‘

*.2

¥

e-ISSN: 2149-3189

EuRJ .

European
Research
Journal

Volume 10 Issue 1 January 2024




The European Research Journal

EuRJ .*

Aim and Scope

The European Research Journal (EuRJ) is an international, independent, double-blind peer reviewed,
Open Access and online publishing journal, which aims to publish papers on all the related areas of basic and
clinical medicine.

Editorial Board of the European Research Journal complies with the criteria of the International Council
of Medical Journal Editors (ICMJE), the World Association of Medical Editors (WAME), and Committee on
Publication Ethics (COPE).

The journal publishes a variety of manuscripts including original research, case reports, invited review
articles, technical reports, how-to-do it, interesting images and letters to the editor. The European Research
Journal has signed the declaration of the Budapest Open Access Initiative. All articles are detected for similarity
or plagiarism. Publication language is English. The journal does not charge any article submission or processing
charges.

EuRJ recommends that all of our authors obtain their own ORCID identifier which will be included on
their article.

The journal is published bimonthly (January, March, May, July, September, and November).

Abstracting and Indexing

The journal is abstracted and indexed with the following: ULAKBIM TR Index (ULAKBIM TR
DiZIN), NLM Catalog (NLM ID: 101685727), Google Scholar (h-index: 12), Index Copernicus (ICV 2022:
100), EMBASE, ProQuest Central, EBSCO Academic Search Ultimate, ROAD, SciLit, MIAR (ICDS 2021:
3.8), J-Gate, SHERPA/RoMEO, BASE, EZB, CrossRef, Journal TOCs, WorldCat, TURK MEDLINE, Turkish
Citation Index, EuroPub, OpenAIRE, ResearhGate, SOBIAD, Advanced Science Index, ScienceGate, OUCI,
Publons, (Clarivate Web of Science)

Publisher

The European Research Journal (EuRJ)
Prusa Medical Publishing
Konak Mh. Kudret Sk. Senyurt is Mrk. Blok No:6 i¢ kap1 no: 3
Niliifer/Bursa-Turkey
info@prusamp.com

https://dergipark.org.tr/en/pub/eur;]
http://www.prusamp.com

~~prusa
Medical Publishing
e-ISSN: 2149-3189

The European Research Journal, hosted by Turkish JournalPark ACADEMIC, is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License.

©IE0



http://www.prusamp.com 
https://dergipark.org.tr/en/pub/eurj
http://www.prusamp.com

EDITORIAL BOARD

EDITOR-IN-CHIEF

Senol YAVUZ, MD,
Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Cardiovascular Surgery,
Bursa, Turkey,

MANAGING EDITORS

Nizameddin KOCA, MD,
Associate Professor,
University of Health Sciences, Bursa Sehir Training & Research Hospital,
Department of Internal Medicine,
Bursa, Turkey

Soner CANDER, MD
Professor,
Uludag University Medical School,
Department of Endocrinology and Metabolism
Bursa, Turkey

Mesut ENGIN, MD,
Associate Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Cardiovascular Surgery,
Bursa, Turkey

FOUNDING EDITOR

Rustem ASKIN, MD,
Professor of Psychiatry
Istanbul Ticaret University, Department of Psychology
Istanbul, Turkey

EDITORIAL ASSISTANT

Ugur BOLUKBAS

EDITORS

Omer SENORMANCI, MD
Professor,
Beykent University, Faculty of Arts-Sciences
Department of Psychology,
Istanbul, Turkey

II



III

Mahmut KALEM, MD,
Associate Professor,
Ankara University Medical School,
Department of Orthopedics and Traumatology,
Ankara, Turkey

Meliha KASAPOGLU AKSOY, MD
Associate Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Physical Therapy and Rehabilitation,
Bursa, Turkey

Burcu DINCGEZ, MD
Associate Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Gynecology and Obstetrics,
Bursa, Turkey

Arda ISIK, MD
Associate Professor,
Medeniyet University School of Medicine,
Department of General Surgery,
Istanbul, Turkey

Melih CEKINMEZ, MD
Professor,
University of Health Sciences, Adana City Training & Research Hospital,
Department of Neurosurgery,
Adana, Turkey

Kadir Kaan OZSIN, MD
Associate Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Cardiovascular Surgery,
Bursa, Turkey

Alper KARAKUS, MD
Associate Professor,
University of Health Sciences, Bursa Yuksek Ihtisas Training & Research Hospital,
Department of Cardiology,
Bursa, Turkey

Onur KAYGUSUZ, MD.,
Associate Professor,
Uludag University School of Medicine,
Department of Urology,
Bursa, Turkey

Sayad KOCAHAN, PhD,
Professor,
University of Health Sciences, Giilhane Medical Faculty,
Department of Physiology,
Ankara, Turkey



Gokhan OCAKOGLU, Ph.D.,
Associate Professor,
Uludag University School of Medicine,
Department of Biostatistics,
Bursa, Turkey

Nurullah DOGAN, MD,
Associate Professor,
Doruk Niliifer Hospital,
Department of Radiology,
Bursa, Turkey

INTERNATIONAL EDITORIAL BOARD MEMBERS

Ahmet KIZILAY, MD
Professor,
In6nti University School of Medicine,
Department of Otorhinolaryngology,
Malatya, Turkey

Aron Frederik POPOYV, MD
Professor,
University of Frankfurt,
Department of Cardiothoracic Surgery,
Frankfurt, Germany

Cristina FLORESCU, MD
Associate Professor,
University of Craiova,
Department of Medicine and Pharmacy,
Romania

Elif EKINCI, MD
MBBS, FRACP, PhD
University of Melbourne
Department of Medicine,
Melbourne, Australia

Essam M MAHFOUZ, MD
Professor,
University of Mansoura School of Medicine
Department of Cardiology,
Mansoura, Egypt

Francesco CARELLI, MD
Professor,
University of Milan School of Medicine,
Department of Family Medicine,
Milan, Italy

v



Gary TSE, MD, PhD
Assistant Professor,
The Chinese University of Hong Kong,
Department of Medicine and Therapeutics,
Hong Kong, China

Kendra J. GRUBB, MD, MHA, FACC
Assistant Professor,
Emory University School of Medicine,

Department of Cardiovascular Surgery,
Atlanta, GA, USA

Muzaffer DEMIR, MD
Professor,
Trakya University School of Medicine,
Department of Hematology,
Edirne, Turkey

Nader D NADER, MD
Professor,
University of Buffalo School of Medicine
Department of Anesthesiology,
NY, USA

Sait Ait BENALI, MD
Professor,
Cadi Ayyad University School of Medicine,
Department of Neurosurgery,
Marrakech, Morocco

Sedat ALTIN, MD
Professor,
University of Health Sciences, Yedikule Training & Research Hospital,
Department of Chest Diseases,
Istanbul, Turkey

Semih HALEZEROGLU, MD, FETCS
Professor,
Acibadem University School of Medicine,
Department of Thoracic Surgery,
Istanbul, Turkey

Veysel TAHAN, MD, FACP, FACG, FESBGH
Assistant Professor,
University of Missouri,

Division of Gastroenterology and Hepatology,
Columbia, Missouri, USA

Yenal DUNDAR, MD
Consultant Psychiatrist

Central Queensland Hospital and Health Service,
QLD, Australia



Table of Contents

Original Articles

A simple, effective and inexpensive method to isolate the nucleic acid (DNA/RNA) from a
single tick for molecular detection of various pathogens
Sudhir BHATIA, Gudrun BAERSCH

Genetically determined plasma trefoil factor-3 levels are causally associated with the risk of
ulcerative colitis: a Mendelian randomization study
Bayram TORAMAN, Sami FIDAN, Gékhan YILDIZ

Early results of fluorescence lymphatic mapping for right colon cancer: a case-matched study
Murat SEN, Tuncay YILMAZLAR, Deniz SI GIRLI, Ozgen ISIK

Dream themes and rejection sensitivity of individuals with and without borderline personality
disorder: a comparative study
Haydeh FARAJI

Comparison of platelet-to-lymphocyte and neutrophil-to-lymphocyte ratios with epithelial
ovarian cancer stages
Halil Ibrahim TIRAS, Yakup DULGEROGLU, Cetin AYDIN

Tuberculous peritonitis: an analysis of case series of 49 consecutive patients
Elif BUYUKKURT, Omer YILMAZ, Bulent ALBAYRAK, Ezel BILGE YERLI

Acute kidney injury in neonatal intensive care unit and the significance of nRIFLE criteria
on diagnosis and prognosis

Cagri COSKUN, Necla BUYAN, Canan TURKYILMAZ, Yildiz ATALAY, Sevcan Azime
BAKKALOGLU EZGU

Fibromyalgia syndrome in mothers of children with cerebral palsy and its relationship with
caregiver burden: a cross-sectional study
Ilknur AYKURT KARLIBEL, Meliha KASAPOGLU AKSOY, Merve YENI

Effects of sarcopenia on in-hospital results and mid-term follow-up in patients with coronary
artery disease and COVID-19
Merve ERKAN, Ismet ZENGIN

Use of perioperative thermal camera for the assessment of sympathectomy effectiveness
Ahmet ACIPAYAM, Atila YOLDAS

Evaluating the cross-sectional area of the internal jugular vein in Turkish adults using
ultrasonography
Doga OZDEMIR KALKAN, Nezih KAVAK

Peritonitis in patients on peritoneal dialysis: a 12-year experience from a large medical center
in Bursa
Biilent GUL

1-7

8-16

17-24

25-36

37-44

45-50

51-58

59-69

70-76

84-91

92-96

VI



Prognostic value of non-alcoholic fatty liver disease in patients with pulmonary embolism
Nurcan KACMAZ KAT, Nur Ozer SENSOY, Mustafa KUZEYTEMIZ, Omer Furkan DEMIR

Effects of insulin resistance on cardiovascular risk factors in obese and non-obese patients
Bahar ARICAN TARIM, Nurdan PAPILA TOPAL, Ozcan KESKIN, Gokhan FAIKOGLU, Kiibra
SAYGISEVER-FAIKOGLU, Tugce USKUR

The relationship between heart functions and anemia in patients with end-stage renal disease
receiving hemodialysis

Timor OMAR, Metin CAGDAS, Inan¢ ARTAC, Muammer KARAKAYALI, Dogan ILIS, Ayca
ARSLAN, Yavuz KARABAG, Mahmut YESIN, Mustafa AVCI, Ibrahim RENCUZOGULLARI

Reviews

The use of mobile health applications in empowering self-management of type 2 diabetes: a
literature review
Pelin OCAL

Managing Helicobacter pylori infection: transitioning from conventional to alternative
treatment approaches
Serhat OCAL

Case Report

Detection of recurrent phosphaturic mesenchymal tumors by using Ga-68 DOTATATE
PET/CT

Wardah ASHFAQ, Iqra IFTIKHAR, Mariam FAYYAZ, Mahnam KHIZER, Saira FATIMA,
Muhammad Numair YOUNIS

Primary pulmonary Ewing sarcoma: a rare case report
Remzi ARSLAN, Harika Derya TAMER, Ayse Nur TEMTEK

Type 2 biliary perforation successfully managed with early insertion of self-expandable metal

stent
Idris KURT

VI

97-104

105-117

118-126

127-135

136-143

144-148

149-153

154-156



The European Research Journal 2024;10(1):1-7 Original Article

Parasitology, Infectious Diseases

DOI: https://doi.org/10.18621/eurj. 1315058

A simple, effective and inexpensive method to isolate
the nucleic acid (DNA/RNA) from a single tick for
molecular detection of various pathogens

Sudhir Bhatia®, Gudrun Baersch®

Genekam Biotechnology AG, Duisburg, Germany

ABSTRACT

Objectives: Ticks are vectors of a number of pathogens, which cause diseases with fatal consequences, there-
fore it is essential to detect such pathogens from single tick. Molecular methods like polymerase chain reaction
(PCR) are offering such possibilities. At present, cumbersome methods involving liquid nitrogen, cutting ticks
with scalpels as well as pooled ticks are being used worldwide. Our goal is to develop a reliable and fast method
to obtain nucleic acid (DNA/RNA) from the single tick shipped at room temperature to detect various
pathogens.

Methods: We developed a mechanical crushing method with mini column nucleic acid isolation from a single
tick shipped at room temperature with postal or currier service in a letter. PCR detection was done for Borrelia
burgdorferi and tick-borne encephalitis virus as examples.

Results: This method was used successfully for the isolation of nucleic acid from single tick and later used for
PCR detection of B. burgdorferi and tick-borne encephalitis virus on 17 single tick samples as examples, but
for last 18 years, this method was used on more than 250 ticks from Germany. Spectrometric values indicate
the presence of sufficient yield of DNA and RNA (up to 900 ug/mL per tick) during the isolation.
Conclusions: This may be the first report about a number of one single tick cases, which were sent at room
temperature in letters with postal services for isolation of the nucleic acid with mini column kit and used later
on for PCR detection of various pathogens. This inexpensive and simple method may be used in any laboratory
worldwide for monitoring the presence of tick-borne pathogens.

Keywords: Tick, tick borne pathogens, nucleic acid isolation, Borrelia burgdorferi, polymerase chain reaction

ick borne pathogens are one of the major
threats to human beings and animals because
the ticks are vectors of many different
pathogens with fatal consequences in many incidences
around the world. These pathogens are Borrelia
burgdorferi, Babesia microti, Babesia bovis,
Anaplasma genus, tick borne encephalitis virus etc.
Polymerase chain reaction (PCR) is one of the impor-

tant detection methods to detect various pathogens like
SARS CoV-2. Influenza virus, Hepatitis C virus, Cox-
iella burnetii and many other pathogens [1-9]. More-
over there are large number of RNA viruses in ticks,
which are needed to be addressed [10].

To conduct the PCR, there is a need of isolated nu-
cleic acid from the source. In the case of ticks, user
needs to isolate this from tick itself, but there are many
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Isolating DNA/RNA from a single tick for molecular detection of various pathogens

methods described in the literature.

Various groups have developed various DNA iso-
lations for conducting molecular analysis. The ticks
were preserved and cumbersome nucleic acid isolation
method was developed [11]. The ticks were collected
in liquid nitrogen and isolated with mini column meth-
ods to detect the various RNA viruses [10] In another
work, researchers digested the ticks in lysis buffer with
Proteinase K overnight at 56 °C, vortexed and cen-
trifuged the tick to get the tick exoskeleton to isolate
the nucleic acid from them in order to detect Rickettsia
in PCR test [12]. Another group has developed a dif-
ferent method to isolate DNA and RNA from single
tick as the tick was washed with PBS and dried. After
that it was cut with sterile scalpel and the isolation was
performed with chloroform and commercial solution
[13]. This method is very cumbersome as there are
many ticks, which are very small, hence this method
is not suitable. In another method: beads were applied
to beat the ticks in a microtube in lysis buffer contain-
ing proteinase K [14]. Mortar and Pestle method was
being used for a pool of 4-10 ticks, which were
washed in ethanol and washed with sterile water. After
that they were dried and PBS was added to crush them
physically. The DNA from the homogenized extract
were isolated with chloroform method [15]. There was
a comparison done with different homogenizers to iso-
late nucleic acid from medical relevant ticks [16].
There are research works, where no mechanical crush-
ing is used to isolate the ticks, but ticks were cut with
scalpels in two halves. One part is stored in 80%
ethanol and other half was used for isolation and sub-
sequently used molecular detection of Anaplasma and
Ehrlichia gena [17].

In literature, there are a number of publications
about the detection of pathogens from pooled ticks,
but there is a need of simple nucleic acid isolation
method, which can be applied under field conditions
from a single tick, where the tick can be transported
under field conditions without any storage chemicals
as some research workers are using liquid nitrogen,
which is not easily available under fields. Therefore,
our laboratory has decided to develop a simple, inex-
pensive and effective isolation method to detect the
various pathogens from single tick. Hence such re-
search about detection of the tick-borne pathogens
from single ticks with various molecular methods can
be very accurate to have the reliable data about the

prevalence of pathogens in a particular area. This type
data can be used to develop the preventive and thera-
peutic measurements in a particularly area.

METHODS

Ticks were sent to Genekam laboratory from different
areas at room temperature without any storage chem-
icals through German postal service in plastic micro-
tubes or glass vials. In many cases, they were fixed
with adhesive film on a piece of paper in such a way
that the tick was trapped between the folded piece of
paper. (Ticks were not pasted on adhesive tape as they
were put in the folded paper. If one puts the tick on the
adhesive tape, it can cause problem during isolation
process) so that they cannot move or go out the con-
tainers. On the arrival of these ticks, they were kept at
room temperature in restricted area before their pro-
cessing. Most of the shipments or letters were contain-
ing one tick, but sometimes, there were two ticks. In
this work, each tick was processed as single tick, not
pooled samples of two ticks.

Isolation of nucleic acid from single tick: Mortar
and pestle (size and dimensions are mentioned else-
where) was prepared as followings: they were rinsed
in soaped water for 10 minutes, washed with tap water
and at the end rinsed with single distilled water twice.
After that they were air dried. Before the use, mortar
and pestle were sterilized with flame of gas burner
while exposing for 1 to 2 minutes that the flame should
destroy any remaining DNA from previous isolation,
if any and flame should not harm the mortar and pes-
tle. The whole area (particularly bottom) of mortar and
head of pestle were exposed to the flame. This is very
important step during isolation of nucleic isolation to
avoid the contamination from previous samples. It was
repeated 3 to 4 times. After that mortar and pestle al-
lowed to cool.

Pincettes were also cleaned with soaped water and
washed with tap water, but finally washed with single
distilled water. The ends of pincettes were exposed to
flame in order to destroy any contamination on them.
They were allowed to cool. Alternatively, these were
washed thoroughly with soap solution and later with
distilled water twice.

