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AIMS AND SCOPE

Eurasian Journal of Emergency Medicine (Eurasian | 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 Medicine
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 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 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, EBSCO, Directory of
Research Journals Indexing, J-Gate, Tuirk Medline, Turkiye Atif Dizini, ProQuest,
CABI and Index Copernicus.

Processingand 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 published in the
printed copies of the journal. Potential advertisers should get in contact with
the Editorial Office. Advertisement images are only published 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,
GALENOS; 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.

Editorial Office

Prof. Salvatore Di Somma, MD PhD

Emergency Medicine

Department of Medical-Surgery Sciences and Translational Mediicne
Chairman Postgraduate School of Emergency Medicine

Faculty of Medicine and Psychology

University of Rome Sapienza

Rome, Italy

E-mail: salvatore.disomma@uniroma.it

Phone: +39348.3316131

Open Access Policy

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

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

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

OPEN

ACCESS
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INSTRUCTIONS TO AUTHORS

Eurasian Journal of Emergency Medicine (Eurasian | 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 Emergency Medicine field, review
articles covering basic and up-to-date subjects, case reports, short editorial
manuscripts and manuscripts covering medicine history 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 Principles
of Transparency and Best Practice in Scholarly Publishing (doaj.org/
bestpractice).

Originality, high scientific quality and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not be previously presented
or published in an electronic or a printed medium. Editorial Board should
be informed of manuscripts that have been submitted to another journal
for evaluation and rejected for publication. Submission of previous reviewer
reports will expedite the evaluation process. Manuscripts that have been
presented in a meeting should be submitted with detailed information on
the organization including the name, date and location of the organization.

Manuscripts submitted to Eurasian Journal of Emergency 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 journal. The Editor in Chief is the final
authority in the decision making process of all submissions.

An approval of research protocols by Ethics Committee in accordance
with international agreements (World Medical Association Declaration
of Helsinki “Ethical Principles for Medical Research Involving Human
Subjects”, amended in October 2013, www.wma.net) is required for
experimental, clinical and drug studies and 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 following
a detailed explanation of the procedures that they may undergo. For
studies carried out on animals, the measures taken to prevent pain
and suffering of the animals should be stated clearly. Information on
patient consent, name of the ethics committee and the ethics committee
approval number should also be stated in the materials and methods
section of the manuscript. It is the authors’ responsibility to carefully
protect the patients’ anonymity. For photographs that may reveal the

identity of the patients, 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 misconduct, 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 International Committee of Medical Journal Editors
(ICMJE - www.icmje.org). The ICMJE recommends that authorship be based
on the following 4 criteria:

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

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

3. Final approval of the version to be published; AND

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

In addition to being accountable for the parts of the work he 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 criteria 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 corresponding 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 appropriately to authorship rights and
prevent ghost or honorary authorship. If the editorial board suspects a case
of “gift authorship”, the submission will be rejected without further review.
As part of submission of the manuscript, 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 interests
including financial, consultant, institutional and other relationships that
might lead to bias or a conflict of interest.
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Any financial grants or other support received for a submitted study from
individuals or institutions should be disclosed to the Editorial Board and
to disclose 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
editorial 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 Journal of Emergency Medicine, authors
accept to assign the copyright of their manuscript to Emergency Medicine
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 previously 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, Reporting, Editing and Publication of
Scholarly Work in Medical Journals (updated in December 2017 -http://www.
icmje. org/icmje-recommendations.pdf ). Authors are required to prepare
manuscripts in accordance with CONSORT guidelines for randomized
research studies, STROBE guidelines for observational original research
studies, STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE guidelines for
experimental animal studies and TREND guidelines for non-randomized
public behavior.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at www.eajem.
com. Manuscripts submitted via any other medium will not be evaluated.
Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that the
manuscript is prepared and submitted in accordance with the journal’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 available 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 author(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 contributed 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 abstract 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 keywords for subject indexing at the end of the
abstract. The keywords should be listed in full without abbreviations.

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
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock S). Statistical
guidelines for contributors to medical journals. Br Med ] 1983: 7; 1489-
93). Information 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 meantstandard deviation when parametric tests are
used to compare continuous 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, relative risk (RR), odds ratio (OR) and hazard ratio (HR) must be
supported by confidence intervals (Cl) and p values.
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INSTRUCTIONS TO AUTHORS

Editorial Comments: Editorial comments aim at providing brief critical
commentary by the reviewers 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. Abstract, Keywords, Tables, Figures,
Images and other media are not included.

Review Articles: Reviews which are prepared by authors who have
extensive knowledge on a particular 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 describing, 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 conditions 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 publication. 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 lacking parts of a previously published article.
Articles on the subjects within the scope of the journal that might attract
the readers’ attention, particularly educative 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 within the manuscript.

Scientific letter: Manuscripts with prior notification characteristics,
announcing new, clinically important scientific developments or
information are accepted 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 diagnosis 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 related to emergency
and general medicine and presents 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
limited to 10.

Publication ethics: This type of manuscript includes current information on
research and publication ethics 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
reading. Data presented in the tables should not be a repetition of the data
presented within the main text but should be supporting the main text.

Table 1. Limitations for each manuscript type.
Type of Word limit | Abstract | Reference | Table | Figure limit
manuscript word limit limit
limit
Original 5000 7 or total of
Article (Structured) 200 50 6 15 images
Review 10 or total of
Article 5000 200 50 6 20 images
No 10 or total of

Case Report | 1500 200 10 tables | 20 images
Letter to the No .
Editor 500 N/A 5 tables No media
Scientific No 2 or total of
letter 900 N/A 10 tables | 4 images
Clinical
Imaging/ No 3 or total of
Visual 400 N/A > tables | 6 images
Diagnosis

. No 3 or total of
History 900 N/A 10 tables | 6 images
Publication | o), N/A 10 No 1 No media
ethics tables

Figures and Figure Legends

Figures, graphics and photographs should be submitted as separate files (in
TIFF or JPEG format) through the submission system. The files should not
be embedded in a Word document or the main document. When there are
figure subunits, the subunits should not be merged to form a single image.
Each subunit should be submitted separately through the submission
system. Images should not be 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
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the submission, the figures too should be blind. Any information within the
images that may indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300DPI. To
prevent delays in the evaluation 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 manuscript should be defined
at first use, both in the abstract and the main text. The abbreviation should
be provided in parenthesis following the definition.

When a drug, product, hardware, or software mentioned within the main
text product information, 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 (General Electric, Milwaukee, WI, USA)”

All references, tables and figures should be referred to within the main text
and they should be numbered consecutively in the order they are referred
to within the main text.

Limitations, drawbacks and shortcomings of original articles should be
mentioned in the “Discussion” section before the conclusion paragraph.

References

While citing publications, preference should be given to the latest, most
up to date publications. 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 abbreviated in accordance with the
journal abbreviations in Index Medicus/ Medline/PubMed (for journal
abbreviations consult the List of Journals indexed for MEDLINE, 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 manuscript, references should
be cited using Arabic numbers in parentheses. The reference styles for
different types of publications are presented in the following examples:

Journal article: Lewin MR, Stein J, Wang R, Lee MM, Kernberg M,
Boukhman M, et al. Humming is as effective as Valsalva’s maneuver and
Trendelenburg’s position for ultrasonographic visualization of the jugular
venous system and common femoral veins. Ann Emerg Med. 2007;50:73-7.

Book Section: Sherry S. Detection of thrombi. In: Strauss HE, Pitt B, James
AE, editors. Cardiovascular Medicine. St Louis: Mosby; 1974.p.273-85.

Books with Single Author: Cohn PF. Silent myocardial ischemia and
infarction. 3rd ed. New York: Marcel Dekker; 1993.

Editor(s) as author: Norman 1}, Redfern §J, editors. Mental health care for
elderly people. New York: Churchill Livingstone; 1996.

Conference Proceedings: Bengisson S. Sothemin BG. Enforcement of
data protection, privacy and security in medical informatics. In: Lun KC,
Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92. Proceedings of

the 7th World Congress on Medical Informatics; 1992 Sept 6-10; Geneva,
Switzerland. Amsterdam: North-Holland; 1992.p.1561-5.

Scientific or Technical Report: Smith P. Golladay K. Payment for durable
medical equipment billed during skilled nursing facility stays. Final report.
Dallas (TX) Dept. of Health and Human Services (US). Office of Evaluation
and Inspections: 1994 Oct. Report No: HHSIGOE 169200860.

Thesis: Kaplan SI. Post-hospital home health care: the elderly access and
utilization (dissertation). St. Louis (MO): Washington Univ. 1995.

Manuscripts accepted for publication, not published yet: Leshner Al
Molecular mechanisms of cocaine addiction. N Engl | Med In press 1997.

Epub ahead of print Articles: Saritas A, Glines H, Kandis H, Cikman M,
Candar M, Korkut S, et al. A Retrospective Analysis of Patients Admitted
to our Clinic with Aortic Dissection. Eurasian | Emerg Med 2011 Dec 10.
doi:10.5152/jaem.2011.035. [Epub ahead of print]

Manuscripts published in electronic format: Morse SS. Factors in the
emergence of infectious diseases. Emerg Infect Dis (serial online) 1995 Jan-
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Abstract

Technology has brought various innovations on how healthcare providers acquire information, work, and communicate. These innovations
are most common in the emergency department. Among the important innovations in the emergency department, imaging methods and
diagnostic tests are now performed at the bedside. The main purpose of bedside imaging methods and diagnostic tests is to achieve rapid
results and initiate appropriate treatment in a short time. Technological development provides fast access to diagnostic tests and rapid results
as well as facilitates access to specialist physicians. Patients’ data can be transmitted to advanced centers by telemedicine application, and
consultation services can be obtained. Bedside consultation is also possible, thanks to the telemedicine application supported by robotic
technology. Biosensors, mobile applications, technological products used in patient registration and follow-up process, and voice response
systems used in patient monitoring after discharge are among other technological innovations used in emergency departments. All these
tools and systems provide many facilities for emergency service delivery. However, reasons such as being expensive, not supervised by
medical professionals, and time-consuming limit their use. While technological developments are increasing continuously, to ensure the
same development in emergency departments, scientific studies with a high value of evidence are needed in this field.

Keywords: Digitalization, emergency department, innovation, technology

Introduction

Information and communication technology have advanced
rapidly in the last two decades; Many new ways and tools
have been developed in which information can be processed,
stored and transmitted. The cloud-based data storage areas,
wireless broadband networks, mobile computing systems and
comprehensive data analysis methods affect the production
and service industry fundamentally (1). The health sector is one
of the areas that are influenced most by these rapid advances
in information and communication technology. Advances in
medical devices, equipment and diagnostic methods, as well
as advances in information communication technology, bring
important innovations to the functioning of the health system (2).

Emergency departments (EDs) have a special and important place
in the health system. Scaling epidemics, disasters, accidents, and

injuries in recent years increases the importance of EDs in the
health system (3). On the other hand, the need for emergency EDs
canreachalevel thatexceeds department resources. Technological
advances provide important opportunities to meet the need for
EDs by keeping service quality at the highest level. It is necessary
to review ED services, redesign and strengthen them by making
use of developing technological opportunities in order for the EDs
to develop in parallel with the technological developments, and
thus to provide the best service for the applications (2).

In this article, it is aimed to present information about
technological innovations used in EDs. For this purpose, PubMed,
Medline, Cochrane, and Google Scholar databases were searched
using the keywords “emergency department”, “digitalization”,
“technology” and “innovation”. Literature research was expanded
by examining the obtained publications and using the keywords

“robotic technology”, wearable biosensor”

” o«

mobile application”,
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and “artificial intelligence”. Technological innovations used in
EDs can be listed as; bedside imaging methods and diagnostic
tests, decision support systems, artificial intelligence technology,
telemedicine applications, robotic technology, wearable
biosensors, mobile applications, technological innovations used
in patient registration and follow-up, and voice response systems
used in patient monitoring after discharge.

Bedside Imaging Methods and Diagnostic Tests
Bedside Ultrasonography

The fact that ultrasonography (USG) can be applied at the
bedside is an important technological development that enables
fast diagnosis of life-threatening conditions. Bedside ultrasound
brings convenience such as making or excluding key diagnoses,
directing resuscitation noninvasively, reducing ionizing radiation,
and ensuringsafe implementation of invasive procedures (4). With
the production of palm USG devices, these convenienceshave been
taken one step further. These devices, which are almost pocket
sized, have the advantages of being both easy to use and cheap
(5). In a systematic review, it was found that palm USG devices
showed strong correlation with high-level ultrasound devices in
the diagnosis of intra-abdominal free fluid and hydronephrosis,
assessment of the pleural cavity, detection of abdominal aortic
aneurysms, obstetric and gynecological examinations; however,
it is stated that high evidence studies are needed to demonstrate
its effectiveness in abdominal examinations (6). Despite its listed
advantages and many conveniences, USG that can be applied at
the bedside with today’s technology cannot provide a complete
radiological evaluation. Therefore, the need for conventional
ultrasound devices continues when more extensive scanning is
required (5).

Portable Computer Tomography Devices

Computed tomography (CT) is a powerful diagnostic method
in detecting the presence of intracranial damage (7). However,
during the transfer of patients who are sent to the imaging unit
for brain CT procedure, problems such as failure to continue
monitoring, interruption of intravenous therapy and inadequate
ventilation may be encountered. These problems can cause
many complications such as hypotension, hypoxia and increased
intracranial pressure (8). Portable CT scanners, which have
become widespread in recent years, have a capacity of taking
about 32 images per second and can be brought directly to the
patient’s bed (9). This technology reduces the time required for
imaging in the evaluation of patients suspected of stroke or head
injury in EDs and can be effective in preventing complications
that may arise during patient transfer (7).

With the developing technology, portable CT scanners have been
produced that can display not only cranial imaging but also the

whole body. Portable whole-body CT scanners, which can be
readily carried from room to room, have proficiency to produce
high standard CT imagery, and improve the diagnosis and
treatment of a broad variety of emergency health problems. The
whole-body CT scanners can give high-resolution bone, spine,
thorax and soft tissue imaging of diagnostic value. However,
abdominal images obtained by portable whole-body CT scanners
are reported to be of lower quality than conventional CT imaging
(7). Simultaneous display of multiple body areas with the portable
whole body CT scanner both saves time and significantly reduces
the dose of radiation exposure. In addition, the fact that these
devices can be carried easily allows them to be taken to another
unit and used for different clinical applications, when they are
not needed in the ED (7,9).

Bedside Tests

Bedside tests are defined as any analytical test performed by
a healthcare professional, outside the traditional laboratory
setting for a patient. Terms such as near-patient testing, point of
care testing, non-laboratory tests, decentralized laboratory tests
are also used for bedside tests (10).

With the advances in microchip and miniaturization technology
and developments in production processes in the last 10 years,
fast, low cost, robust and reliable bedside measuring devices
can be produced. With these devices, laboratory quality results
can be obtained (11). It is also possible to transmit the results
obtained from bedside testers wirelessly to the medical record
system. Cartridges containing sensitive chemical biosensors are
configured on the silicon chip to perform specific analyses for
these devices. Thus, it is possible to carry out tests such as blood
gas, biochemical, hematological, coagulation tests and p-HCG
at the bedside. In addition, there are special tests to determine
the basic metabolic status and serum lactate level, as well as
special tests that can be used for the diagnosis of acute coronary
syndrome and congestive heart failure (10,12).

With bedside tests, necessary samples are taken for measurement
in the patient’s environment and test results can be obtained
in a short time at the same place or near. Thus, the necessary
treatment can be planned in a short time and near the patient
(11). These tests allow rapid response to many emergency cases,
such as immediate initiation of targeted therapy for patients
with sepsis (13), cases of poisoning and overdose (14), and acute
coronary syndrome (15).

Decision Support Systems

Tools that provide clinical decision support have a wide variety
of computer-based systems, clinical guides, various algorithms,
and digital resources that facilitate access to current information.
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Along with technological innovations, computer-based systems
called advanced clinical decision support systems (CDSS) that can
offer patient-specific recommendations have been developed
(16). Advanced CDSS is an important innovation for EDs that
require quick decision making in high-risk situations. These
systems are used for various purposes in EDs (17).

With the development of clinical decision support systems, it
was determined that better clinical management was provided
in the EDs and better patient results were achieved. In the study
of Niemi et al. (18), It has been shown that improvement has
been achieved in the diagnosis and treatment of pneumonia and
heart failure patients with the use of CDSS. Drescer et al. (19)
determined that CDSS contributed significantly to the accuracy
of the decision to have CT angiography in patients who were
suspected of pulmonary embolism, but CDSS was considered to
be less accepted by emergency physicians because it was time-
consuming. It has also been determined that with improved
CDSS, there is a significant benefit in the management of sepsis
cases (20), and in making the right triage decision (21).

Although clinical decision support systems have benefits and
usefulness mentioned, they have some limitations and negative
aspects. In a systematic analysis on this issue, the negative
aspects are listed as follows. Clinical decision support systems
can be installed as independent systems or integrated into the
electronic health record (EHR) software of hospitals. In the case
of the CDSS systems are a stand-alone system, it may disrupt
the workflow of clinicians, as it requires clinicians to perform
recording outside of routine computer work. If it is integrated
into the system, it can create a substantial strain for the EHR
system. In addition, clinical decision support systems can provide
meaningless and unnecessary suggestions and warnings, and
this can cause alert fatigue in healthcare professionals. Another
limitation of decision support system is the difficulty in keeping
the information bases of decision support systems up to date
as clinical information changes. Moreover, the successful use of
decision support systems requires proficiency in using advanced
technology and these systems have a negative impact on user
skill (16).

Artificial Intelligence

The usage area of artificial intelligence technology in health
sector is getting wider. The first use of this technology in EDs
is to provide decision support in triage (21). Today, artificial
intelligence technology can be used in the EDs for patient
monitoring and early detection of clinical complications (22).

Successful results are obtained in the evaluation of diagnostic
imaging results such as computed tomography and USG with
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artificial intelligence technology in EDs (23). This technology
has the potential to reduce the waiting time for radiology
consultations in large centers and to enable rapid and accurate
interpretation of imaging results in rural EDs where radiologists
do not work (22).

Another usage area of artificial intelligence in EDs is natural
language processing systems. These systems have the ability to
interpret free texts, extract and classify certain words from these
texts. Electronic clinical notes kept in the EDs can be analyzed
with natural language processing systems and probability
estimations can be made for various clinical situations (24).

Telemedicine

Telemedicine, which is defined as the remote provision of
health services by using information and communication
technology, enables healthcare professionals in hospitals with
limited resources for acute developing serious health problems
to connect to centers that are advanced in terms of expert
and technical equipment and to receive consultancy services.
Telemedicine applications in EDs are the best example of this
(25).

Telemedicine is used to facilitate the management of different
cases in EDs. In the EDs where emergency medicine specialists do
not work, consultation can be provided with specialists for stroke
cases by using telemedicine application (TeleStroke). Thus, the
appropriateness of tissue plasminogen activator (tPA) treatment
for cases can be determined and applied without delay (26).
Telemedicine consultations were also found to contribute to
accurate and rapid ECG assessment and initiation of appropriate
therapy in cases followed up with suspicion of acute myocardial
infarction (27).

Telemedicinetechnologyisused inthe management of psychiatric
cases in EDs. With the service, also known as telepsychiatry,
expert support on emergency psychiatric intervention can be
provided (28). It has been found that management of sepsis cases
with telemedicine is improved, especially in rural areas (29).
Another area in which telemedicine technology is used is the
maintenance of trauma cases care. In cases of trauma in rural
areas, the frequency of mortality and morbidity is higher than
in urban areas. With telemedicine, it is possible to consult the
experts in developed centers about the cases of trauma in rural
areas. Thus, access to definitive treatment can be shortened and
early trauma case management can be improved (30).

Robotic Technology

In EDs, robotic technology can be used in the implementation
of various tests that can assist in clinical risk classification.
Concussion syndrome (CS) is a complication that can often be
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encountered after mild traumatic brain injury. Subbian et al. (31)
developed a robot-supported objective neurological test that can
guide clinical classification for CS and predict the probability of
CS by evaluating neurological functions in EDs. However, in the
study, it has been reported that difficulties such as creating a
suitable area for the robotic device in the ED, requiring trained
personnel to use the robot and providing special technical
support for the maintenance of the device limit the use of the
device in the EDs (31).

Another application area of robotic technology in EDs is
telemedicine applications. While fixed monitors can be used
for telemedicine, monitors can be taken to the patient by using
mobile and remote-controlled robots. In the evaluation of stroke
patients, O'Caroll et al. (32) found that the stroke team at the
hospital was faster than the robotic telemedicine application.
In the same study, it was reported that the results of robotic
telemedicine applications were excellent and this method could
be used safely for EDs that do not have a stroke team to intervene
at the bedside.

Mobile Applications

Emergency physicians use many scoring systems and algorithms
in their daily work. Mobile applications have been developed
to provide easy access at the bedside to algorithms, checklists,
clinical calculators and risk grading systems frequently used by
physicians in EDs (33). Mobile applications used in EDs can be
listed as providing decision support, accessing and evaluating
patient data, and those that provide fast communication with
other healthcare professionals or patients (34).

Mobile applications provide many conveniences to its users.
Unlike other service tools used in EDs, it is abundant and much
cheaper. However, those who develop these applications are
not subject to quality standards and controls like other medical
product developers. For this reason, mobile applications to be
used must be carefully selected (34,35).

Wireless “Wearable” Biosensors

Recent technological innovations show that wireless “wearable”
biosensors can be used to catch the deterioration in the condition
of patients at an early stage (36). In their study with sepsis
patients, Garbern et al. (37) Determined that wireless “wearable”
biosensors are a reliable way for continuous monitoring of heart
rate and breathing. Another new use of wearable biosensors in
EDs is to prevent deaths from overdose opioid intake, which is an
increasing threat to the whole world. For this purpose, the drug
dose used by patients who are prescribed opioids in EDs can be
monitored with wearable biosensors. Thus, compliance of the
patients with the treatment plan can be evaluated (38).

Technological Innovations Used in Patient Registration and
Follow-Up

Online Registration

In traditional EDs, every patient other than those coming to
the ED by ambulance registers at the patient registry and the
treatment priority is determined after the first assessment by the
triage officer. With the developing technology, it is possible for
the patients to make their own records for their ED visit from
their homes and cars via their mobile phones. Thus, the workload
of the employees in the triage and patient registration unit is
reduced and it is possible to perform the admission processes in
a shorter time (39).

Today, another innovation used for patient registration in EDs
is kiosk devices. In addition to obtaining a queue number for
examination, these patients can enter their medical history,
background, pain level, and major complaints data into the
system from the kiosk screen (40). Although a limited number of
studies have been done on this new practice, the data obtained
show that reduced workload helps triage nurses to focus more on
patients’ medical condition (41), and reduce the waiting time of
patients in the ED (42).

Patient Flow Software and Real-Time Location Systems

The focus of ED service delivery shifts from expertise-based care
to system-based key performance indicators such as “National
Emergency Access Target (NEAT)” and “four-hour rule”. This
makes the patient transfer process and information transfer
between emergency EDs and inpatient units more and more
important (43).

Patient tracking systems and patient flow software are
technology-based solutions developed to improve the transfer
of patients from the emergency room to other service and
diagnostic units in the hospital (44). Patient flow software used
in the EDs enables patients’ locations to be seen in the hospital.
They can define the empty beds in the hospital according to their
specialty. Thus, it contributes to the reduction of the waiting time
of the patients who will be admitted from the ED, to facilitate the
communication between the ED and other services, and to speed
up the patient admission and discharge processes (45).

Patient tracking systems are based on infrared lights, radio waves
and ultrasound technology. Patients are generally followed up
with position transmission wristbands, and sensors and radios
are used as tracking tools (45,46). In some of these systems, by
manually entering and updating data, patient information can
be transferred and tracked from the ED to the inpatient units
to which the patient is transferred. Some other systems provide
tracking the location of patients in real time. Thus, it is possible
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to follow the units in which the patient in the ED is sent during
the whole treatment process in real time (45).

With real-time follow-up, it is possible to monitor how long
patients wait in the diagnosis and treatment units that they
are sent to. In the system, it is also possible for healthcare
professionals in the units where the patients go to share the
information and notes they consider important to the patient.
Along with the patient’s location, important warnings such as
“ready for discharge” or “waiting for the queue for X-ray” and
“risk of falling” can be transferred to the system and monitored
(44,45). All this information can be seen on a digital screen called
“electronic whiteboard” in the ED. Location transmission labels
can also be applied to beds, staff and equipment, and allow
tracking of all movements in the hospital (46).

Patient tracking systems and patient flow software provide ease
of use of time more efficiently and increase safety on patient
care (44). It is reported that the system facilitates the registration
of the procedures performed on the patients, reduces the waiting
time, and increases patient satisfaction (47). In addition, it
provides hospital managers with important data to analyze the
workflow. However, since patient tracking systems are very new,
their effects and success outputs have not been fully documented
(46).

Voice Response Systems

The follow-up of patients after discharge from the ED and the care
requirements in the early discharge period are among the issues
that draw attention in recent years. The most important problems
related to patient safety in early discharge are not knowing what
to do in case of symptoms restarting or progressing, and patients
do not have their recommended controls (48). Depending
on such problems, approximately 8% of the patients who are
discharged from the ED may develop various complications after
discharge (49). Telephone monitoring is carried out for the early
detection of possible complications. This practice is reported to
increase patient safety and satisfaction (48,50). However, it is
almost impossible to make phone calls with any patient who is
discharged in the intensive working conditions of the EDs. Voice
response systems have been used to overcome this limitation.

Interactive Voice Response System is an interactive system that
enables the exchange of information by accessing information
systems remotely by telephone, directing them with keys or
voice. Thus, financial problems, personnel and time shortages
can be overcome for the follow-up of patients discharged over
the phone. The software owned by these systems also enables
people to connect to a computer via the phone and transfer the
data entered by the patients to the digital environment through
the established connection (49,50).
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Conclusion

Technological innovations have provided significant benefits to
the treatment and care process in EDs from patient admission to
discharge. These benefits include reduced patient stay in the EDs,
rapid diagnosis, real-time follow-up of patients in the EDs and
hospital so that patient information can be shared with the entire
care team, and medical errors due to causes such as memory
factor and time pressure are avoided. The expeditious advances
in technology have the potential to offer innovative solutions
for predicting epidemics, avoiding preventable deaths, reducing
healthcare waste, and improving efficiency and quality of care
in ED services. However, in general, the use of technological
developments in healthcare services brings along problems such
as the safety and non-protection of patient data, weakening
of caregiver-patient interaction, problems of integration and
cost-effectiveness, and the inability of health professionals to
adapt adequately to new technological changes. In conclusion,
further studies with a high level of evidence regarding the effects
of technological innovations on patient safety, care cost, and
practitioner satisfaction are needed in order to overcome these
problems and provide ED services with the highest quality using
technological developments.
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Abstract

Aim: This study aimed to determine the knowledge level of nurses, emergency medical technicians, and paramedics about the basic and
advanced life support guidelines in children.

Materials and Methods: The study was conducted between July 2018 and August 2018, with 602 volunteer healthcare professionals, in
Gaziantep of Turkey province of Turkey where the pediatric population is high. Following the 2015 guidelines of the American Heart Association,
a questionnaire about basic and advanced life support in children and demographic data was administered. Statistical comparisons were
made between the groups.

Results: Of the 602 participants, 62% were male. The average age of the participants was 28.4 (minimum-maximum, 18-50) years. The basic
and advanced knowledge scores of the nurses were lower than those of the emergency medical technicians and paramedics. Those who work
in pediatric emergency departments and pediatric intensive care units, with 5-8 years of experience, and paramedics had high advanced life
support scores and total knowledge scores. The basic life support knowledge scores and total knowledge scores of those with certification
were good, but the advanced life support knowledge score was inadequate.

Conclusion: The basic and advanced life support knowledge scores of the professionals were moderate, and the total knowledge scores of
the nurses working in pediatric services were low. While basic life support knowledge scores of the paramedics and professionals working in

emergency departments and child intensive care units were low, their advanced life support knowledge scores were high.

Keywords: Basic life support in children, advanced life support in children, nurse, emergency medical technician, paramedics

Introduction

Cardiacarrest; It is the cessation of respiratory and cardiac activity
for many reasons, especially respiratory problems in children.
Cardiopulmonary resuscitation (CPR); defined as life-saving
procedures for airway safety and respiratory and circulatory
support following cardiac arrest (1).

