experience. The MN from the distal 
forearm to the carpal tunnel outlet was assessed in the transverse 
and longitudinal planes. Three internal anatomic landmarks 
were used for the images. The images of the MN were obtained 
at the radial-ulnar junction immediately proximal to the flexor 
retinaculum, and at the level of the pisiform and the hook of the 
hamate (23, 24). MN vascularity was evaluated with CDUS, and 
flow velocity measurements were analyzed with PDUS. Repeated 
measurements and at least 8 waveforrms of intraneural arteries 
were obtained. PSV, end-diastolic velocity (EDV), pulsatility index 
(PI), and RI of intraneural arteries were measured on PDUS (Fig-
ure 1). MN-RI and MN-PI values were measured automatically by 
PSV-EDV/PSV formula, and PSV-EDV/MV (mean flow velocity) for-
mula, respectively. The mean values of MN-PSV, MN-EDV, MN-PI, 
and MN-RI were recorded (Figure 1a-d).

Statistical Analysis
Continuous variables were expressed as mean±standard devi-
ation (mean±SD), while categorical variables were reported as 

Main Points:

• MN-RI increase is associated with disease severity in CTS 
patients.

• Increased MN-RI (>0.80) usually indicates increased CTS se-
verity

• MN-RI may be used in the clinical follow-up of CTS patients. 
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counts and percentages. Comparisons of continuous variables 
were performed by the One-way ANOVA or Kruskal-Wallis 1-way 
ANOVA tests according to the distribution. For normally distribut-
ed data, the Scheffe and Games-Howell tests were used for mul-
tiple comparisons of groups with respect to the homogeneity of 
variances. For non-normally-distributed data, the Bonferroni-ad-
justed Mann Whitney U test was used for multiple comparisons 
of groups. The Chi-Square Test was used to compare categorical 
variables. Univariate analysis revealed demographic and Dop-
pler US parameters that were significantly different in patients 
with CTS severity. For independent determination of patients 
who had severe disease for CTS, multivariate logistic regression 
analysis was performed. ROC curve analysis was performed to 
reassess markers that were independent for identifying patients 
with severe disease for CTS and to determine the threshold val-
ues of these markers. The value of the area under the curve was 
used as the accuracy criterion of the test. The threshold for statis-

tical significance was set at p<0.05. All analyses were performed 
with SPSS 20.0 (IBM SPSS Corp.; Armonk, NY, USA) statistical soft-
ware package.

RESULTS
The median MN-PSV, MN-EDV, MN-PI, and MN-RI values were 5.3 
cm/s, 1.2 cm/s, 2.0 cm/s, and 0.79 cm/s, respectively. The medi-
an values of the same parameters in patients with severe CTS 
were 7.2 cm/s, 1.1 cm/s, 2.71 cm/s, and 0.88 cm/s, respectively. 
The demographic findings and PDUS scores of the patients were 
evaluated according to the previously-mentioned CTS groups. In 
the control group, no hypervascularization was detected in any 
of the subjects.

Demographic and Ultrasonography Findings of the Study Groups
There was no significant difference between groups in terms 
of demographic (age and gender) parameters. MN- PSV, MN-PI, 

Figure 1. a-d. Color Doppler ultrasonography (CDUS) and pulsed Doppler ultrasonography (PDUS) findings of median nerve (MN) 
in carpal tunnel syndrome (CTS). (a) In patients with severe CTS; significantly increased intraneural vascularity of MN is demon-
strated by CDUS. (b) In patients with severe CTS; significantly increased MN resistive index (MN-RI) is demonstrated by PDUS. The 
MN-RI is measured as 0.80. (c) In patient with mild CTS; mildly increased MN intraneural vascularity  is demonstrated by CDUS. (d) 
In patient with mild CTS; MN-RI is measured as 0.23 with PDUS

a

c

b

d
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and MN-RI increased significantly from Group I to Group III, and 
these parameters were significantly higher in Group III than in 
the other two groups (Table 1, Figure 2 a-d). Also, MN-PSV, MN-
PI, and MN-RI were higher in Group II than in Group I, though the 
difference was not statistically significant (Table 1). MN-EDV was 
similar among the groups (Table 2, Figure 2b). 

Multivariate Logistic Regression Analysis for the Detection of 
Patients with Severe CTS
Multivariate logistic regression analysis was performed to de-
termine the closest relationship between CTS severity and age, 
gender, MN-PSV, MN-EDV, MN-RI, and MN-PI. Upon multivar-
iate logistic regression analysis, it was found that only MN-RI 
independently identified the patients with severe CTS (Odds 
Ratio=3.449, 95% Confidence Interval: 1.147–8.392, p<0.001; Ta-
ble 2). According to this analysis, increased MN-RI (per 0.1) was 
found to increase the risk of patients having severe CTS by 3.45 
fold (Table 2) 

ROC Analysis for the Detection of Patients with Severe CTS
In the ROC analysis, the area under the curve was 0.846 for MN-
RI for the prediction of severe CTS group (Area Under Receiver 
Operating Characteristic Curve=0.846, 95% Confidence Inter-
val=0.762–0.930, p<0.001, p <0.05, Table 3 and Figure 3). An 
MN-RI value of 0.80 determined identified severe CTS with 85.2% 
sensitivity and 78.2% specificity. 

DISCUSSION 
The main finding in this study is that increased MN-RI obtained 
by PDUS independently predicts the severity of CTS patients. 
To our knowledge, this is the first study in the literature that 
inspects this relation. When the MN-RI cut-off value is taken as 
>0.80, it determines the risk of severe CTS development with ac-
ceptable sensitivity and specificity. 

Electromyography is recommended as the gold standard with 
electrophysiological examinations in the evaluation of patients 

Figure 2. a-d. Median nerve (MN) peak systolic velocity (a), MN end-diastolic velocity (b), MN pulsatility index (c) and MN resistive 
index (d) measurements of carpal tunnel syndrome severity groups

a

c

b

d
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with CTS in daily practice and in determining disease severity 
(6). However, with electromyography, just electrophysiologi-
cal properties of MN are shown. The MN entrapment status is 
shown indirectly. In addition, electromyography has electrode 
and needle placement problems (25). As a matter of fact, in or-
der to complete these disadvantages and its deficiencies, MN 
US examination was recommended in the evaluation of CTS pa-
tients in 1990 guidelines (26). US examination was initially pro-
posed as an adjunctive one rather than a diagnostic one and 
used as an adjunctive modality for detecting nerve abnormal-
ities (such as bifid MN), and mass lesions, or guiding injection 
treatments. The B-mode US of MN provides information about 
the nerve anatomy and also can detect the transverse carpal 
tunnel ligament pressure (5, 25). MN CSA is also calculated with 
B-mode US, and the CSA increase is reported to be associated 
with the presence of CTS and CTS severity (6, 27). However, in 
some studies, CSA and CTS severity are not related (7, 12, 13). In 
the CTS guidelines, MN CSA has been recommended as a new 
study on this issue because of the lack of the precise location 
of the measurement site and having a very good cut-off value 

(21), because there are too many publications that have differ-
ent threshold values (21).

Many studies have been carried out with the view that this in-
creased vascularity is associated with direct nerve pressure may 
be associated with disease severity. Initially, CDUS was used, and in 
a large majority of these studies, MN vascularity was shown to be 
increased in CTS patients (6, 11, 28, 29) and reported to be import-
ant for diagnosis. However, the question as to whether increased 
vascularity is associated with disease severity is unclear and has 
conflicting results. In some of these studies, the severity of CTS 
was associated with increased MN vascularity (10, 11), although 
some studies did not correlate with CTS severity (12, 25, 26, 30). At 
the same time, the increase in vascularity is a relative and subjec-
tive measurement, resulting in a preference for flow velocity and 
pattern obtained with PDUS. The last published guideline also rec-
ommended more objective studies of vascularity enhancement 
(21). With the recent MN-PSV study (1, 8), there is currently limited 
MN-RI examination as far as we have investigated, and our study 
is second in the literature (14). A similar study was performed 

Table 1. Demographic and Doppler ultrasonography findings of the study groups

Variable Group I n=36 Group II n=52 Group III n=27 p

Age (year) 50.1±11.4 53.1±9.9 51.9±11.9 0.469

Gender (male/female) 5/31 9/43 6/21 0.692

Median nerve peak systolic velocity (cm/s) 4.63±2.94α 5.43±2.26¥ 8.94±2.26 <0.001

Median nerve end diastolic velocity (cm/s) 1.50±0.82 1.55±1.34 1.22±0.69 0.407

Median nerve pulsatility index 1.80±1.19α 1.84±0.82¥ 3.02±1.15 <0.001

Median nerve resistive index 0.61±0.23α 0.71±0.17¥ 0.85±0.76 <0.001

The values were shown as mean±standard deviation or n (%), Group I=Control group, Group II=Medical treatment group and Group III=Planed surgery group
αthe significant association between the Group I and Group III (p<0.05)
βthe significant association between the Group I and Group II (p<0.05)
¥the significant association between the Group II and Group III (p<0.05)

Table 2. Variable regression analysis for the detection of patients with severe disease group

Variable Odds Ratio 95% Confidence Interval p

Age (year) 0.965 0.907–1.026 0.257

Gender (male/female) 0.588 0.113–3.052 0.528

Median nerve peak systolic velocity (cm/s) 1.194 0.972–1.466 0.091

Median nerve end diastolic velocity (cm/s) 0.325 0.039–2.728 0.300

Median nerve pulsatility index 0.927 0.372–2.310 0.870

Median nerve resistive index 3.449 1.147–8.392 <0.001

Table 3. Receiver Operating Characteristic analysis for the detection of patients with severe disease group

Variable
Area Under Receiver Operating 

Characteristic Curve p Cut-off value Sensitivity Specificity

Median nerve resistive index 0.846 (0.762–0.930) <0.001 0.80 85.2% 78.2%
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by Sayed et al. (14), and 28 patients with CTS were evaluated by 
electromyography. In patients with MN involvement, MN-RI val-
ues   were reported to be significantly higher than those without 
MN involvement. The most important limitation in the Sayed et 
al. (14) study is that the number of patients evaluated is low, and 
the MN-RI value and its importance in patients with severe CTS is 
not stated. In our study, CTS severity in 115 wrists was evaluated 
according to electrophysiological examinations, and MN-RI levels 
were significantly higher in patients with severe CTS than in other 
groups. In addition, when we were taken as a 0.80 threshold value, 
we showed that patients with severe CTS were determined with 
acceptable sensitivity and specificity.

MN-PI was not observed directly in the MN vascularity increase re-
gion, PI was observed in arterial radialis indicis and arterial radialis 
palmaris from the 1st and 5th fingers while resting and provocation 
and it has been reported that the decline in PI value obtained by 
both resting and provocation from arterial radialis indicis passing 
through the carpal tunnel is greater in patients with moderate to 
advanced CTS (29). As a result of the study, patients with CTS were 
reported to have impaired vasomotor function with PDUS that 
was reported to be associated with the severity of CTS disease (29). 
In another study similar to the previous study, the MN intraneural 
flow pattern was used. This study by Evans et al. (1) investigated 
MN intraneural flow. The mean PSV obtained from the CT entry 
of patients with CTS was found to be significantly lower. However, 
the findings of this study are contradictory to those of previous 
CTS studies. In the study conducted by Evans et al. (1), MN-RI eval-
uation was performed in addition to MN-PSV in PDUS evaluation, 
even though MN-PSV evaluation was performed, but they did not 
give us any information about MN-RI importance. It is clear that 
MN-RI significantly increased in the prevalence of CTS. The most 
pertinent problem in this study was reported to be that MN-PSV 

values were lower in patients with CTS than in in asymptomatic 
cases (1). Although vascularity decreases in this study, increased 
MN vascularity has been reported in the majority of studies (6, 11, 
28, 29). Wilder-Smith et al. (8) reported that the MN-PSV value ob-
tained by Evans et al. (1) was significantly low. Our study value was 
very close to the value reported by Wilder-Smith Therimadasamy 
(8) In all patients with CTS, the mean median value was 5.3 cm/s; 
the MN-PSV value increased with disease severity and the median 
value in the severe CTS group was 7.2 cm/s. This value in our study 
is compatible with that reported by Wilder-Smith Therimadasamy 
(8) and there is no other threshold value in the literature to the 
best of our knowledge.

In 2010, inconsistencies in the studies on MN CSA enhancement 
(7, 13), and the subjectivity of data on increased vascularity 
and hypoechogenicity were directed us towards the PDUS, but 
several studies have also been discordant (1, 8). It is clear that 
there is a need for an US parameter that is different from these 
parameters in patients with CTS; this should be physiopatho-
logically appropriate, more objective and acceptable. For this 
reason, the hypothesis that RI values obtained from intraneu-
ral arteries that have not previously been used in patients with 
CTS may be associated with the severity of CTS. It is certain that 
the increase in vascularity, that is the result of compressed MN, 
is encountered by an increased resistance. For this reason, MN-
RI is thought to be increased. Evans et al. (1) demonstrated that 
there is an increase in MN-RI in CTS, but they did not empha-
size this finding in their studies. This is because in those years 
there was not much data available on RI evaluation (especially 
renal RI), especially for other organs, and the importance was 
not as much as it is today. In our study MN-RI was found to in-
crease with the increasing severity of patients with CTS. MN-RI 
also independently determines the severity of CTS better than 
the other PDUS parameters associated with CTS (including 
MN-PSV). When the MN-RI threshold value is taken as 0.80, it 
identifies patients with severe CTS with acceptable sensitivity 
and specificity. To the best of our knowledge, this is the first 
in the literature as far as we investigate these findings and we 
could not find a new threshold to compare. CTS severity is not 
associated with MN-EDV in this study. Intraneural MN-PSV and 
MN-PI values were associated only in univariate analysis, but 
no significant correlation was found in multivariate analyses. 
In conclusion, PDUS findings may contribute to the diagnosis 
of CTS, its severity, and its treatment plan. This method can be 
used as a noninvasive method in cases in that electromyogra-
phy cannot be performed. 

A major limitation of our study is that our study was performed 
in a single center, it had a cross sectional design, and included 
a limited number of patients. The results of MN-RI and other 
studies could not be compared due to the lack of sufficient data 
on MN-RI values and its clinical availability in patients with CTS 
in the literature. For this reason, more studies with bigger sam-
ples are needed. In our study, CSA and hypoechogenicity with 
B-mode US were not evaluated because of the conflicting results 
of many studies. A new review of MN vascularity was not evalu-
ated in our study. Better and more meaningful results could be 
obtained if we had assessed the SMI in our study. 

Figure 3. Receiver operating characteristic curves with median 
nerve resistive index for the diagnosis of severe carpal tunnel 
syndrome
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CONCLUSION
According to our results, the increase in the MN-RI in CTS pa-
tients is independently associated with disease severity and 
may be used in the clinical follow-up of these patients. We think 
that MN-RI evaluation should be a part of the assessment of 
CTS. Clinicians should consider patients with MN-RI >0.80, as 
serious CTS. 
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ABSTRACT
Objective: Urinary incontinence (UI) is involuntary urine flow that causes social and hygienic problems. The association be-
tween risks factors and UI in women was assessed. We compared the risk factors based on UI subtypes.
Methods: The study included 470 women with different UI types (320 urge UI [UUI], 80 stress UI [SUI], and 70 mixed UI [MUI]). 
Age, educational level, urban/rural residence, parity, delivery type, diabetes mellitus (DM), and hypertension status, any 
neurological abnormality, menopausal status, surgical history, and body mass index (BMI) were obtained.
Results: Of all women, 320, 80, and 70 had UUI, SUI, and MUI, respectively. The groups did not differ significantly in terms of 
age, hypertension status, neurological abnormality rate, smoking status, or surgical history (all p>0.05). Parity, episiotomy, 
DM status, delivery type, menopause status, hysterectomy history, and BMI differed significantly among the groups (all 
p<0.05). 
Conclusion: Our study found that parity, episiotomy, DM status, delivery type, menopause status, hysterectomy history, and 
BMI may be independent risk factors for different UI types. 
Keywords: Stress, urge, urinary incontinence

How to cite: Kazımoğlu H, Topdağı YE, Solakhan M, Güzel Aİ. Comparison of Urinary Incontinence Subgroups according to 
Possible Risk Factors. Eur J Ther 2020; 26(3): 225-8.
ORCID iDs of the authors: H.K. 0000-0001-8224-5068; Y.E.T. 0000-0003-0656-0765; M.S. 0000-0001-9123-9196; A.İ.G. 0000-
0002-9518-3772.
Corresponding Author: Yunus Emre Topdağı E-mail: emr-topdagi@hotmail.com
Received: 10.02.2020 • Accepted: 30.06.2020

Original Research

INTRODUCTION
The lower urinary system consists of the bladder and urethra. 
However, urine filling and discharging occurs in harmony with 
the pelvic floor and neurological system that affect the working 
mechanism of the vesicourethral unit formed by these two ana-
tomical structures. Urinary incontinence is involuntary urine flow 
that causes social and hygienic problems.

The International Continence Society describes urinary incon-
tinence (UI) as any involuntary urine leakage; UI is subdivided 
into stress, urge, and mixed UI (MUI). Stress UI (SUI) is defined 
as intra-abdominal involuntary urine flow that accompanies 
increased intraabdominal pressure due to urethral hypermo-
bility, bladder neck and insufficient support, and/or proximal 
urethra arising from failure in the intrinsic sphincter (1, 2). SUI 
is involuntary urination that occurs while exercising, laughing, 
sneezing, or coughing. Involuntary loss of urine associated 
with an urgent need to urinate constitutes UI; MUI is a com-
bination of SUI and urge UI (UUI) (3, 4). Although its incidence 
increases with age, it affects approximately 20% of all women. 
Current epidemiological data showed that 17% of women old-

er than 20 years and 38% of women older than 60 years were 
affected (5, 6).

Previous studies showed that smoking, old age, female sex, fa-
milial predisposition, number of births, menopause, poor gen-
eral health, diabetes mellitus, asthma, high body mass index 
(BMI)/obesity, chronic constipation, previous urogynecological 
surgery, cognitive decline, decreased physical function, and oth-
er medical and social conditions (pulmonary diseases, neurolog-
ical diseases, and spinal cord injuries) were UI risk factors (7-10). 
Here, we evaluated the risk factors in our patients with different 
UI types. We compared the risk factors based on UI subtypes.

METHODS
This was a prospective case–control study conducted in the de-
partment of urology of a tertiary research and education hos-
pital from January 2014 to January 2015. All patients provided 
informed written consent, and the Sanko University Ethics Com-
mittee (November 21, 2018/number: 2018/11-08) approved the 
protocol. We recorded patient Age, parity, urban/rural residence, 
educational status, delivery type, diabetes mellitus and hyper-
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tension status, any neurological abnormality, smoking status, 
and history of surgery, episiotomy, or cesarean section were ob-
tained. The hospital discharge records described maternal con-
ditions based on ICD-10 diagnoses. Incontinence type was eval-
uated based on the International Continence Society. Exclusion 
criteria were presence or history of inferior genital tract cancer, 
previous treatment with pelvic radiotherapy, pregnancy, and 
previous urogynecological surgery (e.g., sling, anterior/posterior 
colporrhaphy, Burch operation). 

Statistical Analysis
The Shapiro–Wilk test was used to confirm the normality of dis-
tribution of continuous variables. The Kruskal–Wallis and Dunn’s 
multiple comparisons tests were used to compare non-normally 
distributed data among the three groups. The chi-squared test 
was used to compare pairs of categorical variables, and the Bon-
ferroni correction was used to adjust for multiple comparisons 
when the chi-squared test result was significant. The Firth logistic 
regression model of the R ver. 3.5.1 brglm package to reduce bias 

caused by the low prevalence of certain categories when a bi-
nomial-response general linear model is used (11). All univariate 
statistical analyses were performed using SPSS for Windows ver 
(IBM SPSS Corp.; Armonk, NY, USA). 24.0; p<0.05 was accepted as 
statistically significant. 

