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Aims and Scope

Eurasian Journal of Emergency Medicine (Eurasian J Emerg Med) is the open access, scientific publication organ of the Emergency Medicine Physicians’
Association of Turkey that is published in accordance with independent, unbiased, double blind peer review principles. The journal is published 4 times
in a year in March, June, September and December.

The journal aims to publish scientifically high quality articles which can contribute to the literature and written in the emergency medicine field and
other related fields. Review articles, case reports, editorial comments, letters to the editor, scientific letters, education articles, original images and
articles on history and publication ethics which can contribute to readers and medical education are also published.

The journal’s target audience includes Emergency Medicine experts, School members who conduct scientific studies and work in the Emergency Med-
icine field, researchers, experts, assistants, practicing physicians and other health sector professionals.

Editorial and publication processes of the journal are shaped in accordance with the guidelines of the international organizations such as the Interna-
tional 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). The journal is in conformity with Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Eurasian Journal of Emergency Medicine is indexed in Web of Science-Emerging Sources Citation Index, TUBITAK ULAKBIM TR Index, EMCare, DOAJ,
EBSCO, CINAHL, GALE and ProQuest.

Processing and publication are free of charge with Eurasian Journal of Emergency Medicine. 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 through
the journal’s web page at www.eajem.com. Journal’s guidelines, technical information and the required forms are available on the journal’s web page.

All expenses of the journal are covered by the Emergency Medicine Physicians’ Association of Turkey. Pharmaceutical advertisements may be pub-
lished in the printed copies of the journal. Potential advertisers should get in contact with the Editorial Office. Advertisement images are only pub-
lished upon 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 Eurasian
Journal of Emergency Medicine, the editors, the editorial board and/or the publisher, AVES; the editors, the editorial board and the publisher disclaim
any responsibility or liability for such materials.

All published content is available online free of charge at www.eajem.com.
Emergency Medicine Physicians’ Association of Turkey holds the international copyright of all content published in the journal.

Eurasian Journal of Emergency Medicine is distributed internationally and free of charge to its target audience. Archive of the journal is available online
at www.eajem.com, free of charge.

The journal is printed on an acid-free paper.

OPEN ACCESS
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Instructions to Authors

Eurasian Journal of Emergency Medicine (Eurasian J
Emerg Med), as a double-blind peer reviewed journal
published by the Emergency Medicine Physicians’
Association of Turkey, publishes original articles on
clinical, experimental and basic sciences in the Emer-
gency Medicine field, review articles covering basic
and up-to-date subjects, case reports, short editorial
manuscripts and manuscripts covering medicine his-
tory and publication and research ethics.

Editorial and publication processes of the journal
are shaped in accordance with the guidelines of the
international organizations such as 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). The journal is in conformity with Prin-
ciples of Transparency and Best Practice in Scholarly
Publishing (doaj.org/bestpractice).

Originality, high scientific quality and citation poten-
tial are the most important criteria for a manuscript to
be accepted for publication. Manuscripts submitted
for evaluation should not be previously presented or
published in an electronic or a printed medium. Edi-
torial Board should be informed of manuscripts that
have been submitted to another journal for evalua-
tion and rejected for publication. Submission of pre-
vious reviewer reports will expedite the evaluation
process. Manuscripts that have been presented in
a meeting should be submitted with detailed infor-
mation on the organization including the name, date
and location of the organization.

Manuscripts submitted to Eurasian Journal of Emer-
gency Medicine 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 the field 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 the editorial board members of the jour-
nal. The Editor in Chief is the final authority in the de-
cision making process of all submissions.

An approval of research protocols by Ethics Com-
mittee 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 some case reports. If required, ethics
committee reports or an equivalent official document
may be requested from the authors. For manuscripts
concerning experimental research on humans, a
statement should be included that shows informed
consent of patients and volunteers was obtained fol-
lowing a detailed explanation of the procedures that

Citation abbreviation: Eurasian | Emerg Med

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, 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 careful-
ly protect the patients’ anonymity. For photographs
that may reveal the identity of the patients, releases
signed by the patient or their legal representative
should be enclosed.

All submissions are screened by a similarity detection
software (iThenticate by CrossCheck).

In the event of an alleged or suspected research mis-
conduct, including plagiarism, citation manipulation,
and data falsification/fabrication, among others, 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 Interna-
tional Committee of Medical Journal Editors (ICMJE -
www.icmje.org). The ICMJE recommends that author-
ship be based on the following 4 criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or inter-
pretation of data for the work; AND

2. Drafting the work or revising it critically for import-
ant 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 accura-
cy or integrity of any part of the work are appropriate-
ly investigated and resolved.

In addition to being accountable for the parts of the
work he or 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 coauthors.

All those designated as authors should meet all four
criteria for authorship, and all who meet the four cri-
teria should be identified as authors. Those who do
not meet all four criteria should be acknowledged in
the title page of the manuscript.

Eurasian Journal of Emergency Medicine requires cor-
responding authors to submit a signed and scanned
version of the authorship contribution form (available
for download through www.eajem.com) during the
initial submission process in order to act appropriate-
ly to authorship rights and prevent ghost or honorary
authorship. If the editorial board suspects a case of
“gift authorship”, the submission will be rejected with-

out further review. As part of submission of the man-
uscript, the corresponding author should also send
a short statement declaring that he/she accepts to
undertake all the responsibility for authorship during
the submission and review stages of the manuscript.

Eurasian Journal of Emergency Medicine requires and
encourages the authors and the individuals involved
in the evaluation process of submitted manuscripts
to disclose any existing or potential conflicts of inter-
ests including financial, consultant, institutional and
other relationships that might lead to bias or a con-
flict of interest.

Any financial grants or other support received for
a submitted study from individuals or institutions
should be disclosed to the Editorial Board and to dis-
close potential conflicts of interest ICMJE Potential
Conflict of Interest Disclosure Form should be filled
in and submitted by all contributing authors. Cases of
potential conflicts of interest of editors, authors and
reviewers are resolved by the journal’s Editorial Board
within the scope of COPE and ICMJE guidelines.

Editorial Board of the journal handles appeal and
complaint cases within the scope of COPE guidelines.
Authors should get in direct contact with the edito-
rial office regarding their appeals and complaints.
When needed, an ombudsperson can be assigned to
resolve cases that cannot be resolved internally. The
Editor in Chief is the final authority in the decision
making process of appeals and complaints.

When submitting a manuscript to the Eurasian Jour-
nal of Emergency Medicine, authors accept to assign
the copyright of their manuscript to Emergency Med-
icine Physicians’ Association of Turkey. If rejected for
publication, the copyright of the manuscript will be
assigned back to the authors. Eurasian Journal of
Emergency Medicine requires each submission to be
accompanied by a Copyright Transfer Form (available
for download at www.eajem.com). When using pre-
viously published content, including figures, tables,
or any other material in both print and electronic
formats, authors must obtain permission from the
copyright holder.

Statements or opinions expressed in the manuscripts
published in Eurasian Journal of Emergency Medicine
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, Re-
porting, Editing and Publication of Scholarly Work
in Medical Journals (updated in December 2015 -

AV
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http://www.icmje. org/icmje-recommendations.pdf).
Authors are required to prepare manuscripts in ac-
cordance with CONSORT guidelines for randomized
research studies, STROBE guidelines for observational
original research studies, STARD guidelines for stud-
ies on diagnostic accuracy, PRISMA guidelines for sys-
tematic reviews and meta-analysis, ARRIVE guidelines
for experimental animal studies and TREND guide-
lines for non-randomized public behavior.

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation
system, available at www.eajem.com. Manuscripts
submitted via any other medium will not be evalu-
ated.

Manuscripts submitted to the journal will first go
through a technical evaluation process where the
editorial office staff will ensure that the manuscript is
prepared and submitted in accordance with the jour-
nal’s guidelines. Submissions that don't conform the
journal’s guidelines will be returned to the submitting
author with technical correction requests.

Authors are required to submit the;
- Copyright Transfer Form,
- Author Contributions Form,

- and ICMJE Potential Conflict of Interest Disclosure
Form (should be filled in by all contributing authors)
during the initial submission. These forms are avail-
able for download at www.eajem.com

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 major degree(s) of the au-
thor(s)

- Grant information and detailed information on the
other sources of support,

-The name, address, telephone (including the mobile
phone number) and fax numbers and e-mail address
of the corresponding author,

- Acknowledgement of the individuals who contrib-
uted to the preparation of the manuscript but do not
fulfil the authorship criteria.

Abstract: An abstract should be submitted with all
submissions except for letters to the editor. The ab-
stract of Original Articles should be structured with
subheadings (Aim, Materials and Methods, Results
and Conclusion).

Keywords: Each submission must be accompanied
by a minimum of three and a maximum of six key-
words for subject indexing at the end of the abstract.

A-VI
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The keywords should be listed in full without abbre-
viations.

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, Materials
and Methods (with subheadings), Results, Discussion,
Study Limitations, Conclusion subheadings. Please
check Table 1 for limitations for Original Articles.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted
in accordance with the international statistical re-
porting standards (Altman DG, Gore SM, Gardner
MJ, Pocock SJ. Statistical guidelines for contributors
to medical journals. Br Med J 1983: 7; 1489-93). In-
formation on statistical analyses should be provided
with a separate subheading under the Materials and
Methods section and statistical software that was
used during the process must certainly be specified.
Data must be expressed as meanztstandard deviation
when parametric tests are used to compare contin-
uous variables. Data must be expressed as median
(minimum-maximum) and percentiles (25th and 75th
percentiles) when non-parametric tests are used. In
advanced and complicated statistical analyses, rel-
ative risk (RR), odds ratio (OR) and hazard ratio (HR)
must be supported by confidence intervals (Cl) and
p values.

Editorial Comments: Editorial comments aim at
providing brief critical commentary by the review-
ers having expertise or with high reputation on the
topic of the research article published in the journal.
Authors are selected and invited by the journal. Ab-
stract, Keywords, Tables, Figures, Images and other
media are not included.

Review Articles: Reviews which are prepared by
authors who have extensive knowledge on a partic-
ular field and whose scientific background has been
translated into high volume of publication and higher
citation potential are taken under review. The authors
may be invited by the journal. Reviews should be de-
scribing, discussing and evaluating the current level
of knowledge or topic used in the clinical practice
and should guide future studies. Please check Table 1
for limitations for Review Articles.

Case Reports: There is limited space for case reports
in the journal and reports on rare cases or condi-
tions that constitute challenges in the diagnosis and
treatment, those offering new therapies or revealing
knowledge not included in the books, and interesting
and educative case reports are accepted for publi-
cation. The text should include Introduction, Case
Presentation, Discussion, Conclusion subheadings.
Please check Table 1 for limitations for Case Reports.

Letters to the Editor: This type of manuscripts can
discuss important parts, overlooked aspects or lack-
ing parts of a previously published article. Articles
on the subjects within the scope of the journal that
might attract the readers’ attention, particularly ed-
ucative cases can also be submitted in the form of
“Letter to the Editor”. Readers can also present their
comments on the published manuscripts in the form
of “Letter to the Editor”. Abstract, Keywords, Tables,
Figures, Images and other media are not included.
The text should be unstructured. The manuscript that
is being commented on must be properly cited with-
in the manuscript.

Scientific letter: Manuscripts with prior notification
characteristics, announcing new, clinically important
scientific developments or information are accept-
ed as Scientific Letters. Scientific Letters should not
include sub-headings and should not exceed 900
words. Number of references should be limited to 10
and number of tables and figures should be limited
to 2.

Clinical Imaging / Visual Diagnosis: Images must be
typical for diagnosis, and should facilitate rapid di-
agnosis for emergency medicine and / or should be
educational. Except for the header and references, it
must consist of maximum 400 words. A maximum of
three authors name, six images and five refecences
should be included.

History: This type of manuscript explains events re-
lated to emergency and general medicine and pres-
ents information on the history of diagnosis and
treatment of diseases. Historical findings should be a
result of relevant research studies. Manuscript should
not include sub-headings, should not exceed 900
words and total number of references should be lim-
ited to 10.

Publication ethics: This type of manuscript includes
current information on research and publication eth-
ics and presents cases of ethics infringement. Main
text should not exceed 900 words and total number
or references should be limited to 10.

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 an easy read-
ing. Data presented in the tables should not be a rep-
etition of the data presented within the main text but
should be supporting the main text.
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Table 1. Limitations for each manuscript type.

Type Abstract
of Word word |Reference|Table| Figure
manuscript |  limit limit limit | limit | limit
7 or total
Original 5000 of 15
Article (Structured)| 200 50 6 | images
100r
Review total of
Article 5000 200 50 6 PR0images
10 or total
Case No of 20
Report 1500 200 10 tables | images
Letter to No No
the Editor 500 N/A 5 tables| media
2ortotal
Scientific No of 4
letter 900 N/A 10 tables | images
Clinical
Imaging/ 3or
Visual No |total of 6
Diagnosis 400 N/A 5 tables | images
3ortotal
History 900 N/A 10 No of 6
tables | images
Publication No No
ethics 900 N/A 10 tables| media

Figures and Figure Legends

Figures, graphics and photographs should be submit-
ted as separate files (in TIFF or JPEG format) through
the submission system. The files should not be em-
bedded 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 sub-
mission system. Images should not be labelled (a,
b, ¢, 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 blind-
ed. The minimum resolution of each submitted figure
should be 300DPI. To prevent delays in the evalua-
tion process all submitted figures should be clear in
resolution and large in size (minimum dimensions
100x100 mm). Figure legends should be listed at the
end of the main document.

All acronyms and abbreviations used in the manu-
script should be defined at first use, both in the ab-
stract and the main text. The abbreviation should be
provided in parenthesis following the definition.

When a drug, product, hardware, or software men-
tioned within the main text product information,

Citation abbreviation: Eurasian | Emerg Med

including the name of the product, producer of the
product, city of the company and the country of the
company should be provided in parenthesis in the
following format: “Discovery St PET/CT scanner (Gen-
eral 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 shortcomings of original
articles should be mentioned in the “Discussion” sec-
tion before the conclusion paragraph.

References

While citing publications, preference should be given
to the latest, most up to date publications. If an ahead
of print publication is being cited the DOI number
should be provided. Authors are responsible for the
accuracy of references. Journal titles should be abbre-
viated in accordance with the journal abbreviations in
Index Medicus/ Medline/PubMed (for journal abbre-
viations consult the List of Journals indexed for MED-
LINE, published annually by NLM). When there are 6
or fewer authors, all authors should be listed. If there
are 7 or more authors the first 6 authors should be
listed followed by “et al”. In the main text of the man-
uscript, references should be cited using Arabic num-
bers in parentheses. The reference styles for different
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Editorial

The Public Health Role of Medical Toxicology

Medical Toxicology is a core component of public health, envi-
ronmental and occupational health and medicine. The pharmaco-
logic and toxicologic education in medical school and residency has
advanced throughout the world in the last 40 years. When | first be-
gan my training in emergency medicine in the 1970s, there were few
early textbooks of emergency medicine and none in medical toxicol-
ogy. As | began my career, | saw daily overdoses of heroin, caustics,
lead, salicylates, hydrocarbons, barbiturates and ethanol. Yet there
were no resources or mentors in the field. Poison Control Centers had
begun in Europe and the United States but few physicians or phar-
macists played critical roles, and case databases, evidence based in-
formation and research were nearly nonexistent.

Today many medical schools have transformed pharmacologic
education to incorporate medical toxicology, most often taught by
emergency physicians who are also subspecialized in medical toxi-
cology. Today many residencies such as Pediatrics and Internal Medi-
cine incorporate education in medical toxicology, whereas almost all
residencies in emergency medicine have extensive training in med-
ical toxicology.

We have created a specialty focusing on poisoning and over-
dose, homicide and suicide and occupational and environmental ex-
posure. Medical toxicology ranges from the care of the neonate suf-
fering abstinence from opioids, the infant unintentionally exposed to
a household toxin, an adolescent experimenting with drugs such as
amphetamines or cannabinoids, a worker suffering an occupational
exposure, a medical error in hospital or a geriatric patient with an
adverse drug event. All of these possibilities became the work of
the specialist in medical toxicology. Two year Fellowships in medi-
cal toxicology have been developed in our department and many
others since the early 1980s. These fellowship trained individuals are
currently working at the Centers for Disease Control and Prevention
(CDCQ), the Agency for Toxic Substance and Disease Registry (ATS-
DR), the National Institute of Health (NIH) and the National Institute
of Drug Abuse (NIDA). They work in every Poison Control Center in
America, almost all academic departments of emergency medicine
have medical toxicologists and these individuals work side by side
with specialized clinical pharmacists.

These leaders have transformed national standards of care, de-
fined essential antidotes, worked on enhancing awareness, creating
laboratories and regulatory services. The goals for all of us in emer-
gency medicine are to create an educational and research environ-
ment that will improve development of knowledge and the transmis-
sion of evidence to the caregiver who will assure that each patient
receives comprehensive integrated care. Each emergency physician,
medical toxicologist and poison center is a critical part of the public
health system. Each poisoning is an unnecessary event that must be
addressed as a failure in the public health system that we endeavor
to prevent from reoccurring (1). Our intellectual rigor, clinical excel-
lence and academic commitment in medical toxicology will assist
governmental decision making, improve pharmacologic practice
and improve the health of our nations (469 of 507).

Lewis R. Goldfrank, MD

Herbert W. Adams Professor of Emergency Medicine
New York University School of Medicine

Ronald O. Perelman Department of Emergency Medicine
Bellevue Hospital Center

Medical Director, New York City Poison Center
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Abstract

Aim: This study aimed to investigate the prognostic value of lactate and red cell distribution width (RDW) parameters of patients admitted to emergency
service and critical care unit (CCU).

Materials and Methods: A total of 147 patients hospitalized in the CCU of Necmettin Erbakan University, Meram Faculty of Medicine, Department of Emer-
gency Medicine, were included in the study. Vital signs, laboratory results, lactate, and RDW values of the patients were recorded. Acute Physiology and
Chronic Health Evaluation Il (APACHE Il) and sequential organ failure assessment (SOFA) scores were calculated. Duration of hospitalization and intensive
care unit stay and mortalities were recorded. Chi-square, Fisher's exact chi-square, and Student t tests were used for statistical analyzes, and Mann-Whitney
U test was used for comparing nonparametric data that were not compatible with a normal distribution. P<0.05 were accepted as statistically significant.
Spearman correlation analysis was used to assess whether a linear correlation existed between the parameters.

Results: A statistically significant correlation was found between the duration of stay in the CCU for <7 days and total duration of hospitalization (p<0.001).
Also, statistically significant correlations were observed between mortalities of 28 days and 3 months, APACHE Il and SOFA scores, and mean lactate (for 24
h and during hospitalization) and RDW values (p<0.001, p<0.001, p<0.001, and p<0.05, respectively). Moreover, correlations were noted between APACHE ||
scores, lactate value during the first admission, and SOFA scores (p<0.001). Correlations were also observed between 48-h SOFA scores and RDW and lactate
values (p<0.001).

Conclusion: SOFA and APACHE Il are the scoring systems used in practice. Efficiencies for mortality assessment of critical patients were confirmed. This study
showed that lactate and RDW values, which were compatible with the scoring systems, could be used for assessing prognosis. Wider and more comprehen-
sive studies that can assess scoring systems and lactate and RDW values together for prognostic identification are required to validate the findings.

Keywords: Acute physiology and chronic health evaluation Il score, critical patient, intensive care, lactate, red cell distribution width, sequential organ failure
assessment score

Introduction

Emergency services and emergency critical care units (CCUs) are
the most frequently visited departments for the diagnosis and fol-
low-up of critically ill patients (1). CCUs are the optional units among
emergency services in Turkey where intensive care patients are fol-
lowed up. The CCU of Necmettin Erbakan University, Meram School of
Medicine, Department of Emergency Medicine, is also a tertiary inten-
sive care unit (ICU). Longer durations for the diagnosis and transfer of
critical patients to the other clinics increase the importance of emer-

gency CCUs. Remarkable knowledge of critical patient follow-ups and
close follow-up of prognostic signs are necessary. Blood lactate level is
one of the most frequently used parameters (2). Tissue hypoxia during
shock and the condition after shock resuscitation are the indicators
of prognosis for critical cases in terms of identification of severity and
mortality risk of diseases and must be considered a useful indicator
for conditions such as etiologic diagnosis (3, 4). Red cell distribution
width (RDW) is one such indicator. RDW is an index for the variability
of erythrocyte volumes and can be used for detecting the anisositosis
grade. The RDW value is known to increase in many types of anemia,

This study was presented at the 1+ International Critical Care and Emergency Medicine Congress, 06-08 November 2013, Istanbul, Turkey.