According to the American Heart Association (AHA) guidelines-
Basic Life Support (BLS) guideline, children (between 28 days
and 18 vyears old) who do not respond to environmental
stimuli, are not breathing or breathing poorly, have no

central pulse, or have a central pulse < 60/minute should be
evaluated within a maximum of 10 seconds; help should be
called, respiratory and compression support should be started
and applied synchronously (1-3). When there is a rescuer, 30
chest compressions, and in case of double rescuer, 15 chest
compressions followed by 2 breaths should be applied. During
each compression, the rib cage should be collapsed at 1/3 depth
and allowed to stand back to create an effective pulse in the
patient. Chest compression should be 100-120/min for patients
with advanced airway support. Patients should be ventilated
asynchronously for 10 sec/min for each ventilation (1,4).
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The goal of performing CPR is to reach the patient’s previous
quality of life (1,4,5). With the developments in emergency care
and first aid methods in children; It was reported that discharge
after CPR reached from 24% to 43% (1,4-6). Early detection of the
life-threatening situation in the child services and early warning
of the emergency team, and the correct implementation of the
first and emergency aid can increase the success of CPR and
decrease mortality and sequela rates (2,3,5). In some studies, it
is stated that even if only effective compression is performed,
success has increased by 10%, and good neurological results can
reach 60% with high quality CPR application (1,5,7).

Survival and neurological good results; the patient’s age,
comorbidity, time of arrest, time to first aid, adequacy of medical
team and equipment, high quality CPR application and post-
resuscitative care are directly related (1,8-10). Turkey in practice
in order to increase the success rate of CPR according to AHA
guidelines, the children basic and advanced life support courses
are organized and maintained the certification.

In this study, in Gaziantep province in Turkey where child
population is high, it was aimed to determine the level of
knowledge in nurses, emergency medicine technicians and
paramedics who is dealing with pediatric patients according to
the basic and advanced life support guide AHA-2015 Guide in
children with the latest updates.

Materials and Methods

This study planned as a cross-sectional descriptor; Between July
2018 and August 2018, it was conducted in three big hospitals
of Gaziantep Turkey (Gaziantep Cengiz Gokcek Gynecology and
Pediatrics Hospital, Dr. Ersin Arslan Training and Research
Hospital and 25 Aralik State Hospital). One of the study centers;
the children’s hospital accepts about 250,000 children patient
per year; on the other hand, Dr. Ersin Arslan Training and
Research Hospital and 25 Aralik State Hospital accept an average
of 50,000-75,000 children patient per year. Nurses, emergency
medical technicians and paramedics; who works in the child
emergency departments, child intensive care units and child
services of these hospitals and who works in the ambulance
service and emergency health department operations and
coordination center of the province were included in the study.
Those who did not give care about pediatric patients and those
who were temporarily assigned to these units from other centers
were excluded from the study. Health workers other than nurses,
emergency medical technicians and paramedics were excluded.
The data were collected through a 16-question survey form.
Descriptive features such as age, gender, occupational title, year
of employment in the profession, the department they worked
in and basic and advanced life support certification status; asked
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as multiple choice or open-ended questions. In the second part
of the survey, the participants were asked ten multiple choice
questions to measure their level of knowledge about basic and
advanced life support in children. By giving “one point” to each
information question that is answered correctly; basic life support
evaluated by 5 points over 5 questions; advanced life support
was evaluated 5 points over 5 questions and life support total
knowledge level score was evaluated finally over 10 points. Based
on the total score; It was evaluated as “0-2 points: bad, 3 points:
medium, 4 points: good, 5 points: very good”. Knowledge level
questions were prepared by the researchers with reference to the
AHA 2015 guidelines-BLS (1). Permission was obtained from the
institutions where the study was conducted in order to conduct
the research. Ethics committee approval was obtained from the
Local Non-Interventional Clinical Research Ethics Committee
of Gaziantep University (no: 2019/148, date: 03.04.2019). The
participants were informed about the study, their verbal and
written consent was obtained and the study was completed on a
voluntary basis.

Statistical Analysis

SPSS 23.0 package program was used for statistical analysis of
the data. Categorical measurements were given as numbers
and percentages, while continuous measurements were given
as mean, deviation and minimum-maximum. The suitability
of variables to normal distribution was evaluated using visual
(histogram and probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk tests). Mann-Whitney U test
was used in binary variables and Kruskall-Wallis test was used in
more than two variables. Bonferroni analysis was used in Post-
Hoc analysis to determine the source of the difference between
the groups. Spearman correlation analyzes were applied for
correlation analysis between the scales. In all tests, p<0.05 was
considered statistically significant in all tests.

Results

Seven hundred fifty healthcare professionals (HPs) who met
the criteria of the study were reached, 602 of them voluntarily
participated in the study. In the study, 378 (62%) of the
participants were male and the average age of all participants
was 28.4 years (min-max: 18-50 years). On the other hand,
nurses with 414 participants were 68.8% of whole group. Four
hundred and thirty-three (73%) of the participants had less than
8 years of experience in their fields. One hundred and fifty-two
(25.2%) of the participants had a basic and advanced life support
certificate. Demographic characteristics of HPs are given in Table
1. The answers to basic and advanced life support questions and
the evaluation of the scale scores used are given (Figure 1).
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Table 1. Demographic features of healthcare professionals
n %
Gender Female 224 37.2
Male 378 62.8
<23 94 15.6
Asge (years) 2427 212 35.2
28-32 180 299
>33 116 19.3
<4 261 43.4
Professional experiences 58 172 28.6
9-12 89 14.8
>13 80 13.3
Nurse/health officer 414 68.8
Professional title Emergency medical technician 89 14.8
Paramedic 99 16.4
Have a basic and advanced life support certificate | Yes 152 252
No 450 74.8
Emergency department-child intensive care | 223 37.0
unit
Department General pediatric service 214 35.5
112 operator service 35 5.8
Ambulance service 130 21.7
mean + SD min-max
Age (years) 28.39+5.49 18-50
min: Minimum, max: Maximum, SD: Standard deviation, n: Number

What i the first step in basic life support?
If there is only one rescuer during basic life support, the
compression-respiration ratio should be 30.2.

If there is more than one rescuer during basic life
support, the compression-respiration ratio should be...

What should be the depth of chest compression in
children?
Where to check the pulse in children under one year old?
During advanced life support, compression-respiration
rate 15.2 (synchronized) should be continued.

Should patients without spontaneous breathing and the
heart pulse rate is> 60 pulse/min be breathed for how...

How many seconds is spent utmost for heart rate control
in children with life support?

How much is the adrenaline dose in cardiopulmonary
resuscitation (IV-10/kg)?

LIt

Should calcium be applied in any case during
: i e

o

10 20 30 40 50 60 70 80 90 100

m No Answer  m Wrong Answer (n/%)  m Right Answer (n/%)

Figure 1. Distribution of knowledge questions by percentage of
answers

A weak positive correlation was found between basic life support
knowledge scores (BLSKS) and advanced life support knowledge
scores (ALSKS) subscale dimensions (r=0.256). It was determined

that there was a strong positive correlation between BLSKS and
the total knowledge scores (TKS) (r=0.811) (p=0.001). There was
also a strong positive correlation between the ALSKS subscale size
and the TKS (r=0.773) (p=0.001). Average values of scale scores
are given in Table 2.

Gender and scale scores of health professionals and their
differences were not statistically significant (p>0.05). The
ALSKS [mean + standard deviation (SD)=3.24+1.04] and TKS
(mean + SD=6.2741.81) of the HPs who aged 28-32 years, were
higher than the other groups, and these scores were found
to be statistically significantly higher compared to other age
groups (p=0.001, p=0.022, respectively). The ALSKS (mean +
SD=3.20+0.96) and TKS (mean + SD=6.33%1.71) of those who
have worked and experienced in their fields for 5-8 years are
higher than the other groups, and the statistically significant
difference is due to this group (p=0.017, p=0.027, respectively).
It was found that paramedics’ BLSKS (mean = SD=3.33£0.97),
ALSKS (mean + SD=3.10£1.10) and TKS (mean + SD=6.43+1.64)
of paramedics were higher than all other groups, and this
difference was statistically was found to be significantly higher
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Table 2. Examining the scale scores used in the study

Mean * SD Min-max
Basic life support knowledge scores (BLSKS) 2.98+1.18 0-5
Advanced life support knowledge scores (ALSKS) 2.98+1.09 0-5
Total knowledge scores (TKS) 5.97£1.80 1-10

min: Minimum, max: Maximum, SD: Standard deviation, n: Number

(p=0.000, p=0.049, p=0.009, respectively). When the HPs with
basic and advanced life support certificates are compared; It
was observed that BLSKS was higher in those with certification,
but ALSKS was not different between groups (p=0.008, p=0.725,
respectively). While the BLSKS of those working in the ambulance
service was higher, the ALSKS of those working in the emergency
department-child intensive care units was higher. In Table 3,
all the relationship between the demographic characteristics
of HP and their scale scores is given. Eighty-three (54.6%) of
152 healthcare workers with certificates were employed in
the ambulance service; 194 (43.1%) of 450 healthcare workers
without certification were found to be working in the general
services. Certification information is given in Table 4 according to
the units in which HPs work.

Discussion

Our study is the first study which covers hospitals in a large
city where have many of the child population. Also, our study
included the largest participants in Turkey. Our results shows
that the participants’ who are young group with moderate
experiences BLSKS and ALSKS are moderate. On the other hand,
paramedics’ ALSKS and TKS were “good” in terms of level. While
the ALSKS of the HP working in the emergency departments and
child intensive care units were good, thoughtfully, their BLSKS
were insufficient. It was also determined that the HPs working in
the general service had low TKS and the certification contributed
positively to BLSKS and TKS, but had no effect on the ALSKS.

Nurses spend more time with the patient in the hospital
services due to their duties. Paramedics and emergency medical
technicians greet the patient first on the field. Therefore, they
can only take part in the starting minutes of the CPR, which is
directly related to the prognosis (3,6). In the literature, it has
been reported that the basic knowledge of CPR of nurses is low-
medium in general even in developed societies. Frequently CPR
trainings have been pointed out (11-19).

The HPs between 28-32 ages are good at advanced knowledge
score (AKS) and TKS. It can be explained by the fact that they were
mostly workingin the emergency departmentsand child intensive
care units, and also have moderate (5-8 years) professional
experience. It suggests that the hospitals’ management may have
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made their plans especially in this direction in departments with
dynamic functioning.

In this high-participation study shows that the professional
experience has not made a difference in BLSKS. The professionals
with moderate experience were better in ALSKS and TKS. This
could be explained by the fact that the information has been
obtained through more practice. It is found that the ALSKS of the
HP working in the emergency departments and child intensive
care units, which frequently encounter critical pediatric patients,
is good and the BLSKS is insufficient. It can be explained by
the fact that there are always doctors in these departments,
airway safety is provided early and more advanced life support
is provided. This also supports that information may have been
acquired through practice. Unlike in the literature, Orsal et al.
(20) study with the participation of 78 nurses stated that nurses
have >10 years of experiences have higher BLSKS and ALSKS.
Aygin et al. (21), study with the participation of 97 nurses stated
that the knowledge level of nurses working in education and
research hospitals was higher.

In our study, at all levels of knowledge of young and less
experienced (<4 years) HP does not make any difference, suggests
that the information learned in schools may be forgotten in
a short time. In the literature regarding CPR trainings, It was
stated that the trainings contributed the knowledge of HP but
the information gained was forgotten in a short time such as
3-6 months and it could not be reflected in the skill completely
(2,11,22-24). Similarly, Sener et al. (25) stated that school
knowledge continued in the first years of graduation, but
experience was at the forefront in the coming years.

Our study is composed of interested participants with pediatric
patientsonly, itisthe first study to compare different occupational
groups on that issue in Turkey. The lower BLSKS of nurses than
emergency medical technicians and paramedics suggests that they
may not have updated critical patient management information
in routine working conditions. Paramedics have higher advanced
knowledge than other groups, it can be explained by their
education is more focused on critical patients and they are more
active in the critical field due to working conditions. Therefore, it
may be beneficial to review the sections on critical child patient
management in nursing education program.
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Table 3. Comparison of demographic features and scale scores of healthcare professionals

Basic life support Advanced life support Total
n knowledge scores knowledge scores scores
Med (min-max) Med (min-max) Med (min-max)
Gender (u)
Female 224 3(0-5) 3(0-5) 6 (2-10)
Male 378 3(0-5) 3(0-5) 6 (1-10)
p 0.750 0.979 0.918
Age (years) (x2)
<23 94 3(1-5) 3(0-5) 6 (1-10)
24-27 212 3 (0-5) 3(0-5) 6 (2-10)
28-32 180 3(0-5) 3(0-5) 6 (2-10)
>33 116 3(0-5) 3(1-5) 6 (2-10)
p 0.575 0.001 0.022
Professional experiences (x2)
<4 261 3(0-5) 3 (0-5) 6 (1-10)
5-8 172 3(0-5) 3 (1-5) 6 (3-10)
9-12 89 3(0-5) 3 (1-5) 6 (2-10)
>13 80 3 (0-5) 3(0-5) 6 (2-10)
p 0.318 0.017 0.027
Professional title (x2)
Nurse/health officer 414 3 (0-5) 3(0-5) 6 (1-10)
Emergency medical technician 89 3(0-5) 3(0-5) 6 (2-10)
Paramedic 99 3(1-5) 3(0-5) 6 (2-10)
p 0.000 0.049 0.009
Have a basic and advanced life support certificate (u)
Yes 152 3 (0-5) 3(0-5) 6 (2-10)
No 450 3(0-5) 3(0-5) 6 (1-10)
p 0.008 0.725 0.029
Department (x2)
Emergency department-child intensive 223 3(0-5) 3(1-5) 6 (2-10)
care unit
General pediatric service 214 3(0-5) 3(0-5) 6 (1-10)
112 operator service 35 3(0-5) 3(1-5) 6 (2-9)
Ambulance service 130 3.5(0-5) 3(0-5) 6 (2-10)
p 0.001 0.000 0.001
Med: Median, min: Minimum, max: Maximum, n: Number
Table 4. Certification information according to the units where healthcare professionals work
Certification Emergency department-child General service | 112 operator Ambulance Total
intensive care unit n (%) service service n (%)
n (%) n (%) n (%)
Yes 33(21.7) 20 (13.2) 16 (10.6) 83 (54.6) 152 (25.2)
No 190 (42.2) 194 (43.1) 19(3.2) 47 (10.4) 450 (74.8)
Total 223 214 35 130 602
n: Number
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In Turkey, in order to increase the success rate of CPR practices,
basicand advanced life support in children courses are organized
and certification of health workers is done. According to our
study, the certification programs have contributed positively
to BLSKS and TKS. Therefore, repeated training activities can
be more beneficial. On the other hand, the fact that having a
certificate did not make a difference in ALSKS. It also suggests
that educational activities are more focused on basic life
support issues. It may be beneficial to expand the programs
by including the evaluation of the course achievements with
detailed feedback. On the other hand, facilitation of the transfer
of information and the learning of team members could be done
by planning of simulation-based trainings (26). Increasing the
number of courses, updating the training program and holding
case meetings involving the whole team can contribute to the
improvement. These meetings could be a step in increasing the
quality by strengthening team dynamics.

When the departments are analyzed, HPs (mostly nurses) working
in the general pediatric service have a poor TKS compared to
others. It is noticed that the renewal of knowledge during
routine work is insufficient and they continue to their work with
the former knowledge. We think that nurses should be more
involved in training on critical patients and their motivation in
this regard should be increased.

Study Limitations

The study reflects the knowledge level of HPs but does not
include skills and self-assessments. The study shows only the
results of HPs who work in those three large hospitals with high
patient populations and working in the city’s emergency health
services of Gaziantep which is the one of major cities of Turkey.
In addition, it does not reflect the knowledge levels of other HPs
who do not care for pediatric patients and who do not work as
nurses, emergency medical technicians and paramedics. It is also
among the other limitations of the study that the HP who have a
certificate could not learn the certificate update dates.

Conclusion

This study; It has shown that HPs basic and advanced life
support knowledge levels are not at the desired level. Also; It
has shown that the knowledge levels of HPs working in different
fields of hospitals are different from each other and that staffs do
not follow up-to-date information about that. We think that the
scope of trainings in both universities and hospitals should be
revised and their frequency should be increased.
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Appendix 1. Knowledge Level of Healthcare Professionals on
Basic and Advanced Life Support in Children

1. | participate in the survey on a voluntary basis.
A.Yes B. No

. Gender:

> N

. Female B. Male

. Your Professional Title:
. Nurses/Health officer
. Emergency Medical Technician

O wm o> W

. Paramedic
4. Your Age: ............

5. How many years have you been working in your profession?

6. Do you have a basic and advanced life support certificate
for children?

A. Yes B. No

7. In which unit are you working?

A. Hospital emergency-child intensive care unit
B. Hospital general pediatric service

C.112 operation service

D. Ambulance service

8. What is the first step in basic life support?
A. Look, listen, feel method

B. Calling for help, checking pulse and starting compression

9. Where is the pulse checked in children under one year old?
A. Carotid artery

B. Femoral-Brachial arteries

C. Dorsalis pedis artery

D. All

10. If there is only one rescuer during basic life support, the
compression-respiration ratio should be 30: 2.

A. Right B. Wrong
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11. If there is more than one rescuer during basic life support,
the compression-respiration ratio should be 15:2.

A. Right B. Wrong

12. What should be the depth of chest compressions in infants,
except for children and infants?

A. Chest anterior posterior diameter should be 1/4 deep, 3 cm,
speed should be 100-120/min.

B. Front anterior posterior diameter should be 1/3 deep, 4-5 cm,
speed should be > 100-120/min

C. Chest anterior posterior diameter should be 1/3 deep, 3 cm,
speed should be 100-120/min

D. Chest anterior posterior diameter should be 1/2 in deep, 4-5
cm, speed should be 100-120/min

13. How many seconds can be spent for heart rate control in
children who need life support?

A.5 sec B.10 sec C.15 sec

14. How many seconds should patients be breathed with a
heart rate> 60/min and no spontaneous breathing?

A. 3-5 sec B> 5 sec

15. During advanced life support, compression-respiration
ratio should be continued at 15: 2 (synchronous).

A. Right B. Wrong

16. How much is the dose of Adrenaline in cardiopulmonary
resuscitation (IV-10/kg)?

A-) 1 mg/kg (1/10000> 0.1ml/kg=1dzm/kg IV-10)

B-) 0.1 mg/kg (1/10000> 0.1ml/kg=1dzm/kg IV-10)

C-) 0.01 mg/kg (1/10000> 0.1ml/kg=1dzm/kg IV-10)

17. Should calcium be applied
cardiopulmonary resuscitation?
A.Yes

in any case during

B. No

Thank you for your participation in the survey.
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Abstract

Aim: This study aimed to evaluate the short-term clinical and radiographic results of combined open reduction and internal fixation in the
treatment of trans-scaphoid perilunate fracture-dislocation (TSPLFD).

Materials and Methods: Data of eight patients diagnosed with TSPLFD who underwent combined open reduction and internal fixation
and followed for a minimum of 8 months were retrospectively analyzed. All patients underwent surgical treatment with an Acutrak® screw,
ligament repair using suture anchors, and Kirschner wire. The functional outcomes were evaluated using the modified Mayo Wrist Scores and
total active range of motion scale. Radiographic outcomes were assessed based on standard X-ray images of the wrist.

Results: Of the patients, seven were male and one was female, and the median age was 32 years (range: 20-44). The median follow-up
duration was 12 months (range: 8-16). According to the TAROM scores, the outcomes were excellent and good in one and seven patients,
respectively. The median Mayo Wrist Scores were 84 (range: 80-95). Good radiographic results were achieved in all patients. No surgery-related
complications such as infection, loss of reduction, and Sudeck’s atrophy were observed.

Conclusion: Although TSPLFD is a rare condition, early diagnosis and surgical treatment yield favorable functional and radiographic results.
However, post-traumatic arthritis and functional dissatisfaction may occur in the long term.

Keywords: Trans-scaphoid perilunate fracture-dislocation, dorsal approach, Acutrak screw, suture anchor, Kirschner wire

In the present study, we aimed to evaluate short-term clinical and
radiographic results of combined open reduction and internal
fixation in the treatment of TSPLFD.

Introduction

Trans-scaphoid perilunate fracture-dislocation (TSPLFD) is an
uncommon injury of the wrist, usually caused by high-energy

Materials and Methods

trauma (1,2). It is more frequent in adult males and up to 25% of

cases are missed in the initial presentation (3,4). Dorsal perilunate
fracture-dislocation is the most common type of TSPLFD
characterized by the dorsal dislocation of the capitate head
from the distal lunate joint (3,5). Treatment options of TSPLFD
include closed reduction, open reduction with a dorsal approach,
volar approach, or combined (dorsal + volar) approach, and
arthroscopy-assisted reduction (6-9).

This single-center, retrospective study was conducted between
January 2019 and July 2020. A total of eight patients who were
admitted to the emergency unit with high-energy injuries and
underwent combined open reduction and internal fixation with
the diagnosis of TSPLFD and who were followed for minimum
eight months were included. The study period encompassed the
entire duration of surgery, follow-up, and data collection and
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analysis. All patients were surgically treated with an Acutrak®
screw, ligament repair using suture anchors, and Kirschner wire
(K-wire). A written informed consent was obtained from each
patient for all diagnostic and therapeutic procedures. The study
protocol was approved by the Local Ethics Committee of Ankara
City Hospital (no: E1-20-1230, date: 28.10.2020). The study was
conducted in accordance with the principles of the Declaration
of Helsinki.

All patients underwent a detailed medical history interview,
physical, local, and systemic examinations. Bilateral wrist
radiographs were obtained (Figures 1 and 2) and computed
tomography was performed. Based on the results, surgery was
decided. All operations were carried out by two hand surgeons
under general anesthesia. A 4-cm longitudinal skin incision
ulnar to the Lister's tubercle was made. The extensor pollicis
longus tendon was released distally and retrieved from the
third extensor compartment. The joint capsule was reached
through the second and fourth compartments. The capsule was
opened using a T-shaped incision. The K-wires were placed into

Figure 1. Anteroposterior X-ray of trans-scaphoid perilunate
fracture-dislocation

Figure 2. lateral X-ray of trans-scaphoid perilunate fracture-
dislocation
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the scaphoid fracture line and used as joysticks for reduction.
Then, two thin K-wires were placed dorsally to fix the scaphoid.
Following drilling of the most central K-wire under the guidance
of fluoroscopy, compression was applied using an Acutrak®
(Acumed Inc., OR, USA) screw. The dorsal lunotriquetral ligament
was ruptured with joint instability. The ligament was reduced
using surgical instruments and the lunotriquetral joint was
stabilized via two percutaneous K-wires through the triquetrum.
A mini-anchor (2.0 mm) was threaded on the lunate and the
lunotriquetral ligament was repaired with reinforced suture
anchors. The joint capsule was repaired via 3-0 polydioxanone
(PDS) suture (Ethicon Inc., NY, USA) and the extensor retinaculum
was approximated via 4-0 PDS suture. The skin was closed with
4-0 prolene sutures.

Following the wound dressing, the wrist through the volar
capsule was casted in neutral alignment using short-arm
casts. The absence of postoperative neurovascular deficit was
confirmed, and control X-ray was performed (Figures 3 and
4). Wound dressing was advised to the patients and/or their
caregivers every three days. The patients were scheduled for

Figure 3. Postoperative anteroposterior X-ray of a 32-year-old
male patient

Figure 4. Postoperative lateral X-ray of a 32-year-old male patient
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follow-up on postoperative day 7"" and the absence of loss of
reduction was confirmed by radiographs. The sutures were
removed at week 2" and a circular short-arm plaster cast was
placed. At week 6", the K-wires were retrieved from all patients
under local anesthesia. The patients and/or caregivers were
instructed to do wrist exercises at home and were referred to
the hand rehabilitation unit. The rehabilitation program was
applied both under the supervision of physiotherapists and as
a self-supervised program. At three months following surgery,
the range of motion (ROM) measurements were performed.
The patients in whom the ROM was normal were scheduled for
follow-up at 6" and 12" months (Figures 5 and 6).

Figure 5. Postoperative anteroposterior X-ray of a 32-year-old
male patient at one-year follow-up

Figure 6. Postoperative lateral X-ray of a 32-year-old male patient
at one-year follow-up

The functional outcomes were evaluated using the modified
Mayo wrist scores and total active range of motion (TAROM)
scale as excellent (90-100), good (80-90), fair (65-80), and poor
(<65). Flexion and extension were measured and the discrepancy
between the operated and non-operated wrists was examined.
Radiographic outcomes were assessed based on standard X-ray
images of the wrist and were classified using the Herzberg
classification (Table 1, Table 2) (3,10).

Statistical Analysis

Statistical analysis was performed using the SPSS for Windows
version 17.0 (SPSS Inc., Chicago, IL, USA). Descriptive data were
expressed in median (minimum-maximum) or number and
frequency, where applicable. The Student t-test was used to
compare the ROM of the joint between the operated and non-
operated wrists. A p-value of <0.05 was considered statistically
significant.

Results

Of the patients, seven were males and one was female with a
median age of 32 (range: 20 to 44) years. The etiology of TSPLFD
was a high-energy injury, including fall from a height in six
patients, motorcycle accident in one patient, and in-vehicle
accident in one patient. The patient with a history of fall from
a height had an additional intra-articular distal tibial fracture

Table 1. Radiological and functional outcomes of the patients

Herzberg’s classification

Stage | Lunate remained in place under the radius

Stage lla Lunate was palmarly dislocated but rotated by
less than 900

Stage Ilb Lunate was palmarly dislocated and rotated

more less than 900

Table 2. Herzberg’s radiological score

Normal carpal alignment and morphology of carpal

A bones

Abnormal carpal alignment or morphology of carpal
bones; 1 or more of the following:

Static scapholunate dissociation

Static lunotriquetral dissociation

Ulnar translation of the carpus

Nonunion of scaphoid or other carpal bone

B Malunion of scaphoid or other carpal bone (more
than 1 mm step-off on articular surfaces)

Collapse of lunate and or proximal pole of scaphoid,
suggesting avascularity

Carpal collapse pattern (dorsal intercalated segment
instability or volar intercalated segment instability)
without 1 of the above causes

X-ray film modified by the treatment (proximal row

carpectomy, wrist arthrodesis, etc.)
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of the contralateral limb. At the time of admission, physical
examination findings of the patients included tenderness over
the radiocarpal joint and fovea radialis of the scaphoid bone
with limited flexion, extension, supination, and pronation of the
wrist. Posteroanterior X-ray revealed the interrupted lines of the
Gilula (Figure 7), while lateral X-ray showed malalignment in the
radius lunate and capitatum (Figure 8) (11). All patients, except

Figure 7. Irregular the interrupted lines of the Gilula

Figure 8. Malalignment in the radius, lunate and capitatum

for one, underwent closed reduction in the emergency room.
Following reduction, no neurological deficit was observed. The
median time from the onset of injury to surgery was 1.5 days
(range: 1 to 3), depending on the wrist edema. No postoperative
neurovascular deficit was observed in any of the patients. The
median time to discharge was 1.5 days (range: 1 to 3). The
median follow-up was 12 months (range: 8 to 16).

The median time to K-wire removal was 6 weeks (range: 5 to 7).
According to the TAROM scores, the results were excellent in one
patient and good in seven patients. The median Mayo Wrist scores
was 84 (range: 80 to 95). Good radiographic results were achieved
in all patients. The median flexion was 50° (range: 30° to 85°) in
the operated side and 70° (range: 35° to 90°) in the non-operated
side (p<0.05). The median extension was 30° (range: 20° to 60°) in
the operated side and 50° (range: 25° to 65°) in the non-operated
side (p<0.05). According to Herzberg’s classification, seven of the
patients had Stage | and one had Stage Ilb disease. No surgery-
related complications such as infection, loss of reduction, or
Sudeck’s atrophy were observed during follow-up.

Radiological and functional outcomes of the patients are given
in Table 3.

Discussion

Perilunate fracture-dislocations account for 2% to 3% of all carpal
injuries (12). It is rarely reported in children (13), and frequently
affects young male adults with an average age of 30 years (14).
The most common causes are motorcycle accidents and fall from
a height. Consistent with the literature, seven patients were male
adults with a median age of 32 years (range: 20 to 44) in our
study. The etiology of TSPLFD was a high-energy injury, including
fall from a height in six patients, motorcycle accident in one
patient, and in-vehicle accident in one patient. In addition, the
patient with a history of fall from a height had an additional
intra-articular distal tibial fracture of the contralateral limb.