RESULTS
The study included 470 women with UI, of which 320 (68.1%), 
80 (17%), and 70 (14.9%) had UUI, SUI, and MUI, respectively. Ta-
ble 1 shows the comparison of demographic and clinical char-
acteristics. No significant among-group difference was found 
for age, hypertension, smoking status, neurological abnormality 
rate, or surgical history (all p>0.05). Parity, episiotomy, DM sta-
tus, delivery type, menopause, hysterectomy status, and BMI dif-
fered significantly among the groups (all p<0.05). On subgroup 
analysis using the Dunn’s test, BMI in the UUI group was signifi-
cantly higher than that in the SUI group (p=0.001); significant 
differences were observed between the SUI and MUI (p=0.011) 
and between UUI and MUI (p=0.001) groups. Bonferroni cor-
rection showed that the incidence rates of episiotomy and DM 
were significantly higher in the UUI group (p=0.017 and 0.001, 
respectively). Vaginal delivery was more common in the MUI 
group (p=0.001), menopause in the UUI group (p=0.015), and 
previous hysterectomy in the MUI group (p=0.001). Table 2 sum-
marizes the outcomes of logistic regression. Vaginal delivery 
(OR=82.66) and menopause (OR=32.43) were risk factors for SUI 
compared with UUI; episiotomy (OR=20.82) and DM (OR=4.32) 
were risk factors for UUI compared with MUI; and hysterectomy 

Main Points:

• Although UI is a treatable condition, many women expe-
rience psychological, social, and physical problems due to 
this disorder. 

• Parity, episiotomy, DM status, delivery type, menopause 
status, hysterectomy history, and BMI may be independent 
risk factors for different UI types. 

Table 1. Comparison of the clinical parameters between the different types of urinary incontinence 

Variables Urge UI group (n=320) Mix UI group (n=70) Stress UI group (n=80) p

Age (years) 49.48±19.45 52.82±7.05 44.88±9.23 0.127

BMI (kg/m2) 27.62±6.57 23.07±0.86 22.28±1.22 0.006*

Parity 2.95±2.3 3.54±1.1 2.5±0.88 0.020*

Episiotomy 40 (0.13) 0 (0) 0 (0) 0.017*

Diabetes mellitus 57 (0.18) 35 (0.50) 27 (0.34) 0.001*

Hypertension 102 (0.32) 30 (0.43) 15 (0.19) 0.128

Delivery type

Cesarean 112 (0.35) 0 (0) 22 (0.28) 0.001*

Vaginal 167 (0.48) 70 (0.93) 57 (0.63)

No birth 40 (0.13) 0 (0) 0 (0)

Neurological abnormalities 47 (0.15) 12 (0.18) 5 (0.06) 0.362

Smoking 20 (0.06) 2 (0.04) 0 (0) 0.317

Menopause 137 (0.43) 30 (0.43) 12 (0.16) 0.015*

Previous surgery 135 (0.42) 42 (0.61) 30 (0.38) 0.143

Previous cesarean 75 (0.23) 5 (0.07) 22 (0.28) 0.106

Hysterectomy 20 (0.06) 35 (0.50) 5 (0.06) 0.001*

*: p<0.05: Two-sided p values were considered statistically significant, BMI: body mass index. 
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(OR=17.11) and menopause (OR=0.48) were risk factors for SUI 
compared with MUI. No other significant differences were found 
among the groups.

DISCUSSION 
UI is an important medical and social public health problem due to 
its incontinence, family, and healthcare costs. Although one-third 
of women have UI, most women do not consult a physician for this 
symptom. It is especially important to direct patients with risk factors.

The risk factors were evaluated for UI by UI subtypes. On re-
gression analysis, vaginal delivery (OR=82.66) and menopause 
(OR=32.43) were risk factors for SUI compared with UUI; episiot-
omy (OR=20.82) and DM (OR=4.32) were risk factors for UUI com-
pared with MUI; and hysterectomy (OR=17.11) and menopause 
(OR=0.48) were risk factors for SUI compared with MUI. Previous 
studies have found that obesity was a risk factor for UI (12, 13). In 
a cross-sectional study of the Women’s Health Australia project, 
obese women with BMI of 30–40 kg/m² were at a two-fold high-
er risk of UI than women with BMI<20 kg/m² (14). Obesity was 

also found as a risk factor in all subgroups. Basak et al. (10) found 
that women attending a outpatient urology department tended 
to have MUI and more than risk or associated factors, including 
obesity and DM (10).

Childbearing may cause UI in women. The delivery mode is con-
sidered a major risk factor for UI; most UI complaints are associ-
ated with pregnancy, childbirth, or postpartum issues. Howev-
er, the impact of birth mode on incontinence and the possible 
protective role of cesarean section remain debatable. Singh et 
al. (15) found that UI was more common in women with a history 
of vaginal delivery compared with nulliparous women and those 
who underwent cesarean section. However, Parazzini et al. (16) 
found no increased risk of UUI after vaginal delivery. In another 
study, the prevalence of both SUI and UUI was lower among nul-
liparous women and higher among women with 5–6 deliveries 
(17). This may be associated with impairment in pelvic muscle 
nerves during birth, development of atrophy in muscles, and de-
velopment of prolapse over time (18). We found that vaginal de-
livery was a risk factor for SUI. By contrast, some studies showed 
that delivery with a birth weight of >4 kg affected UI (19).

Any association between episiotomy and UI remains unclear. In 
two Turkish studies, no significant correlations were evident be-
tween vaginal episiotomy, age at first childbirth, and UI (20, 21). 
However, Chang et al. (22) found that UI was significantly more 
common in women who had episiotomy compared with those 
who did not. Episiotomy was a risk factor in the UI group com-
pared with the MUI group. According to the literature, episioto-
my can effectively prevent anterior perineal laceration, but not 
perineal damage, as well as urinary and anal incontinence and 
pelvic floor relaxation (23).

DM is also associated with UI. Kılıc et al. (24) considered that DM 
triggered UI by causing glycosuria, detrusor muscle overactivity, 
recurrent urinary infections, and diabetic cystopathy. Although 
some studies found correleations between DM status and UI, 
other studies did not (25, 26). We found that DM was a risk factor 
in the UI group compared with the MUI group. 

Hysterectomy violates the integrity of the pelvic floor muscu-
lature and connective tissue, and denervates the bladder, all of 
which are associated with UI (27). Two long-term follow-up stud-
ies showed significant associations between hysterectomy and 
UI (28, 29). Similarly, we also found a strong association between 
hysterectomy and SUI compared with MUI. Previous studies 
found that menopause affected the UI rate. De Boer et al. report-
ed that menopausal women reported significantly more UI and 
required more pelvic organ prolapse (POP)/incontinence surger-
ies than did other women Another study found that menopause 
predisposed women to POP (30).

CONCLUSION 
Although UI is a treatable condition, many women experience 
psychological, social, and physical problems due to this disor-
der. Many studies have been conducted on UI risk factors. In our 
study, we investigated the risk factors among UI subtypes. Such 
analyses could improve treatment outcomes. 

Tablo 2. Odds ratios of the clinical parameters between the 
subgroups 

Variable groups OR (95% CI) p

Urge UI group vs Mix UI

BMI 0.870 (0.801–0.945) 0.001*

Episiotomy 20.824 (0.992–436.917) 0.003*

Diabetes mellitus 4.326 (1.334–14.028) 0.015*

Delivery type

No vaginal 0.03 (0.001–0.681) 0.027*

Menopause 0.12 (0.034–0.421) 0.001*

Hysterectomy 0.153 (0.042–0.551) 0.004*

Stress UI group vs Urge UI 
group

BMI 0.84 (0.77–0.92) 0.001*

Episiotomy 0.017 (0.001–0.472) 0.017*

Diabetes mellitus 0.179 (0.05–0.64) 0.008*

Delivery type

No vaginal 82.664 (3.529–1936.155 0.006*

No vaginal no cesarean 47.391 (1.493–1504.326) 0.029*

Menopause 32.434 (7.378–142.584) 0.001*

Stress UI group vs Mix UI group

BMI 0.48 (0.275–0.846) 0.011*

Hysterectomy 17.112 (3.893–75.228) 0.002*

*: p<0.05: Two-sided p values were considered statistically significant, 
BMI: body mass index; UI: urinary incontinence
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ABSTRACT
Objective: The objective of this study is to evaluate the normal elastography values of the three anatomical regions (head, corpus, 
and tail) of the pancreas in the normal adult population using strain elastography (SE) imaging.
Methods: The study included 93 (35 males and 58 females) healthy volunteers. In the healthy volunteers, we semi-quantitatively 
assessed the pancreatic elasticity by measuring the SE images based on age and gender in the healthy individuals. We also com-
pared the elasticity measurements with respect to gender and age. A threshold value was derived for the healthy volunteers.
Results: In the healthy volunteers, the strain ratio (SR) values were compared with respect to gender and age (before and after 40 
years). The elastography values were determined separately for each region of the pancreas. Then, the elastography values before 
and after the age of 40 years were determined. Importantly, we compared the pancreatic elastography values between the gen-
ders, pancreatic areas, and before and after the age of 40 years. The significance value of p was taken at 0.05.
As a result, there was no significant difference between males and females. The average SR values in women and men were 
1.86±0.98 (0.26–4.54) and 1.76±1.20 (0.43–5.26), respectively. There was no significant difference between the SR values measured 
with respect to age before and after 40 years (p=0.293). The average SR value did not differ between woman and men (p=0.751).
Only the measurements of pancreas corpus were slightly different before and after the age of 40 years (p=0.018).
Conclusion: SE imaging can be used as an efficient technique for the evaluation of pancreatic elasticity. This study determined the 
normal elasticity values of the pancreas in healthy volunteers. Information obtained from the healthy adults can serve as a baseline 
against which pancreatic diseases can be examined in clinical practice.
Advances in knowledge: Designing the value of SR of pancreas parenchyma in healthy volunteers will lead to further elastography 
studies that can be used in the differential diagnosis of pathological tissues in the pancreatic tissue, leading to future monitoring 
of other pathologies.
Keywords: Elastography, pancreas, strain index, strain ratio
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INTRODUCTION
The pancreas is an organ that has both exocrine and endocrine 
secretory functions. In total, 85% of the entire pancreas compris-
es the exocrine portion, 2% is the endocrine portion, and the 
rest is the extracellular matrix and vascular structure (1, 2). The 
pancreas shares a close relationship with many organs and struc-
tures in terms of localization (2).

The pancreas is an organ in which many malignant and benign 
diseases can occur (3). Many diseases ranging from diabetes mel-
litus to pancreatic carcinoma can be observed in the pancreas 
(1). Sonographic elastography (USE), which is used in the diag-
nosis of diseases by measuring tissue stiffness, especially for the 
distinguishing malignant and benign diseases, has witnessed a 
recent and frequent usage for the diagnosis of may pancreatic 
diseases.

USE is a new procedure that shows the stiffness of the tissue 
under examination. This procedure assists in obtaining infor-
mation about the stiffness of the observed lesion or tissue and 
revealing the difference of the examined tissue from the normal 
tissue (1,4-5). Many studies have been conducted on elastog-
raphy so far, with several of them examining the usefulness of 
elastography. It is not only used in the examination of superficial 
organs, but also in the examination of many organ tissues (6-9). 
Although there are many elastography studies on organs, there 
are very few publications and research on the USE studies of the 
pancreas. Because the location of the pancreas and its smaller 
size as compared to other organs are some of the reasons that 
led to only a few studies in this region (7-9). However, new stud-
ies report that USE is technically more useful. Especially, the use 
of elastography in the pancreatic tissue, where the biopsy mate-
rial is difficult to obtain, is more important (7-9)
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There are two importantly known USE modalities. The first one 
is strain elastography (SE), which can perform a qualitative or 
semi-quantitative measurement. This technique is performed 
by applying and compressing the tissues from the body surface 
with the help of a probe and obtaining information about tis-
sue’s hardness. The tissue is compressed by the practitioner who 
apply rhythmic pressures at the intervals of every two seconds 
with the aid of a probe. B-mode, color map, and compression–
decompression wave appear on the same screen. Then, a color 
image indicating the stiffness of the examined tissue is shown 
and the semi-quantitative strain index (SI) is determined. After 
the SI of neighboring tissues is taken as a reference, the indices of 
the target tissue and adjacent tissue are proportioned for obtain-
ing the strain ratio (SR). Hence, information about the stiffness of 
the tissue is secured (9, 10).

The second method is sharewave elastography (SHE). In this 
method, independent of the user, the velocity of the wave (m/s), 
or the pressure value (Kpa) of the wave, which is obtained by the 
parallel movement of the waves sent to the tissue, is measured. 
Therefore, the faster travel of the wave in the tissue indicates the 
respective hardness in the tissue, and the information about this 
tissue is numerically obtained (9, 10).

In the light of all these information and references, we deter-
mined the normal elastographic values of the three anatomi-
cal regions (head, corpus, tail) of the pancreas in the normal 
adult population using SE technique in our study. Moreover, 
we aimed to guide the further elastography studies that can 
be later used in the differential diagnosis of pathological tis-

sues in the pancreatic tissue, along with the monitoring of 
many other pathologies.

METHODS
Informed consent form was obtained from all the patients, and 
we performed this study was performed in accordance with the 
ethical guidelines of the Helsinki Declaration. We received no fi-
nancial support for this study.

Pancreatic SE was performed on the healthy volunteers (35 males 
and 58 females) who were free from any known diseases. The av-
erage age and height of the participants were 36.13±17.27 years 
(18–81) and 166.81±9.50 cm (150–190 cm), respectively. Addi-
tionally, the average weight and body mass index averages of 
the participants were 61.75±11.47 kg (40–90 kg) and 22.36±3.44 
cm/m2 (14.30–29.30), respectively.

After the clear and careful evaluation of pancreas of each volun-
teer on the gray scale under ultrasonography, SE was performed 
on the head, trunk, and tail regions of the pancreas. The proce-
dures were performed by a radiologist with at least five years of 
experience in this field. The procedure was performed with a 3.5–
5 MHz convex probe using a Toshiba Aplio 500 device (Toshiba 
Medical Systems, Co., Ltd., Otawara, Japan) with two presses per 
second to the three areas of the pancreas. While taking the sam-
ples, the probe was placed in the tissue in a parallel position. The 
screen is divided into three main regions. On the left, it shows 
the degree of stiffness of the tissue and the tissue is observed 
in color with the gray scale on the right. The lower part displays 
the waveform showing compression–decompression and sup-
porting our adjustment of the rhythm (Figure 1). Then, the three 
samples were separately taken from the pancreatic head, trunk, 
and tail regions. While taking the samples, the SR values were 

Main Points:

• Sonoelastography is a new imaging modality that can-
quantitatively measure tissue elasticity with the use of so-
nography. Strain elastography assesses tissue elasticity by 
comparing local tissue displacements before and after the 
application of a compressive force. Basically hard tissues 
show less deformation than soft tissues under transducer 
compression (strain).

• Elastography is a useful, quick, non invasive method inthe 
diagnosis of tissue and organs lesions but it needs specific-
training as well as acknowledging technical andpatholog-
ical factors which may influence it. Elastography is to be 
considered as an additional tool tocomplete ultrasound 
evaluation in all the organs studied such as Thyroid, Breast, 
Renal and pancreas.

• The pancreas is an organ in which many malignant and 
benign diseases can ocur. Sonographic elastography (SE), 
which is used in the diagnosis of diseases by measuring 
tissue stiffness, especially for distinguishing malignant 
and benign diseases, has recently been used in pancreat-
ic diseases. Strain Elastography imaging can be used as an 
efficient technique for the evaluation of pancreas elastic-
ity. This study determined normal elasticity values of the 
pancreas in healthy volunteers. Information obtained from 
healthy adults can serve as a baseline against which pan-
creatic diseases can be examined.

Figure 1. Shows the elastography US image of the pancreas. The 
monitor is divided into three windows. The right window shows 
the gray scale US image, left window shows the color-coded US 
elastography image and the bottom window shows the sinu-
soidal wave of compression–decompression. The circles indi-
cate the ROIs. The upper ROI is on the parapancreatic tissue and 
the lower ROI is on the pancreas. The vertical white line on the 
sinusoidal wave indicates the point of measurement
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found by placing the target ROI in the tissue and the reference 
ROI of the adjacent connective tissue. The SR values were record-
ed and calculated for all the patients (Figure1).

Statistical Analysis
We used IBM SSPS 2.1 software program for statistical analyses 
in the study (SPSS Inc.; Chicago, IL, USA). We separately wrote 
gender, age, and weight of all patients and recorded their val-
ues. We took three samples from the pancreatic head, trunk, 
and tail sections, and compared the SR values with respect to 
gender and age (before and after 40 years). We separately de-
termined the values for each region of the pancreas. Thereaf-
ter, the values before and after the age of 40 years were found. 
Finally, we compared the pancreatic elastography values be-
tween the genders, among the pancreatic areas, and before 
and after the age of 40 years. The significant p value was taken 
at 0.05 for this study.

RESULTS
The average SR values in women and men were 1.86±0.98 (0.26–
4.54) and 1.76±1.20 (0.43–5.26), respectively. There was no signif-

icant difference between the SR values measured with respect to 
age before and after 40 years (p=0.293) and between male and 
female genders. The average SR value did not differ between 
woman and men (p=0.751).

There was only a slight difference in the pancreas corpus 
measurements between before and after the age of 40 years 
(p=0.018) (Tables 1, 2).

DISCUSSION 
There has been an increase in the popularity of the sonograph-
ic elastography technique, which is used in both superficial and 
deep tissues as well as organs such as breasts, thyroid, liver, other 
digestive organs, and kidney tissues from deep organs (6-9). How-
ever, there are only fewer number of studies on pancreas (8, 9).

Many studies have been conducted with different UES tech-
niques. UES, which basically has two different types, is per-
formed by SHE and can make quantitative measurements. Oth-
er semi-quantitative technique is SE. Although both principles 
have their own differences, both these techniques provide us 
with valuable results about tissue stiffness. However, SE de-
pends on the person and is semi-quantitative and difficult to 
be performed in very deep tissues. Although SHE is indepen-
dent of the individual, it also shows anisotropy in the heteroge-
neous tissue structure, which is its main disadvantage (5, 7-10). 
Our study was performed with a SE technique, which has been 
used in a relatively few studies. Due to the measurements in the 
three separate areas of the pancreas, other studies that can be 
performed in the normal population will be able to shed light 
on this topic. Moreover, our study would make the comparison 
process easier.

There are only a few studies related to the pancreas. As in other 
tissues, due to fibrosis and changes in tissue in chronic inflam-
matory processes and malignancies, tissue elasticity disappears, 
thereby hardening the tissue. In those cases, the tissue will be 
hard whenever elastography is performed (9-13). Also, it can be 
difficult to distinguish between pancreatic cancer and pancre-
atitis with multi-slice computed tomography and magnetic res-
onance imaging. This situation causes the need for biopsy. How-
ever, a biopsy of an organ such as pancreas is not always easy. 
There have been many publications showing that SE is used in 
the differential diagnosis of many tissues. SE has been used suc-
cessfully in the differential diagnosis of malignant lesions of the 
breast, and fibroadenomas have been found to be softer than 
breast cancer (13-15). It has been shown that elastography sig-
nificantly reduces the number of fine needle aspiration biopsy 
in the detection of thyroid diseases (8, 14-16). Additionally, the 
importance of elastography has been demonstrated in showing 
the degree of musculoskeletal diseases and liver fibrosis (17, 18). 
Therefore, diseases such as pancreatitis and pancreas can be 
recognized with the help of elastography. Thus, a differential di-
agnosis of focal pancreatitis and tumors that can provide mass 
images has been attempted. The studies were conducted with 
USE to develop a noninvasive method according to endoscopic 
sonography. Thus, a study emphasized that USE is a usable meth-
od (14).