Correspondence to: Emin Fatih Visneci
Received: 03.01.2017 - Accepted: 06.02.2017

DOI: 10.5152/eajem.2017.43531

e-mail: drfatihvisneci@hotmail.com

©Copyright 2017 by Emergency Physicians Association of Turkey - Available online at www.eajem.com



Eurasian J Emerg Med 2017; 16: 2-7

Visneci et al.
Red Cell Distribution Width in Critically lll Patients 3

hemoglobinopathies, and conditions such as blood transfusion. Re-
cent studies have shown that RDW increases in cardiopulmonary dis-
eases, such as coronary artery disease, heart failure, and pulmonary
hypertension, and is strongly correlated with the prognosis (5, 6).
Acute Physiology and Chronic Health Evaluation Il (APACHE II) and
sequential organ failure assessment (SOFA) are highly efficient scoring
systems for assessing disease severity and mortality of patients in ICUs.
The aim of this study was to detect the prognostic value of RDW
and lactate for the patients admitted to emergency services and
those in CCUs and to compare them with regard to scoring systems.

Materials and Methods

This was a prospective and observational study conducted in the
CCU of Necmettin Erbakan University, Meram School of Medicine, De-
partment of Emergency Medicine. Ethical approval was obtained. Male
and female patients aged >18 years who provided informed consent
and filled the study form completely were included in the study. Ex-
clusion criteria were as follows: patients who received erythrocyte sus-
pension during their stay in the CCU and in the last 2 weeks, cases with
known hematologic malignancy, patients diagnosed with myelodys-
plastic syndrome, pregnant patients, and patients with malignancies
and bone marrow invasion. A total of 647 patients were hospitalized
in the CCU during the study period, and 164 of these, whose exam-
inations were completed and who met the inclusion criteria, were in-
cluded in the study. Three patients were excluded on their or relatives’
request; eight patients due to their transfer to another center and six
patients based on their blood transfusion needs were excluded from
the study. Thus, 147 patients were included in the study. Demographic
data, vital signs, and laboratory examinations of the patients were re-
corded starting from their stay in the CCU. The mean lactate values at
the first admission, during the first 24 h, at 48 h, and during the CCU
stay were recorded. In addition, the mean RDW value at the first ad-
mission, at 48 h, and during the follow-up in the CCU was recorded.
Moreover, APACHE Il and SOFA scores at first admission and 48 h were
calculated. Total hospitalization durations were identified for the pa-
tients who stayed in the CCU for <7 days and >7 days. Mortalities at 28
days and 3 months were recorded.

Statistical analysis

The data were statistically assessed using Statistical Package for
Social Sciences version 22.0 (IBM Corp.; Armonk, NY, USA). The chi-
square test and when necessary Fisher’s exact chi-square test were
used for categorical data. The Student t test was used for parametric
data, and the Mann-Whitney U test was used for comparing non-
parametric data that were not compatible with a normal distribu-
tion. p<0.05 was accepted as statistically significant. The Spearman
correlation analysis was used to assess whether a linear correlation
existed between some parameters and if the correlation coefficient
(r) was 0.00-0.25 accepted as extremely weak, 0.26-0.49 accepted as
weak, 0.50-0.69 accepted as moderate, 0.70-0.89 accepted as high,
and 0.90-1.00 accepted as extremely high.

Results
The mortality and discharge rates of 147 patients included in

the study according to their gender are shown in Table 1; 78 patients
(53.1%) were males and 69 (46.9%) were females. The meanzstard

Table 1. In-hospital mortality and discharge rates according to pa-
tient gender

Death, n (%) Discharge, n (%) Total, n (%)
Male 34(57.6) 44 (50) 78(53.1)
Female 25(42.4) 44 (50) 69 (46.9)
Total 59 (100) 88(100) 147 (100)
Diagnosis

B Multiple-organ failure (40, 27.2%)

M Sepsis (21, 14.3%)

[ Respiratory failure (19, 12.9%)

Il CVA (12,8.2%)

M ARF-CRF (11, 7.5%)

[ Malignency-GCD (10, 6.8%)
Intoxication (6, 4.1%)
Meningitis (4, 2.7%)
Heartfailure, ACS (3, 2%)
Pulmonary embolism (1, 0.7%)
Other (20, 13.6%)

Figure 1. Distribution of patients according to diagnosis
CVA: cerebro vascular accident; ARF: acute renal failure; CRF: chronic renal fai-
lure; GCD: general condition disorder

deviation age was 67115 years; 59 patients (40.1%) died in the hospi-
tal, and 88 (59.9%) were discharged.

The distribution of the patients according to their diagnoses is
shown in Figure 1.The most frequent diagnoses were sepsis and mul-
tiple organ failure.

The mean APACHE Il score at the first hospitalization in the CCU
was 16£6.5. The SOFA score at first hospitalization and at 48 h was
5.6+2.8 and 5.9+2.9, respectively. The mean RDW value at the first
hospitalization, at 48 h, and during their stay in the CCU was 13.8+2.5,
13.8+2.6, and 13.8+2.5, respectively. The mean lactate value at first
admission in the CCU, at 24 h, mean value at 24 and 48 h was 2.6+2.5,
1.9+1.6,2.2+1.7, and 1.7+1.3, respectively. The mean lactate value for
the period of stay in the CCU was 1.9+1.

The mean duration of the stay in the CCU was 10.9+11.8 days (the
shortest was 1 d and the longest was 88 d). The mean duration of total hos-
pital stay was 14+13 days (the shortest was 2 d and the longest was 88 d).

Patients who were followed up in the CCU for <7 days and >7
days were compared with the those who survived and those who
died in 28 days and 3 months in terms of lactate and RDW values and
APACHE Il and SOFA scores. Age, gender, and APACHE Il and SOFA
scores at first admission and at 48 h, mean RDW values at first admis-
sion and at 24 h, mean value at 24 and 48 h, and mean lactate value
during the whole hospital stay were compared between the groups.
Also, the total duration of stay and the duration of stay in the CCU
were compared between groups. Patients diagnosed with respirato-
ry failure were excluded while assessing RDW.

The comparison of statistics of the patients followed up in the
CCU for <7 days and >7 days is shown in Table 2. The total duration
of stay of the patients followed up in the CCU for <7 days was 7.5+6.2
days. The total duration of stay of the patients followed up in the CCU
for =7 days was 20.1+14.4 days (p<0.001).

The comparison of statistics for the patients who survived and
those who died in 28 days is shown in Table 3. A statistically signif-
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Table 2. Comparison of age, gender, APACHE Il score, SOFA score,
duration of stay, mean lactate, and RDW values of the patients for
the duration of stay in the CCU shorter than 7 days and longer than
7 days

Duration of stay | <7 Days =7 Days P

Age, year

(mean+SD) 67+15 67.6+16 0.834
n % n %

Gender

Male 35 50.7 43 55.1 0.593

Female 34 493 35 449

APACHE I 15+6.3 17+6.9 0.080

SOFA at first

admission 5.3+x2.7 5.8+2.9 0.301

SOFA at48 h 5.5+3.3 6.2+2.7 0.144

RDW at first

admission 13.8+2.4 13.9+2.6 0.724

RDW at 48 h 13.9+2.7 13.9+2.6 0.989

Mean RDW

(during stay) 13.7£2.5 14+2.6 0.381

Lactate at first

admission 2.2+14 2.9+3.1 0.749

Lactateat24 h 2.2+2 1.7£1 0.418

Mean lactate

value during24h| 23%1.8 22+1.7 0.561

Lactate at48 h 1.8+£1.6 1.7£1 0.256

Mean lactate

(during stay) 1.9+1.3 1.8+0.9 0.796

Duration of

stay in the CCU 3.8+1.4 17.2+£13.5 0.000

Total duration

of stay 7.5+6.2 20.1£14.4 0.000

APACHE II: acute physiology and chronic health evaluation II;

SOFA: sequential organ failure assessment; RDW: red cell distribution

width; CCU: critical care unit

icant difference was observed between the patients who survived
and died in 28 days in terms of APACHE Il score (p=0.001). A statis-
tically significant difference was found between the SOFA scores at
the first admission and at 48 h (p<0.001). Moreover, a statistically
significant difference in the lactate level at the first admission was
observed (p=0.032). A statistically significant difference was noted
between lactate values at 24 h, mean value at 24 h, and mean value
during the hospital stay (p<0.001). Also, a statistically significant dif-
ference was observed in lactate values at 48 h (p=0.001). Moreover, a
statistically significant difference was found in the RDW values at first
admission and at 48 h and the mean RDW value (p=0.013, p=0.029,
and p=0.021, respectively).

The comparison of the statistics for the patients who survived and
those who died in 3 months is shown in Table 4. No statistically sig-
nificant difference was found between the patients who survived and
those who died in 3 months in terms of age, gender, and total duration
of the stay. The APACHE Il score at first admission and the SOFA score at

Table 3. Comparison of age, gender, APACHE Il score, SOFA score,
duration of stay, mean lactate, and RDW values in terms of 28-day
mortality

Clinical result Dead Alive P

Age, year

(mean%SD) 70+13.2 65.8+16.6 0.114
n % n %

Gender

Male 31 59.6 47 495 | 0.239

Female 21 40.4 48 50.5

APACHE Il 18.6+6.7 14.7+6.2 0.001

SOFA at first

admission 6.8+3 49+2.5 0.000

SOFA at48 h 7.2+£3.3 49+2.3 0.000

RDW at first

admission 14.£2.6 13.6+2.4 0.013

RDW at 48 h 14.5+29 13.4+2.2 0.029

Mean RDW

(during stay) 14.5+2.6 13.4+2.3 0.021

Lactate at first

admission 3.243 2242 0.032

Lactateat24 h 2.7+2.1 1.4+0.7 0.000

Mean lactate

value during 24 h 3+2.2 1.7+1 0.000

Lactate at48 h 2.1+1.7 1.5+0.9 0.001

Mean lactate

(during stay) 24+1.4 1.6£0.7 0.000

Duration of stay

in the CCU 9.2+6.2 11.9+14 0.704

Total duration

of stay 10.2+6.6 16.4£15 0.045

APACHE II: acute physiology and chronic health evaluation II;

SOFA: sequential organ failure assessment; RDW: red cell distribution

width; CCU: critical care unit

48 h were higher in the patients who died than in those who survived
(p<0.001). Lactate values at first admission and at 24 h, mean value at
24 h, and mean value during the hospital stay was different in the pa-
tients who died compared to those who survived (p=0.012, p=0.002,
and p<0.001, respectively). RDW values at first admission, at 48 h, and
during the stay in the CCU were higher in the patients who died than
in those who survived (p=0.016, p=0.015, and p=0.024, respectively).

The duration of stay in the CCU was higher in the patients who
died than in those who survived. A statistically significant increase
in mortality was detected with the increase in the duration of stay in
the CCU (p=0.042).

Finally, it was assessed whether a correlation existed in terms of
age, gender, APACHE Il scores, SOFA scores (at first admission and at 48
h), RDW values (at first admission and at 48 h and mean value during
the hospital stay), lactate values (at first admission and at 24 h, mean
value at 24 h and 48 h, and mean value during the hospital stay), dura-
tion of stay in the CCU, and total hospitalization duration. A correlation
was found between the SOFA score at first admission and RDW value at
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Table 4. Comparison of age, gender, APACHE Il score, SOFA score, du-
ration of stay, mean lactate, and meand RDW values of the patients
that died and survived in 3 months

Clinical result Dead Alive p

Age, year

(mean%SD) 68.4+t14.8 66.7+16.2 0.509
n % n %

Gender

Male 34 57.6 44 50 0.364

Female 25 424 44 50

APACHE Il 18.5+6.8 14.5+6 0.000

SOFA at first

admission 6.7+2.9 4.8+2.5 0.000

SOFA at48 h 7.5+3 48+2.4 0.000

RDW at first

admission 144+2.6 13.2+2 0.016

RDW at 48 h 14.4+2.8 13.3+2.2 0.015

Mean RDW

(during stay) 14.4+2.6 13.4+2.3 0.024

Lactate at first

admission 3.1£2.9 2.2+2.1 0.012

Lactate at 24 h 24+19 1.5+0.9 0.002

Mean lactate

valueduring24h| 2.8+2.1 1.7+1 0.000

Lactate at 48.hour 2+1.6 1.5+0.9 0.011

Mean lactate

(during stay) 23+1.3 1.6+0.7 0.000

Duration of stay

in the CCU 13.4+15 9.2+8.8 0.042

Total duration

of stay 14.9+154 13.7+11 0.865

APACHE II: acute physiology and chronic health evaluation II;

SOFA: sequential organ failure assessment; RDW: red cell distribution

width; CCU: critical care unit

first admission, mean RDW value during the hospital stay, and lactate
value at first admission (p=0.025, p=0.043, and p=0.011, respectively).
A correlation was observed between the SOFA score at 48 h and RDW
value at 48 h and mean RDW value during the hospital stay (p=0.04
and p<0.001, respectively). Also, a correlation was observed between
the lactate value at 48 h and RDW value at 48 h and mean RDW value
during the hospital stay (p=0.003 and p=0.005, respectively). More-
over, a correlation was noted between the APACHE Il score and SOFA
score at first admission (r=0.682) and the SOFA score at 48 h (r=631;
p<0.001 and p<0.001, respectively) (Figure 2).

Discussion
Critical patients are those with unstable life functions, who are

receiving supportive treatment, with poor general conditions, and
generally treated in ICUs (7).

The lifespan has been prolonged due to the improvement in life
conditions and higher access rates of patients to health services with
development in medical sciences.

The available literature shows that 46% of the patients hospitalized
in the ICUs are older patients (8). This has led to a significant increase
in mortality rates of the older patients hospitalized in the ICUs (9-11).
Most of the patients in the present study were older patients. However, a
7-day stay in the CCU, 28-day and 3-month mortality, and age were not
found to be significantly correlated. This might be due to the differences
between diagnoses of age groups, scores, and the lack of classification
according to the age groups. It is necessary to assess the influence of
age on mortality rates of different patient groups in terms of diagnosis,
gender, APACHE Il and SOFA scores, and Glasgow Coma Score.

Mahmood et al. (12) explored the relation between age and clin-
ical course and found no significant difference between female and
male patients who were aged 50 years and older, but the mortali-
ty at the age of 50 years was lower in female patients than in male
patients. Jacobson et al. (13) conducted a prospective observational
cohort with the patients internalized in the ICU for a 3-year period;
with sepsis in the first 24 h, no correlation was found between mor-
tality, hospitalization duration, and gender. The present study found
no statistically significant difference between the genders in terms of
the 28-day and 3-month mortalities (p>0.05).

Another study by Wang et al. (14) performed in collaboration with
medical and surgical ICUs in Canada assessed 1960 patients, and the most
frequent reason for hospitalization was found to be multiple trauma and
septic shock, followed by respiratory problems (14). Two and three pa-
tients had sepsis and respiratory problems, respectively, in the present
study, whereas one patient had multiple organ failure due to several rea-
sons. This might be because the current CCU was a general ICU.

Clinical findings in the ICU and laboratory results are used to esti-
mate the prognosis and death risk of the patients in the ICUs. Lactate
is one of the most frequent and easily assessed parameters used in
shock and other critical diseases (15). Higher lactate values must be
considered as a useful indicator in identifying the severity of diseases
and mortality rates (16-19). On the contrary, some studies showed the
first lactate values as a weak indicator of mortality (20). The present
study found a statistically significant difference between lactate values
at first admission and at 24 h, mean values at 24 h, 48 h, and during the
stay, and 28-day and 3-month mortalities. However, a higher P value
was reported for the lactate values at the first admission. Lactate val-
ues other than the value at the first admission were more significant.

However, the number of studies on RDW values used in daily
practice but not receiving sufficient attention has increased recently.
RDW was found to be related to mortality and hospitalization dura-
tion. Therefore, RDW is a parameter to be focused on. Physiologic
mechanisms (oxidative stress, inflammation, and weak pulmonary
function) with higher RDW rates and higher death rates in terms of
cardiovascular mortality have been demonstrated but are not com-
pletely known (21, 22). Wang et al. (14) found a correlation between
higher RDW rates and the APACHE Il score. They also found the RDW
value to correlate with mortality and duration of stay. Hunziker et al.
(23) showed the prognostic value of RDW for ICU mortality, in-hospi-
tal mortality, and Simplified Acute Physiology Score (SAPS). The pres-
ent study found a correlation between RDW value and 28-day and
3-month mortality. Moreover, a correlation was observed between
RDW values, SOFA scores at the first admission and at 48 h, and lac-
tate values at 48 h.
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The present study found a correlation between one of the most
commonly used parameters APACHE Il and SOFA scores with 28-
day and 3-month mortalities. Hantke et al. (24) assessed SOFA and
APACHE Il scores in 874 surgical intensive care patients and found the
values below the line identified for mortality (0.73 for APACHE Il and
0.71 for SOFA). Timsit et al. (25) calculated SOFA scores for each day
in a 1-week period for 1685 intensive care patients. For the first week
in the ICU, the SOFA score was used to estimate mortality, and was
suggested for use to estimate contributions of background diseases
to death risk. The estimation of mortality for the patients in the CCU
by using APACHE Il and SOFA scores in the present study was com-
patible with the literature. APACHE Il and SOFA scores were found to
correlate with mortality. Higher statistically significant APACHE Il and
SOFA scores were observed in the patients who died while assessing
the 28-day and 3-month mortalities.

Conclusion

Therefore, APACHE Il and SOFA scores continue to be an import-
ant guide for estimating mortality. Lactate and RDW values, which
are compatible with scoring systems, are considered prognostic in-
dicators. Also, more comprehensive studies will help in assessing the
parameters that can be used for the prognosis of critical patients.
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Comparison of Eosinophil Values with Other Biomarkers in Predicting
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Abstract

Aim: Perforation is the most common complication of acute appendicitis (AA) and is also a significant cause of infertility among women. One significant
challenge for accurate and timely diagnosis of AA before perforation occurs is the limited availability of sensitive and specific blood biomarkers. Although
previous studies have proposed hyperbilirubinemia as a biomarker for predicting impending perforation, additional biomarkers with improved specificity
and sensitivity are greatly needed. Recently, eosinopenia and altered neutrophil/leukocyte ratio have been proposed as candidate biomarkers for monitor-
ing several emergency situations, such as sepsis. In this study, we aimed to determine whether several peripheral blood parameters, including bilirubin level,
total numbers of eosinophils, platelets, and neutrophils, neutrophil/leukocyte ratio, and mean platelet volume, are predictive for impending perforation in
patients with AA.

Materials and Methods: All cases with histopathologically confirmed AA who were admitted to our hospital between January 1, 2012 and December 31,
2013 were included in this retrospective study. The bilirubin levels, total numbers of eosinophils, platelets, and neutrophils, neutrophil/leukocyte ratios, and
mean platelet volume levels were compared for non-perforated and perforated AA patients. To compare the groups, the post hoc Mann-Whitney-U test was
used to analyze non-parametric continuous variables; also, the receiver operating characteristics (ROC) test was used for accuracy.

Results: Among the 590 patients who received a pathological diagnosis of AA, 10.8% progressed to perforation of the appendix. Significant differences in
total leukocyte, neutrophil, and eosinophil counts, neutrophil/leukocyte ratios, and bilirubin levels were found between the non-perforated and perforated
AA cohorts. The areas under the curve (AUCs) for each parameter were 0.64, 0.63, 0.66, 0.62, and 0.60, respectively. Neutrophil/leukocyte ratios 272.2% had
the highest sensitivity (84.4%) and eosinophil counts of <20/mcl had the highest specificity (76.8%) in predicting perforation.

Conclusion: While eosinopenia alone does not appear to be a marker for perforation, eosinopenia accompanied by higher neutrophil and leukocyte counts,
a higher neutrophil/leukocyte ratio, and a higher bilirubin level can be used as a biomarker panel for predicting perforation in cases of AA.