Three hundreds pL of lysis buffer from Genekam
DNA/RNA kit was also added to mortar. Now single
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Tick crushed with mortar and pestle

®

+ Lysis buffer |

+ Lysis buffer Il l

Ethanol precipitation

1

Mini column

+ Washing buffer 1

Washing 3 times

+ Elution buffer 1

Genomic DNA

30min

5min

2-3min

3-4min

Tmin

3min

2

Fig. 1. The sheme of isolation method of almost 50-55 minutes.

tick was observed with a hand lens and with help of
pincettes put in lysis buffer (dead ticks) or the single
tick was just thrown into the lysis buffer from con-
tainer (This was used with live tick, donot use
pincettes to catch live ticks as they may fall or es-
cape!). The tick was crushed with pestle to get the ex-
tract solution. The extract solution was put in
microtube. After that 30 uL Proteinase K was added.
This was put at 56 °C for 30 minutes or overnight in
the heating block. After that DNA/RNA was isolated
with standard method from Genekam nucleic acid kit.
The protocol is available with manufacturer. The
eluted volume was 50 to 100 pl for conducting the
PCR testing for different pathogens. The diagram of
steps of DNA isolation is shown with the time line in
Fig. 1.

Detection of Borrelia. Burgdorferi

Two pL of isolated nucleic acid was used to per-
form the real time or conventional PCR with Genekam
PCR kits. The conventional PCR was a nested PCR.
It was performed with thermoycler (Biometra) and re-
sults were observed in 2% gel agarose. Positive and
negative controls were also included. Real time PCR
was also performed with 2 pL of isolated nucleic acid
on ABI 7500 (Thermofisher, USA). Positive and neg-
ative controls were used.

Detection of Tick-Borne Encephalitis Virus
It was done with conventional PCR kit
(Genekam). 2 pl RNA was used here to perform the

PCR kit on conventional thermocycler (Biometra) and
results were seen on gel agarose. Positive and negative
controls were also included. Real time PCR was per-
formed on ABI7500 with 2ul of isolated nucleic acid
with real time PCR kit (Genekam, Germany). Nega-
tive and positive controls were used.

Protocols for conducting the conventional and real
time PCR for both pathogens are available with man-
ufacturer.

Spectrometric measurements of isolated DNA and
RNA were measurement with Nanodrop (Thermofis-
cher, USA). 2 uL of elution buffer of isolation kit was
used to calibrate the instruments and 2 pL each sample
was used to measure the amount of DNA and RNA in
each sample. After the measurement, each amount of
isolated DNA and RNA was calculated in pug per mL.

RESULTS

We are working with this method since 2005, during
these 18 years more than 250 ticks have been used to
isolate their nucleic acid and a number of different as-
says are conducted on them. In this research work, the
results of 17 ticks are presented, where isolated nucleic
acid was analyzed with real time and conventional
PCR for Borrelia burgdorferi and Tick-borne en-
cephalitis virus.

The flame to sterilize the mortar and pestle was
used. It is shown as Fig. 2. The size of mortar and pes-
tle is an important factor; therefore, a smallest mortar

The European Research Journal | Volume 10 | Issue 1
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Fig. 2. White colored mortar and pestle.

and pestle has the size of 8 cm in diameter with a wall
thickness of 0.7 cm and depth of 4 cm. The pestle has
a length of 11.5 cm and thickness of 2.5 cm. A white
mortar is advantageous because the tick is then easily
visible. The ticks (also removed from body as well as
live) were shipped to laboratory in a glass vial, small

box, carton as well as microtube or taped between a
folded paper.

The results showed that nucleic acid was isolated
successfully from all ticks with mortar and pestle
method using mini column isolation method. Out of
17 ticks, there were only 8 ticks were positive for B.

Table 1. Molecular and spectrometric values of isolated nucleic acid of different Borrelia burgdorferi

positive and negative ticks

Sample Borrelia burgdorferi PCR DNA (pg/mL) RNA (pg/mL)
1 positive 17.2 12.7
2 positive 24.6 16.1
3 positive 83.3 61.95
4 positive 41.1 25.15
5 positive 20.2 12,1
6 positive 8.75 4.85
7 positive 41.65 37.65
8 positive 66.45 52.1
9 positive 3.65 1.15
10 positive 10.65 8.6
11 negative 33 0.75
12 negative 8.15 53
13 negative 2.5 0.8
14 negative 33.8 20.65
15 negative 5.05 5.05
16 negative 7.15 4.5
17 negative 16.15 11.85
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burgdorferi in conventional and real time PCR test.
There was no signal in negative controls and positive
control gave the signal. These are indicators of suc-
cessful real time and conventional PCR detection
(Table 1). Out of 17 ticks, there was only 1 tick posi-
tive for tick borne encephalitis virus.

These all results of spectrometric measurements
for DNA and RNA are shown in a table 1, where the
values show that amount of DNA per tick varies be-
tween 3.65 pg/mL to 83.6 ug/mL in ticks with PCR
positive results for B. burgdorferi, but in B. burgdor-
feri negative ticks DNA yield varies between 3.3 and
33.8 pug/mL.

It is found from results of Table 1 that there is a
tend to have less amount DNA in PCR negative ticks.
Similarly, RNA yield varies between 1.15 and 61.95
ug/mL for B. burgdorferi positive ticks and it varies
between 0.75 pg/mL and 20.65 pg/mL in Borrelia
burgdorferi negative ticks. Isolated RNA output was
most of the time less than that of isolated DNA in B.
burgdorferi positive and negative ticks. These meas-
urements are also indicators of successful isolation of
nucleic acid.

DISCUSSION

In this research work, we have shown successful iso-
lation of nucleic acid from a single tick. In literature,
there are reports of using different methods for collec-
tion of the ticks e.g., liquid nitrogen during the trans-
portation, which is not possible under field conditions
[10]. During the isolation of nucleic acid, the pooled
ticks are washed with ethanol, dried and cut with
scalpel. [13].) These all steps are not feasible and cum-
bersome under field conditions. Our method is very
simple and easy to use. User needs a small mortar and
pestle, which can be washed and sterilized with a
flame of gas burner. Moreover, these articles can be
purchased in any store or online store in any country
around the world. The tick can be collected in glass
vial or taped between a folded piece of paper. It can
be shipped to laboratory with normal post or currier
service.

This method may be used with other mini column
isolation kit available on the market as we have used
Genekam isolation kit in this work as well as other 2

manufacturers from Germany. (data not shown) The
spectrometric measurements gave us a surprise as they
show that ticks contain most of the times huge amount
of DNA and RNA particularly when they are infected
with B. burgdorferi against PCR negative ticks. We
are going to investigate this aspect whether there is
some kind of correlation of amount of isolated nucleic
acid and the presence of a pathogen in the tick. The
presence of nucleic acid in each sample shows that our
isolation method was successful for single tick. There
are many publications, where the users are pooling the
ticks between 3-10 ticks for PCR analysis, but there
are no spectrometric values. Our values per tick are
indicating that there is huge amount of DNA or RNA
presence in samples particularly pathogen positive
ticks. It means that users with pooled ticks might have
been gotten huge amount nucleic acid with our
method.

In another study, the comparison between different
DNA isolation methods were done, but it was found
that up to 2000 pg/mL DNA can be isolated with chlo-
roform phenol method, it is not mentioned whether
they used pooled samples, but it seems that this study
used pooled ticks and used a cumbersome method to
remove the parts of ticks, in spite of this, our men-
tioned method here is also in position to provide high
amount of isolated nucleic acid from single tick [7].

Comparison between our results and another study
done in 2015 shows that our method is going provide
higher yield of DNA as this study compared different
isolation commercial methods and the yield of isolated
was 0.6 to 7 pg/mL, which is many folds lower against
the method mentioned in this research work (up to 900
pg/mL per tick). It may indicate our method is going
to achieve better yield of isolated DNA, but a compar-
ison between the studies may be needed [18].

Our results show that isolated DNA and RNA
were sufficient to conduct PCR analysis for different
pathogens like B. burgdorferi and tick-borne en-
cephalitis virus. We are conducting other assays on
isolated nucleic acid also to be published later.

The method presented here offers to conduct PCR
analysis on a single tick, so that one can conduct the
prevalence of different pathogens in particular area to
develop the preventive measurements. Such methods
should be part and parcel of medical studies in the
medical institutes to teach the students new possibili-
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ties of molecular medicine. This method should be
called Genekam Single Tick nucleic acid isolation
method as we developed over the past 18 years to
make it prefect to be used under field conditions.

CONCLUSION

In this work, it may be the first report about a new sim-
ple and inexpensive method to isolate nucleic acid
from SINGLE tick in molecular biology laboratory for
detection of various pathogens, which cause a number
of fatal diseases. The tick is being transported at room
temperature with normal post in currier or postal letter.
This method may lead to better preventive measure-
ments as well as quicker therapeutic interventions.
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ABSTRACT

Objectives: Ulcerative colitis (UC) is an inflammatory disease restricted to the colon's mucosal layer. UC is
a complex disease with a largely unknown etiology. Mendelian Randomization (MR) is a method that uses
variations in genes that have a causal effect of a modifiable exposure to the disease, in genetic epidemiological
studies. Trefoil factor 3 (TFF3) is a secreted protein expressed mainly in the colonic mucosa that binds with
the mucin 2 protein, forming a protective barrier for the colon mucosa from bacteria and other insults. This
study aimed to identify if TFF3 levels in plasma are causally associated with UC.

Methods: We performed a two-sample MR study. For exposure instrumental variables (IVs), genetically de-
termined TFF3 levels in plasma proteome quantitative trait locus data were obtained from the published liter-
ature. Outcome data were obtained from the GWAS catalog. The “TwoSampleMR” R package was used for
MR. The statistical significance of IV effect sizes on the outcome is mainly evaluated by the inverse variance
weighted (IVW) method.

Results: The IVW test showed considerable statistical significance in all analyzed outcomes except for Crohn’s
disease (CD) samples. Heterogeneity and horizontal pleiotropy tests showed no significant results for MR sen-
sitivity analysis.

Conclusions: We showed that TFF3 levels in plasma were causally associated with the risk of UC. Increased
levels of TFF3 are reversely associated with the risk of UC. The absence of any causal relationship between
TFF3 and CD from the same study cohort also supports our causal inference.

Keywords: Ulcerative colitis, trefoil factor-3, genome-wide association study, Mendelian randomization analysis

nflammatory bowel disease (IBD) is a condition
characterized by chronic inflammation of the di-
gestive tract. IBD is separated into two sub-
forms of the condition known as Crohn’s disease (CD)
and ulcerative colitis (UC) [1]. UC is a usually relaps-

ing auto-inflammatory disease, which is restricted to
the mucosal layer of the large intestine [2]. UC is a
complex disease, and its etiology is largely unknown.
However, several genetic, environmental, and autoim-
mune factors are suspected to be causative for UC [1]
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genetic heritable factors play a role in the etiology of
IBD [3, 4]. It has also been shown that genetic herita-
ble factors are stronger in CD than in UC [3, 4]. To
date, more than 120 genes/genomic loci have been as-
sociated with CD [5]. However, although genetics
plays a significant role in the cause of UC, only
twenty-nine genes, which are cataloged in large data-
bases, were associated with UC [6]. Genetic epidemi-
ological studies use two approaches to identify risk
genes or genetic factors in the etiology of complex dis-
eases such as UC. These are hypothesis-driven candi-
date genes or hypothesis-free genome-wide
association studies (GWAS) [7]. GWAS are powerful
techniques for identifying risk genes or genetic factors
in the etiology of complex traits or diseases [8, 9].
Published GWAS data statistics were deposited in the
GWAS catalog (https://www.ebi.ac.uk/gwas/).

Mendelian Randomization (MR) is a method that
uses variations in genes that are a causal effect of ex-
posure to disease in genetic epidemiological studies.
The MR method has been increasingly used in genetic
epidemiological studies in the last decade [10]. MR is
a robust technique for confounding factors (sampling
bias, environmental confounders, reverse causation,
etc.) that cause incomplete and conflicting results in
observational epidemiological studies [11]. MR is ana-
log to randomized controlled trials that are the gold
standard for clinical causal inference studies. MR
technique is based on the second law of Mendel,
which is an independent assortment of parental alleles
during meiosis and uses genetic variants as instrumen-
tal variables (IVs) for causal inference of risk factors
onto outcomes (diseases/traits) [10, 11]. MR studies
could be performed in a one-sample (single-study
samples) or two-sample (two-independent study sam-
ples) manner. Two-sample MR (2S-MR) method has
more statistical power when considering single-sam-
ple MR in terms of reaching a large sample size and
needs only summary statistics, which are properly de-
posited in large databases, such as the GWAS catalog
[10, 12].

Trefoil factors are members of the trefoil family
of proteins characterized by having at least one copy
of the trefoil domain [13]. In the human genome, they
are represented by three genes settled in as a cluster
on chromosome 21 known as Trefoil factor 1, Trefoil
factor 2, and Trefoil factor 3 (TFF3). TFF3 is a se-
creted protein containing a 40-amino acid trefoil do-

main connected with three disulfide bonds and ex-
pressed mainly in the colonic mucosa (produced by
goblet cells) and in other luminal tissues of the breast,
thyroid, lung, etc. [13]. In the colonic mucosa, TFF3
binds with mucin 2 protein (MUC?2), which is a large
glycoprotein, and they form a protective barrier for the
colonic mucosa from bacteria and other microorgan-
isms [14]. The functions of TFF3 in IBD, various can-
cers, and various autoimmune diseases have been
extensively studied and the level of its expression is
associated with protective or adverse effects with these
disorders [15]. In this study, we performed a univari-
able 2S5-MR to find whether genetically determined
TFF3 levels were associated with the risk of UC. To
our knowledge, this is the first MR study on TFF3 and
UC association.

METHODS

Exposure (TFF3) Data (For Discovery Analysis)
Instrumental Variables (Single-Nucleotide Polymor-
phisms-SNPs) Selections for Exposure
This study hypothesizes that levels of TFF3 in plasma
could be associated with the risk of UC disease. Thus,
this is a hypothesis-driven gene-centric 2S-MR study.
For exposure 1Vs, genetically determined TFF3 pro-
tein levels in plasma proteome quantitative trait locus
(pQTL) data (significant SNPs) were obtained from
the study of Suhre ef al. [16]. This study was per-
formed on European individuals (approx. 1,000 indi-
viduals) and in this dataset 61 SNPs were associated
with plasma TFF3 levels (significance levels ranged
from 1.21x10'? to 7.9x10%). Two of these SNPs were
trans (on the other chromosomes) rather than chr6 in
which the TFF3 gene is located) and the other SNPs
were cis. To obtain independent exposure SNPs from
those SNPs located on chr6, we performed a linkage
disequilibrium (LD) pair-wise correlation (r?) matrix
by using LDlink (selected the European (CEU) as a
reference population) [17]. We pruned out SNPs that
had r> > 0.30 on chr6. Then, 6 out of 61 SNPs were
determined as independent exposure Vs (Fig. 1, Table
1). F-statistics for each IV were calculated using
L2 the formula, where R? = explained vari-
ance of IVs on exposure, n = sample size of pQTL
GWAS exposure [18]. It is generally accepted that the
F-statistic of each SNP should be >10 in MR studies

F=
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(Ulcerative colitis)
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-

(1Vs) 1 (Trefoil factor 3)
SNP ————>  Exposure ———> Outcome
‘-‘-‘-..‘
‘-—_--_.,______-___-*__________-

Horizontal pleotropic elfects

Exposure data (Discovery Analysis)
pQTL significant 61 SNPs for TFF3 from Suhre et al
1,000 samples
r= .30 pruning
6 SNPs
1 SNP F-statistic <10
Remained total 5 SNPs

Exposure data (Replication Analysis)
pQTL significant 24 SNPs for TFF3 from Sun BB et
al.

3,301 samples
r*= (1.30 pruning
Remained 1 SNP

Two sample MR

Outcome UC Data from UK Biocbank
ukb-d-ulcemnas
(OS1)
1,903 TUC cases
361,194 controls
363,097 total samples

Outcome IBD Data Irom Liu JZ et al.
eb1-a-GCST 003045 eb1-a-GCST 003044
(082) (083)

6,968 UC cases 5,956 CD cases
20,464 controls 20,464 controls
27,432 total samples 26, 420 total
samples

Fig. 1. (A) Mendelian Randomization acyclic graph (causal diagram) 1. SNP is associated with the exposure (relevance), 2.
SNP is not associated with confounders (independence), 3. SNP only associated with outcome through the exposure (exclusion

restriction). (B) Present study design flowchart.

to avoid weak instrument bias [19]. R* was calculated
from 2xEAFx(1-EAF)xBeta?, where Beta=effect size
of IVs, EAF=effect allele frequency of GWAS expo-
sure [18, 20] (Table 1).

Exposure (TFF3) Data (For Replication Analysis)

Independent exposure data for TFF3 plasma levels
were obtained from the study of Sun BB et al. In this
study, 2,994 proteins of plasma in 3,301 individuals
from European were analyzed by protein aptamers
(SOMAmers) [21]. After pruning only one SNP
(rs2524277) remained (Table 1) as an independent
SNP and we performed Wald ratio analysis for the ef-
fect estimate of MR.