Table 3. Radiological and functional outcomes of the patients

Case Age/Sex Follow-up (m) Quality of reduction Mayo wrist score Radiological herzberg
score

1 44/M 8 Good 80 A

2 41/M 10 Good 82 A

3 35/M 10 Good 82 A

4 32/M 12 Good 84 A

5 32/F 12 Poor 84 A

6 30/M 14 Good 86 A

7 25/M 15 Good 86 A

8 20/M 16 Good 95 A

M: Male, F: Female
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Perilunate fracture-dislocations are primarily evaluated based
on the locations of the capitate and lunate. If the capitate is
located in the dorsal lunate, it is classified as dorsal dislocation
and if it is located in the volar lunate, it is classified as volar
dislocation. The incidence of dorsal dislocations is higher than
the volar type and, in the majority of cases, scaphoid fractures
are accompanied, known as TSPLFD (14). In our study, all patients
had dorsal dislocations presenting with scaphoid fractures.

Review of the literature reveals that time from injury to surgery
and open fractures are the main prognostic factors of dorsal
perilunate fracture-dislocations (15). In a study, Komurcu et al.
(16) reported that early treatment of TSPLFD with open reduction
and internal fixation yielded favorable results. In our study, the
median time from the onset of injury to surgery was 1.5 days
(range: 1to 3), depending on the wrist edema. Of note, all of our
patients had closed injuries.

Although rare, surgical treatment of acute perilunate dislocations
with proximal row carpectomy and three-corner fusion has been
described in the literature (17,18). However, open reduction
combined with a volar, dorsal or combined (dorsal + volar)
approach is more frequently used in the daily practice (19,20).
The K-wire with and/without headless cannulated screws is
widely applied to those presenting with additional scaphoid
fractures. In the present study, all patients were treated through
a dorsal approach and a headless cannulated screw was used
for the treatment of scaphoid fractures. Ligament repair was
performed using suture anchors and K-wire. These wires were
buried beneath the skin and left in situ for about six weeks. In a
previous study, the lunotriquetral ligament was repaired using
the K-wire which was left in situ for minimum eight weeks (21).

Furthermore, there are several studies reporting median and
ulnar nerve injuries following perilunate fracture-dislocations
(22,23). In our study, one patient had numbness in the first three
fingers after surgery which resolved spontaneously at the end
of six weeks. Neuropraxia was suspected in this patient and no
additional treatment was given.

Study Limitations

The single-center, retrospective nature of the study with relatively
small sample and short follow-up size are the main limitations
of this study.

Conclusion

In conclusion, although TSPLFDs are rare entities, early
diagnosis and surgical treatment yield favorable functional
and radiographic results. However, post-traumatic arthritis and
functional dissatisfaction may occur in the long-term.
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Abstract

Aim: This study aimed to determine the anxiety levels of emergency healthcare workers during the coronavirus disease-2019 (COVID-19)

pandemic.

Materials and Methods: This descriptive and cross-sectional study was conducted using face-to-face interviews with 153 healthcare workers
in emergency service clinics who cared for patients suspected of COVID-19. Study data were obtained using a descriptive characteristics

questionnaire and the State-Trait Anxiety Inventory (STAI).

Results: The mean state anxiety score of emergency healthcare workers was 42.76+10.06, the mean trait anxiety score was 42.11£8.22,
and the total scale mean score was 84.88+15.11. No significant relationships were found between STAI scores and participants’ descriptive
characteristics (i.e., workplace, gender, marital status, age, profession, years of experience, and satisfaction with work conditions).

Conclusion: This study revealed that emergency healthcare workers experienced anxiety at the panic level.

Keywords: Anxiety, emergency, COVID-19

Introduction

Humanity has faced disasters throughout history. One type of
disaster is epidemic disease, which deeply affect humanity and
lead to death and devastating effects. They also disrupt social
life and the commercial activities of communities (1). Today’s
disaster is the novel coronavirus disease-2019 (COVID-19), which
emerged in December 2019 in the Wuhan Province of China and
went on to affect the entire world. It was determined that this
disease is caused by a new type of coronavirus (CoV) that has not
been detected before, and it was named SARS-CoV-2 due to its
similarity to the Severe Acute Respiratory Syndrome (SARS) virus
(2,3). While SARS-CoV-2, a member of the CoV family, is causing
a pandemic, the Middle East Respiratory Syndrome (MERS) and
SARS have also caused serious infection rates and deaths in the

world. In addition, this family has many subtypes (HCoV-229E,
HCoV-0(43, HCoV-NL63 and HKU1-CoV), which can be found in
people, but are characterized by milder infections (2,4).

As in all epidemics, people’s lives have also been turned
upside down, and an atmosphere of panic has been created in
societies. Despite all protective and isolation measures taken by
governments, social psychological trauma could not be prevented.
Health workers have found themselves in a more peculiar position
in terms of psychological trauma. They not only face normal risks
like other people, but also professional risks (5,6). Those who
perform invasive procedures such as intubation and resuscitation,
bronchoscopy and catheter insertion, and laboratory workers
and healthcare workers who are in direct contact with patients
constitute the high-risk group. Emergency health workers are thus
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part of the high-risk group for COVID-19. In addition, healthcare
workers face problems such as discrimination, exclusion and
pressure in society, working above capacity, separation from their
families and burnout syndrome. These have led to stress, anxiety
and depression (7).

Without doubt, the emergency service workers who first
encounter COVID-19 patients are among the groups that have
experienced these feelings most intensely during the pandemic.
Determining the anxiety levels of the emergency service workers
who faithfully struggle with the pandemic, and planning
appropriate measures is extremely important both for emergency
service workers and for the quality and reliability of the services
they provide to the public. Before effective approaches are
developed to support health professionals, it is important to
determine their anxiety and fear levels (8).

This study aims to determine the anxiety levels of emergency
health workers during the COVID-19 pandemic.

Materials and Methods

Type of Study

This is a descriptive and cross-sectional study.

Study Population and Sample

This study was conducted from June 1 to June 30™, 2020 by face-
to-face interviews with 153 health professionals who deals with
suspected COVID-19 patients at the emergency service clinics of
Erzurum Atattirk University and Erzurum District Training and
Research Hospital. The study population consisted of 184 people
who worked in these hospitals during the study period, and the
study sample consisted of 153 voluntary participants who agreed
to participate in the study. The population representation power
of the sample was 83.2%.

Data Collection

The study data were obtained using a descriptive characteristics
questionnaire and the State-Trait Anxiety Inventory (STAI). The
participants filled out the forms individually in approximately
five minutes.

The Descriptive Characteristics Questionnaire consists of 14
questions regarding the health professionals’ age, gender and
professional information.

The State-Trait Anxiety Inventory (STAI) was developed by
Spielbergetal. (9)inthe USAin 1970 and its Turkish form’s validity
and reliability were performed by Oner and Le Compte (10). This
form includes two scales consisting of a total of 40 questions. The
first 20 questions measure the state anxiety level of the patient,
while the remaining questions measure the trait anxiety levels.
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The state anxiety scale requires individuals to determine how they
feel at a certain time and under certain conditions and answer
the questions considering their feelings under these conditions.
The trait anxiety scale requires individuals to determine how
they generally feel. While reading the state anxiety scale, in
accordance with the strength of the current feelings, patients
answered each question with one of the following responses: (1)
Never, (2) Some, (3) Much or (4) Completely. They answered each
question of the trait anxiety scale with one of these responses:
(1) Rarely, (2) Sometimes, (3) Mostly or (4) Almost every time.
There are two types of statements on the scales that are either
direct or reverse statements. Both the state anxiety and the trait
anxiety scales include 10 questions with direct statements and
10 with reverse statements. Direct statements indicate negative
feelings, while reverse statements represent positive feelings.
When scoring the reverse statements, statements that have
a weighted value of 1 become a 4, and a weighted value of 4
becomes a 1. Furthermore, answers with a value of 4 indicate
a high level of anxiety in direct statements, however, in reverse
statements, answers with a value of 1 indicate a high level of
anxiety. According to Oner’s suggestion, on Speilberg’s state trait
anxiety scale, scores are assessed as follows: 0-19 points indicate
“no anxiety”, 20-39 points indicate “slight anxiety”, 40-59 points
indicate “moderate anxiety”, 60-79 points indicate “severe
anxiety” and scores of 80 and higher represent “panic” (9,10). In
this study the Cronbach’s alpha internal consistency coefficient
was 0.71.

Statistical Analysis

All data were analyzed with SPSS (Statistical Package for the
Social Sciences) software for Windows (v18.0; IBM, Armonk,
NY, USA). Individual and aggregate data were summarized
using descriptive statistics including mean, standard deviation,
medians (minimum-maximum), frequency distributions and
percentages. Initial evaluations and comparison of the data for
normal distribution was made via Kolmogorov-Smirnov and
Shapiro-Wilk tests. Comparison of the dependent variables with
normal distribution was made with Student’s t-test and ANOVA.
For the continuous variables that were not normally distributed,
the Kruskall-Wallis and Mann-Whitney U tests were conducted
to compare the groups. The results were evaluated at a 95%
confidence interval, and p<0.05 was the threshold for statistical
significance.

Ethical Aspects of the Study

The principles of the Declaration of Helsinki were followed
during the study. Approval was obtained from Atatiirk University
Faculty of Medicine Ethics Committee (no:15, date: 28.05.2020).
Information was given to the participants about the purpose of
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the study, its methods and the time they were asked to allocate
for the study. Their verbal consent was obtained, after explaining
that the data collected would only be used within the scope of
the study, and that confidentiality would be strictly ensured.

Results

The biggest group of the participants (64.7%) had been working
at the district training and research hospital; 57.5% of the
participants were men, and 51.6% were married. The biggest
education group was formed by high school graduates (35.9%);
39.2% had worked at the hospital for 1-5 years, and 28.8% were
nurses. Finally, 82.4% liked their profession, and 57.5% were
satisfied with their work conditions (Table 1).

The participants’ mean state anxiety score was 42.76+10.06, and
their mean trait anxiety score was 42.11+8.22. Their mean score
on the entire STAl was 84.88+15.11 (Table 2).

Table 3 shows a comparison of STAI mean scores and the
participants’  descriptive  characteristics. No  statistically
significant relationships were found between the participants’
STAI mean scores and their descriptive characteristics (workplace,
gender, marital status, age, profession, years in the profession,
satisfaction with work conditions).

Discussion

During epidemics, healthcare workers are in closest contact
with infected patients. Healthcare professionals at the forefront
of combating the disease in this difficult time have been
confronted with a deadly virus with an extremely high rate of
contagiousness which has never been seen before. The mental
health of healthcare professionals in emergency departments
has been significantly affected, and they experience serious
difficulties dealing with this complex situation (11,12). The
results of the current study are discussed here along with those
in the literature.

This study determined that the participants’ mean score on
the entire STAl was 84.88, which corresponds to panic. Studies
have reported that the COVID-19 pandemic has had more
psychological effects on healthcare personnel than injuries
(11,12). Cheung et al. (13) conducted a study in Hong Kong and
found that medical and nursing personnel experienced high
levels of burnout, mental fatigue and anxiety due to the COVID-19
pandemic. Bohlken et al. (14) determined that doctors in
Germany experienced high levels of anxiety and show depressive
symptoms. Unfortunately, previous studies have reported that
severe psychological pressure and intense fear of death have even
led healthcare personnel to attempt suicide (15,16). Healthcare
workers on the frontline in Wuhan were under moderate to

severe stress during the peak periods of the epidemic, and many
reported high anxiety levels and depression (17). Regarding this
subject, another study conducted in Wuhan, the main center
of the epidemic, reported that a large proportion of healthcare
workers experienced severe anxiety and most of them received
psychological help (18). Chew et al. (19) conducted a multi-center
study and found that 8.7% of healthcare personnel experienced
anxiety on levels from moderate to panic. The results of this

Table 1. Distribution of the emergency health professionals’
descriptive characteristics

Characteristics Number | Percentage
Hospital

District Research Hospital 99 64.7
Atatiirk University Research Hospital 54 35.3
Gender

Female 65 42.5
Male 88 57.5
Marital status

Married 79 51.6
Single 74 48.4
Education

Primary school graduate 6 39
High school graduate 55 359
Associate’s degree 25 16.4
Bachelor’s degree 32 209
Master’s degree 35 229
Years of work experience

1-5 years 60 39.2
6-10 years 53 34.6
11 years and more 40 26.1
Profession

Physician 39 255
Nurse 44 28.8
Emergency medical technician 13 8.5
Triage staff 6 3.9
Personnel (cleaning and transport) 21 13.7
Other (medical secretary, X-ray 30 19.6
technician, etc.)

Are you happy with your job?

Yes 126 82.4
No 27 17.6
Are you satisfied with your work conditions?

Yes 65 42.5
No 88 57.5
Age [Mean (SD)] 30.96+7.13

SD: Standard deviation
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Table 2. Minimum and maximum scores on the State-Trait Anxiety Inventory (STAI) and the distribution of mean scores

Subdimension Min-max scores Mean scores X + SD
State Anxiety Scale 20-65 42.76+10.06

Trait Anxiety Scale 21-72 42.11£8.22

STAI Score 41-125 84.88+15.11

SD: Standard deviation

Table 3. Comparison of the mean scale scores and the descriptive characteristics of the emergency healthcare workers

Scale X+ SD Test and significance value
Place of employment
District training hospital 83.31+13.81 t=-0.412
Research hospital 84.31£16.05 p=0.58
Gender
Female 84.31+13.81 t=-0.412
Male 85.31416.05 p=060
Marital status
Married 83.70+14.95 t=-1.002
Single 86.14+15.30 p=0.30
Profession
Physician 84.05116.78
Nurse 85.61+15.27
Emergency medical technician 78.00+16.49 F=1.239

STAI Personnel (cleaning and transport) 82.23115.31 p=0.29
Triage 88.00£10.03
Other 89.10+11.97
Total 84.88+15.11
Years of work experience
1-5 years 85.06+16.72
6-10 years 85.43+14.69 ;iggj
11 years or more 83.87+13.35
Total 84.88+15.11
Satisfaction with work conditions
Yes 83.83+15.92 t=-0.728
No 85.65+14.54 p=046
Age r=-0,033

p=0.68

STAI: State-Trait Anxiety Inventory, SD: Standard deviation

study are consistent with the international literature. Emergency
departments are first groups to come into contact with people
infected with COVID-19, and many aspects of the disease that
are not yet fully understood, the fear of death and intense work
conditions cause them to experience panic level anxiety. At the
same time, the fear of transmitting the virus to their families
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and necessity of staying away from their families during this
time is thought to be another reason for intense stress. News
about healthcare workers in other countries going through very
difficult times due to severe work conditions, also increased the
anxiety levels of emergency health personnel.The anxiety levels
of this study’s participants did not vary with sociodemographic
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variables such as age, gender, marital status or profession. Huang
and Zhao reported that young people in China experienced
more fear of catching the disease, and that their anxiety levels
were higher (20). The first scientific study of the anxiety levels
of healthcare professionals in Wuhan reported that female
healthcare professionals experienced more fear than their male
counterparts (17). A study conducted in Turkey found that nurses
experienced more anxiety than other healthcare personnel,
and that female healthcare workers experienced more anxiety
than males (21). Another study determined that approximately
one-third to half of nurses had symptoms of anxiety, depression
and insomnia. It also reported that, like nurses, physicians
experienced great levels of stress, and that nearly half of them
experienced anxiety and depression (22). This study’s results
differ from those in the literature. This may be due to the panic
level anxiety of this study’s participants. Because all groups
had high levels of anxiety, mean score of the whole population
was found at panic level. In addition, this result may be due
to the fact that the study was conducted when the pandemic
reached high levels and awareness of all groups increased as the
epidemic had spread and become a more severe pandemic. The
literature describes four levels of anxiety: mild, moderate, severe
and panic. At the panic level, responsiveness to external stimuli
decreases, motor coordination weakens, and communication
problems occur. In addition, problems such as dyspnea, dizziness
and fear of death may occur (23). Panic level anxiety negatively
affects all personnel, regardless of age, gender, marital status
or profession. This study shows how seriously this epidemic has
affected emergency healthcare professionals who are in constant
contact with infected patients, who are the first group to interact
with them and who are at risk of being infected.

Study Limitations

The study was conducted in the center, and the study sample
reflects only one area of Turkey. The results of this study can be
generalized to the study group.

Conclusion

The results of the study indicate that the emergency healthcare
workers experienced anxiety at the panic level. Anxiety affects
mental status and can cause serious problems for the short- and
long-term psychological well-being of emergency health care
personnel. It is extremely important to evaluate anxiety levels
in order to provide an effective support system for emergency
health personnel, to begin their psychological recovery process
as soon as possible and to meet their psychological care needs.

In order to protect the mental health of emergency medical
personnel, psychological counseling and group meetings should
be provided to address and manage methods of coping with the
anxiety caused by this pandemic.
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Abstract

Aim: Patients with non-urgent (NU) issues go to the emergency department (ED) rather than to primary care providers, and this has become
a worldwide problem. Thus, this study aimed to determine the characteristics of NU patients and to compare the use of EDs and family
physicians (FPs).

Materials and Methods: This cross-sectional study was conducted in the ED of a tertiary hospital. A questionnaire was administered to NU
(level 5) patients (aged >18 years) defined using the five-level triage system.

Results: Upper respiratory tract infection symptoms (19.6%) and gastrointestinal system problems (18.6%) were the most common complaints.
FP contact was made before the ED visit by 13.3% of the patients. Most of them (79.6%) stated that they were satisfied with their FP and 6.1%
never went to the FP. As regards health problems, 39.5% and 29.3% reported that they preferred the FP and ED, respectively. The visiting
frequency of >3 times per year was 30.1% for the ED and was 42.9% for the FPs. The frequency of ED visits of those who were not satisfied
with their FP was significantly higher than those of other participants (p=0.025). A significant relationship was found between the frequency
of ED visits and FP visits.

Conclusion: Less than half of the patients preferred FPs when they had health problems. Those who visited the ED also frequently visited FPs.
Dissatisfaction with the FP is associated with the frequency of visits in the ED.

Keywords: Emergency department, non-urgent use, family physician, primary care

urgent intervention (4). However, NU use of EDs is common in
many countries and is an important factor in overcrowding (5).
The increasing number of patients leads to problems such as

Introduction

Using primary healthcare system effectively results in increased

patient satisfaction, improved health status of patients, reduced
use of hospital resources and reduced health costs (1). Despite the
expansion of primary healthcare services around the world, the
first choice of many people in the healthcare system remains the
emergency departments (EDs) (2). It has been reported that the
rate of non-urgent (NU) patient visits to EDs varies between 12%
and 56% in different countries (3).

EDs are designed to provide continuous, rapid, qualified and
accessible healthcare for injuries and acute diseases that require

increased waiting time of patients, insufficient health care, and
increased morbidity and mortality rates (6). NU visits may lead
to problems like unnecessary examinations, wrong treatments,
excessive health expenditures and the loss of comprehensive care
services that can be provided by primary care physicians (7).

It is difficult to evaluate and define patient visits that are NU or
inappropriate for EDs. It is generally defined as visits that do not
increase the probability of a negative risk in health conditions
with a delay of a few hours (8). These patients are generally
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primary care patients and can be given appropriate care by the
general practitioner or family physician (FP) without the need for
fast and special services of the ED (9).

The perceived severity of the disease, the desire for a quick
recovery, the efficiency of primary health care services, and
the lack of access to primary care and other alternative health
services are important factors in NU patients visiting EDs (10-12).

Although there is no clear data on the number of NU visit rate
in Turkey, it is known that the number of ED visits increase
gradually. ED visits per capita were 1.11 in 2009 and increased to
1.12in 2013 (13). It was reported that approximately 290 million
people applied to hospitals affiliated to the Ministry of Health
between January and October 2017, and 28.5% of them were ED
admissions (14).

Primary healthcare services are provided by FPs in Turkey since
last 10 years. Each person has a registered FP. When a person is
not satisfied, he/she has right to choose different FP. FPs generally
serve within office hours (8.00 am to 17.00 pm). Patients can apply
EDs or hospitals directly instead of their FP during office hours.
In Turkey, there are a limited number of studies researching the
reasons of NU patients preferring EDs instead of FP. This study
was conducted to determine the characteristics of NU patients
who applied to the ED of a university hospital located in the
southern Turkey, their reasons for admission and to compare the
features of use FPs.

Materials and Methods

This cross-sectional study was conducted between April 2019 and
June 2019 during office hours (between 9:00 a.m. and 5:00 p.m.
on weekdays). It was carried out in the ED of Gaziantep University
Faculty of Medicine, Training and Research Hospital. Gaziantep
is one of the largest cities in southern Turkey with a population
of 2.7 million. The hospital’s ED is the largest ED in the region by
serving approximately 255,000 patients per year. The hospital is
located in a central area where patients can easily arrive from all
regions of the city.

According to the triage operation procedure of the ED, in which
the study was conducted about, patients are evaluated by the
nurses and doctors in charge of triage in accordance with the
5-level triage system by the priority of injury. The patients are
classified as follows: Severely injured patients are classified with
code red (level 1-2), middle injured patients are classified with
code yellow (level 3-4), patients with good general condition,
stable vital signs and health problems that do not require urgent
intervention are classified as NU (triage level-5) with code green.

Inclusion criteria in the study were being 18 years of age or older,
being Turkish speaker and classification with triage level 5. The
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patients with this feature were informed about the study by the
triage doctors. Questionnaires were handed out to the patients
who agreed to participate in the study. Patients completed the
questionnaires after the consultation at the ED. The patients
who gave incomplete answers to the questions in the patient
survey, cases for examinations that cannot be performed under
family healthcare center's conditions (such as radiography,
ultrasonography), forensic cases and mentally disabled patients
were excluded from the study.

The questionnaire, which was prepared by scanning the literature
(15-17), contained 15 questions divided into two sections.
In the first part of the patient survey, the sociodemographic
characteristics of the patients (age, gender, education level,
income status, marital status, place of residence) were
questioned. In the second part of the questionnaire, there were
nine questions about the patients’ use of EDs and FPs.

Ethics

Ethical approval was obtained from the Ethics Committee
of Gaziantep University Medical Faculty (decision number:
2019/103, date: 06.03.2019). Informed consent was obtained
from the patients who participated in the study.

Statistical Analysis

SPSS (Statistical Package of Social Sciences) version 23.0 software
was used for statistical analysis and p<0.05 was considered
statistically significant. Number and percentage values were used
for descriptive statistics, and categorical variables were evaluated
by the chi-square test.

Results

We enrolled 402 patients during the study period. Ten people
were excluded due to missing data. Thus, a total of 392 people
were included in the study. The average age of the patients was
40.3£13.8 (minimum: 18 - maximum: 81) years, and 47.2% in
the 30-50 age range. 50.8% (n=199) of the participants were
male, 33.4% (n=131) were high school graduates, 50.5% (n=198)
were middle level incomed and 76.3% (n=299) were married.
The socio-demographic characteristics of the patients are shown
in Table 1.

It was found out that 19.6% (n=77) of the complaints at ED
admissions had problems related to the upper respiratory
system, 18.6% (n=73) had complaints about the gastrointestinal
system, 13.3% (n=52) had musculo-skeletal system (Table 2).

It was found that 13.3% (n=52) of the patients who applied to FP
before applying to the ED. The majority of the participants (79.6%
n=312) stated that they were satisfied with the FP, 10.5% (n=41)
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did not know their FP. Six percent of the participants stated that
they never went to the family doctor. Twenty-four (6.1%) patients
stated that they never went to the family physician. In case of
any health problem, the 39.5% (n=155) chose FPs and 29.3%
(n=115) chose EDs as their first prefer. The most common reason
for applying to the FP was for prescribing medication with the
rate of 59.8% (n=220) and after that, for being examined for
health problems with the rate of 40.2% (n=148). The decision
between the ED and FP of the patients are shown in Table 3.

42.9% (n=168) of the patients stated that they visited their FP
and 30.1% (n=118) visited the ED three or more times in a year.
A significant correlation was found between the frequency of ED
visits and the frequency of FP visits. It was found that more than

half (55.9%) of those who visited the ED three or more in a year
also visited the FP three or more in a year (Table 4).

The frequency of ED visits was found to be significantly higher
(p=0.025) of those who were not satisfied with their FP compared
to other participants (those who did not know the FP and were
satisfied with the FP) (p=0.025). In the Table 5 the comparison
of the participants’ dissatisfaction with their FP and the visit
frequency of ED were shown in.

Discussion

The first contact point between general practitioner and FP
is providing personalized healthcare and this is important
for directing individuals with serious injuries or diseases to

Table 1. Demographic characteristics of the patients

n %
Gender Male 199 50.8
Female 193 49.2
Under 30 108 27.6
Age category 30-50 years 185 472
Over 50 years old 99 253
Marital status Married 299 76.3
Not married 93 23.7
Low 54 13.8
Income level Medium 198 50.5
Good 140 35.7
Primary school 929 253
Educational level Secondary school 102 26.0
High school 131 33.4
University 60 15.3
Place of residence Province 328 83.7
County/village 64 16.3
Table 2. Complaints of patients while emergency service applications
n %
Complaints about the upper respiratory tract 77 19.6
Complaints about the gastrointestinal system 73 18.6
Muscle-joint complaints 52 133
Complaints about genital and urinary tract 48 122
Dizziness, headache, and confusion 48 12.2
Minor traumas (fall-hit) 43 11.0
Skin related complaints 25 6.4
Psychological issues 1 2.8
Other 15 3.8
Total 392 100.0
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Table 3. Features of patients using emergency department and family physician
n %
. . Yes 52 133
Primary healthcare centers before the emergency service
No 340 86.7
. . Yes 368 93.9
Visited primary healthcare center
No 24 6.1
Do not know 41 10.5
Satisfaction with the family physician Satisfied 312 79.6
Unsatisfied 39 9.9
Family physician 155 39.5
The most preferred application institutions for health problems Hospitals 122 317
Emergency department 115 293
One or less in a year 49 12.5
Visit frequency of family physician 1or 2 times a year 175 44.6
3 and more in a year 168 429
1-2 times in my life 69 17.6
Visit frequency of emergency department Tor2times a year 205 523
3 and more in a year 118 30.1
Being examined for health problems | 148 40.2
Prescribing medicine 220 59.8
The most common reasons for using family physician* Blood pressure measurement/
8 Yy phy examination/medication injection 90 245
Getting a medical report 42 114
Other reasons 29 7.9
*Participants gave more than one answer, n: Number
Table 4. Comparison of emergency department and family physician use frequency
Frequency of family physician use
Less than 1in a 1-2 times per | 3 and more in a p-value
year year year x? test
Less than 1in a year n 17 40 12
% 24.6 58 17.4
Frequency of Once or twice a year n 20 95 90
emergency 0.001
department use % 9.8 46.3 439
3 and more in a year n 12 40 66
% 10.2 339 55.9

appropriate healthcare services (18). In a study conducted with
patients with low level emergency in Canada, it was reported that
approximately half of the patients sought alternative care before
applying to the ED, and the rate of those who applied to the FP
was 25.9% (19). A study done by Unwin et al. (20) reported that
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approximately 40% of the participants contacted a healthcare
provider before applying to the ED. In a study conducted in Italy,
it was reported that 84.1% of the participants applied to the ED
at their own request or on the advice of their relatives without
being referred by a physician (21). Akpinar et al. (16) from Turkey,
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Table 5. Comparison of dissatisfaction with the family physician and the frequency of emergency department use
Not satisfied with the Does not know the p-value
family physician family physician or is x? test
satisfied
Less than 1in a year n 4 65
% 10.3 18.4
Frequency of X
emergency Once or twice a year n 16 189 0.025
department % 41.0 535 ‘
use -
3 and more in a year n 19 99
% 48.7 28.0

the rate of those who applied to another physician before
applying to the ED was reported with the rate of 12.2%. In our
study, it was found that only 13.3% of the patients went to their
FP before applying to the ED. These findings show that a large
proportion of patients in Turkey, where there is no obligatory
referral system, use the ED as the first place of application.

In this study, it was found that complaints about the upper
respiratory system, gastrointestinal and musculo-skeletal system
were the leading complaints of ED admissions. Similarly, in
other studies, complaints related to the upper respiratory tract,
gastrointestinal system and conditions that cause pain were
reported to be common (11,12,16,17,22).

The results of our study revealed that most of the NU patients
who applied to the ED prefer hospitals and EDs more for their
health problems. In the other studies, it has been shown that a
significant portion of NU patients consider the ED as the place
where they want their health problems to be solved (19,20). In
a study conducted in England, it was reported that 29% of the
patients who applied to the ED for NU situations thought that
general practitioners could not help (23). In the study conducted
by Idil et al. (17), it was stated that approximately one third of
the patients (28.7%) did not prefer their FP when they had health
problems.