Keywords: Appendicitis, perforation, eosinopenia

Introduction

Acute appendicitis (AA) is a common cause of abdominal pain
for patients presenting to emergency departments (EDs); it is the
most common cause of acute abdomen-related operations (1). While
the gold standard for the diagnosis of AA is physical examination and
laboratory results (mainly leukocytosis), one major concern is that
the symptoms and signs of AA frequently overlap those of several
other acute abdominal emergencies. A delay in diagnosis and surgi-
cal intervention inevitably results in perforation, which is a leading
cause of morbidity and mortality of AA. Furthermore, complications
arising from AA, especially perforation, can result in dysfunction of

the fallopian tubes; this usually leads to infertility (2). However, per-
foration in AA patients is usually diagnosed either intra-operatively
by observation or post-operatively by histopathological examina-
tion. Thus, timely and accurate diagnosis of perforation is critical, as
these complications can be prevented by surgical intervention and
successful removal of the appendix.

Many studies have examined biomarkers as diagnostic tools for
the diagnosis of appendicitis; however, the number of studies inves-
tigating candidate biomarkers for prediction of perforation is limited.
Akyildiz et al. (3), in their study comparing perforated and non-perfo-
rated appendicitis patients failed to demonstrate differences in leu-
cocyte counts. Studies suggested hyperbilirubinemia as a marker for
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perforation (4-7). Sand et al. (4) showed that Escherichia coli endotox-
in, upon entering the blood stream following perforation, can cause
a reduction in bile flow in vivo, resulting in hepatocyte dysfunction
and increased serum bilirubin levels.

Among other potential markers, Chaudhary et al. (7) have shown
that increased leucocyte and neutrophil counts with neutrophil/leu-
cocyte ratio are a poor predictor for perforation, while Abidi et al. (8)
suggest that eosinopenia, a recently proposed marker for differential
diagnosis of sepsis from systemic inflammatory response in ICU pa-
tients, may also be used to predict appendicitis-related perforation.
In the study of Becchi et al. (9), furthermore, a change in mean plate-
let volume (MPV), an indicator of disruption of platelet production
in bone marrow, has been shown to be a predictor of death in sep-
sis patients. In Narci et al. (10) and Tanrikulu et al. (11) studies, MPV
has also been shown to decrease in AA cases compared to non-AA
patients with acute abdominal symptoms; however, its utility in dif-
ferentiating perforated AA from non-perforated AA has not yet been
determined.

In this study, we aimed to determine whether peripheral blood
levels of several biomarkers that were independently evaluated for
AA diagnosis, including bilirubin level, total numbers of eosinophils,
platelets, and neutrophils, neutrophil/leukocyte ratio, and MVP, can
predict impending perforation among AA patients.

Materials and Methods

Patients admitted to a tertiary training hospital ED between Jan-
uary 1,2012 and December 31, 2013 with operative and histopatho-
logical diagnoses of AA were included in this retrospective study.
Approval was obtained from the Institutional Ethics Board prior to
the start of the study. Laboratory values, pathology reports, opera-
tive diagnoses, and clinical data were obtained from patient files and
the hospital electronic patient record system. The clinical diagnosis
was established preoperatively by means of clinical examination of
the attending general surgeon, laboratory results, and radiologic im-
aging by either ultrasound, performed by the attending radiologist,
or intravenous contrast-enhanced computed tomography of the ab-
domen, interpreted by the attending radiologist.

All excised appendices were sent for pathological examination,
and the definitive diagnosis was confirmed by histopathologic ex-
amination by the attending pathologist. Perforation was diagnosed
either by disruption of the appendix wall intra-operatively in the pres-
ence or absence of abscesses or by observation of disruption of the
appendix wall during histopathological examination. The exclusion
criteria included patients younger than 14 years of age, patients with
incomplete charts, patients transferred from another hospital with a
diagnosis of AP, patients transferred to another hospital due to un-
available beds, and patients who left the ED or general surgery de-
partment on their own. Furthermore, patients with known liver and
biliary diseases were excluded due to increased bilirubin levels in this
patient group. In addition, patients receiving corticosteroid-contain-
ing therapies were excluded because corticosteroids may elevate leu-
cocyte count. Finally, patients with allergic conditions were excluded
because such patients may have higher eosinophil counts. Since this
was a retrospective study, no informed consents were obtained.

Complete blood counts and full biochemistry panels for each pa-
tient were obtained during the initial physical examination by emer-
gency physicians in the ED. The leucocyte and platelet counts, neu-

trophil and eosinophil differential counts, and MPV were measured
using an automated hematology analyzer (BC 5800, Mindray, Shen-
zhen, China). The upper and lower limits of the reference intervals for
leucocyte and platelet counts, neutrophil and eosinophil differential
counts, neutrophil/leucocyte ratio, and MPV were 4 to 10x10*/mdl,
156 to 373x10%/mcl, 2.1 to 6.3x10%/mcl, 0 to 500/mcl, 41% to 73%, and
6.9 to 10.8 fl, respectively. Total bilirubin level was measured using
a chemistry immune analyzer (AU 680, Olympus, Tokyo, Japan). The
upper and lower limits of the reference interval for bilirubin were 0
to 1.2 mg/dL.

Statistical analysis was performed using Statistical Package for
Social Sciences 21.0 for Windows (IBM Corp.; Armonk, NY, USA). The
normality of distribution was assessed with Levene’s test and the
Kolmogorov-Smirnov test. To compare groups, the Mann-Whitney
U test was used for analysis of non-parametric continuous variables.
Continuous variables are presented as the mean and standard devi-
ation, and the receiver operating characteristics (ROC) test was used
to determine the accuracy of leucocyte, neutrophil, eosinophil, and
platelet counts, neutrophil percentage, and MVP for predicting per-
foration of appendicitis. To find the optimal cutoff point, we used
Youden'’s index to calculate sensitivity and specificity as well as pos-
itive and negative likelihood ratios and predictive values (12). ROC
graphs were prepared using Medcalc 16.8 for Windows (Medcalc,
Ostend, Belgium). For all statistical tests performed, p<0.05 was con-
sidered to be statistically significant.

Results

During the two-year period for which our study retrospectively
analyzed data, 658 patients were admitted with an initial diagnosis
of AA; of these, 590 patients who were conclusively diagnosed with
AA based on histopathological findings were included in our study.
423 (71.7%) of patients were male, with an average age of 31.6+13.7
years. 64 (10.8%) patients had perforated appendicitis and 7 (1.2%)
patients had wall disruption on histopathologic examination, mean-
while 42 (7.1%) received operative diagnoses and 15 (2.5%) received
pathologic and operative diagnoses. When the ages and hospital-
ization times of patients with non-perforated AA were compared
with those of patients with perforated AA, perforated AA patients
were significantly older and had significantly longer hospital stays
(30.5+12.6 vs 40.8+18.6 years, 2.7+1.4 vs 6.1+4.8 days, both p<0.001).

In this study, 142 (24.1%) patients had normal leucocyte counts,
118 (20.2%) had normal neutrophil counts, and 538 (91.2%) had nor-
mal total bilirubin counts. When we compared laboratory values be-
tween non-perforated and perforated AA patients, the differences in
leucocyte, neutrophil, and eosinophil counts, neutrophil/leucocyte
ratios, and total bilirubin levels were found to be significant between
the two groups; however, the differences in platelet counts and MVP
values were not found to be statistically significant when the two di-
agnosis groups were compared (Table 1).

The ROC analyzes for the leucocyte, neutrophil, and eosinophil
counts, total bilirubin, and neutrophil/leucocyte ratio revealed that
none of these five values had high accuracy for the diagnosis of perfo-
ration in AA, as assessed by the areas under the curve (AUCs) (Table 2).
The ROC curves of all five variables show similar accuracies for predict-
ing perforation (Figure 1).

Finally, because all AA patients included in this study underwent
operations and the histopathological examination was performed
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within our institute, we evaluated the sensitivity and specificity, deter-
mined by Youden's index, of perforated appendicitis patients; we found
that neutrophil/leucocyte ratios =272.2% had the highest sensitivity
(84.4%), whereas eosinophil counts <20/mcl had the highest specificity
(76.8%) in predicting perforation among AA patients (Table 3).

Discussion

The findings of our retrospective study suggest that eosinope-
nia accompanied with increased leucocyte and neutrophil counts,
increased neutrophil/leucocyte ratio, and high total bilirubin level
can be used as a predictor for perforation in patients with AA. The in-
dependent use of these biomarkers for predicting perforation is not
supported statistically; the AUCs of the ROC curves for these values
are between 0.6 and 0.7, indicating low accuracy.

We compared the eosinophil counts between the perforated
versus non-perforated AA patient groups and found that perforated

Table 1. Comparison of laboratory values between perforated and
non-perforated appendicitis

Laboratory Non-perforated | Perforated

marker appendicitis appendicitis P
Leucocyte count 13.1#43x10° | 15.4+4.5x10° |<0.001
Neutrophil count 10.1+4.3x10° | 12.2+4.1x10* | 0.010
Neutrophil/leucocyte 75.0+£116% 79.1+8.8% 0.010
count

Eosinophil count 124.0£133.7 78.1£117.8 |<0.001
Platelet count 249.2+60.3x10° |256.3+75.4x10*| 0.859
Mean platelet volume 9.2+1.3 9.2+1.4 0.565
Total bilirubin 0.7£0.5 0.8+0.5 0.003

Table 2. Areas under the curve (AUCs) of laboratory values for leuco-
cyte, neutrophil, and eosinophil counts, total bilirubin, and neutrop-
hil/leucocyte ratio

Laboratory marker AUC (95% CI)

Leucocyte count 0.64+0.03 (0.57-0.70)

Neutrophil count 0.63+0.03 (0.57-0.7)

Neutrophil/Leucocyte 0.60+0.03 (0.53-0.67)

Eosinophil count 0.66%0.04 (0.58-0.74)

Total Bilirubin count 0.62+0.03 (0.55-0.69)

AUC: area under curve; Cl: confidence interval

AA patients have significantly lower eosinophil counts compared to
non-perforated patients. In their study, Bass et al. (13), eosinophils
accounted for 1% to 3% of leucocytes, and the inflammatory cascade
initiated eosinophilic response via adrenal corticosteroids and epi-
nephrine. Same study investigating the utility of eosinophil count in
diagnosing sepsis suggested that as the inflammation cascade builds
up, chemotactic substances released from inflammatory cells during
the inflammatory response lead to the sequestration of circulating
eosinophils at the site of inflammation, thus decreasing the number
of circulating eosinophils. During the course of AA, when perforation
occurs, the infected tissue at the site of appendicitis spills into the
peritoneal cavity, resulting in either a localized abscess or diffuse
peritonitis; this site may become a focus for sequestration of circu-
lating eosinophils, resulting in a decrease in eosinophil count. The
optimal cutoff point for eosinopenia determined by Youden'’s index
in this study is <20/mcl; while eosinopenia showed the lowest sensi-
tivity among the five biomarkers included in our study, it showed the
highest specificity (53.1% and 76.8%, respectively).

Although other biomarkers were statistically different be-
tween perforated and non-perforated cases, we failed to find sta-
tistical differences between platelet counts and MPV. In the study
of Sevinc et al. (14), authors evaluated the aforementioned mark-
ers and found that although differences in both markers exist for
perforated and non-perforated AA, only MPV is different between
AA and non-AA patients. However, the low AUC values of these
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Figure 1. ROC curves of leucocyte, neutrophil, and bilirubin counts,
eosinophil count, and neutrophil/leucocyte ratio

Table 3. Sensitivity and specificity for leucocyte, neutrophil, and eosinophil counts, total bilirubin, and neutrophil/leucocyte count

Laboratory marker Laboratory value Sensitivity Specificity +LR -LR +PV -PV
Leucocyte count 13.900 64.1% (51.1-75.7%) 60.3% (55.9-64.5 %) 1.61 0.60 16.4 93.2
Neutrophil count 9.950 73.4% (60.9-83.7%) 50.6% (46.2-54.9%) 1.49 0.53 15.3 94

Neutrophil/leucocyte count 722 % 84.4% (73.1-92.2%) 37.6 (33.5- 41.9%) 1.35 0.42 14.1 95.2
Eosinophil count 20 53.1% (40.2-65.7%) 76.8 (73.0- 80.3%) 2.29 0.61 21.8 93.1
Total bilirubin 0.62 60.9% (47.9-72.9%) 62.0% (57.7- 66.1%) 1.60 0.63 16.3 92.9

+LR: positive likelihood ratio; -LR: negative likelihood ratio; +PV: positive predictive value; -LR: negative predictive value
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biomarkers, between 0.5 and 0.6, limit their use. In Temple et al.
(15) and Sahm et al. (16) studies, the perforation rates were similar
to our study.

Several modalities are available for the diagnosis of AA in ED,
including biochemistry panels, urinalysis, and radiologic imaging.
While computerized tomography (CT) is highly accurate in detecting
appendicitis, the presence of five key signs of perforation (abscess,
phlegmon, extraluminal air, appendicolith, and focal defects in the
appendiceal wall) can vary between patients. In the study of Horrow
et al. (17), in several patients, some or all of these signs may be ab-
sent, thus decreasing the sensitivity and the specificity of CT. The lack
of access to CT in certain settings, concerns regarding radiation, and
potentially inadequate interpretation of CT are among the limita-
tions of CT for the diagnosis of perforation. We strongly believe that
eosinopenia along with increased leucocyte and neutrophil counts,
increased total bilirubin level, and increased neutrophil/leucocyte
ratio can predict perforation as a biomarker panel, especially in set-
tings where CT use is limited or unavailable.

Study limitations

The limitations of this study are shared by other retrospective
studies; specifically, we failed to define possible confounding vari-
ables and sources of bias. First, our hospital lacks an obstetrics and
gynecology department, and most female patients with right lower
quadrant pain are transferred to the nearest hospital for gynecologi-
cal evaluation; this may have resulted in an unequal number of male
patients with AA as a selection bias. In addition, the exclusion of pa-
tients who were managed non-operatively and the exclusion of pa-
tients who were transferred to other hospitals before the completion
of treatment should be considered as additional selection biases.
Furthermore, all patients with right lower quadrant pain with sus-
pected AA who underwent operations and patients with pathologi-
cally proven appendicitis were included; thus, patients with negative
laparotomy results were excluded from our study. The retrospective
nature of the study limits the definition of confounding variables. We
believe a prospective study will overcome these limitations.

Conclusion

We would like to note that while AA patients with eosinopenia
prior to operation are more likely to suffer perforation, eosinopenia
is not an absolute marker for perforation. Our results support that
perforation remains an operative or histopathological diagnosis. Pa-
tients with decreased eosinophil counts prior to surgery accompa-
nied by increases in leucocyte and neutrophil counts, with high total
bilirubin level and high neutrophil/leucocyte ratio, have an increased
risk of perforation. Therefore, meticulous efforts should be made to
select the surgical procedure and post-operative clinical course for
these patients.

Ethics Committee Approval: Ethics committee approval was received
for this study from the Ethics Committee of Izmir Bozyaka Training and Re-
search Hospital (13.01.2015, Decision No: 001).

Informed Consent: Informed Consent: Informed consent is not neces-
sary due to the retrospective nature of this study.

Peer-review: Externally peer-reviewed.
Conflict of Interest: No conflict of interest was declared by the authors.

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

References

1. Yeniocak S, Turkmen S, Uzun O, Karaca Y, Tath O, Turedi S, et al. Analysis of
patients presenting to emergency department with acute pain. Eurasian
JEmerg Med 2012; 11: 212-5. [CrossRef]

2. Mueller BA, Daling JR, Moore DE, Weiss NS, Spadoni LR, Stadel BV, et al.
Appendectomy and the risk of tubal infertility. N Engl J Med 1986; 315:
1506-8. [CrossRef]

3. Akyildiz H, Akcan A, Sozuer EM, Kucuk C, Korkut C, Ekici F. Acute appen-
dicitis-perforated appendicitis: Are they differently clinical antities? Eur-
asian J Emerg Med 2008; 7: 13-5.

4. Sand M, Bechara FG, Holland-Letz T, Sand D, Mehnert G, Mann B. Diag-
nostic value of hyperbilirubinemia as a predictive factor for appendiciel
perforation in acute appendicitis. Am J Surg 2009; 198: 193-8. [CrossRef]

5. Beltran MA, Almonacid J, Vicencio A, Gutiérrez J, Cruces KS, Cumsille MA.
Predictive value of white blood cell count and C-reactive protein in chil-
dren with appendicitis. J Pediatr Surg 2007; 42: 1208-14. [CrossRef]

6. Khan S. Elevated serum bilirubin in acute appendicitis: a new diagnostic
tool. Kathmandu Univ Med J 2008; 6: 161-5.

7. Chaudhary P, Kumar A, Saxena N, Biswal UC. Hyperbilirubinemia as a pre-
dictor of gangrenous/perforated appendicitis: a prospective study. Ann
Gastroenterol 2013; 26: 325-31.

8.  AbidiK, Khoudril, Belayachi J, Madani N, Zekraoui A, Zeggwagh AA, et al.
Eosinopenia is a reliable marker of sepsis on admission to medical inten-
sive care units. Crit Care 2008; 12: R59. [CrossRef]

9.  Becchi C, Al Malyan M, Fabbri LP, Marsili M, Boddi V, Boncinelli S. Mean
platelet volume trend in sepsis: is it a useful parameter? Minerva Aneste-
siol 2006; 72: 749-56.

10. Narci H, Turk E, Karagulle E, Togan T, Karabulut K. The role of mean platelet
volume in the diagnosis of acute appendicitis: a retrospective case-con-
trolled study. Iran Red Crescent Med J 2013; 15: e11934. [CrossRef]

11. Tanrikulu CS, Tanrikulu Y, Sabuncuoglu MZ, Karamercan MA, Akkapulu
N, Coskun F. Mean platelet volume and red cell distribution width as a
diagnostic marker in acute appendicitis. Iran Red Crescent Med J 2014;
16:e10211. [CrossRef]

12.  Perkins NJ, Schisterman EF. The Inconsistency of "optimal" cutpoints ob-
tained using two criteria based on the receiver operating characteristic
curve. Am J Epidemiol 2006; 163: 670-5. [CrossRef]

13. Bass DA, Gonwa TA, Szejda P, Cousart MS, DeChatelet LR, McCall CE. Eo-
sinopenia of acute infection: production of eosinopenia by chemotactic
factors of acute inflammation. J Clin Invest 1980; 65: 1265-71. [CrossRef]

14. Seving MM, Kinaci E, Cakar E, Bayrak S, Ozakay A, Aren A, et al. Diagnostic
value of basic laboratory parameters for simple and perforated acute ap-
pendicitis: an analysis of 3392 cases. Ulus Travma Acil Cerrahi Derg 2016;
22:155-62.

15. Temple CL, Huchcroft SA, Temple WJ. The natural history of appendicitis
in adults. A prospective study. Ann Surg 1995; 221: 278-81. [CrossRef]

16. Sahm M, Pross M, Lippert H. Acute appendicitis - changes in epidemiolo-
gy, diagnosis and therapy. Zentralbl Chir 2011; 136: 18-24. [CrossRef]

17. Horrow MM, White DS, Horrow JC. Differentiation of perforated from non-
perforated appendicitis at CT. Radiology 2003; 227: 46-51. [CrossRef]


https://doi.org/10.5152/jaem.2012.033
https://doi.org/10.1056/NEJM198612113152402
https://doi.org/10.1016/j.amjsurg.2008.08.026
https://doi.org/10.1016/j.jpedsurg.2007.02.010
https://doi.org/10.1186/cc6883
https://doi.org/10.5812/ircmj.11934
https://doi.org/10.5812/ircmj.10211
https://doi.org/10.1093/aje/kwj063
https://doi.org/10.1172/JCI109978
https://doi.org/10.1097/00000658-199503000-00010
https://doi.org/10.1055/s-0030-1247477
https://doi.org/10.1148/radiol.2272020223

EURASIAN JOURNAL OF

12

EMERGENCY MEDICINE

Original Article

Diagnostic and Prognostic Significance of Neutrophil Gelatinase-
Associated Lipocalin and Pentraxin-3 in Acute Coronary Syndrome
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Abstract

Aim: The aim was to evaluate the levels of serum pentraxin-3 (PTX-3) and neutrophil gelatinase-associated lipocalin (NGAL) and the efficiency of making a
diagnosis and to estimate the prognosis in patients with chest pain.

Materials and Methods: The study was conducted in the Necmettin Erbakan University Meram Medicine School Emergency Department. Patients who had
chest pain and met the inclusion criteria were accepted. They were divided into the following groups: acute coronary syndrome (ACS), a diagnosis other than
ACS (non-ACS), and control. The patients in theACS and non-ACS groups were divided into five sub-group -groups: ST Elevated Myocardial Infarction (STEMI)
Non- ST Elevated Myocardial Infarction (NSTEMI), Unstable Angina Pectoris (USAP), stable angina, and pulmonary embolus. For all patients, serum PTX-3,
serum NGAL, troponin |, and creatine kinase-MB fraction (CK-MB) levels were measured.