Outcome (UC) Data

For outcome data, we searched the GWAS of UC
that the summary statistics deposited in the GWAS cat-
alog, and samples of European descent. The Open

GWAS database was especially suitable for this pur-
pose because it has been created for MR studies and
contains  thousands of summary statistics
(https://gwas.mrcieu.ac.uk/). To obtain the most sta-
tistical power, we selected two studies that had larger
sample sizes and were performed on people of Euro-
pean descent. The first study ID in the Open GWAS
database was ukb-d-ulcernas, in which UC GWAS
summary-statistic were derived from the United King-
dom (UK) Biobank. These data contained 1,903 UC
cases and 361,194 controls (total sample size
363,097). We denoted this study as outcome-study 1
(OS1). The second independent study ID was ebi-a-
GCSTO003045, in which UC GWAS summary statistics
were derived from a GWAS meta-analysis study of
Liu et al. [22] (0S2). OS2 contains 6,968 UC cases
and 20,464 population controls of European descent.
Additionally, the second study contained 5,956 CD
cases (ebi-a-GCST003044) (OS3) and together have
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Table 1. SNPs used as instrumental variables in present study

SNP beta Se ea P value oa eaf R? F-statistic
1s2524277 0.7819 0.1086 A 1.22x10"2 G 0.054113 0.0625 66
rs2523586 0.2671 0.0484 G 4.58x10%® T 0.177316 0.0208 21
rs2523535 0.2205 0.0449 G 1.09x10°¢ A 0.249601 0.0182 18
rs3025650 0.4772 0.0987 C 1.55x10°¢ T 0.100240 0.0410 42
rs12925077 -0.3983 0.0848 A 3.08x10°° G 0.028155 0.0086 9
rs13398473 0.2243 0.0483 T 3.94x10° C 0.769369 0.01785 18
1s2524277* 0.4576 0.0506 A 1.58x10" G 0.054113 0.02010 70

SNP = single-nucleotide polymorphism, Se = standard error; ea =effect-allele; oa = other allele; eaf = effect-allele frequency,

*=Sun et al. [21]

been pooled as IBD cases (Fig. 1).

In all original studies in which we used summary
statistics of them, it is reported that informed consent
and ethical approvals were acquired from the local re-
search ethics committees.

Statistical Analysis

Power was calculated using the total sample size
of the outcome data using an online MR-power calcu-
lation tool (https://sb452.shinyapps.io/power/) (Table
2). The “TwoSampleMR” (0.5.6), “Mendelian Ran-
domization” (0.5.0), and “*devtools’ (2.4.4) packages
were used for MR and statistical analyses. The “gg-
plot2” package is used for data visualizations. All
analyses were conducted on R-platform (version
4.1.0). The statistical significance of IV effect sizes on
the outcome is mainly evaluated by the inverse vari-
ance weighted (IVW) method. MR-Egger, weighted
median, and weighted mode methods were also eval-
uated as supportive evidence. Heterogeneity and di-
rectional (horizontal) pleiotropy of IVs were evaluated
using Cochrane’s Q statistic and the MR-Egger inter-
cept test, respectively. While reporting our MR study,
we have considered the STROBE-MR guidelines
(https://www.strobe-mr.org/).

RESULTS

All selected SNPs used in this study are listed in Table
1. These data indicate that rs2524277 has the maxi-
mum effect size (beta) and minimum P-value on the

TFF3 protein levels in the plasma. The SNP
rs12925077 has inverse effect size and the F-statistic
of this SNP is 9 (<10), and has a weak-instrument bias;
therefore, it has been excluded from subsequent analy-
sis.

IVW test showed considerable statistical signifi-
cance in all analyzed outcomes except for OS3, which
is the CD samples (Table 2). Cochran’s Q statistic for
testing heterogeneity of IVs by the 2S-MR analysis on
OS1 showed no statistically significant heterogeneity
(IVW Q=4.00, Q degrees of freedom (Q_df)=4 and
Q pval=0.40; MR Egger Q=3.23, (Q df)=3 and P=
0.35). Testing for directional horizontal pleiotropy
(that is, a violation of the IV assumption 3) by Egger
intercept showed no significant horizontal pleiotropy
(egger intercept=-0.00018, se=0.00022 and P=0.46).
Again, heterogeneity tests of IVW analysis on OS2
and OS3 have not shown any significant heterogeneity
(IVW Q=0.03, Q _df=1, Q _pval=0.86 for OS2 an-
dIVW Q=0.20, Q df=1, Q pval=0.65 for OS3). Hor-
izontal pleiotropy could not be evaluated for OS2 and
OS3 because only two SNPs remained after the har-
monization of SNPs of exposure and outcomes (it
should be at least three IVs). The absence of hetero-
geneity in all study groups also means that the causal
relationship is identical between groups (exposure Vs
and outcomes). For visual inspection of the results, we
created the forest plot and scatter plots from 2S-MR
analysis (Fig. 2, Fig. 3, and Fig. 4).

In replication analysis for 2S-MR, we used the
plasma proteome data of Sun et al. [21]. Wald ratio
test showed considerable statistical significance in
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Table 2. Results from two sample MR studies performed on three outcomes

Exposure study Outcome Method nsnp Beta OR" P value Power
study (se) 95%CI)
Suhre et al. ukb-d-ulcernas IVW 5 -0.0016 0.99 3.2x10°8 0.96
[16] (0S1) (0.0002)  (0.98-0.99)
(Discovery)
Weighted 5 -0.0014 0.99 3.7x10*
median (0.0004)  (0.98-1)
MR Egger 5 -0.0011 0.99 0.1850
(0.0006) (0.98-1)
Weighted mode 5 -0.0014 0.99 0.0327
(0.0005) (0.98-1)
ebi-a-GCST003045 IVW 2 -0.2775 0.75 2.029x10°"% 1.00
(082) (0.0350)  (0.59-0.95)
Weighted NA# NA NA NA
median
MR Egger NA NA NA NA
Weighted mode  NA NA NA NA
ebi-a-GCST003044 IVW 2 0.0065 1.00 0.8333 1.00
(083) (0.0313)  (0.95-1.06)
Weighted NA NA NA NA
median
MR Egger NA NA NA NA
Weighted mode  NA NA NA NA
Sun et al. [21]  ukb-d-ulcernas Wald ratio 1 -0.0022 0.99 0.0034 1.00
(Replication) (0OS1) (0.0007) (-0.99-1)
ebi-a-GCST003045 Wald ratio 1 -0.4805 0.61 5.76x107'?
(082) (0.0697)  (0.53-0.70)
ebi-a-GCST003044 Wald ratio 1 0.0258 1.02 0.6789
(O83) (0.0623)  (0.90-1.15)

SNP = single-nucleotide polymorphism, Nsnp = number of SNP, CI = confidence interval, se = standard error, OR = Odds

ratio, NA = Not available

*OR was calculated by the formula OR=eP, where “e” is the base of the natural logarithm, B is the mean effect size of the IVs.
“Because after analysis by the "TwoSampleMR" for OS2 and OS3 there were two SNPs left, outcomes of the weighted median,

MR-Egger and weighted mode could not be calculated.

OS2 outcome (OR=0.61; %95 CI 0.53-0.70) except
for OS3, which is the CD samples (Table 2). Again,
the Wald ratio test showed a statistical significance re-
sult in OS1 (OR=0.99; %95 CI-0.99-1). Taken to-
gether, we showed that the genetically determined
protein levels of the plasma TFF3 are causally associ-
ated with the risk of UC in both discovery and repli-
cation studies. Increased levels of the plasma TFF3 are
inversely correlated with the risk of UC.

DISCUSSION

In this study, we performed 2S-MR to understand
whether genetically determined levels of TFF3 in the
plasma were associated with the risk of UC. To our
knowledge, this is the first MR study on TFF3 and UC
association. Also, we could not find any hypothesis-
driven observational genetic association study on
TFF3 and UC in the published literature. In this study,
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0e+00 - MR Test

Inverse varance weighted Weighted median

/ MR Egger / ‘Weighted mode

SNP effect on Ulcerative colitis

02 04 06 0.8
SMP effect on Trefoil factor 3

Fig. 2. The scatter plot of causal relationships between Trefoil factor 3 (TFF3) SNPs and ulcerative colitis (UC) in OS1. Each
dot represents a SNP, vertical and horizontal black lines around points show 95% confidence intervals (CI) for each poly-
morphism’s associations. The SNPs that increasing TFF3 levels are inversely correlated with the risk of UC. Four different
color lines show MR association tests.

A B
rs13398473 rs2523535
: _—
152524277 025650
rs2523586
152523586
rs3025650
1513398473
rs2523535
152524277
All-MR Egger
All-Vw -
_—
-0.008 -0.003 -0.002 -0.001 odoo 0002 -0.001 0 c:m
MR effect size for TFF3 on Ulcerative colitis MR leave-one-out sensitivity analysis

Fig. 3. Forest plots of the OS1 MR results. (A) Forest plot showing the effect estimates of each SNP on UC. (B) Forest plot
showing the leave-one-out sensitivity analysis that is the estimated causal effect is shown for each excluded SNP and the
overall estimate using all the SNPs. All association is shown in red. Each black dot represents a SNP and horizontal lines
around points show 95% CI.
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SNP effect on ulcerative colitis

SNP effect on Trefoil factor 3

rs3025650

rs2524277

All-IVW

MR effect size for TFF3 on Ulcerative colitis

Fig. 4. Scatter and forest plots of the OS2 MR results. (A) The scatter plot of causal relationships between Trefoil factor 3
SNPs and ulcerative colitis. Each dot represents a SNP, vertical and horizontal black lines around points show 95% CI for
each polymorphism’s associations. (B) Forest plot showing the effect estimates of each SNP on UC. All association is shown
in red. Each black dot represents a SNP and horizontal lines around points show 95% CI.

we showed that the effect of increasing TFF3 levels in
plasma was associated with the decreasing risk of UC
in all study groups of UC (Fig. 2, Fig. 4A). However,
the OR of this effect seems quite small in OS1 (OR =
0.99, 95% CI=0.988-0.999) (Table 2). In OS2, the ef-
fect of increasing TFF3 levels also decreased the risk
of UC (Figure 4A). Nevertheless, the OR was quite
larger (significant) than OS1 (OR=0.75, 95%
CI=0.59-0.95). One SD increase of the TFF3 level in
plasma is associated with a 25 and 39% decreasing the
risk of UC in OS2 in the discovery and replication
studies, respectively (Table 2). Having more patients
with UC in OS2 than OS1 (approximately three-fold)
may more accurately reflect the effect of TFF3 on the
risk of UC in statistical analysis. Interestingly, in OS3
there was not any effect of TFF3 levels on the risk of
CD (OR=1.00, 95% CI=0.95-1.06) (Table 2). These
findings support the view that the genetic basis of UC
and CD are different [23]. In one study in which it was
used 2S-MR approach and performed on the inflam-
matory proteins in plasma, it was found that an in-
creased level of the vascular endothelial growth factor
A (VEGF-A) is associated with a decreased risk of UC
[24]. VEGF-A levels were not associated with the risk
of CD in that study. In another 2S-MR study by which
is performed by Parisinos et al. [25], the SNP
rs2228145 was used as IV and was showed that the
soluble interleukin 6 receptor (sIL6R) levels in plasma
are associated with decreased risk of CD and UC. To

our knowledge, our 2S-MR study is the 3™ study in
which plasma protein levels were used as a biomarker
of UC risk assessment. Other studies on plasma TFF3
mainly focused on the possible biomarker role of the
plasma TFF3 in the UC disease activity/severity and
outcome [26, 27]. Experimental studies performed on
the intestinal mucosal barrier function of TFF3 show
that TFF3 plays a major role in protecting and repair-
ing the mucosal epithelia from various insults [28].
TFF3 and MUC?2 are primarily secreted protein forms
of the goblet cells in the colon, they create a protective
barrier and a natural immune response in terms of the
first line of defense [28]. When Tff3 knockout mice
(Tff3-/-) were exposed to dextran sulfate sodium
(DSS) induced UC, it has been observed that they had
impaired mucosal healing, poor epithelial regenera-
tion, and died from extensive colitis [29]. Thus, our
MR study is consistent with the mentioned experimen-
tal studies in terms of the crucial role of TFF3 in the
etiology and/or pathophysiology of UC. Nevertheless,
in the first human clinical study of recombinant TFF3,
it was not observed any additional benefits of TFF3
treatment when compared with the effect of corticos-
teroid treatment alone [30]. However, more clinical
trials should be performed to see the exact outcomes
of the effects of recombinant TFF3.

Limitations
MR studies are based on some assumptions. Apart
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from relevance independence, and exclusion restric-
tion (Fig. 1A), the homogeneity assumption (that is
the association of the IVs with the risk factor (TFF3)
is homogeneous in the population) is based on accept-
ance and there is no process of objectively validating
it. Our 2S-MR results are based on summary statistics
derived from people of European ancestry; it should
be careful when extending to other populations due to
linkage disequilibrium (LD) differences among differ-
ent ethnicities. The UC diagnostic criteria and disease
definition, as well as other unmeasurable factors, may
be different between outcome study groups. Our
SNPs, which are used as [Vs explain a relatively small
variance of the genetically determined plasma TFF3
level (approx. 16%). Therefore, the more independent
IVs that explain the greater variance of the levels of
TFF3 in plasma will explain the risk of UC more robustly.

CONCLUSION

In the present 2S-MR study, we showed that TFF3 lev-
els in plasma are causally associated with the risk of
UC. Increased levels of TFF3 are reversely associated
with the risk of UC. The absence of any causal rela-
tionship between TFF3 and CD from the same study
cohort also supports our causal inference.
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Early results of fluorescence lymphatic mapping for
right colon cancer: a case-matched study
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ABSTRACT

Objectives: The complete mesocolic excision (CME) technique has been described to improve the surgical
outcomes of colon cancer. Collecting more lymph nodes is one of the goals of CME. In our study, indocyanine
green (ICG) injection was applied to the anterior and posterior walls at certain levels of the right colon. The
aim of this study is to determine the impact of lymphangiography in right colon cancer surgery.

Methods: The data of patients were analyzed who underwent colectomy surgery between 1.1.2018-1.1.2022
and using our mapping technique. A case-match study was performed at a ratio of 1:2 (Study group [group S;
n=10], Control group [group C; n=20]). Case-matched criteria were age +/-10, T stage +/-1, and tumor location.
Results: There were no differences in terms of age, the American Society of Anesthesiologists score, tumor
location, tumor T and N stages, and pathological markers affecting prognosis between the groups. Although
10% of intraoperative complications were seen in group C, it was not statistically significant (P=0.540). After
lymphangiography, lymph nodes containing ICG were detected in the resection site and these lymph nodes
were sent to pathology in separate containers. Considering the number of lymph nodes sent separately, it was
determined that significantly more lymph nodes were sent in the group S (P=0.001).

Conclusions: We have shown that the ICG mapping can be applied safely in the surgical treatment of right
colon cancer.

Keywords: Colonic neoplasms, Indocyanine green, lymphatic metastasis, fluorescence lymphatic mapping

peritumoral indocyanine green (ICG) injection makes
lymphatic flow and lymph nodes visible in the meso-
colon [3, 4]. However, pure peritumoral injection of

cer worldwide. Nodal involvement is one of the

Colorectal cancer is the third most common can-
crucial factors affecting survival, as 5-year sur-

vival can range from 90% in early disease to 10% in
metastatic disease [1]. To improve outcomes, the com-
plete mesocolic excision (CME) technique was iden-
tified [2].

Fluorescence imaging (FI) technology makes in-
traoperative lymphangiography and lymphatic map-
ping possible. Several studies demonstrate that

ICG may not be sufficient for demonstrating whole
lymphatic drainage of the right colon, and lymphatic
flow and mapping may not be reliable since lymph
vessels might be blocked by tumoral cells.

The present study aimed to investigate the effect
of intraoperative lymphangiography used in right
colon cancer surgery on the number of lymph nodes
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Lymphatic mapping for right colon cancer

collected intraoperatively, the number of lymph nodes
left in the patient (especially D3 lymph nodes) after
removal of the resected right colon, and the total num-
ber of collected lymph nodes. We also aimed to deter-
mine the impact of ICG lymphatic mapping on
postoperative complications and its effects on short-
term oncological outcomes.

METHODS

Patient Selection and Data Collection

After obtaining Institutional Review Board approval
(approval number 2022-6/19) patients who underwent
elective right hemicolectomy due to right colon cancer
between 1.1.2018 and 1.1.2022, since the lymphatic
mapping technique with ICG became available in
Bursa Uludag University School of Medicine General
Surgery Department, were included in the study.

Data of patients older than 18 years old who had
tumors in the right colon, including the cecum and he-
patic flexure during the preoperative colonoscopy, and
whose histopathological diagnosis was adenocarci-
noma, were accessed via patient charts. Computed to-
mography imaging (thorax and abdomen) was
performed for metastasis screening in all patients pre-
operatively. Patients with metastases on tomography
images and patients whose imaging findings had a
tumor localization in the colon other than the right
colon were excluded from the study. Patients who un-
derwent emergency surgery due to obstruction, bleed-
ing, or perforation and patients with distant organ
metastases were excluded from the study. Since there
is no laparoscopic fluorescence imaging equipment in
our center, cases who underwent laparoscopic right
hemicolectomy were excluded from the study. Addi-
tionally, patients who were found to have a colon
tumor outside of the right colon during surgery were
excluded from the study.

During the study period, 198 colon cancer surger-
ies were performed in our center. Sixty-four of these
were right colon cancer surgeries. ICG mapping
method was applied to 10 patients who fell within the
inclusion criteria. Twenty control patients were se-
lected based on matching criteria.

A study group (group S) of 10 colon cancer pa-
tients underwent lymphatic mapping with ICG during
right hemicolectomy surgery. These patients were

case-matched in a 1:2 ratio with 20 right colon cancer
patients (group C) who were operated on without
using the lymphatic mapping technique. Case-match
criteria were age +/-10, T stage +/-1 and same tumor
location. Additionally, no significant difference was
detected in terms of biological factors of the tumors
between the two groups (lymphovascular invasion,
perineural invasion, mucinous component, tumor bud-
ding, tumor grade, and differentiation).

In group S, 3 (30%) patients had tumors in the
cecum, 3 (30%) patients had tumors in the ascending
colon, and 4 (40%) patients had tumors in the hepatic
flexure. Similarly, 6 (30%) of the patients in the group
C had tumors located in the cecum, 6 (30%) in the as-
cending colon, and 8 (40%) in the hepatic flexure.