In a study conducted in the United States, it was reported that
patients’ communication satisfaction with primary healthcare
providers was not associated with NU ED choices. However, in
the same study, it was found that patients with poor to moderate
quality perceptions for primary healthcare were more likely to
choose EDs (24). Akpinar et al. (16), reported that NU patients had
an average of 68.1% satisfaction rate with their FPs and that there
was no correlation between dissatisfaction and frequent use of the
ED. Similarly, in this study, it was found that most of the patients
were satisfied with their FPs. However, differently, in this study,
a significant relationship was found between dissatisfaction with
the FP and the frequency of ED visits (p=0.025).

It has been reported in the literature that people who prefer EDs
frequently also prefer primary healthcare services and health
services extensively (25-27). Similarly, in this study, it was shown
that those who prefer the ED frequently also prefer primary
healthcare centers frequently. Oh et al. (28) reported that those
who had a history of frequent ED visits within one year had
higher rates of inappropriate emergency use the following year.
In a recent study conducted in Saudi Arabia, it was reported that
approximately one third (32.5%) of NU patients visited the ED
three or more times in the last year (15). Idil et al. (17) reported
that 17.1% of the patients visited the ED with similar complaints
in the previous two weeks. Similar to other studies, this study
found that approximately one third of the participants visited
the ED or more times in a year.

Study Limitations

The limitation of our study is that the study was conducted in
a single center within a limited time. The results of the study
cannot be generalized. The data in the study are based on the
statements of the participants. In the study, the survey form was
kept short in order not to interfere with the functioning of the
ED, and the detailed reasons why the patients preferred ED and/
or FP were not questioned. Therefore, investigating the reasons
why prefer ED and FP in future studies will provide a better
enlightenment on the subject.

Conclusion

As a result, it has been found that approximately two-thirds of
NU patients do not prefer FPs when they have health problems.
It has been found that users who frequently use the ED also
frequently use FP. Dissatisfaction with the FP is associated with
the frequent visits of the EDs. More studies should be conducted
to increase the satisfaction of the patients with their FPs and to
make them prefer FPs more.
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Abstract

Aim: This study aimed to assess the adequacy of knowledge among emergency residents (ERs) and determine the correlation between the

knowledge and practice of capnography waveform (CW).

Materials and Methods: This 6-month questionnaire-based cross-sectional study was conducted at the emergency department of a hospital.
All ERs were included in this study. Respondents’ knowledge was evaluated by exploring their interpretation of CW according to clinical
situations and their ability in making appropriate clinical decisions and management. Pearson correlation statistic was used to determine the

correlation between knowledge and practice.

Results: This study included 48 ERs. The mean scores for knowledge and practice (+ standard deviation) were 5.69+1.82 and 4.40+1.8,
respectively. No correlation was found between knowledge and practice (r=0.186, p=0.207).

Conclusion: ERs’ ability to interpret CW was satisfactory. However, understanding the relevance of the CW findings and subsequent clinical

management was poor.

Keywords: Emergency residents, capnography waveform, knowledge, practice

Introduction

End-tidal carbon dioxide (EtCO,) is the concentration of carbon
dioxide (CO,) at the end of expiration. It provides information
on ventilation (CO, elimination), perfusion (CO, transport in
blood circulation), and metabolism (cellular metabolism and
production of CO,) (1-5).

Capnography Waveform (CW) is a useful, non-invasive, reliable,
and real-time monitoring tool in emergency settings that can
improve patient safety. It has been used extensively and became
a standard of care to monitor the patient’s ventilation during
procedural sedation and analgesia (6). Moreover, it allows the
rapid detection of airway obstruction, hypoventilation, and

apnea in real-time (7,8). Henceforth, immediate intervention can
be instituted early to prevent catastrophic consequences (9).

For patients with acute respiratory distress manifestations, clinical
status, and CW findings provide essential clinical information.
Abnormal CW is associated with higher intubation rates, intensive
care unit (ICU) admissions, and mortality (10).

International Liaison Committee on Resuscitation recommended
the application of quantitative waveform capnography during
cardiopulmonary resuscitation (CPR) to ensure effective chest
compression and to detect the return of spontaneous circulation
(11,12). Moreover, CW may provide an objective basis to determine
patients’ prognosis, hence, terminating CPR (13). Continuous
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CW is also considered the gold standard for verifying proper
endotracheal tube placement (1-4).

However, this monitoring technology is only as good as the user
who analyses and interprets it. The ability to accurately interpret
the CW is important but appropriately acting on the finding is
important as well. The purposes of this study were to assess the
knowledge of emergency residents (ERs) on CW who use it in their
daily clinical practice and to determine the correlation coefficient
between the ability of interpreting CW and the appropriateness of
clinical intervention following the interpretation. We postulated
that the mean score of knowledge and practice in CW and its
application among ERs is 50% to 60%, and there is a significant
positive correlation between knowledge and practice of CW.

We believe that knowledge and practice gap findings detected
in this study can form a basis local education program
development concerning the role of CW in clinical practice. The
same questionnaire from this study can be utilized to evaluate
the effectiveness of the education program.

Materials and Methods

Study Design and Setting

This questionnaire-based, cross-sectional study was conducted
in the emergency department (ED), Hospital Melaka, Malaysia,
over 6 months period that lasted from September 1%, 2019 to
February 28" 2020. Hospital Melaka is a tertiary hospital located
in Melaka state, Malaysia, with multiple specialty disciplines and
subspecialty service.

Thenumberof ERsworkingin ED Hospital Melaka was inconsistent
due to hospital administrative allocation, availability of new
residents, and request from ERs to transfer to other departments.
ED Hospital Melaka was staffed with 30 ERs in the year 2018, 35
ERs in the year 2019, and 45 in the year 2020. Their experience
in ED varies, ranging from 0 months to 6 years, with the majority
less than 3 years in ED. To ensure competency and up-to-date
medical knowledge, continuing medical education (CME)
sessions were held weekly to discuss various emergency topics, in
a traditional pedagogy approach aided with simple technology,
e.g. PowerPoint slides presentation or video demonstration.
Inevitably ERs will miss part of the CME sessions due to working
shifts. From the year 2019, capnography was available in ED
Hospital Melaka (Oridion® sidestream device for the intubated
patient only). Summary of CW in different clinical scenarios was
printed and attached on the wall next to monitoring devices in
the resuscitation zone to aid clinical judgment of clinicians when
interpreting CW.
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This study was conducted in compliance with the ethical
principles outlined in the Declaration of Helsinki and Malaysia
Good Clinical Practice (GCP) Guideline.

Population and Sample Size

ERs in ED Hospital Melaka were recruited through universal
sampling. The ERs who were on leave during the study period
and did not complete the questionnaire were excluded from the
study.

The sample size was calculated using Power Analysis and Sample
Size Software (PASS) version 11.0 (NCSS, LLC, Kaysvillie UT,
USA). Sample size calculation followed Bujang and Baharum’s
(14) recommendations to analyze the correlation between
knowledge and practice. To achieve a significant result (p<0.05)
with sufficient power (80%) and at least a correlation coefficient
of 0.4, the below formula was applied (14,15).

Sample size = N = [(, + Z,)/C}?

The standard normal deviate for o =7 = 1.9600
The standard normal deviate for § = Z, = 0.8416
C=05xIn[(1+1r)/(1-r)] = 0.4236

N = [z, +Z)/C} = 42

A 10% dropout rate was added to the total sample to get the
required sample size. As a result, the total number of 48
respondents was required for inferential analysis. Respondents
were approached personally by the author to improve the
engagement in this study to ensure the dropout rate not
exceeding the estimation of 10%. Any confusion, doubts, and
queries would be explained promptly, and the author would
receive feedback directly after the questionnaire was answered.

Research Tool Development

We adapted The Association of Medical Education in Europe Guide
no. 87 for educational research questionnaire development to
formulate the questionnaire (16). The questionnaire construction
process consists of five stages: item development, pretest, face
validation, pilot study, and finalize questionnaire (16).

In the context of this study, knowledge is defined as the correct
interpretation of CW tracing, and practice is defined as the
correct management of patients based on the simulated clinical
picture and end-tidal CW interpretation. The questionnaire
was constructed with the concept of the minimally competent
candidates (or “borderline candidates”) to discriminate between
candidates with and without adequate theoretical and applicable
knowledge (17).
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Stage 1: Item Development

An extensive literature review was conducted using textbooks,
PubMed, and Google Scholar. The term “end-tidal capnography
waveform” is  synonymous  with  “EtCO,”,  “waveform
capnography”, “end-tidal carbon dioxide”, “capnography”, “end-
tidal capnography” and “EtCO, waveform monitoring”. Existing
questionnaires related to knowledge and practice towards end-
tidal capnography waveforms were sought. Core topics in EtCO,
were listed after interviews with emergency physicians and

readings from journals, international guidelines, or consensus.

The knowledge section’s core topics included normal waveform
interpretations, indications of EtCO, monitoring, and causes of
flat line tracings. The practice section’s core topics included the
application of EtCO, during CPR, mechanical ventilation, and
pattern recognition of abnormal waveforms in different clinical
scenarios.

Stage 2: Pretest of the Draft Questionnaire

Selected items were drafted into a questionnaire and pretested
among 15 ERs. Interviews were conducted to check for
comprehensiveness, readability, relevance, and clarity of the
draft questionnaire. Feedbacks were considered, and corrections
were made to the draft questionnaire.

Stage 3: Face and Content Validation

For face validation, a panel consisting of 6 experts in the field
of end-tidal CW in the emergency setting was invited to validate
the questionnaire (18,19). They are emergency physicians
or consultants who have clinical experience in end-tidal CW,
education/training, or survey study.

The content validity index (CVI) was calculated for each item
to decide its acceptability. Experts were asked to rate items for
clarity, relevance, representativeness, and importance on a
4-point scale. For instance, to rate relevance of an item, experts
are given four options: 1 = not relevant, 2 = somewhat relevant, 3
= quite relevant, 4 = highly relevant (20). The scale-level content
validity index (S-CVI/Ave) was calculated using the averaging
calculation method. Ratings of more than 0.9 are considered
excellent content validity (21). In this study, S-CVI/Ave score for
both knowledge and practice was 0.9 and above.

Stage 4: Pilot Study and Retest

A pilot test was carried out among 15 ERs, and a retest was
conducted a week after. The intraclass correlation coefficient
(ICC) was used to test the reliability of the questionnaire. ICC
values of less than 0.5 indicate poor reliability, values between
0.5 and 0.75 indicate moderate reliability, values between 0.75
and 0.9 indicate good reliability, and values greater than 0.90

indicate excellent reliability (22,23). In this study, all the items
achieved an ICC of more than 0.7.

Stage 5: Finalise Questionnaire

The final questionnaire consists of six items in the demographics
section, 10 items in the knowledge section, and 10 items in the
practice section (Appendix 1).

Data Collection

The questionnaire was distributed among respondents who
fulfilled the criteria and consented from September 1%, 2019
to February 28" 2020. Respondents who were involved in the
pretest and pilot study were excluded. They were required to
answer all the items within one hour, without discussing or refer
to any resources.

Statistical Analysis

Statistical analysis was performed using Statistical Package
for the Social Science version 20.0 (SPSS Inc. Cary, NC, USA).
The distribution of the data set was determined by evaluating
skewness and kurtosis results. The skewness and kurtosis value
within -1 to +1 were considered normal distribution of the data
set. Numerical data were reported either as mean [standard
deviation (SD)] or median [interquartile range (IQR)]. Categorical
data were reported as a percentage (%).

There were 10 items in the knowledge and practice section,
respectively. One (1) mark would be given for the correct response
in each item. The minimum score would be 0, and the maximum
score would be 10 in each section. For each respondent, correct
responses were summed up to give rise to a total knowledge
and practice score. Then, the mean score for each section was
analyzed with descriptive statistics function in SPSS.

To discriminate respondents with adequate theoretical and
applicable knowledge and those without, a traditional passing
mark of 60% in the professional medical examination was set in
our study (24-26). Respondents who score 6.00 and above were
considered “adequate”, and those who score 5.99 and below were
considered “inadequate”. We have a similar understanding that
there is no gold standard in standard-setting methods (24,27,28).
Hence, the different methodology may yield different passing
marks (17,28).

Correlation between knowledge and practice was analyzed using
the Pearson correlation coefficient because the data was normally
distributed. The correlation coefficient value of less than 0.2, 0.2
to 0.39, 0.4 to 0.59, 0.6 to 0.79, and 0.8 to 1.0 indicates very
weak correlation, weak correlation, moderate correlation, strong
correlation, and very strong correlation respectively.
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Point estimation from the general population mean with a lower
and upper bound of 95% confidence interval was calculated.
Therefore, p<0.05 was considered to be statistically significant.

Results

Demographic Characteristics

Forty-eight ERs were enrolled in the study. The respondents’ age
ranged from 26 to 32 years old (Table 1). The median (IQR) age of
respondents was 27 (1) years old. The predominant gender of the
respondents was female (70.8%). The duration of medical service
among respondents ranged from 12 months to 52 months. The
median (IQR) duration of respondents’ medical service was 21
(8.8) months. The respondents’ duration of ED service ranged
from 14 days to 28 months. The median (IQR) years of experience
in ED was 3 (3.5) months. Among 48 respondents, only one of
them had formal training in CW application.

Capnography: Knowledge Score

The mean score of overall respondents’ knowledge (= SD) was
5.69+1.82. The number of respondents who scored above 60%
was 62.5% (Table 2). Item K3a had the highest percentage of
correct response (100%), while item K2a had the lowest correct
response percentage (33.3%) (Figure 1).

Capnography: Practice Score

The mean score of respondent skill/practicing ability was
4.40%1.81. The number of respondents who scored above 60%

was 29.2% (Table 2). Five out of 10 items had more than 50%
correct responses (Figure 2). Item P2 had the highest percentage
of correct responses (64.4%), while item P8 had the lowest correct
response percentage (4.2%).

Correlation Between Knowledge and Practice Score

There was a weak and non-significant correlation between the
two variables, r=0.19, p=0.20.

100 100

90

80

66,7 66,7

= 0 62,5
s 58,3
w60 % 542
§ 50
& 39,6 37,5
g 40 333 ’
<2}
& 30

20

10

0

Kla Klb Klc K2a K2b K2c K3a K3b K3c K4

Figure 1. The correct response in the knowledge section

Y-axis/percentage (%): percentage of respondents answered correctly.
X-axis/item: a total of 10 items, starts from item K1a and ends with item
K4. Item K3a had the highest percentage of respondents who answered
correctly (100%), while item K2a had the lowest percentage of respondents
who answered correctly (33.3%).

Table 1. Characteristics of respondents
Item Mdn IQR
Age (years) 27 26.5-27.5
Duration of medical service (months) 21 12.2-29.8
Duration of experience in ED (months) 3 0-6.5
Gender n %
Male 14 29.2
Female 34 70.8
Formal training in capnography application
Yes 1 2.1
No 47 97.9
Mdn: Median, IQR: Interquartile range, ED: Emergency department, n: Number, %: Percentage
Table 2. Adequacy level in knowledge and practice

Inadequate Adequate
Knowledge 18 (37.5%) 30 (62.5%)
Practice 34 (70.8%) 14 (29.2%)
Respondents who scored correct responses of >60% in each section were considered achieved an adequate level of understanding
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Figure 2. The correct response in the practice section

Y-axis/percentage (%): percentage of respondents answered correctly.
X-axis/item: a total of 10 items, starts from item P1 and ends with item
P10. Item P2 had the highest percentage of respondents who answered
correctly (64.6%), while item P8 had the lowest percentage of respondents
who answered correctly (4.2%)

Discussion

This questionnaire’s objective was to assess the knowledge and
practice of the ERs towards EtCO, interpretation and application
because capnography offers great opportunities to improve
the quality of treatments and give rescuers feedback on the
effectiveness of life-saving procedures, particularly during the
management of critically ill patients. However, without adequate
knowledge of CW interpretation and application, capnography is
just a fancy gadget without purpose. It is necessary to prepare
future ERs on the right path of patients’ safety and effective
practice regarding the CW application.

In our study, the majority of the respondents were junior doctors.
The most senior respondent in this study served 4 years in health
service and 2 years in ED. There were a few identified reasons
for lack of senior ERs. For instance, the diversity/complexity in
patients’ clinical presentations (trauma, acute surgical, neuro-
psychiatric, acute medical, domestic violence, child abuse), shift
duty, challenges in leave management, and “not knowing what
is coming through the doors next” (29). In Malaysia scenario,
ERs with a great interest in pursuing their career in Emergency
Medicine by joining the master program or fellowship program
will serve longer in the ED.

Being a junior ER and working in the overcrowding and
unpredictable environment with undifferentiated cases is indeed
a great challenge, particularly in making appropriate clinical
reasoning and decision making of undifferentiated illness from
different genders and age groups. ED clinician’s responsibilities
that exceed the junior ERs’ capabilities may lead to stress, hence
providing substandard management to patients.

In most of ED in Malaysia, the severity of the patient’s condition
was categorized into three zones, i.e., red zone (critical), yellow
zone (semi-critical), and green zone (non-critical). Red zone
and vyellow zone patients suffered from life-threatening and
potentially life-threatening conditions whereby the capnography
evaluation is indicated in the measurement of adequacy of
alveolar ventilation, airway integrity, cardiopulmonary function,
and ventilator function. ED administrator tends to locate the
junior ERs to the non-critical zones for them to familiarise with
the new challenges, new workplace environment, and different
type of cases. Therefore, it was not surprised if the respondents
had inadequate knowledge of capnography and its application.
Few studies revealed that despite the availability of capnography
devices, there was a lack of knowledge and skills among
emergency medical service providers (30,31).

This study revealed that most respondents (97.9%) did not receive
any formal training in capnography during their undergraduate
years and internship period. Probable reasons included EtCO, is
not an important vital sign in Malaysia, it is not widely available
throughout the country, and PaCO, level is available in arterial
blood gases test (32-34).

The knowledge score distribution among the ERs of less than
6.0 and above 6.0 was 38% and 62%, respectively. Surprisingly,
two-thirds of ERs had adequate knowledge of capnography.
The mean (+ SD) score of overall respondents’ knowledge was
5.69+1.82. All the respondents answered correctly regarding
CW’s indication during the management of sudden cardiac arrest
or CPR (Question K3a). However, three-quarters of them did not
answer correctly on the normal range of EtCO, (Question K2a).

Most ERs had achieved an adequate level in the knowledge
section despite limited training, and previous exposure was
an interesting finding. There are a few reasons to explain the
above findings. In our opinion, the CW has a simple structure or
shape, and the information is easily deduced if the respondents
understood the respiratory system, carbon dioxide transport,
and cellular metabolism. A study by lyer et al. (35) in 2015
demonstrated after mild exposure and education, nearly all
the respondents were able to achieve basic understandings
and adequate knowledge in EtCO, readings. Moreover, in our
ED, CW in different clinical scenarios was printed and exhibited
on the wall next to the resuscitation zone’s monitoring devices.
The exhibited printed information provides interpretation
assistance of the waveform and troubleshooting assistance to the
doctors on duty. Interpretations and use of CW were discussed
briefly during relevant topics in continuous medical education
(CME) sessions, e.g., cardiac arrest, emergency intubation, and
post-intubation care. ERs may also acquire knowledge on CW
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during attending relevant courses, e.g., advanced cardiac life
support (ACLS) and mechanical ventilator workshop. And not to
mention the role of emergency physicians who discussed the
capnography’s advantages and disadvantages during their ward
round or bedside teaching.

In this study, most ERs (71%) had a practical score of less than 6.0,
which is considered insufficient practical skill regarding response
to abnormal CW. The mean (£ SD) score of overall respondents in
the practice section was 4.40%+1.81. Most of the questions in the
practice section were answered incorrectly by the ERs. Only 64%
of respondents answered correctly for re-intubation in the event
of continuous flat waveform tracings post-intubation, and only
4% of respondents able to recognize the leaking endotracheal
tube and choose to re-intubate patients.

Inour hospital setting, CW only available in the form of sidestream
device for monitoring intubated patients in the resuscitation
zone. Limited working experience in the resuscitation zone,
less exposure to the practical use of waveform, and it was not
consistently applied to the patient may contribute to the low
competency level in the practice section of our study (36-38). The
inconsistent use of CW among clinical staff in acute care settings,
despite emerging evidence of CW monitoring in improving
patient safety, is a discouraging fact. Lack of awareness and
specific knowledge deficits on the importance of CW in clinical
practice contribute to capnography application failure (39). The
planned organizational effort for implementation plays a role in
promoting CW (40,41). In the UK, the 4" national audit project
of the Royal College of Anaesthetists and Difficult Airway Society
(NAP4) recommended CW monitoring during intubation in the
ED setting (42).

Competence is the acquisition of knowledge, skills, and abilities
at a level of expertise sufficient to perform in an appropriate work
setting. In simple words, knowledge and practice should always
go hand in hand (30). Our study demonstrated an extremely
weak correlation between the interpretation knowledge of CW
and its clinical application. In other words, the respondent’s
knowledge was not reflected in their practice. Reasons for the
insignificant correlation could be multifactorial. Lack of policy,
lack of motivation, and inadequate training may be part of the
reasons (43). We believe that the interpretation of CW is related
to pre-existing theoretical knowledge but the clinical application
requires practice and experience, hence the correlation was
weak.

Interestingly, this finding was similar to a study conducted by
Wylie et al. (31) in 2019, except the studied population were
paramedics. The study demonstrated that pre-hospital care
staff achieved high CW knowledge scores but low scores in CW
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applications. However, the attributing factors were not studied
(31).

Recommendations

Our study showed different results from other studies (30,44).
It was also contrary to common study findings that higher
knowledge scores were associated with higher practice scores
(45-47), and vice versa. Hence, different strategies are required
to improve the competency of ERs in CW. The training program is
of utmost importance: Czyz et al. (30) in 2018 demonstrated that
emergency medical services providers who received training in
CW achieved significantly higher scores than those who did not
receive training.

CME sessions regarding basic and advanced usage of CW should
be organized at the departmental level. The knowledge of CW
should be incorporated into other related courses, e.g., ACLS.
Bedside teaching should be encouraged and continued. In
particular, a specific indication of CW can be discussed, e.g.,
during CPR, with the addition of current evidence, benefits,
and data interpretations rather than a general overview. The
discussions will then serve as a gateway to other applications
with CW (41). Diagram, poster, or flip chart regarding CW should
be made available in the resuscitation zone. The logbook should
include CW applications as one of the core competencies in the
emergency residency program.

At the organizational level, the standard operating procedure of
positive ventilated patient care should include CW monitoring.
EtCO, level should be monitored in all positive ventilated patients
and documented in medical records or charts (48,49). Stocks of
capnography should be made available and easily accessible in
the department (41).

Study Limitations

There are limitations to this study. The methodology and study
design limit the sample, and the results cannot be generalized
to other departments, e.g., ICU care settings, or different posts
in emergency care settings, e.g., staff nurses. The closed-
ended type instrument limits its ability to explore the reason
for different competency levels in the knowledge and practice
section. The difficulty level of each item and item discrimination
were not analyzed in this study. The lack of respondents with
previous training and experience in CW also makes studying the
correlation between them and knowledge with practice difficult.
We do not know whether senior ERs would have produced
different outcomes in this study. Future studies should involve
a different level of expertise or center and further validation of
the instrument.



Eurasian J Emerg Med.
2021;20(3): 161-71

Chee et al. Knowledge and Practice of Capnography Waveform

Conclusion

The knowledge in CW among ERs, particularly junior residents,
was sufficient. However, the appropriate response towards the
abnormal finding of CW was questionable. Strategies should be
formulated to enhance their knowledge and training on the daily
application of CW, with the ultimate goal of improving patient
safety.
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Appendix 1

THE ASSESSMENT OF END-TIDAL CAPNOGRAPHY WAVEFORMS
INTERPRETATION AND ITS CLINICALAPPLICATION FOR EMERGENCY
RESIDENTS IN Malaysia: A CROSS-SECTIONAL STUDY

Section A: Demographics
Age: Gender: Male/Female
Years of medical service: year/s month/s
Years of experience in the emergency department: year/s month/s
Previous training in capnography waveforms: Yes/No

Years of experience in capnography waveforms monitoring:
Section B: Knowledge

This section consists of 4 questions related to end-tidal
capnography waveforms interpretation. Select the correct answer.

1. Diagram below shows a normal end-tidal CO, capnography
waveform tracings. AB-BC-CD-DE represents phases in a waveform
produced by inspiration and expiration.

Please match the following:

Alveolar plateau | Early inspiration | Expiration Early expiration

End-tidal CO,

Late inspiration | Late expiration | Alpha angle

a. D represents

b. CD represents

. DE represents

2. Please tick your answer

Regarding EtCO, level True | False | Unsure

a. | The normal range is 30 - 40 mmHg

Hypotension decreases EtCO, level

C. Hyperpyrexia increases EtCO, level

3. Please tick your answer

Indications of capnography True | False | Unsure

waveform monitoring in the
emergency department include

a. | Cardiopulmonary resuscitation

b. Ischemic stroke

c. | Dengue fever

4. A 50 years old patient was intubated and sedated in the
resuscitation zone. End-tidal capnography (EtCO,) was applied

and produces the capnography waveform, as shown below. What
are the possible causes?
EtCO2

(mmHg)
L R

T

Time

I. Cardiac arrest

II. Hypovolemia

[1l. Oesophageal intubation
IV. Kinked endotracheal tube

a. | &Il

b. I, Il & IV.
el &IV

d. L1, HE& V.

Section C: Practice

This section consists of 10 questions related to capnography
waveform simulation and application. Select the correct answer.

1. A 50 years old gentleman had a cardiac arrest in the
emergency department. Cardiopulmonary resuscitation (CPR)
commenced immediately, and the patient was intubated. End-
tidal capnography (EtCO,) applied. Tracings, as shown below with
ongoing CPR.

EtCO2
(mmHg)

L T

L B

What is the most appropriate action?
a. Continue chest compression.

b. Switch compression provider.

c¢. Terminate chest compression.

d. Increase the volume of bagging.

2. A 60 years old gentleman had a sudden cardiac arrest.
Cardiopulmonary resuscitation (CPR) commenced, and the
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patient was intubated. End-tidal capnography (EtCO,) applied.
Capnography waveform tracings, as shown below with ongoing
chest compression.

Time

What is the most appropriate action?
a. 5 point auscultation of the lungs.
b. Readjust ETT depth.

C. Re-intubate patient.

d. Switch compressor.

3. A 30 years old patient was intubated during cardiopulmonary
resuscitation (CPR). End-tidal capnography (EtCO,) applied.
Capnography waveform, as shown below, was noted during chest
compression.

EtCO2
(mmHg)

L

20

Time

What is the most appropriate action?
a. Perform lung auscultation.

b. Continue high-quality CPR.

c. Increase the rate of bagging.

d. Switch chest compressor.

4. A 50 years old gentleman had a sudden cardiac arrest.
Cardiopulmonary resuscitation (CPR) commenced. The patient
was intubated, and end-tidal capnography (EtCO,) was applied.
High-quality Cardiopulmonary resuscitation (CPR) was performed
for 20 minutes and remains asystole during pulse check. The
capnography waveform below was noted persistently throughout
the 20 minutes of chest compression.
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What is the most appropriate action?

a. Continue high-quality CPR.

b. Switch chest compressor.

c. Increase the rate of bagging.

d. Termination of resuscitation.

5. A 50 years old lady had a sudden cardiac arrest.
Cardiopulmonary resuscitation (CPR) commenced immediately,
and she was intubated. End-tidal capnography (EtCO,) applied.

High-quality CPR was performed for 20 minutes, and you noticed
capnography waveform changes, as shown below.

EtCO2
(mmHg)

L SRS S WSS AU W

F L s =S CCRREEEEERy [E S NRR (NUNNNUNUY SRR

Time

What is the most appropriate action?
a. Pulse check.

b. Increase the rate of bagging.

c. Decrease the volume of bagging.

d. Termination of resuscitation.

6. A 70 kg patient with an isolated severe traumatic brain injury
was intubated. Ventilator connected and end-tidal capnography
(EtCO,) applied. Ventilator setting: mode SIMV, tidal volume
500ml, rate 22, IE ratio 1:2, Fi02 1.0. The capnography waveform
is shown below.

EtCO2
(mmHg)

Time
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What is the most appropriate action?
a. Reduce the ventilation rate.

b. Increase tidal volume.

c. Prolonged I: E ratio.

d. Reduce FiO,.

7. A 65 years old patient was intubated for poor respiratory effort
and hypoxia secondary to severe pneumonia. The capnography
waveform is shown below.

Time

What is the most appropriate action?
a. Re-intubate the patient.

b. Increase the tidal volume setting.
¢. Administer bronchodilator therapy.
d. Check the plateau pressure.