Results: There were 199 patients in the ACS and non-ACS groups and 30 patientsin the control group. There was no significant difference among the study
groups in terms of age and PTX-3 and NGAL levels. When comparing survival and non-survival in terms of in-hospital death, CK-MB and troponin | levels were
significantly higher in the ACS and non-ACS groups than in the control groups, whereas there was no significant difference in terms of PTX-3 and NGAL levels.

Conclusion: The results of our study demonstrated that PTX-3 and NGAL are not effective biomarkers in the differential diagnosis and the determination of
in-hospital mortality in ACS. However, the limitations of the study should be considered. The results confirmed that CK-MB and Troponin | can be safely used

in the differential diagnosis and the prediction of mortality.

Keywords: Acute coronary syndrome, biomarker, neutrophil gelatinase-associated lipocalin, pentraxin-3

Introduction

Chest pain is one of the main reasons for admission to emergen-
cy departments (EDs). Among patients with such admissions, 30% to
50% have acute coronary syndrome (ACS). Coronary artery disease
(CAD) is the most common cardiovascular diseases and is related to
high mortality rates (1, 2).

Chest pain-related admissions to EDs are important ongoing
problem for physicians. Despite the clinical experience of physicians
and presence of electrocardiogram (ECG) and biochemical param-
eters, 2%-5% of patients with ACS remain undiagnosed (3). Cardiac
troponin is a highly sensitive and specific biomarker that demon-
strates myocardial damage. However, it is not specific as high levels

of it can also be detected in many clinical conditions (renal failure,
gastrointestinal bleeding, respiratory disease, subarachnoid hem-
orrhage and ischemic stroke) other than ACS (4-8). In spite of this,
cardiac troponins have recently been accepted as the gold standard
biomarker in ischemic myocardial damage (9).

Pentraxin-3 (PTX-3) and neutrophil gelatinase-associated lipo-
calin (NGAL) are believed to be involved in the pathophysiology of
ACS (10). It has been reported that PTX-3 is secreted from cardiomyo-
cytes in cardiac ischemia and that it is anindicator of myocyte injury.
PTX-3 has also been reported to appear with acute myocardial infarc-
tion (AMI), which reaches its peak level at the seventh hour, regresses
within several days, and finally returns to its normal plasma level (11).
NGAL has been shown to be primarily produced in neutrophils and
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subsequently in cardiomyocytes, and its levels are elevated in patho-
logical conditions such as atherosclerosis (12-16).

The aim of this study was to investigate whether the new-gen-
eration biomarkers NGAL and PTX-3 have a diagnostic value superior
to the routinely used biomarkers CK-MB and troponin | in patients
suspected of having ACS and to determine the relationship of these
biomarkers with hospital mortality rates.

Materials and Methods

The Ethics Committee of Necmettin Erbakan University Meram
Medicine School approved this controlled prospective clinical study
on January 3, 2014 (number, 2014-570). This study included 229 pa-
tients who met with the inclusion criteria, who had presented to the
Necmettin Erbakan University Meram Medicine School Emergency
Department (ED) with chest pain and equivalent complaints, and
who were followed up with a pre-diagnosis of ACS in the ED.

Study groups

Group 1 included patients with ACS (including Ml with ST seg-
ment elevation (STEMI), MI with non-STEMI (NSTEMI), and unstable
angina pectoris (USAP)]; Group 2 included patients with a diagnosis
other than ACS (non-ACS) (including pulmonary embolism and sta-
ble angina), and Group 3 was the control group, which included pa-
tients with a diagnosis other than ACS or non-ACS. The patients were
consecutively enrolled. Cardiac biomarkers were evaluated between
survival and non-survival groups.

Study protocol

Patients who had presented to the ED with chest pain and who
had agreed to participate were physically examined by an emergen-
cy physician (EP) and underwent electrocardiography; then, they
were taken to the chest pain unit (CPU) for follow-up. The investiga-
tors analyzed the patients who were taken to the CPU for compati-
bility with the inclusion criteria, informed the proper patients, and
obtained their consents (Table 1). The demographic characteristics,
contact information, and laboratory and radiological examinations
requested by the EP were recorded. NGAL and PTX-3 levels of the
patients were also determined. The patients were followed up, and
their in-hospital clinical courses were recorded.

Table 1. Inclusion and exclusion criteria of patients in the study

A. Inclusion criteria

1. Patients who were =18 years of age

2. Patients who agreed to join the study

3. Admission to the ED with chest pain or equivalent compla-
ints

B. Exclusion criteria

1. Female patients who were pregnant or breast feeding

. Patients who were <18 years age

. Patients who refused to join the study

. Patients with a history of chronic renal failure

v w N

. Patients who had a history of active or previous cancer

ED: emergency department

Biochemical evaluation

Having performed tests for the differential diagnosis of chest
pain, the sera and plasma of the venous blood drawn at admission
from the included patients were used as samples. Blood samples
were centrifuged at 4000 g for 5 min. The blood samples to be an-
alyzed for N-GAL and PTX-3 level were transferred into plastic and
sealed Eppendorf tubes and storedat -80°C until biochemical anal-
ysis. On the day of analysis, they were obtained from the Eppendorf
tubes and incubated at room temperature and analyzed. NGAL (Lot
no: 5031059529) (Boster®, USA) and PTX-3 (Lot no: 5111059529)
(Boster®, USA) levels were determined by ELISA using ELISA kits. An
ELISA washer and a semi-automatic ELISA reader were used. CK-MB
and troponinl levels were analyzed using a Beckman Coulter DXI 800
instrument by the chemiluminescence method.

Statistical analysis

The data obtained were analyzed using Statistical Package For So-
cial Sciences version 16.0 (SPSS Inc.; Chicago, lllinois, ABD). Descriptive
data are expressed as meanztstandard deviation and percentage. Nor-
mally distributed data (parametric or non-parametric) were analyzed
using the Kolmogorov-Smirnov Test. Non-normally distributed vari-
ables were expressed as mediantthe interval between quarters (25%-
75%). The Mann-Whitney U and Kruskal-Wallis tests were used for the
comparison of non-parametric variables. The chi-square test was used
to determine the significance of the differences among the patient and
control groups with regard to the demographic characteristics and co-
morbid situations. The Pearson test was used for correlation analysis. A
p value of <0.05 was accepted as statistically significant.

Results

A total of 229 patients were included (Table 2). Their mean age
was 60.48+14.84 years. A statistically significant difference was ob-
served among the groups with regard to the mean age (p=0.001).
The mean age in patients in Group 2 was lower than those patients in
the other groups. Totally, 69% (n=158)of the patients were males and
31% (n=71) were females. No difference was observed amongthe
groups with regard to gender distribution (p=0.353). The number of
patients with an additional disease in Group 1 was significantly high-
er than that in the other groups (p=0.001). The number of patients
with an atherosclerotic cardiac disease was significantly higher in
Group 1 than in the other groups (p=0.013). No difference was ob-
served among the groups with regard to the history of diabetes mel-
litus, hypertension, hyperlipidemia, and smoking (p=0.174, p=0.063,
p=0.075, and p=0.431, respectively) (Table 2).

The patient group that was classified according to the diagnosis
included 28% (n=55) NSTEMI, 28% (n=55) STEMI, 24% (n=48) stable
angina, 16% (n=32) USAP, and 4% (n=9) pulmonary embolism. Six-
teen (7%) patients included in the study died during the course of
hospitalization, which was statistically significantly different among
the study groups (p=0.024). The mortality rate in Group 1 was 10.6%,
and no mortality was observed in Group 3 (Table 2).

A significant difference was observed among the groups with
regard to NGAL, CK-MB, and troponin | levels (p<0.001, p<0.001, and
p<0.001, respectively). However, no difference was observed among
the groups with regard to PTX-3 levels (p=0.978) (Figure 1).

Paired comparisons were made among the groups. NGAL levels
were determined to be significantly higher in Group 3 than in groups
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Figure 1. Comparison of the values of groups NGAL, pentraxin-3, CK-MB and troponin |

1 and 2 (p<0.001 and p=0.003, respectively). No difference was ob-
served between groups 1 and 2 with regard to NGAL level (p=0.270).
CK-MB levels were significantly higher in Group 1 than group 2 and 3
(p<0.001). No difference was observed between groups 2 and 3 with
regard to CK-MB levels (p=0.810). Troponin | levels were significant-
ly higher in Group 1 than in groups 2 and 3 (p<0.001 and p<0.001,
respectively). No difference was observed between groups 2 and 3
with regard to Troponin | levels (p=0.675) (Table 2).

The study groups were classified as “survival” and “non-surviva
groups according to in-hospital mortality (Table 3). The mean age
of the patients in the non-survival group was significantly higher

|u

(p<0.001). No difference was observed between the groups with
regard to gender or comorbidity (p=0.560 and p=0.540, respective-
ly). No difference was observed between the groups with regard
to NGAL and PTX-3 levels, whereas a significant difference was de-
termined for CK-MB and troponin | levels, which were higher in the
non-survival group (p=0.547 and p=0.973 vs. p=0.001 and p<0.001,
respectively) (Table 3).

When the cardiac biomarkers were evaluated with regard to cor-
relation, a significant correlation was observed only between CK-MB
and troponin | (r=0.723, p<0.001). No correlation was determined be-
tween the other biomarkers (NGAL and PTX-3).
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Table 2. Distribution of gender, age, comorbidities results among the study groups

Groups All Groups Group 1 Group 2 Group 3
Parameters (n=229) (n=142) (n=57) (n=30) P
Age (Mean valuetstandart deviation) 60.48+14.84 63.11+£13.67 53.82+15.78 60.67+£14.82 0.001
Gender®
Male 158 (69) 102 (71.8) 35(61.4) 21(70) 0353
Female 71(31) 40(28.2) 22(38.6) 9(30)
Comorbidity®
Yes 156 (68.1) 109 (76.8) 33(57.9) 14 (46.7) 0.001
No 73(31.9) 33(23.2) 24(42.1) 16 (52.3)
ASCD®
Yes 101 (44.1) 70(49.3) 25(43.9) 6(20) 0.013
No 128 (55.9) 72(50.7) 32(56.1) 24(80)
DMa
Yes 37(16.2) 28(19.7) 6(10.5) 3(10) 0.174
No 192 (83.8) 114 (80.3) 51(89.5) 27 (90)
Hypertension®
Yes 97 (42.4) 68 (47.9%) 21 (36.8%) 8(26.7%) 0.063
No 132(57.6) 74 (52.1%) 36 (63.2%) 22(73.3%)
Hyperlipidemia®
Yes 27(11.8) 22(15.5) 4(7) 1(3.3) 0.075
No 202 (88.2) 120 (84.5) 53(93) 29(96.7)
Cigarette smoking®
Yes 69 (30.1) 45(31.7) 18(31.6) 6 (20) 0431
No 160 (69.9) 97 (68.3) 39(68.4) 24 (80)
In-hospital mortality®
Survival 213(93) 127 (89.4) 56 (98.2) 30(100) 0.024
Non-survival 16(7) 15(10.6) 1(1.8) 0(0)
Biomarkers?
NGAL 223 (33.5-4974.4) 171.55(33.5-4974.4) | 211.1(39.6-3012.8) 1099.64 (513.7-1568.6) | <0.001
PTX-3 707.75(13.7-21.000) | 709.51(13.7-21.000) | 705.98 (18.9-21.000) 916.46 (308-4789.3) 0.978
CK-MB 2.6 (0.2-299) 4.2 (0.6-299) 1.8(0.2-20.5) 1.6 (0.8-13.1) <0.001
Tn-l 0.03 (0.01-198) 0.14(0.01-198) 0.01 (0.01-0.51) 0.01 (0.01-0.4) <0.001
ASCD: atherosclerotic cardiac disease; CK-MB: creatine kinase-MB fraction; DM: diabetes mellitus; NGAL: neutrophil gelatinase associated lipocalin; PTX-3: pentraxin3; Tn-I: troponinl
“Described by number (n) and percentage (%)
PDescribed by median value (minimum-maximum values)

The ROC curve of NGAL revealed an area under the curve (AUC)
value of 0.729 (p<0.001) (Figure 2). The sensitivity, specificity, and
accuracy of NGAL were 62%, 35%, and 54%, respectively, when the
optimal threshold value was accepted as 502.1 ng/mL.

Discussion
Despite advances in the diagnosis and treatment of ACS, the

mortality, hospitalization, and recurrent infarction rates among pa-
tients with ACS remain high (2). Many biomarkers are being used and

tested to perform risk analysis for diagnosing ACS that would result
in early treatment. Cardiac troponins have high sensitivity and speci-
ficity in the diagnosis of myocardial injury. It should not be forgotten
that cardiac troponins are currently used as the gold standard. How-
ever, an elevation in their levels may be observed in many situations
other than cardiac events (17). In light of this information, new bio-
markers are required.

One of the important risk factors for ACS is age. The mean
ages of patients were 62.6+13, 62.1+12, and 62.83+12.9 years in
the studies by Leurent et al. (19), Ariza-Sole et al. (18), and Salama
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Table 3. Comparison of serum biomarkers between survival and
non-survival groups according to the in-hospital mortality

Survival Non-survival
Groups group group
Parameters (n=213) (n=16) P
Age (Mean valuex | 59.25+14.40 76.81+10.48 <0.001
standard elevation)
Gender®
Male 148 (69.5) 10 (62.5)
0.560
Female 65 (30.5) 6 (37.5)
Comorbidity®
Y 144 (67.6 12 (75
e (67.6) (75) 0.540
No 69 (32.4) 4 (25)
Biomarkers?
NGAL 226.3 221.3 0.547
(33.5-4974.4) (51.6-2317.5)
PTX-3 714.79 616.2 0.973
(13.7-21000) (113.5-21000) :
CK-MB 2.5(0.2-299) 24.55(1.9-238.6) | 0.001
Tn-l 0.02 (0.01-198) 4.44(0.01-100) | <0.001

CK-MB: creatine kinase-MB fraction; NGAL: neutrophil gelatinase-associated lipocalin;
PTX-3: pentraxin3; Tn-I: troponin |

“Described by number (n) and percentage (%)

Described by median value (minimum-maximum values)
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Figure 2. The ROC Curve of NGAL

et al. (20), respectively. In our study, the mean age of the patients
was 63.11+13.67 years, which was similar to those reported in the
literature.

Various rates of STEMI, NSTEMI, and USAP have been reported in
case series published in the literature. In a study including patients

presenting to the emergency unit with a complaint of chest pain,
41% of patients had NSTEMI and STEMI, 27% had USAP, and 32% had
non-cardiac chest pain; in another study, one-third of the patients
with ACS had STEMI and the remaining had NSTEMI and USAP (21,
22). In other studies, various rates have been reported for patients
with ACS, such as 54%-61% in NSTEMI and 33%-45.6% in STEMI (20,
23, 24). In our study, 39% of the patients with ACS had NSTEMI, 39%
had STEMI, and 22% had USAP.

Hasdai et al. (25) reported the coronary cardiac disease-relat-
ed mortality rate to be 20% in the 35-55-year age group. In another
study, the in-hospital mortality rate among patients with ACS was
4% (26). In another study investigating mortality rates in ACS, the
in-hospital mortality rate was 20% for those having STEMI and 10%
for those having NSTEMI (27). In our study, the in-hospital mortality
rates were 7.2% and 6.3% for patients having STEMI and NSTEMI, re-
spectively.

PTX-3 is an acute-phase reactant that has recently been dis-
covered. Atherosclerosis is known to develop as a reason for an in-
flammatory process. It was determined that endothelial cells and
macrophages are involved in the basic formation of atherosclerosis
and that PTX-3 is secreted from atherosclerotic lesions (28). In the
study by Matsui et al. (29), elevated serum PTX-3 levels were related
to USAP, STEMI, NSTEMI, cardiac failure, and negative cardiovascular
events. Ustundag et al. (30) determined the sensitivity and specificity
of PTX-3 levels analyzed within the first 6 h to be 98.5% and 92.3%,
respectively, in patients with ACS. Buyukkaya et al. (31) investigated
PTX-3 levels in patients with cardiac syndrome X and determined a
significantly higher PTX-3 level in the study group than in the control
group. In many studies conducted on patients with vascular diseases,
mortality was seen to have correlated to elevated PTX-3 levels (32,
33). In the study by Latini et al. (32), elevated PTX-3 levels have been
suggested to be related to 3-month mortality in patients with MI.
However, in our study, serum PTX-3 levels observed in the groups
were investigated with regard to the diagnosis and in-hospital mor-
tality, and no significant difference was observed.

Risk factors and correlations for leukocyte activation in ath-
erosclerosis have also been reported in a study, a correlation has
been demonstrated between symptomatic cardiovascular diseases
and elevated NGAL levels; on the contrary, plasma NGAL levels and
non-symptomatic cardiovascular diseases have been demonstrated
to be not correlated (34). In another study, the group of patients with
CAD confirmed via angiography was compared to the groups of pa-
tients with normal coronary arteries, and serum NGAL levels were
found to be significantly elevated in the presence of CAD (35). In a
similar study, 47 patients with NSTEMI confirmed via angiography
were compared to 45 control patients with stable angina (having un-
dergone coronary angiography and determined to have normal cor-
onary arteries), and NGAL levels were positively correlated to lesion
complexity and the diffusiveness of CAD in patients with NSTEMI. It
was concluded that serum NGAL levels on admission are related to
the increased atherosclerotic load in patients with Non-ST elevated
Acute Coronary Syndrome(NSTE-ACS)(36).

In the study by Choi et al. (37), serum NGAL levels were deter-
mined to be significantly higher in patients with CAD than in the
healthy population. Similarly in another study, serum NGAL levels
showed an increasing tendency in CAD and AMI, although this was
not significant. In the study by Arslan et al. (38) that compared pa-
tients with stable CAD and AMI, significantly higher plasma NGAL
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levels were detected in the AMI group; however, no difference was
found between STEMI and NSTEMI. It was concluded that NGAL
NGAL levels are more successful indicator in detecting Ml than other
inflammatory markers. In our study, NGAL levels were significantly
lower in the ACS and non-ACS patient groups (Group 1 and 2) than in
the control group, and no difference was detected between the ACS
and non-ACS groups.

According to the risk classification of the American College of
Cardiology/American Heart Association, a cardiac troponin | level be-
tween 0.1 and 1.5 ng/mL indicates a moderate risk, and a level over
1.5 ng/mL indicates a high risk in patients with NSTEMI (39). In an-
other study, troponin levels were observed to increase within 2-3 h
after admission to the ED in 80% of patients with MI, and the levels of
CK-MB and other cardiac biomarkers were found to start increasing
within 6-9 h (40). Similarly, in our study, CK-MB and troponin | had an
elevated course in the patient group (group 1 patients), which was
statistically significant.

Study limitations

Our study was a single-center prospective study. The control
group included patients who had presented to our emergency unit
with complaints other than chest pain and whose diagnosis did not
comprise chest pain in the differential diagnosis. The amount of
time between the onset of chest pain and the time of blood sam-
pling could not be determined. The number of patients was also
limited.

Conclusion

In conclusion, the data obtained in our study indicate that NGAL
and PTX-3 are not effective biomarkers in the differential diagnosis
of chest pain or the prediction of mortality in ACS. This conclusion
should be evaluated considering the limitations of our study. The
outcomes obtained in this study confirm the use of CK-MB and tro-
ponin |, which are used in daily practice, as reliable biomarkers in the
differential diagnosis and in the prediction of mortality.
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Abstract

Aim: Fractures are a major source of disability in all age groups; however, little is known about their epidemiology despite being quite a few studies on this
subject. The aim of this study was to identify the frequency, gender, and seasonal distributions of fractures in an emergency department.

Materials and Methods: Patients who had been admitted to an emergency department because of extremity and spine problems were included in this study.
Physical examinations, radiographs, ultrasonography, computed tomography, and magnetic resonance images were recorded. All demographic data such as age
and gender, and other data, including season and history, were collected retrospectively. Diagnoses and treatment types (conservative or surgery) were evaluated.

Results: Between January 2012 and January 2014, 190.986 patients (95.619 males and 95.367 females) with various complaints were admitted to an emer-
gency ward. After assessment of 32.300 patients who had pain in an extremity or the spine, 4.036 of them were diagnosed with fractures, with a total of 4.301
fractures being diagnosed. The average age of the patients who presented symptoms in an extremity or the spine was 36.2 years, and the gender ratio (men/
women) was 60:40. The most common fractures were at the radius (15.6%), and the least common fractures were at the sesamoid bones (0.04%).