In both patient groups, age, gender, American So-
ciety of Anesthesiologists (ASA) score, tumor loca-
tion, T stage, mucinous component, grade,
venous/vascular invasion, lymphatic and perineural in-
vasion, tumor budding, N stage, total and metastasized
lymph node counts, operation times, intraoperative
and postoperative complications, distant metastasis
developed in the follow-up, mortality during the fol-
low-up period and survival times were examined. Ad-
ditionally, total, and metastasized lymph node counts
those sent separately after intraoperative fluorescence
imaging in group S were examined.

Surgical Technique and ICG Lymphatic Mapping
Indocyanine green (DID Indocyanine Green Inj,
Dongindang Pharmaceutical CO., LTD, Gyeonggi-do,
Korea) and SPY Elite laser angiographic system
(Stryker Corp/Novadaq Technologies, Kalamazoo,
MI, USA) imaging system was used in this study.
The patients who were taken to the operating room
were placed in a supine position under general anes-
thesia, and a laparotomy was performed with a median
incision. The lateral peritoneal attachments of the right
colon were separated by sharp dissections, and the
posterior wall of the colon was made visible. Before
applying ICG, a concentration of 2.5 mg/mL was ob-
tained and 8 mL solution (20 mg-ICG) was applied
subserosal to 8 different points with a 26-gauge needle
tip, as 1 mL per injection site. The application points
were chosen as 6 points, the anterior and posterior
walls of 3 different localizations, namely the cecum,
the midpoint of the ascending colon, and the hepatic
flexure. Additional 1 ml injections were made at two
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different peritumoral points. Thus, eight different in-
jection points were determined as standard (Fig. 1).

Mobilization of the right colon was achieved by
proceeding from the avascular embryological plane
between the visceral and parietal planes. Next, initial
imaging was performed to ensure that ICG was drain-
ing into the lymphatics and lymph nodes of the right
colon mesentery (Fig. 2).

After this initial imaging central ligation of vas-
cular structures was performed. Then, the right hemi-
colectomy was completed in a way that the integrity
of the right colon mesentery was preserved. For tu-
mors located at the hepatic flexura, the middle colic
artery and vein were high ligated. The gastroepiploic
omentum was included in the sample. D3 lymph nodes
were not removed in the study group. A second fluo-
rescence imaging was performed just before the ileo-
transversostomy anastomosis was created to identify
whether there were any ICG-positive and fluorescent

e

3

:*,'
S

. (Anterior - P

lymph nodes in the right hemicolectomy resection
area, especially D3 lymph nodes. All tissues found to
retain ICG in the surrounding fatty tissues were ex-
cised under immunofluorescence imaging. All excised
tissues were sent in a separate pathology container. Af-
terward, using a surgical stapler, the surgery was ter-
minated by creating a side-to-side anisoperistaltic
ileotransversostomy anastomosis.

Postoperative surgery-related complications were
scored using the Clavien-Dindo classification.

Statistical Analysis

The normal distribution of the data was tested with
the Shapiro-Wilk test. While quantitative variables
with normal distribution are given with mean+stan-
dard deviation, variables without normal distribution
are passed with median (minimum-maximum) values.
Mann-Whitney U test was used to compare quantita-
tive variables between two independent groups. Pear-

. .! it S

ding

Fig. 1. Subserosal indocyanine green application points seen in right hemicolectomy specimen.
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son chi-square, Fisher's exact chi-square, and Fisher-
Freeman-Halton tests were used to compare categori-
cal variables between groups, and categorical variables
were given with frequency and percentage values. The
significance level was accepted as a=0.05. Statistical
analyzes were performed using the IBM SPSS Statis-
tics version 23 package program.

RESULTS

The number of female patients was significantly
higher in the group S, which was mapped with ICG.
There was no significant difference between the two
groups regarding age and ASA Class (Table 1).

The median operative time was 60 minutes (60-
190 minutes) in the group S, and the median was 75
minutes (60-195 minutes) in the group C. There was
no significant difference between the two groups re-
garding operative time (P=0.948).

There was no significant difference between the
two groups regarding tumor stages and pathological
factors with prognostic importance which are muci-
nous component, grade, tumor budding, lymphatic in-
vasion, perineural invasion, and venous/vascular
invasion (Table 2).

The median number of lymph nodes in the main
pathology specimen were 34 (10-70) in the group S,
and the median number metastatic lymph nodes were
0 (0-5). In group C, the median number of total lymph
nodes were 38.5 (12-56), and the number of metastatic
lymph nodes were 0 (0-4). There was no statistically
significant difference between the two groups regard-
ing the total and metastatic lymph node numbers in-
cluded in the main piece (P=0.983 and P=0.713,
respectively).

The median total lymph node number was calcu-
lated as 39.5 (14-56) in 12 patients with hepatic
flexura tumors (4 patients in group S versus 8 patients
in group C). The number of lymph nodes with metas-
tasis detected in the main piece was 0 (0-5). The num-
ber of lymph nodes sent separately after resection was
0 (0-4).

After the specimen was taken out in group C, sus-
picious rest lymph nodes were excised in 2 (10%) pa-
tients and sent in a separate pathology container. In the
group S, fluorescent lymph nodes were detected in the
resection site by the second FI performed in 9 patients.
These lymph nodes were sent to pathology in separate
containers. While the number of lymph nodes sent
separately was 0 (0-5) in the group C, the median was
1 (0-5) in the group S. It was determined that signifi-

Hepatic
Flexure

Fig. 2. Lymph nodes around the ileocolic pedicle (A) and right colic vessels (B) visible on the posterior and anterior faces of
the mesentery in the first imaging performed after ICG injection.
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Table 1. Demographic variables and ASA class
Group S Group C P value
Sex, n (%) Male 4 (40) 16 (80) 0.045
Female 6 (60) 4 (20)
Age (years), median (min-max) 59 (36-76) 66.5 (28-78) 0.214
ASA class, n (%) ASA 1 3 (30) 6 (30) >0.99
ASA 2 7 (70) 14 (70)

ASA = American Society of Anesthesiologists, Group S = Study group, Group C = Control group

cantly more lymph nodes were sent separately in the
group S (P=0.001). In both groups, no metastatic
lymph nodes were detected in the lymph nodes sent
separately (Table 3).

In group S, 7 (70%) patients were NO, 3 (30%) pa-
tients were N2a; in group C,14 (70%) patients were
NO, 3 (15%) patients were Nla, 1 (5%) patient was
N1b and 2 (10%) patients were N2a. There was no sig-
nificant difference between the two groups regarding
the N stage (P=0.387).

No intraoperative complications developed in the

group S. In group C, there were 2 patients reported in-
traopereative bleeding from the branches of superior
mesenteric vein (right colic vein and the gastrocolic
trunc), and bleeding were controlled by surgical inter-
vention. There was no significant difference between
the two groups regarding intraoperative complications
(P=0.54). Complications experienced in the postoper-
ative period were categorized using the Clavien Dindo
Classification as described in the study method sec-
tion. Accordingly, 9 (90%) patients in group S, who
underwent lymphatic mapping with ICG, were in

Table 2. Tumor stages and pathological factors with prognostic importance between two groups

Group S Group C P value
n (%) n (%)
Tumor stage T1 1(10) 0(0) 0.251
T2 1(10) 1(5)
T3 8 (80) 19 (95)
Mucinous component Yes 3 (10) 7 (35) >0.99
No 7 (70) 13 (65)
Grade 1 1(33.3) 0 (0) 0.365
1(33.3) 5(45.5)
1(33.3) 6 (54.5)
Tumor budding Yes 6 (60) 8 (40) 0.442
No 4 (40) 12 (60)
Lymphatic invasion Yes 3(30) 5(25) >0.99
No 7(70) 15 (75)
Perineural invasion Yes 1(10) 3 (15) >0.99
No 9 (90) 17 (85)
Venous/vascular invasion Yes 1(10) 2 (10) >0.99
No 9 (90) 18 (90)

Group S = Study group, Group C = Control group
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Clavien Dindo class 1, and 1 (10%) patient was in
class 2. Ten (50%) patients in group C were in the
Clavien Dindo 1 group, 8 (40%) patients were in the
Clavien Dindo 2 group, 1 (5%) patient was in the
Clavien Dindo 3 group, and 1 (5%) patient was in the
Clavien Dindo 4 group (Table 4). There was no sig-
nificant difference between the two groups in terms of
postoperative complications (P=0.171).

There were no patients in both group who devel-
oped local recurrence during the follow-up period.
There was no significant difference between the two
groups regarding distant metastasis at follow-up
(P=0.3). The mean postoperative follow-up time was
calculated as 21.3+10.72 months. There were no mor-
talities in two groups. The median survival was 23.5
months (1-36 months) in the group S and 24.5 months
(range: 4-37 months) in the group C, and there was no
significant difference between the two groups
(P=0.846).

DISCUSSION

In the present study, we have shown that ICG and lym-
phatic mapping techniques can be safely applied in the
surgical treatment of right colon cancer and selective
D3 lymph node dissection may be possible.
Colorectal cancer is one of the most common ma-
lignant tumors [5]. More than one million people
worldwide are diagnosed with colorectal cancer each
year, and about half of this number die from colorectal
cancer [6]. Nodal involvement is one of the crucial
factors affecting 5-year survival. Standardized tech-
niques have been developed for maximum lymph node
removal during colectomy. The Complete Mesocolic
Excision (CME) technique defined by Hohenberger et
al. [2] was developed by being inspired by the Total

Mesorectal Excision (TME) technique, which is a rec-
tal resection technique previously described by Heald [7].

In the standardized right hemicolectomy+CME
technique for right colon cancers, ligation of the ileo-
colic vessel and, if any, right colic vessel(s) at the ori-
gin is recommended. For tumors in the transverse
colon and both flexures, it is recommended to tie the
middle colic artery at its root and to include the lymph
nodes in this area in the specimen [2].

Collecting more lymph nodes is one of the goals
of the CME technique. Studies have proven that the
number of lymph nodes collected in colon cancer sur-
gery is directly proportional to the prognosis [8-10].
These studies have shown the importance of develop-
ing new methods to collect more lymph nodes in colon
cancer surgery.

Hohenberger et al. [2] stated in his original article
that the CME technique reduces the local recurrence
rate and increases survival. However, the limits of
lymphadenectomy in colon cancer surgery are among
the most debated issues today. The superiority of the
CME technique over conventional right hemicolec-
tomy in terms of survival has been demonstrated in
several retrospective studies [11, 12]. These studies
have been criticized for examining patients over a long
period (>20 years), comparing patients operated by
surgical teams with different experiences, different re-
sponses to adjuvant chemotherapeutic drug regimens
developed by patients, and retrospective design.

No randomized controlled study comparing the
CME technique with conventional right hemicolec-
tomy operations exists [13]. Two meta-analyses in this
area have shown that CME has no superiority over
conventional right hemicolectomy [14, 15].

Many studies criticize the CME technique because
of longer operative times, increased intraoperative
complications (especially vascular injury), and in-

Table 3. Number of lymph nodes sent with and separately from the main piece

Variables Group S Group C P value
(n=10) (n =20)

Number of main piece lymph nodes (total) 34 (10-70) 38.5 (12-56) 0.983

Number of main piece lymph nodes (with metastases) 0 (0-5) 0 (0-4) 0.713

Number of lymph nodes sent separately 1 (0-5) 0 (0-5) 0.001

Group S = Study group, Group C = Control group
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creased rate of autonomic nerve damage [13, 16, 17].
All these discussions encourage research on new tech-
niques that can provide similar local recurrence and
survival results by reducing the intraoperative compli-
cation rate brought by the CME technique. The central
premise of our study is this argument.

Although there was no significant difference in
our study, 10% of vascular injuries were observed in
group C, and no intraoperative complications were ob-
served in group S, which supports this finding.

Studies showed that intraoperative lymphangiog-
raphy makes lymph nodes in the mesocolon visible in
colon cancer surgery [3, 4]. However, in these studies,
it was seen that lymphangiography was performed to
show possible spread areas of the tumor by injecting
only into the peritumoral area. Since we think that the
peritumoral lymphatic pathways may be involved with
tumor cells and may prevent the spread of indocyanine
green, in addition to the peritumoral area, six more
submucosal indocyanine greens were applied as stan-
dard to three different anatomical points in the right
colon to show the entire lymphatic mapping of the
right colon.

In our study, in the group S, there is a phase in
which the residual lymph node tissues in the resection
area are visualized with ICG and excised separately.
The number of additionally excised lymph nodes in
the S group was significantly higher than in the C
group (P=0.001). This superiority of sampling more
lymph nodes is one of the strengths of mapping with
ICG.

Our center is one of the reference centers in its re-
gion for the surgical treatment of colorectal cancer.
However, since intraoperative indocyanine green and
lymphatic mapping can be applied to limited patients
and this study was conducted in a single center, the
number of patients is small.

Limitations

Two major limitations of these study are its retro-
spective nature and limited number of patients. Not re-
porting long- term results may be another weak point.
However, describing a new surgical technique gives
this study its clinical value. This study was planned as
a preliminary study to test the applicability of the tech-
nique. We believe that if our study is continued with a
longer observation period and larger number of cases,
it may make a difference in oncological results.

CONCLUSION

In conclusion, we have shown that ICG and lymphatic
mapping techniques may be safely applied in the sur-
gical treatment of right colon cancer without prolong-
ing the operation time. With the second imaging
performed in our study, we showed that the limits of
lymphadenectomy may be extended with the fluores-
cent lymph nodes that remained in the resection area
by avoiding intraoperative complications. Thus, selec-
tive D3 lymph node dissection may be possible, avoid-
ing vascular injury, which is a fundamental problem
of CME.

Authors’ Contribution

Study Conception: OI, ATY; Study Design: OI;
Supervision: OI, ATY; Funding: N/A; Materials: MS;
Data Collection and/or Processing: MS, OI; Statistical
Analysis and/or Data Interpretation: OI, DS; Literature
Review: MS, OI; Manuscript Preparation: MS, OI and
Critical Review: OI, ATY.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

Acknowledgement

This study was accepted as poster presentation in
31st International Society of University Colon and
Rectal Surgeons (ISUCRS) meeting in October 27-29,
2022, Istanbul, Turkey.

REFERENCES

1. Emile SH, Elfeki H, Shalaby M, et al. Sensitivity and speci-
ficity of indocyanine green near-infrared fluorescence imaging
in detection of metastatic lymph nodes in colorectal cancer: Sys-
tematic review and meta-analysis. J Surg Oncol.
2017;116(6):730-740. doi: 10.1002/js0.24701.

2. Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel
S. Standardized surgery for colonic cancer: complete mesocolic ex-
cision and central ligation--technical notes and outcome. Colorectal
Dis. 2009;11(4):354-64. doi: 10.1111/j.1463-1318.2008.01735 x.
3. Park SY, Park JS, Kim HJ, Woo IT, Park IK, Choi GS. Indo-
cyanine green fluorescence imaging-guided laparoscopic surgery

The European Research Journal | Volume 10 | Issue 1

January 2024

23


https://doi.org/10.1002/jso.24701
https://doi.org/10.1111/j.1463-1318.2008.01735.x

Eur Res J. 2024;10(1):17-24

Lymphatic mapping for right colon cancer

could achieve radical D3 dissection in patients with advanced
right-sided colon cancer. Dis Colon Rectum. 2020;63(4):441-
449. doi: 10.1097/DCR.0000000000001597.

4. Chand M, Keller DS, Joshi HM, Devoto L, Rodriguez-Justo
M, Cohen R. Feasibility of fluorescence lymph node imaging in
colon cancer: FLICC. Tech Coloproctol. 2018;22(4):271-277.
doi: 10.1007/s10151-018-1773-6.

5. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality dorld-
wide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-249. doi: 10.3322/caac.21660.

6. Siegel RL, Miller KD, Goding Sauer A, et al. Colorectal cancer
statistics, 2020. CA Cancer J Clin. 2020;70(3):145-164. doi:
10.3322/caac.21601.

7. Heald RJ. The 'Holy Plane' of rectal surgery. J R Soc Med.
1988;81(9):503-508. doi: 10.1177/014107688808100904.

8. Le Voyer TE, Sigurdson ER, Hanlon AL, et al. Colon cancer
survival is associated with increasing number of lymph nodes an-
alyzed: a secondary survey of intergroup trial INT-0089. J Clin
Oncol. 2003;21(15):2912-2919. doi: 10.1200/JC0O.2003.05.062.
9. Schumacher P, Dineen S, Barnett C Jr, Fleming J, Anthony T.
The metastatic lymph node ratio predicts survival in colon can-
cer. Am J Surg. 2007;194(6):827-831. doi: 10.1016/j.amj-
surg.2007.08.030.

10. Mammen JM, James LE, Molloy M, Williams A, Wray CJ,
Sussman JJ. The relationship of lymph node dissection and
colon cancer survival in the Veterans Affairs Central Cancer
Registry. Am J Surg. 2007;194(3):349-354. doi: 10.1016/j.amj-
surg.2006.08.092.

11. West NP, Morris EJ, Rotimi O, Cairns A, Finan PJ, Quirke

P. Pathology grading of colon cancer surgical resection and its
association with survival: a retrospective observational study.
Lancet Oncol. 2008;9(9):857-865. doi: 10.1016/S1470-
2045(08)70181-5.

12. Bertelsen CA, Neuenschwander AU, Jansen JE, et al. Dis-
ease-free survival after complete mesocolic excision compared
with conventional colon cancer surgery: a retrospective, popula-
tion-based study. Lancet Oncol. 2015;16(2):161-168. doi:
10.1016/S1470-2045(14)71168-4.

13. Xu L, Su X, He Z, et al. Short-term outcomes of complete
mesocolic excision versus D2 dissection in patients undergoing
laparoscopic colectomy for right colon cancer (RELARC): a ran-
domised, controlled, phase 3, superiority trial. Lancet Oncol.
2021;22(3):391-401. doi: 10.1016/S1470-2045(20)30685-9.