8. A 30 years old male patient was intubated in the resuscitation
zone. The ventilator was connected, and end-tidal capnography
(EtCO,) was applied. Endotracheal tube (ETT) size 8mm was used,
anchored at 24cm, and the pilot balloon inflated with 10cc of
air (ETT cuff pressure measured 25cmH,0). The capnography
waveform is shown below.

EtCO2
(mmHg)

40

20

Time
What is the most appropriate action?
a. Readjust ETT depth to 22cm.
b. Administer bronchodilator therapy.
C. Re-intubate with the same size endotracheal tube.
d. Inflate the pilot balloon with another 10cc of air.

9. A 25 years old gentleman had a severe maxillofacial injury.
He was intubated and ventilated. End-tidal capnography (EtC02)
applied. Ventilator setting: mode SIMV, tidal volume (Vt) 480ml,
rate 10, IE ratio 1:2, FiO2 1.0. The capnography waveform is
shown below.

EtCO2
(mmHg)

Time

What is the most appropriate action?
a. Increase the I: E ratio to 1:3.

b. Increase Vt to 600ml.

C. Increase rate to 14.

d. Switch to CMV mode.

10.A25yearsold gentleman was intubated usingan endotracheal
tube (ETT) diameter of 8mm, anchored at 28cm, and the pilot
balloon inflated to achieve ETT cuff pressure of 20-30 cmH,0.
The ventilator is connected, and end-tidal capnography (EtCO,)
was applied. Capnography waveform tracings, as shown below.

Time

What is the most appropriate action?
a. Re-intubate with ETT size 7 mm.

b. Remove 5cc of air from the ETT cuff.
¢. Administer bronchodilator therapy.
d. Readjust the depth of ETT.

- End of questionnaire -
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Abstract

Aim: Technology has enabled the utilization of dispatcher-assisted cardiopulmonary resuscitation (DA-CPR) through mobile video call for
layman bystanders as opposed to the conventional audio call. This study aimed to examine the effects of medical guidance through a video
call on cardiopulmonary resuscitation (CPR) quality during the management of cardiac arrest.

Materials and Methods: A quasi-experimental study was conducted on 102 participants. These participants were divided into two groups:
laymen who received CPR instructions through dispatcher-assisted video call (n=51) and healthcare personnel (n=51) who did not receive any
assistance. The compression rate and depth, compression fraction, chest recoil, and hand positioning were compared between the groups.
Results: Laymen who received video call DA-CPR performed better than the healthcare personnel in adhering to the recommended
compression rate (109.7 min™ vs 126.7 min™', p<0.05) and allowing chest recoil (94.8% vs 84.4%, p<0.05) but performed poorer in terms of
compression depth (58.8% vs 98%, p<0.05) and chest compression fraction (49.2% vs 60.8%, p< 0.05). Hand positioning in the layman group
was less accurate in comparison with that in the healthcare personnel group (90.2% vs 96.1%), but the result was not statistically significant
(p=0.24).

Conclusion: In this study, video call DA-CPR allows laymen to deliver CPR with better compression rate, chest recoil, and hand placement than
did healthcare personnel. However, inadequate compression depth and low chest compression fraction in the video call DA-CPR group show
that more study is needed to deliver effective instructions during the video call to improve these areas.

Keywords: Dispatcher-assisted, video call, cardiopulmonary resuscitation, out of hospital cardiac arrest, mobile phone

automated external defibrillator in communities (2). These factors
represent opportunities for improvements in saving lives.

Introduction

Out of hospital cardiac arrest (OHCA) is one of the most

highlighted areas when discussing cardiopulmonary resuscitation ~ In the event of OHCA, prompt attendance by medical personnel

(CPR). According to the American Heart Association (AHA), the
survival rate of OHCA was 10-12% (1). A strong chain of survival
has been shown to improve the chances of survival and recovery
for cardiac arrest victims. Modifiable factors associated with
increased OHCA survival includes early bystander CPR, Emergency
medical service (EMS) response times, and application of an

trained in basic life support (BLS) or Advance Cardiac Life Support
(ACLS) would be an ideal situation. However, in Malaysia, the
average time taken for the ambulance to arrive at the scene is 19
minutes (3). Thus, to improve survival in OHCA, early bystander
CPR is imperative (4). Regrettably, the rate of bystander CPR in
developing nations is still relatively low at 10% and the quality

Received: 30.11.2020
Accepted: 26.03.2021

" Cite this article as: Zulkhifli MF, Ahmad R, Mohd NMZA, Azhar AMN. A Study on the Effectiveness of Video Call Dispatcher-Assisted

Cardiopulmonary Resuscitation in Enhancing the Quality of Cardiopulmonary Resuscitation Among Laymen Bystanders in Malaysia.

Eurasian | Emerg Med. 2021;20(3):172-7.

©Copyright 2021 by the Emergency Medicine Physicians’ Association of Turkey
Eurasian Journal of Emergency Medicine published by Galenos Publishing House.

172


https://orcid.org/0000-0003-4998-9393
https://orcid.org/0000-0002-2293-3077
https://orcid.org/0000-0001-5476-1399
https://orcid.org/0000-0002-1085-0725

Eurasian J Emerg Med.
2021;20(3): 172-7

Zulkhifli et al. Video Call Dispatcher Assisted CPR

of CPR is in doubt (5). Dispatcher-assisted CPR (DA-CPR) is an
advocated solution. Dispatcher protocols designed to improve
rapid recognition of arrest and coach CPR may increase survival by
reducing preventable time delays to start of chest compressions
and improving the quality of bystander CPR (6). Traditional
communication via verbal instructions over the phone has a few
limitations such as time delay due to the rescuer’s conversation
with the dispatcher and the inability for the dispatcher to receive
real-time visual feedback of the rescuer during CPR (7).

DA-CPR in Malaysia is still in infancy. Lack of resources and
financial constraints may affect their progress. With the
advancement of mobile technology and widespread internet
connectivity, video calls via smartphones have been highly
plausible (8). Interactive audio-visual communication is
doable. In addition to removing visual barriers that existed in
the conventional audio calls, video communication offers real-
time audio-visual feedback for both interactive parties, thus
improving effective communication. One previous study that
examined the differences in the quality of dispatcher-assisted
chest compression between video coaching and audio coaching
showed that the video coaching group achieved better results in
terms of the compression rate, the accuracy of the compression
site, and the minimization of the hands-off time (9). Additional
benefits of video call DA-CPR include an enhancement in lay
rescuer's confidence level, a positive effect on dispatcher’s
attitude, an improvement of chest compression rate and better
airway manoeuvres (10-13).

Based on the current situation in Malaysia, the present study
aimed to observe the efficacy of direct medical guidance through
a video call during the management of OHCA. We hypothesized
that the quality of CPR performed by laymen bystanders who
received CPR instructions via video call communication is better
than the quality of CPR performed by health care personnel
(HCP) bystanders.

Materials and Methods

Study Design and Setting

This quasi-experimental study was conducted in the Emergency
Department (ED) of the University Malaya Medical Centre over
a span of 6 months duration. This study was approved by the
Medical Research Ethics Committee of University Malaya (no:
no: 2018829-6632, date: 01.02.2019).

Population and Sample Size

There were two groups involved in this non-randomized pre
and post interventional study, i.e., laymen bystanders and HCP
bystanders group. Those laypeople who accompanied their

parent, spouse, relative or friend at the non-critical zone of ED
and who had no CPR training before (laymen bystanders) and
HCP bystanders in ED (nurses, medical assistants, and doctors)
with a valid BLS certificate were included in the study. The
participant who had any physical disability or audio-visual
impairment was excluded from the study. The whole idea of this
study was to evaluate the CPR performance of laymen bystanders
after receiving step-by-step guidance via video call from trained
dispatcher. Those certified advanced cardiovascular life support
(ACLS) instructor among the emergency residents were appointed
as the dispatcher. To prove our hypotheses, the estimated sample
size was calculated based on o precision of 0.05, a two-sided test,
and an assumption of moderate effect. Our power calculation
was performed in G-Power 3.1.3 software. Hundred and two
participants (n=51 in each group) were required to make this
study 80% power with a 5% significance level.

Materials and Procedures

During the early stages of the study, we explained the study
objective, design, and procedure to those interested laypersons.
Written informed consent was obtained once they clearly
understood and agreed to take part in the study.

We positioned the simulation CPR mannequin (Resuci Anne
QCPR, Laerdal, Stavanger, Norway) and laymen bystanders, in the
middle of the room. Samsung Note Fan Edition mobile phone
was fixed to a tripod and positioned beside the mannequin. To
measure the quality of CPR, QCPR Instructor Apps (version 1.11.21)
was connected to the mannequin via Bluetooth connectivity. The
dispatcher was provided with an iPhone 8 and was stationed in
a separate building.

During the second phase of the study, video calls between the
dispatcher and the layman bystanders were made using the
WhatsApp Messenger application (version 2.19.81) via the 3G
network. Once they got connected, the dispatcher directed the
laymen bystanders to perform CPR steps for 2 minutes according
to the modified call card instruction module adapted from
the national Malaysian Emergency Medical Dispatch protocol
(AMPDS® v13.0, MAL-std). Similarly, HCP bystanders were asked
to perform CPR on the same training mannequin as per the BLS
algorithm but without any guidance or feedback.

Data Collection and Outcome

The quality of CPR performed by both groups was measured
based on the criterion recommended by the 2015 AHA guidelines
(14).

The measured variables included:
1. Chest compression rate.

2. Compression depth.
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3. Adequacy of chest recoil.
4. Correct hand placement in the mid sternum area.
5. Chest compression fraction (CCF)

We transferred all the collected data from the QCPR Instructor
Apps into the collecting sheet then into the Google Sheet
that was accessible via the investigator’s Google Drive only.
A study participant reference number was used to recognize
the participants. All information and data collected either
electronically or in the form of hard copy were destroyed after
the storage duration unless required otherwise by the ethics
committee, regulatory bodies, or institutional bodies.

Statistical Analysis

Participants who did not meet the inclusion criteria were
excluded from statistical analyses. Statistical analysis was
performed using Statistical Package for the Social Science (SPSS)
version 21.0 (IBM enterprise). Numerical data were reported as
mean (SD). Categorical data were reported as a percentage (%).
According to the AHA Guideline 2015, the appropriate chest
compression per minute, compression depth (cm) and chest
compression fraction are 100-120, 5.0-6.0, and more than 60%,
respectively.

Chi-squaretestwasapplied to determine the relationship between
laymen bystanders and HCP bystanders chest compression
rate and depth. The p<0.05 indicates that these variables are
not independent of each other and that there is a statistically
significant relationship between the categorical variables.

Two-tailed unpaired t-test was conducted within each group
to determine the mean difference in the quality of CPR
measurements and its significance. In the initial phase, The
Kolmogorov-Smirnov normality test was applied to determine the
distribution of data. i.e., normal, or abnormal data distribution.
p-value of <0.05 means, the difference between the two samples

is significant enough to suggest that the data do not follow a
normal distribution. For analysis of normal distribution unpaired
data, an independent t-test was applied. Before interpreting the
data, Levene’s test was conducted to look for homogeneity in
the t-test. The differences are declared statistically significant if
p<0.05.

Results

Demographic Characteristics

A total of 102 volunteers took part in the study. There were 51
participants in each group (Table 1).

The mean age (SD) of laymen bystanders and HCP bystanders were
29.4 (6.6) and 28.1 (4.0) years old, respectively. The predominant
gender was female participants. All HCP bystanders were either
diploma or degree holder. In comparison, only 75% of laymen
bystanders had higher education background.

High-Quality CPR Performance

Over the two minutes, CPR process, the mean compression rate
(SD) among the laymen bystanders that were guided by video
call and among the HCP bystanders were 109.7 (19.1) min™ and
126.7 (16.5) min?, respectively (Table 2). Astonishingly, more
than half of laymen bystanders (51.0%) achieved a proper
chest compression rate compared to HCP bystanders (37.4%).
Statistically, there was no significant relationship exists between
laymen bystanders CPR that were assisted with video call and
HCP bystanders in performing appropriate chest compression
rate, X2(1, n=102)=1.95, p=0.16.

Most of HCP bystanders executed an adequate depth of chest
compression compared to the laymen bystanders (98.0% vs
58.8%, p<0.05). Statistically, there was a significant relationship
exists between laymen bystanders who performed CPR under
video call guidance and HCP bystanders in performing adequate
depth of chest compression, X? (1, n=102)=23.18, p<0.05.

Table 1. Baseline characteristics of participants from the two study groups

‘ Laymen bystanders ‘ HCP bystanders
Gender
Male, n (%) 25 (49) 20 (39.2)
Female, n (%) 26 (51) 31 (60.8)
Mean age (SD), years 29.4 (6.6) 28.1 (4.0)
Level of education
Secondary, n (%) 13 (25.4) 0
Diploma, n (%) 6(11.8) 28 (54.9)
Degree, n (%) 26 (51.0) 23 (451
Postgraduate, n (%) 6(11.8) 0
HCP: Health care personnel, SD: Standard deviation, n: Number
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In terms of correct hand placement during chest compression,
both groups (laymen bystanders and HCP bystanders) compressed
the chest appropriately at the centre of the chest (90.2% vs 96.1%),
X% (1, n=102)=1.38, p=0.24.

Regarding allowing complete recoil during chest compression,
the video call assisted layman bystanders performance was
better than HCP bystanders [94.8% vs 84.4%, X? (1, n=102)=7.14,
p<0.05)].

Independent t-test analysis of chest compression rate
demonstrated a significant mean difference in chest compression
rate between video call guided laymen bystanders CPR and
HCP bystanders, t (100)=4.80, p<0.05 (Table 3). There was also
a significant mean difference of chest compression fraction
between video call guided laymen bystanders CPR and HCP
bystanders, t (100)=7.43, p<0.05.

Discussion

This study demonstrated that in general, the HCP bystanders’
compression rate was faster than the recommended compression

rate (100-120 min™'). This may be because most of the healthcare
worker had not gone for any BLS or ACLS refreshment course
for 1 year. This may lead to a decline in memory retention and
skill set. Interestingly, about 50% of laymen bystanders with
video call assistance performed an appropriate compression
rate. Our finding was similar to other studies conducted by Yang
et al. (15) and Lee et al. (9). Yang et al. (15) did a comparison
study between interactive video call against audio call on the
quality of dispatcher-assisted compression-only CPR. The study
reported that 46.5% of the lay rescuers with video call guidance
had performed chest compression at an appropriate rate. Lee et
al. (9) examined the effect of cellular video phone demonstration
on the quality of hands-only CPR compared to audio call. The
study showed that 59% of the test subjects performed the chest
compression according to the recommended compression rate.
However, the mean compression rate in Yang et al. (15) and Lee
et al. (9) studies were 95.5 min and 99.5 min™, respectively. The
fact that the video call in their studies was pre-recorded and
could not provide live feedback on the quality of compression
rate to the rescuer while the CPR was ongoing may be the main

Table 2. The quality of CPR between laymen bystanders with video call DA-CPR guidance and healthcare personnel bystanders

Quality of CPR Laymen bystanders HCP bystanders
Mean compression, rate/min (SD) 109.7 (19.1) 126.7 (16.5)
Allow complete chest recoil, (%) 94.8 84.4

Mean chest compression fraction, (%) 49.2 60.8

Correct hand placement, (%) 90.2 96.1

DA-CPR: dispatcher-assisted CPR, CPR: Cardiopulmonary resuscitation, HCP: Health care personnel, SD: Standard deviation

Table 3. Comparison of two independent samples (chest compression rate and chest compression fraction between laymen bystanders
with video call DA-CPR guidance and healthcare personnel bystanders

Levene’s test
for equality of

t-test for equality of means

variances
95% confidence
interval of the
difference
F Sig. t df Sig. Mean SE Lower Upper
(2-tailed) difference | difference
Chest Equal variances | )10 | 0893 | 4802 | 100 0.000 16.980 3.536 9.965 | 23.996
es . assumed
compression
rate per Equal variances
minute not assumed 4.802 97.834 | 0.000 16.980 3.536 9.963 23.998
Equalvariances 139> | 0533 | 7428 | 100 0.000 11.588 1.560 8493 | 14.683
Chest assumed
compression
fraction (% i
V)| Equal variances 7428 | 99.983 | 0.000 11.588 1.560 8.493 | 14.683
not assumed

DA-CPR: dispatcher-assisted cardiopulmonary resuscitation, Sig: Significance, SE: Standard error
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reason why few of the laymen bystanders did not perform well
as expected. In contrast, the mean chest compression rate in our
study was 110 min™. Most probably, the higher CPR rate in our
study was attributed to the live feedback by the dispatchers. The
dispatcher had instructed the lay rescuer to compress faster in
synchrony with his counting whenever the dispatcher realized
the rescuer was compressing too slow.

Our study demonstrated more subjects in the HCP bystanders
group achieved appropriate compression depth (92.7%) compared
to the video call assisted laymen hystanders group (57.5%).
Bolle et al. (16) examined CPR quality between a video call and
audio call among laymen bystander. The study revealed that the
average chest compression depth performed by the participants
in the video group was 3.7 cm with only 35% of the test subjects
in the video group performed adequate compression depth (16).
In another study conducted by Yang et al. (15) the researchers
discovered that the video group subjects had a mean chest
compression depth of 3.6 cm with only 20% of them achieved an
adequate compression depth. Offering feedback on compression
depth to the rescuer is extremely difficult as there is no way for
the dispatcher to objectively evaluate the compression depth.
Hence, the dispatcher is advisable to accentuate on “push hard”
on every CPR cycle, and it does not matter whether the chest
compression depth is adequate or not to ensure adequate
compression depth is provided.

In addition to proper compression rate and compression
depth, rescuers must also minimise interruption during chest
compression to achieve high-quality CPR. The AHA guidelines
2015 recommends chest compression fraction (defined as
the percentage of total resuscitation time that compressions
are performed) of more than 60% as a measure of minimal
interruption during chest compression (14). This study
demonstrated that the mean chest compression fraction of video
call assisted laymen bystanders did not accomplish the suggested
parameter (49.2%) and mean chest compression fraction of HCP
bystanders was acceptable though marginal result (60.8%). From
our observation, layman rescuers took much longer time to open
the airway and to ensure adequate rescue breaths were provided
during the video call.

Regarding the correct hand placement during chest compression,
the performance of laymen bystanders group was comparable to
the HCP bystanders group (90.2% vs 96.1%). Similar findings were
noted from Yang et al. (15) and Lee et al. (9) studies whereby the
percentage of correct hand placement in their video call group
were 84% and 71.8%, respectively. These results may be attributed
to the fact that video call allows real-time visual feedback to the
dispatcher and thus, can troubleshoot incorrect hand placement
immediately.
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We have noissue in claimingthat video call assisted CPR expedites
the initiation of life-saving intervention but we are still unsure
the overall quality of CPR performed by naive laymen bystanders
that is guided by video call. However, we are very positive that
video call assisted CPR may enhance the quality of CPR among
CPR trained laypersons.

Study Limitations

There are a few limitations in this study. Firstly, this study was
performed in a simulated cardiac arrest situation where other
factors that may affect CPR performance such as prolonged
CPR while waiting for EMS arrival, anxiety and stress are absent.
Secondly, the mobile phone used in our study was placed in a
fixed position with a tripod to maximise the audio-visual quality.
In real life situation where there is only one rescuer who would
make the phone call and perform CPR, it may be challenging
to find a proper spot to place the mobile phone whilst
simultaneously doing CPR and maintaining optimal audiovisual
communication. Finally, the dispatcher used a modified dispatch
protocol designed for audio DA-CPR. The development of a
validated video call dispatch protocol in the future may elucidate
the benefit of video call DA-CPR.

Conclusion

The majority of OHCA occurs in a public setting. Bystander CPR
offers many survival advantages. Immediate CPR can double or
triple chances of survival after sudden cardiac arrest. The chance
of survival is higher if laymen bystanders provide high-quality
CPR before the arrival of the EMS team. Here in our study we
concluded that video call assisted CPR may enhance the quality of
CPR provided it can evaluate the laymen bystanders performance
and at the same time it can provide prompt feedback related to
CPR interventions.
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Abstract

Aim: This study aimed to determine the agreement between arterial blood gas (ABG) and venous blood gas (VBG) analyses in a pathologically
diverse patient population who presented to the emergency department.

Materials and Methods: This cross-sectional study was conducted in the emergency department of a tertiary care hospital during the period
from February 2019 to June 2020. A total of 113 patients presenting with various medical conditions confirmed on ABG by a physician were
recruited. Both arterial and venous blood samples were collected for blood gas analysis. Using a Bland-Altman plot, data obtained were
analyzed for agreement. IBM SPSS version 22 was used for the data analysis.

Results: Among the 113 study participants, the arterial and venous pH values, base excess, and bicarbonate level show acceptably narrow
95% limits of agreement in the Bland—Altman plot (—0.06 to 0.08, —4.08 to 2.30, and —2.59 to 0.89, respectively). Agreement in partial
pressure of oxygen and oxygen saturation measurements was poor (95% limits of agreement, —8.38 to 101.06 and 0.35 to 0.58, respectively).
Agreement of partial pressure of carbon dioxide shows an acceptably narrow agreement (95% limits of agreement, —10.61 to —2.18).

Conclusion: VBG analysis for pH, bicarbonate, and base excess may be a reliable substitute for ABG analysis in the initial evaluation of adult

patients presenting to the emergency department.

Keywords: Blood gas analysis, venous blood gas analysis, venous and arterial blood sampling, agreement

Introduction

In emergency departments and intensive care, the routinely
performed procedure is arterial blood gas analysis (ABG) (1).
ABG is the gold standard procedure to know about the acid-base
balance, oxygenation and ventilation-perfusion in patients in
critical care treatment (2). Arterial blood gas analysis requires a
sample of arterial blood, which is obtained mostly from radial or
femoral arteries. The sampling requires deep puncture into one of
the arteries, which can be painful to the patient. It may also lead
to various complications like bleeding, hematoma formation,
infection, embolism and formation of arterial aneurysm or in

very severe cases compartment syndrome (3,4). In intensive
care settings, to assess the patient status, there is a need for
repeated ABG analysis. This can put the patient through painful
needle punctures that can increase the chances of infection. The
alternative to ABG is venous blood gas analysis (VBG). In intensive
care and patients presenting to the emergency department,
venous sampling is more convenient and easy to perform (5). Few
venepunctures are required, thereby reducing the risk of needle
stick injury to the health care professionals.

Acid-base balance measured through blood gas analysis plays
a critical role in the planning of the course of treatment. The
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assessment is done in an arterial blood sample. In routine
practice, the sampling results in the mixed sample or venous
sample (6); this can cause detrimental effects in the diagnosis and
treatment plan. Pulse oximetry measurements of arterial oxygen
saturation draw a parallel to oxygen saturation as measured by
ABG, and transcutaneous carbon dioxide tension can provide a
useful guide to the adequacy of ventilation (7). The values of pH,
bicarbonate, and carbon dioxide tension can be measured in
arterial as well as venous blood gas analysis.

Various studies in the past have suggested that venous blood gas
analysis can be considered as an alternate to the arterial blood
gas analysis, VBG still has not gained much acceptance among
clinicians (8-12). A study by Kelly et al. (8). has shown that venous
bicarbonate estimation had a high level of agreement with the
arterial value, with acceptably narrow 95% limits of agreement.
A study by Ma et al. (10) proved that ABG results rarely influenced
emergency physicians’ decisions on diagnosis, treatment, or
disposition in suspected diabetic ketoacidosis (DKA) patients.
The usability of VBG in acid base status is still under research.
The previous researchers suggested that VBG in place of ABG is
sufficient to make clinical decisions. There isa lacuna in literature
corresponding to the place of this current study. So, to add on
to the available evidence and to study the pattern this current
study was done. This present study was carried out to determine
the agreement between ABG and VBG in a pathologically diverse
patient population presenting to the emergency department of
a tertiary care hospital.

Materials and Methods

A cross-sectional study was conducted at the emergency
department and critical care units of VMKV Medical College
Hospital, Salem during February 2019 - June 2020. The study
was approved by the institutional ethical committee of VMKV
Medical College Hospital, Salem. Informed written consent
was obtained from all participants, and data confidentiality
was maintained. For critically ill patients and those who were
unconscious during the study, the consent was obtained from the
attenders. All patients needing ABG as per clinician advised were
recruited into the study. For the recruitment of the participants,
convenience sampling was followed. All patients above the age
of 18 were presenting to the emergency department and all
patients requiring ABG for their treatment after initial emergency
residence (ER) assessment were included in the study. Patients on
anticoagulant therapy, Patients with bleeding disorders, patients
with peripheral vascular disease/compartment syndrome and
those Patients with arterial thrombosis were excluded from the
study.

Methodology

After obtaining informed consent, detailed history and clinical
examination were done for all patients. The need for ABG was
assessed, and both arterial and venous samples were obtained
within 2 minutes of each other. Both ABG and VBG were analysed
in the same blood gas analyser (ABBOTT ABG POC analyser). The
arterial blood was drawn from the radial or femoral artery—
the venous blood from a peripheral vein and blood for other
investigations. The blood samples were obtained in strict aseptic
precautions in a pre-heparinised syringe and transported in the
cold chain to the laboratory immediately. The ABG and VBG
values were interpreted, and the data were compared.

Sample Size Calculation

The sample size was calculated assuming the expected mean
difference of pCO, between ABG and VBG methods as three and
standard deviation as 1.2 as per the study by Malatesha et al.
(1) 26 females, mean; the maximum allowed difference pCO,
between two methods was considered as 6. The other parameters
considered for the sample size calculation included 5% alpha
error and 80% power of the study.

The required sample size as per the calculation mentioned
above was 86. To account for the non-participation rate/absence
of about 20%, another 18 subjects will be added to the sample.
Hence the final required sample size was 104 subjects. For better
representation and availability, 113 subjects were considered in
the final study.

Sample size calculation was done using Medcalc software (13).

Statistical Analysis

pH, HCO,, base excess, pCO, and SpO, in ABG and VBG methods
were considered as the primary outcome variables. Two
procedures ABG vs VBG was considered as explanatory variable.
Descriptive analysis was carried out by mean and standard
deviation for quantitative variables, frequency and proportion
for categorical variables. All quantitative variables were checked
for normal distribution within each category of explanatory
variable by using visual inspection of histograms and normality
Q-Q plots. Shapiro-Wilk test was also conducted to assess normal
distribution. Shapiro-Wilk test p-value of >0.05 was considered
as normal distribution. Bland-Altmann plot 95% confidence
interval (Cl) was used to know the agreement of different
parameters between ABG and VBG methods. The association
between non-normal quantitative outcome was assessed by
comparing the median values. Wilcoxon signed test was used to
assess statistical significance.
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p-value <0.05 was considered statistically significant. IBM SPSS
version 22 was used for statistical analysis (14).

Results

A total of 113 subjects were included in the final analysis. The
mean age was 50.73 years in the study population. Among the
study population, majority were male as 73 (64.60%). The mean
systolic blood pressure was 120 (mmHg) in the study population.
The mean diastolic blood pressure was 80.09 (mmHg) in the
study population. The mean pulse rate was 89.66 (bpm) in the
study population. The mean oxygen saturation was 0.92% in the
study population. The mean respiratory rate (per min) was 25.81
in the study population (Table 1).

The mean difference of the pH between the two methods
was 0.01, with 95% Cl ranging from (—0.06 to 0.08). The mean
difference of the pCO, between the two methods was —6.4 with
95% Cl ranging from (=10.61 to—2.18). The mean difference of the
HCO, between the two methods was —0.85 with 95% Cl ranging
from (-2.59 to 0.89). The mean difference of the Base excess
between the two methods was —0.89 with 95% Cl ranging from

Table 1. Summary of baseline parameter (n=113)

Summary
50.73+14.74 (range: 20 to 82)

Parameter

Age, (mean * SD) (years)

Gender
Male 73 (64.60%)
Female 40 (35.40%)

Vital signs, (mean * SD)

Systolic blood pressure, (mmHg)

120+25.77 (range: 60 to 210)

Diastolic blood pressure, (mmHg)

80.09+60.57 (range: 40 to 700)

Pulse, (bpm)

89.66116.73 (range: 62 to 162)

Oxygen saturation, (%)

0.92+0.06 (range: 0.7 to 1)

Respiratory rate, (per min)

25.81+4.93 (range: 14 to 38)

SD: Standard deviation, n: Number

(~4.08 to 2.30). The mean difference of the PO, between the two
methods was 46.34, with 95% Cl ranging from (-8.38 to 101.6).
The mean difference of the oxygen saturation between the two
methods was 0.47, with 95% Cl ranging from (0.35 to 0.58) (Table
2). Bland Altmann plots depicting the difference in arterial and
venous pH and pCO, measurements between average of arterial
and venous pH and pCO, is represented in Figures 1 and 2.