Conclusion: This study showed that 17% of the patients admitted to the emergency ward had extremity or spinal complaints and 2.2% of the patients had

fractures. These epidemiological data may be relevant for physicians working in emergency departments when evaluating trauma patients.

Keywords: Demographics, fractures, emergency department

Introduction

Fractures are a major source of disability in all age groups; howev-
er, little is known about their epidemiology despite being quite a few
studies on this subject. The knowledge of fracture incidence is import-
ant for the planning of treatment, to define training priorities, and to
gain an understanding of orthopedic and trauma surgery. This study
was conducted at a major trauma center that provides health services
to patients of all age groups and is responsible for the inpatient and
outpatient care of their injuries.

Epidemiology brings together all the knowledge of common
diseases that occur in different groups. Epidemiological information
is used to plan and evaluate strategies to prevent diseases and guide
the management of patients (1, 2). Epidemiological knowledge of frac-
tures is critical for determining the necessary measures to prevent the
most common fractures, which is required to develop effective treat-
ment strategies and training programs.

In emergency departments, there is little knowledge about the
frequency and types of fractures in the patient population, and the
factors that affect their distribution in Turkey. This study will provide
a comprehensive perspective for emergency physicians to develop
strategies for the most prevalent fractures in specific age groups, to
prevent systemic complications due to major fractures and to guide
the management of patients.

The purpose of this report to is summarize the available evidence
on gender, age, and seasonal distribution of fractures to make recom-
mendations for future needs and research opportunities.

Materials and Methods

This was a retrospective, single-center study conducted in an
emergency department during the period from 1% January, 2012 to
15t January, 2014. The study was conducted in Kegitren, a district of
Ankara in Turkey. The climate of this area varies through the year. The
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Table 1. Frequency, gender ratio, treatment options and mean patient age for each type of fracture

Surgery Men: Surgical/ Most frequent

FRACTURE n % (%) Women conservative season Mean age
Radius 686 159 3.8 56:44 24:76 SUMMER 31
Finger Phalanges 490 114 2.6 71:29 23:77 SUMMER 26.5
Femur 480 11.2 10.8 51:49 97:3 WINTER 64.8
Tibia 364 84 6.9 67:33 81:19 WINTER 359
Fibula 362 84 44 54:46 52:48 WINTER 40
Metacarpal 351 8.2 2.1 74:26 24:76 SUMMER 271
Humerus 298 6.9 53 55:45 76:24 WINTER 40.9
Toe Phalanges 271 6.3 1.1 54:46 18:82 SUMMER 328
Metatarsal 240 56 1.2 54:46 22:78 SUMMER 32.1
Ulna 211 49 26 64:36 53:47 SUMMER 252
Clavicle 117 2.7 0.7 62:38 26:74 SUMMER 19.3
Tarsal Bones 79 1.8 12 61:39 67:33 SUMMER 33
Carpal Bones 75 1.7 1.2 73:27 70:30 WINTER 31
Pelvis 63 1.5 1.2 77:23 86:14 SPRING 45.6
Lumbar Spine 59 14 0.8 71:29 58:42 AUTUMN 50.5
Coccyx 48 1.1 04 29:71 36:64 WINTER 37
Thoracic Spine 47 1.1 0.8 53:47 74:26 AUTUMN 42.7
Patella 32 0.7 0.5 69:41 69:31 SPRING 39.6
Scapula 16 04 0.1 69:31 38:62 WINTER 42.3
Cervical Spine 10 0.2 0.2 30:70 80:20 WINTER 56.3
Sesamoid 2 0.04 0 50:50 0:100 WINTER 23
TOTAL 4301 100 100 60:40 47:53 SUMMER 36.2

Table 2. Frequencies of carpal, phalangeal, toe and tarsal bones

Table 3. Distribution of the fractures according to the anatomical region

The most| The second The third The
common |most common| most common| rarest
Fracture (%) (%) (%) (%)
Carpal Bones Scaphoid | Trapezium Triquetrium |Pisiform
(89) 4 @3 )
Tarsal Bones Calcaneus Talus Navicular | Cuboid
(55) (20) (15) (1
Metacarpals 5.(59) 4.(18) 1.(10) 2.(4)
Metatarsals 5.(63) 4.(12) 3.(9) 1.(8)
Finger Phalanges| 5.(33) 4.(24) 1.(17) 2.(10)
Toe Phalanges 1.(35) 5.331) 4.(16) 3.(5)

The most The second The third
common | most common | most common The
side side side rarest
Fracture (%) (%) (%) (%)
Radius Distal Proximal Diaphysis Diaphysis
(80) (10) 9) 9)
Femur Proximal Diaphysis Distal Distal
(70) (18) (12) (12)
Humerus | Proximal Distal Diaphysis Diaphysis
(45) (37) (18) (18)
Pelvis Ramus Pubis | Acetabulum Sacrum lliac crest
(38) (23) (1) (18)

average temperature is 23°C in summer and -2°C in winter (3). The
number of patients that received treatment in the hospital during
2014 was 872.025. Patients were first evaluated by emergency doc-
tors, and then, those with suspected fractures were evaluated by or-
thopedic and traumatology consultants. The suspected extremities
were initially examined by physical examination, and then, two plain
X-ray radiographs were taken. The patients who were suspected of
having a fracture (not detected) were evaluated by computed to-
mography and subjected to radiological expert opinion. All patients

who had been diagnosed with a fracture were included in the study.
The distribution of fractures according to age group, gender, fre-
quency, applied treatment, and seasons is presented in Table 1-3 and
Figure 1, 2.

All data was transferred to Microsoft Excel and analyzed using the
Statistical Package of Social Sciences version 15 (SPSS Inc., Chicago, IL,
USA) software package. A descriptive analysis was primarily applied.
Clinical data were presented as numbers, percentages, and means. The
distributions of data were subject to certain year intervals.
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Figure 1. Age and gender distribution of fractures

Results

Between 2012 and 2013, 190.986 patients (95.619 males and
95.367 females) with various complaints were admitted to the emer-
gency department. After assessment of 32.300 patients who com-
plained of pain in the extremities or the spine, 4.036 of them were di-
agnosed with fractures, with a total of 4.301 fractures being diagnosed.
The incidence of fractures on the total population was 4.6/1.000/year.
The mean age of the patients was 36.2 years, with a gender ratio of
60:40 (male:female). The age and gender distribution of fractures ac-
cording to each age decade is shown in Figure 1. A slightly undulating
frequency in women is observed up to 60 years, with a rapid increase
thereafter. In men, the pattern is different; there is an increased in-
cidence in young men who are in their 30s that gradually falls until
about 60 years of age. It then rises again, although the peak for older
males is lower than for older females. The highest incidence of frac-
ture in women is between 21 and 30 years and after 80 years of age.
It is similar to men as there are two similar peaks between 21 and 30
years and after 80 years of age. Table 1 presents data on frequency
and gender ratio, treatment options of all fractures observed in the
emergency department. The most prevalent fractures were the radi-
us fractures (15.6%) and the least common were the sesamoid bone
fractures (0.04%). All sacrum fractures and most of the femur, pelvis,
tibia, and cervical spine fractures were treated surgically. All sesamoid
fractures and most of the metatarsal, finger phalanx, radius, and clavi-
cle fractures were treated conservatively. The mean patient age for the
metacarpal, finger phalanx, ulna, and clavicle fractures was less than 30
years and these could be considered as juvenile fractures. Most of the
fractures occurred in men, mainly resulting from high-impact traumas,
such as exercise, work casualties, car crash, and squeezing injuries. The
mean patient age for the femur, humerus, cervical spine, and pelvis
fractures was over 40 years and could be considered as old-age frac-
tures. From the sixth decade onwards, most of the fractures occurred
in women and were due to low-impact trauma that resulted in major
fractures, usually caused by falling from a standing height. Fractures
were most frequent during the summer and least likely to occur in the
autumn. Weight-bearing fractures as well as human fractures of large
bones, such as the femur, tibia, and fibula, occurred mostly during
the winter, while fractures of small bones occurred mostly during the
summer. Table 2 shows the frequency of carpal, phalangeal, and tarsal
bone fractures. Amongst the carpal bones, the scaphoid was the most
commonly broken bone, and the pisiform, the least. Amongst the tar-
sal bones, the calcaneus was the most commonly broken bone, and

Proximal Femur Fractures
Over 60 years

n/1000

Man
Woman

Spring Summer Autumn Winter

Figure 2. Age and seasonal distribution of proximal femur fractures
over 60 years of age

the cuboid, the least. The fifth metatarsal, metacarpal, and finger pha-
langes were the most commonly broken bones, along with the first of
the toe phalanges. Table 3 portrays the distribution of the fractures ac-
cording to the anatomical region. The distal end of the radius, proximal
end of the femur, proximal end of the humerus, and the pubic ramus
of the pelvis were the most fractured sites. Figure 2 shows the age and
seasonal distribution of the proximal femur fractures for patients over
60. In women above 60, fractures of the proximal femur occurred more
than in men during all seasons. In the spring, fracture rates in women
were 2.43 times higher than those in men, whereas, in autumn, the
rates in women were similar to those in men.

Discussion

Gender, age, and seasonal distributions of fractures, the frequen-
cy of each type of fractures and the factors that affect the distribution
of the fractures were investigated in this study.

In this study, the average age (40.7 years) of the patients with frac-
tures is quite different from the average age (49.1 years) reported in other
epidemiological studies (4, 5). This is related to the socioeconomic struc-
ture and the different young/elderly ratio in different countries. In this
survey, the lower average age (36.2 years) was partially due to a younger
population in Turkey. Agreement with the literature in terms of 60% of
the patients being male was observed (6). Upon analyzing the overall
age and gender frequency curves for females (40% of the cases), a slight
undulating frequency was noted until menopause with a rapid apparent
increase thereafter, and the percentage of fractures in this age group was
higher than in men. This is similar to the type of distributions observed
in the literature for women, i.e., unimodal, with a peak appearing around
menopause, and increasing over the last decades of life (7). In men, the
distribution is represented by a bimodal curve, which is again in agree-
ment with the literature (8). The highest incidence of fractures took place
in women in the age range of 21-30 years, especially in active individu-
als, due to high-impact trauma related to sports activities, crushing, and
squeezing injuries, and in the over 80 years group because of inactivity,
such as patients with low-impact trauma due to osteoporosis (9). Also,
there was an increased incidence in patients of around 60 years old.

According to Johansen et al. (9) fractures of the metacarpals,
metatarsals, and finger phalanges are not associated with age. Howev-
er, fractures of the hip, spine, humerus, and pelvis are more common
in the elderly, especially in females. These results agree with the work
presented here, with the femur, humerus, spine, and pelvis fractures all
occurring in patients over 40 years old. These were fractures associat-
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ed with age, more common in the elderly, and were acquired through
low-impact trauma. The metacarpal, finger phalanx, ulna, and clavicle
fractures mostly occurred in patients younger than 30 years, and were
considered as juvenile fractures. Most of the fractures occurred in men
primarily from daily activities, workplace injuries, sports, car crash, and
squeezing injuries. From the sixth decade onwards, most of the frac-
tures occurred in women and were because of low-impact trauma due
to osteoporosis that resulted in major fractures.

Fractures were most frequent during summer and least frequent
during autumn. However, weight-bearing fractures and human frac-
tures of long bones, such as the femur, tibia, and fibula, were most
prevalent during the winter, whereas fractures of small bones occurred
mostly in the summer. The climatic conditions of the area where the
study was conducted are ideal for presenting a seasonal distribution
of fractures, as there are four distinct seasons. All the sacrum (100%)
fractures, and most of the femur (97%), pelvis (86%), tibia (81%), and
cervical spine (80%) fractures were treated surgically. All the sesamoid
and most of the metatarsal, finger phalanx, radius, and clavicle frac-
tures were treated conservatively.

Studies suggest that osteoporotic fractures are increasing and
mainly occur in women. Up to 10 different fracture types are consid-
ered to be potentially osteoporotic (10). Proximal femur fractures are
one of the representative fractures that can indicate osteoporosis.
Fractures occurring in patients over 60 account for the majority of hos-
pitalization and mortality events (11). In this study, 70% of the femur
fractures occurred on the proximal end, and the majority of these frac-
tures were observed in patients over 60, probably as a result of osteo-
porosis (12). It is known that the mortality rate is increased in patients
who have already suffered a hip fracture within the first year following
the fracture event (13, 14). This is because of comorbidities, advanced
age, and actual fracture stress impact on overall health due to fracture.
The distribution of proximal femur fractures according to seasons is
shown in Figure 2. Fractures occurred more in women than in men in
all seasons. In spring, the rate of fractures for women was 2.43 times
higher than that for men; however, the rate decreased in summer. The
rates leveled off in autumn, followed by an increase in winter again.
This demonstrates that immobilization and sun deprivation lead to
osteoporotic fractures much more frequently in women than in men.

Study limitations

The limitations of this study were retrospective nature and there
are many shortcomings in this study of orthopedic epidemiology in
Turkey. In an attempt to correctly define the epidemiology of fractures
in the local population, a study should be conducted with individuals
visiting only one orthopedic trauma unit.

Conclusion

By analyzing the data related to 4.301 fractures in 4.036 patients
admitted to the emergency services of the Giilhane Military Medical
Academy, the frequency of fractures according to age group, gender,
and season were determined. The knowledge of fracture incidence is
important for the planning of treatment, to establish priorities in train-
ing, and to gain an understanding of orthopedic traumatology.

In Turkey, osteoporotic fractures are increasing in patients over
the age of 50, especially in women. Immobilization and sun depriva-
tion in winter and spring result in osteoporotic fractures in women.
This clearly has significant implications for the detection, prevention,
and treatment of osteoporosis and the prevention and treatment of

osteoporotic fractures. Efforts are potentially geared towards educat-
ing the population and, consequently, reducing osteoporosis rates.

Further epidemiological studies are needed for treatment initia-
tives. In an attempt to correctly define the epidemiology of fractures in
the local population, all individuals participating in a study should visit
only one orthopedic trauma unit in Turkey.
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Usage of Pediatric Emergency Department for Non-Urgent Complaints
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Abstract

Aim: The number of visits to pediatric emergency departments is increasing. To determine the epidemiological profile of patients that are being examined
by a pediatrician at emergency departments (EDs) is essential for planning medical care.

Materials and Methods: 12.535 pediatric patients that had visited a pediatric emergency department (PED) due to a non-urgent complaint were enrolled.
Demographic features such as gender and age; the nature of the presenting complaint; timing of the visit, i.e., frequency of the visits according to seasons,
days of the week, times of the day; and other factors including admission rates, length of stay, and rates of treatment upon observation were reviewed.

Results: Of the 12.535 patients included in the study, 5645 (45.0%) were girls, 6890 (54.9%) were boys, and the mean age was 4.9 years old. Most patients
were 1-4y (33.8%) and patients older than 15y (3.2%) were the smallest group. The results revealed that the most common complaints were fever (38.5%),
coughing (20.7%) and vomiting (11.1%). The inpatient admission rate was 0.69% and the rate of patients being treated upon observation was 5.9%. The most
common visiting times were 18:00-23:59 (42.9%). Furthermore, 65% of visits took place during workdays and 35.0% during weekends. Most visits took place
on Monday (15.5%). The length of stay was different amongst the different age groups (p=0.009).

Conclusion: Pediatric patients typically are admitted to EDs for common pediatric complaints rather than uncommon complaints or accidents. The result of

the present study may be useful in the management planning of pediatric emergency departments.

Keywords: Emergency department, complaints, pediatrician

Introduction

Emergency department (ED) usage has been increasing in Tur-
key and in the world. Of all children in the U.S., 20% will visit an ED at
least once each year (1, 2). Patients <18 years old account for about
25% of the total number of ED visits (3). ED usage due to non-urgent
conditions is very high (4).

The percentage of non-urgent visits to pediatric EDs (PEDs) has
been identified to be 15% to 60%, and from 11% to 83% in general
EDs. Non-urgent ED visits are defined as visits for conditions in which
a delay of several hours would not increase the likelihood of an ad-
verse outcome, and these visits can involve admission to hospital,
diagnoses, vital sign assessment, complaint, timing of visit, arrival to
ED, and procedures and/or tests being ordered. These type of visits
are characterized by the patient’s ability to wait for evaluation or care
(5). Billings et al. (6) examined data on adult emergency visits, ex-

cluding visits due to injury, mental health complaints, and alcohol or
substance abuse, and found that 4 to 5 visits were due to non-urgent
conditions that could have otherwise been managed in a primary
care setting or through preventive measures (6).

The usage of PEDs for non-urgent complaints has saturated the
capacity of PEDs and is leading to excessive healthcare spending, as
well as unnecessary testing and treatments, preventing the efficient
and effective usage and quality of PEDs. Visiting PEDs for non-urgent
concerns may unnecessarily crowd the department, leading to lon-
ger waiting times, adverse events due to delays in care and increased
costs. Many of the PED visits could have been managed in a primary
care setting, and this has been shown to improve health outcomes.
Parents take their children to PEDs for non-urgent care because of
the advantages of PED care (7).

In a study, Lowe and Abbuhl argue that social, economic, and prac-
tical factors contribute to such visits, and that the societal context of the
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visits must be assessed to determine if these visits are appropriate (8, 9).
Sempere-Selva et al. (10) concluded that patients preferred to use PED
services because of their greater convenience and accessibility. Several
studies have examined PED usage with the aim of developing interven-
tions to increase the efficiency of EDs and decrease costs (11).

Descriptive research has identified the demographic character-
istics of those using PEDs for non-urgent care, as it is vital to prevent
unnecessary crowding of PEDs and improve medical care.

In the present study, visits to PEDs due to non-urgent complaints
were investigated in the Acibadem Maslak Hospital, a private hospi-
tal of Istanbul, Turkey. This study was conducted to understand the
causes leading to crowding in PEDs and to highlight this issue for fu-
ture research, thus helping to achieve a cost-effective usage of PEDs.

Materials and Methods

Non-urgent visits to PEDs (<16 yr old) were analyzed. This is a
single-center, retrospective study on PED usage, which included
12.535 patients who visited a PED and were examined by a pediatri-
cian. We particularly looked at non-urgent patients who were exam-
ined by a pediatrician to show the epidemiological characteristics of
processing medical care. Informed consent is not necessary due to
the retrospective nature of this study.

Data regarding patients’ demographic features, complaints
upon presentation, timing of the visits (season, day of the week, time
of the day), inpatient admission rates, length of stay (LOS), and treat-
ment upon observation were extracted.

Table 1. Age groups and their presenting complaints

We classified patients according to age, as follows: <1y, 1-4y,
5-9y, 10-14y and >15y. We analyzed the characteristics of non-ur-
gent visits to PEDs: 1) age and sex of the patient; 2) timing of the
visits (season, day of the week, time of the day, i.e., 00:00-05:59,
06:00-11:59, 12:00-17:59, 18:00-23:59); 3) waiting times at the
emergency department, i.e., time elapsed between admission and
departure(discharge) ; 4) rates of treatment upon observation, ad-
mission, discharge.

We determined the number of admissions for each age group
and month, and results were compared. Although the complaints
could be considered as non-urgent, admission can be necessary. We
also obtained data regarding non-urgent, non-vital, possible treat-
ments at home of the emergency departments. Trauma, injury, car
crash, status epilepticus, convulsion with or without fever, respirato-
ry arrest, drug abuse, intoxication, other vital urgent conditions, and
chronic and recurrent conditions were excluded.

Ethics Committee Approval was taken from Ethical Committee
of Acibadem University for this study.

Statistical analysis

The Number Cruncher Statistical System (NCSS) 2007 statistical
software program (Utah, USA) was used. Descriptive statistical analy-
sis, single direction analysis, the Tukey multiple comparative test, chi-
square test, and Fisher reality test were employed. A p value <0.05
was considered statistically significant. Data excluded from the anal-
ysis are indicated in the text and tables.