14. Killeen S, Mannion M, Devaney A, Winter DC. Complete
mesocolic resection and extended lymphadenectomy for colon
cancer: a systematic review. Colorectal Dis. 2014;16(8):577-594.
doi: 10.1111/codi.12616.

15. Kontovounisios C, Kinross J, Tan E, Brown G, Rasheed S,
Tekkis P. Complete mesocolic excision in colorectal cancer: a
systematic review. Colorectal Dis. 2015;17(1):7-16. doi:
10.1111/codi.12793.

16. Willaert W, Ceelen W. Extent of surgery in cancer of the
colon: is more better? World J Gastroenterol. 2015;21(1):132-
138. doi: 10.3748/wjg.v21.11.132.

17. Kong JC, Prabhakaran S, Choy KT, Larach JT, Heriot A, War-
rier SK. Oncological reasons for performing a complete meso-
colic excision: a systematic review and meta-analysis. ANZ J
Surg. 2021;91(1-2):124-131. doi: 10.1111/ans.16518.

24

The European Research Journal | Volume 10

Issue 1 | January 2024


https://doi.org/10.1097/dcr.0000000000001597
https://doi.org/10.1007/s10151-018-1773-6
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21601
https://doi.org/10.1177/014107688808100904
https://doi.org/10.1200/jco.2003.05.062
https://doi.org/10.1016/j.amjsurg.2007.08.030
https://doi.org/10.1016/j.amjsurg.2007.08.030
https://doi.org/10.1016/j.amjsurg.2006.08.092
https://doi.org/10.1016/j.amjsurg.2006.08.092
https://doi.org/10.1016/s1470-2045(08)70181-5
https://doi.org/10.1016/s1470-2045(08)70181-5
https://doi.org/10.1016/s1470-2045(14)71168-4
https://doi.org/10.1016/s1470-2045(20)30685-9
https://doi.org/10.1111/codi.12616
https://doi.org/10.1111/codi.12793
https://doi.org/10.3748/wjg.v21.i1.132
https://doi.org/10.1111/ans.16518

The European Research Journal 2024;10(1):25-36 Original Article

DOI: https://doi.org/10.18621/eurj.1357324 Psychology

Dream themes and rejection sensitivity of individuals
with and without borderline personality disorder: a
comparative study

Haydeh Faraji®

Department of Psychology, Istanbul Aydin University, Faculty of Sciences and Literature, Istanbul, Turkey

ABSTRACT

Objectives: This study aims to determine how the dream themes of borderline personality disorder patients
differ from those of without borderline personality disorder diagnosis and the mediating role of rejection sen-
sitivity in this differentiation process.

Methods: The convenience sampling method was used in the study, and the participants were 79 female bor-
derline patients diagnosed with semi-structured interviews with criteria of DSM-5 and 79 female individuals
who had not received a psychological diagnosis before and at the study interviews. Sociodemographic Infor-
mation Form, Dream Themes Scale, Borderline Personality Questionnaire, and Rejection Sensitivity Scale
were used in the study. Linear Regression Analysis, Hierarchical Regression Analysis, and Independent Groups
T-Test were used during the investigations.

Results: Borderline personality disorder patients scored higher in all sub-dimensions of the dream themes
scale and rejection sensitivity scale than the control group. Borderline personality traits predicted rejection
sensitivity. Borderline personality traits and rejection sensitivity together predicted dream themes. Borderline
personality predicts anxiety dreams, fear dreams, and experience dreams, and rejection sensitivity mediates
these predictive relationships.

Conclusions: The dreams of borderline personality disorder patients have negative content covered by the im-
pact of experiences sub-dimension on dream themes, as they contain reflections of negative content in beliefs,
thoughts and emotions related to their daily lives. Rejection sensitivity plays a mediator role in borderline pa-
tient’s dreams. The study results show that it would be beneficial not to ignore the content of dreams in patients
with borderline personality disorder, considering the relationship of negative dreams with daily functioning,
dissociative symptoms, self-harming behaviors, and suicide attempts. Results also indicate that it might be
beneficial to target rejection sensitivity to reduce aggravating dream contents.

Keywords: Borderline personality disorder, dream themes, dreams, negative dream themes, rejection sensitivity

takes place during sleep [1]. Sigmund Freud framework for dream analysis by penning the books

@reaming is a collection of mental activity that the unconscious" and presented a psychoanalytic
[2] described the dream as "the royal road to  "Interpretation of Dreams 1 and 2" and gave this mys-
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terious phenomenon its place and importance in psy-
chology [2]. He postulated that dreams reflect the sub-
conscious mind’s conflicts, desires, and fears [1].
Freud [2] said, “the dream is not only about uncon-
scious conflicts or desires, but it is also very closely
related to the personality."

Hobson and Kahn [3] state that obtaining and an-
alyzing dreams with a mental state examination is
worth a short interview to obtain the general cognitive
functions of patients while they are admitted to the
hospital [3]. Kramer and Glucksmann [4] state that
dreams reflect the emotional state of patients and
states that dreams are a valid and reliable assessment
tool in terms of psychodynamic and psychodiagnostic
pain, reflecting conflicts, resistances, transferences,
and opposing transferences, self-images, and defenses.
Clinical states are said to be reflected in a patient’s
dreams. The themes of dreams tend to reflect the pa-
tient’s current mood state; bipolar patients mostly have
bizarre and grandiose themed dreams when they are
in a manic episode. On the other side, depression was
characterized by more negative themes, and improve-
ment in depression may be heralded by changes in the
patient's dreams [4]. Dream content has also been re-
searched in patients with anxiety disorders; in partic-
ular, for PTSD, nightmares are used as a diagnostic
symptom, and the content and frequency of night-
mares help clinicians infer the severity of the illness [1].

Patients with borderline personality disorder
(BPD) have a hypersensitivity to abandonment [5].
This situation results in high rejection sensitivity lev-
els, which can be considered as a precursor or substi-
tute for abandonment [6]. While rejection sensitivity
indicates intense sensitivity to signals for rejection, the
reactions of individuals with rejection sensitivity in
the face of actual and/or perceived rejection experi-
ences are inconsistently high [7]. Rejection sensitivity
and sleep disturbance are two factors that may main-
tain or exacerbate BPD symptoms [8]. Although sleep
problems are not included in the diagnostic criteria of
BPD, approximately half of the borderline patients re-
portreport disturbed sleep [9] and have more night-
mares and dream anxiety than healthy individuals
[10]. Additionally, borderline patients with dreams
with negative content show more significant psy-
chopathology than borderline patients without dreams
with negative content [9]. Generally, an increased fre-

quency of negative dream content is associated in-
creased anxiety, sleep disturbances, and poor mental
health [11, 12].

This study was conducted because there is no com-
parative study with Turkish BPD patient samples
about dreams content and rejection sensitivity's role in
it. In this study, it is expected that patients with BPD
will encounter more nightmare dreams because of
their rejection sensitivity than healthy participants, and
it is also thought this might be because of their hyper
rejection sensitivity. It is thought that determining the
separation of dream themes of patients with borderline
personality disorder from individuals who are not sick
will be useful in determining the status and severity of
the disease in the patient and determining the correct
treatment method, both in the academic literature and
in clinical treatments. Because it is known that sleep
problems in BPD cause difficulties in social, emo-
tional, and cognitive impairment and reduced self-care
[13].

Borderline patients can often engage in self-harm-
ing and sabotaging behaviors [14]; approximately 70-
75% of patients attempt suicide at least once in their
lifetime, and approximately 8-10% of suicidal at-
tempts are completed [5]. Besides, it is known that
there is a positive relationship between nightmares and
non-suicidal self-injury (NSSI) [15] and suicidal be-
havior [16]. Therefore, it is thought that borderline pa-
tients with nightmares have an increased risk of
harming themselves and committing suicide. There-
fore, this study may be useful for inhibiting the NSSI
and suicidal attempts of borderline patients by show-
ing the increase in negative contents in dreams as a
sign of future NSSI or suicidal attempts. Sleep disor-
ders deepen the dissociative symptoms of borderline
patients and cause dissociative symptoms even in
healthy individuals [17]. Because of that, this study
might help by stressing the importance of reducing
dissociative symptoms in borderline patients.

METHODS

The universe of the study consists of female borderline
patients and women without any psychiatric diagnosis
in Turkey. Convenience sampling and comparative de-
sign was used in the study. Convenience sampling is
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a non-random sampling method in which the sample
to be selected from the population is determined by
the judgment of the researcher.

Population

The sample of the study consists of borderline per-
sonality disorder patients who applied to a Psychiatry
Clinic between 2021-2022 and individuals without a
psychiatric diagnosis.

The ages of participants were between 18-36, and
they were residing in Istanbul/Turkey. All participants
in the study group (borderline personality disorder pa-
tients) were women, 15.2% were high school gradu-
ates, 72.2% had undergraduate degrees, 12.7% had
graduate degrees, 2.5% perceived their economic level
as low, 34.2% perceived their economic level as mod-
erate, 63.3% perceived their economic level as high.
The mean age of the participants in the study group
(3248 years).

All participants in the control group (women with-
out borderline personality disorder diagnosis) are
women, 3.8% are primary school graduates, 10.1% are
high school graduates, 60.8% are undergraduate grad-
uates, 25.3% are postgraduate graduates, 1.3% per-
ceived their economic level as low, 88.6% perceived
their economic level as moderate, 10.1% perceived
their economic level as high. The mean age of the par-
ticipants in the control group (3049 years).

Procedure
The study has been approved by the Istanbul
Aydin  University Ethics Committee (Date:

09.07.2021, No: 2021/08). Researchers reached out to
individuals without any psychiatric disorders from so-
cial media platforms by announcing their study.
Groups were similar in age. All the participants vol-
untarily participated in this study between August
2021 and April 2022 by filling out the Dream Themes
Scale, Rejection Sensitivity Scale, and sociodemo-
graphic data form. The study group consisted of 79 fe-
male borderline patients who had borderline
personality disorder diagnoses with semi-structured
intervies taken by a psychiatrist with criteria of DSM-
5, and the control group consisted of 79 female indi-
viduals who had not received a psychological
diagnosis before and at the studies' interviews. While
determining the study group, having a depressive
episode or PTSD was scanned as an exclusion crite-

rion, and patients who met the diagnostic criteria for
depressive disorder or PTSD comorbid with border-
line personality disorder were not included in the
study. Besides semi-structured interviews with criteria
of DSM-5, the Borderline Personality Questionnaire
was given to the control group to measure their bor-
derline personality traits to see the effect of borderline
traits, which are not as high as to get a diagnosis on
dream themes and rejection sensitivity.

Scales Used

The Sociodemographic Data Form which devel-
oped by the researcher, the Borderline Personality
Questionnaire, the Dream Themes Scale and the Re-
jection Sensitivity Scale used for collecting data.

Sociodemographic Data Form

The sociodemographic data form includes gender,
age, education level, economic level, and marital sta-
tus.

Borderline Personality Questionnaire (BPQ)

It has Principal Components Analysis scores rang-
ing between 0.40-0.81 [19]. Turkish BPQ internal con-
sistency coefficient Cronbach alpha value was
determined as 0.89. The scale consists of 80 questions
and 9 sub-dimentions [20]. Their Cronbach alpha
value was determined as: impulsivity: 0.50, emotional
lability: 0.77, abandonment: 0.40, relationships: 0.68,
self-image: 0.72, suicidal/self-injurious behavior:
0.48, feeling of emptiness: 0.73, intense anger: 0.74,
and psychosis-like states: 0.62. In this study, the total
score of the Borderline Personality Questionnaire was
used, and the total Cronbach alpha value of the scale
was determined as .929.

Dream Themes Scale (DTS)

The Dream Themes Scale (DTS) is a measurement
tool developed by Geng et al. [21]. As a result of the
reliability analysis, Cronbach's alpha internal consis-
tency coefficient was found to be .94, and the item-
total correlations were found to be between .34 and
.72 [21]. In this study, the Cronbach alpha values of
the sub-dimensions of the Dream Themes Scale were
respectively: Negative Themes: .711, Anxiety Themes:
.613, Fear Themes: .736, Effect of Experiences: .786,
Frustration Themes: .872. The scale consists of 29
items and five sub-dimensions. It evaluates anxiety

The European Research Journal | Volume 10 | Issue 1

January 2024

27



Eur Res J. 2024;10(1):25-36

Dream themes of borderline personality disorder patients

themes, fear themes, effects of experiences, frustration
themes, and negative themes. It is a valid and reliable
scale. The increase in the scores obtained from the
sub-dimensions of the DTS and the overall scale indi-
cates the results of the dream themes.

Rejection Sensitivity Scale (RSS)

Downey and Feldman’s [22] Rejection Sensitivity
Scale (RSS) has 18 hypothetical situations in which
the individual is likely to be rejected by others that are
meaningful to the individual, and the person is asked
to answer the rejection and acceptance expectations
about the stated situation in a 6-point Likert type. Item
scores can vary from 1 to 36. The Turkish validity and
reliability study of the scale was conducted by Ozen
et al.[23], and the Cronbach's alpha value for the total
score was found to be 0.85. In this study, the Cronbach
alpha value of the rejection sensitivity scale was de-
termined as .858.

Statistical Analysis

In the study, the relational screening model, which
is the method in which the event, individual, or object
subject to the research is tried to be defined as it exists,
was used. Analyzes were made using the SPPS 25 pro-
gram. The normality test, which is the first stage of the
analysis, was applied, and when the skewness and kur-

tosis values of the variables were examined, it was
seen that the relevant values were between -2 and +2.
After deciding on the existence of a normal distribu-
tion, it was decided to use parametric analysis. De-
scriptive statistics for the demographic variables in the
study were calculated immediately after the normality
analysis in order to evaluate variables independent
samples T-Test, Simple Linear Regression Analysis
Test, and Hierarchical Regression Analysis Test used.

RESULTS

When we compared the scores obtained from the Neg-
ative  Themes  subscale (t=115.79, mean:
17.07£115.79, P<0.05), from the Anxiety Themes
subscale (t=132.38), mean: 11.11£132.38, P<0.05),
from the Fear Themes subscale (t=109.10, mean:
14.84+109.10, P<0.05), Effect of Experiences sub-
scale (t=126.79, mean: 17.14+£126.79, P<0.05), Frus-
tration Themes subscale (t=109.67, mean:
19.53+109.67, P<0.05), and from Rejection Sensitiv-
ity Scale (t=88.22, mean: 5.27+£88.22, P<0.05) accord-
ing to the study and control group variables, a
significant difference was found between the means.
When we evaluate the results, it is seen that the scores
of the participants in the study group are higher than

Table 1. Comparison of dream themes scale and rejection sensitivity scale scores between study

and control group

n Mean+SD t df. P value*

Negative themes Study group 79 23.65+2.27 17.07  115.79 <0.001
Control group 79 14.03+4.47

Anxiety themes Study group 79 16.52+2.73 11.11 13238  <0.001
Control group 79 10.18+4.28

Fear themes Study group 79 11.91+1.78 14.84  109.10 <0.001
Control group 79 4.76+3.90

Influence of experiences Study group 79 16.62+2.06 17.14 126.79  <0.001
Control group 79 8.84+3.47

Frustration themes Study group 79 13.01+1.52 19.53 109.67 <0.001
Control group 79 5.01+3.31

Rejection sensitivity scale Study group 79 60.34+4.84 5.27 88.22  <0.001

Control group

79 48.78+18.87

*Independent samples t-test
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Table 2. Predicting rejection sensitivity of borderline personality
B SH i3 t P value*
(Constant) 32.51 3.48 9.34 <0.001
Borderline personality questionnaire 0.76 0.14 0.53 5.48 <0.001

*Simple linear regression analysis. R=.53, R*=.28, F=30.01, P<0.001

the scores of those in the control group (Table 1).

Borderline personality was found to predict rejec-
tion sensitivity (R=.53, R2=.28, P<0.05). It was deter-
mined that the independent variable in the established
regression model explained 28% of the change in re-
jection sensitivity. When we evaluate the results, bor-
derline personality has a positive effect on rejection
sensitivity (f=.53, P<0.05) (Table 2).

When the findings in Table 3 were evaluated, it
was seen that in the first model, borderline personality
explained 40% of the variance in anxiety-themed
dreams. In the second process, the rejection sensitivity
variable was added to the model. Rejection sensitivity
explained 3% of the variance in anxiety-themed
dreams. It was observed that rejection sensitivity and
borderline personality variables explained 43% of the
variance in anxiety-themed dreams. With the addition
of rejection sensitivity in the second process, the beta
value of the borderline personality variable decreased
from .64 to .53. This difference in Beta value with the
bootstrapping method was found to be significant
since the lower and upper limit values of the indirect

total effect did not contain zero. According to this re-
sult, it was determined that there was partial mediation
(Fig. 1).

When the findings in Table 4 were evaluated, it
was seen that borderline personality explained 30% of
the variance in fear-themed dreams in the first model.
In the second process, the rejection sensitivity variable
was added to the model. Rejection sensitivity was
found to explain 3% of the variance in fear-themed
dreams. It was observed that rejection sensitivity and
borderline personality variables explained 33% of the
variance in the score in fear-themed dreams. With the
addition of rejection sensitivity in the second process,
the beta value of the borderline personality variable
decreased from .55 to .41. This difference in Beta
value with the bootstrapping method was found to be
significant since the lower and upper limit values of
the indirect total effect did not contain zero. According
to this result, it was determined that there was partial
mediation (Fig. 2).