Table 1. Baseline description in the healthy volunteers who un-
derwent strain elastography. Average values are expressed as 
mean±standard deviation, and range is shown as minimum–
maximum. A threshold value was derived for the detection of 
changes in the pancreatic elasticity between the men and wom-
en on (Mann–Whitney U test was used because the data are 
non-parametric). The significance of P value was defined at 0.05

Men  
(Average value)

Women  
(Average value) p

Head 2.10±1.97 (0.15–
6.95)

1.85–1.87 
(0.00–9.06)

0.337

Corpus 1.56±1.45 (0.15–
6.40)

1.60±1.66 
(0.20–7.59)

0.555

Tail 1.93±1.39 (0.13–
5.83)

1.84±1.57 
(0.26–7.67)

0.523

Average 1.86±0.98 (0.26–
4.54)

1.76±1.20 
(0.43–5.26)

0.293

Table 2. Pancreatic SR measurements by age groups 
(Mann-Whitney U test was used because the data is non-para-
metric). P significance value was taken as 0.05

<40 years  
(58 volunteers)

≥40 years  
(35 volunteers) p

Head 1.93±1.84 
(0.12–9.06)

1.97±2.02 
(0.00–6.52)

0.629

Corpus 1.43±1.64 
(0.15–7.59)

1.84±1.45 
(0.46–6.53)

0.018

Tail 1.68±1.28 
(0.13–5.87)

2.19±1.78 
(0.31–7.67)

0.490

Average 1.68±1.04 
(0.26–5.26)

2.00±1.22 
(0.43–4.97)

0.279
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Some studies show that the diagnosis increased above 90% 
in the B-mode combination of UES and sonography (14, 19). A 
study with a capacity of 121 patients found high specificity and 
sensitivity of UES in the differential diagnosis of malign and be-
nign lesions (14, 20).

In addition, USE has been used in other diseases of the pancreas, 
diabetes mellitus, and similar diseases (21). 

CONCLUSION
In our study, we found the normal elastography values of the 
pancreas that can shed light on the USE studies that can save the 
patients with pancreatic disorders from biopsy, which is difficult 
and sometimes impossible to perform. With the increase in new 
studies, it appears to be certain that elastography will provide a 
promising avenue in the future.
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ABSTRACT
Objective: Differentiated thyroid cancer (DTC) is the most common endocrine cancer. The main therapeutic strategies are surgery 
and radioactive iodine (RAI) treatment in selected intermediate- and high-risk patients. Hyponatremia is the most frequent form 
of electrolyte imbalance and few studies have assessed the frequency and clinical impact of hyponatremia in patients with thy-
roid cancer. In this study, we aimed to determine the prevalence and severity of hypo¬natremia among hypothyroid patients in 
the peri-ablation period. The secondary objective was to assess the correlation between Sodium (Na) level and hypothyroidism 
severity, age, and RAI dosage.
Methods: A total of 51 patients with DTC who were referred to our Nuclear Medicine Department for RAI ablation/treatment were 
enrolled. Serum Na, thyroid-stimulating hormone (TSH), and free triiodothyronine and thyroxine levels were measured three times 
during the study (under LT4 suppression, when the patient was hypothyroid before and after receiving RAI). Baseline, pre-, and post-
RAI mean serum Na and other hormonal parameters were compared. The number of patients with hyponatremia and possible related 
symptoms were noted. Correlation of serum Na levels with age, RAI dosage, and hypothyroidism severity was determined.
Results: The number of patients with hyponatremia did not differ significantly in the baseline, pre-, and post-RAI periods. None of 
the patients experienced moderate-to-severe hyponatremia. There was no significant correlation between serum Na levels and 
age, serum TSH, or the hormone levels.
Conclusion: In conclusion, preparation for RAI treatment with LT4 withdrawal and or a low-iodine diet is not a common etiological 
factor for the development of hyponatremia in patients with DTC.
Keywords: Hyponatremia, radioactive iodine, thyroid neoplasms
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INTRODUCTION 
Differentiated thyroid cancer (DTC) is the most common endo-
crine cancer and its incidence is increasing worldwide (1). Mortal-
ity rates are low, and it has an excellent prognosis in the absence 
of high-risk factors such as distant metastasis (2). The cornerstones 
of therapy are surgery and radioactive iodine (RAI) in selected in-
termediate and high-risk patients (3). RAI can be given for ablative, 
adjuvant, or treatment purposes. It decreases regional recurrenc-
es and disease specific mortality (4). RAI treatment has acute and 
chronic complications such as sialadenitis, transient testicular or 
ovarian dysfunction, and secondary malignancies (2).

Before RAI treatment, high levels of TSH is essential to increase 
the uptake of iodine and for effective ablation of the remnant tis-

sue. High TSH can be achieved either with withdrawal of levothy-
roxine for 4–6 weeks after total or near total thyroidectomy or 
with the highly purified, recombinant form of TSH (rhTSH).

Hyponatremia is the most frequent electrolyte imbalance in 
routine clinical practice. To date, few studies have assessed the 
frequency and clinical impact of electrolyte imbalance on pa-
tients with thyroid cancer (5). It can be caused by lowered water 
clearance and inappropriately high concentration of anti-diuret-
ic hormone (ADH) due to iatrogenic hypothyroidism, which is re-
quired for the maximum uptake of RAI within the remnant tissue 
and for effective ablation (6). In the setting of hypothyroidism, 
a decreased glomerular filtration rate is shown to directly lower 
the free water excretion by decreasing the delivery of water to 
the diluting segment of the renal tubules, which may contribute 
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to the further dilution and worsen the hyponatremia (6). Anoth-
er possible explanation for hyponatremia is the low-iodine diet 
(LID) that is started two to four weeks prior to RAI treatment to 
eliminate dietary iodine interference and facilitate the uptake of 
RAI (7). Such a LID protocol usually ends up with low dietary salt 
intake, and rarely severe hyponatremia cases.

In this study, we aimed to determine the prevalence and severity 
of hyponatremia in hypothyroid patients during the peri-abla-
tion period. In order to show the effect of hypothyroidism on the 
occurrence of hyponatremia, we compared the sodium levels 
measured on and off LT4 treatment. We also compared the pre 
and post-RAI hyponatremia prevalence to see if RAI treatment it-
self had a separate effect on the serum sodium levels. Secondary 
purposes were to describe the demographic profile of hypothy-
roid DTC patients, to determine the correlation of TSH, age, fT3 
and T4 levels and RAI dosage with serum sodium levels in the 
pre- and post-RAI period.

METHODS 
We prospectively enrolled 51 patients who were admitted to our 
tertiary center’s endocrinology outpatient clinics and diagnosed 
with DTC after total thyroidectomy with or without lymph nodes 
dissection and referred to the Nuclear Medicine Department for 
RAI ablation between September 2019 and February 2020. Before 
starting the study, we obtained the local ethical board approval 
in accordance with principles of the Declaration of Helsinki. RAI 
ablation decision was made by a multidisciplinary team including 
endocrinologists, surgeons, nuclear medicine, and pathology spe-
cialists. Informed consent was obtained for each patient before 
the treatment. To minimize the confounding factors that could 
cause hyponatremia, patients with comorbid conditions such as 
congestive heart failure, using diuretics including thiazides, chron-
ic or acute kidney failure or cirrhosis were excluded. Demographic 
and clinical data of the patients such as age, gender, presence of 
hypertension or diabetes, the dosage of the RAI received, tumor 
subtype, duration of LID, and indication for RAI were recorded.

The standard protocol for RAI treatment in our institution is 
L-thyroxine withdrawal for 21 days and LID for 14 days before 

the treatment. Serum Na, TSH, free T3 and T4 levels were mea-
sured (Siemens, Atellica®) three times during the study; at the 
time when the patient was seen in the multidisciplinary coun-
cil while using L-thyroxine (8–12 weeks after the operation) 
(baseline), the day before RAI ablation, and five to seven days 
after RAI at the time of post treatment whole body scanning. 
Mean sodium concentrations and the prevalence of mild hypo-
natremia (130–134 mEq/L), moderate hyponatremia (120–129 
mEq/L), and severe hyponatremia (<120 mEq/L) were deter-
mined. The normal reference range for serum sodium concen-
trations is 135–145 mEq/L. Clinical symptoms of hyponatremia 
that may be associated with hyponatremia were questioned if 
hyponatremia was detected.

Statistical Analysis
The Statistical Package for the Social Sciences, version 25 (IBM 
SPSS Corp.; Armonk, NY, USA) was used for the statistical analysis. 
Descriptive analysis was performed in order to identify the base-
line characteristics of the hypothyroid patients. Mean, standard 
deviation, and range were used to describe continuous vari-
ables (serum sodium levels), while Median was used to describe 
non-parametric variables (age and TSH concentration). Baseline 
Na (under LT4 treatment), pre-RAI and post-RAI Na, TSH, and free 
T3 and T4 levels were compared with the Non-parametric Fried-
man test. Sex was described using number and percentage. Cor-
relations were analyzed using Spearman test. A P value of less 
than 0.05 was statistically significant.

RESULTS 
A total of 51 patients with DTC who underwent total/near total 
thyroidectomy and were determined to receive RAI treatment 
(ablative/adjuvant or therapeutic) were enrolled. Of these, 38 
(74.5%) were females and 13 (25.5%) were male. The mean age 
was 47.9±12.5 years (min–max; 20–77). As a comorbid condition, 
four patients had asthma, seven had diabetes, and eleven had 
hypertension. Median RAI dosage was 50 mCi (min–max; 30–200 
mCi). Forty-seven patients had papillary thyroid carcinoma (4 
with columnar cell, 2 with tall cell 1 with hobnail, and 40 with 
classical variant), whereas four had follicular carcinoma (one was 
minimally invasive and three had vascular invasion). The indica-
tions for RAI were large tumor size, presence of lymph node or 
distant metastasis, extrathyroidal extension, presence of poor 
prognostic variant or inappropriately high thyroglobulin (Tg) lev-
el after the surgery (1). Demographic and clinical characteristics 
of patients are presented in Table 1. 

Median TSH concentration under L-thyroxine treatment before 
withdrawal was 1.3 (min–max; 0.01–15) (mU/L). Median free T3 
and T4 levels at the baseline under LT4 treatment were 3.0 ng/L 
(0.2–5.4) and 1.14 ng/dL (0.4–1.7), respectively. Mean baseline se-
rum Na level was 140.2±0.7 mEq/mL. The minimum Na level was 
135 mEq/L and none of the patients had hyponatremia (Table 2).

Median TSH concentration measured the day before RAI treat-
ment was 103 (mU/L) (min–max; 0.5–150). Median free T3 and 
T4 levels were 1.3 ng/L (0.2–3.5) and 0.5 (0.09–0.98), respectively. 
Pre-RAI mean Na was 139±2.4 and only one patient had hypona-
tremia (134 mEq/L) (Table 2).234
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Main Points:

• Postoperative RAI treatment is widely recommended in 
DTC for remnant ablation and treatment of residual or met-
astatic disease. Before RAI treatment, LID and high levels of 
TSH are essential to increase the uptake of iodine.

• Hyponatremia is the most frequent electrolyte imbalance 
and hyponatremia could be present in patients with hy-
pothyroidism; however, its frequency and severity has not 
been well documented in the pre-ablation and post-RAI 
period.

• Our results present that; preparation for RAI treatment with 
LT4 withdrawal and or LID is not a common etiological fac-
tor for the development of hyponatremia in patients with 
DTC and clinicians should not be greatly concerned about 
rare, life-threatening hyponatremia during preparation for 
RAI treatment



Median TSH concentration measured 5–7 days after RAI was 87 
(mU/L) (min–max; 4–150). Median free T3 and T4 levels were 1.38 
(0.2–3) and 0.29 ng/dl (0.02–1.13), respectively. Mean Na was 
140±2.5 and minimum Na was 131 mEq/L (Table 2). Two patients 
had mild hyponatremia (134 and 131 mEq/L)

Baseline TSH under LT4 treatment was significantly lower than the 
pre- and post-RAI TSH levels as expected (p<0.001). There was no 
significant difference between the pre-RAI and post-RAI TSH levels. 
Free T3 level was significantly lower in pre-and post-RAI measure-
ments compared to the baseline (under LT4) (p<0.001). Baseline 

Free T4 was significantly higher than pre-and post-RAI fT4 (p<0.001). 
There was also no significant difference between the pre- and post-
RAI groups regarding ft4, with higher levels in the post-RAI mea-
surements (p=0.01). There was no statistically significant difference 
between baseline, pre-RAI, and post-RAI Na levels (p=0.28). The 
number of patients with hyponatremia did not differ significantly 
in baseline, pre- and post-RAI periods. None of the patients experi-
enced moderate-to-severe hyponatremia or related symptom.

In Spearman test, there was no significant correlation between 
serum Na and age, Serum TSH and free hormone levels (Table 3).
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Table 1. Demographic and Clinical Characteristics of the Patients with DTC 

Mean age (years) 47.9±12.5 

Sex (female/male) (no/%) 38 (74.5)/13 (25.5)

Median RAI dosage (mCi)(min–max) 50 (30–200)

Pathologic subtype (no) (papillary/follicular) Papillary: 47

Classical variant: 40

Columnar cell:4

Tall cell: 2

Hobnail: 1

Follicular Cancer:4

Minimally invasive :1

Extensive vascular invasion:3

Comorbid condition Asthma:4

DM:7

HT:11

Duration of low-iodine diet (days) 14 days

Indications for RAI treatment (no) Extrathyroidal extension :3

Distant metastasis:2

Poor prognostic variant:7

Vascular invasion:3

Lymph node metastasis:9

Inappropriately high postoperative Tg:9

Large Tumor size:8

Anti Tg positivity:2

Patient’s choice: 2

Multifocality:6

Table 2. Comparison of baseline, pre and post-RAI laboratory parameters

Baseline (under LT4) Pre-RAI Post-RAI p

TSH (mU/L) (median; min–max) 1.3 (0.01–15) 103(0.5–150) 87(4–150) <0.001

f T4 (ng/dL) (median; min–max) 1.14 (0.4–1.7 0.5 (0.09–0.98) 0.29(0.021.13) <0.001

f T3 (ng/L) (median; min–max) 3.0 (0.2–5.4) 1,3 (0.2–3.5) 1.38 (0.2–3) <0.001

Na (mean) mEq/L 140.2±0.7 139±2.4 140±2.5 0.28



DISCUSSION 
Thyroid cancer constitutes the 3.0% of all new cancer cases 
in the U.S.A and based on the national cancer database, there 
were 52,070 newly diagnosed cases with 2170 deaths from the 
disease in 2019 (8). Papillary and follicular carcinoma make up 
95% of all DTC cases. RAI after total/near total thyroidectomy are 
well established treatments in DTC. RAI treatment is now being 
reserved for high and selected intermediate risk patients since 
there should be a balance between therapeutic efficacy and un-
wanted side effects (9).

In patients who undergo RAI treatment, the uptake depends on 
the adequate stimulation with TSH that can be obtained either 
by LT4 withdrawal (THW) or administration rhTSH (10). LT4 with-
drawal is associated with side effects such as fatigue, constipa-
tion, emotional disturbance, decreased intellectual functions, 
and worsening of heart failure symptoms. Hyponatremia is one 
of possible complications of RAI (11). Hyponatremia developing 
due to hypothyroidism may occur as a result of several mecha-
nisms involving renal, cardiovascular and hypothalamo-adrenal 
systems (12). Hypothyroidism also has effects on almost all com-
ponents of the renin-angiotensin-aldosterone system, including 
renin generation, production of angiotensinogen in the liver, se-
cretion and inactivation of aldosterone in the adrenal glands (5).

In our study, the aim was to determine the frequency of hypo-
natremia during the peri-ablation period in the absence of other 
confounding etiological factors. We also aimed to determine the 
association between hypothyroidism severity, RAI dosage, and 
age with the serum Na levels. In our study, severe or moderate 
hyponatremia or associated symptoms were not detected. There 
was mild hyponatremia in pre- and post-ablation measurements 
in two cases, but the frequency was not different from that of 
the baseline measurements taken under LT4 suppression. The 
rate of hyponatremia in our study group was lower than that of 
other cancers, which may be attributed to the patients’ charac-
teristics such as young age, short hospital stay, and less comor-
bid conditions (13). There are several case reports of severe and 
symptomatic hyponatremia in the literature after thyroid hor-
mone withdrawal that mostly occurred in elderly patients using 
diuretics (14). Our results are compatible with the two previous 
studies such that none of the patients prepared for RAI with 
both THW and LID had Na levels of <130 mEq/L (8, 15). To de-
termine the effect of RAI itself on the development of hypona-

tremia, we compared Na levels for the day before and 5–7 days 
after RAI treatment. The frequency of hyponatremia was similar 
in pre- and post-RAI measurements in our study. However in a 
previous report, hyponatremia after RAI and isolation was more 
common at a prevalence of 26.7% compared with that at 7% 
pre-RAI treatment (16). The possible explanations for that differ-
ence were nausea and vomiting after RAI treatment and patient 
anxiety that potentiated the ADH secretion. In our study, we did 
not detect any correlation between serum Na level and hypothy-
roidism severity, which was consistent with that reported by two 
previous studies (17, 18).

LID was administered to the patients 2 weeks before RAI treat-
ment at our center. Such an LID is usually accompanied with low 
salt intake, and reports of severe symptomatic hyponatremia de-
veloped due to LID are scarce. In those reports, it was suggested 
that a prolonged LID, low salt intake, and the use of thiazide di-
uretics in elderly patients are risk factors for the development of 
severe hyponatremia (19). We advise our patients to take non-io-
dinated salt in the diet, which may have reduced the incidence 
of hyponatremia. Moreover, exclusion of patients using medica-
tions that may worsen hyponatremia might have contributed to 
the low incidence of Na imbalance.

This study had some limitations, including the limited number of 
patients. Another limitation is that patient-related factors such 
as the amount of hydration performed post-RAI treatment and 
adherence to low salt intake and LID pre-RAI therapy that may 
affect results of this study were not evaluated.

CONCLUSION
Preparation for RAI treatment with LT4 withdrawal and or LID is 
not a common etiological factor for the development of hypona-
tremia in patients with DTC. Hyponatremia was neither prevalent 
nor severe or symptomatic during preparation for RAI treatment 
when it occurred. Clinicians should not be greatly concerned 
about rare, life-threatening hyponatremia during preparation for 
RAI treatment and should not exaggerate the possibility of the 
development of severe hyponatremia.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Ankara City Hospital (E1- 20-428).

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study.236
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Table 3. Correlation of serum Na with age, f T3, T4 andRAI dosage

Pre-RAI Sodium Post-RAI Sodium

 Correlation Coefficient p Correlation Coeeficient p

TSH 0.084 0.57 0.48 0.74

f T4 −0.15 0.92 0.109 0.44

f T3 0.40 0.68 −0.68 0.63

Age −0.91 0.54 −0.93 0.52

RAI dose - - 0.22 0.12
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ABSTRACT
Objective: The purpose of this study is to investigate the stress distribution in the mandibular donor site after harvesting bone 
grafts of different sizes from the symphysis by applying three different occlusal loads. 
Methods: First, we constructed 16 experimental mandible models after harvesting the block grafts. We harvested rectangu-
lar-shaped and cylindrical block grafts of different sizes, localizations, and depths from the symphysis region. Three different oc-
clusal loads were applied on the models. After the application of three occlusal loads on the models, we analyzed the von Mises 
stress distribution in the surface of the donor sites in the symphysis. 
Results: In all the mandible models, the highest von Mises stress values were detected under incisal loads. Under the ipsilateral 
load of 300 N, the maximum von Mises stress was similar between R1 (unilateral one cylindrical graft) and R2 (unilateral two cy-
lindrical grafts) models, and also between R1+1 (bilateral two cylindrical grafts) and R2+2 (bilateral four cylindrical grafts) models. 
The maximum von Mises stress under incisal load in the models measuring 20×10×4 mm (width, height, and depth, respectively) 
and 20×10×6 mm were 2.46 and 2.79 MPa, respectively. Among the unilateral models, the lowest maximum von Mises stress val-
ue was found in the R4 model (cylindrical graft: diameter=10 mm, depth=4 mm), and the highest value was found in the model 
measuring 15×10×6 mm under all the loads. 
Conclusion: The application of incisal load led to a higher stress as than that of the bilateral and ipsilateral loads. The stress distri-
bution in the symphysis donor site varies according to the localization, shape, and dimensions of the harvested grafts. Cylindrical 
grafts led to lower stress than the rectangular grafts.
Keywords: Block graft, finite element analysis, stress, symphysis 
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INTRODUCTION
The quantity of the dentoalveolar bone at the recipient site is a 
crucial factor for a successful insertion of endosteal implants and 
ensuring long-term survival rates. Trauma, tooth loss, and patho-
logical entities such as cyst, tumor, and periodontal diseases may 
decrease the dimensions of the dentoalveolar bone. When the 
quantity of the dentoalveolar bone is insufficient in the dental 
implant surgery, several techniques can be used to increase the 
dimensions of the dentoalveolar bone for supporting the dental 
implants. These techniques include socket/dentoalveolar ridge 
preservation, distraction osteogenesis, bone splitting, on-lay 
graft, and guided bone regeneration (1). Previously, autologous 
bone graft was accepted as the gold standard for oral recon-
struction, and intraoral and extraoral autologous bone grafts 
were used for the reconstruction of oral cavity defects. However, 
intraoral bone grafts are easily harvested in the present times 

for correcting limited and small defects. They provide various 
advantages such as the proximity between the donor and recip-
ient sites. Intraoral donor sites include zygomatic arch, coronoid 
process, maxillary tuberosity, buccal aspect of the third molar 
region, anterior mandibular ramus, lateral aspect of the ramus, 
and symphysis (2-6).