<1y 14y 59y 10-14y >15y
N % N % N % N % N % p
Fever 554 37.4 2712 43.6 1589 374 471 29.4 115 28.4 <0.001
Cough 264 17.8 1142 237 888 20.9 252 15.7 59 14.5 <0.001
Vomiting 120 8.1 506 10.5 527 124 215 134 34 8.4 <0.001
Nausea 9 0.6 46 0.9 117 2.7 92 5.7 44 10.8 <0.001
Abdominal Pain 10 0.6 109 2.2 335 79 166 10.3 34 8.4 <0.001
Rash 109 7.3 215 44 176 4.1 58 3.6 11 2.7 <0.001
Ear Pain 13 0.8 287 59 379 8.9 78 4.8 17 4.2 <0.001
Headache 2 0.1 9 0.1 66 1.5 59 3.6 19 4.6 <0.001
Diarrhea 58 39 213 44 162 3.8 83 5.1 22 54 0.116
Stomatitis 9 0.6 29 0.6 6 0.1 3 0.1 0 0.0 0.001
Foot-Leg Pain 0 0.0 15 0.3 13 0.3 3 0.1 0 0.0 0.177
Throat Pain 16 1.0 157 3.2 342 8.0 183 11.4 67 16.5 <0.001
Rhinorrhea 69 4.6 240 4.9 138 3.2 46 2.8 22 54 <0.001
Stuffiness 32 2.1 52 1.0 26 0.6 12 0.7 4 0.9 <0.001
Fatigue 21 1.4 42 0.8 56 13 31 1.9 21 5.1 <0.001
Urine pain 3 0.2 39 0.8 16 0.3 3 0.1 0 0.0 0.001
Hyperemic Eye 16 1.0 28 0.5 20 04 6 0.3 0 0.0 0.025
Constipation 23 1.5 41 0.8 9 0.2 2 0.1 0 0.0 0.001
Restlessness 166 11.2 59 1.2 5 0.1 1 0.0 0 0.0 0.001
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Table 2. Number of visits for every season, days of the week and hours of the day; observation unit care and admission for every age group

<1y 1-4y 59y 10-14y >15y
N % N % N % N % N % p
Sex Girl 672 454 2157 44.8 1899 448 711 444 206 50.8 0.197
Boy 808 54.5 2656 55.1 2339 55.1 888 555 199 49.1
Season Winter 99 6.6 379 7.8 429 10.1 170 10.6 31 7.6 <0.001
Spring 95 6.4 371 7.7 390 9.2 153 9.5 43 10.6
Summer 407 27.5 1190 247 758 17.8 311 19.4 66 16.3
Autumn 879 59.3 2873 59.6 2661 62.7 965 60.3 265 65.4
Visiting Day Monday 243 16.4 717 14.9 652 15.3 262 16.3 70 17.2 0.002
Tuesday 175 11.8 606 125 519 12.2 194 12.1 73 18.0
Wednesday 190 12.8 605 12.5 474 1.1 222 13.8 51 12.5
Thursday 170 1.4 574 11.9 537 12.6 198 123 60 14.8
Friday 203 13.7 613 12.7 504 11.8 187 11.6 49 12.1
Saturday 226 15.2 725 15.0 678 16.0 242 15.1 46 11.3
Sunday 273 184 973 20.2 874 20.6 294 18.3 56 13.8
Total Day Workday 981 66.2 3115 64.7 2686 63.3 1063 66.4 303 74.8 <0.001
Weekend 499 337 1698 35.2 1552 36.6 536 335 102 25.1
Visiting Hours | 00:00-05:59 205 13.9 561 11.7 375 8.9 120 7.5 33 8.2 <0.001
06:00-11:59 223 15.1 913 19.1 804 19.1 317 20.0 78 19.5
12:00-17:59 343 233 1239 259 1251 29.7 490 30.9 105 26.2
18:00-23:59 698 47.5 2066 43.2 1780 422 658 41.5 184 | 46.0
Observation Unit care 90 6.0 280 5.8 251 59 95 59 25 6.1 0.976
Admission 24 1.6 31 0.6 26 0.6 4 0.2 1 0.2 <0.001
Results of rash was lower (p=0.0001), but headache was more common

Demographic data

We studied 12.535 patients, of which 5645 (45.0%) were girls and
6890 (54.9%) were boys, with a median age of 4.9 years old. Of the pa-
tients, 1480 (11.8%) were <1y, 4813 (38.4%) were 1-4y, 4238 (33.8%)
were 5-9y, 1599 (12.8%) were 10-14y, and 405 (3.2%) were >15y. No
difference was found between girls and boys in terms of age distri-
bution (p=0.197).

Presenting complaints

The most common complaints upon presentation at the PED
were fever (38.5%), cough (20.7%), and vomiting (11.1%). Coughing
was more common in boys (p=0.001). Vomiting, ear pain, and throat
pain was more common in girls (p=0.018), (p=0.023), (p=0.006), re-
spectively.

Complaints upon presentation according to age are shown in
Table 1. Fever was more common among 1-4y than in the other age
groups (p=0.0001). Coughing was less frequent in those <1y and >15y
compared to the other age groups (p=0.0001). In the >15y group,
nausea was more common than in the other age groups (p=0.0001).
In the <1y and 1-4y groups, abdominal pain was less common com-
pared to the other age groups (p=0.0001). When compared to the
other age groups, in the 10-14y and >15y groups, the incidence

(p=0.0001). In the <1y group the incidence of ear pain was lower than
in the other age groups (p=0.0001). Incidence of diarrhea was not dif-
ferent amongst the age groups (p=0.116). Stomatitis was not found
in the >15y group, (p=0.0001). Throat pain was less common for the
<1y and 1-4y groups compared to the other age groups (p=0.0001).
Rhinorrea was less frequent in the 5-9y and 10-14y groups compared
to the other age groups (p=0.0001). Stuffiness was more common in
the <1y and 1-4y groups than in the other age groups (p=0.0001).
Fatigue was more common in the >15y than in other age groups
(p=0.0001). Complaints of painful urination, constipation, and rest-
lessness were less common in the >15y group than in the other age
groups (p=0.0001). Incidence of dyspnea was not different amongst
the <1y, 1-4y, 5-9y, 10-14y, and >15y groups (p=0.153). Restlessness
was more common in the <1y group (p=0.0001).

Length of stay (LOS)

In the studied PED visits, there was no difference in the LOS be-
tween girls and boys (p=0.246). However, LOS was different between
the age groups (p=0.009). The length of stay for the <1y was longer
than for the 1-4y (p=0.0001) and the 5-9y (p=0.01), but there was no
difference between the other age groups (p>0.05) and there was no
difference between seasons (p=0.0001); however, in winter, LOS was
longer than in spring (p=0.002) or autumn (p=0.0001).
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Table 3. Visiting hours and presenting complaints

Visiting Hours/Presenting

Complaints 00:00-05:59 06:00-11:59 12:00-17:59 18:00-23:59 p
Fever 512 39.57% 891 38.16% 1275 37.19% 2.118 39.32% 0.192
Cough 193 14.91% 559 23.94% 826 24.10% 1.003 18.62% <0.001
Vomiting 234 18.08% 284 12.16% 336 9.80% 539 10.01% <0.001
Nausea 26 2.01% 73 3.13% 83 2.42% 122 2.27% 0.097
Abdominal Pain 79 6.11% 127 5.44% 164 4.78% 278 5.16% 0.304
Rash 34 2.63% 97 4.15% 151 4.40% 282 5.24% <0.001
Ear Pain 119 9.20% 132 5.65% 172 5.02% 349 6.48% <0.001
Headache 11 0.85% 26 1.11% 42 1.23% 75 1.39% 0.401
Diarrhea 55 4.25% 130 5.57% 133 3.88% 216 4.01% 0.008
Stomatitis 3 0.23% 6 0.26% 18 0.53% 20 0.37% 0.305
Foot-Leg Pain 8 0.62% 2 0.09% 8 0.23% 13 0.24% 0.022
Throat Pain 24 1.85% 144 6.17% 262 7.64% 325 6.03% <0.001
Rhinorrhea 23 1.78% 100 4.28% 170 4.96% 221 4.10% <0.001
Stuffiness 10 0.77% 27 1.16% 37 1.08% 49 0.91% 0.590
Fatique 9 0.70% 24 1.03% 48 1.40% 87 1.62% 0.031
Urine Pain 3 0.23% 7 0.30% 17 0.50% 34 0.63% 0.127
Hyperemic Eye 1 0.08% 14 0.60% 25 0.73% 29 0.54% 0.061
Constipation 8 0.62% 8 0.34% 16 0.47% 43 0.80% 0.068
Restlessness 66 5.10% 16 0.69% 34 0.99% 112 2.08% <0.001

Season/day/admission/observation

Of the 12.535 patients, 86 (0.69%) were admitted and 741 (5.9%)
were treated upon observation.

No differences were found between girls and boys as regards
presentation to the PED with respect to season (p=0.266), day of the
week (p=0.850), workday and weekend (p=0.929), time of the day
(p=0.504), admission rates (p=0.553), and rates of treatment upon
observation (p=0.226).

Presentation rates according to season, day of the week, time of
the day, rates of treatment upon observation, and admission rates
are shown in Table 2.

The number of visits to the PED in summer was higher for the
<1y and 1-4y groups compared to the other age groups (p=0.0001).
There were less visits to the PED on weekends for the >15y group
compared to the other age groups (p=0.0001).

There was no difference in the rates of treatment upon observa-
tion amongst the age groups (p=0.976). Admission rates for the <1y
were higher compared to the other age groups (p=0.0001).

Treatment rates upon observation were lower in spring than in
the other seasons (p=0.0001). There were no admissions in spring
(p=0.001). For the <1y group, the number of visits in summer and
autumn was higher than in the other seasons (p=0.0001). There were
less visits during winter workdays (p=0.0001). There were less visits
during the 12:00-17:59 time slot in summer than in other seasons
(p=0.0001). Fever was the most common complaint in autumn com-
pared to the other seasons (p=0.0001).

Visiting times

For any given day of the week, the most common , visits took
place during the 18:00-23:59 time slot (42.9%), followed by 12:00-
17:59 (27.3%), 06:00-11:59 (18.6%), and 00:00-05:59 (10.3%).

are shown in Table 3. Restless, vomiting and ear pain were more
common at 00:00-05:59 compared to other times of the day (p=0.0001),
(p=0.0001), (p=0.0001), respectively. Coughing and throat pain were
less common complaints during the 00:00-05:59 time slot compared to
other times of the day (p=0.0001), (p=0.0001), respectively.

For the <1y and 1-4y groups, there were more visits during the
00:00-05:59 times, compared to the other age groups (p=0.0001).

Discussion

Pediatric emergency departments are commonly used by pediat-
ric patients due to non-urgent reasons, which could have been man-
aged by their primary care provider. Often, pediatric patients visit PEDs
during days and hours in which the primary care pediatric centers are
closed, particularly on the weekends and in the evenings (12).

The Healthcare Cost and Utilization Project (Agency for Health-
care Research and Quality) categorizes the top 10 reasons for PED
visits as the same top 10 reasons for visits to primary care centers.
This suggests that these conditions could be appropriately cared for
in a primary care setting (13). A publication on PEDs shows that one
third of pediatric patients visit PEDs for observation and treatment of
common illnesses (14).
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In that study, of all children visiting PEDs, 54.9% were boys and
the most common age group was 1-4y. For children under one year
old, immunization scale is very hard and routine control at primary
care is more common. But after one year, immunization scale is not
that hard and routine controls are becoming not frequently. These
findings agree well with the literature. In the literature, the age
group that visited PEDs the most was the 1-4y group (42.3%); of
those children, 59.1% were boys (15). Many authors found age as a
predictor for inappropriate ED visits (7, 16-19). Detailed clinical, fa-
milial and social data are needed to determine the true reasons for
frequent visits to PEDs in this age group. The neonatal period (<28
days old) is a vulnerable period of pediatric health where emer-
gencies can certainly occur. For newborns, hospital care after birth
and early primary care may have a significant impact on healthcare
service usage. We investigated this group into <1y, did not assess
them seperately.

It is known that 10-19y period is considered as adolescent pe-
riod. In Turkey, children <16y are examined at pediatric clinics and
PEDs. Pediatric physicians should understand their psychosocial re-
quirements, and discuss HEADSS (Home, Education/Employment,
Activity, Drugs, Sexuality, Suicide) assessment topics. Adolescents do
not bring up complaints easily, so trust is more important for them.
They contact their primary care provider more than PEDs, and in
practice on how to specifically provide for the unique needs of this
age population (20, 21). Adolescents who visit PEDs due to non-ur-
gent complaints are a vulnerable group and are more likely to report
urgent concerns such as drug use/abuse, suicide, unintentional inju-
ries, or crashes (22). In that study, non-urgent complaints were found.
Fatique and headache were more common in the adolescent group.

The rate of admission was 0.69%, and the rate of treatment upon
observation was 5.9%. These results show that patients who visit
PEDs are usually discharged. The lower admission rate and higher
rate of treatment upon observation suggests that PEDs have a higher
workload for hospitals. One of the most important functions of an
emergency department is to assess patient status so as to catego-
rize the patient as inpatient or outpatient. With rapid, appropriate as-
sessment of patient status, the incidence of emergency department
overcrowding can also be reduced, thereby reducing treatment de-
lay and mortality (23-25).

Observation unit care for pediatric short-course treatments (typ-
ically <24 hours) and frequent reassessments are very important, as
using inpatient beds for short-stay patients may delay the admission
for children requiring a longer inpatient stay. Another advantage of
the observation unit is the lower cost of care (26, 27).

Overall, workday visits were the most common (65.0%), followed
by weekend visits (35.0%). The number of visits to PEDs was higher
on Mondays (15.5%) than on the other workdays. Regarding visits to
PEDs on weekends, the number of visits on Sunday (19.7%) was high-
er than on Saturday (%). Overall, visits to PEDs on Sunday ED were the
most common. In the literature, visits to PEDs on Sunday are report-
ed to be 23.7%, which is similar to the result for this study (15).

Compilaints differed according to season and the number of vis-
its during different seasons differed according to age group. In win-
ter, the LOS in PEDs was longer than in spring and autumn, but did
not differ from summer. Overall, the number of non-urgent visits is
high during autumn. This needs to be investigated to understand the
nature of the diagnoses according to the seasons and the national
data on viral or allergic diseases.

We found that complaints were different depending on the
time of the PED visit. Visits to PEDs most commonly occurred during
18:00-23:59 (42.9%). Visits during 00:00-05:59 were more frequent for
the <1y and 1-4y groups. This probably reflects higher anxiety and
need for reassurance in parents.

A 2006 study from the State Children’s Health Insurance Program
of New York City suggested that during daytime hours, only 20% of
parents brought their children to PEDs because of the perceived
need of hospitalization, i.e., care that could not be provided in a pri-
mary care setting (28). Generally, a pediatrician or a general practi-
tioner in a primary care center is available during office hours, from 8
A.M to 6 PM during workdays and from 9 A.M to 2 PM on Saturdays.
Many parents who seek outpatient treatment care during the eve-
ning hours prefer to take their children to a pediatrician in a primary
care center, but visit a PED because of the lack of primary care access
during those hours. The idea that extended office hours in primary
care settings can reduce ED usage has recently been raised in stud-
ies with adult patients (29). This idea may be applicable for pediatric
patients so as to receive a higher quality of care. Thus, after-hour pe-
diatric services could reduce PED usage. The effect of extended hours
in pediatric primary care clinics on PED usage (with respect to sea-
son, timing of after-hour visits, age of patients, presenting complaint,
parent perceptions, and preferences for emergency care) should be
evaluated.

Parents often overestimate the severity of their child’s condition
as urgent; parents need to be educated by physicians, as most of the
pediatric conditions can be prevented. When illnesses arise, only a
few are genuinely urgent conditions; thus, illnesses may be acute but
usually do not require an extensive all-inclusive treatment at a PED.

Furthermore, this study would be a reference for upcoming re-
search aimed at studying why parents visit PEDs so frequently, and
highlights the importance of reducing PED usage due to non-urgent
complaints.

Study limitations

This study has certain limitations. It included only one private
hospital in Istanbul, such that the results cannot be readily general-
ized. Thus, there may be variation in the reasons for non-urgent pe-
diatric care in other PEDs and other regions of the country. It will be
important to examine the trends of other public hospitals in future
studies.

Conclusion

The present study described the demographic features, com-
plaints, and seasonal and time patterns of visits to PEDs for pediatric
examination due to non-urgent complaints. The results revealed that
typically, pediatric patients visit PEDs due to common pediatric com-
plaints rather than uncommon complaints or accidents. This leads
to an increased number of visits, which in turn leads to longer wait-
ing times, causing patient dissatisfaction. Overcrowding also cause
many patients to leave the PED without having been examined by
a physician. So, a combination of high patient volumes and limited
emergency care capabilities represent a serious problem. Monitoring
of frequent visits to PEDs may have the potential to be useful as a
quantitative marker for patient health and/or quality of health care
delivery. Most PED visits could have been managed by the primary
care provider (PCP). Access to primary care/preventative care and
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providing parental education about how to address childhood ill-
nesses have all been associated with a decreased number of visits to
PEDs due to non-urgent complaints. The future investigations to ex-
clude why parents come children to PED with non-urgent conditions
would be planned. Also, parents should be trained about urgent and
non-urgent conditions to reduce PED overcrowding and improve
cost efficiency.
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Abstract

Aim: We aimed to investigate the increase in values of red cell distribution width (RDW) and also the dependence of RDW on leukocyte count (WBC) and
C-reactive protein (CRP) values in acute appendicitis (AA).

Materials and Methods: This study includes data collected from 407 patients who were admitted between January 2012 and July 2014 to the emergency
service and underwent an operation owing to a diagnosis of AA confirmed by a pathology report. These patients were divided into two groups, namely,
non-complicated and complicated appendicitis, according to the results of the operation. The control group consisted of 100 adult patients with similar com-
plaints not having acute abdominal conditions. The age, gender, and WBC, RDW, and CRP levels of the patients on admission were recorded retrospectively.

Results: A total of 350 (86%) of the patient group were diagnosed with non-complicated appendicitis, 34 (8.4%) with plastron appendicitis, and 23 (5.6%)
with perforated appendicitis. No significant difference was observed with respect to WBC, RDW, and CRP levels between the AA groups (p>0.05). The WBC,
RDW, and CRP values were found to be significantly different in the AA groups from the control group (p<0.05). The sensitivity and specificity of the WBC,
RDW, and CRP values in the AA group were 70% and 60%, 41% and 30%, and 51% and 40%, respectively. No dependence of RDW values on WBC or CRP
levels was found.

Conclusion: RDW values were found to be significantly higher in the AA group than in the control group. The low sensitivity and specificity values of the RDW
test reduce the possibility that it might become a hematologic marker to be used in the definitive diagnosis of AA.

Keywords: Red cell distribution width, acute appendicitis, diagnosis, marker

risk of mortality in patients that have cardiovascular disease, acute
dyspnea, acute pancreatitis, community-acquired pneumonia, and
sepsis (2-5). Acute appendicitis (AA) is the most common cause of

Introduction

Red cell distribution width (RDW) is a quantitative measure-

ment of difference in the size of circulating erythrocytes, which has a
high value if greater heterogeneity in cell dimensions is present (i.e.,
anisocytosis). RDW is a parameter that is easy and cheap to measure
and is routinely checked as part of the full blood count. Normal RDW
values range between 11.5% and 14.5% (1). Increased RDW values
might be observed in many situations such as a higher production
of inactive erythrocytes (hemolysis, which causes the release of pre-
mature erythrocytes into the circulation, after blood transfusions,
or in cases of deficiencies in iron, vitamin B12, and folic acid). In re-
cent studies, RDW was claimed to be useful for the detection of a

acute abdominal pain that requires an emergency surgical operation
in adults (6). Individuals have a 7% risk of AA over the course of a life-
time (7). In addition, most patients have characteristic symptoms and
findings on physical examination. However, the definitive diagnosis
of cases that require emergency operations is not always easy. The
important requirement in the case of AA is to perform an emergency
operation on an immediate diagnosis. The rate of correct diagnosis of
AA is 76%-92% owing to developments and improvements in med-
icine (8). Rates of perforation and negative appendectomy have not
decreased, even though the mortality rate has decreased with recent
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improvements in diagnostic techniques (9). Thus, a diagnosis should
be rapidly established using the easiest methods. Otherwise, the de-
velopment of mortal complications is inevitable in cases where a di-
agnosis is delayed. A blood test that supports the findings of clinical
and physical examinations and imaging of the patient is required for
a diagnosis of AA. Currently, there is no marker for the definitive di-
agnosis of AA prior to performing AA surgery. The need for interven-
tions such as radiological imaging methods and inflammatory tests,
as well as invasive procedures such as laparoscopy, has increased ow-
ing to the high rates of negative appendectomy and perforation (10).
The detection of inflammatory parameters (leukocyte count [WBC],
C-reactive protein [CRP] values, etc.) and serial follow-ups are also
significant in terms of the diagnosis of AA (11). The aim of our study
is to investigate the increase in RDW values, in addition to the depen-
dence of RDW on WBC and CRP values, in AA.