As a result of the evaluation of the findings in
Table 5, it was seen that in the first model, borderline

Table 3. Mediator role of rejection sensitivity in predicting anxiety-themed dreams of borderline

personality in the control group

Model R R B SH f t Pvalue* Lower Upper
bound bound

(Constant) .64 40 571  0.71 8.00 <0.001 4.29 7.13

1 Borderline personality 021 003 0.64 733 <0.001 0.15 0.27
questionnaire
(Constant) 68 43 411  1.02 4.04  <0.001 2.09 6.14
Borderline personality 0.17 003 0.53 523 <0.001 0.11 0.24
questionnaire

2 Rejection sensitivity scale 0.05 002 022 215 0.035 0.00 0.09
Undirect total effect 0.04 0.02 0.00 0.09
(mediator)

*Hierarchical regression analysis
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Rejection
Sensitivity
IB:-53* Scale ﬁ:-50*
Borderline Anxiety
Personality Themed
Questionnaire p=.64* p=.53* R Dreams

Fig. 1. Beta values on the mediator role of rejection sensitivity in predicting anxiety-themed dreams of borderline personal-
ity in the control group. *P<0.05

Table 4. The mediating role of rejection sensitivity in predicting fear-themed dreams of
borderline personality in the control group

Model R R’ B SH fp t P value* Lower Upper
bound bound

(Constant) S50 30 128 071 1.81 0.074 -0.13 2.70

1  Borderline personality 0.16 0.03 055 574 <0.001 0.11 0.22
questionnaire
(Constant) 59 33 -044  1.01 -0.43 0.665 -2.44 1.57
Borderline personality 0.12 0.03 041 3.77 <0.001 0.06 0.19
questionnaire

2 Rejection sensitivity scale 0.05 0.02 026 235 0.021 0.01 0.10
Undirect total effect 0.04 0.02 0.02 0.09
(mediator)

*Hierarchical regression analysis

Rejection
Sensitivity
p=.53%* Scale [=.48*
Borderline e
Personality
Questionnaire ﬁ =51%* :3 = 4D% | Dreams

Fig. 2. Beta values on the mediator role of rejection sensitivity in predicting fear-themed dreams of borderline personality in
the control group. *P<0.05

30



Eur Res J. 2024;10(1):25-36

Faraji

Table 5. Results on the mediator role of rejection sensitivity in predicting borderline personality
effects of experiences-themed dreams in the control group

Model R R B SH B t  Pvalue* Lower Upper
bound bound

(Constant) S5 30 128 0.71 1.81 0.074 -0.13 2.70

1 Borderline personality 0.16 003 055 574 <0.001 0.11 0.22
questionnaire
(Constant) 59 33 -044 1.01 -0.43  0.665 -2.44 1.57
Borderline personality 0.12 0.03 041 377 <0.001 0.06 0.19
questionnaire

2 Rejection sensitivity scale 0.05 002 026 235 0.021 0.01 0.10
Undirect total effect 0.04 0.02 0.02 0.09
(mediator)

*Hierarchical Regression Analysis

personality explained 30% of the variance in the
Dreams themed Effect of Experiences. In the second
process, the rejection sensitivity variable was added
to the model. Rejection sensitivity was found to ex-
plain 3% of the variance in Dreams with the theme of
Effect of Experiences. It was observed that rejection
sensitivity and borderline personality variables ex-
plained 33% of the variance in the score of Dreams
with the theme of the Effect of Experiences. With the
addition of rejection sensitivity in the second process,
the beta value of the borderline personality variable
decreased from .55 to .41. This difference in Beta
value with the bootstrapping method was found to be
significant since the lower and upper limit values of
the indirect total effect did not contain zero. According
to this result, it was determined that there was partial
mediation (Fig. 3).

As a result of the evaluation of the findings in
Table 6, it was seen that borderline personality ex-

plained 54% of the variance in frustration-themed
dreams in the first model. In the second process, the
rejection sensitivity variable was added to the model.
Rejection sensitivity explained 4% of the variance in
frustration-themed dreams. It was observed that rejec-
tion sensitivity and borderline personality variables
explained 58% of the variance in the scores of frustra-
tion-themed dreams. With the addition of rejection
sensitivity in the second process, the beta value of the
borderline personality variable decreased from .74 to
.62. This difference in Beta value with the bootstrap-
ping method was found to be significant since the
lower and upper limit values of the indirect total effect
did not contain zero. According to this result, it was
determined that there was partial mediation (Fig. 4).
It was determined that the rejection sensitivity
scale predicted the dreams with the theme of the Effect
of Experiences (R=.26, R2=.07, P<0.05). It was de-
termined that the independent variable in the estab-

Rejection
Sensitivity
,3=.53* Scale ﬁ=,48*
I?;:::;?; Fear Themed
= = D
Questionnaire p=51%* p=42% reams

Fig. 3. Beta values on the mediator role of rejection sensitivity in the prediction of borderline personality effects of experi-

ences-themed dreams in the control group. *P < 0.05
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Table 6. Results on the mediator role of rejection sensitivity in predicting frustration-themed
dreams of borderline personality in the control group

Model R R B SH f t Pvalue* Lower Upper
bound bound

(Constant) 74 54 1.02 0.48 2.12 0.037 0.06 1.99

1 Borderline personality 0.19 0.02 0.74 9.67 <0.001 0.15 0.23
questionnaire
(Constant) g7 .58 -0.29  0.68 -0.42 0.674 -1.64 1.07
Borderline personality 016 002 062 7.1 <0.001 0.11 0.20
questionnaire

2 Rejecti()n sensitivity scale 0.04 0.02 0.23 2.65 0.010 0.01 0.07
Undirect total effect 0.03  0.02 0.00 0.07
(mediator)

*Hierarchical regression analysis

lished regression model explained 07% of the change
in the Dreams-themed Effect of Experiences. When
we evaluate the results, the rejection sensitivity scale
has a positive effect on Dreams with the theme of the
Effect of Experiences (B=.26, P<0.05) (Table 7).

DISCUSSION

According to Freud [2], the materials of dreams can
be chosen from any segment of the dreamer's life. The
only condition here is the existence of a line of thought
that connects the life of the day before the dream to
earlier ones. Although Freud [2] defined dreams as the
“royal road to the unconscious” of neurotic patients,
[24] states that dreams are a very important element
in the understanding of borderline patients. Borderline
personality disorder patients report much more nega-

tive themes in their dreams than other individuals dur-
ing their psychodynamic treatment [25]. Stone [24]
states that the evaluation of dreams of borderline pa-
tients is critical in two respects. The first of these is
that the dreams of borderline patients can often contain
frightening themes, and the second is that the interpre-
tation of their dreams is meaningful because they often
use defense mechanisms such as denial and negation,
and their awareness of their actual motivations is low.
In this study, it was determined that borderline patients
have more dreams with frightening themes, anxiety
themes, and negative themes than the control group.
A quarter of adult nightmare sufferers are borderline
patients [26], and patients with borderline personality
disorder have high (%49) comorbidity with night mare
disorder [9]. Individuals with vulnerable psychologi-
cal boundaries, like borderline patients, experience
longer, more intensely emotional, stressful, vivid, and

Rejection
Sensitivity
ﬁ:'53* Scale ﬁ:-56*
Borderline Frustration
Personality Themed
Questionnaire p=.74* p=.62* Dreams

Fig. 4. Beta values on the mediator role of rejection sensitivity in predicting frustration-themed dreams of borderline per-

sonality in the control group. *P<0.05
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Table 7. Findings regarding the prediction of rejection sensitivity of the study group on the effect

of experiences themed dreams

B SH p t P value*
(Constant) 6.25 2.45 2.55 0.013*
Rejection sensitivity scale 0.09 0.04 0.26 2.32 0.023*

*Simple linear regression analysis; Stepwise method. R=.26, R°=0.07, F=5.37, P=0.023

frightening dreams that resemble nightmares than in-
dividuals with thick boundaries [27].

In this study, it was determined that the effect of
the daily experiences of the borderline patient group
on dream themes was higher than the control group.
Freud [2] says that the dream is not only about uncon-
scious conflicts or desires; it is very closely related to
the personality, age, gender, living standards, daily
customs, and what he has been through [2]. Yu [28]
stresses that the dreaming procedure is sensitive to af-
fect valence and emotional concerns experienced dur-
ing wakefulness. Borderline personality disorder
patients have a high level of rejection sensitivity, and
this sensitivity leads to emotional instability [29]. Au-
mann ef al. [30] found that individuals with emotional
instability have more dreams as a kind of continuation
of daily life, and also, more than the present, their
dreams are rooted in the past or the future. They also
showed there is a relationship between dream
bizarreness and emotional instability.

In this study, it was determined that the negative
dream themes level of the borderline patient group was
higher than the control group. Simor et al. [31] found
that BDP patients report their dreams as more distress-
ing, and when 68.1% of BPD patients experience night
terror-like symptoms, the rate comes down to 22% in
the control group. Some theories explain negative
dream themes in borderline patients. At first, the neg-
ative dream content of borderline patients can be ex-
plained with the ironic process theory [32]. Ironic
process theory postulates that deliberate attempts to
think about different thoughts other than the negative
ones that are target for suppression go together with a
monitoring procedure. This process looks for instances
where the negative thought was unsuccessfully sup-
pressed, which ironically can trigger thoughts of it,
particularly during periods of high cognitive load,
such as stressful situations. This process looks for in-

stances where the negative thought was unsuccessfully
suppressed, which ironically can trigger thoughts of
it, particularly during periods of high cognitive load,
such as stressful situations. This process looks for in-
stances where the negative thought was unsuccessfully
suppressed, which ironically can trigger thoughts of
it, particularly during periods of high cognitive load,
such as stressful situations.

The second theory for explaining negative dream
contents in borderline patients is the classical continu-
ity hypothesis. Borderline patients suffer more from
adverse life events than other personality disorders pa-
tients. This theory hypothesis dreams are a reflection
of the dreamer's waking life, thus individuals with
BPD may have more bad dreams than those of other
people, even those with other personality disorders
[33, 34]. Classical continuity theory has been con-
firmed by the study of Schredl et al. [35]. Kramer and
Nuhic’s [36] study of inpatients with mental disorders
showed that psychopathological symptoms are re-
flected in the patients' dreams, and their finding sup-
ports the continuity hypothesis of dreaming.
Therefore, it is thought that the continuity hypothesis
makes the difference between anxiety themes, fear
themes, negative themes, frustration themes, and the
effects of experiences unclear in the case of patients
with BPD and explains why all these themes are re-
ported more by BPD patients in our research results.
The third theory stresses emotional dysregulation's ef-
fect on negative dream themes like nightmares [37].
Emotional instability, which is a result of emotion reg-
ulation difficulty, has a close relationship with night-
mare frequency and/or distress [34, 35] and negative
dream content [38]. Additionally, Selby et al. [39]
highlight it in their Emotional Cascade Model (ECM).
The ECM makes an effort to identify the cause of the
disturbing nightmares BPD sufferers encounter. Emo-
tion regulation difficulty is one of the core factors of
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BPD. According to ECM, nightmares or any unpleas-
ant dreams in addition to the terror they cause, may
result in weaknesses in the ability to appropriately reg-
ulate one's emotions, which makes it harder to deal
with stress the next day. During the waking state, bor-
derline patients experience emotional cascades [31],
and this adverse consequence leads to rumination,
which is the repetitive thinking of mostly unpleasant
thoughts.

Because of their difficulty in emotion regulation,
ruminations increase negative affect, which, in turn,
intensifies ruminations and starts a circulation. These
processes result in increased negative emotions and
increased cognitive activity during sleep that favors
the appearance of nightmares and maladaptive behav-
iors during the waking state that are intended to regu-
late negative emotions. So borderline patient lives the
day and night continuity; negative emotional experi-
ences during day life increases the escalation of neg-
ative emotions, increased negative emotions increase
ruminations, increased ruminations create a very aver-
sive emotional state, aversive emotional state triggers
dysfunctional coping skills and makes the emotions of
patients even more dysregulated. Catastrophic emo-
tions elevate cognitive activity during sleep, and they
create negative dream themes or nightmares. Night-
mares increase negative affect and vulnerability to
stressors and negative emotional experiences during
wakefulness. So, it seems that there is a bipolar rela-
tionship between unfavorable dream themes and bor-
derline personality disorder severity. Frequent bad
dreams in persons with BPD may influence the occur-
rence of negative life events [39]. Additionally, the
emotional cascade model says that behavioral symp-
toms of BPD, such as substance use, binge eating, or
self-harm, represent the person's attempt to interrupt
the cascade [40]. Although, results show that dreams
have an important role in BPD symptoms and their
severity.

Furthermore, BPD has high comorbidity with axis
I and axis II disorders. Especially it shows high co-
morbidity with depressive disorders [41]. It is known
that the dreams of depressive patients mostly contain
negative themes such as rejection, defeat, and loss
[42], and the severity of depression during the daytime
is correlated with the intensity of negative dream emo-
tions [43]. But even when the level of depressive dis-
order is controlled for, BPD continues to be associated

with negative dream content [44]. Post-traumatic
stress disorder (PTSD) is the second most reported co-
occurring axis I disorder in BPD. Individuals who
have a PTSD diagnosis have dreams that include more
negative themes than individuals with no PTSD diag-
nosis [45]. BPD patients often experience various trau-
mas not in their adulthood but in their childhood which
makes them even more vulnerable, and it increases
nightmare frequency [38], thus explaining heightened
nightmare frequency in BPD patients with comorbid
PTSD, especially [46]. In this study, although both
PTSD and depressive disorders were excluded in the
borderline patient group, the higher negative dream
content in the borderline patient group indicates that
rejection sensitivity may be more determinant than co-
morbid diagnoses.

The study findings show that it may be beneficial
to devote more space to dreams in clinical practice and
scientific research practice related to borderline pa-
tients. Our recommendation in this direction is to in-
vestigate the relationship between complex
post-traumatic stress disorder and dreams in patients
with BPD. Complex posttraumatic stress disorder
(cPTSD) is a new diagnosis in ICD-11 that considers
the potentially more extensive posttraumatic conse-
quences, including emotional dysregulation, particu-
larly after prolonged and repeated trauma [47]. The
diagnostic criteria consist of the three PTSD criteria
and the additional symptoms of emotional dysregula-
tion, interpersonal difficulties, and negative self-con-
cept which are the core factors of BPD [5].

Limitations

The limitation of the study is that only female par-
ticipants were included in the current study. It is well-
known that borderline personality disorder affects
women more frequently (up to 76%) than men, and
men with borderline personality disorder may exhibit
severe antisocial personality traits or drug use symp-
toms. [18]. So, in order to provide a higher level of ac-
cess to the literature and it was selected to work
primarily with female borderline patients for conven-
ience of comparison.

CONCLUSION

As a result of this study, in which the dream themes
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of BPD patients and undiagnosed individuals were
compared, it was determined that all dream theme di-
mensions were seen at a higher level in BPD patients.
It has been determined that the dreams of BPD patients
generally have negative content (the concept of nega-
tive is used to indicate the content, not the negative
themes sub-dimension), and it shows that the negative
content in the daily life of borderline patients and the
effect of intense experiences sub-dimension also cause
negative content in these patients. The results of the
present study reveal the relationship between BPD and
negative dream content and the important role of re-
jection sensitivity in this relationship. The study's re-
sults emphasize the importance of addressing dreams
in patients with BPD, considering the relationship of
negative dreams with daily functioning, dissociative
symptoms, self-harming behaviors, and suicide at-
tempts. Results also indicate that it might be beneficial
to target rejection sensitivity to reduce aggravating
dream contents.
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ABSTRACT

Objectives: Epithelial ovarian cancer (EOC) is the most common histologic type among ovarian cancers. It is
usually diagnosed at an advanced stage and the prognosis worsens. The aim of our study was to investigate the
predictive value of serum platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR), which
are systemic inflammatory response markers in EOC stages.

Methods: In this study, 140 patients diagnosed with primary EOC in Izmir Katip Celebi University Atatiirk
Training and Research Hospital Gynecology and Obstetrics Clinic between 01.01.2012-01.07.2019 were in-
cluded. The cases were staged using the FIGO 2014 Ovarian Cancer Staging system. Whether the PLR and
NLR values were different between the stages were analyzed with appropriate statistical analysis methods.
Results: A total of 140 patients, 54 were in the early stage (Stage I: 47; Stage II: 7) and 86 were in the advanced
stage (Stage III: 73; Stage IV: 13). The PLR and NLR values differed between the four stages (P=0.003 and
P=0.032, respectively). The PLR value was different between the early and advanced stages (P=0.033), the
AUC value was 0.607, the optimum cut-off was 220, the sensitivity was 47%, and the specificity was 81% in
the early and advanced stage discrimination. Accordingly, the Odds ratio of PLR for advanced EOC was 3.82
(95% CI: 1.70-8.57, P=0.0011).

Conclusions: The NLR and PLR values were found to have a prognostic value in the discrimination of EOC
stages. It has been determined that PLR value may play a predictive role in advanced EOC before surgery.
Keywords: Epithelial ovarian cancer, stage, prognosis, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio

subtypes with different risk factors, cells of
origin, clinical features, and treatments. Of
these histological subtypes, epithelial ovarian cancer
(EOC) accounts for approximately 90% and is classi-
fied as serous, endometrioid, clear cell, and mucinous

O varian cancer consists of different histological

carcinomas. Germ cell tumors and sex cord-stromal
tumors, which constitute approximately 10% of ovarian
cancers, are defined as non-epithelial ovarian cancers [1].

The prognosis of ovarian cancer can be poor, de-
spite advances in surgery and chemotherapy. Although
ovarian cancer ranks 8™ among female cancers, it re-
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Inflammatory indexes in epithelial ovarian cancer

mains the leading cause of death from gynecological
cancer and the fifth leading cause of cancer-related
death in women. The incidence of new ovarian cancer
cases ranges from 9 to 15 per 100,000 women per
year, and the death rate averages 5.4 to 11.6 deaths per
100,000 women [2]. According to the Global Cancer
Observatory data, 313,959 women were diagnosed
with ovarian cancer in 2020. 1.6% of new cancer cases
in the world and 1.7% in Turkiye are ovarian cancer
[3]. Since the early stages of the disease are usually
asymptomatic, approximately 75% of cases are diag-
nosed in the advanced stages (III and IV). The 5-year
survival rate in EOC is directly related to the stage of
the disease at the time of initial diagnosis. While the
5-year average survival rate for all EOCs diagnosed at
stage 4 is around 20% for all races, this rate rises to
89% in those diagnosed at stage I [4].