Discussion

The study findings showed acceptable agreement between ABG
and VBG analysis among the study participants. In literature,
there is plenty of evidence for the agreement between ABG and
VBG (8,10-12,15). Despite the available evidence in the literature,
VBG has not gained confidence for routine usage among the
clinicians. Few studies in the past have expressed reservations
on the diagnostic accuracy of VBG inaccurate patient evaluation
(12,16,17).
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Figure 1. Bland-Altmann plots of difference in arterial and venous
pH measurements between average of arterial and venous pH

SD: Standard deviation

Table 2. Mean difference in lab parameter between two methods (n=113)

Parameter ABG VBG Difference Bland-Altman
(Mean + SD) (Mean =% SD) (Mean =% SD) (95% C1)

Lower Upper
Potential of hydrogen (pH) 7.32%0.19 7.311£0.18 0.01£0.04 -0.06 0.08
PCO, (mmHg) 41.981£16.36 48.38+16.42 -6.412.15 -10.61 -2.18
HCO, (mmol/L) 21.31+8.78 22.16+8.59 -0.85+0.89 -2.59 0.89
Base excess (mmol/L) 2.12+6 1.22+5.76 -0.89+1.63 -4.08 2.30
PO, (mmHg) 87.31+38.83 40.97+£14.84 46.34+27.92 -8.38 101.06
Oxygen saturation 0.9310.06 0.45%0.06 0.47+0.06 0.35 0.58

ABG: Arterial blood gas, VBG: Venous blood gas, SD: Standard deviation,

Cl: Confidence interval, n: Number
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Figure 2. Bland-Altmann plots of difference in arterial and venous
pCO, measurements between average of arterial and venous pCO,

This present study was carried out to evaluate whether VBG
can replace ABG in initial patient evaluation in emergency
departments. As shown in results, the agreement is excellent
with 95% limits of agreement as —0.06 to 0.08 in pH. In this
present study, the agreement in pCO, and bicarbonate values
show an acceptably narrow agreement compared to the previous
study (12).

Agreement of pCO, in previous studies is good and within
acceptably narrow limits, but in this particular study even
though pCO, shows an acceptably narrow agreement (95% limits
of agreement —10.61 to —2.18) since the zero bias is outside the
limit. This indicates there is a significant difference between
arterial and venous measurements. Hence the arterial and
venous pCO, values cannot be replaced with each other.

As expected, the venous pO, and arterial pO, did not show
good agreement in our study (95% limits of agreement —8.38 to
101.06), as the difference is too great to be clinically significant.

The mean difference of the HCO, between the two methods
was —0.85 with 95% CI ranging from (-2.59 to 0.89). The mean
difference of the Base excess between the two methods was —0.89
with 95% Cl ranging from (—4.08 to 2.30). Both these parameters
suggest agreement between ABG and VBG.

Among the previous available literature, the most commonly
studied group of participants were a single diseased group like
DKA and renal failure (10,11). In this study, only a few patients in
the study group had extremes of pPH and were in shock; therefore,
it was not possible to find the agreement and correlation of ABG
and VBG values in those patients. Hence a more extensive study
of patients in the extremes of pH and states of shock is needed to

comment on the agreement and correlation of patients in those
states.

The strength of this study being, the study was conducted among
the wide array of patients attending the emergency department.
The limitation of the current study was the recruitment of the
participants were not done randomly, and convenience sampling
was followed.

Conclusion

Thus, we can conclude from my study that pH, HCO, and Base
Excess agree well in ABG and VBG analysis, and both can be used
interchangeably in the ER. We recommend that Based on the
initial assessment of patients in the ER, VBG can be used as an
alternative for ABG as it will not alter the treatment of the patient
drastically.
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Abstract

Aim: The infection caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), called coronavirus disease-2019 (COVID-19), has
been declared by the World Health Organization as a pandemic. Moderate and severe hyponatremia may develop in COVID-19 cases. This
study aimed to evaluate the frequency and predictors of hyponatremia in patients hospitalized with COVID-19.

Materials and Methods: This retrospective study included patients aged >18 years who were admitted to our hospital between August 14,
2020, and September 30™, 2020, with positive RNA polymerase chain reaction (PCR) test. Patients’ demographic data, comorbidities, vital
signs, physical examination findings, laboratory results, sodium levels, and hospital outcomes were evaluated.

Results: The study included 760 patients with positive PCR test results. Of all the patients, 47.6% were female, and the median age was 63
years. The in-hospital mortality rate was 11.7%. The median sodium level was 137 (134-140). Hyponatremia was present in 25.7% of the
patients, and majority of the patients had mild hyponatremia. Hyponatremia was observed more frequently in patients with advanced age,
male gender, diabetes, and severe pneumonia (p=0.041, p=0.003, p<0.001, p=0.002, respectively).

Conclusion: In this study, hyponatremia is relatively common in patients admitted with COVID-19 pneumonia, and it is associated with
higher disease severity. The incidence of hyponatremia increases in older patients, male patients, patients with severe pneumonia, and

patients with diabetes.

Keywords: COVID-19, hyponatremia, pneumonia

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection epidemic has been named coronavirus disease
2019 (COVID-19) by the World Health Organization (WHO).
COVID-19 disease is a respiratory disease detected in Wuhan,
China, caused by a new coronavirus. COVID-19 spread rapidly
to many countries and was declared as a pandemic by WHO (1).
The disease is highly contagious and its main clinical symptoms
are fever, dry cough, fatigue, myalgia, and shortness of breath.
However, all these symptoms are not specific to the disease and
the disease can progress rapidly to severe pneumonia. Severe
acute respiratory syndrome (SARS) may develop in more severe

cases. Pathogenesis of coronavirus-associated SARS is associated
with cytokine storm that involves high serum proinflammatory
cytokines and chemokines [interleukins 1, 6, 8 and 12 (IL-
1, IL-6, IL-8, 1L-12), tumor necrosis factor (TNF) - alpha and
interferon (IF-N) - gamma] (2). A serum sodium concentration
below 135 mmol/L is called hyponatremia. Hyponatremia is the
most common electrolyte disorder. Hyponatremia is found in
approximately 10%-15% of hospitalized patients (3). One of the
common causes of hyponatremia is Syndrome of inappropriate
antidiuretic hormone syndrome (SIADH) due to lung diseases (4).
It occurs in approximately 25% of patients with pneumonia (3,4).
In patients with pneumonia, a relationship between the presence
of hyponatremia with a prolonged hospital stay, increased risk
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of admission to the intensive care unit (ICU), high hospital costs,
and increased mortality has been observed (4-6). In patients
with severe hyponatremia, it can be seen life-threatening
complications such as encephalopathy, cerebral edema,
seizures, and coma. Although the risk of hyponatremia among
pneumonia patients varies according to the pathogen, 44%-46%
of patients with Legionella pneumonia develop hyponatremia,
and hyponatremia is observed in 8%-14% of patients in other
community-acquired pneumonia etiologies (7,8).

In recent studies and case reports, it has been reported that
patients with SARS-CoV-2 infection may develop moderate
and severe hyponatremia (9-11). In these studies, there are
publications suggesting that the presence of hyponatremia
during the admission to hospital may be an indicator of
potential COVID-19 infection (11). It is now known that severe
systemic inflammation develops in COVID-19 patients. It is also
thought that systemic inflammation may cause hyponatremia
due to non-osmotic stimulation for antidiuretic hormone
production. However, data on the prevalence, severity, and
impact of hyponatremia in patients with COVID-19 are limited
in the literature.

In this study, we aimed to evaluate the frequency of
hyponatremia and predictors of hyponatremia in patients
hospitalized due to COVID-19.

Materials and Methods

The study is retrospective and observational. Prior to
implementation, our study’s protocol was approved by the Ethics
Committee of Ankara Kegioren Training and Research Hospital
(2012-KAEK-15/2187) and Ministry of Health Scientific Research
Committee. Since the first case of COVID-19 detected in our
country, hospitalization, diagnosis, and treatment of patients
are planned in our hospital according to the national COVID-19
guidelines published by the Ministry of Health. Our hospital
has been serving as a pandemic hospital since April 2020.
Patients are evaluated in emergency department and pandemic
outpatient clinics and laboratory (complete blood count, routine
biochemical tests, C-reactive protein, erythrocyte sedimentation
rate, prothrombin time, partial thromboplastin time, D-dimer,
fibrinogen). ferritin, and imaging studies [postero-anterior chest
radiography and/or low-dose computed tomography (CT) of the
thorax without contrast] are required.

Patients over the age of 18 who were admitted to Kegcioren
Training and Research Hospital between 01.08.2020-30.09.2020
with positive RNA polymerase chain reaction (PCR) test results
that were followed up by hospitalization were included in the
study.
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Demographic data, complaints, comorbid diseases, vital signs,
physical examination findings, laboratory results, hospital stay,
and hospital outcomes of the patients were obtained from the
hospital automation system and patient files. Hyponatremia
was defined by natremia below 135 mmol/L. Patients were
biochemically divided into subgroups according to plasma
sodium concentrations at the time of admission to emergency
department: mild hyponatremia (130-134 mmol/L), moderate
hyponatremia (125-129 mmol/L), and severe hyponatremia
(<125 mmol/L) (10). Patients referred from another hospital
and who were found to have pseudo-hyponatremia as a result
of etiological evaluation were excluded from the study. Patients
who developed hyponatremia during their hospitalization
were not included in the study, since iatrogenic causes of
hyponatremia would confound analysis of the effect of SARS-
CoV-2 on sodium levels. Patients were divided into two groups
according to thorax CT. Patients with more than 50% of the entire
lung area affected were considered to have moderate to severe
pneumonia accordance with the national COVID-19 guidelines
published by the Ministry of Health. In-hospital deaths of the
patients were recorded.

Patients with incomplete data and those with negative PCR test
results who were followed up with a pre-diagnosis of COVID-19
were excluded from the study.

Statistical Analysis

The analysis of all data obtained during the study and recorded
in the study form was performed using IBM SPSS 20.0 (Chicago,
IL, USA) statistics program. Whether the distribution of discrete
and continuous numerical variables is suitable for normal
distribution was investigated by the Kolmogorov-Smirnov test.
Descriptive statistics and discrete and continuous numerical
variables were shown as median [interquartile range (IQR):
25-75], and categorical variables as a number of cases and
(%). Categorical variables were evaluated with chi-square and
continuous variables with the Mann-Whitney U test. Predictors
of hyponatremia were determined using univariate tests, and
statistically significant (p<0.2) variables were tested with a
multivariate logistic regression model. The fitness of this model
was tested with the Hosmer-Lemeshow test. Before being
included in the model, the correlation of the data was evaluated
using the Spearman correlation test. p<0.05 were considered
statistically significant.

Results

During the study period, 1,089 patients were hospitalized with
the pre-diagnosis of COVID-19, and 760 patients with positive
PCR test and complete data were included in the study (19
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patients were excluded because of missing data, 12 patients were
excluded because of hypernatremia, 308 patients were excluded
because of the PCR test is negative or missing).

47.6% of the patients were female and the median age was 63
(IQR: 52-72). The most common comorbidity in patients was
hypertension with 43.9%. It was observed that the most common
complaints of the patients were fever (61.2%) and cough (55.3%).
Pneumonia was present in 89.7% of the patients and the lesions
were bilateral in 84.5% of the patients. Eighty-nine (11.7%)
patients died. The demographic data of the patients are given
in Table 1.

Laboratory parameters measured at the time of admission
are given in Table 2. The median sodium value of the patients
was 137 (134-140). Hyponatremia was present in 25.7% of the
patients, and the majority of the patients had mild hyponatremia
(Table 3).

When hyponatremic and normonatremic patients were
compared; It was determined that hyponatremic patients were
older, hypertension, diabetes, coronary artery disease was more
common, their saturations measured at the time of admission
were lower, they had more pneumonic infiltration and severe
pneumonia in chest imaging, and these patients needed more
mechanical ventilation (for all values, p<0.05). In addition,
patients with hyponatremia were found to have higher mortality
and longer hospital stay (for all values, p <0.05) (Table 4).

Multivariate logistic regression analysis was performed to
examine the effects of variables examined in Table 4 on
hyponatremia together with other variables. Firstly, correlation
analyses were made. It was observed that mechanical ventilation
need correlated with (ICU) need, pneumonia correlated the
severity of pneumonia, pneumonia correlated saturation and ICU
need, and pulse rate/fever correlated with saturation (p<0.05,
r>0.3). Diabetes, hypertension, saturation at admission, I1CU
need, severe pneumonia, time from onset to hospitalization, age,
and gender were included in the multivariate model because of
a p-value equal to or below 0.2 from Table 4 and noncorrelated
or weak correlated in correlation analysis (p>0.05, p<0.05 and
r<0.3)

After the model established by the Hosmer-Lemeshow test was
found to be fit, it was found that hyponatremia was observed
more frequently in patients with advanced age, male gender,
diabetes, and severe pneumonia (p=0.041, p=0.003, p<0.001,
p=0.002, respectively) (Table 5).

Table 1. Demographic data of patients (n=760)

Age, years, median IQR (25-75) ‘ 63 (52-72)
Sex, n (%)
Female 362 (47.6%)

Comorbidity, n (%)

Hypertension 334 (43.9%)

Diabetes 224 (29.5%)

Coronary heart disease/KKY 132 (17.4%)
Chronic obstructive lung disease 59 (7.8%)
Hyperthyroidism 48 (6.3%)
Chronic kidney disease 36 (4.7%)
Other 77 (10.1%)
Drugs, n (%)

Angiotensin-converting enzyme inhibitor 132 (17.4%)
Angiotensin receptor blocker 79 (10.4%)

Diuretic 113 (14.9%)

Vital signs, median IQR (25-75)

Respiratory rate 16 (14-18)
Pulse 75 (70-82)
Body temperature 37.6 (37-38.1)
Saturation 90 (86.2-92)
*Admission complaints of patients, n (%)

Fever 465 (61.2%)
Cough/sputum 420 (55.3%)
Dyspnea 349 (45.9%)
Myalgia/fatigue 230 (30.3%)
Throat ache 55 (7.2%)
Diarrhea 82 (10.8%)
Nausea or vomiting 137 (18%)
Headache 73 (9.6%)
Anosmia 41 (5.4%)
Pneumonia, n (%)

No-pneumonia ‘ 78 (10.3%)

Pneumonia severity

Mild 487 (71.4%)

Moderate-severe 195 (28.6%)

CT results, n (%)

Bilateral involvement 642 (84.5%)

Time from illness onset to hospital admission, days, | 5 (3-7)
median IQR (25-75)

Oxygen treatment, n (%)

Non-invasive mechanical ventilation 59 (7.8%)
Invasive mechanical ventilation 74 (9.7%)
High flow oxygen treatment 89 (11.7%)
Renal replacement treatment, n (%) 14 (1.8%)

Prognosis, n (%)

Healed and discharged 671 (88,3%)

Death 89 (11.7%)

ICU hospitalization, n (%) 92 (12.1%)

ICU stay time, median IQR (25-75) 13 (5-25)

Hospitalization length, median IQR (25-75) 6 (5-10)

*A patient may have more than one complaint, ICU: Intensive care unit, IQR:
Interquartile range, CT: Computed tomography, n: Number
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Table 2. Laboratory parameter of all patients upon admission

Median IQR (25-75)

Hemoglobin 13.3(12.2-14.5)
White blood cell 6.300 (4.7-8.5)
Neutrophil 4.66 (3.14-6.98)
Lymphocyte 1.05 (0.72-1.49)
Platelet 208 (159-272)

C-reactive protein

53.4 (17.2-115.9)

Sedimentation

53 (34-74)

Discussion

In this study, in which we evaluated the frequency of
hyponatremia and its relation with mortality in patients
hospitalized for COVID-19, we first showed that hyponatremia
was common in COVID-19 patients, and approximately 25% of
patients have hyponatremia. Secondly, we found that patients
with hyponatremia were older, had more comorbidity, more
severe pneumonia, and more need for mechanical ventilation,
longer hospital stay, and more mortality. Finally, we found that
hyponatremia was more common in older age, male gender, and
those with diabetes and severe pneumonia.

ferritin 302.7 (132.3-646)
D dimer 640 (370-1142.5)
Fibrinogen 509.2 (409-631)
Glucose 124 (103-169)
Urea 53 (34-474)
Creatinine 1(0.835-1.19)

Table 3. Sodium levels of all patients

Glomerular filtration rate

72.3 (55.2-87.9)

Albumin 3.5(3.2-3.8)

Sodium 137 (134-140)
Potassium 4.2 (3.94-4.55)
Chlorine 101.5 (98-104)
Troponin 5.15(2.5-14.3)

Hyponatremia 195 (25.7%)
Normonatremia 565 (74.3)
Hyponatremia severity

Mild 152 (77.9%)
Moderate 32 (16.4%)
Severe 11 (5.6%)

Table 4. A comparison of the patient characteristics regarding sodium levels upon admission (hyponatremia/normonatremia)

Hyponatremia (n=195) Normonatremia (n=565) p-value
Age, years, median IQR (25-75) 65 (56-73) 62 (50-71) 0.002
Sex, n (%)
Female [ 76 (39%) | 286 (50.6%) 0.005
Comorbidity, n (%)
Hypertension 109 (55.9%) 225 (39.8%) <0.001
Diabetes 88 (45.1%) 136 (24.1%) <0.001
Coronary heart disease 44 (22.6%) 88 (15.6%) 0.029
Chronic obstructive lung disease 10 (5.1%) 49 (8.7%) 0.211
Chronic kidney disease 13 (6.7%) 23 (4.1%) 0.191
Hypothyroidism 12 (6.2%) 36 (6.4%) 0.914
Vital signs, n (%)
Pulse 76 (71-82) 75 (70-81) 0.187
Saturation 89 (83-91) 90 (88-92) <0.001
Fever (temperature) 37.8(37-38.2) 37.6 (37-38) 0.07
Pneumonia Presence, n (%) 187 (95.9%) 495 (87.6%) 0.001
Severe pneumonia, n (%) 75 (38.5%) 120 (21.2%) <0.001
The need for mechanical ventilation, n (%) 27 (13.8%) 47 (8.3%) 0.025
ICU need, n (%) 34 (17.4%) 58 (10.3%) 0.08
CT results, n (%)
Bilateral involvement 65 (43.3%) 7 (38.9%) 0.719
Time from illness onset to
hospital admission, days, median IQR (25-75) 5 (4-7) 5 (3-7) 0.065
Hospitalization length, median IQR (25-75) 7 (5-12) 6 (5-9) 0.015
ICU time, median IQR (25-75) 12 (8-22) 13.5 (5-28) 0.713
In hospital mortality, n (%) 35 (25.7%) 54 (9.6%) 0.002

ICU: Intensive care unit, IQR: Interquartile range, CT: Computed tomography, n: Number
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Table 5. Multivariate regression model to predict hyponatremia

Wald p-value OR 95% Cl
Age 4.165 0.041 0.98 0.97-0.99
Gender 8.841 0.003 1.71 1.20-2.44
Diabetes 21.472 <0.001 2.36 1.64-3.4
Hypertension 1.941 0.164 1.31 0.89-1.93
Saturation 0.263 0.608 1.00 0.98-1.03
Time from illness onset to 0.085 0.770 0.98 0.91-1.06
hospital admission, days
ICU need 0.009 0.924 0.97 0.547-1.72
Severe pneumonia 9.834 0.002 1.93 1.28-2.93
ICU: Intensive care unit, OR: Odds ratio, Cl: Confidence interval

Hyponatremia is most common electrolyte disorder in the clinic.
Hyponatremia can be classified in various ways according to its
severity (12). According to the blood levels, it can be classified
biochemically as mild, moderate, and severe; according to the
rate of development, those that develop in the last 48 hours are
classified as acute hyponatremia, and those developing longer
than 48 hours as chronic hyponatremia. Mild hyponatremia
was present in most of our patients (77.9%) with hyponatremia.
Hyponatremia is seen in 26%-28% of patients with pneumonia
(4,13), and it has been observed that it is associated with an
increased risk of ICU hospitalization, long-term stay, higher
hospital costs, and increased mortality rates (4,6,7). Severe
hyponatremia is associated with life-threatening complications,
including encephalopathy, cerebral edema, seizures, coma,
and pontine myelinolysis (secondary to increase excessively
rapid sodium correction) (12). The frequency of developing
hyponatremia among pneumonia patients varies. In studies
published recently in the literature, moderate and severe
hyponatremia has been reported in patients with SARS-CoV-2
infection (9,10). They suggested that the hyponatremia detected
at admission could be an indicator of potential COVID-19
infection (11).

The frequency and severity of hyponatremia increase with age
(12,14). In a prospective study, it was shown that the sodium level
of 1/3 of the elderly individuals was <135 mmol/L, and in another
study, the frequency of hyponatremia was 11.6% in individuals
over the age of 75 (14,15). Hyponatremia in the elderly is one of
the common causes of emergency admission (16). Hyponatremia
in the elderly is often multifactorial and SIADH is the most
common cause of hyponatremia (17). In addition to some
diseases, many drugs can cause both direct effect and SIADH,
and patients may develop hyponatremia (17,18). In our study,
approximately 45% of our patients consist of geriatric patients.
Most of the geriatric patients have at least one comorbidity, and

hyponatremia in these patients may have developed due to the
above conditions together with the COVID-19 infection.

In COVID-19, hyponatremia may occur due to some physio-
pathological changes. It is thought that it most commonly
develops secondary to pneumonia (10,11). The development
of hyponatremia due to pneumonia has been known for a long
time. However, the mechanism of hyponatremia in pneumonia
is not clearly understood. Often thought to be SIADH (10).
Hypovolemia may develop in these concomitant patients due
to factors such as insufficient oral intake, systemic vasodilation,
vomiting, and extrarenal sodium losses due to diarrhea. In
COVID-19, hyponatremia may develop due to both pulmonary
and extrapulmonary mechanisms (19,20).

We found that hyponatremia developed more in patients with
severe pneumonia (significant involvement on CT) and patients
with low saturation. Mechanical ventilation and ICU requirements
were higher in our patients with hyponatremia. As pneumonia
severity increased in patients with COVID-19, hyponatremia
was more frequent and more severe. Berni et al. (21) found a
more severe outcome (a composite of disease severity which
included mortality) in patients with hyponatremia hospitalized
for COVID-19 in a small retrospective study.

In the regression analysis where we investigate the effects of
the variables we obtained in univariate analysis in our study
on hyponatremia, we found that the male gender developed
hyponatremia 1.7 times, diabetes 2.3 times, and severe
pneumonia 1.9 times more. Hyponatremia is an expected
condition in advanced age and diabetic patients. Gender factor is
an interesting result in the development of hyponatremia. Male
patients came to the emergency department after a median
of 5 (4-7) days after complaints start, and female patients in a
median of 4 (3-6) days after the complaints start. We think that
the late admission of male patients to the hospital and starting

187



Emektar et al. Hyponatremia and Predictors in COVID-19

Eurasian | Emerg Med.
2021:20(3): 183-9

treatment later than women predispose to the increase in the
severity of pneumonia and hyponatremia.

Study Limitations

Our study has some limitations. First of all, since it is a single-
center study, our results cannot be generalized to all centers.
Secondly, due to the retrospective nature of the study, missing
data may have affected the results of the study. Also, since urinary
sodium, osmolality, and Interleukin 6 levels were not examined
in all patients, they were not included in the analysis. Consecutive
sodium measurements were not performed in all patients. The
median age of our patients is advanced and most of them have
an accompanying disease. In addition, patients with COVID-19
who were discharged from the emergency department or who
did not have an indication for hospitalization were excluded.
Also, we were not evaluated the clinical findings and course of
the patients. These situations may have affected our results.

Conclusion

Hyponatremia was common in patients admitted with COVID-19
pneumonia, and it is associated with COVID-19 disease severity
in our study. The incidence of hyponatremia increases in geriatric
patients, male patients, patients with severe pneumonia, and
diabetic patients. The emergency physician should be aware that
COVID-19 patients may have hyponatremia due to pneumonia
and that the disease will be more severe in these patients, and
the need for more intensive care and mechanical ventilation.
Studies on larger cohorts may shed light on the physiopathology
of hyponatremia in COVID-19.
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Abstract

Aim: This study aimed to compare two different concentrations of Diphenhydramine vs. Lidocaine for median nerve block in terms of
providing required anesthesia for repairing soft tissue injuries.

Materials and Methods: This double-blind, randomized clinical trial was conducted in Tehran, Iran, in 2019. Participants were randomly
assigned to three groups. Group A received 3 cc of 0.5% diphenhydramine (n=68), group B received 3 cc of 1% lidocaine (n=68), and group
C received 3 cc of 1% diphenhydramine (n=68). The onset of action, duration of anesthesia, pain during injection, and patients’ satisfaction
level were evaluated between the groups.

Results: Two hundred two patients with the mean age of 35.09+13.5 years took part in this study (52.5% of the males). Age (p=0.879), onset
of action (p=0.251) and duration of anesthesia (p=0.081) had no significant difference among the three groups. The pain during injection
between groups A and B (p=0.001) and between groups B and C (p<0.0001) had significant differences. Patients in group B had the significant
highest level of satisfaction (p<0.0001).

Conclusion: In our study, two different concentrations of diphenhydramine had the same onset of action and duration of anesthesia
compared to lidocaine. Lidocaine caused lower pain during injection compared to diphenhydramine, and the level of satisfaction was higher

with lidocaine. Diphenhydramine had no significant difference with different concentrations in terms of pain during injection.

Keywords: Hospital emergency service, diphenhydramine, lidocaine, pain measurement, median nerve

Introduction

The use of local nerve anesthesia for hands is becoming
increasingly common in emergency procedures. Emergency
medicine physicians (EMPs) are conducting many simple
intradermal procedures on the hand, e.g. laceration repair. A
local anesthetic is an integral aspect of the procedures which
consists of the specific structure for penetrating the lipid rich
nerve membrane and water solubilizing and chain for making

this connection. It blocks the autonomic, sensory and motor
nervous impulses by preventing the sodium influx to the cells and
membrane depolarization (1-3). The local anesthesia is mostly
classified in to esters group such as procaine and tetracaine and
amides group such as lidocaine and bupivacaine that have both
negative and positive points (4). Therefore, choosing the best
anesthetic agent to control pain with the highest efficacy and least
pain at the site of injection is of paramount importance. EMPs
are always looking for an anesthetic agent with an appropriate
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onset time and duration that causes the least adverse effects.
Lidocaine is the safest and the most popular anesthetic drugs in
the emergency department (ED) and is used in many procedures
due to its short onset action. However, some patients reported an
unclear or true history of hypersensitivity which makes the choice
of the best anesthetic agent difficult (2,5-7). In many studies,
diphenhydramine was selected as an alternative local anesthetic
in such situations (6). The main use of diphenhydramine is
as a first-generation antihistamine, but it also acts as a local
anesthetic because of its three-dimensional structure like an
amine terminus that is similar to other anesthetic drugs (7,8).
A study in 2009 showed that 80% of patients realized the onset
of anesthetization within five minutes following injection of
a 1% solution of diphenhydramine, and that anesthetization
lasted 15 minutes to three hours. However, the pain related
to the injection of diphenhydramine was higher than that of
lidocaine (7). Although some studies found pain and irritation
from diphenhydramine injection, most studies did not show any
allergic cross-reactivity (8).

Given the limited number of studies comparing the efficacy of
diphenhydramine in different doses as a neural blocking agent
especially for median nerve block.

This study aimed to compare two different concentrations of
Diphenhydramine vs. Lidocaine for median nerve block in terms
of providing required anesthesia for repairing soft tissue injuries.

Materials and Methods

Trial Design

This study was a double-blind clinical trial conducted at Imam
Khomeini Hospital Complex affiliated to Tehran University
of Medical Science, Tehran, Iran,during 2019. The executive
protocol of the study was approved by the Ethics Committee of
Tehran University of Medical Sciences (ethic code: IR TUMS.IKHC.
REC.1397.095) and registered in the Iranian Registry of Clinical
Trials (registration number: IRCT20190318043088N1). The study
was conducted in accordance with the Declaration of Helsinki
Principles. Written informed consent was taken from all patients
prior to their participation in the study. This research did not
receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Participants

Participants in the study were patients referred to the ED between
the age of 16 and 65 years with an indication for Median nerve
block (including lacerations to the palmar surface of hand,
thumb, second or third finger or radial half of fourth finger or the
nailbed of these fingers or the thenar eminence and lumbrical
muscles of the firstand second finger). Patients excluded from this

study were those who had known allergy to diphenhydramine
or lidocaine, those who received any systemic anesthesia
prior to the intervention and those who received monoamine
oxidase (MAO) inhibitors (due to prolongation of MAO inhibitors
anticholinergic effects) or barbiturates (due to increasing central
nervous system sedation). Breastfeeding mothers, patients with
severe asthma, uncontrolled hypertension, glaucoma, ischemic
heart diseases, benign prostatic hyperplasia, hyperthyroidism, or
pyloroduodenal obstruction were also excluded.