Materials and Methods

In this study, patients diagnosed with AA at Konya Beyhekim
Public Hospital emergency service between January 2012 and July
2014 who underwent surgery for AA were investigated following the
approval of the Selcuk University School of Medicine ethical com-
mittee (number of issue: 2013-336). The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki and was
approved by the institutional review committee on human research.
Because the study was a retrospective study, informed consent
couldn’t be obtained from each patient. Female and male patients
older than 18 years who were admitted to the emergency service
with a complaint of abdominal pain and/or nausea and vomiting and
whose symptoms were compatible with a diagnosis of AA accord-
ing to their history, findings on physical examination, and laboratory
results on admission were examined by abdominal ultrasonography
(US) and/or abdominal computed tomography (CT) by radiologists.
Patients who were treated medically without surgery were exclud-
ed from the study. In total, 407 patients whose diagnoses were con-
firmed as AA via a pathology report were included in the study. Those
diagnosed with AA were divided into two subgroups-non-complicat-
ed and complicated (plastron or perforated) appendicitis-according
to the results of the operation. The control group consisted of 100
adult patients with similar complaints but with the exclusion of acute
abdominal conditions. These patients had diseases such as gastro-
enteritis, urinary tract infections, renal colic, and non-specific ab-
dominal pain. The age, gender, and WBC, RDW, and CRP levels of the
patients on admission were recorded retrospectively.

Biochemical analysis

White blood cell and RDW values were determined from blood
samples collected from the patients upon admission (Sysmex XT
2000i). CRP levels were measured using a nephelometric technique
(Siemens BN 1).

Statistical analysis

Statistical analysis was conducted using the Statistical Package
for the Social Sciences 18.0 program (SPSS Inc.; Chicago, USA) Groups
were compared using the t-test for continuous variables. The Pearson
correlation test was used for the detection of correlation of RDW with
other variables. The results were expressed as the meanzstandard
deviation. The cut-off values of parameters were identified using the

Table 1. Comparison of WBC, CRP, and RDW levels of subjects with
complicated and non-complicated acute appendicitis*

Non-complicated Complicated
group group
(n=350) (n=57) P

WBC (K/pL) 11.8+4.5 12.5+4.3 0.99
RDW (%) 13.6£2.1 13.6+2.1 0.94
CRP (mg/L) 27.8+55.8 20.1+45.7 0.11
WBC: white blood cell; RDW: red blood cell distribution width; CRP: C-reactive protein
*Data reported as mean£SD.

Table 2. Comparison of demographic features and WBC, CRP, and
RDW levels of subjects in the acute appendicitis and control groups*

Acute appendicitis
group Control group
(n=407) (n=100) p

Age 31.9+12.7 38.7£11.6 0.001
Male/female 260/147 47/53 0.002
WBC (K/uL) 11.9+4.5 9.1+4.6 0.001
RDW (%) 13.6+2.1 13+£1.4 0.012
CRP (mg/L) 26.7£54.5 6.9+9.8 0.026
WBC: white blood cell; RDW: red blood cell distribution width; CRP: C-reactive protein
*Data reported as number or mean+SD.

analysis of receiver operating characteristic (ROC) curves for the dif-
ferentiation of groups. Values of sensitivity and specificity were calcu-
lated using different cut-off values. A value of p<0.05 was accepted
as being statistically significant.

Results

In total, 407 patients with a definitive diagnosis of AA and 100
patients in the control group were investigated. A total of 350 (86%)
of the patient group were diagnosed with non-complicated appen-
dicitis, 34 (8.4%) were diagnosed with plastron appendicitis, and 23
(5.6%) were diagnosed as having perforated (complicated) appendi-
citis. No significant difference was observed with respect to the WBC,
RDW, and CRP levels between the complicated and non-complicated
AA subgroups (p>0.05) (Table 1). Of the AA group, 260 (63.9%) were
male and 147 (36.1%) were female, whereas 47 (47%) of the control
group were male and 53 (53%) were female. The mean age of the
AA group was 31.9+12.7 years, whereas this was 38.7+11.6 years in
the control group. A significant difference was observed between the
AA and control groups with respect to age and gender (p<0.05). The
mean WBC values were 11.9£4.5 in the AA group and 9.1+4.6 in the
control group. RDW values were found to be significantly different
between the AA group and the control group (p<0.05) (Table 2). The
area under the curve (AUC) was calculated from the ROC curves for
the WBC, RDW, and CRP values of the patient groups. The AUC was
found to be 0.710 (p=0.001) for WBC, 0.385 (p=0.001) for RDW, and
0.432 (p=0.034) for CRP. Sensitivity was 70% and specificity was 60%
according to the ROC curve for WBC, whereas the optimum cut-off
was 8.99. Sensitivity was 41% and specificity was 30% according to
the ROC curve for RDW, whereas the optimum cut-off was 13.1. Sen-
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Figure 1. Receiver operating characteristic (ROC) Curves for red blood
cell distribution width (RDW), white blood cell (WBC), and C-reactive
protein (CRP) in plasma in the diagnosis of acute appendicitis (AA)

sitivity was 51% and specificity was 40% according to the ROC curve
for CRP, whereas the optimum cut-off was 3.3 (Figure 1). A significant
correlation was found between WBC and CRP (p=0.000) (correlation
coefficient=0.221), whereas there was no correlation between RDW
and WBC or CRP.

Discussion

This study investigated the relationship between RDW and the
severity of disease in AA patients. Significant differences were ob-
served when the median RDW values were compared between the
groups. We think that RDW on admission might be useful for predic-
tion of the severity of disease. RDW can be measured by a low-cost
laboratory test that is quickly and easily performed using automat-
ic cell counters. RDW, which is a marker that indicates variations in
the size of red blood cells (RBCs) in circulation, is usually restricted
to the diagnosis of anemia (12). Increases in RDW levels are related
to increases in inflammatory markers such as CRP, erythrocyte sed-
imentation rate, and interleukins (13). We investigated the correla-
tion between RDW, WBC, and CRP, which are inflammatory markers
in patients diagnosed with AA. Increased RDW values are related to
various medical disturbances and nutritional deficiencies, and are a
predictor of early mortality (14). We predicted that RDW might have
exceptional value clinically as an independent predictor of the diag-
nosis of AA, because it is measured by a test commonly performed
by clinicians. Recently, inflammation has been stated to be a possible
independent predictor of the diagnosis of AA, and RDW might be
correlated to inflammatory parameters (15).

Acute appendicitis is the most common cause of acute abdominal
surgery, and morbidity and mortality in AA significantly decrease in the
event of early diagnosis (6). Mortality has decreased by 85% and opera-
tion rates have decreased by 63% with developments in the diagnosis
and treatment of AA, whereas discharge rates of patients with abdom-
inal pain have increased by 88% (16). Difficulties in the diagnosis of AA
continue despite improvements in diagnostic methods, and rates of

negative appendectomy and perforation are still high (17). Bachmann
et al. (18) stated that because the tests used for the diagnosis of AA
cannot be used in actual practice, their use can only be suggested.
Many parameters (CRP, WBC, neutrophil/lymphocyte ratio, interleukins
4,5, 6,10, and 12, tumor necrosis factor-alpha, endoxin erythrocyte
sedimentation rate, procalcitonin, fibrinogen, etc.) have been investi-
gated for the diagnosis of AA in the literature. WBC is used for the di-
agnosis of AA. Demircan et al. (19) claimed that clinical findings, WBC,
other inflammatory markers, abdominal US, and CT should be used as
supportive tests for diagnosis. Yang et al. (20) reported that increases
in WBC were proportional to the extent of histological inflammation
and that CRP values were higher in patients with perforation. Sensitiv-
ity was 85% and specificity was 31.9% for WBC in the same study. WBC
levels were also significantly higher in the AA group than in the control
group in our study. However, no significant difference was observed
with respect to WBC, CRP, and RDW levels between the non-compli-
cated and complicated AA subgroups. Sensitivity was found to be 70%
and specificity was found to be 60% for WBC.

In all cases of acute inflammation, CRP is a sensitive acute-phase
protein of which the level increases according to the duration and se-
verity of inflammation (21). Hallan and Asberg (22) stated that WBC,
CRP, and neutrophil levels increase the accuracy of the diagnosis of AA.
They also reported a sensitivity of 40%-99% and a specificity of 27%-
90%. Asfar et al. (21) claimed that normal CRP levels most probably
indicated a non-inflamed normal appendix. They concluded that CRP
is more sensitive than WBC and neutrophil count and significantly in-
creases the sensitivity and specificity if used simultaneously. CRP levels
were significantly higher in the AA group than in the control group in
our study. Sensitivity was 51% and specificity was 40% for CRP.

In numerous recent studies, RDW was found to have extraordi-
nary prognostic value for the prediction of mortality in many clinical
conditions (23-25). In addition, RDW is thought to be a marker for
many pathological conditions (rheumatoid arthritis, inflammatory
bowel disease, colon cancer, celiac disease, etc.) (26-29). Chronic in-
flammation, aging, malnutrition, and anemia are thought to be un-
derlying factors, but the pathophysiological basis of this relationship
is uncertain (30). Similarly, in another study 28-day mortality in pa-
tients with sepsis and septic shock has been demonstrated to be re-
lated to RDW. (31). This situation supports the relationship between
inflammation and RDW. Because AA is an inflammatory process, our
study supports the use of RDW as a marker like other inflammatory
markers such as CRP and WBC (20-21). Inflammation might be helpful
for explaining the relationship between RDW and mortality. It allows
the release of abundant new reticulocytes with symptoms of sepsis,
and this situation is related to increases in RDW. In addition, high lev-
els of oxidative stress cause increases in RDW by shortening the lifes-
pan of RBCs and promoting the release of abundant immature RBCs
into the circulation. In addition, inflammation contributes to morpho-
logical changes in RBCs by altering membrane glycoproteins and ion
channels in RBCs (32). Senol et al. (5) emphasized that a high RDW
value on admission is an independent marker of mortality in patients
with acute pancreatitis and might be used as a prognostic marker.
Narci et al. (33) stated that RDW levels in an AA group were low when
compared with a control group, and they therefore cannot be used as
a suitable marker. They detected a sensitivity of 47% and a specificity
of 67% when the optimum cut-off value was 15.6% according to ROC
analysis. Similarly, Tanrikulu et al. (34) stated that there was no signifi-
cant relationship between RDW and AA in their study. However, in our
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study RDW values were found to be higher in the AA group than in
the control group and therefore RDW is a marker of inflammation and
might have predictive value. The sensitivity of RDW was calculated to
be 41% and the specificity was calculated to be 30% when the opti-
mum cut-off value was 13.1. As we mention in the Limitations section
of our study, the level of RDW may vary with the duration and severity
of inflammation. In addition, initial RDW values may be influenced by
hospital admission or discharge by the physician. The low sensitivi-
ty and specificity of RDW in our study may be caused by this factor.
Because the time between the onset of symptoms in our patients,
admission to the emergency service, and the onset of treatment is
not known, because our study is retrospective, this may have affected
sensitivity and specificity (35). There are studies in the literature that
show a strong correlation between RDW and inflammatory markers
such as CRP and sedimentation rate (15). In our study, no significant
correlation was found between RDW, CRP, and WBC.

Study limitations

The most important limitation of this study is that the sample
size (patient number) was statistically low. Secondly, because acute
changes in RDW might be affected by blood loss or hemolysis, a
single measurement of RDW is not sufficient. We could not evaluate
changes in RDW levels and did not take variations with time into con-
sideration. Thirdly, samples for RDW measurements were collected
in a single center. RDW values in samples collected from different
populations for a comparison of clinical outcomes might exhibit dif-
ferences. Finally, levels of iron, vitamin B12, and folic acid were not
measured because the study was retrospective.

Conclusion

It is thought that a rapid, easy, low-cost blood test that sup-
ports clinical experience and imaging techniques, gives information
about tissue damage in the appendix, and can be performed at the
patient’s bedside would be optimal. The employment of a specific
marker that can lead to early detection even in small centers will
enable a safe method of diagnosis in emergency situations, giving a
choice of treatment for patients at risk.

Red cell distribution width levels were found to be significantly
higher in patients diagnosed with AA in comparison to the control
group. The commonly used, low-cost RDW test may be an import-
ant hematological parameter for the diagnosis of AA. Its low levels of
sensitivity and specificity decrease the possibility of the use of RDW
as a marker for the definitive diagnosis of AA. Therefore, further stud-
ies are required to investigate the correlation between AA and hema-
tological markers, and, by studying the pathophysiology, to confirm
whether or not the correlation is accurate.
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Abstract

Acute nontraumatic pathological conditions of the kidneys include frequent hematuria, renal colic, and acute renal failure. Infections and renal vascular
problems are frequently encountered in an emergency department. In this pictorial review, we aim to discuss patterns of acute renal pathologies and explain

hints for differential diagnosis with computed tomographic findings.

Keywords: Renal, tomography, flank pain

Introduction

Various renal pathologies can be detected by computed tomog-
raphy (CT) in patients referring to the emergency room with acute
abdominal pain. Emergency physicians and radiologists often play
an important role in the evaluation and management of acute renal
diseases.

In the diagnosis of acute renal pathologies, anamnesis, clinical
and laboratory findings, and physical examination are of primary
importance. Imaging methods are of equal importance as these
diagnostic methods. Often, ultrasonography is the first choice for
imaging. However, there are clinical limitations with ultrasonog-
raphy. Some of these limitations are: the need for patient cooper-
ation, the presence of artifacts due to intestinal gases, and some
technical disadvantages in diagnosing the vascular pathologies.
It is also easier to exclude other non-kidney causes such as acute
appendicitis, psoas abscess, diverticulitis, which cause abdominal
pain with CT. Although CT involves radiation exposure, contrast
agent allergy, and contrast nephropathy risks (in some patients),
it is a fast performing modality with a high diagnostic value that
should be preferred when ultrasonography is insufficient. It pro-
vides more anatomical details than ultrasonography. Renal perfu-
sion defects and parenchymal vascularization problems can also
be demonstrated using contrast media.

Early recognition, diagnosis, and management of renal dis-
ease have important implications for long-term morbidity and
mortality.

Acute pathological conditions of the kidneys may be classified
as traumatic and non-traumatic. The non-traumatic admissions to
the emergency department are frequent hematuria, renal colic, and
acute renal failure. Infections and renal vascular problems are also
frequently encountered in the emergency department. In this picto-
rial review, we aim to discuss patterns of acute non-traumatic renal
pathologies and explain hints for differential diagnosis with findings
from CT imaging.

Hematuria

Hematuria is commonly seen in a wide spectrum of urinary
diseases (1). The causes of gross hematuria are urinary system infec-
tions, urolithiasis, and neoplasms of genitourinary system (2).

Hematuria may be evaluated by multi-detector CT (MDCT) of
nephrographic, excretory phase, or without contrast. MDCT with-
out contrast helps evaluate nephrolithiasis which is one of the
main reasons of hematuria and allows imaging from the kidney to
the bladder (3).

A typical CT urography procedure obtains non-contrast images,
and nephrographic phase images are obtained 90-100 s after intrave-
nous nonionic contrast injection (100-150 mL of 300 mg I/mL at 2-4
mL/s, 2.5- to 5-mm slice thickness) (4).
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Renal parenchymal abnormalities, especially masses, are best vi-
sualized via nephrographic phase images by which other abdominal
organs can also be evaluated. Delayed thin slice images from the kid-
neys to the bladder reveal contrast distended urinary system and are
used to detect uroepithelial diseases (3). Pyelographic phase images
are obtained 5-15 min after contrast administration and are used to
evaluate uroepithelium. However, economical analyses reveal that
MDCT are most cost-effective in patients with persistent hematuria
and normal ultrasonographic findings (4).

Renal cell carcinoma and transitional cell carcinoma have typi-
cally higher density than urine and their densities are measured to
be 5-30 Hounsfield units (HU) in CT without contrast administra-
tion. Malignant renal and urothelial tumors show early contrast en-
hancement and washout (4, 5). Thus, in the nephrographic phase,
contrasted urothelial lesions may be detected in urine with low
density (Figure 1).

Increase in density up to more than 20 HU after contrast admin-
istration is a sign of malignancy (4, 6). Infiltration may cause focal de-
lays in contrast enhancement. Ureteric obstruction maybe best visu-
alized in nephrographic phase and can be easily distinguished from a
stone. The other findings of transitional cell carcinoma are thickening
of the wall, stenosis, and infiltration of periurethral fat tissue (4).

Renal colic and urolithiasis

Acute flank pain and renal colic are commonly encountered in
emergency departments. The lifetime incidence of urolithiasis is ap-
proximately 12% (7, 8). The patients are generally between 30 and
60y, and the occurrence is three times more common in men (7). It
has been shown in many studies that abdominal CT without contrast
administration has a higher specificity and sensitivity for detecting
stones in the urinary system compared with other modalities (9).

Multi-detector CT without contrast is a fast and reliable diagnos-
tic method for urinary stones. There is no requirement of intravenous
contrast administration and thus allergic--anaphylactic reactions and
nephrotoxicity risks do not exist. The analysis maybe performed in a
very short time and has a high sensitivity for distinguishing stones
and other causes of renal colic (7). However, there is radiation ex-
posure in CT. Thus, nowadays low-dose tomographic studies are
gaining importance. Researchers have reported that in patients with
acute abdomen who refer to the hospital with urinary colic CT exam-
inations with low-dose radiation (25 mAs) have the same diagnostic
sensitivity as the examinations with standard radiation dose (100
mAs) (10). McLaughlin and colleagues stated that the use of iterative
reconstruction techniques increases diagnostic ability (11).

However, on some occasions of renal anomaly and variations
such as duplication of renal collective system, CT urographic study,
which includes excretory phase after intravenous contrast adminis-
tration, may be useful for diagnosis (Figure 2).

Increase in kidney dimensions may be observed because of
swelling and edema in acute obstructions. This has been reported
at an incidence of 36%-71% in different studies. Perinephritic edema
has been reported in 36%-82% of the patients. Decrease in renal den-
sity due to obstruction may be seen in patients with kidney stone (9).
Hydronephrosis, hydroureter, and perinephritic fat stranding have a
predictivity of 90% for obstruction of the urinary system due to stone
disease (4, 12).

Figure 1. The axial abdominal computed tomography (CT) images of
a patient obtained in the nephrogram phase because of hematuria.
The lesion was diagnosed as transitional cell carcinoma (white arrow)
which fills the left renal sinus and shows contrast enhancement, solid
lesion with a density higher than urine

Urinary tract infections

Bacterial nephritis has a wide spectrum ranging from acute
pyelonephritis (APN) to renal abscess and emphysematous pyelo-
nephritis (EPN) (13). Recent reports imply the importance of early
imaging. Shen and Brown stated that early imaging is cost-effective
and advocate imaging in people who are going to be hospitalized
by APN (14, 15). Yoo et al. (14) reported that there are clinically sig-
nificant findings in 16% of the patients. MDCT is important for the
detection of abscess and APN. It is superior to ultrasound in renal
abnormalities such as perinephric stranding, inflammatory masses,
delayed or diminished contrast enhancement, kidney enlargement,
or gas formation (13).

Contrasted studies are needed to demonstrate the changes in
renal parenchymal perfusion and contrast excretion. The most com-
mon findings of APN are areas of wedge shape, focal or global di-
minished attenuation with unclear borders. Linear bands of hyper- or
hypoattenuation parallel to the axis of tubules and collecting ducts
may be seen.

The other findings are loss in corticomedaullary distinction in ear-
ly arterial phase and delay in cortical nephrogram. Occasionally, focal
pyelonephritis areas may mimic renal tumors (14).

Renal abscess is accumulation of purulent material in renal pa-
renchyma and is caused by hematogenous gram-positive bacteria or
ascending gram-negative microorganisms (Figure 3). On MDCT, hy-
podense lesion due to necrosis and hyperdense peripheral border,
which holds contrast, may be encountered (16).