Symphysis is an intraoral donor site that facilitates an easy and 
rapid surgical intervention. However, there may be some com-
plications in the donor sites of symphysis during the intra- and/
or post-operative period. These complications may include hem-
orrhage, infection, flap dehiscence, hematoma, pulp necrosis fol-
lowing damage to the dental root, hypoesthesia or anesthesia 
due to the injury of the mental nerve, insensitivity of the anterior 
teeth because of the proximity of the donor site to the roots of 
the teeth, pain, and swelling.
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After the harvesting of intraoral bone graft, biomechanical forces 
may lead to an increased risk of fracture. Although maxillofacial 
trauma is the primary cause of mandibular fractures, harvesting 
bone graft from the ramus increases the risk of mandibular frac-
tures because of the weakness of the mandible (7, 8).

The assessment of stress distribution to the mandible is highly 
crucial for analyzing the risk of fracture after harvesting the au-
tologous bone grafts. Finite element analysis (FEA) is a numerical 
method that provides solutions for the complicated mechanical 
problems by dividing the problem into smaller and basic com-
ponents (9). Our study employed a three-dimensional (3D) FEA 
to analyze the stress distribution in the donor site of symphysis 
after harvesting different bone grafts of varying sizes from the 
symphysis under different occlusal loads.

METHODS
Ethics approval was not required for this in vitro study. We used 
a cone-beam computed tomography (CBCT) image of a patient 
with no tooth loss to form a 3D solid model of the mandible that 
comprised the dense trabecular and cortical bones. CBCT images 
of bones and teeth were taken in the DICOM format, and these 
images were combined layer by layer via the 3D Slicer® program 
to obtain a 3D mesh format (Figure 1). The mesh file obtained 
in the STL (stereolithography) format was converted into a solid 
model by Rhinoceros 4.0 software (Robert McNeel & Associates, 
Seattle, USA) (Figure 2). Cavity operations were performed on 
the solid model via Rhinoceros 4.0® and Solidworks® software, 
and then the models were prepared for analysis (Figures 3, 4). 
The models prepared for analysis were exported in the parasolid 
format and transferred to ANSYS 14.0 (ANSYS Inc., Canonsburg, 
PA, USA) software.

The thickness of the cortical bone in the lingual and vestibular/
buccal surfaces was 2 mm at the interforaminal region and 2.5 
mm at the site between the mental foramen and ramus. At the 
base of the mandible, the thickness of the cortical bone was 4 
mm. Table 1 presents the elasticity modulus and Poisson’s ratio 
of materials (10).

The boundaries of the block graft harvested from the symphysis 
were as follows:

• Superiorly 5 mm below from the apexes
• Inferiorly 4 mm superior to the inferior border of the mandible
• Laterally 5 mm anterior to the mental foramens
• Posteriorly at the lingual cortex of the mandible regenera-

tion, (1)

Main Points:

• The highest stress values after harvesting the grafts from 
the symphysis were detected under the incisal loads.

• Harvested cylindrical grafts lead to a lower stress than the 
rectangular grafts in the symphysis.

• The fracture risk increases under the bilateral posterior 
loads because of the excessive depth of the harvested 
block graft from the midline symphysis.

• All of the drawings belong to us.
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Figure 1. Mesh image of the mandible

Figure 2. 3D solid model of the mandible

Figure 3. Mandible model with the harvested cylindrical grafts 
(diameter: 10 mm)



The grafts were harvested at the depths of 4 mm and 6 mm follow-
ing the mandible external curvature, of which 4-mm-deep grafts 
included 2-mm cortical and 2-mm trabecular bone and 6-mm-
deep grafts included 2-mm cortical and 4-mm trabecular bone. The 
block grafts were harvested from unilateral, bilateral, and midline 
symphysis, among which the unilateral grafts were harvested from 
the right side of the symphysis in all the models and bilateral bock 
grafts were harvested symmetrically from the midline of the man-
dible (Figures 3, 4). The dimensions of graft models were as follows:

• Cylindrical graft (R4: diameter=10 mm, depth=4 mm)
• Cylindrical graft (R6: diameter =10 mm, depth=6 mm)
• 15×10×4 mm
• 15×10×6 mm
• 20×10×4 mm
• 20×10×6 mm
• 30×10×4 mm
• 30×10×6 mm, (Figures 3, 4).

The localization of the cylindrical grafts was defined as follows:
• R1: Only one cylindrical graft on the right site of the sym-

physis (unilateral one cylindrical graft)
• R2: Two cylindrical grafts on the right site of the symphysis 

(unilateral two cylindrical grafts)

• R1+1: One cylindrical graft on the right and one cylindrical 
graft on the left site of the symphysis (bilateral two cylin-
drical grafts)

• R2+2: Two cylindrical grafts on the right and two cylindri-
cal grafts on the left site of the symphysis (bilateral four 
cylindrical grafts) (Figure 3).

All the mandible models were termed according to the size of 
the harvested grafts. Table 2 enlists all the mandible models of 
this study. After harvesting the grafts, three loads were applied 
on the central fossa of the first molar teeth and on the midline of 
the incisal teeth.

The occlusal forces applied on the models were as follows:
1. Incisal load of 300 N (on the midline of the incisal teeth)
2. Ipsilateral load of 300 N (on the right first molar)
3. Bilateral (ipsilateral and contralateral) loads (on the right 

and left first molars) of 600 N.

We conducted the 3D FEA using the Rhinoceros 3-D modeling 
software with ANSYS 14.0 (ANSYS Inc., Canonsburg, PA, USA) 
analysis program. Moreover, we used von Mises stress, which is 
the initial value of deformation energy indicating the stress dis-
tribution in FEA, as the indicator of stress in the analysis (11). All 
the materials used in this study were assumed to be homoge-
nous, isotropic, and linearly elastic. While establishing the limit 
conditions, the condyle of the mandible was fixed at the x, y, and 
z axes, and the other node points were allowed to move in all the 
axes. Vertical movement of the incisal and molar teeth on which 
the occlusal force was applied were fully constrained in the ver-
tical direction by the displacement of boundary conditions (12).

After applying three occlusal loads on the models, we analyzed 
the von Mises stress distribution on the surface of the donor sites 
in the symphysis. In all the graft models, we only analyzed the 
stress distribution in the donor site and did not assess stress dis-
tribution on the other regions of the mandible (Figures 5, 6).

RESULTS
All the harvested grafts had the depths of either 4 mm or 6 
mm and were either cylindrical or rectangular in shape. All 
the grafts were harvested from the three different locations 
including unilateral, bilateral, and midline symphysis. After 
applying three different occlusal loads, we analyzed the von 
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Figure 4. Mandible model with the harvested rectangu-
lar-shaped grafts

Figure 5. Finite element analysis of the mandible model with harvested cylindrical grafts



Mises stress distribution of each donor site. In all the mandible 
models, we detected the highest von Mises stress values under 
incisal loads (Figures 3, 4).

In the mandibular models with harvested cylindrical grafts, the 
highest von Mises stress was detected under incisal load. Under 
an ipsilateral load of 300 N, the maximum von Mises stress was 
similar between the R1 (unilateral one cylindrical graft) and R2 
(unilateral two cylindrical grafts) models, and also between R1+1 
(bilateral two cylindrical grafts) and R2+2 (bilateral four cylin-
drical grafts) models. However, the maximum von Mises stress 
in the R1+1 and R2+2 models was higher (approximately two 
times) than in the R1 and R2 models under ipsilateral load. Un-
der the ipsilateral and contralateral loads of 600 N, the maximum 
von Mises stress was higher in the R2 and R2+2 models than in 
the R1 and R1+1 models. Under the ipsilateral load, the maxi-
mum von Mises stress was similar in the mandibular models with 
harvested 4- and 6-mm cylindrical grafts than under the incisal 
and bilateral loads (Figure 7, 8).

Four different block grafts with the dimensions of 20×10×4 
mm, 20×10×6 mm, 30×10×4 mm, and 30×10×6 mm were har-
vested from the midline symphysis. The maximum von Mises 
stress under incisal load in the models measuring 20×10×4 mm 
and 20×10×6 mm were 2.46 and 2.79 MPa, respectively. The 
maximum von Mises stress in the model measuring 20×10×6 
mm was higher than in the models measuring 20×10×4 mm, 
30×10×4 mm, and 30×10×6 mm under incisal loads. Howev-
er, the maximum von Mises stress under ipsilateral load was 
lowest in the model measuring 20×10×4 mm (1.72 MPa) and 
highest in the model measuring 30×10×6 mm (2.38 MPa). Un-

der bilateral loads, the von Mises stress values were similar in 
the models measuring 30×10×4 mm (1.52 MPa) and 30×10×6 
mm (1.50 MPa). The lowest maximum von Mises stress under 
bilateral load (600 N) was in the model measuring 20×10×4 
mm (0.92 MPa) (Figure 9).

Among unilateral models, the lowest and highest maximum von 
Mises stress values under incisal load were in the R4 model (2.30 
MPa) and in the model measuring 15×10×6 mm (3.03 MPa), re-
spectively. Under ipsilateral load, the maximum von Mises stress 
values were similar in all the models. In both the R4 and R6 mod-
els, the maximum von Mises stress distribution under the bilat-
eral load were similar to the values under incisal load; however, 
they were lower than those under the incisal load (Table 6). The 
maximum von Mises stress values were higher under the incisal 
loads than under the ipsilateral and bilateral loads in all the har-
vested grafts. The lowest maximum von Mises stress value was in 
the R4 model, and the highest value was in the model measuring 
15×10×6 mm under all the loads (Figure 10).

The maximum von Mises stress values were detected in the bilat-
eral models measuring 15×10×4 mm, and the lowest maximum 
von Mises stress values were detected in the unilateral models 
measuring 15×10×4 mm and 15×10×6 mm under all the three 
loads (Figure 11).

DISCUSSION 
The clinical investigation and analysis of stress distribution after 
harvesting the bone graft is not possible. Therefore, numerical 
methods such as FEA can facilitate the analysis of the stress dis-
tribution after harvesting the grafts from the mandibular sym-
physis. A previous theoretical and biomechanical study used 
various materials (cortical, trabecular bone and teeth) that were 
assumed to be isotropic, homogenous, and linearly elastic to 
standardize the harvested mandible models and accurately com-
pare the models; however, the cortical and trabecular bones of 
the mandible does not have a clinically homogenous and isotro-
pic structure (10).
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Table 1. Material properties

Material
Elasticity modulus 
(Gpa)

Poisson’s  
ratio

Cortical bone 13.7 0.3

Dense trabecular bone 1.37 0.3

Figure 6. Finite element analysis of the mandible model with harvested rectangular-shaped grafts



Möhlhenrich et al. (8) investigated the stress distribution of 
bone grafts of various sizes harvested from the ascending ramus 
of a dentate mandible using FEA. The authors reported that the 
location of the force application significantly affected the result-
ing stress within the donor site and also noted that the lowest 
stress was detected under the incisal load, whereas the occlusal 
load in the molar region particularly increased the stress under 
the contralateral load (8). However, Möhlhenrich et al. (8) only 

analyzed the donor sites of the bone grafts harvested from the 
ascending ramus and did not evaluate the curved osteotomies 
or cylindrical grafts. In other study, Ertem et al. (13) investigated 
the stress distribution of two different osteotomies in the man-
dibles, which had a rectangular shape with angled borders and 
an elliptical shape with curved design osteotomies. The authors 
indicated that the curved osteotomy model had lower stress 
and a wider stress distribution than the angled model (13). In 242
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Table 2. Experimental groups and conditions

Analysis model Depth (mm) 

Maximum von Mises values (MPa)

Cycle time (s)
Load direction 

(deg.)

Load localization and magnitude (N)

Incisal 300 N Unilateral 300 N Bilateral 600 N

R1 4 2.30 1.06 1.32
1.80 90°–Vertical

6 2.45 1.08 1.49

R2 4 2.65 1.08 1.67
1.80 90°–Vertical

6 2.82 1.07 1.75

R1+1 4 2.67 2.00 1.32
1.80 90°–Vertical

6 2.74 1.98 1.47

R2+2 4 2.62 1.98 1.64
1.80 90°–Vertical

6 2.98 2.16 1.88

15×10×4 unilateral 2.49 1.15 1.63 1.80 90°–Vertical

15×10×4 bilateral 4.24 3.55 3.68 1.80 90°–Vertical

15×10×6 unilateral 3.03 1.20 1.83 1.80 90°–Vertical

15×10×6 bilateral 3.28 2.71 2.21 1.80 90°–Vertical

20×10×4 2.46 1.72 0.92 1.80 90°–Vertical

20×10×6 2.79 1.98 1.26 1.80 90°–Vertical

30×10×4 2.63 2.21 1.52 1.80 90°–Vertical

30×10×6 2.45 2.38 1.50 1.80 90°–Vertical

Figure 7. Four different cylindrical grafts with a depth of 4 mm 
harvested from the symphysis and distribution of the maxi-
mum von Mises stress values (MPa)

Figure 8. Four different cylindrical grafts with a depth of 6 
mm harvested from the symphysis and the distribution of the 
maximum von Mises stress values (MPa)



our study, the maximum von Mises stress values were higher un-
der the incisal load than under the ipsilateral and bilateral loads, 
mainly because the incisal load was closer to the donor site. In 
block grafts that were harvested from the midline symphysis 
models, the maximum von Mises stress was 37% higher in the 
model measuring 20×10×6 mm than in the model measuring 
20×10×4 mm under the bilateral load. The mandibular model 
harvested a graft measuring 20×10×4 mm from the midline 
symphysis, wherein the fracture risk increased under bilateral 

posterior loads with the increase in the depth of the harvested 
block graft (Figure 9). Cylindrical grafts had lower stress than the 
rectangular grafts with angled borders, and these findings were 
similar to the findings of Möhlhenrich et al. and Ertem et al. (13) 
(Figure 10). Furthermore, the location, dimension, and lateral-
ity (unilateral or bilateral) of the models affected the resultant 
stress in the grafts. Based on these findings, we consider that 
cylindrical grafts reduce the stress and if the rectangular grafts 
need to be harvested in the symphysis, then the localization of 
the grafts and the pattern of the occlusal load should be consid-
ered in terms of stress levels.

CONCLUSION
The application of incisal load led to a higher stress than that of 
bilateral and ipsilateral loads. The stress distribution in the sym-
physis donor site varies according to the localization, shape, and 
dimensions of the harvested grafts. Cylindrical grafts lead to a 
lower stress than rectangular grafts.
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ABSTRACT
Objective: Idiopathic premature ventricular complexes (PVC) occur in the absence of clinically apparent structural heart 
disease (SHD) and are treated effectively with catheter ablation. We aimed to evaluate the association of PVC characteristics 
with subclinical coronary artery disease (CAD) during catheter ablation.
Methods: A total of 116 patients (age: median 55 years; sex: 58.6% men), without SHD, in whom PVC ablation and coronary 
angiography had been performed simultaneously were enrolled. PVC localizations were categorized into 4 groups as; right 
ventricular outflow tract (RVOT), left ventricular outflow tract (LVOT), left ventricle (LV)-body, and right ventricle (RV)-body. 
PVC frequency was also classified as moderate (5,000–10,000 PVCs/day) and frequent (≥10,000 PVCs/day). Coronary artery 
stenoses were categorized as normal, non-critical (<50%), and critical (≥50%).
Results: Co-incidental CAD was more frequent among patients with LV-body originated PVCs (non-critical, 51.6 % and criti-
cal, 22.6 %); while most of the patients with LVOT, RVOT, and RV-body originated PVCs had normal coronary arteries (58.8%, 
56%, and 55.6%, respectively; p=0.019). There was no significant association between PVC frequency and coronary artery 
lesion severity (p=0.080) or between PVC recurrence and PVC frequency (p=0.748), PVC localization (p=0.188), coronary 
artery lesion severity (p=0.080), number of involved coronary artery segments (p=0.566), and number of involved coronary 
artery vessels (p=0.729).
Conclusion: Subclinical CAD was more frequent among patients with LV-body originated idiopathic PVCs. Thus, its routine 
pre-procedural assessment may be considered for LV-body originated PVCs.
Keywords: Coronary artery disease, premature ventricular complex, radiofrequency ablation
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INTRODUCTION
Premature ventricular complexes (PVCs) develop due to auto-
maticity, micro-re-entry, or triggered activity with a prevalence 
of 1%–4% on 12-lead electrocardiography (ECG) and 40%–75% 
on Holter monitorization (1-3). Although, PVCs generally have a 
benign course, they can be associated with more serious condi-
tions, such as ventricular tachycardia and ventricular fibrillation, 
causing sudden cardiac death, particularly in patients with SHD 
or ionic channel disorders. PVC-induced cardiomyopathy is an-
other manifestation that responds well to either antiarrhythmic 
medications or catheter ablation (4). Among several landmark 
studies that evaluated the association between PVC and survival 
after acute coronary syndrome, the GISSI trial (5) demonstrated 
that more than 10 PVCs per hour, detected by Holter monitor-

ization, were associated with an increased mortality risk after a 
myocardial infarction. It has also been reported that implantable 
cardioverter-defibrillator prolongs survival in patients with coro-
nary heart disease and asymptomatic non-sustained ventricular 
tachycardia (VT) (6). However, data regarding the relationship 
between subclinical coronary atherosclerosis and PVC charac-
teristics in patients without structural heart disease (SHD) who 
underwent catheter ablation is limited.

Catheter ablation offers safe and effective treatment for AAD re-
sistant symptomatic PVCs in patients with and without SHD (7, 
8). We aimed to evaluate the association between PVC character-
istics and coincidentally detected coronary atherosclerosis, and 
predictors of PVC recurrence, in patients without known SHD.
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METHODS

Study Population
Patients who underwent catheter ablation due to frequent and 
symptomatic PVCs between May 2015 and June 2019 were 
screened. Those who concurrently underwent diagnostic coronary 
angiography (CAG) were included in the study. Coronary angiogra-
phy indications during catheter ablation were as follows: presence 
of any risk factor for ischemic heart disease, moderate-to-severe mi-
tral regurgitation, reduced left ventricular ejection fraction (HFrEF), 
and previous history of coronary artery disease (CAD). Patient data 
including demographic, clinical, laboratory, procedural, and fol-
low-up parameters were obtained from the electronic database 
of our university hospital. Exclusion criterias were: age <40 years, 
lack of CAG assessment, history of myocardial infarction, presence 
of polymorphic PVCs, ischemic signs and/or symptoms, and pre-
vious diagnosis of cardiomyopathy; including, arrhythmogenic 
right ventricle cardiomyopathy, non-compaction cardiomyopathy, 
hypertrophic or dilated cardiomyopathy, etc. Patients with systol-
ic blood pressure of ≥140 mmHg and/or diastolic BP (DBP) of ≥90 
mmHg, or those receiving antihypertensive medications were con-
sidered as hypertensive (9). Diabetes mellitus was defined by the 
presence of one of the following conditions: HbA1c levels≥6.5%, 
fasting plasma glucose levels≥126 mg/dL, random plasma glucose 
levels≥200 mg/dL, plasma glucose levels 2 hours after oral glucose 
loading≥200 mg/dL, or administration of antidiabetic medications 
(10). Chronic kidney disease was defined as an estimated glomer-
ular filtration rate (eGFR)<60 mL/min/1.73 m2

 in at least two mea-
surements at three months interval. PVCs were categorized into 4 
groups according to the anatomic localization: 1) PVCs originating 
from the right ventricular outflow tract (RVOT), 2) PVCs originating 
from the left ventricular outflow tract (LVOT) including outflow 
tract and aortic cusps, 3) LV-body originating PVCs including papil-
lary muscle, aortico-mitral continuity region, and LV summit, and 4) 
RV-body originating PVCs including free wall, moderator band, and 
papillary muscle. PVC frequency was classified as moderate (5,000-
10,000 PVCs/day) and frequent (≥10,000 PVCs/day). Ethical approv-
al was received from the Local Ethical Committee of Hacettepe 
University, School of Medicine. All patients were hospitalized and 
signed a hospitalization form that included the permission to use 
their clinical data for future clinical studies. Due to the retrospective 
design of the study no additional informed consent was obtained 
from the patients.