Interventions

Group A received 3 cc of 0.5% diphenhydramine, group B
received 3 cc of 1% lidocaine, and group C received 3 cc of 1%
diphenhydramine (9-11). The Caspian Tamin Pharmaceutical Co
(Tehran, Iran) was the manufacturer of medications. Using 0.05
inch 27-gauge needles, median nerve block was performed by
injecting 3 mL of the local anesthetic solution medial to the flexor
carpi radialis tendon, 2 to 3 proximal to the wrist crease on a flat
surface after cleaning area using chlorhexidine 2%. The solution
was injected at a 45-degree angle to a depth of 16 mm (12). The
anesthetization in all three groups of patients was assessed at
5, 10- and 15-minute intervals following administration of the
anesthesia. The procedure ended whenever the patient declared
they were pain free. Patients who were not anesthetized after 15
minutes, or who expressed dissatisfaction with the result, would
be administered by 1% Lidocaine as a rescue dose.

Outcomes

The primary outcome including the pain score at injection
site, onset of action (defined as the time when pain started to
decrease) and duration of anesthesia (defined as the time from
the onset action to the relapse of sensation) were assessed. At the
end of the procedure, the patient’s satisfaction with pain control
during the procedure and the adverse effects during procedure
or later (before ED discharge) were recorded as secondary
outcomes. The satisfaction was recorded using a five-point Likert
scale (not satisfied, slightly satisfied, satisfied, very satisfied,
and extremely satisfied). The variables were compared among
different treatment groups and between genders.

Sample Size

The sample size was calculated using the formula below and
considering &=0.05 and power of 80% as at least 14 in each arm
of the study.

v o (Brant Zﬁ)z [(D1)° + (SP2)"]
(M1 — M)

a=005>2,,,=196

p=02-2,=084
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Diphenhydramine: M1=1.56 and SD1=0.54, Lidocaine: M2=2.06
and SD2=0.41

Primary Assessment

Assessment of the patient’s pain score was based on the Visual
Analog Scale (VAS) a psychometric scale used to indicate the pain
intensity at an injection site. Patients mark their level of pain
along a straight-line scale from zero to 10 where patients without
pain get zero and patients with the highest intensity of pain get
10 (13,14).

Randomization and Blinding

Randomization was done using computer-generated allocation
table provided by RANDOM.ORG website (15), encoded with
letter A, B or C by the supervisor of the project. Color and
appearance of the drugs were identical and administered by the
same-size syringes, percutaneously. A nurse was responsible for
administration of drugs. Patients, nurse and statistical analyst
were all blinded to their assessments.

Statistical Analysis

SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA) was used to
analyze the data. Quantitative variables were described using
the mean = SD and qualitative variables were described using

the frequency and percentage of the data. Three variables were
measured during the procedures: the pain score reported by the
patients during the injection, the length of time to onset action,
and the duration of anesthesia. The relationship between these
three variables among the treatment groups was examined using
One-way ANOVA and Tukey test. The relationship of onset action,
duration of anesthesia and pain score between the genders was
examined using independent sample t-test. The relation between
categorial variables was examined using chi-square test and
Fisher’s exact test. P<0.05 was considered statistically significant.

Results

Two hundred four patients took part in the study (68 in each
group). Figure 1 shows the CONSORT flowchart of the study
patients. One patient from group B and one from group C
reported a relapse of pain, 20 minutes after the injection. Those
two patients required rescue intervention for injecting to the
border of laceration and excluded from the analysis.

Finally, the data from 202 patients were analyzed of whom 52.5%
were male. The mean age was 35.09+13.5 years (maximum
and minimum of 16 and 64). The satisfaction level (p=0.662),
onset action (p=0.667), duration of anesthesia (p=0.832) and

Assessed for Eligibilty
(@209
Excluded (n=0)
Mot mesting inclusion criteria
(n=0)
Decline to participate (n=0)

Randomized
(=204}

=

= Allocated to Group A Allocated to Group B Allocated to Group C

3 (n=68) (n=68) (n=68)

go, Recieved3 oo of 0.5% Recieved 3cc of 1% Recieved 3 cc of 1%
diphenhydramine lidocaine diphenhydramine

% foll foll

= Lost to follow-up Lost to follow-up Lost to follow-up

% {give reasons} (n=0) (give reasons) (n=0) (give reasons) (n=0)

o

= Amnalysed (n=68) Analysed (n=67) Analysed (n=67)

'5‘ [Excluded from analysis Excluded from analysis Excluded &l:-m analysis

_é (n=0) (n=1) (n=1)

Figure 1. CONSORT flow diagram of the trial: CONSORT flow diagram showing participant flow through each stage of the randomized
controlled trial (enrolment, intervention allocation, follow-up and data analysis)

CONSORT: Consolidated Standards of Reporting Trials, n: Number
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pain score (p=0.179) had no significant difference between the
genders.

Comparing the primary outcomes among treatment groups
showed that onset action, duration of anesthesia and pain score
during injection were lower in group B, A and B, respectively.
Comparing the secondary outcomes showed that patients in
group A and C mostly reported “slightly satisfied” and patients
in group B mostly reported “very satisfied”. In addition, the
frequency of adverse effect (erythema, drowsiness and both) was
found only in 4.46% of patients which was higher in group C.
(Table 1). Age (p=0.879), onset action (p=0.251) and duration
of anesthesia (p=0.081) had no significant difference among
treatment groups. There was a significant difference in reported
pain score during injection among groups (p<0.0001). Tukey
test (HSD) showed that the difference in pain during injection
between groups A and B (p=0.001) and between groups C and
B (p<0.0001) were statistically significant, but there was no
significant difference between groups A and C, (p=0.367). The
confidence interval of the pain score during injection ranged
from 4.5 to 5.3 in group A, from 3.6 to 4.3 in group B and from
5to 5.7 in group C. (Figure 2) The Tukey test put groups A and
C with similar mean pain score during injection into a cluster
and group B in another cluster. There was significant difference
between patient’s satisfaction level of different treatment groups
(p<0.0001).

Discussion

This study compared the effects of two different doses of
diphenhydramine versus lidocaine for median nerve block for

intradermal procedures of the hand. The results indicated that
the type and doses of medication had no significant relationship
with onset time and duration of anesthesia induced by
diphenhydramine, and both are comparable with what induced
by lidocaine. Diphenhydramine injection, with any dose, was
more painful than lidocaine injection. The mean pain score of two
different used doses of diphenhydramine was not significant. As
a result, patients receiving lidocaine had higher satisfaction level
compared to patients receiving diphenhydramine. However, due
to the absence of significant adverse effects, diphenhydramine
can be considered as an appropriate alternative for lidocaine in
median nerve block in patients with lidocaine hypersensitivity.

6.0

557

n
=3
1

95% Cl pain during
-
9

4.0

354

T
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e
o
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Figure 2. The pain score measured by Visual Analog Scale during
injection of each group (A: 0.5% Diphenhydramine Injection; B: 1%
Lidocaine Injection; C: 1% Diphenhydramine Injection)

Cl: Confidence interval

Table 1. The quantitative and qualitative variables among treatment groups
Variables Group A Group B Group C Total
(n=68) (n=67) (n=67) (n=202)
Extremely satisfied 1(1.47) 0 0 1(0.49)
Very satisfied 14 (20.59) 37 (55.22) 13 (19.4) 64 (31.68)
Satisfaction level Satisfied 23(33.82) 14 (20.89) 20 (29.85) 57 (28.21)
Secondary Slightly satisfied 24 (35.29) 14 (20.89) 26 (38.8) 64 (31.68)
outcomes Not satisfied 5(7.35) 1(1.49) 8(11.94) 14 (6.93)
Erythema 2 (2.94) 0 2(2.98) 4(1.98)
Adverse effect Drowsiness 1(1.47) 0 4(5.97) 5(2.47)
Both 0 0 1(1.49) 1(0.49)
Age (year) 35.67+13.29 34.49+13.23 35.11£14.14 35.09+13.5
Onset action (min) 5.44+1.79 4.98+1.64 5.35+1.61 5.26%1.69
Primary outcome ' - 1ion of anesthesia (min) 31.17+4.89 32.58+5.14 33.05+5.08 32.26+5.08
Pain Score during injection 4.92+1.66 3.92+1.45 5.28+1.46 4.71£1.62
Date are frequency (percent) or mean + SD. A: 0.5% Diphenhydramine Injection; B: 1% Lidocaine Injection; C: 1% Diphenhydramine Injection.
SD: Standard deviation, min: Minimum, n: Number
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In almost all previous studies, similar to the results of our
study, it was reported that diphenhydramine is a suitable not-
questionable alternative for lidocaine (4). Although there are
some disagreements (16). Except rare ones (8), mostly pointed
to the pain at the injection site as the main side effect of using
diphenhydramine for local anesthesia, so tried to find a proper
intervention to reduce it. To the best of our knowledge there is not
any study, comparing two different doses of diphenhydramine
in this regard. Various studies suggested that the technique of
anesthetic injection is an important factor in the amount of
pain during injection. Hence, appropriate training for using less
painful techniques can reliably limit the pain of local anesthetic
injection (17-19).

Astudy investigated the efficacy of 1.8 mLof 1% diphenhydramine
with 1:100,000 epinephrine, 1.8 mL of 2% lidocaine with
1:100,000 epinephrine, and the combination of these two
solutions in inferior alveolar nerve block. The results showed
that post-injection discomfort using diphenhydramine was
significantly higher than lidocaine. Although, the successful
anesthesia for lidocaine was the most and for diphenhydramine
was the least (5).

Twenty-four persons volunteered for intradermal injection of
0.5 mL diphenhydramine 1% and 2%, lidocaine 1% and saline
placebo. The efficacy of diphenhydramine 1% and lidocaine
were significant higher than placebo and diphenhydramine 2%.
However, diphenhydramine 1% and lidocaine had priority with
each other. No significant complication was reported. Generally,
the pain score of diphenhydramine injection was higher (20).

In a study among 23 patients referred for oral surgery and
needed local injection. Sixteen patients with positive history of
allergy to local anesthesia received 2 mL diphenhydramine 1%
and seven patients without allergy received 2 mL procaine 2%.
The results showed that the onset action of diphenhydramine
was lower but the difference was no statistically significant. In
addition, diphenhydramine had higher VAS score and lower
duration of anesthesia. Using the diphenhydramine was
accompanied with several complications including headache,
bleeding, edema, pain and dizziness in one third of patients
but no complication was observed in the use of procaine (21).
When it comes to side effect, similar to our finding, different
studies reported only limited and rare adverse effects of
diphenhydramine and lidocaine. Hypersensitivity, pounding in
chest and headache were some of adverse effects reported with
lidocaine. Temporary hyperemia on injection site, erythema,
tissue irritation, sedation and skin necrosis were some of the
adverse effects of diphenhydramine (6, 7, 22-25). Some studies
claimed that the adverse effects of these two drugs can be reduced
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by decreasing concentration or volume of the medication, or by
combining them with other drugs such as epinephrine (4,7,26).

Study Limitations

In our study, the sample size was low due to the limited number
of patients referred to ED with indication for median nerve block.
Some variables such as age, gender, history of diabetes mellitus,
hemodynamic changes, type and duration of procedure were
not evaluated in the study. The incidence of adverse effects was
very low which may be due to the excluding of all patients with
history of hypersensitivity of diphenhydramine or lidocaine. In
this regard, investigating the relationship between the adverse
effects in different treatment groups was not statistically
valuable. On the other hand, there was limited number of
studies assessing the efficacy of diphenhydramine for median
nerve block. Further studies are expected with higher sample
size, different injection techniques and injection sites.

Conclusion

In summary, the present study evaluated the effect of two
different concentrations of diphenhydramine and lidocaine in
providing anesthesia via median nerve block, for simple hand
procedures, and investigated the intensity of pain at injection
site. The pain score of diphenhydramine injection, in its both
concentrations, was higher than that of lidocaine, and patient
satisfaction level was higher with lidocaine. Different doses of
diphenhydramine did not result in a significant difference in
onset of action or duration of anesthesia, or in pain score during
injection.
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Abstract

Aim: Traumas continue to be the leading cause of death in healthy adults presenting to emergency services worldwide. This study aimed to
analyze the epidemiological causes of life-threatening thoracoabdominal traumas.

Materials and Methods: One thousand and one hundred and twenty-one patients older than 18 years of age who presented to the emergency
service due to trauma between January 1%, 2017, and December 31%, 2019, were included in this retrospective study. Traumas were grouped
as falls, traffic accidents and penetrating injuries. Five groups were also formed according to radiological imaging methods.

Results: Mean age was 35.80+16.15 years in in-vehicle accidents and 46.56+17.64 years in penetrating injuries (p=0.001). It was found that
847 (75.6%) of the cases were falls, 222 (19.8%) were traffic accidents, and 52 (4.6%) were penetrating injuries. Sixty-seven (%6) of the cases
underwent ultrasonography in falls from higher than 2 m, 399 (35.6%) of the cases underwent direct X-ray in falls from lower than 2 m, 9
(0.8%) cases underwent abdominal computed tomography (CT), 19 (1.7%) cases underwent multiple imaging in non-vehicle traffic accidents,
and 24 (2.1%) cases underwent thoracic CT in falls from higher than 2 m. In the analysis of trauma types with variables, positive low and
moderate correlation was found in all variables except for age.

Conclusion: Mortality and morbidity rates can be reduced by an early multidisciplinary approach to trauma cases and early decision of

radiological imaging procedures to be carried out.

Keywords: Emergency service, epidemiology, trauma, mortality, radiological imaging

Introduction

Traumatic injuries cause undesirable workforce loss and even
deaths in young and productive age group (1,2). The first hour
followingtrauma isthe golden time and it hasa critical importance
in preventing morbidity and mortality in the first 24 hours (3). For
an urgent and comprehensive intervention to injured individuals
following trauma, a good organization is required in the area they
arein and in the hospital. Trauma-related deaths occur in trauma
area, hospital emergency service and intensive care (4).

Trauma clinic is very heterogeneous in terms of its underlying
causes and it is characterized by injury types and severity.
Uncertainty of prognosis is due to causes related with anatomical,

professional, economic, political and cultural variables of
risk factors (5). Trauma management before and inside the
hospital requires a well-disciplined approach. Knowing about
epidemiological factors ensures correct application of necessary
algorithm in the management of trauma emergency approach.
According to the data of World Health Organization (WHO); 29%
of traumas are causes by traffic accidents, while 12.6% are caused
by falls and 9.16% are caused by individual accidents (6). These
data may differ between countries and regions. In addition, the
fact that traffic accidents are more common in men shows the
difference in gender in trauma patients. In studies, one out of ten
deaths is caused by trauma in both genders. Traumatic causes are
the primary cause of death and disability in individuals under
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35 years of age. While penetrating situations such as traffic
accidents, violence and self-harm are the primary causes of
trauma in individuals between the ages of 25 and 35, this rate
decreases after the age of 45 and blunt trauma mechanisms such
as home accidents and falls come to the fore after the age of 45
(7). While head trauma is observed in the first place in fall-related
accidents, this is followed by extremity traumas and abdominal
traumas. Head traumas cause more morbidity and mortality
with their permanent sequelae. The rates may differ between
countries or regions in terms of socioeconomic development.
Economic development rates also affect morbidity and mortality.
The leading causes of mortality are neurological damage and
haemorrhage. The primary cause of death especially within the
first hours is haemorrhage (4,8).

Penetrating trunk trauma is the second leading cause of death
after head trauma (7,8). In developed countries, traffic accidents,
falls and general blunt traumas are the most common injury
mechanisms, while penetrating trauma including gunshot
wounds and stab wounds are most common in developing
countries due to ongoing violence and social unrest (9).
Penetrating chest and abdominal trauma have high mortality
rates when important structures such as the heart, great arteries
and liver are involved at the scene (10,11).

Stabilization of the patient at the accident site prevents the
patient’s motor and sensory functions from getting worse. The
leading cause of death is head traumas in-between the first and
sixth days. Sepsis and multiple organ failure are longer term
mortality causes of trauma (3,4,12). Knowing the dynamic and
risk factors of trauma allows for emergency interventions for
fatal or permanent disability due to injury.

The aim of this study is to show the relationship of damage
observed in thoracic and abdominal regions in causes of trauma
due to different mechanisms and to show trauma risks caused
by trauma dynamics. In addition, the rate of use of imaging
methods related with trauma dynamic was also found in the
study. Therefore, in the light of epidemiologic data obtained, it
will be possible to improve prevalence and incidence information
in trauma patients and more coordinated and multidisciplinary
approaches will be possible.

Materials and Methods
Study Design and Population

One thousand and one hundred twenty-one patients older
than 18 years of age who presented to the emergency service
due to trauma between January 1%, 2017 and December 31,
2019 were included in this retrospective study. Minor home

and play accidents and cuts, isolated head-neck traumas and
extremity traumas, patients who presented to the emergency
service 48 hours after the trauma and those who did not
undergo examination and imaging in the emergency service
were excluded from the study. Trauma types and characteristics,
radiological imaging, thoracic and minimal organ injuries of the
patients were evaluated.

Traumas were divided into five general groups as falls [lower
than 2 m (-2mF) and higher than 2 m (+2mF)], in-vehicle
traffic accident (IVTA) and non-vehicle traffic accident (NVTA)],
penetrating (piercing, cutting and firearm injuries) injuries (PI).

Five groups of thoracic traumas were formed as normal lung,
right, left, bilateral and contusion. In addition, four groups were
formed as absence of intra-abdominal organ injuries, spleen,
liver and other (small and large intestine, kidney, ureter, etc.).
The ribs were grouped in five as no fracture, single fracture, 2-3
fractures, flail chest and sternum fracture.

In the study, the patients with good and moderate general
condition were evaluated in the trauma resuscitation room, those
with poor coma score and consciousness level were evaluated
in the emergency critic resuscitation room. Forensic forms were
prepared for these patients, those who did not have tetanus
vaccine had tetanus vaccine, those who required fluid and blood
resuscitation were started fluid and blood resuscitation. All of
the patients were recorded in the hospital automation and
patient file records. Diagnoses, admission dates, communication
information, demographic, clinical and laboratory data are in
the registration system of our hospital.

Besides these, two groups were determined in terms of the
presence or absence of thoracic vertebra, lumbal vertebra,
hemothorax, pneumothorax, intraabdominal injury, artery
injury and mortality.

Radiological Imaging

Patients who had good general condition, no thoracic and abdominal
trauma, and who were thought to be bruised or have simple fractures
and dislocations had direct X-rays. The patients who had stable general
condition and vital signs underwent a thorough ultrasonography
in the radiology unit. Patients with low coma score, poor general
condition and instable vital signs underwent Focused Assessment
Sonography for Trauma. The patients who were thought to
have thoracic and/or lumbal vertebra fracture, thoracic injury,
intraabdominal organ injury or haemorrhage and who could
go to radiology unit underwent contrast and/or non-contrast
computed tomography (CT). The patients who underwent
multiple imaging were multiple trauma patients. These patients
underwent imaging with the presence of a physician by taking
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resuscitation measures. All ultrasonography (USG) and CTs were
analyzed jointly with radiology, emergency and related branch
specialists.

After the study was approved by Clinical Researches Ethics
Committee of Cumhuriyet University (decision no: 2019-12/22,
date: 11.12.2019), it was carried out in accordance with Helsinki
declaration for human researches.

Statistical Analysis

The data obtained from this study were analyzed with SPSS 20
(SPSS Inc., Chicago, IL, USA) program. Descriptive statistics were
shown as mean + standard deviation or median (minimum-
maximum) for continuous variables, while nominal variables
were shown as number of cases and percentage (%). Mann-
Whitney U test and Kruskal-Wallis test were used while examining
the differences between the groups. Chi-square analysis was used
while examining the relationship between groups of nominal
variables. Pearson correlation analysis was used for the linear
correlation between the variables. Boxblot graph analysis was
made for mortality, trauma and radiological imaging with age.
While interpreting the results, values under 0,05 significance
level were considered as statistically significant.

Results

Mean age of the 1121 patients was 41.17+16.65 years with an age
distribution of 19-94 years and 379 (33.8%) were female. Of the
trauma patients, 436 (38.9%) were 2mF, 411(36.7%) were +2mF,

36 (3.2%) were IVTA, 186 (16.6%) were NVTA and 52 (4.6%) were
Pl (p=0.001). Mortality was found in 23 (2.1%) of the patients
(p=0.916, Table 1).

In terms of analysis according to trauma types, +2mF was the
most frequent in both genders. Mortality was most frequent
in +2mF with 11 (1%) cases and NVTA with 7 (%0.6) cases. Of
the lung traumas, 105 (9.4%) were in the right, 91 (8.1%) were
in the left and 18 (1.6%) were bilateral. Contusion was found
in 30 (2.7%) of these cases. Twenty-five (2.2%) of the patients
were found to have lumbal vertebra lesion, while 15 (1.3%) had
thoracic vertebra lesion. Of all the cases, 28 (2.5%) were found to
have pneumothorax injury, while 19 (1.7%) were found to have
hemothorax injury and 45 (4%) were found to have abdominal
injury. Of these abdominal injuries, 30 (2.7%) were found to have
liver injury and 15 (1.3%) were found to have spleen injury. Of
the thoracic injuries, 25 (2.2%) had single rib fracture, 7 (0.6%)
had 2-3 ribs fracture, 7 (0.6%) had flail chest and 4 (0.4%) had
sternum fracture. Vascular injury was found in 9 (0.8%) of the
cases. One hundred and twenty-seven (11.3%) of the cases had
USG, 869 (77.5%) had direct X-ray, 16 (1.4%) had abdominal CT, 56
(5%) had thoracic CT and 53 (4.7%) had multiple imaging (Table
2). Age analysis of trauma types can be seen in Figure 1.

Mortality occurred in 23 (2%) patients. Eighteen (1.6%) of these
were male. In lung involvement, while right and left lungs were
equal with 3 cases, mortality was accompanied bilaterally in two
cases. No mortality occurred in patients with contusion. In lumbar
vertebra injury, while there was one mortality, no mortality was

Table 1. Age distribution according to variables

Age distribution

‘ All Patients

‘ Min-max

Mean % SD p-value
Gender
Female 379 19-90 39.26+15.91 0.007
Male 742 19-94 42.14£16.95
Trauma
-2mF 436 19-94 39.14+15.36
+2mF 411 19-94 43.57+17.62 0.001
IVTA 36 19-83 35.80+16.15
NVTA 186 19-90 40.13£16.24
Pl 52 21-80 46.56+17.64
Mortality
No 1098 19-94 41.18%16.67 0.916
Yes 23 20-67 40.56+16.18
Total 1121 19-94 41.17+16.15

-2mF: Falling from a height of less than two meters, +2mF: Falling from a height of more than two meters, IVTA: In-vehicle traffic accident, NVTA: Non-vehicle traffic accident,

Pl Penetrating injury, SD: Standard deviation
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seen in thoracic vertebra, hemothorax, pneumothorax and
vascular injuries. Most frequent mortality was found in spleen
injury and patients who had direct X-ray (Table 3).

In both genders, +2mF was the trauma in which imaging method
was used the most. In contusions, thoracic CT was more frequent
in thoracic traumas, while multiple imaging was more frequent
in left and bilateral lung injuries. In thoracic traumas, thoracic
CT was the most frequent imaging method. However multiple
imaging was the most frequent in lumbal and thoracic vertebra,
pneumothorax, hemothorax, abdominal and intraabdominal
injuries and vascular injuries (Table 4). Figure 2 shows the graph
of radiological imaging methods by age.

Correlation of trauma types was made with the variables. No
correlation was found with age. However, weak or moderate
positive correlation was found in all the other parameters (Table
5).

Discussion

Knowing about the trauma epidemiology is an effective way
of evaluating morbidity and mortality. This way, risk groups
are determined, it is easier to apply clinical treatment and the
coordination of trauma type becomes easier (13). Each country
should know about their trauma epidemiological factors. In
the light of the data obtained, regional algorithms can be
developed for trauma control and prevention of accident risk

Table 2. Distribution of variables according to trauma types
Trauma types
-2mF +2mF IVTA NVTA Pl Total
n (%) n (%) n (%) n (%) n (%) n (%)
Female 182(162) | 140 (12.5) 16 (1.4) (2252) 16 (1.4) 379 (33.8)
Gender .
Male 254 (22.7) 271 (24.2) 20(1.8) 161 (14.4) 36(3.2) 742 (66.2)
35 179 48
No 436 (38.9) 400 (35.7) (3.1) (16) 43) 1098 (97.9)
Mortality
Yes 0 11(1) 1(0.1) 7(0.6) 4(0.4) 23 (2.1)
No 420 (37.5) 295 (26.3) 19(1.7) 117 (10.4) 26(2.3) 877 (78.2)
Right 6(0.5) 48 (4.3) 5(0.4) 34 (3) 12(1.1) 105 (9.4)
Left 7(0.6) 44(3.9) 9(0.8) 23 (2.1) 8(0.7) 91(8.19
Lung Bilateral 0 9(0.8) 2(0.2) 5(0.4) 2(0.2) 18 (1.6)
Contusion 3(0.3) 15(1.3) 1(0.1) 7(0.6) 4(0.4) 30(2.7)
No 433 392 33 166 42 1066
(38.6) (35) (2.9 (14.8) (3.7) (95.1)
X Liver 2(0.2) 14(1.2) 0 8(0.7) 6(0.5) 30(2.7)
Intra-abdomina
Other 1(0.1) 2(0.2) 1(0.1) 4(0.4) 2(0.2) 10 (0.9)
No 433 (38.6) 395 (35.2) 34 (3) 172 (15.3) 44 (3.9) 1078 (96.2)
Single RF 3(0.3) 13(1.2) 1(0.1) 6(0.5) 2(0.2) 25(2.2)
2-3 RF 0 2(0.2) 0 3(0.3) 2(0.2) 7(0.6)
Thorax Flail Ch 0 1(0.1 1(0.1 1(0.1 4(0.4 7(0.6
Sternum F 0 0 0 4(0.4) 0 4(0.4)
29 67 5
UsG 20 (1.8 6 (0.5 127 (1.3
26) (6 04) 1) 05) 113)
Direct graph 399 (35.6) 300 (26.8) 22 (2) 123 (11) 25(2.2) 869 (77.5)
Abdominal CT 0 2(0.2) 3(0.3) 9(0.8) 2(0.2) 16 (1.4)
Radiological
Imagingg Thorax CT 5(0.4) 24 (2.1) 2(0.2) 15(1.3) 10(0.9) 56 (5)
Multiple Imaging 3(0.3) 18 (1.6) 4(0.4) 19(1.7) 9(0.8) 53 (4.7)
-2mF: Falling from a height of less than two meters, +2mF: Falling from a height of more than two meters, IVTA: In-vehicle traffic accident, NVTA: Non-vehicle traffic accident,
PI: Penetrating injury, R: Rip, F: Fracture, USG: Ultrasonography, CT: Computed Tomography, SD: Standard deviation, n: Number
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Figure 1. Distribution of age by trauma types

-2mF: Falling from a height of less than two meters, +2mF: Falling from
a height of more than two meters, IVTA: In-vehicle traffic accident, NVTA:

Non-vehicle traffic accident, PI: Penetrating injury

(behavioural changes, informative legal campaigns, firearms
control, prevention of falls in the elderly, speed limits) and for
post-traumatic approaches.