Recently, there has been great interest in the role
of cancer-associated inflammation in the burden and
prognosis of the disease. Inflammation is known to be
associated with different stages of tumor development,
including initiation, elevation, malignant transforma-
tion, invasion, and metastasis. The association be-
tween poor prognosis and elevation of white blood
cells, platelets, or their ratios can be explained by an
inflammatory process elicited by cancer cells [5].
Therefore, systemic inflammatory response (SIR)
markers such as hypoalbuminemia, hyperfibrinogen-
emia, C-reactive protein (CRP), cancer antigen-125
(CA-125), absolute white blood cell count (WBC),
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) were investigated as prognos-
tic factors in cancer patients [6-8].

Prognostic factors in ovarian cancer include age at
diagnosis, The International Federation of Gynecology
and Obstetrics (FIGO) tumor stage, histological type,
tumor grade, and presence of residual disease after the
first surgery [1]. All of these known variables, except
age, are only suitable for post-operative evaluation.
For this reason, there is no defined screening program
for ovarian cancers and there is no biomarker currently
used.

The aim of our study is to investigate the prognos-
tic relationship between preoperative NLR and PLR
rates and EOC stages, which are easy, inexpensive,
and can be used in practice.

METHODS

Clinical Data

Patients who were operated for suspected ovarian can-
cer and/or adnexal mass in Izmir Katip Celebi Univer-
sity Atatlirk Training and Research Hospital,
Department of Gynecology and Obstetrics between
01.01.2012 and 01.07.2019, were scanned through the
medical records and 223 cases were identified. Among
these cases, 83 cases who were diagnosed as benign
or borderline ovarian tumors, non-epithelial malignant
ovarian tumors, recurrent ovarian malignancies and
epithelial ovarian carcinomas in pathological micro-
scopic examination but who had preoperative blood
transfusion were excluded from the study. 140 patients
diagnosed with primary EOC in the final pathology
were included in the study.

Preoperatively studied complete blood count re-
sults of 140 EOC cases included in the study were ob-
tained from the medical records. Preoperative
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) were calculated at all stages.
The cases were staged using FIGO 2014 Ovarian Can-
cer Staging System [9].

This study was approved by Izmir Katip Celebi
University Non-invasive Clinical Research Ethics
Committee (Date: 26.09.2019, Decision no. 434).

Statistical Analysis

The data were evaluated in the statistical package
program IBM SPSS Statistics 25.0 (IBM Corp., Ar-
monk, New York, USA). The dependent variables of
the study were the NLR and PLR; the independent
variables were determined as the groups obtained by
the FIGO 2014 Ovarian Cancer Staging System. De-
scriptive statistics were given as median + standard
deviation (SD), percent (%). The normal distribution
of the data of numerical variables was evaluated with
the Shapiro-Wilk normality test. Comparisons of two
groups including continuous variables were evaluated
with the Mann-Whitney U test according to the results
of the normality test. Comparisons of more than two
groups were evaluated by Kruskal-Wallis analysis ac-
cording to the normality test result. In case of differ-
ence in Kruskal-Wallis analysis, Dunn-Bonferroni
multiple comparison test was used as a post-hoc test.
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Table 1. Comparison results of platelet-to-lymphocyte ratio by epithelial ovarian cancer stages

n Median+SD P value Median+SD P value
(Kruskal-Wallis) (Mann-Whitney U)
Stage I 47  156.67£75.93 0.003 Early stages 160.68+83.54 0.033
(I+ID)
Stage 11 7 177.71£118.42
Stage 111 73 190.04+151.9 Advanced stages 207.15+156.28
(III+1V)
Stage [V 13 303.16£155.13

SD = standard deviation

ROC analysis was used to calculate the AUC value.
The optimum cut-off was calculated with the Youden
index. A value of P<0.05 was considered statistically
significant.

RESULTS

According to FIGO 2014 Ovarian Cancer Staging Sys-
tem of 140 patients diagnosed with histopathologically
EOC, 54 were in the early stage (Stage I: 47; Stage II:
7) and 86 were in the advanced stage (Stage III: 73;
Stage IV: 13). Descriptive statistical data of the PLR
and NLR values of the stages are shown in Tables 1
and 2.

In the normality analysis, it was observed that the
data were not normally distributed (P>0.05). As a re-
sult of analysis of variance, a statistically significant
difference was found between the PLR and NLR val-
ues of the four stages (P=0.003 and P=0.032, respec-
tively) (Tables 1 and 2).

When the PLR values of the four stages were com-

pared, there was a statistically significant difference
between stage I and stage IV (P=0.001) and between
stage III and stage IV (P=0.03). No difference was
found between the other stages (P>0.05). When the
NLR values of the four stages were compared, a sig-
nificant difference was found only between stage III
and stage IV (P=0.031). There was no statistically sig-
nificant difference between the other stages (P>0.05).

When the patients were grouped as early stage
(stage I+stage I1) and advanced stage (stage [1I+stage
IV), while the PLR value was different between the
two groups (Fig. 1), there was no difference in NLR
value (P=0.033 and P=0.831, respectively) (Tables 1
and 2).

In correlation analysis, it was observed that PLR
values were correlated with stages at a low level (r =
0.263, P=0.002). NLR values were not correlated with
stages (r = 0.108, P=0.205).

The prognostic efficacy of PLR and NLR values
in the discrimination of stages were evaluated. The
AUC value was 0.607, the optimum cut-off was 220,
the sensitivity was 47%, and the specificity was 81%

Table 2. Comparison results of neutrophil-to-lymphocyte ratio by epithelial ovarian cancer stages

n  Median+SD P value Median+SD P value
(Kruskal-Wallis) (Mann-Whitney U)
Stage | 47 2.66+£2.14 0.032 Early stages 2.6942.32 0.831
(I+I1)
Stage 11 7 3.26+3.37
Stage 111 73 2.76+2.95 Advanced stages 3.03+2.84
(III+1V)
Stage [V 13 4.61+1.90

SD = standard deviation.
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Fig. 1. Box plot of platelet-to-lymphocyte ratio in early and advanced epithelial ovarian cancer.

in the discrimination between early stage (stage 1+I1)
and advanced (stage I1I+IV) for PLR values. When the
cut-off was 220 for the PLR value, the Odds ratio for
advanced EOC was calculated as 3.82 (95% CI: 1.70-
8.57,P=0.0011) (Table 3). The ROC curve for the dis-
crimination of PLR value between early and advanced
epithelial ovarian cancer is shown in Fig. 2.

The AUC of PLR was 0.845 (P<0.001) in the dis-
crimination of stage IV from stage I and 0.737
(P=0.007) in the discrimination of stage IV from stage

1. The AUC of NLR was 0.730 (P=0.009) in the dis-
crimination of stage IV from stage III. There was no
statistically significant difference in PLR and NLR
values in the discrimination of the other stages (Table
4). The optimum cut-oft value of PLR was calculated
as 210 in the discrimination of stage IV from stage I.
In this case, the sensitivity of the PLR value was 85%
and the specificity was 81%. The optimum cut-off
value of the PLR was calculated as 207 in the discrim-
ination of stage IV from stage III. Accordingly, the

Table 3. Prognostic value of PLR in the discrimination of early and advanced stages of epithelial

ovarian cancer

Stages PLR<220 PLR>220  AUC (early vs advanced stages) Odds ratio
(n) (n)
Early FIGO I 40 7 0.607 3.82
(P=0.033) (P=0.0011)
Sensitivity 47%
Specificity 81%
FIGO I 4 3
Advanced FIGO 1II 42 31
FIGO IV 4 9

AUC= area under the curve, PLR= platelet-to-lymphocyte ratio, FIGO= The International Federation of Gynecology and

Obstetrics

40



Eur Res J. 2024;10(1):37-44

Tiras et al

1,0

0.8

=
o
1

Sensitivity

=
S
|

0,0 i T T
0,0 0,2 04

I
0.6 0.8 1,0

1 - Specificity

Fig. 2. ROC curve of platelet-to-lymphocyte ratio in the discriminating early and advanced epithelial ovarian cancer.

sensitivity of the PLR value was 85% and the speci-
ficity was 56%. The optimum cut-off value of the
NLR was calculated as 3.06 in the discrimination stage
IV from stage III. In this case, the sensitivity of the
NLR value was determined as 85% and the specificity
as 59% (Table 4).

DISCUSSION

The role of cancer-associated inflammation theory in
oncogenesis and tumor growth has been a major area

of study in recent years. Inflammatory cell counts and
the ratios derived from these cell counts, such as PLR
and NLR, have been investigated for diagnostic, prog-
nostic and treatment follow-up in many cancer types.
The biggest advantage of these inflammatory cell
numbers and ratios is that they can be easily obtained
in complete blood count data and do not require any
additional health expenditure. Various studies have
shown that these inflammatory parameters, together
with CA-125, can contribute to the management of the
disease in ovarian cancers [10].

EOC accounts for approximately 90% of ovarian

Table 4. Efficacy of PLR and NLR in discriminating epithelial ovarian cancer stages

FIGO Stages PLR NLR
Cut-off AUC Sen Spe Cut-off AUC Sen Spe
IvsIV 210 0.845 85% 81% NS NS NS NS
(P<0.001)
I vs IV 207 0.737 85% 56% 3.06 0.730 85% 59%
(P=0.007) (P=0.009)

AUC= area under the curve, PLR= platelet-to-rymphocyte ratio, NLR= neutrophil-to-lymphocyte ratio, Sen=Sensitivity, Spe=
Specificity, FIGO= The International Federation of Gynecology and Obstetrics, NS= not significant.
Note: There was no statistically significant difference in PLR and NLR values in the discrimination of the other stages

(P>0.05).
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cancers in all age and ethnic groups. The fact that pa-
tients with EOC are asymptomatic for a long time and
therefore are often diagnosed at an advanced stage has
intensified studies to determine the diagnostic and
prognostic values of inflammatory cell ratios derived
from complete blood count parameters such as NLR
and PLR [4, 11].

In our study, the effectiveness of NLR and PLR
ratios in the evaluation of the stages of patients with
EOC was investigated. It was determined that the PLR
value increased especially in stage IV compared to
other stages. We thought that the lack of a significant
difference between stage II and other stages in terms
of PLR value may be due to the small number of pa-
tients in this group. NLR value was different only be-
tween stage III and stage IV. In addition, it was
determined that the PLR value was correlated with the
stages (stages I-1V), while the NLR value was not.
Moreover, while PLR value differs between early
stage and advanced stage EOC, there is no difference
in NLR value. In summary, it was observed that the
PLR value increased as the stage increased. We think
that the PLR value may be important in terms of giv-
ing an idea about the stage of the disease at the initial
diagnosis stage.

In studies in the literature on the subject, it is re-
ported that PLR and NLR values increase as the stage
increases, similar to our findings. In a study by Kokeii
et al. [12], which included 100 patients with epithelial
ovarian cancer, it was shown that NLR and PLR levels
were increased in advanced stage compared to early
stage. In the study, the prognostic value of PLR was
found to be better than blood parameters such as
platelet and NLR ratio [12]. In a study by Zhang et al.
[13] in which 190 patients with ovarian cancer were
included, it was revealed that while the mean PLR val-
ues were 182.6 in stage I, it increased to 234.50 in
stage IV, and this increase was statistically significant
(p =0.032). In the recently published study by Huang
et al. [14], it was shown that the value of PLR and
NLR did not differ between histological grade, age of
the patient or type of ovarian cancer, but increased in
advanced ovarian cancer compared to early-stage
ovarian cancer. Thus, it has been reported that high
PLR and NLR values at the time of diagnosis can be
interpreted in favor of probable advanced stage ovar-
ian cancer. Although there are studies in the literature
that PLR values increase as the stage increases, which

is largely consistent with our findings, there are find-
ings in some studies that the PLR value does not
change between stages. In the study of Wang et al.
[15], it was reported that while there was no increase
in PLR values, NLR values increased in advanced
EOC compared to the early stage.

In the literature, studies have been conducted to
differentiate ovarian cancer from the healthy group,
generally for the effectiveness of PLR and NLR in the
diagnosis of epithelial ovarian cancer. Considering the
results of these studies, the AUC value of PLR in dif-
ferentiating ovarian cancer from the healthy group
varies between 0.621 and 0.684, while the AUC value
of NLR varies between 0.604 and 0.737 [16-18]. We
were able to find only one study evaluating the effi-
cacy of PLR and NLR in staging ovarian cancers. In
this study, using the Multivariate Logistic Regression
Analysis method, it was reported that PLR is an inde-
pendent risk factor associated with the distinction be-
tween early and advanced stages in EOC. However,
such a result could not be reached for the NLR ratio.
In the same study, when the cut-off was determined as
200 for PLR, the odds ratio was calculated as 1.0105
[16]. In our study, the prognostic value of PLR and
NLR ratios was investigated in the discrimination of
early and advanced stages by ROC analysis. Accord-
ingly, the AUC value of PLR values in the discrimi-
nation between early and advanced stages in EOC
were found to be 0.607, sensitivity 47%, and speci-
ficity 81% (cut-off: 220). In our study, the odds ratio
for PLR was found to be 3.82. In the light of these
findings, we think that PLR values can be considered
in estimating the stage of epithelial ovarian cancer at
the initial diagnosis stage.

There are also studies to reveal the prognostic
value of PLR and NLR ratios for survival prediction.
In a meta-analysis evaluating the results of a total of
3467 patients and 13 studies, it was reported that an
increase in NLR had a poor prognostic eftect (hazard
ratios 1.70 and 1.77, respectively) on overall survival
(OS) and progression-free survival (PFS). In the same
study, it was stated that the increase in PLR had a
slightly higher risk of poor prognosis for OS and PFS
(hazard ratio 2.05 and 1.85, respectively) [19]. In our
study, an analysis for survival prediction was not per-
formed. However, the stage of EOC at diagnosis is one
of the most important factors on survival. In this re-
spect, according to the results of our study, the fact that
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the PLR value has a prognostic value in the prediction
of early and advanced stages is also compatible with
studies on survival prediction.

Limitations

Our study has some limitations. The first is that
the number of patients in some stages is low. Espe-
cially there were few patients in the stage II. This may
have affected the power of statistical analyzes regard-
ing the stage II. Not including a healthy group in our
study can be considered as a limitation in terms of in-
vestigating the diagnostic value of the ratio of PLR
and NLR. However, in this study, only a result was re-
vealed for the use of these values for prognostic pur-
poses in the differentiation of stages at the initial
diagnosis stage.

CONCLUSION

According to the data of our study, NLR and PLR val-
ues were found to have a statistically prognostic value
in the discrimination of EOC stages. It has been deter-
mined that NLR value is not effective in distinguishing
early and advanced EOC, and PLR value may play a
predictive role for advanced EOC before surgery.
However, there is a need for more comprehensive
studies in this area.
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ABSTRACT

Objectives: The incidence of tuberculous peritonitis has been reported between 0.1% and 0.7% among all tu-
berculosis types. This study, it was aimed to evaluate the cases with tuberculous peritonitis, which has an im-
portant place in the differential diagnosis of patients with ascites, clinically, biochemically, microbiologically,
and histopathologically.

Methods: Forty-nine patients with a definite clinical, radiological, and histopathological diagnosis of tuber-
culous peritonitis, which formed the basis of our study, were analyzed retrospectively.

Results: The mean age of patients with tuberculous peritonitis was found to be 39.454+19.02 years. Purified-
protein derivative (PPD) was positive in 23 (72%) of 32 patients with tuberculous peritonitis whose PPD results
were recorded, in 9 (28%) PPD results were evaluated as anergic or negative. QuantiFERON-TB Gold In-
Tube (QFT-GIT) test was sent in 10 of the patients, the result was positive in 9 (90%) patients and negative in
1 (10%) patient. There were 32 patients in whom tuberculosis polymerase chain reaction (PCR) was studied
from ascitic fluid, 7 (22%) of the patients were PCR positive and 25 (78%) negative. Mycobacterium tubercu-
losis culture positivity was found in 18 (69%) of 26 patients who were biopsied. In total, 29 (59%) of the pa-
tients had M. tuberculosis culture positivity.

Conclusions: Tuberculous peritonitis constitutes a public health problem in endemic regions of the world and
tuberculous peritonitis should be considered in patients presenting with ascites. Despite all diagnostic difficul-
ties, necessary tests, especially peritoneal biopsy, should be performed for early diagnosis, and it should not
be forgotten that early initiation of treatment is very important in terms of morbidity and mortality of the disease.
Keywords: Tuberculous peritonitis, diagnostic difficulties, ascites

he differential diagnosis of ascites accumu-
lating between peritoneal leaves remains a
problem in many cases, despite the advanced
testing possibilities we have. Tuberculous peritonitis
(TBP) is an extrapulmonary manifestation of tubercu-
losis (TB) that involves Mycobacterium seeding of the
peritoneum. It is estimated that the prevalence of TBP

has decreased and now comprises 4%-10% of all ex-
trapulmonary cases of TB worldwide. The disease oc-
curs equally in both sexes, with most cases between
the ages of 21 and 45. Poor hygienic conditions, over-
population, and consumption of unpasteurized milk
pose arisk for the development of TBP. TBP often oc-
curs with the reactivation of dormant TB foci in the
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peritoneum caused by hematogenous spread from the
primary lung focus. TBP can also occur by the
hematogenous spread in the presence of active pul-
monary TB or miliary TB. More rarely, TB mycobac-
teria enter the peritoneal cavity through contiguous TB
or TB salpingitis. The diagnosis of TBP is made by
clinical, immunological, microbiological, and, most
importantly, histopathological methods. While the fre-
quency of TB is gradually decreasing, there has been
an increase in the number of individuals infected with
TB as a result of the immunosuppressive Human Im-
munodeficiency Virus (HIV) infection, the increase in
malignancies, and the effect of socioeconomic condi-
tions [1-4].