Mapping and Ablation Procedure
Antiarrhythmic drugs were stopped for a duration of five half-lives 
of the drugs before the intervention. Anticoagulant and antiplate-
let drugs (P2Y12 receptor antogonists), except aspirin, were discon-
tinued before the procedure for the recommended time interval. 

Since PVC suppression may occur under general anesthesia, elec-
trophysiological studies and catheter ablation were performed 
under conscious sedation using intravenous midazolam. Clinical 
PVC templates were recorded at the beginning of the procedure. 
If spontaneous PVCs were not seen, isoproterenol infusion was 
administered to induce them. After femoral access, a thorough 
electrophysiological study was performed in all patients using cor-
onary sinus, RV, and His catheters. In all patients, three-dimensional 
electroanatomical mapping system was used (Ensite Precision, Ab-
bott or CARTO, Biosense Webster). If PVCs were of RV origin on the 
surface ECG, activation mapping of RV and RVOT was performed 
initially; while, for those of LV origin and/or without any early site 
at the RV, activation mapping of the LV including aortic cusps was 
performed. LV mapping was performed via the retrograde tran-
saortic approach. Heparin was administered to maintain an acti-
vated clotting time between 300 and 350 seconds in patients who 
underwent LV mapping. Intravenous heparin (50 IU/kg) was also 
administered to all patients if only right-sided mapping and abla-
tion were performed. Additionally, pace-mapping was also used 
to localize the PVC exit site and a pace-map score ≥90% was ap-
plied for an appropriate ablation site. Radiofrequency (RF) current 
ablation using irrigated tip catheters (maximum energy: 30–40 W; 
duration: 60–120 s) was performed at the site of earliest local bi-
polar activation (≥30 ms from the onset of the QRS) and with the 
presence of a QS pattern in the unipolar signal. After ablation at the 
appropriate site, procedural success was defined as the complete 
elimination of the PVCs after a 30 minute waiting period, including 
isoproterenol infusion, and the absence of clinical PVCs in the 24-
hour post-ablation period.

Coronary Angiography
Coronary angiography was performed using the Judkins tech-
nique via the femoral approach. Coronary arteries were visual-
ized by injecting contrast medium in the right and left oblique 
positions at the cranial and caudal angles. Patients were grouped 
into three groups according to the coronary lesion presence and 
severity. These included normal coronary arteries (no visible ath-
erosclerotic plaque), non-critical stenotic lesions (atherosclerotic 
plaque with <50% stenosis), and critical stenosis (atherosclerotic 
plaque with ≥50% stenosis).

Follow-up
Patients with normal coronary arteries were discharged and pre-
scribed aspirin for a month. Patients with non-critical lesions were 
discharged with aspirin and statin therapy if their LDL-cholester-
ol levels were above recommended values. Patients with critical 
coronary artery stenosis were referred to the interventional car-
diology team for optimal medical therapy, percutaneous coro-
nary intervention, or coronary artery by-pass grafting. Patients 
were scheduled for outpatient clinic visits at 1, 3, and 6 months 
and yearly visits thereafter; wherein; resting 12-lead ECG, trans-
thoracic echocardiography, and 24-hr Holter monitorization were 
performed. The PVC recurrence was defined as the detection of 
≥5000 PVCs/day on 24-hr Holter monitorization on follow-up that 
had the same morphology as the previously ablated PVCs.

Statistical Analysis
Continuous variables were expressed as a mean with standard 
deviation or median with interquartile range (IQR). Categorical 

Main Points:

• There is not any relationship between the frequency of PVC 
and coronary artery lesion severity. 

• LV-body originated PVCs are associated with the presence 
and severity of CAD in patients with a structurally normal 
heart

• PVC frequency and localization is not a predictor of recur-
rence after cathether ablation. 246
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variables were expressed as a number (percentage). Independent 
groups were compared with chi-square, independent samples 
t-test, or one-way ANOVA as appropriate. The Cox proportion-
al hazards model was performed to identify predictive factors 
for PVC recurrence. Predictors of PVC recurrence with p<0.2 in 
univariate analyses were further included as covariates in the 
multivariate model. Recurrence-free survival was performed us-
ing Kaplan-Meier curves and log-rank tests. Statistical analyses 
were performed using the SPSS statistical software (version 20; 
IBM SPSS Corp.; Armonk, NY, USA). All tests of significance were 
two-sided and p<0.05 was considered as statistically significant.

RESULTS
A total of 116 patients (median age, 55; sex, 58.6% men) were 
included in the final analysis. Hypertension was present in 45 
(38.8%), diabetes in 17 (14.7%), and CKD in 7 (6.0%) patients. The 
median duration between the onset of PVC-related symptoms 
and catheter ablation was 6 (3–19.5) months and the median 
follow-up after catheter ablation was 16.23 (8.75–26.00) months. 
Baseline characteristics including demographic, comorbidities, 
medications, echocardiographic, and laboratory parameters 
are represented in Table 1. Most of the PVCs originated from 
LVOT (44.0%); while, other sites had a lower frequency in this 

Table 1. Baseline characteristics of the study population

Male gender 68 (58.6%)

Age, years 55 (14)

Comorbidities

   - Coronary artery disease 17 (14.6%)

   - Diabetes mellitus 17 (14.7%)

   - Hypertension 45 (38.8%)

   - HFrEF 17 (14.6%)

   - Chronic kidney disease 7 (6.0%)

Smoking 34 (29.3%)

Medications

   ACE inhibitor 20 (17.2%)

   Anigotensin receptor blocker 28 (24.1%)

   Beta-blocker 71 (61.2%)

   Calcium channel blocker 6 (5.2%)

   Statin 20 (17.2%)

Duration between symptom onset and 
ablation, months

6 (3-19.5)

Duration of follow-up, months 16.23 (8.75-26.00)

Recurrence during follow-up 11 (9.5%)

Re-do catheter ablation 9 (7.7%)

Recurrence free survival, months 15.43 (7.86-25.31)

LV end-diastolic diameter, mm 51.49 ± 7.14

LVEF, % 60 (50-62)

Mitral regurgitation

   -Mild 70 (60.3%)

   -Moderate 37 (31.9%)

   -Severe 4 (3.4%)

BNP, pg/mL 83.20 (28-176.75)

TSH, mIU / L 1.4 (0.8-2.4)

Hb, gr/dL 13.92 ± 1.45

Serum creatinine, mg/dL 0.8 (0.6-0.9)

Localization of VPBs

   - RVOT 25 (21.6%)

   - LVOT 51 (44.0%)

   - LV body 31 (26.7%)

   - RV body 9 (7.8%)

PVCs frequency

   Moderate (5000-10 000 per day) 78 (67.2%)

   Frequent (≥10 000 per day) 38 (32.8%)

Coronary artery stenosis severity 

   - Normal 57 (49.1%)

   - Non-critical 40 (34.5%)

   - Critical 19 (16.4%)

Involved coronary segments 1 (4)

Coronary artery with severe stenosis

   - LAD 8 (6.8%)

   - Cx 6 (5.1%)

   - RCA 6 (5.1%)

Number of coronary artery with any 
plaque

   - One vessel 5 (4.3%)

   - Two vessels 11 (9.4%)

   - Three vessels 43 (37.0%)

ACE: Angiotensin converting enzyme; BNP: brain natriuretic peptide; Cx: 
circumflex artery; Hb: hemoglobin; HFrEF: heart failure with reduced ejec-
tion fraction; LAD: left anterior descending artery; LV: left ventricle; LVEF: 
left ventricular ejection fraction; LVOT: left ventricular outflow tract; PVC: 
premature ventricular complex; RCA: right coronary artery; RV: right ventri-
cle; RVOT: right ventricular outflow tract; TSH: thyroid stimulating hormone
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study group (LV-body, 26.7%; RVOT, 21.6%; and RV-body, 7.8%). 
Thirty-eight (32.8%) patients had frequent PVCs, while others 
showed moderate PVCs.

Severe coronary artery stenosis was detected in 19 (16.4%) 
patients. Distribution of the severe coronary artery stenotic le-
sions was as follows: eight (6.8%) lesions were located in LAD, 
six (5.1%) in the circumflex artery, and six (5.1%) in the right cor-
onary artery. The median number of coronary artery segments 
with atherosclerotic plaques was 1 (0–4). Atherosclerosis severi-
ty, localization, and burden are also shown in Table 1.

The presence and severity of coronary artery lesions were also 
assessed with respect to PVC localization, and are represented in 
Table 2. Most of the patients with LV-body originated PVCs had 
coronary artery stenosis (non-critical, 51.6% and critical, 22.6%), 
while most of the patients with LVOT, RVOT, and RV-body relat-
ed PVCs had normal coronary arteries (58.8%, 56%, and 55.6%, 
respectively, p=0.019). Number of involved coronary artery seg-
ments was significantly higher in patients with LV-body origi-
nated PVCs (median, 4; range, 0–8) than in patients with PVCs 
originating from LVOT (median, 0; range, 0–7), RVOT (median, 
0; range, 0–6), and RV-body (median, 0; range, 0–5) (p=0.027). 
Number of involved coronary vessels was higher in patients with 
LV-body originated PVCs (median, 3; range, 0–3) than in patients 
with PVCs originating from LVOT (median, 0; range, 0–3), RVOT 
(median, 0; range, 0–3), and RV-body (median, 0; range, 0–3); 
however, the difference was not statistically significant (p=0.062) 

(Table 2). Critical coronary artery stenosis was seen in 11 (14.1%) 
and 8 (21.1%) patients with moderate and frequent PVCs, re-
spectively. PVC frequency and coronary artery lesion severity 
were not significantly associated (p=0.080). The number of the 
involved coronary artery segments and coronary artery vessels 
were significantly higher in patients with frequent PVCs than in 
patients with moderate PVCs (median 3 vs. 0; range 0–7 vs. 0–8; 
p=0.049 and median 2 vs. 0; range 0–3 vs. 0–3; p=0.041, respec-
tively) (Table 3).

PVC recurrence occurred in 11 (9.5%) patients and nine of them 
underwent repeat catheter ablation. Median recurrence-free 
survival was 15.43 (7.86–25.31) months. No significant associ-
ation was found between PVC recurrence and PVC frequency 
(p=0.748), PVC localization (p=0.188), coronary artery lesion se-
verity (p=0.080), number of involved coronary artery segments 
(p=0.566), and number of involved coronary artery vessels 
(p=0.729).

DISCUSSION 
In this study, the relationship between PVC characteristics and 
coronary atherosclerosis was evaluated in patients without SHD. 
LVOT was the most common site of PVC origin. PVCs originating 
from LV-body had higher coronary artery stenosis than in pa-
tients with other PVC localization. However, we did not find a sig-
nificant relationship between coronary artery lesion severity and 
PVC frequency. Conversely, the burden of coronary atherosclero-
sis was higher in the frequent PVC group than in the moderate 

Table 2. PVC localization and coronary artery disease 

 LVOT LV body RVOT RV body p

Coronary artery stenosis severity

   -Normal 30 (58.8%) 8 (25.8%) 14 (56%) 5 (55.6%) 0.019*

   -Non-critical 11 (21.6%) 16 (51.6%) 10(40%) 3 (33.3%)

   -Critical 10 (19.6%) 7 (22.6%) 1 (4%) 1 (11.1%)

Number of involved segments 0 (0–7) 4 (0–8) 0 (0–6) 0 (0–5) 0.027*

Number of involved vessel 0 (0–3) 3 (0–3) 0 (0–3) 0 (0–3) 0.062

PVC: premature ventricular complex

Table 3. PVC frequency and coronary artery disease

Moderate-frequent Very frequent p

Lesion severity;

   -Normal coronary arteries 44 (56.4%) 13 (34.2%) 0.080

   -Non-critical stenosis 23 (29.5%) 17 (44.7%)

   -Critical stenosis 11 (14.1%) 8 (21.1%)

Number of involved segments 0 (0–8) 3 (0–7) 0.049*

Number of involved vessel 0 (0–3) 2 (0–3) 0.041*

PVC: premature ventricular complex
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PVC group. There was no association of PVC recurrence with PVC 
frequency, localization, and coronary arteriosclerotic lesion char-
acteristics.

PVCs can be seen in 40%–75% of healthy individuals on 24–48 
hr Holter recordings (1). The association of PVCs with long-
term prognosis in patients without identifiable heart disease 
has been variably reported. While, some studies have shown 
that long-term risk is similar to that of healthy individuals (11, 
12), according to another study PVCs and short-term NSVTs 
may increase the risk in individuals older than 30 years (13). In 
many studies, the frequency of PVCs was associated with LV 
dysfunction and dilatation (14, 15). In patients with outflow 
tract PVCs, catheter ablation is recommended in symptomatic 
patients and/or in patients with a failure of antiarrhythmic drug 
therapy (7). The ablation success rate is high in these patients 
and this rate reached up to 95% in RVOT-originated PVCs (16, 
17). The recurrence rate of 9.5% and median recurrence-free 
survival of 15.43 (7.86–25.31) months in our study was in ac-
cordance with that in the literature. No association has been 
reported between the PVC frequency and the success of the 
ablation procedure (18). The same was observed in our study 
by the absence of a relationship between PVC recurrence and 
its frequency. Further, there was no significant association be-
tween PVC recurrence and coronary atherosclerotic lesion se-
verity and extent. This showed that CAD and its characteristics 
in patients with a structurally normal heart did not affect the 
long-term success of ablation.

Ventricular outflow tracts are the most common origin of idio-
pathic PVCs (19, 20). Furthermore, 70% of them are reported to 
be of RVOT origin (21). In our study, most of the PVCs originated 
from LVOT. This may be attributed to several factors, including 
the inclusion of patients who underwent simultaneous coronary 
angiography and the enrollment of patients older than 40 years. 
Moreover, because of the proximity of the coronary artery osti-
um to the ablation areas in LVOT-originated PVCs, coronary im-
aging was almost always required to prevent possible injury to 
the coronary arteries during ablation.

One of the main objectives of our study was to investigate the 
relationship between PVC characteristics and CAD. Although, 
the association between PVCs and CAD has always been a sub-
ject of concern, data regarding the appropriate selection of pa-
tients who may benefit from coronary angiography is limited. 
In a previous study involving 343 patients with an intermedi-
ate-to-high probability of CAD who underwent single-photon 
emission computed tomography and a stress test, it was found 
that patients with stress-induced PVCs of right bundle-branch 
block morphology had higher rates of known CAD, ischemia, 
scar, and ST-segment changes (22). It was shown that exer-
cise-induced PVCs were associated with a higher risk of car-
diovascular mortality and all-cause mortality over long-term 
follow-up (23). In patients without SHD, PVC ablation is mostly 
performed in symptomatic patients refractory to medical ther-
apy, or in those with systolic left ventricular dysfunction. The 
relationship between PVC characteristics and CAD in patients 

undergoing PVC ablation without SHD has not been assessed 
previously. CAD characteristics were associated with PVC lo-
calization in our study. CAD was significantly more frequent 
in patients with LV-body originated PVCs than in patients with 
LVOT, RVOT, and RV-body originated PVCs. Further, the extent 
of atherosclerosis was higher in patients with LV-body origi-
nated PVCs than at other sites. Consequently, those with LV-
body originated PVCs may require assessment for CAD during 
the ablation procedure. Conversely, there was no relationship 
between PVC frequency and coronary artery stenosis severity 
in our study. Furthermore, the number of involved coronary 
segments and coronary artery vessels were significantly higher 
in patients with frequent PVCs than in patients with moderate 
PVCs. Thus, our findings have important implications regarding 
the relationship between PVC subtypes and CAD characteris-
tics in patients with a structurally normal heart.

There were some limitations in our study. Firstly, the study was of 
a retrospective design with a small sample size. Secondly, it was 
conducted in patients in whom PVC ablation was primarily tar-
geted. If ischemic symptoms were predominant, these patients 
may not have been enrolled in the study, despite the presence 
of PVCs. Thus, our findings cannot be generalized to the whole 
population with PVCs. Large scale long-term prospective stud-
ies are needed to clarify the relationship between CAD and PVC 
characteristics in such patient populations.

CONCLUSION
Our study showed that LV-body originated PVCs were associated 
with the presence and severity of CAD in patients with a struc-
turally normal heart. There was no significant relationship be-
tween the frequency of PVC and coronary artery lesion severity. 
Furthermore, it was shown that PVC frequency and localization, 
and CAD characteristics were not predictors of PVC recurrence 
after catheter ablation. In patients with LV-body originated PVCs, 
a more detailed assessment of CAD during the ablation proce-
dure may be required. 
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ABSTRACT
Objective: In December 2019, pneumonia associated with severe acute respiratory syndrome coronavirus 2 emerged in China, and 
has been spread worldwide eventuating the coronavirus disease 2019 (COVID-19) pandemic. As of June 27, 2020, 195,883 people 
have been diagnosed with COVID-19 in Turkey, among them 5082 are dead. Moreover, 9,999,606 people were infected worldwide. 
The neutrophil-to-lymphocyte ratio (NLR) has been reported as an inflammatory biomarker. This study aimed to evaluate the rela-
tionship between NLR on admission and in-hospital all-cause mortality in adult patients with COVID-19.
Methods: This retrospective cohort study included a total of 455 COVID-19 patients from Turkey. The diagnosis of COVID-19 was 
made according to the World Health Organization’s interim guidance and confirmed by RNA detection of SARS-CoV-2. The NLR 
was calculated for each patient.
Results: The NLR on admission was found to be significantly higher in nonsurvivor COVID-19 patients than survivors (12.3 [0.8–
137.3] vs. 3.2 [0.6–79.0], p<0.001). Forward stepwise logistic regression analysis was carried out to determine the independent 
predictors of in-hospital all-cause mortality of patients with COVID-19. The analysis demonstrated that age [odds ratio (OR)=1.203, 
95% confidence interval (CI): 1.027–1.408, p=0.022], NLR (OR=1.261, 95% CI: 1.054–1.509, p=0.011), lactate dehydrogenase level 
(OR=1.013, 95% CI: 1.004–1.022, p=0.005), glomerular filtration rate (OR=0.920, 95% CI: 0.853–0.992, p=0.030), alanine transam-
inase level (OR=1.107, 95% CI: 1.011–1.212, p=0.028), and aspartate transaminase level on admission (OR=0.939, 95% CI: 0.888–
0.993, p=0.027) were independent predictors of in-hospital all-cause mortality of patients with COVID-19. In the receiver operating 
characteristic curve analysis, the sensitivity and specificity of the NLR for predicting in-hospital all-cause mortality were found to 
be 92% and 53%, respectively, at the cut-off value of 3.
Conclusion: The NLR on admission predicts in-hospital all-cause mortality of patients with COVID-19.
Keywords: Coronavirus, lymphocyte, neutrophil
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INTRODUCTION
In December 2019, pneumonia associated with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) (1) emerged in 
Wuhan, China, and has been spread worldwide eventuating the 
coronavirus disease 2019 (COVID-19) pandemic with emerging 
global concerns. New confirmed cases and deaths caused by 
COVID-19 are reported daily all over the world. As of June 27, 
2020, 195,883 people have been diagnosed with COVID-19 in 
Turkey, among them 5082 are dead. Moreover, 9,999,606 people 
were infected worldwide. Risk stratification in such pandemics 

is extremely required. Early and effective predictors of clinical 
outcomes are urgently needed as there is no standardized treat-
ment available currently. 