Emphysematous pyelonephritis is a rare, necrotizing infection
characterized by gas production in the renal parenchyma (17). Most
patients are diabetic, and obstructive uropathy is reported as a risk
factor in 90% in different series. It is unilateral in 90% of the cases.
The most common pathogens are Escherichia coli, Klebsiella pneu-
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Figure 2. a, b. (a) Ureterolithotomy was performed on a 42-year-old male patient because of a ureter stone seen in his radiogram. The stone
could not be found endoscopically in the operation and hence a catheter was placed. Postoperatively, a multi-detector CT (MDCT) in the
pyelogram phase was performed. On coronal imaging, urethral duplication, urethral stone in the superior part of the superior ureter (white
arrow), and the catheter extending from the collecting structures to the internally located ureter were seen, (b) Coronal image in excretory
phase shows dilatation in superior collecting structures and the filling defect in superior ureter (black arrow)

Figure 3. A 53-year-old female patient was admitted to the emer-
gency with fever and flank pain. Axial computed tomography (CT)
images in nephrogram phase reveal a lesion in the posterior midd-
le section of the right kidney. Fluid density and minimal peripheral
contrast enhancement are consistent with abscess (white arrow). In
addition to that, fluid accumulations in the perirenal area (black ar-
row), perirenal stranding, and thickening of Gerota fascia are visible

moniae, Proteus mirabilis, and Pseudomonas aeruginosa (18). The
prognosis may be mortal if evaluated by X-ray graphy, because the
gas in the renal parenchyma may be confused with the intestinal
gas (19). CT is useful in detecting the extension of the infection,
parenchymal gas formation, and the evaluation of complications
(18, 19). There are subtypes of EPN according to the images on the
CT. In Type 1, there is parenchymal destruction but no fluid collec-
tion or gas extension from medulla to cortex. Subcapsular or peri-
nephral crescentic gas formation may be seen. The nonexistence of
fluid collection is the result of a weak immune response. Mortality
rate is high (66%). However, in type 2, there exist confined, bubbly,
intrarenal gas pattern, renal and perirenal fluid collections, and gas
formation in renal pelvis. Mortality rate is nearly 18% (19). Forma-
tion of gas may reach perirenal region, renal vein, and inferior vena
cava (Figure 4, 5).

Renal vascular pathologies

Arterial dissections are frequent in malignant hypertension,
atherosclerosis, trauma, fibromuscular dysplasia, connective tissue
diseases such as Marfan syndrome, Ehler-Danlos syndrome (20-22).
Cocaine abuse and extracorporeal shock wave lithotripsy cases were
also reported (22). The most common localization of primary dissec-
tion of perinephric arteries is renal arteries (20). The extension of false
lumen may cause a narrowing in the true lumen, and diminished re-
nal blood flow may cause renal infarct. Less than 25% of renal artery
dissections occur spontaneously and frequently in men of fourth
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Figure 4. a, b. (a) Abdominal scans of a 56-year-old female patient who was admitted to the emergency department with high fever and flank
pain and (b) reconstructed image in coronal lung window. In the upper left quadrant, in the left renal region, there is abundant air which can

be differentiated from the intestinal gas

Figure 5. a, b. (a) Axial images after contrast administration: parenchymal and (b) lung window. Left renal dimensions are enlarged. In the
renal cortex, renal pelvis, and perirenal region, there is abundant air density and the borders of renal cortex and medulla are lost. Air density

extends into the left renal vein (arrow)

and fifth decades with no previous health problems (20, 23). The
most common clinical presentation is persistent and severe hyper-
tension with an acute onset. However, severe upper abdominal pain
resembling a renal colic may also be seen (24). Because of this, even
if there is no history of trauma in a patient with acute flank pain and
hypertension, isolated renal artery dissection may also be taken into
consideration (20, 25). Angiography with catheter is a gold standard
in diagnosis; however, it is possible to evaluate by CT angiography

noninvasively (22, 25). In CT renal perfusion defects, areas without
contrast enhancement and hypodense image in renal artery may be
seen (Figure 6).

Conclusion

Acute renal pathologies are a wide spectrum of diseases which
may be life-threatening. Early diagnosis is important in prognosis,
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Figure 6. a, b. (a) Axial abdominal computed tomography (CT) of a patient after contrast administration. The patient is 45- years-old and he
has right flank pain with hematuria and hypertension with no history of trauma. The sign of a false lumen without contrast filling at the level of
the right renal artery orifice (arrow) and delay in the nephrogram phase in the right renal parenchyma, (b) There is no contrast enhancement
in the right kidney even if the left kidney is in nephrogram phase

early onset of therapy, and in decreasing complications. MDCT is an
important modality in acute renal pain.
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Case Report

One of the Rare Reasons of Abdominal Pain-Chilaiditi’s Syndrome

Eylem Kuday Kaykisiz', Ozgiir Ozer?, Ziibeyir Dalgi¢'
'Clinic of Emergency Medicine, Bitlis State Hospital, Bitlis, Turkey
2Clinic of Radiology, Bitlis State Hospital, Bitlis, Turkey

Abstract

Chilaiditi’s sign is the anatomical description of the interposition of the colon between the liver and the diaphragm; when it is accompanied with clinical
symptoms, it is known as Chilaiditi's syndrome. Most commonly, it is an asymptomatic radiological finding and is considered a rare entity, and therefore, it is
often misdiagnosed in clinical practice; however, it may be accompanied by a series of severe complications. Here we report a patient with Chilaiditi’s syn-
drome, owing to its rarity, and the typical radiological findings of this syndrome. A 22-year-old female was admitted to the hospital, presenting with a 2-day
history of nausea and worsening right upper quadrant pain. Vital signs were stable. The physical examination revealed a soft abdomen with mild right upper
abdominal tenderness. Laboratory assays showed no abnormalities. A plain abdominal X-ray showed an abnormal gas shadow in the subhepatic space and
a segment of gaseous distended colon. A computarized tomography (CT) scan of the abdomen showed a loop of colon interpositioned between the liver
and the right hemidiaphragm, mimicking free air. The patient consulted with a general surgery physician, and was admitted to the general surgery service
to follow up on treatment and operation, if indicated. The patient was managed conservatively. During the course of her hospital stay, her abdominal pain
resolved without surgical intervention. She was then able to tolerate a regular diet, and was discharged after two days of hospital stay. Although Chilaiditi’s
syndrome is not common, it is important, and can be easily mistaken for pneumoperitoneum. Most of the cases with Chilaiditi’s syndrome can be resolved
with nasogastric decompression and repeated laxatives. Surgical intervention is reserved for patients with signs of systemic toxicity or peritonitis. Owing to

the rarity of this syndrome and its typical radiological findings, we aimed to present this case.

Keywords: Chilaiditi’s syndrome, abdominal pain, colon interposition

Introduction

Chilaiditi’s sign is the anatomical description of the interposi-
tion of the colon between the liver and the diaphragm. It was first
described by Demetrius Chilaiditi in 1910 (1). Chilaiditi’s sign has
an incidence of 0.025%-0.28% worldwide, with a marked male pre-
dominance (male to female, 4:1) (2, 3). Most commonly, it is an as-
ymptomatic radiological finding and is considered as a rare entity,
and therefore, it is often misdiagnosed in clinical practice; however,
it may be accompanied by a series of severe complications, such as
bowel obstruction and perforation (4). The differential diagnosis of
Chilaiditi’s syndrome includes pneumoperitoneum, pneumobilia,
and hepatic-portal venous gas. The therapy for Chilaiditi’s syndrome
consists of conservative nasogastric decompression and bed rest.
Surgical intervention is rarely indicated (4).

Case Presentation

A 22-year-old female was admitted to the Emergency Depart-
ment of the Bitlis State Hospital in December 2016, presenting with
a 2-day history of nausea and worsening epigastric and right upper
quadrant pain. The pain was sharp and radiated to the right shoulder.
She denied dysphagia, early satiety, fever, chills, night sweats, mele-
na, hematochezia, or any changes in her bowel habits. She did not
recall having a similar experience before. The patient had no history
of surgery. On original presentation, she was afebrile, with a blood
pressure of 126/91 mmHg, pulse of 77 beats/min, respiratory rate of
20 beats/min, and oxygen saturation of 99% on room air. The physi-
cal examination revealed a soft abdomen with mild right upper ab-
dominal tenderness; no rebound tenderness or muscle guarding was
identified. The cardiovascular and respiratory exams were unremark-
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Figure 1. X-ray showed an abnormal gas shadow in the right subhe-
patic space, and a segment of gaseous distended colon, which was
located on the right side of the abdominal cavity; this was interposed
between the liver and the right diaphragm

Figure 2. Computarized tomography (CT) scan of the abdomen and
pelvis showed a loop of colon interpositioned between the liver and
the right hemidiaphragm, mimicking free air

able. Laboratory assays, including hemogram, biochemistry, and full
urinalysis showed no abnormalities.

A plain abdominal X-ray showed an abnormal gas shadow in the
right subhepatic space, and a segment of gaseous distended colon,
which was located on the right side of the abdominal cavity; this was
interposed between the liver and the right diaphragm (Figure 1). Fur-
ther imaging by a Computarized Tomography (CT) scan of the abdo-

men and pelvis showed a loop of colon interpositioned between the
liver and the right hemidiaphragm, mimicking free air (Figure 2). After
that, the patient consulted with a general surgery physician, and was
admitted to the general surgery service to follow up on treatment
and operation, if indicated. The patient was managed conservatively
with Intravenous (IV) fluid hydration and pain management. During
the course of her hospital stay, her abdominal pain resolved without
surgical intervention. She was then able to tolerate a regular diet, and
was discharged after two days of hospital stay.
Informed consent was obtained from the patient.

Discussion

Chilaiditi’s sign is the anatomical description of the interposi-
tion of the colon between the liver and the diaphragm. When it is
accompanied with clinical symptoms, such as abdominal pain, nau-
sea, vomiting, and constipation, it is known as Chilaiditi’s syndrome
(4). Several causes, including absence of suspensory ligaments of the
transverse colon, atrophic or small liver, segmental agenesis of the
right lobe of the liver, abnormality of the falciform redundant me-
socolon, redundant or dilated colon, and volvulus of the colon have
been reported to be associated with Chilaiditi’s syndrome (5, 6).

Chilaiditi’s sign is often an incidental finding and is asymptomat-
ic. Therefore, obtaining the medical history and performing a careful
physical examination are important for surgeons. However, old pa-
tients or patients with dementia can scarcely state their complaints
on their own, and it is also difficult to obtain their medical history
or perform a thorough physical examination. In our case, the pa-
tient had 2 days of nausea and worsening epigastric and right upper
quadrant pain, and was believed to have biliary colic. She was saved
from a surgical procedure due to a careful examination.

Radiological studies may be helpful in this situation. Most of the
patients with Chilaiditi’s sign can be easily diagnosed via chest X-ray.
However, the haustral folds of bowel loops may not be seen in a chest
X-ray. Sato et al. (7) reported that ultrasound is helpful in diagnos-
ing Chilaiditi's syndrome. Most of the cases that can be diagnosed by
X-ray and CT of the abdomen provide more information. However,
ultrasound may be helpful in distinguishing between Chilaiditi’s syn-
drome and pneumoperitoneum. In our case, X-ray and ultrasound di-
agnostic tools were unremarkable, so we performed a CT scan. ACT
scan of the abdomen and pelvis, with intravenous contrast, showed a
loop of colon interpositioned between the liver and the right hemid-
iaphragm, mimicking free air.

The management of Chilaiditi’s syndrome varies due to its dif-
ferent etiologies, and includes both, operative and nonoperative ap-
proaches. Saber and Boros (5) reported that 26% of patients needed
operative management, while the majority required nonoperative
treatment, including bowel decompression and repeated radiogra-
phy. If the symptoms were persistent, surgical intervention may be
indicated. Bowel decompression may be both, diagnostic and thera-
peutic (5). In our case, the patient was managed conservatively with
IV fluid hydration and pain management.

Conclusion
Although Chilaiditi’s syndrome is not common, it is important,

and can be easily mistaken for pneumoperitoneum. Most of the pa-
tients with Chilaiditi’s sign are found incidentally. When it is accom-
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panied with clinical symptoms, it is known as Chilaiditi’s syndrome.
Most of the cases with Chilaiditi’s syndrome can be resolved with na-
sogastric decompression, repeated laxatives, and enemas. Surgical
intervention is reserved for patients with signs of systemic toxicity or
peritonitis. In our case, the patient was initially believed to have bili-
ary colic pain. However, considering the possibility of Chilaiditi’s syn-
drome protected the patient from an unnecessary procedure, such
as operation. Owing to the rarity of this syndrome and the typical ra-
diological findings associated with it, we aimed to present this case.

Informed Consent: Written informed consent was obtained from patient
who participated in this study.
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A Misdiagnosed Patient with Recurrent Abdominal Pain:

Nutcracker Syndrome
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Abstract

Nutcracker phenomenon is characterized by impeded outflow from the left renal vein into the inferior vena cava because of extrinsic left renal vein compres-
sion. Because of its rarity and excessive misdiagnosis, we report the case of a 30-year-old female patient who was admitted to the emergency department
of our hospital with recurrent left flank and lower abdominal pain andwas diagnosed with nutcracker syndrome. A 30-year-old female patient was admitted
tothe emergency department of our hospital with recurrent left flank and lower abdominal pain. Physical examination showed a flaccid abdomen, which
was painful onpalpation of the lower portion and left flank, without any signs of peritoneal irritation as well as theabsence of vulvar or lower limb varices.
In the work-up, abdominal computed tomography with intravenous contrast was used and revealed compression of the left renal vein between the aorta
and superior mesenteric artery. Therefore, the patient was referred to the vascular and endovascular surgery department to evaluate the possibility of a
minimally invasive treatment. There is a wide spectrum of clinical presentations of nutcracker syndrome, and the diagnostic criteria are not well defined, fre-
quently resulting in delayed or incorrect diagnosis. From the number of cases reported in the literature, it is obvious that this condition is not very common.
Therefore, nutcracker syndrome must kept in mind in patients with recurrent flank and lower abdominal pain duringdifferential diagnosis.

Keywords: Nutcracker syndrome, renal vein entrapment, recurrent abdominal pain

Introduction

Nutcracker phenomenon is characterized by impeded outflow
from the left renal vein into the inferior vena cava because of extrin-
sic left renal vein compression.

Because of its rarity and excessive misdiagnosis, we report the
case of a 30-year-old female patient who was admitted to emergency
department of our hospital with recurrent left flank and lower ab-
dominal pain anddiagnosed with nutcracker syndrome.

Case Presentation

A 30-year-old female patient was admitted to the emergency
department of our hospital with recurrent left flank and lower ab-
dominal pain. Before this, she was admitted to the emergency de-
partment of another hospital and urology policlinic but remained
misdiagnosed. The patient had no known disease, medications, and
history of surgery, except for caesarean section.Her vital signs were
stable. Physical examination showed a flaccid abdomen, which was

painful onpalpation of the lower portion and left flank, without any
signs of peritoneal irritation as well as theabsence of vulvar or lower
limb varices. Findings of initial laboratory tests, including hemogram,
biochemistry, and complete urinalysis, were unremarkable. Urinary
ultrasonography was performed, and emergent sonopathology was
not performed. In the work-up, abdominal computedtomography
with intravenous contrast was used and revealed compression of
the left renal vein between the aorta and superior mesenteric artery
(Figure 1). Therefore, the patient was referred to the vascular and en-
dovascular surgery department to evaluate the possibility of a mini-
mally invasive treatment.

Discussion

Nutcracker phenomenon, also known as left renal vein entrap-
ment, is characterized by impeded outflow from the left renal vein
into the inferior vena cava because of extrinsic left renal vein com-
pression (1). Although the terms nutcracker syndrome and nutcrack-
er phenomenon are sometimes used interchangeably in the litera-
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Figure 1. Computed tomography revealed compression of the left
renal vein between the aorta and superior mesenteric artery

ture, Shin and Lee (2) have emphasized that the nutcracker anatomy
is not always associatedwith clinical symptoms and that some ana-
tomicfindings suggestive of a nutcracker may represent a normalvar-
iant. There is a wide spectrum of clinical presentations and diagnostic
criteria are not well defined, frequently resulting in delayed or incor-
rect diagnosis (3).

Because of uncertainties, some authors have focused on the
characteristic anatomic and hemodynamic findings, referring to
them asnutcracker phenomenon rather than nutcracker syndrome
(4). The earliest pathologic descriptionof this phenomenon was
made by Grant in 1937, following which the first clinical report was
presented by El-Sadr and Mina (5, 6).

The syndrome is manifested by left flank and abdominal pain,
with or without unilateral macroscopic or microscopic hematuria.
However, it should be noted that hematuria is not always present (7).
In our case, recurrent hematuria was present for 10 years but findings
of complete urinalysis wereclear by then.

The other common mode of presentation is a symptom complex
called “pelvic congestion syndrome,” characterized by symptoms of
dysmenorrhea, dyspareunia, postcoital ache, lower abdominal pain,
dysuria, and pelvic varices (8). Similarly, compression of the left renal
vein can cause left renal-to-gonadal vein reflux, resulting in lower
limb varices and varicoceles in males (9). When getting a detailed
history, our patientsexperienced symptoms suggestive of pelvic con-
gestion syndrome. Systemic manifestations have also been reported
in adolescents, including headache, abdominal pain, fainting, and
tachycardia mimicking clinical symptoms of an orthostatic distur-
bance (10).

In summary, the classical manifestations of nutcracker syndrome
include flank and lower abdominal pain, unilateral microscopic or
macroscopic hematuria, pelvic congestion syndrome, and rarely, var-
icose manifestations. Its diagnosis is based on history and physical
examination as well as basic laboratorytests to exclude other causes
of hematuria. Surveillance is appropriate in cases of mild symptoms
and either microscopic or insignificantmacroscopic hematuria with

no evidence of significant blood loss. Open surgical interventions,
although effective, are associated with higher surgical morbidity. If
the long-term outcomes remain as good as the short-term results
reported to date, stenting (extravascular/intravascular) may become
the treatment of choice.

Conclusion

From the number of cases reported in the literature, it is obvious
that this condition is not very common but the prevalence is probably
much higher than its diagnosis because the presence of characteris-
tic anatomic changes does not always cause symptoms. Therefore,
nutcracker syndrome must kept in mind in patients with recurrent
flank and lower abdominal pain duringdifferential diagnosis.

Informed Consent: Verbal informed consent was obtained from patient.
Peer-review: Externally peer-reviewed.
Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received
no financial support.
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Pneumocephalus as a Cause of Postoperative Headache

Yasin Yildiz, Mine Kayaci Yildiz, Serkan Emre Eroglu

Clinic of Emergency Medicine, Umraniye Training and Research Hospital, istanbul, Turkey

A 53-year-old woman presented to our emergency depart-
ment with headache 7 days after an endoscopic endonasal skull
base surgery with a transnasal transsphenoidal approach for pi-
tuitary adenoma. Clinical examination at the time of admission
revealed normal findings; her Glasgow coma scale was 15 and all
other vital signs were normal. There was no focal neurological defi-
cit on central nervous system examination. Noncontrast head CT
demonstrated bifrontal and convexial (intrahemispheric) intracra-
nial air, also known as pneumocephalus (-1000 Hounsfield units),
on the bone window. There was no midline shift (Figure 1-3). She
was referred to the neurosurgery clinic and admitted to the clinic
for repair surgery. Three days later, she underwent duraplasty and
lumbar drainage.

The presence of gas or air within the cranial cavity is called
pneumocephalus. It is usually associated with surgical interven-
tions through the skull or traumatic injury. Serious clinically mor-
bidity rarely occurs in case of pneumocephalus (1). Postoperative
pneumocephalus in the frontal or intraventricular locations is rarely
associated with postoperative cerebrospinal fluid (CSF) leak. Howev-
er, pneumocephalus in the interhemispheric fissure, convexity, and
parasellar/sellar/perimesencephalic areas is usually related to a post-
operative CSF leak (2).

In case of tension pneumocephalus, there is a one-way valve
mechanism that draws air into the skull. A serious intracranial mass
effect can occur (1). It may result in altered mental status, general-
ized convulsions with/without focal signs, restlessness, or cardiac

Figure 1. Bifrontal and intrahemispheric pneumocephalus

Figure 2. Bifrontal and intrahemispheric pneumocephalus
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Figure 3. Parasellar pneumocephalus

arrest. Early diagnosis and treatment are important because it is a
life-threatening complication (3).

In conclusion, one cause of the occurrence of postoperative
headache after neurosurgical procedures can be pneumoceph-
alus. Urgent intervention is necessary to avoid tension pneumo-
cephalus.
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