Knowing about the trauma mechanism is important in terms
of determining the first intervention of the patient in accident
scene and hospital. In developed countries, the most common
injury mechanisms are traffic accidents, falls and general blunt
traumas, while penetrating traumas including gunshot and
stabbing injuries are more common in developing countries
due to on-going violence and social unrest (7,10,11). Penetrating
trunk trauma is the second leading cause of death after head
trauma. Penetrating chest and abdominal trauma have high
mortality rates when important structures such as the heart,
great arteries and liver are involved at the scene (11-13). In a
study, Larson stated that with the number of injured organs in

Table 3. Analysis of variables by mortality
Mortality
No Yes Total
n (%) n (%) n (%)
Female 374 (33.4) 5(0.4) 379 (33.9)
Gender
Male 724 (64.6) 18 (1.6) 742 (66.2)
No 862 (76.9) 15(1.3) 877 (78.2)
Right 102 (9.1) 3(0.3) 105 ((9.4)
Lung Left 88 (7.9) 3(03 91(8.19
Bilateral 16 (1.4) 2(0.2) 18 (1.6)
Contusion 30(2.7) 0 30(2.7)
No 1074 (95.8) 22(2) 1096 (97.8)
Lumbal vertebra
Yes 24 (2.1) 1(0.1) 25(2.2)
o No 1055 (94.1) 21 (2.1) 1076 (96)
Abdominal injury
Yes 43(3.9) 2(0.2) 45 (4)
No 1046 (93.3) 20(1.8) 1066 (95.1)
) o Liver 30(2.7) 0 30 (2.7)
Intra-abdominal organ injury
Spleen 12(1.1) 3(0.3) 15(1.3)
Other 10 (0.9) 0 10 (0.9)
No 1056 (94.2) 22 (2) 1078 (96.2)
Single RF 25(2.2) 0 25(2.2)
Thorax 2-3RF 7(0.6) 0 7 (0.6)
injury
Flail chest 6(0.5) 1(0.1) 7(0.6)
Sternum F 4(0.4) 0 4(0.4)
UsG 125 (11.2) 2(0.2) 127 (11.3)
Direct graph 855 (76.3) 14 (1.2) 869 (77.5)
Radiological imaging Abdominal CT 14 (1.2) 2(0.2) 16 (1.4)
Thorax CT 55 (4.9) 1(0.1) 56 (5)
Multiple imaging 49 (4.4) 4(0.4) 53 (4.7)
R: Rib, F: Fracture, USG: Ultrasonography, CT: Computed Tomography, n: Number
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Figure 2. Distribution of age according to radiological imaging
methods

USG: Ultrasonography, CT: Computed tomography

penetrating traumas, the rate of complications that may develop
also increases (14).

In our study, penetrating injury rates were found as 1.4% for
women, 3.2% for men and as 4.5% in total. Mortality rates were
found higher in penetrating injuries, similar to previous studies.
The rates of life-threatening thoracic trauma cases such as flail
chest were found to be higher in our study in penetrating injuries.

Traffic accidents make up 35% of trauma deaths worldwide.
In addition, they are the most frequent cause of individual
injuries after accident (15). While statistical rates increase in
developing countries, they are lower in developed countries
due to increased protective measures. Interestingly, while head
traumas were found to be more common in young individuals
in traffic accidents in low-income countries, they were found to

Table 4. Analysis of variables according to radiological imaging
Radiological Imaging
USG DG ACT TCT MI Total
n (%) n (%) n (%) n (%) n (%) n (%)
Gend Female 50 (4.5) 300 (26.8) 4(0.4) 17 (1.5) 8(0.7) 379 (33.8)
ender
Male 77 (6.9) 569 (50.8) 12(1.1) 39 (3.5) 45 (4) 742 (66.2)
No 48 (4.3) 785 (70) 15(1.3) 13(1.2) 4(0.4) 877 (78.2)
Right 45 (4) 47 (4.2) 0 9(0.8) 4(0.4) 105 (9.4)
Lung Left 34 (3) 37(3.3) 1(0.1) 5(0.4) 14(1.2) 91(8.19
Bilateral 0 0 0 6(0.5) 12(1.1) 18 (1.6)
Contusion 0 0 0 23 (2.1) 7(0.6) 30(2.7)
No 127 (11.3) 869 (77.5) 14 (1.2) 53 (4.7) 33(2.9) 1096 (97.8)
Lumbal vertebra
Yes 0 0 2(0.2) 3(0.3) 20 (1.8) 25(2.2)
. No 127 (11.3) 869 (77.5) 16 (1.4) 56 (5) 38 (3.4) 1106 (98.7)
Thoracic vertebra
Yes 0 0 0 0 15(1.3) 15(1.3)
No 125(11.2) 867 (77.3) 16 (1.4) 50 (4.5) 35(3.1) 1093 (97.5)
Pneumothorax
Yes 2(0.2) 2(0.2) 0 6 (0. 18 (1.6) 28(2.5)
No 127 (11.3) 869 (77.5) 16 (1.4) 56 (5 34 (3) 1102 (98.3)
Hemothorax
Yes 0 0 0 0 19(1.7) 19(1.7)
. No 127 (11.3) 868 (77.4) 8(0.7) 56 (5) 17 (1.5) 1076 (96)
Abdominal injury
Yes 0 1(0.1) 8(0.7 0 36(3.2) 45 (4)
No 127 (11.3) 868 (77.4) 7(0.6) 55 (4.9) 9(0.8) 1066 (95.1)
Intra-abdominal organ | Liver 0 1(0.7) 2(0.2) 0 27 (24) 30(27)
injury Spleen 0 0 6(0.5) 1(0.1) 8(0.7) 15(1.3)
Other 0 0 1(0.1) 0 9(0.8) 10 (0.9)
No 121 (10.8) 858 (76.5) 16 (1.4) 36(3.2) 47 (4.2) 1078 (96.2)
Single RF 6(0.5) 10 (0.9) 0 8(0.7) 1(0.1) 25(2.2)
Thorax
L 2-3 RF 0 0 0 6(0.5) 1(0.1) 7(0.6)
injury
Flail Chest 0 0 0 6(0.5) 1(0.1) 7(0.6)
Sternum F 0 1(0.1) 0 3(0.3) 0 4(0.4)
. No 126 (11.2) 868 (77.4) 16 (1.4) 53 (4.7) 49 (4.4) 1112 (99.2)
Vascular injury
Yes 1(0.1) 1(0.1) 0 3(0.3) 4(0.4) 9(0.8)
USG: Ultrasonography, DG: Direct graph, ACT: Abdominal Computed Tomography, TCT: Thorax Computed Tomography, Multiple Imaging, R: Rip, F: Fracture, n: Number
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Table 5. Correlation of variables with trauma types
Correlation Trauma types
r p-value

Age 0.050 0.092
Gender 0.172 0.001
Radiological imaging 0.245 0.001
Mortality 0.126 0.001
Lung 0.278 0.001
Lumbal vertebra 0.144 0.001
Thoracic vertebra 0.059 0.048
Pneumothorax 0.172 0.001
Hemothorax 0.135 0.001
Abdominal injury 0.197 0.001
Intra-abdominal organ injury 0.208 0.001
Thorax injury 0.200 0.001
Vascular injury 0.114 0.001

be more common in elderly individuals in developed countries
due to increased longevity rates and comorbidities of the elderly
population (7,16). In our study, in-vehicle traffic accident rates
were lower than non-vehicle traffic accidents and mortality
rates were lower. In addition, lung injury was found as 16.6% in
non-vehicle traffic accidents and as 4.65 in penetrating injuries.
Pneumothorax, hemothorax, sternum and more than two costal
fracture cases were found to be in higher rates in non-vehicle
traffic accidents.

In a meta-analysis by Stein et al. (17), it was found that mortality
rates decreased by 50% in the last 150 years, while traffic
accident rates continued to increase. Effective interventions are
provided in trauma diagnosis and treatment due to advanced
imaging techniques like computed axial tomography (4-6). In
our study, while direct X-ray use was higher in falls from lower
than 1 m, CT and multiple imaging uses were higher respectively
in non-vehicle traffic accidents, falls from higher than 1 m and
penetrating injuries.

Falls from different levels constitute 44% of trauma cases (18). In
our study, falls were evaluated in two groups. While rates of fall
from lower than 1 m were 16.2% in women, 22.7% in men and
38.9% in total, the rates of fall from higher than 1 m were 12.5%
in women, 24.2% in men and 36.7% in total. In previous studies,
33%-47% head traumas, 15%-26% extremity traumas and 8%-17%
abdominal traumas were observed in fall-related accidents (19).

In their study on trauma mechanism, Magnone et al. (20)
suggested that falling from the same level could be included
in major trauma depending on the patient’s age and clinical
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state (20,21). It was shown that advanced age, hemodynamic
imbalance, decreased consciousness and respiratory failure
affected mortality regardless of trauma mechanism (22,23).

Spleen is one of the most frequently injured solid organs of
the abdominal cavity. Coccolini et al. (24) examined a total of
124 patients with spleen injury and the most frequent injury
mechanism was found as blunt trauma secondary to traffic
accidents, followed by falls. Spleen is one of the most frequently
injured organs in blunt abdominal trauma, while its incidence
reaches only 7%-9% in penetrating traumas (25). In spleen
injuries, early diagnosis may decrease trauma-related mortality
(26). In our study, spleen injury rates were found to be higher in
non-vehicle traffic accident injuries when compared with other
traumas. Liver injuries were observed in higher rates in falls from
higher than 1 m.

Study Limitations

One of the limitations of the study is the fact that the data were
obtained from a single centre and retrospectively and the data
intervals were limited in some patient groups. Another limitation
was the fact that there may be loss in patient information and
post-treatment follow-up.

Conclusion

The results obtained in our study will enable intervention
without losing time in trauma area or in hospital in terms of
triage and treatment of patients. Thus, it will be possible to
prevent trauma-related mortality and morbidity in young and
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productive age group of the society. We think that advances in
radiological imaging can reduce both mortality and morbidity.
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Aim: The Computerized Brain Tomography is extremely used in the diagnosis of the neurological diseases. The aim of the study was to
evaluate the competency of emergency medicine physicians’ in the evaluations and diagnosis of “computerized brain tomography” (CBT) of
the neurological disease findings in non-traumatic cases

Materials and Methods: This study was made in the Emergency Department of a tertiary training hospital between 2015 and 2016. The
CBT images, taken for the patients were evaluated by the emergency medicine physician. The tomography interpretations, provided by the
radiology physicians, were considered as the gold standardas the accurate finding, and findings of the emergency medicine physician were
compared with the accurate findings.

Results: Totally 197 patients inclueded. It was found that the sensitivity and specificity were as 96% and 88% in the grey white or separation,
sensitivity was 91% and specificity was 76% in the ventricle constriction, average sensitivity and specificity were 99% and 86% in the SAK, EDH
and SDH, and 99% and 97% in the cerebral infarct, and 97% and 91% in the cerebellar infarct, respectively.

Conclusion: In our study, emergency medicine physicians were highly successful in the interpretation of the CBT of patients with non-
traumatic neurological incidents and it was in an excellent harmony with the radiologists’ interpretations. The success rates of interpretation

of CBT may be increased with practical and theoretical comprehensive training of the emergency medicine physicians.

Keywords: Emergency physician, non-traumatic neurological disease, computerized brain tomography, radiologist, competency

Introduction

Nowadays, emergency departments are an access point for the
healthcare service of the patients, whose general situations are
bad and critical. The brain vascular diseases occurring with the
non-traumatic reason constitute a substantial part of the patients,
who applied to the emergency department with the neurological
indications and findings. The brain vascular diseases occurring
with the non-traumatic reasons are the second leading cause
of death following the heart disease and cancer in developed
countries (1,2). It is also in the lead in terms of causing the death
and disability among the neurological diseases in adults. It hasan
important place in the hospital applications and health expenses
for the countries having a high socioeconomic level (1-4).

Computerized Brain Tomography (CBT) provides the rapid and
reliable results in characterizing the life-threatening intracranial
lesions such as intracranial hemorrhage, tumor and hydrocephaly
and in a case where the emergency action is required. The usage
area of CBT expanded by the technological developments for
diagnosis, follow-up or research. The image quality and diagnostic
accuracy rate of lesions increased by CBT (5).

CBT is frequently used in our emergency department as a
substantial component of the clinical evaluation. Although
many CBT studies in the emergency departments were made,
the studies revealing CBT evaluation competency of emergency
medicine physicians were still less.
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In our study, we aimed at researching the competency of
emergency physicians in CBT evaluations for the non-traumatic
cases. The aim of the study was to evaluate the competency of
emergency medicine physicians’ in the evaluation and diagnosis
of “Computerized Brain Tomography” (CBT) of the neurological
disease findings in non-traumatic cases.

Materials and Methods

This study was planned in a tertiary training hospital. An approval
was taken from the ethics committee of the hospital after the
study was planned.

The radiology and emergency medicine clinic trainers provided
totally 4-hour training to the emergency medicine physicians
about CBT evaluations, including 2-hour theoretical and 2-hour
practical training.

CBT images of the patients included in the study were taken
by Hitachi® 16-sliced tomography equipment, found in the
Emergency Tomography unit within the emergency department.
(BT scans for the patients were performed by using enhanced or
unenhanced methods. The study was designed in order for the
emergency physician to record the findings by evaluating CBT
images taken and compare the findings of patients with these
accurate radiology findings.

The subjects of this study were prospectively planned by one-
year period starting from 01.03.2015 to 01.03.2016. The study
included the patients at the age of 18 and over, who applied
to the emergency department with the non-traumatic reasons
and whose CBT was taken as a diagnostic examination during the
evaluation. An informed consent was taken by the patients. The
study excluded from the patients at the age of 18 and below, who
had CBT images during the application, did not give a written
consent and whose diagnoses were available.

(BT images taken to the patients were evaluated by emergency
physician, and findings were recorded on the form prepared. The
recommended findingswere indicated by the form by marking
whether they were available (Table 1).

Statistical Analysis

The data were analyzed using SPSS version 23 (Statistical Package
for the Social Sciences — IBM").

The descriptive statistics were submitted as numbers and
percentages for the categorical variables, and mean and
standard deviation for the numerical variables. While the ANOVA
test was used for the numerical variables in a case where the
normal distribution assumption was provided for comparing
the multiple independent groups, otherwise the Kruskal-
Wallis Test was used. The chi-square test statistic was used for
the categorical variables. The wrong positive, wrong negative,
sensitivity, specificity, Positive Predictive Value (PPV), Area under
curve (AUC) and kappa coefficient were calculated for computed
tomography (CT) interpretations. The confidence interval of 95%
and p<0.05 values were used by statistically determining the
significance level.

Results

The study included 197 patients, who presented atto the
emergency department of tertiary training hospital and whose
computerized brain tomography (CBT) was taken as a diagnostic
method.

When demographical data of the patients included in the study
scope were reviewedand age ranges of the patients included in
the study scope were evaluated, the age ranges were calculated
asas 18-45 for 11.7%, as 46-55 for 33% and as <66 for 53.3%. Mean

Table 1. Findings demanded to be specified by the emergency physicians in CBT evaluation

e Cerebral edema findings
- Grey-white ore separation
- Extinction in sulcus
- Constriction in ventricles
e Subdural hematoma
e Spidural hematoma
e Subarachnoidal hemorrhage
e Infarct areas
- Cerebral infarct
- Cerebellar infarct
e Intracranial mass existence
- Edema effect
- Shift existence
- Hemorrhage in mass

e Intracranial shift existence
e Arterio-venous malformation finding
e Intraparenchymal hemorrhage
- Enlargement in lateral ventricle
- Enlargement in 3" ventricle
- Enlargement in 4™ ventricle
e Sinusitis findings
e Venous sinus pathology
- Hydrocephaly
e Bone pathology

CBT: Computerized brain tomography

The findings in the CBT in the radiology report and the findings determined by the emergency physician were compared at the end of study.
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age * standard deviation (SD) of the patients was calculatedas
64.69+1.13 [minimum (min)=19 and maximum (max)=96.

The patients included in the study scope were females 44.2% and
males 55.8%. While Unenhanced CBT scan was performed for
97.5% of the patients taking part in our study, both enhanced and
unenhanced CBT scans and just Enhanced CBT were performed
for 1.5% and 1% of the patients, respectively.

The cerebrovascular event (one-sided strength loss at 34% rate,
consciousness change at 23.9% rate and speech disorder at 11.2%
rate) was determined as an application reason to the emergency
department in 136 patients (69%), who applied to the emergency
department of our hospital and were included in the study
scope. A headache in 17 patients (8.6%), dizziness in 15 patients
(7.6%), fainting in 15 patients (7.1%), seizure in 14 patients (4.1%)
and visual disorder (1%) were determined to follow up these
complaints (Table 2).

When consciousness states of the patients were evaluated during
the application for the emergency department, the Glasgow
Coma Score (GCS) was determined as 15 for 136 patients (69%), as
13-14 for 37 patients (18.8%), as 9-12 for 15 patients (7.6%) and as
3-8 for nine patients (4.6%) (Table 3).

When examination and treatment outcomes of the patients
taking part in the study are evaluated, while 40.6% of 197 patients
were discharged; the remaining patients were hospitalized
as 33.5% for the neurology service, as 12.2% for the intensive
care unit, as 2% for the internal diseases service, as 3% for the

neurosurgery service, as 1.5% for the oncology service and as 1%
for the infectious diseases service (Table 4).

No statistically significant difference was detected as regards
evaluating the life-threatening diagnosissuch as cerebral infarct,
cerebellar infarct, and intracranial mass, intracranial shift
existence, and intraparenchymal hemorrhage, enlargement in
the sulcus and bone pathology between the emergency medicine
physician and radiologist. But, a statistically significant difference
was detected for the diagnosis of the non-fatal findingssuch
as arteriovenous (AV) malformation, sinusitis, venous sinus
pathology and hydrocephaly (Table 5).

The sensitivity, specificity, positive predictive value (PPV) and
percentage of the values were shown in Table 6 for the success of
the emergency medicine physician in the first diagnosis.

Discussion

The non-traumatic brain vascular diseases come as the third
leading cause of death followingthe heart disease and cancer in
developed countries (1,2). Fifteen million of humans have a stroke
in every year around the world. Early diagnosis and treatment of
the stroke have a substantial effect on the neurological functions
and survival (6). CBT is one of the effective methods, which is
used to determine the fibrinolysis contraindications and provide
the stroke patient to receive a fibrinolytic treatment for the
early period. CBT is the most cost-effective imaging strategy to
be performed in the stroke patients for whom is rapidly taken

Table 2. Reasons for interpretation of computerized brain tomography (CBT)

Primary complaint

n=192 %

One-sided strength loss
Consciousness change
Speech disorder

136 69

Headache

17 8.6

Dizziness

15 7.6

Fainting

14 7.1

Seizure

Visual disorder

The data are expressed as numbers (percentages), n: Number

Table 3. Glasgow Coma Scale (GCS) data

GCS n=197

%

15 136

69

13-14 37

18.8

9-12 15

7.6

3-8 9

4.6

The data are expressed as numbers (percentages), n: Number
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Table 4. Outcomes of the patients included in the study
n=197 %

Discharged 80 40.6
Hospitalization to intensive care unit 24 12.2
Hospitalization to neurology service 66 335
Referral to outside healthcare service 10 5.1

Outcomes Hospital?zatfon to internal diseases seryice 4 2
Hospitalization to general surgery service 1 0.5
Hospitalization to neurosurgery service 6 3
Hospitalization to oncology service 3 1.5
Hospitalization to infectious diseases service 2 1
Hospitalization to chest diseases service 1 0.5

The data are expressed as numbers (percentages), n: Number

after bringing to the emergency department; however, it is not
sensitive to the hemorrhages occurring before (7).

Although there are (T devices in many hospitals, not many
sufficient radiologistsare found to interpret CT images. Moreover,
there is not an interpretation system yet, rather than the
physicians’ interpretations in the evaluation of CT images (8).
Hunter et al. (8) stated that CT images may only be interpreted by
the radiologists working in developed medicine institutions and
university hospitals, in their studies referring to the radiology
support in the emergency departments (8). Torreggiani et
al. (9) specified that the radiologist interpretation may not be
simultaneously possible and the radiologist interpretation may
be only performed 48 hours later, in their studies referring to
the investigation of emergency radiology in Canada. Therefore,
the emergency department physicians complain about the
deficiency in current interpretation system.

The incidence rate of neurological diseases is observed to
increase with age. The vascular elasticity decreases and its
resistance increases in increasing age, and therefore, the
frequency of many diseases such as hypertension, ischemic
stroke, and hemorrhagic stroke increases. The patients’ ages were
found as 18-45 at 11.7%, as 46-55 at 33% and as <66 at 53.3%;
when age ranges of the patients were evaluated by the study
performed by us. The patients mean ages £ SD were calculated
as 64.69%1.13 (min=19 and max=96). The similar results were
obtained by the study performed by Ariesen et al. (10) in which
they researched the intracranial hemorrhage risk factors of the
general population, the study performed by Soriano-Tarraga et
al. (11) in which they performed related to the age and stroke,
and many studies performed in this respect. Caliskan et al. (12)
determined the mean age of totally 289 patients as 51.8 years
(min=18 and max=87), including 142 males and 147 females,
who presented to the emergency department of our hospitaldue

to splitting headache reason and whose CT and CTA were taken
by the pre-diagnosis of subarachnoid hemorrhage (SAH) and
aneurysm.

The cerebro vascular diseases (one-sided strength loss,
consciousness change and speech disorder) was determined
as an application reason for the emergency department with
the highest rate of the patients, who applied to the emergency
department of our hospital and were included in the study.
A headache, dizziness, fainting, seizure and visual disorder
followed up these complaints. Caliskan et al. (12) determined
in their study that the patients had the complaints such as
such as splitting headache and as well as vomiting, confusion,
consciousness change and convulsion.

Al Reesi etal. (13) revealed in their study that the cerebrovasculary
event (CVE) (22%) and headache (21%) were the most frequent CBT
scan indications (excluding trauma). Jamal et al. (14) specified in
their study that the CVE (27%), headache (14.5%) and suspicious
cases (12%) were the non-traumatic CBT scan indications.

Decreasing the grey-white ore separation is one of the cerebral
ischemia indications in unenhanced CT, taken in the first a few
hours following starting of the symptoms. This situation reveals
itself as a certain decrease in the basal ganglia nuclei or as an
intermingling density of the white ore and cortex, taking part
under the insula and over the convexities (1). We determined in
our study that the emergency physicians successfully diagnosed
disruption of the grey-white ore separation, with 88% sensitivity
and 96% specificity rates, respectively.

Another finding of the cerebral ischemia is the sulcal extinction.
If these findings become rapidly evident, the degree of ischemia
becomes splitting, too. However, diagnosis ability of the observers
varies while determining these early findings and depends
on the dimension of the infarct, severity of the ischemia and
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Table 5. Comparison of the patients’ findings determined by the emergency physician and Radiology computerized brain tomography
interpretations
Emergency physician Radiologist
n=197 % n=197 %
. Yes 61 31.0 77 39.1
Cerebral infarct*
No 136 69.0 120 60.9
. Yes 1 1.5 5 2.5
Cerebellar infarct*
No 196 99.5 192 97.5
Yes 3 1.5 4 2.0
Intracranial mass* No 188 954 187 949
Edema effect 6 3.0 6 3.0
. . . Yes 7 3.6 6 3.0
Intracranial shift existence®
No 190 96.4 191 97.0
. Yes 4 2.0 5 25
AV malformation**
No 193 98.0 192 97.5
Yes 10 5.1 10 5.1
No 179 90.9 178 90.4
Intraparenchymal hemorrhage* i
p Yy g Enlargement in lateral 6 3.0 5 36
ventricle
Enlargement in all ventricles | 2 1.0 2 1.0
L Yes 10 5.1 28 14.2
Sinusitis findings**
No 187 94.9 169 85.8
) Yes 0 0 1 0.5
Venous sinus pathology**
No 197 100 196 99.5
Yes 0 0 1 0,5
Hydrocephaly**
No 197 100 196 99.5
Yes 3 1.5 4 2.0
Bone pathology*
No 194 98.5 193 98.0
. Yes 24 1222 60 30.5
Enlargement in sulcus*®
No 173 87.8 137 69.5
L Yes 2 1.0 7 3.6
Other findings*
No 195 99.0 190 96.4
*: p<0,05= There were no statistically significant differences between the 2 groups
**: p>(0,05= Statistically significant compared to the radiolojist group.
AV: Arteriovenous, n: Number

appearance of the indications with imaging (1). We determined in
our study that the emergency physicians successfully diagnosed
extinction in the sulcus, with 76% sensitivity and 91% specificity
rates, respectively.

The emergency physician mostly makes management plan
for the patient by interpreting the brain CT images, without
waiting for the radiologist interpretation in many emergency
departments. Therefore, the accuracy of an interpretation made
by the emergency physician is very important. Dolatabadi et
al. (15) determined sensitivity and specificity interpretations of
the emergency physicians as 86.5% and 81.4%, respectively; and
they found thepositive predictive value (PPV) as 6.9%, negative
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predictive value (NPV) as 86.9%, positive likelihood ratio (PLR)
as 4.6% and negative likelihood ratio (NLR) as 0.16%, in a study
performed by them by considering the radiology interpretation
as a standard for the patients, who applied to the emergency
department and whose brain CT was taken in the diagnosis phase
(15). Khan et al. (16) revealed that the emergency department
physicians found the sensitivity as 87.14%, the specificity as
12.86% and the kappa value as 0.64% in interpreting the brain
CT, in the study performed by them referring to researching
the evaluation of unenhanced brain tomography taken in the
emergency department. Moreover, Harding et al. (17) specified
that the emergency department physicians found the specificity
as 98% in interpreting the brain CT, in the study performed by
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Table 6. Competency of the emergency medicine physicians in CBT evaluation

Competency of the emergency physicians

Specificity Sensitivity NPV PPV %
Grey-white ore separation 96.0 88.0 99.0 67 88
Extinction in sulcus 91.0 76.0 98.0 69 90
Constriction in ventricle 96.0 89.0 99.0 71 86
Subarachnoidal hemorrhage 97.0 86.0 97.0 92 90
Subdural hematoma 99.0 89.0 100.0 100 87
Cerebral infarct 99.0 97.0 100.0 93 89
Cerebellar infarct 97.0 91.0 100.0 69 84
Intracranial mass 98.0 85.0 99.0 64 74
Intracranial shift existence 94.0 84.0 98.0 73 82
AV malformation 96.0 89.0 100.0 79 94
Intraparenchymal hemorrhage 99.0 98.0 100.0 72 90
Sinusitis findings 99.0 98.0 99.0 75 86
Venous sinus pathology 95.0 91.0 99.0 80 71
Hydrocephaly 99.0 96.0 98.0 95 84
Bone pathology 97.0 84.0 92.0 64 86
Enlargement in sulcus 92.0 75.0 90.0 62 72
Other findings 89.0 92.0 89.0 78 88

CBT: Computerized brain tomography, PPV: positive predictive value, NPV: negative predictive value, AV: Arteriovenous,

them referring to CT interpretation of the trauma patients having
a SAH suspicion. In our study, an excellent harmony was found by
diagnosis and brain CT interpretation of the emergency medicine
physician. In addition, in our study, the sensitivity and specificity
were found as 96% and 88%, respectively in the grey-white ore
separation, while the sensitivity was 91% and the specificity
was 76% in the ventricle constriction. The mean sensitivity and
specificity were found as 99% and 86%, respectively in the SAH,
EDH and SDH; while they were 99% and 97% in the cerebral infarct
and %97 and %91 in the cerebellar infarct, respectively. Moreover,
the main sensitivity and specificity determined to vary between
89%-99% and 75%-98%, respectively in the diseases such as
intracranial mass, intracranial shift existence, AV malformation,
intraparenchymal hemorrhage, sinusitis findings, venous sinus
pathology, hydrocephaly, bone pathology and enlargement in
the sulcus.

The kappa value was found to be 0.83 in a study performed by
Al Reesi et al. (13) referring to comparing the diagnosis harmony
between the emergency physicians and neuroradiologist. In the
same study, they revealed that the results arising from the wrong
interpretation of CT by the emergency medicine physicians rarely
occurred.

It was determined in many studies that there was a diagnostic
concordance between the emergency physicians and radiologists

at the rate of 60%-94%. While this concordance was determined
as 94% in the study performed by Jamal et al. (14), the kappa
value was found as 0.78.

Study Limitations

Imaging of the mass and arteriovenous malformations was
determined to be constrained due to being less the number of
enhanced CBT taken.

Conclusion

In our study, emergency medicine physicians were highly
successful in the interpretation. The findings of vital cerebral
infarct (p=0.001), cerebellar infarct (p=0.035), intracranial mass
(p=0.017), intracranial shift (p=0.027) and intraparenchymal
hemorrhage (p=0.021) were in an excellent harmony with
the radiology reports. These findings were generally found
compatible with the literature. The sensitivity and specificity
height constituted CBT evaluation competency of the emergency
physician even in the non-vital subjects. Moreover, we thought
that participation in the emergency physicians increased their
competency in terms of the diagnosis during history, physical
examination, follow-up and consultation periods of the patients.
The success rates of interpretation of CBT may be increased
with practical and theoretical comprehensive training of the
emergency medicine physicians.
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In conclusion, In our study, emergency medicine physicians were
highly successful in the interpretation of the CBT of patients with
non-traumatic neurological incidents and it was in an excellent
harmony with the radiologists’ interpretations.
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