The neutrophil-to-lymphocyte ratio (NLR), calculated by dividing 
absolute neutrophil count with absolute lymphocyte count, has 
been reported as an inflammatory biomarker that can be used as 
an indicator of systemic inflammation (2, 3). Prognostic value of 
the NLR in various diseases, such as community pneumonia (4, 
5) and sepsis, have been reported in various studies (6). A recent 
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study has exhibited that the NLR is independently associated 
with mortality in hospitalized COVID-19 patients (7). The present 
study aims to evaluate the impact of the NLR on in-hospital all-
cause mortality in adult patients with COVID-19.

METHODS

Study Population and Design 
This retrospective cohort study included a total of 455 adult 
COVID-19 patients from Turkey. The diagnosis of COVID-19 was 
made according to the World Health Organization’s interim guid-
ance and confirmed by RNA detection of SARS-CoV-2. All adult 
patients diagnosed with COVID-19 were screened, and those 
who died or discharged between March 10, 2019, and June 10, 
2020, were enrolled in this study. Out of 455 patients, 145 were 
critically ill and were admitted to the intensive care unit. The 
study was conducted following the Declaration of Helsinki and 
was approved by the Institutional Ethics Committee of Çukuro-
va University (No: 99, 15 May 2020), as well as by the Ministry of 
Health. The need for written informed consent was waived due 
to the retrospective nature of the study. 

Data Collection
Epidemiologic, demographic, clinical, laboratory, treatment, and 
outcome data were extracted from electronic medical records 
using admission numbers which were unique to each patient. 
In-hospital all-cause mortality outcomes were followed up till 
June 15, 2020.

Laboratory Procedures
RNA detection of SARS-CoV-2 in respiratory specimens was car-
ried out by real-time polymerase chain reaction. The criteria for 
discharge were the absence of fever for at least 3 days, substan-
tial improvement in both lungs detected by chest computed to-
mography, clinical remission of respiratory symptoms, and one 
negative sample of throat swab for SARS-CoV-2 RNA. Blood ex-
aminations included complete blood count and serum biochem-
ical tests. 

Statistical Analysis
Data analyses were performed using SPSS version 22.0 statistical 

software package (IBM SPSS Corp.; Armonk, NY, USA). The dis-
tribution of continuous variables was assessed using the Kolm-
ogorov–Smirnov test. Continuous variables were expressed as 
mean±standard deviation or median (minimum-maximum). Cat-
egorical variables were expressed as number (percentage). The 
independent samples t-test or Mann–Whitney U-test was used 
to compare continuous variables based on whether statistical 
assumptions were fulfilled or not. The Chi-square test or Fisher’s 
exact test was used to compare categorical variables based on 
whether statistical assumptions were fulfilled or not. All signifi-
cant parameters in the univariate analysis were selected for the 
multivariable model, and a forward stepwise logistic regression 
analysis was used to determine the independent predictors of 
in-hospital mortality of COVID-19 patients. The odds ratio (OR) 
and 95% confidence interval (CI) of each independent variable 
were calculated. A receiver operating characteristic curve analy-
sis was carried out to identify the optimal cut-off level of the NLR 
that predicts the in-hospital all-cause mortality. The area under 
the curve was calculated as a measure of the accuracy of the test. 
A two-tailed p-value of less than 0.05 was considered significant.

RESULTS
This retrospective cohort study enrolled a total of 455 hospi-
talized COVID-19 patients (217 males, median age: 56 [18–98] 
years). In the final analysis, 92 patients died during hospitaliza-
tion, and 363 patients were discharged.

The most common comorbidity was found to be hypertension 
(37.4%), followed by diabetes mellitus (28.1%), and coronary 
artery disease (19.3%). The most common symptom found on 
admission was cough, followed by fever, and dyspnea. Leuko-
cyte count, neutrophil count, mean platelet volume, red cell 
distribution width, the NLR, the platelet-to-lymphocyte ratio, 
C-reactive protein (CRP), procalcitonin, ferritin, lactate dehydro-
genase, alanine transaminase, and aspartate transaminase levels 
on admission were found to be significantly higher in nonsur-
vivor COVID-19 patients than survivors. However, hemoglobin 
level, lymphocyte count, and glomerular filtration rate were sig-
nificantly lower in the former. Table 1 shows the comparison of 
baseline characteristics of patients with COVID-19 according to 
in-hospital all-cause mortality.

Forward stepwise logistic regression analysis was carried out to 
determine the independent predictors of in-hospital all-cause 
mortality of patients with COVID-19. The analysis demonstrated 
the following factors as independent predictors: age (OR=1.203, 
95% CI: 1.027–1.408, p=0.022), the NLR (OR=1.261, 95% CI: 1.054–
1.509, p=0.011), lactate dehydrogenase level (OR=1.013, 95% CI: 
1.004–1.022, p=0.005), glomerular filtration rate (OR=0.920, 95% 
CI: 0.853–0.992, p=0.030), alanine transaminase level (OR=1.107, 
95% CI: 1.011–1.212, p=0.028), and aspartate transaminase level 
on admission (OR=0.939, 95% CI: 0.888–0.993, p=0.027) (Table 2).

The sensitivity and specificity of the NLR for predicting in-hos-
pital all-cause mortality were found to be 92% and 53%, respec-
tively, in the receiver operating characteristic curve analysis, at 
the cut-off value of 3, with the area under the curve being 0.842 
(95% CI: 0.795–0.889, p<0.001) (Figure 1).252
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Main Points:

• This study evaluated the relationship between the neutro-
phil to lymphocyte ratio (NLR) on admission and in-hospi-
tal all-cause mortality in adult patients with the coronavirus 
disease 2019 (COVID-19).

• The NLR on admission was significantly higher in nonsurvi-
vors COVID-19 patients than in survivors. 

• Age, the NLR, lactate dehydrogenase level, glomerular 
filtration rate, alanine transaminase level, and aspartate 
transaminase level on admission were independent pre-
dictors of in-hospital all-cause mortality of patients with 
COVID-19. 

• The sensitivity and specificity of the NLR for predicting 
in-hospital all-cause mortality were 92% and 53%, respec-
tively, at the cut-off value of 3.
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Table 1. Comparison of baseline characteristics of patients with COVID-19 according to in-hospital all-cause mortality (Continued)

Variable Total (n=455) Survivor (n=363) Nonsurvivor (n=92) p

Demographic and Clinical Features

   Age (year) 56.0 (18.0–98.0) 52.0 (18.0–98.0) 71.0 (39.0–95.0) <0.001

   Gender, (male) n (%) 217 (47.7) 172 (47.4) 45 (48.9) 0.793

   BMI (kg/m2) 27.2 (18.4–49.1) 27.0 (18.4–49.1) 27.7 (18.7–47.8) 0.670

   Current smoker, n (%) 101 (22.2) 77 (21.2) 24 (26.1) 0.315

   ICU admission, n (%) 145 (31.9) 55 (15.2) 90 (97.8) <0.001

Comorbidities 

   DM, n (%) 128 (28.1) 90 (24.8) 38 (41.3) 0.002

   HT, n (%) 170 (37.4) 113 (31.1) 57 (62.0) <0.001

   CAD, n (%) 88 (19.3) 53 (14.6) 35 (38.0) <0.001

   HF, n (%) 32 (7.0) 22 (6.1) 10 (10.9) 0.107

   COPD, n (%) 45 (9.9) 28 (7.7) 17 (18.5) 0.002

   Stroke, n (%) 14 (3.1) 9 (2.5) 5 (5.4) 0.171

   Malignancy, n (%) 17 (3.7) 10 (2.8) 7 (7.6) 0.057

Symptoms <0.001

   Fever (temperature ≥37.3°C) 138 (30.3) 93 (25.6) 45 (48.9)

   Cough, n (%) 150 (33.0) 139 (38.3) 11 (12.0)

   Dyspnea, n (%) 51 (11.2) 24 (6.6) 27 (29.3)

   Fatigue, n (%) 21 (4.6) 16 (4.4) 5 (5.4)

   Headache, n (%) 6 (1.3) 6 (1.7) 0 (0.0)

   Loss of smell and taste, n (%) 18 (4.0) 17 (4.7) 1 (1.1)

   Other symptoms, n (%) 47 (10.3) 44 (12.1) 3 (3.3)

Laboratory Findings

   Hemoglobin (g/dL) 12.5±1.2 12.8±2.0 11.1±2.3 <0.001

   Leukocyte count, × 103/μL 7.8±4.5 7.0±3.4 11.5±6.1 <0.001

   Platelet count, × 103/μL 216.0 (45.0–568.0) 217.0 (68.0–568.0) 215.0 (45.0–511.0) 0.711

   Neutrophil count, × 103/μL 5.9±4.2 4.9±3.0 9.9±5.5 <0.001

   Lymphocyte count, × 103/μL 1.4±1.0 1.5±0.9 1.0±1.3 <0.001

   MPV (fL) 9.3 (6.5–13.3) 9.1 (6.5–12.3) 9.6 (7.4–13.3) <0.001

   RDW (%) 14.0±3.1 13.6±1.6 15.8±5.8 <0.001

   MCV (fL) 85.9±7.3 85.6±7.2 87.0±7.9 0.126

   NLR 3.7 (0.6–137.3) 3.2 (0.6–24.3) 12.1 (0.8–137.3) <0.001

   PLR 171.6 (21.5–1215.0) 164.7 (35.3–1215.0) 274.2 (21.5–1196.9) <0.001

   CRP (mg/L) 24.0 (0.1–437.0) 12.4 (0.1–356.0) 157.0 (1.8–437.0) <0.001

   Procalcitonin (ng/m) 0.12 (0.01–20.0) 0.10 (0.01–7.0) 1.3 (0.07–20.0) <0.001



DISCUSSION 
The major findings of this study were the following indepen-
dent predictors of in-hospital all-cause mortality of patients with 
COVID-19: age, the NLR, lactate dehydrogenase level on admis-
sion, and baseline glomerular filtration rate. The sensitivity and 
specificity of the NLR for predicting mortality were 92% and 53%, 
respectively, at the cut-off value of 3.

Recent studies have investigated the relationship between 
various baseline leukocyte counts and clinical outcomes in 
COVID-19 patients. Liu et al. (8) found that the NLR is a predictive 
factor for early-stage COVID-19 infection that may lead to a criti-
cal illness. Qin et al. (9) reported that patients with a severe form 
of the disease seem to have higher neutrophil count but lower 
lymphocyte count compared to patients with a nonsevere form 
of the disease, thus the NLR was found to be higher in the former. 
Similarly, Mo et al. (10) found that refractory patients had higher 
neutrophil counts as compared to general patients.

The NLR has been proposed as a novel and cost-effective in-
flammatory biomarker, considering both neutrophil and lym-
phocyte counts. High NLR results from the increased neutrophil 
count and decreased lymphocyte count. Inflammation may 
involve increased neutrophil release. Possible reasons for the 
COVID-19-associated lymphopenia may include a direct infec-
tion of lymphocytes by SARS-CoV-2, lymphocyte sequestration 
in the lung, cytokine-mediated lymphocyte trafficking, im-
mune-mediated lymphocyte destruction, bone marrow, thymus 
suppression, or apoptosis. Dysregulated immune cell responses 
and consequently immunological abnormality play a remark-
able role in the severity of viral infections (11). Previous studies 
have demonstrated that lymphopenia played a prominent role 
in severe acute respiratory syndrome coronavirus (SARS-CoV) 
infection, and lymphocyte counts could predict the severity 
and clinical outcomes (12). Immunological responses involving 
hematological changes of leukocytes were notably associated 
with the severity and clinical outcomes of the middle east re-254
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Table 1. Comparison of baseline characteristics of patients with COVID-19 according to in-hospital all-cause mortality (Continued)

Variable Total (n=455) Survivor (n=363) Nonsurvivor (n=92) p

   Ferritin (ng/mL) 142.5 (5.8–25583.0) 117.5 (5.8–2000.0) 856.0 (69.5–25583.0) <0.001

   LDH (U/L) 284.5 (112.0–3970.0) 255.0 (117.0–1191.0) 484.5 (112.0–3970.0) <0.001

   GFR (mL/min per 1.73 m2) 95.0 (4.0–139.0) 95.0 (4.0–138.0) 38.5 (5.0–139.0) <0.001

   ALT (U/L) 24.0 (10.0–627.0) 23.0 (10.0–270.0) 31.5 (10.0–627.0) <0.001

   AST (U/L) 30.0 (11.0–1983.0) 28.0 (11.0–397.0) 48.0 (20.0–1983.0) <0.001

Imaging Features– 0.038

   No features, n (%) 8 (1.8) 8 (2.2) 0 (0.0)

   Consolidation, n (%) 14 (3.1) 11 (3.0) 3 (3.3)

   Ground-glass opacity, n (%) 321 (70.5) 262 (72.2) 59 (64.1)

   Infiltration, n (%) 6 (1.3) 6 (1.7) 0 (0.0)

   Pleural effusion, n (%) 1 (0.2) 0 (0.0) 1 (1.1)

   Mixed features, n (%) 105 (23.1) 76 (20.9) 29 (31.5)

Cause of Death -

   AKI, n (%) 4 (4.3) - 4 (4.3) -

   ARDS, n (%) 7 (7.6) - 7 (7.6) -

   MOF, n (%) 23 (25.0) - 23 (25.0) -

   Sepsis, n (%) 51 (55.4) - 51 (55.4) -

   Other, n (%) 7 (7.6) - 7 (7.6) -

Data are presented as number (%), mean±standard deviation or median (minimum–maximum).
p-value was calculated using the independent samples t-test or the Mann–Whitney U-test for continuous variables, and the Chi-square test or Fisher’s 
exact test for categorical variables as appropriate. p-value<0.05 was considered significant.
AKI: acute kidney injury; ALT: alanine transaminase; ARDS: acute respiratory distress syndrome; AST: aspartate transaminase; BMI: body mass index; CAD: 
coronary artery disease; COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein; DM: diabetes mellitus; GFR: glomerular filtration rate; HF: 
heart failure; HT: hypertension; ICU: intensive care unit; LDH: lactate dehydrogenase; MCV: mean corpuscular volume; MOF: multiple organ failure; MPV: 
mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; RDW: red cell distribution width.



spiratory syndrome coronavirus (MERS-CoV) disease (13). Lym-
phocytopenia was associated with poor prognosis in MERS-CoV 
infection (14). Similarly, recent studies on COVID-19 have shown 
that higher levels of inflammatory cytokines, chemokines, and 
NLR in infected patients were correlated with the severity of the 
disease suggesting the involvement of cytokine storm in disease 
severity (9, 15). These findings are consistent with the results of 
the present study. In this study, neutrophil count, CRP, and pro-
calcitonin levels were found to be significantly higher in nonsur-
vivor COVID-19 patients than survivors. The possible reason for 
these findings would be patients with extremely dysregulated 
immune responses due to high viral burden are likely to get bac-
terial coinfections. 

In the present study, out of the total 455 COVID-19 patients, 363 
were discharged and 92 died during hospitalization. Zhou et al. 
(16) included a total of 191 patients in their study, of whom 137 
were discharged and 54 died in hospital. Ruan et al. (17) included 
a total of 150 patients in their study, of whom 82 were discharged 
and 68 died. Wang et al. (18) and Zhang et al. (19) reported better 
clinical outcomes in their studies. This heterogeneity is probably 
due to the differences in the severity of illness of the enrolled 

patients. In this study, out of 455 patients, 145 were critically ill 
and were admitted to the intensive care unit. 

The results of this study have several clinical implications. Physi-
cians may identify high-risk COVID-19 patients at an early stage, 
assess admission to the intensive care unit for close monitoring, 
and modify treatments accordingly to reduce the in-hospital 
death as NLR could be quickly calculated based on a blood rou-
tine test on admission. Although treatment strategies were not 
investigated in this study, high-risk patients may be candidates 
to hydroxychloroquine, potent antibiotic and antiviral therapies, 
and corticosteroids.

Limitations of the Study
The present study has several limitations. First, because of its ret-
rospective design, it might have a selection bias. Second, data 
regarding the time between the onset of illness and hospital 
admission could not be obtained. This might have influenced 
the findings that show the link between baseline NLR levels and 
mortality. Third, severity scores were not attainable. Thus, the re-
lationship between NLR and disease severity could not be eval-
uated. Finally, as all subjects in this study were hospitalized Turk-
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Table 2. Risk factors for in-hospital all-cause mortality in patients with COVID-19 

Variable

Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

Age (year) 1.090 (1.068–1.113) <0.001 1.203 (1.027–1.408) 0.022

DM, n (%) 2.135 (1.323–3.445) 0.002

HT, n (%) 3.603 (2.239–5.799) <0.001

CAD, n (%) 3.592 (2.153–5.992) <0.001

COPD, n (%) 2.712 (1.412–5.208) 0.003

Hemoglobin (g/dL) 0.672 (0.597–0.756) <0.001 - -

Leukocyte count, × 103/μL 1.226 (1.160–1295) <0.001 - -

MPV (fL) 1.617 (1.298–2.016) <0.001 - -

RDW (%) 1.355 (1.202–1.526) <0.001 - -

NLR 1.213 (1.159–1.268) <0.001 1.261 (1.054–1.509) 0.011

PLR 1.003 (1.002–1.004) <0.001 - -

Procalcitonin (ng/m) 1.119 (1.035–1.211) 0.005 - -

Ferritin (ng/mL) 1.002 (1.001–1.003–) <0.001 - -

LDH (U/L) 1.007 (1.005–1.006) <0.001 1.013 (1.004–1.022) 0.005

GFR (mL/min per 1.73 m2) 0.960 (0.952–0.968) <0.001 0.920 (0.853–0.992) 0.030

ALT (U/L) 1.007 (1.003–1.012) 0.002 1.107 (1.011–1.212) 0.028

AST (U/L) 1.014 (1.007–1.021) <0.001 0.939 (0.888–0.993) 0.027

p-value<0.05 was considered significant.
ALT: alanine transaminase; AST: aspartate transaminase; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; DM: diabetes melli-
tus; GFR: glomerular filtration rate; HT: hypertension; LDH: lactate dehydrogenase; MPV: mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: 
platelet-to-lymphocyte ratio; RDW: red cell distribution width.



ish patients diagnosed with COVID-19, the results of this study 
might not be directly applied to other ethnicities.

CONCLUSION
This retrospective cohort study, which was conducted among 
the Turkish population, revealed that NLR on admission is an in-
dependent risk factor for in-hospital all-cause mortality. 
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Figure 1. The receiver operating characteristic curve analysis 
of NLR for predicting in-hospital mortality in COVID-19 pa-
tients. AUC, area under the curve
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ABSTRACT
Objective: The aims of this study were to evaluate the etiology and predisposing factors of patients with Fournier’s gangrene (FG) 
and to compare the results and efficacy of vacuum-assisted closure (VAC) treatment with conventional dressings and debridement 
method.
Methods: The data of 52 patients diagnosed with FG and treated at our clinic between January 2013 and October 2018 were 
analyzed. Patients diagnosed with FG based on physical examination findings and anamnesis were analyzed. Patients with VAC 
applied (Group I) and not applied (Group II) were analyzed for demographics, etiology, wound culture results, predisposing factors, 
FG severity index, visual analog scale (VAS) for pain, number of debridements, requirement for analgesia, colostomy, length of 
hospital stay, and complications.
Results: Group I included 37 patients treated with conventional daily dressings, and Group II included 15 patients who were 
treated with VAC. No significant difference was determined between the groups with respect to etiology, microorganism type, 
or predisposing factors. Length of hospital stay was similar in both groups. Statistically significant differences were observed be-
tween the groups with respect to the number of debridements, VAS values, mean number of daily dressings, and use of analgesia 
(P<0.001).
Conclusion: VAC treatment does not decrease treatment duration, but less pain is felt during dressing changes as fewer dressings 
are used. Patient tolerance to treatment is also improved. It may be considered that the use of VAC treatment in wound care for 
patients with FG could increase patients’ tolerance to treatment and quality of life.
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INTRODUCTION
Fournier’s gangrene (FG) was first defined by Jean Alfred Fourni-
er in 1883 and continues to be known by his name (1). Fournier 
described this as a sudden-onset idiopathic disease in a series of 
5 healthy young men, which develops in the penis and scrotum 
and leads to fulminating gangrene. Although Fournier defined 
the disease as idiopathic, there is current high incidence in men 
older than 50 years and, in the majority of cases, the etiological 
reason is known to be anorectal (30%–50%), urogenital (20%–
40%), or skin (20%) infections originating from aerobic and an-
aerobic microorganisms (2, 3).

Early diagnosis and treatment of the disease, which is also known 
as necrotizing fasciitis, is of vital importance, with mortality rates 

varying between 7% and 75% (3). Aggressive surgical debridement 
must be applied to patients immediately and effective empirical 
parenteral antibiotic treatment must be started for all possible mi-
croorganisms (4–6). Repeated debridements are often applied to 
patients (7). After the first radical debridement, daily conventional 
dressings or vacuum-assisted closure (VAC) can be used for open 
wound treatment (4). However, the inability to tolerate daily dress-
ings can create a need for analgesia or general anesthetic, which 
has a negative effect on quality of life for the patient.

The aims of this study were to evaluate the etiology and predis-
posing factors of patients with Fournier’s gangrene and to com-
pare the results and efficacy of VAC use with the conventional 
dressings and debridement method.

257Content of this journal is licensed under a Creative  
Commons Attribution-NonCommercial 4.0 International License.
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METHODS
A retrospective examination was made of data for 52 patients 
diagnosed with Fournier’s gangrene who were treated in our 
clinic between January 2013 and October 2018. Approval for the 
study was obtained from the local ethics committee of Health 
Sciences University, Adana City Training and Research Hospital 
(12.09.2018/281).

Patients diagnosed with Fournier’s gangrene based on physical 
examination findings and anamnesis were analyzed. Diagnos-
tic criteria for the physical examination were findings such as 
genital, perineal, and perianal sensitivity; induration; erythema; 
fluctuation; necrosis; and subcutaneous crepitation. Patients 
with simple abscess and inflammation of the urogenital and 
perianal region that had not progressed to the fascia were ex-
cluded from the study. Initially, all patients were treated with 

empirical broad-spectrum antibiotics (third generation ceph-
alosporin, aminoglycoside, and metronidazole). According 
to the culture and antibiogram results, the antibiotics were 
switched if necessary. Informed consent was obtained from the 
patients, and they were admitted for surgery on the same day. 
Aggressive debridement was applied to all necrotic tissues un-
til live and normal bleeding fascia was obtained. For patients 
with possible fecal contamination, a colostomy was performed. 
Tissues were irrigated with hydrogen peroxide and povidone 
iodine. Repeated debridements were applied to patients with 
infection and necrosis that persisted after the first debride-
ment. Postoperatively, fluid replacement was administered to 
the patients, low-molecular weight heparin was started, and 
blood transfusion and nutritional support were administered 
if necessary.

For the patients who planned to have VAC, an Exsudex vacuum 
pump (Haromed bvba, Ghent, Belgium) was applied with 80 to 
120 mmHg subatmospheric negative pressure within 24 to 48 
hours after the acute phase. The device was set for 10 minutes 
of negative pressure, followed by 2 minutes of rest. The vacuum 
dressing was changed every 72 hours. Patients who did not use 
VAC were followed up with daily debridement and dressings 
changed twice a day (Figure 1).

The patients with VAC applied and not applied were analyzed 
with respect to demographic data, etiology, culture results, pre-
disposing factors, Fournier’s gangrene severity index (FGSI) score, 
visual analog scale (VAS) for pain, number of debridements, re-
quirement for analgesia, colostomy, length of hospital stay, and 
complications. The FGSI score was defined by Laor et al. (8) as 
the score obtained from the 9 parameters of body temperature; 
pulse; respiratory count; and serum sodium, potassium, creati-
nine, bicarbonate, hematocrit, and white cell values, indicating 
the severity of the disease (Table 1).258
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Main Points:

• In the treatment of Fournier's gangrene, after the first rad-
ical debridement, daily traditional dressings or vacuum 
assisted closure (VAC) can be used for open wound treat-
ment.

• In the current study, statistically significant differences 
were determined between the groups with respect to the 
number of debridements, VAS values, mean number of dai-
ly dressings, and use of analgesia.

• The number of repeated debridements was greater in the 
patients followed up with conventional dressings com-
pared with those with VAC.

• The patients with VAC applied were found to have lower 
VAS values and require less analgesia.

• VAC treatment does not decrease treatment duration, but 
less pain is felt during dressing changes as fewer dressings 
are used. Patient tolerance to treatment is also improved.

Figure 1. a-c. (a) The patient with Fournier’s gangrene before treatment. (b) Same patient after the first surgical debridement 
procedure. (c) VAC application after surgical debridement.

a b c



Statistical Analysis
Data obtained in the study were analyzed statistically using Sta-
tistical Package for Social Sciences software, version 20.0 (IBM 
SPSS Corp.; Armonk, NY, USA). Conformity of quantitative vari-
ables to normal distribution was assessed using the Kolmogor-
ov-Smirnov test and the Shapiro Wilk test. The Mann Whitney U 

test was applied to quantitative variables, and the Chi-square 
test and Fisher’s Exact test to categorical-nominal variables. A 
value of P less than 0.05 was accepted as statistically significant.

RESULTS
Patients diagnosed with FG to whom surgical debridement was 
applied were separated into 2 groups according to the open 
wound treatment. Group I included 37 patients treated with 
conventional daily dressings, and Group II included 15 patients 
with VAC applied. All of the patients were men with a mean age 
of 57.1±10.7 years in Group I and 58.6±11.1 years in Group II 
(P=0.785). No significant difference was determined between 
the groups with respect to etiology, microorganism type, or pre-
disposing factors. In Group I, 22 (59.5%) patients had diabetes, 1 
(2.7%) had alcoholism, and 4 (10.8%) had renal failure. In Group 
II, 10 (66.7%) patients had diabetes, 1 (6.7%) had alcoholism, and 
2 (13.3%) had renal failure (Table 2).

The mean FGSI score was calculated as 4.6±3.3 in Group I and 
3.9±3.3 in Group II (P=0.433). A total of 4 (10.8%) patients in 
Group I and 2 (13.3%) in Group II died (FGSI scores 10–12). In the 
first group, 3 patients with diabetes mellitus (DM) and 1 patient 
with hepatic dysfunction died as a result of sepsis. In the sec-
ond group, 1 patient with DM and 1 patient with DM and kid-
ney failure died as a result of sepsis. The general mortality rate 
of 6 patients was found to be 11.5%. Colostomy was opened in 
2 patients in Group I and in 1 patient in Group II (P=0.648). The 
responsible microorganism was identified in 42 (80.8%) patients. 
The bacteriological results are shown in Table 3.

The length of hospital stay was similar in both groups (Group 
I: 20.3±11.1 d; Group II: 23.5±17.0 d) (P=0.754). Statistically sig-
nificant differences were determined between the groups with 
respect to the number of debridements, VAS values, mean num-
ber of daily dressings, and use of analgesia. The mean number 
of daily dressings was 1.7±0.3 in Group I and 0.3±0.1 in Group II 
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Table 1. Fournier's gangrene severity index (FGSI)

Physiological Variable/Point 
Assignment

High Abnormal Value Normal Low Abnormal Value

+4 +3 +2 +1 0 +1 +2 +3 +4

Temperature (˚C) >41 39–40.9 - 38.5–38.9 36–38.4 34–35.9 32–33.9 30–31.9 <29.9

Heart rate >180 140–179 110–139 - 70–109 - 55–69 40–54 <39

Respiratory rate >50 35–49 - 25–34 12–24 10–11 6–9 - <5

Serum sodium (mmol/L) >180 160–179 155–159 150–154 130–149 - 120–129 111–119 <110

Serum potassium (mmol/L) >7 6–6.9 - 5.5–5.9 3.5–5.4 3–3.4 2.5–2.9 - <2.5

Serum creatinine (mg/100 mL
x2 for acute renal failure)

>3.5 2–3.4 1.5–1.9 - 0.6–1.4 - <0.6 - -

Hematocrite (%) >60 - 50–59.9 46–49.9 30–45.9 - 20–29.9 - <20

White blood count (total/mm3 
x1000)

>40 - 20–39.9 15–19.9 3–14.9 - 1–2.9 - <1

Serum bicarbonate (venous, 
mmol/L)

>52 41–51.9 - 32–40.9 22–31.9 - 18–21.9 15–17.9 <15

Table 2. Etiology, morbidity and predisposing factors for 
Fournier’s gangrene

 

Group I  
(Conventional) 

n (%)
Group II 
(VAC)

Total  
n (%)

P  
Value

Origin

 Urogenitala 26 (70.3) 10 (66.7) 36 (69.2) 0.523

 Anorectal 8 (21.6) 4 (26.7) 12 (23.1) 0.726

 Other 3 (8.1) 1 (6.7) 4 (7.7) 0.674

Mortality 4 (10.8) 2 (13.3) 6 (11.5) 0.565

Colostomy 2 (5.4) 1 (6.7) 3 (5.8) 0.648

Predisposing 
factors

 DM 22 (59.5) 10 (66.7) 32 (61.5) 0.628

 Renal failure 4 (10.8) 2 (13.3) 6 (11.5) 0.565

 Hepatic 
 dysfunction

2 (5.4) 1 (6.7) 3 (5.8) 0.648

 Malignancy 1 (2.7) 1 (6.7) 2 (3.8) 0.498

 Alcoholism 1 (2.7) 1 (6.7) 2 (3.8) 0.498

DM, diabetes mellitus.
aUrogenital includes the urethra, prostate, urinary bladder, and genitalia.



(P<0.001). The number of debridements was 2.5±1.0 in Group I 
and 1.9±0.7 in Group II (P=0.034). VAS values were determined as 
a mean of 6.9 ±1.4 in Group I and 4.9±1.5 in Group II (P<0.001). 
The mean daily analgesia requirement was 2.3±0.4 in Group I 
and 1.7±0.3 in Group II (P<0.001) (Table 4).

DISCUSSION
Urogenital, colorectal, or cutaneous polymicrobial infections of 
aerobic and anaerobic microorganisms and local trauma are of-
ten encountered in FG etiology (3). Although perianal and rectal 
infections have often been reported in the literature (9), for the 

majority of patients in the current study, urogenital, perineal, 
and scrotal infections were involved in the etiology. This was at-
tributed to FG developing secondary to perianal and rectal infec-
tions being referred more often to the General Surgery Clinic and 
that the Urology Clinic was consulted in cases of FG involving the 
penoscrotal region.

In a review of 1726 cases by Eke, it was emphasized that FG was 
observed 10-fold more in adult men (3), although pediatric (10, 
11) and female (12) cases have been reported in the literature. 
Yucel et al. (13) reported that the increased incidence of FG in 
elderly patients was associated with a weak immune response 
secondary to chronic diseases, increased incidence of impaired 
circulation, and more vascular pathologies being observed at 
advanced ages. There is a high likelihood of diabetes and obe-
sity in patients with FG (2). Predisposing factors for FG include 
diabetes, obesity, cancer, alcoholism, advanced age, poor hy-
giene, malnutrition, trauma, renal failure, liver disease, and other 
immune-suppressing conditions (2, 9, 14, 15). DM is the most 
frequently encountered predisposing factor (3, 9). Diabetes and 
alcohol consumption are known to impair the immune system, 
and diabetes also causes distal arterial disease. In the current 
study, the rate of DM was found to be 59.5% in Group I and 66.7% 
in Group II.

Colostomy is recommended in patients with FG with perianal 
sphincteric, anorectal involvement (16). In the current study, 
colostomy was performed in only 3 patients. The reason for this 
lower rate according to the previous reports in the literature is 
believed to be the fact that patients with FG at our clinic were 
generally those in whom infection had developed from the scro-
tum and perineal region.

The causes of death of patients with FG include severe sepsis (8), 
coagulopathy (17), acute renal failure (18), diabetic ketoacidosis 
(17), or multiple organ failure (19). When Laor et al. (8) used a cut-
off value for FGSI score of 9, they reported that the probability of 
mortality in patients with a score greater than 9 was 75% and the 
survival probability for those with a score of 9 or less was 78%. In 
the current study, no significant difference was found between 
patients with conventional dressings and those with VAC applied 
with respect to mortality rates. The FGSI scores of the patients 
with mortality were greater than 9. The general mortality rate 
was determined to be 11.5%, which is with the findings of the 
current literature.

The application of negative pressure to extensive tissue defects 
formed after aggressive debridement aims to facilitate wound 
healing through the elimination of bacterial contamination, in-
fected material, and exudates; the reduction of edema; and the 
acceleration of granulation tissue formation (20, 21). Assenza et 
al. (22). reported that VAC treatment reduced the hospitalization 
time of patients and allowed early reconstructive surgery. Cuccia 
et al. (23) also stated that VAC treatment shortened the length 
of stay in hospital. In a prospective evaluation of the efficacy of 
VAC treatment in 35 patients diagnosed with FG, Czymek et al. 
(9). reported that VAC treatment was not superior to convention-
al dressings with respect to length of hospital stay and clinical 260
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Table 3. Bacteriological results

 
 
 

Group I
(Conventional)

n (%)

Group II
(VAC)
n (%)

 
Total
n (%)

Escherichia coli 10 (27.0) 6 (40.0) 16 (30.8)

Staphylococcus aureus 5 (13.5) 2 (13.3) 7 (13.5)

Proteus vulgaris 3 (8.1) 1 (6.7) 4 (7.7)

Enterococcus faecium 3 (8.1) 1 (6.7) 4 (7.7)

Acinetobacter baumannii 1 (2.7) 2 (13.3) 3 (5.8)

Klebsiella pneumoniae 3 (8.1) - 3 (5.8)

Pseudomonas aeruginosa 2 (5.4) - 2 (3.8)

Enterobacter cloacae 1 (2.7) - 1 (1.9)

Staphylococcus  
haemolyticus

- 1 (6.7) 1 (1.9)

Streptococcus anginosus - 1 (6.7) 1 (1.9)

No bacterial growth 9 (24.3) 1 (6.7) 10 (19.2)

Table 4. Characteristics of patients

Group I
(Conventional)

n=37, 
Mean±SD 

Group II
(VAC)
n=15, 

Mean±SD 

 
 
 

P Value

Age 57.1±10.7 58.6±11.1 0.785

FGSI 4.6±3.3 3.9±3.3 0.433

LOS 20.3±11.1 23.5±17.0 0.754

Number of daily 
dressings (mean)

1.7±0.3 0.3±0.1 <0.001

VAS 6.9±1.4 4.9±1.5 <0.001

Number of  
debridements

2.5±1.0 1.9±0.7 0.034

Number of daily 
analgesics (mean)

2.3±0.4 1.7±0.3 <0.001

FGSI, Fournier's gangrene severity index; LOS, length of stay; SD, standard 
deviation; VAS, visual analog scale for pain.



results but that the treatment was clinically effective and suc-
cessful for extensive wounds. In the current study, no significant 
difference was determined between the 2 groups with respect to 
length of stay in hospital.

Open wound care is a problematic process often requiring 
lengthy hospitalization. Conventional dressings generally re-
quire more than 1 intervention within 24 hours, which can be 
a painful procedure and vexatious for both the patient and the 
clinician. For wound care with VAC, the dressing is changed 
once every 48–72 hours (24, 25), and patients experience less 
pain compared with care with conventional dressings (25). In 
addition, patients can be mobilized with a VAC device. Reduc-
ing the number of dressing changes and mobilization increases 
patient comfort. An important potential advantage of the use 
of a VAC device in the genitourinary region is that the drape cre-
ates a barrier against fecal contamination (24). Previous studies 
in the literature reported that VAS scores and the requirement 
for daily analgesia are significantly higher in patients treated 
with conventional dressings compared with those treated with 
VAC (25, 26). Similarly, in the current study, the patients with 
VAC applied were found to have lower VAS values and require 
less analgesia.

In a review of 1641 patients with FG, it was reported that surgery 
was applied a mean of 2.2 ± 1.6 times and debridement a mean 
of 1.5 ± 1.0 times (2). Cuccia et al. stated that there were no ma-
jor complications with VAC treatment. It was safe, it reduced the 
number of debridements, and it increased patient comfort (23). 
In the current study, the number of repeated debridements was 
greater in the patients followed up with conventional dressings 
compared with those with VAC.

In a study by Öztürk et al. (26) the time from first debridement 
to wound closure was found to be similar in both groups, but 
wound healing in the VAC group occurred with fewer interven-
tions than in the conventional dressings group, which resulted in 
a significant increase in patient comfort. Because the VAC treat-
ment system is portable, patients are not bed-bound, and even 
if only partially, mobility can be maintained, allowing indepen-
dent bathroom use, unlike patients with conventional dressings. 
In addition, there is no bad odor originating from the wound or 
bed-wetting related to the dressing. There is also less restriction 
on oral intake owing to the lower need for analgesia and seda-
tion. Therefore, the use of VAC was observed to have a signifi-
cant positive impact on quality of life of the patient compared 
with conventional treatment (26). The same authors reported 
that, in addition to VAC treatment being more comfortable for 
the patient, it is also preferred by clinicians. As the number of 
interventions required is reduced, the clinician spends less time 
on treatment, pain-related complaints are reduced, and there is 
a lower requirement for analgesia. Consequently, the use of VAC 
for wound care of patients with FG is easier for both the patient 
and the clinician.

No cost comparisons were made in the current study but there 
are previous studies that showed the cost of VAC treatment was 
similar to or slightly less than conventional treatment (26, 27). As 

there are more dressings and debridements in the conventional 
method, it is believed that a similar result would also be obtained 
in the current study.

Limitations of this study can be considered as not being prospec-
tive or randomized in design. However, the number of patients is 
believed to be sufficient when the low incidence of FG is taken 
into consideration.

CONCLUSION
The use of VAC in wound care after aggressive debridement in 
patients with FG is more comfortable for both the patient and 
the clinician. Although VAC treatment does not shorten the 
treatment process, less pain is felt during dressing changes as 
fewer dressings are used and patient tolerance to treatment is 
increased. This reduces the need for analgesia and reduces the 
number of repeated debridements with anesthesia. Quality of 
life is improved for the patients, as they can be easily mobilized 
and use the bathroom independently. Therefore, it is considered 
that the use of VAC treatment in the wound care of patients with 
FG will increase over time.
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ABSTRACT
Objective: Uncontrolled pain with any ICU patient may affect the course of medical applications negatively. Insertion of a 
hemodialysis (HD) catheter is a painful process. The main aim of this study is to evaluate the effect of music and massage on 
the pain level during hemodialysis catheterization. 
Methods: This randomized controlled prospective trial was conducted on 220 patients who were hospitalized between Janu-
ary 2020 and July 2020 due to emergence of HD. Fifty-eight patients were listened to music with headphones while another 
58 were hand massaged and another 56 were listened to music during hand massaging, and 50 patients were monitored 
without any extra applications. 
Results: The average APACHE-2 (Acute Physiology and Chronic Health Evaluation) score of the patients was 19.57±8.98. The 
respiratory rate and heart rate of Music&massage (Mm) group was lower than the starting (p=0.027, p=0.043). There was a 
decrease in BPS (Behavioral Pain Scale) of intubated Mm and music group (p=0.001, p= 0000). Considering non-intubated 
patients, Mm, only music and only massage groups showed a significant decline in terms of WONG (Wong-Baker faces pain 
rating scale) (p=0.000, p=0.001, p=0.000). The Mm group showed that patients were more sedatized in terms of RASS (Rich-
mond Agitation-Sedatation Scale) (p=0.046).
Conclusion: Use of music and massage during HD catheterization in ICU has contributed to improved vital signs and less 
pain along with more sedatized patients.
Keywords: Complementary medicine, hemodialysis, intensive care unit, massage, music, pain
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INTRODUCTION
Pain is one of the main stress factors for intensive care unit (ICU) 
patients. Endotracheal intubation, chest tube insertion, hemodi-
alysis (HD) catheterization, deep respiration and coughing exercis-
es, endotracheal aspiration, wound care, changing bed position, 
being bedridden for a long period, and other situations known to 
cause pain (1). Approximately 33% of ICU patients experience pain 
in bed, whereas almost half of them feel pain during healthcare 
processes (2, 3). Severe pain negatively affects hemodynamic sta-
bility and immunity (4). Therefore, studies have been conducted 
to determine whether complementary medicine would help pain 
management in the ICU. The Pain, Agitation/Sedation, Delirium, 
Immobility, and Sleep Disruption in Adult Patients in the ICU 
(PADIS) guideline suggests the use of music and massage, two 
complementary medicine methods, to ICU patients to decrease 
pain and anxiety (5). Music arouses both physiological and psy-
chological responses in the listener (6). Listening to music affects 
the right lobe of the brain and triggers morphine and endorphin 

secretion while lowering adrenaline level, heart rate, and blood 
pressure (7). The use of massage to treat patients is a traditional 
method (8). Studies have shown that massage therapy increases 
lymphedema, endorphin level, and body temperature while de-
creasing anxiety, depression, blood pressure, and heart rate along 
with sleep regulation (9). Applying massage therapy in the ICU is 
simple and has no negative physiological effect (9). According to 
PADIS guideline, only a limited number of studies on the use of 
music and massage therapies are found in the literature (5). To the 
best of our knowledge, no study investigated the contribution of 
using music and massage therapies to pain management in third-
line ICU in Turkey. The present study was conducted to meet the 
need for investigating the effect of using music and massage ther-
apies on pain in the literature.

METHODS
This is a randomized controlled prospective study conducted 
between January and July 2020 in the 26-bed third-stage gen-
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eral ICU and 12-bed anesthesia ICU of the Training and Research 
Hospital. The study included 220 HD patients who were divided 
into four groups, and each patient was catheterized for HD. Pow-
er analysis was performed before the study. Musical and hand 
massage therapies were each applied to 58 patients, respective-
ly. Music and received hand massage therapies were simultane-
ously applied to 56 patients. Furthermore, 50 patients were mon-
itored without any extra treatment. Four types of methods were 
written on 220 pieces of papers. Subsequently, they were put in 
envelopes, and these envelopes were put into a box. We were 
blinded to the contents of the papers. In case of HD process, the 
patient’s nurse picked one of the envelopes, and the method 
written was applied for the catheterization of the patient. The 
type of music was chosen by the patient if s/he was conscious; 
otherwise, the family members chose the type of music. Massag-
es were performed by physiotherapists on duty in routine and in 
the ICU. Choosing the hand massage depends on factors, such 
as easy access to the hand of patient that has no venous or pe-
ripheral intravenous access. After checking the dermal integrity, 
hand massage was performed for 5 min on the right palm, and 
5 min on the back of the hand. Subsequently, the same process 
was applied on the left hand.

HD catheterization was performed by the same specialist in 
the ICU unit. The vital signals of the patient were followed on 
the monitor and recorded. The pain scales were recorded by 
patient’s nurse. The mean duration of catheter insertion was 
35 min.

Sedation levels were evaluated using Richmond Agitation–Seda-
tion Scale (RASS). The patients were administered paracetamol 
as analgesic, and propofol as sedative. Many scales are used for 
conscious and cooperative patients, with WONG as the easiest 
and most reliable (10). Ventilator-supported patients were eval-
uated using the Behavioral Pain Scale (BPS), a reliable scale com-
posed of three subscales: upper extremity movements, facial 
expressions, and ventilation cooperation. These three subscales 
have four subscales (12 scales). A score of five indicates that the 
patient is in pain (11, 12). WONG and BPS were used for conscious 
and unconscious patients, respectively.

Inclusion Criteria
 Patients’ age ≥18 years
 Patients without language or communication problems
 Patients expected to be in the ICU for ≥72 h
 Patients who agreed to participate
 Patients in need of urgent HD catheterization.

Exclusion Criteria
 Patients with hearing problems
 Patients with thrombus, hematoma, ecchymosis, phlebitis 

in the massage area, and those receiving anticoagulant in-
fusion

 Patients hospitalized in the ICU for the second time during 
the study

 Patients already catheterized for HD
 Patients with thrombosis, local infections, and burns in the 

catheter area
 Patients with anatomic anomalies
 Patients with history of allergy to lidocaine, chlorhexidine, 

and povidone–iodine
 Patients (if the patient is unconscious the patient’s relative) 

who refused to participate in the study.

Catheter Insertion
Femoral vein cannulation was performed using the Seldinger 
method (13). After placing the patient in the supine position, the 
leg was mildly abducted and externally rotated. Catheterization 
was performed on the side of the catheter. Femoral artery pul-
sation was performed 2–3 cm below the inguinal ligament, and 
the catheter was inserted through 1–1.5 cm medial of the area 
in 45° to the femoral vein. A guide wire was inserted (Figure 1). 
HD catheter was inserted through the guide wire. Each lumen of 
the catheter was checked for bleeding. In case of bleeding, the 
lumens were rinsed, and the catheter was fixed (Figure 2).

Ethical Considerations
Gaziantep University ethics Council approved this study (date: 
December, 25, 2019; reg. number: 2019/474). Written consents 
were obtained from conscious patients or from legal guardians 
of unconscious patients. Before the study, all participants and 
their relatives were briefed about catheterization and the com-
plementary medicine methods in the study. They were also in-
formed that they have the right to waive any time, and refusal of 
participation will not affect their treatment.

Statistical Analysis
Data were analyzed using frequency, percentage analysis, and 
complementary statistics. Moreover, Chi-squared analysis and 
T-test were used for categorical and continuous variables, re-
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Main Points:

• Uncontrolled pain with any ICU patient may affect the 
course of medical applications negatively.

• Complementary use of music and massage on HD catheter-
ized patients in ICU has contributed to improved vital signs 
and less pain along with more sedation.

• The study suggests adding music and hand massage thera-
py to nursing applications.

Figure 1. Central catheter insertion



spectively. Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) for Windows version 22.0 (IBM 
SPSS Corp.; Armonk, NY, USA). Significance was determined for 
p<0.05.

RESULTS
The study included 220 patients, of which 148 (66.66%) were 
men, and 165 (74.32%) were married. The educational level of 72 
(32.43%), 138 (62.16%), and 12 (5.40%) participants was primary 
school, high school, and university, respectively. Moreover, 32 
(14.41%) patients were intubated, and 115 (51.80%) were admin-
istered analgesics, and 32 (14.41%) were administered sedatives. 
The mean Glasgow coma scale was 11.13±4.01. The mean Acute 
Physiology and Chronic Health Evaluation 2 (APACHE-2) score 
was 19.57±8.98. Meanwhile, the RASS scale was −1.46±1.93 (Ta-
ble 1). The demographical features of the subgroups were not 

significantly different (Table 2). A statistically insignificant de-
crease was found in the systolic and diastolic BP after 90 min of 
music and massage (Mm) therapy group (respectively, p=0.056, 
p=0.073). The respiratory and heart rates of the Mm group was 
lower than baseline, which was statistically significant (respec-
tively, p=0.027, p=0.043). A decline was observed in the BPS score 
of intubated patients in the only music and Mm groups (respec-
tively, p=0.001, p=0000). A significant decline in the WONG scale 
score of non-intubated patients in the only music, only massage, 
and Mm groups (respectively, p=0.000, p=0.001, p=0.000). De-
spite no medical intervention received, the RASS score of Mm 
patients indicated more sedation (p=0.046) (Table 3).

DISCUSSION 
The study showed a significant improvement in pain scores and 
vital parameters in Mm group patients. This group had lower 
respiratory and heart rates than baseline. According to RASS, 
the combined effect of music and massage improved sedation. 
The BPS score of intubated patients and WONG scale score of 
non-intubated patients were significantly lower. Music has long 
been used as a complementary medicine method. The literature 
suggests that the effective period of music treatment is between 
25 and 90 min (14). Therefore, for the current study, the use of 
music was limited to 30 min. Indeed, there was no exact con-
sensus for the type of music used (6). It is well known that per-
sonal tastes play a role in choosing the right kind of music (15). 
Jasemi et al. (16) stated that making cancer patients listen to 
their favorite music significantly lowers the pain level. Regional 
characteristics, cultural and ethnic features along with personal 
tastes, and education have an effect on responses to the music 
people listen. There may be various responses to the same type 
of music. It may be correct that we have chosen the type of mu-
sic in accordance with the personal tastes of our patients, and it 
revealed improvements in the treatment. Considering the pain 
scales of intubated and non-intubated patients, both values 
were lower and statistically significant (17). Music therapy has a 
physiological effect on lowering respiratory rate, arterial blood 
pressure, heart rate, and stress hormone responses (18). Chan et 
al. have made 66 patients, who were C-clamped after percuta-
neous coronary intervention, listen to music for 45 min, and the 
control group did not listen to any music. The heart rate, respira-
tory rate, and oxygen saturation levels of the music group were 
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Table 1. Demographic data

Variable Total (n=222)

Age, mean (SD) 58.32 (18.67)

Sex, n (%)

   Male 148 (66.66)

   Female 74 (33.33)

Marital status, n (%)

   Married 165 (74.32)

   Single 57 (25.67)

Education, n (%)

   Primary school 72 (32.43)

   High school 138 (62.16)

   University 12 (5.40)

   GCS mean (SD) 11.13 (4.01)

   APACHE-II mean (SD) 19.57 (8.98)

Intubation, n (%)

   Intubated 69 (31.08)

   Non-intubated 153 (68.91)

Analgesic, n (%)

   Yes 115 (51.80)

   No 107 (48.19)

Sedation, n (%)

   Yes 32 (14.41)

   No 190 (85.58)

RASS, mean (SD) −1.46 (1.93)

GCS, Glasgow Coma Scale; APACHE, Acute Physiology and Chronic Health 
Evaluation; RASS, Richmond Agitation–Sedation Scale.

Figure 2. In case of bleeding, lumens were rinsed and the cath-
eter was fixed



statistically significantly decreased compared with that of the 
control group (19). Besides perioperative applications, music 
therapy has been proven beneficial for many procedures, such 
as bronchoscopy, pleural drainage, and central venous catheter 
insertion (20). Catheter insertion is one of the most painful pro-
cedures applied in the ICU. Many HD patients are admitted to 
medical ICUs, and they need urgent HD treatment. Pain man-
agement may be difficult during this non-elective procedure. 
Using painkillers at high doses may be harmful for patients with 
organ dysfunctions. Complementary medical methods, such as 
music and massage therapies, are easy to apply and inexpensive 
compared with their positive effects. Zengin et al. have made 
one part of 100 cancer patients listen to music during port cath-
eter insertion. Following the procedure, serum cortisol, ACTH 
levels, and blood pressure of the two groups were compared. 
The hormone level, respiratory rate, blood pressure, and pain 
scores of the music group were lower than those of the control 

group (21). The present study did not focus on cortisol or ACTH 
levels due to loss of diurnal rhythm in the ICU. In addition, the 
cortisol levels of HD patients are expected to be above normal 
levels because some patients will have multiorgan dysfunction, 
respiratory failure, or hypotensive shock. ICUs are departments 
where vital signs are the most important, and many painful pro-
cedures are performed. Thus, many studies suggest the appli-
cation of music therapies in nursing (6). Music therapy is widely 
used in cardiology departments. Twenty-three studies on 1461 
patients have shown that music therapy lowers the blood pres-
sure and heart and respiratory rates (22). Besides conscious pa-
tients, unconscious patients also benefit from music therapy, 
especially in the ICU. Ajri et al. (23) stated that music therapy 
decreases the pain score of unconscious patients. Fariba et al. 
(24) showed that when unconscious and ventilator-supported 
patients listen to music for three consecutive days, pain control 
is easily achieved at the end of the third day. Music therapy was 266
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Table 2. Demographic features of each group

Variable Music (n=58) Massage (n=58) Music/massage (n=56) Control (n=50) p

Age, mean (SD) 57.88 (19.49) 58.47 (20.51) 56.47 (19.61) 59.37 (20.38) 0.324

Sex, n (%)

   Male 38 (65.52) 39 (67.24) 38 (67.85) 33 (66.00) 0.597

   Female 20 (34.48) 19 (32.75) 18 (32.14) 17 (34.00) 0.590

Marital status, n (%)

   Married 43 (74.14) 43 (74.13) 42 (75.00) 37 (74.00) 0.475

   Single 15 (25.86) 15 (25.86) 14 (25.00) 13 (26.00) 0.231

Education, n (%)

   Primary school 18 (31.03) 19 (32.75) 19 (33.92) 16 (32.00) 0.747

   High school 37 (63.79) 35 (62.06) 34 (62.50) 32 (64.00) 0.591

   University 3 (5.17) 4 (5.17) 3 (5.35) 2 (4.00) 0.440

   GCS mean (SD) 11.05 (4.55) 11.53 (3.94) 11.40 (3.86) 11.00 (6.83) 0.367

   APACHE-II mean (SD) 19.86 (9.94) 20.98 (8.89) 20.37 (7.92) 19.31 (8.02) 0.437

Intubation, n (%)

   Intubated 19 (32.76) 18 (31.03) 17 (30.35) 15 (30.00) 0.349

   Non-intubated 39 (67.24) 40 (68.69) 39 (69.64) 35 (70.00) 0.124

Analgesic, n (%)

   Yes 31 (53.45) 30 (51.72) 29 (51.78) 25 (50) 0.766

   No   27 (46.55) 28 (48.27) 27 (48.21) 25 (50) 0.584

Sedation, n (%)

   Yes 8 (13.79) 9 (15.51) 8 (14.28) 7 (14.00) 0.742

   No 50 (86.21) 49 (84.48) 48 (85.71) 43 (86) 0.691

RASS, mean (SD) −1.34 (1.78) −1.54 (1.23)  −1.61 (1.12) −1.29 (1.98) 0.657

GCS, Glasgow Coma Scale; APACHE, Acute Physiology and Chronic Health Evaluation; RASS, Richmond Agitation–Sedation Scale.
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Table 3. Vital signs and pain scales

Variables (SD, min-max)
Before catheterization 

30 dk
Catheterization  

30 dk
Catheterization  

30–60 dk p

Systolic blood pressure (mmHg)

   Normal 128.55±19.65 127.88±17.89 126.95±17.35 0.409

   Music 126.64±24.29 128.00±23.15 124.72±25.52 0.249

   Massage 125.93±22.31 124.88±21.62 123.03±22.00 0.327

   Music and massage 130.53±23.79 128.43±21.59 127.33±21.87 0.056

Diastolic blood pressure (mmHg)

   Normal 74.91±14.43 75.71±13.57 75.64±13.82 0.737

   Music 75.43±18.34 74.52±17.67 74.36±18.1 0.590

   Massage 71.33±14.19 71.31±11.95 71.66±13.19 0.914

   Music and massage 73.83±14.72 71.62±15.21 71.34±13.88 0.073

Respiratory rate (cycles/min)

   Normal 19.59±4.63 19.64±4.43 19.31±4.57 0.708

   Music 19.47±5.09 19.72±5.12 19.84±4.46 0.735

   Massage 20.10±5.48 20.17±5.25 19.79±5.28 0.735

   Music and massage 20.33±5.11 19.55±4.87 18.98±5.01 0.027

Heart rate (bpm)

   Normal 94.28±18.19 94.95±18.24 93.02±17.08 0.155

   Music 95.12±3.13 95.12±3.59 95.00±3.52 0.828

   Massage 94.45±2.86 94.55±2.87 94.74±2.67 0.341

   Music and massage 95.60±16.11 94.26±15.69 93.71±16.45 0.043

Oxygen saturation (%)

   Normal 94.16±3.21 94.50±3.26 94.52±3.25 0.235

   Music 94.72±2.73 94.71±2.44 94.91±2.62 0.584

   Massage 94.52±15.60 93.76±14.63 93.05±15.28 0.239

   Music and massage 95.38±2.63 95.48±3.10 95.43±2.95 0.916

RASS (median)

   Normal −1.31 (1.88) −1.29 (1.78) −1.28 (1.85) 0.923

   Music −1.32 (1.71) −1.30 (1.77) −1.31 (1.74) 0.874

   Massage −1.47 (1.23) −1.49 (1.24) −1.42 (1.19) 0.432

   Music and massage −1.41 (1.46) −1.52 (1.39) −1.66 (1.92) 0.046

BPS 

   Normal 3 (1.00–3.75) 3 (1.00–3.75) 3 (1.00–3.75) 0.097

   Music 3 (1.25–3.75 2 (1.00–3.75) 1 (1.00–2.75) 0.001

   Massage 3 (1.00–3.00) 3 (1.00–3.00) 3 (1.00–3.00) 0.223

   Music and massage 3 (2.000–5.000) 3 (1.000–5.000) 3 (0–5.000) 0.000

WONG scale
   Normal 1 (0–2.00) 1 (0–2.00) 1 (0–2.00) 0.368

   Music 2 (2.00–2.00) 2 (1.00–2.00)  1 (1.00–2.00) 0.000

   Massage 2 (1.000–2.000) 2 (0–2.000) 1 (0–2.000) 0.001

   Music and massage 2 (2.00–3.00) 2 (1.00–2.00) 2 (1.00–2.00) 0.000

RASS, Richmond Agitation-Sedatation Scale; BPS, Behavioral Pain Scale; WONG, Wong-Baker faces pain rating scale.



shown to decrease anxiety and the need for sedatives in me-
chanical ventilator-supported patients (25). The present study 
did not include the data of sedative need as music and massage 
therapies were applied only during catheter insertions. Local 
anesthesia was applied on the catheter insertion area, and this 
process continued without any extra sedation if the patient re-
ceived routine sedation. The relationship between consecutive 
application of music or massage therapy for several days and 
the need for sedation may be revealed through future studies. 
The PADIS guideline suggests the use of music and massage 
therapies in ICUs. Five randomized controlled studies stated 
that the pain scores were significantly reduced when massage 
therapy was applied for 30 min. These studies utilized hand, 
foot, and body massages. These were included as suggestions 
suggestion in the guideline because massages reduce the need 
for opioids. However, studies on this subject are lacking (5). 
Massage and music therapy have long been used since ancient 
times (8). Hajbaghery et al. (26) stated that anxiety, diastolic 
blood pressure, and heart and respiratory rates were significant-
ly reduced after applying full-body massage therapy for 60 min 
on ICU patients compared with the control group. Meanwhile, 
Vibhu et al. conducted a study on 104 cardiac surgery patients 
who were made to listen to music postoperatively on the first 
day. The patients received a mild massage therapy before room 
transfer. The massage group reported a significant decrease in 
pain compared with the control group (27). The present study 
utilized massage and music therapies on different days. Thus, 
there is no evidence on whether they have a combined effect. 
Music and massage therapies were applied on the same type of 
patients in this study. Having four different groups, having dif-
ferent personnel for insertion and records, and having no idea 
about the method applied on each patient make the study valu-
able. In addition, application of the combined therapy in one of 
the groups and possible determination of the combined effect 
of therapies make it more valuable. Hand massage therapy is 
important in terms of accessibility. It can be applied without 
risking the sterility of the patient during catheterization. Similar 
to the present study, Boitor et al. (28) stated that hand massage 
therapy improved the vital signs and reduced the pain score. To 
the best of our knowledge, this is the first study investigating 
the contribution of using music and massage therapies to pain 
management in a third-line ICU in Turkey. However, the study 
has some limitations.

Limitations
Even if the study was conducted in two different ICUs, they were 
in the same medical center. Therefore, the findings cannot be 
generalized. The study may be conducted on a wider patient 
group in multiple centers because the anxiety of the patient 
may be due to his/her acute HD need, and it may improve with 
dialysis process. It is speculated that patients may not respond 
to our tests because most of them were in respiratory distress. 
Furthermore, it speculated that the anxiety levels of patients may 
not be evaluated correctly because some of the patients were 
intubated, and some of them were sedated. The conscious sub-
group should be evaluated for anxiety levels, but the number of 
patients was not sufficient. Anxiety can be assessed in larger pa-
tient subgroups.

CONCLUSION
Complementary use of music and massage on HD catheter-
ized patients in the ICU has contributed to improved vital 
signs and less pain along with more sedation. The study sug-
gests adding music and hand massage therapy to nursing ap-
plications.
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