This study, it was aimed to evaluate the cases with
TBP, which has an important place in the differential
diagnosis of patients with ascites, clinically, biochem-
ically, microbiologically, and histopathologically. In
addition, in our study, we aimed to show that serum
CA-125 level may be a predictive factor in the differ-
ential diagnosis of ovarian carcinoma and TBP.

METHODS

The patients were grouped according to their clinical,
serological, radiological, and histopathological ana-
lyzes and were grouped under four main headings ac-
cording to their incidence (Table 1). While approximately
half of the cases were decompensated liver cirrhosis,
most of the remaining cases were peritonitis carcino-
matosis. 49 patients with a definite clinical, microbi-
ological, and histopathological diagnosis of TBP,
which formed the basis of our study, were analyzed
retrospectively, age, gender, comorbid diseases, peri-
toneal fluid analysis ( Lactate dehydrogenase (LDH),
albumin, glucose, Adenosine deaminase (ADA), Poly-
merase Chain Reaction (PCR)), histopathological di-
agnosis, Erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), serum CA-125 level and
serum albumin values of the patients were recorded,
purified protein derivative (PPD), QuantiFERON-TB
Gold In-Tube (QFT-GIT) test, posteroanterior (PA)
chest radiographs, computed tomography (CT) reports
were evaluated.

For the study, approval of the ethics committee for
clinical research of Erzurum Ataturk University Fac-

ulty of Medicine Ethics Committee was obtained
2019/1-51.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS
v20) program was used to analyze the data. Categori-
cal variables were presented as numbers and percent-
ages, and numerical variables were presented as mean
and standard deviation. The suitability of the numeri-
cal variables to the normal distribution was checked
using the Kolmogorov-Smirnov Test, z values calcu-
lated for skewness and kurtosis, and graphing meth-
ods. Mann Whitney U was used for comparisons of
non-normally distributed numerical variables between
two groups, Kruskal Wallis was used for comparisons
between more than two groups, Mann Whitney U with
Bonferroni correction was used for posthoc analyses,
and 2, y? Trend tests were used for comparison of cat-
egorical variables. The statistical significance level
was accepted as P<0.05 in all analyses.

RESULTS

The mean age of the patients in our study was 55.6 +
16.7 years. Of the 618 patients with ascites evaluated,
290 (46.9%) were male and 328 (53.1%) were female.
Of the patients, 305 (49.4%) had liver cirrhosis, 126
(20.4%) malignancy, 49 (7.9%) TBP, 32 (5.2%) non-
cirrhotic portal hypertension, 32 heart failure (5.2%),
28 (4.5%) mixed (existence of liver cirrhosis and other
diagnoses that may cause ascites), 14 (2.3%) nephrotic
syndrome, 13 (There were 2.1% pancreatic ascites, 11
(1.8%) undiagnosed, 8 (1.3%) patients with ascites
due to other causes (Table 1).

The mean age of patients with TBP was found to
be 39.45+19.02 years. Eight (16.3%) of TBP patients

Table 1. Etiological Distribution of the Patients

Diagnosis n %
Liver Cirrhosis 305 49.4
Peritonitis carcinomatosa 126 20.4
Tuberculosis Peritonitis 49 7.9
Other 138 22.3
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Table 2. Age, gender, and comorbidity
distribution of patients with tuberculous
peritonitis

Age ranges n %
<20 16,3
21-40 20 40,8
41-60 13 26,5
> 60 8 16,3

Gender
Female 41 84
Male 8 16

Comorbid diseases
Diabetes mellitus 7 14,3
ESRD* 5 10,2
Steroid use 4 8,2
Cirrhosis 4 8,2
Renal Tx ** 1 2
Previous tuberculous 3 6,1

Coexistence of Lung TB 1 2

ESRD = End Stage Renal Failure, **Renal Tx = Renal
Transplantation

were male and 41 (83.7%) were female. Patients were
grouped according to age ranges.8 (16.3%) patients
were <20 years old, 20 (40.8%) patients were 21-40
years old, 13 (26.5%) patients were 41-60 years old,
and 8 (16.3%) patients were >60 years old. There were
comorbid diseases in 22 (45%) patients with TBP and
pulmonary TB in 1 (2%) (Table 2).

PPD was positive in 23 (72%) of 32 patients with
TBP whose PPD results were recorded, in 9 (28%)
PPD results were evaluated as anergic or negative.
QFT-GIT test was sent in 10 of the patients, the result
was positive in 9 (90%) patients and negative in 1
(10%) patient. There were 32 patients in whom TB
PCR was studied from ascitic fluid, 7 (22%) of the pa-
tients were PCR positive and 25 (78%) negative. My-
cobacterium tuberculosis culture positivity was found
in 18 (69%) of 26 patients who were biopsied. In total,
29 (59%) of the patients had M. tuberculosis culture
positivity.

There were 15 patients diagnosed with TBP whose
ADA level was studied in ascitic fluid, the ADA cutoff
value was taken as 30 U/L, and the ADA level was

found to be high in 15 (100%) of the patients. The
mean ADA level of the patients was found to be
121.80+42.72 U/L. CRP levels were high in 47
(95.6%) patients with TBP, and CRP values were nor-
mal in 2 (4.1%) patients. ESR results from patients
with TBP were studied in all patients. ESR elevation
was present in 40 (81.6%) patients. ESR was normal
in 9 (18.4%). The distribution of microbiological and
biochemical data of patients with TBP is shown in
Table 3.

The patients were diagnosed with TBP microbio-
logically, clinically, or histopathologically. While the
microbiological diagnosis was made in 11(22,5%) of
49 patients with TB peritonitis, 12 (24,5%) were di-
agnosed clinically and 26 (53%) histopathologically.
In 11 (%22) patients diagnosed microbiologically, M.
tuberculosis was isolated in the acidic fluid. Eight
(16.3%) of the patients who were diagnosed
histopathologically had paracentesis findings support-
ing TBP and a high ADA level. With high ascites ADA
level, 1 (2%) patient had a QTF-GIT test, 3 (6.1%) pa-
tients had PCR, and 7 (14.3%) had PPD positivity. As-
cites ADA level was not studied in 18 (37%) patients
who were diagnosed histopathologically. In these pa-
tients, PCR was positive in 2 (4.1%) patients, the
QTF-GIT test was positive in 3 (6.1%) patients, and
PPD was positive in 10 (20.4%) patients, together with
high clinical suspicion and paracentesis findings sup-
porting TBP and 2 (4.1%) patients had a history of pre-
vious TB. While paracentesis findings were
supporting TBP in 4 (8.2%) patients, a minimally in-
vasive peritoneal biopsy was performed on high clin-
ical suspicion. Since most of our patients with TBP are
women, we compared serum CA-125 levels, which
may be useful in the differential diagnosis of ovarian
malignancies, which is a common cause of ascites in
women. Patients with TBP and patients with ovarian
carcinoma were divided into 2 groups. There were 49
patients with TBP and 50 patients with ovarian carci-
noma. The mean age of patients with TBP was found
to be 39.45+19.02 years. The mean age of patients
with ovarian carcinoma was 56.68+12.40 years. The
mean serum CA-125 level of patients with TBP was
found to be 437.78+383.66 U/mL. The mean CA-125
level of patients with ovarian carcinoma was found to
be 1814.06+1767.52. When the mean CA-125 levels
of the patients were compared, a significant difference
was found between the groups (P<0.001). The mean
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Table 3. Distribution of microbiological and biochemical data of patients with tuberculous

peritonitis
Test type Tested patients Positive patients
(n) n (%)
Piirified protein derivative 32 23 (72)
Quantiferon 10 9 (90)
Polymerase chain reaction 32 7(22)
Adenosine deaminas 15 15 (100)
C-reactivated protein 49 47 (95.6)
Erythrocyte sedimentation rate 49 40 (81.6)

CA-125 level of patients with ovarian carcinoma was
higher than patients with TBP.

Quadruple anti-TB was given to patients diag-
nosed with tuberculous peritonitis, and two months
later, dual anti-TB treatment was continued and com-
pleted for a total of 6 months (The first two months
are isoniazid (INH), rifampicin, pyrazinamide, and
ethambutol, and after the second month INH and ri-
fampicin for 4 months). It was determined that all pa-
tients tolerated the treatment well and no significant
adverse events were observed except for mild
transaminase elevation observed in 2 (4%) patients.
As aresult of the clinical and radiological evaluations
made after the treatment, ascites disappeared except
for 2 (4%) patients, and it was seen that these 2 (4%)
patients had Multi-Drug Resistant (MDR-TB).

DISCUSSION

Diseases that can cause ascites to take place in a very
wide range. In these diseases whose treatments are
completely different, morbidity and mortality of the
disease can be reduced by early diagnosis. Although
ascites can be seen in many diseases, the most com-
mon cause is liver cirrhosis. TBP, which is a rare cause
of ascites, is seen at a rate of 10%, especially in un-
derdeveloped countries. Ascites related to TBP were
detected in our study at a rate of 7,9%, which is im-
portant because it shows that TBP is a more important
etiological cause in our country than in Western coun-
tries [2-4].

Increasing population migration, the use of more
potent immunosuppressant therapies, an increase in

the number of immunocompromised HIV-infected in-
dividuals, and an increase in the incidence of malig-
nancies have contributed to the reemergence of TB in
areas where it was previously largely controlled. TBP
often complicates patients with underlying end-stage
renal or hepatic disease. However, diagnosing TB dis-
ease remains challenging due to the insidious nature
of the disease, the many different clinical manifesta-
tions, and the limitations of current diagnostic tests.
When unexplained ascites are encountered, especially
in high-risk patients, the clinician should suspect TBP.
TBP should be considered in the differential diagnosis
of all patients presenting with unexplained lympho-
cytic acid and a serum-ascites albumin gradient
(SAAG) <11 g/L [4, 5]. Bacteriological performance
is imperfect since the culture of ascites was positive
in only 58,1% and peritoneal biopsy in 73.3% of cases.
Biopsy for bacterial culture and histology is essential
for diagnosis [6].

With TB culture being the diagnostic gold stan-
dard for TB, ascites fluid ARB and culture positivity
rates may be low due to the low density of bacilli,
which is one of the difficulties encountered in diagno-
sis [7, 8]. A positive ascitic fluid ADA can be highly
suggestive. Numerous studies have been performed
looking at the optimal cutoff for sensitivity and speci-
ficity, with most studies suggesting an ADA level of
> 30 IU/L as yielding sensitivities of close to 100%
and specificity generally greater than 95% for TBP [4].
In our study, PCR positivity, ADA level, and QFT-GIT
test positivity were determined by the literature, and
these tests can be used when necessary [9].

Currently, TBP is usually diagnosed histopatho-
logically, as it can show malignancy-like features and
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bacteriological confirmation is both difficult and time-
consuming. While awaiting bacteriological confirma-
tion, the histopathological examination may speed up
the diagnostic process and facilitate the early initiation
of treatment. The consensus in many studies is that
peritoneal biopsy is the best procedure for the diagno-
sis of TBP [4, 10]. In the case of suspected TBP, the
laparoscopic peritoneal biopsy is the preferred diag-
nostic tool and should be performed without delay
[11]. With the help of imaging methods, an increasing
number of peritoneal biopsies have been taken re-
cently. This method provides a safer and less expen-
sive alternative to diagnostic laparoscopy. Recently, it
has been reported that 95% of the cases are diagnosed
with a peritoneal biopsy taken in this way [12].

The incidence of TBP has increased in the pres-
ence of cirrhosis, chronic renal failure patients under-
going continuous peritoneal dialysis (CAPD), and
immunosuppressive patients such as the presence of
HIV infection and steroid use. Almost half of the pa-
tients in our study also have comorbid diseases [13].

One of the differential diagnoses in female pa-
tients presenting with ascites may be peritoneal infil-
tration of ovarian cancer. Therefore, the distinction
between ovarian cancer and TBP is important. As is
seen in our study, serum CA-125 levels are found to
be higher in epithelial ovarian malignancies than in
TBP. CA-125 levels are not expected as high as in
ovarian carcinoma in patients with TBP [14, 15].

Limitations

Since our study is retrospective, it can be said that
the shortcomings of our study are that some TBP cases
were not recorded and that some diagnostic parame-
ters were recorded in the cases we detected.

CONCLUSION

In conclusion, TBP constitutes a public health problem
in endemic regions of the world and TBP should be
considered in patients presenting with ascites. Despite
all diagnostic difficulties, necessary tests, especially
peritoneal biopsy, should be performed for early diag-
nosis, and it should not be forgotten that early initia-
tion of treatment is very important in terms of
morbidity and mortality of the disease.
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ABSTRACT

Objectives: The objective of this study is to identify factors that affect the severity of acute kidney injury
(AKI) using neonatal RIFLE (Risk, Injury, Failure, Loss of function, End-stage kidney disease) criteria; to
identify the impact of these criteria and the factors on mortality rates and to determine the one-year clinical
outcome.

Methods: Five hundred and thirty-two inpatients who were admitted to Gazi University, Faculty of Medicine,
Neonatal Intensive Care Unit (NICU) between 2006 and 2016 have been examined retrospectively.

Results: Acute kidney injury developed in the first month of life in 85 (16%) patients. Thirty-nine (7.35%) of
the cases were term and 46 (8.65%) were preterm. Among these patients, 33 (38.8%) were in the risk group,
18 (21%) in the injury group, and 34 (40%) in the failure group. Metabolic acidosis and edema were the most
commonly seen findings as acute kidney injury scores increased. According to the neonatal RIFLE (nRIFLE)
criteria, the severity of AKI was significantly correlated (P<0.05) with metabolic acidosis (71%) and edema
(50.5%). There was a positive correlation between urinary output and pH, bicarbonate, glomerular filtration
rate, and sodium values in patients with AKI, while a negative correlation between urinary output and BUN,
creatinine, potassium, phosphorus, and uric acid was found. Regarding the nRIFLE criteria, the frequency of
hyponatremia and hyperpotassemia was increased as the AKI severity score was increasing (P<0.05). The mor-
tality rate was 54% in the newborn period and factors that significantly affect mortality were the need for me-
chanical ventilation, sepsis, nephrotoxicity, and acidosis (P<0.05).

Conclusions: The nRIFLE criteria based on urinary output is a guide for clinicians to diagnose AKI. There is
a need to work on new markers in future studies.

Keywords: Acute kidney injury, risk factors, nRIFLE, newborn

function resulting from changes in extracellu- tion. It is a complex disease with many causes, patho-

ﬂcute kidney injury (AKI) is a sudden renal dys- acid-base balance, and insufficiency in nitrogen excre-
lar fluid volume, fluid electrolyte and physiological pathways, and clinical importance [1].
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It peaks in neonatal intensive care unit (NICU) pa-
tients and especially affects premature. The incidence
of renal failure in newborns ranges from 6% to 24%
in the NICU. Clinical manifestations of acute kidney
injury range from minimal renal failure to requiring
renal replacement therapy [2]. Exposure to perinatal
events such as nephrotoxic drugs, sepsis, and asphyxia
in the neonatal period carries a great risk for the de-
velopment of acute kidney injury. Current studies in-
dicate that there is a relationship between morbidity
and mortality and acute kidney injury in these patients.
Close monitoring of patients at risk and early recog-
nition of changes in kidney function are the keys to im-
proving the process [3].

Due to the use of diverse definitions for AKI and
the lack of a standard definition in clinical trials in
newborns, the incidence and mortality rates of AKI
vary widely. The serum creatinine value is a restricted
laboratory parameter in the definition of AKI. There-
fore, neonatal RIFLE (Risk, Injury, Failure, Loss of
function, End-stage kidney disease) criteria were de-
veloped based on urine output (UO). It has been noti-
fied that a better classification will be made at this
point and diuresis can be used as an alternative method
for defining high-risk NICU patients [4, 5].

Our study aimed to determine the risk factors af-
fecting the severity of AKI and to establish the effect
of these risk factors on newborn mortality rates by
using the neonatal RIFLE (nRIFLE) criteria in new-
borns. Another aim of the study was to monitor the
renal functions of newborns who lived at least one
year during follow-up.

METHODS

The outcomes of 532 patients who were admitted to
NICU between 2006 and 2016 have been examined
retrospectively and 85 newborns diagnosed with AKI
were enrolled into the study. The diagnosis of neonatal
AKI was based on decreased urine output, taking into
account gestational and postnatal age. Urine output
was systematically measured by diaper weight or
neonates were catheterized. The Ethical Committee
for Medical Research of Gazi University approved this
study under protocol number 19026.

Classification of AKI severity was done according
to the nRIFLE criteria used by Bezerra and his col-

leagues in 2013. “Risk” was defined as UO<I1.5
ml/kg/h in 24 hours, “’injury” was defined as UO<1
ml/kg/h in 24 hours, and “’failure” was defined as UO
<0.7 ml/kg/h in 24 hours or anuria for 12 hours.
“Loss” defined as renal failure>4 weeks and “end-
stage renal disease” defined as renal failure>3 months
were not used in our study [4, 5].

Patients included in this study were assessed in
terms of risk factors that affect AKI severity and mor-
tality.

Blood Urea Nitrogen (BUN), serum creatinine,
uric acid, sodium (Na), potassium (K), phosphorus
(P), urinalysis, blood gas and blood culture tests were
recorded at the time of admission. Electrolyte changes
and the presence of acidosis were noted. pH<7.35 with
serum bicarbonate<21 mmol/L in blood gas was eval-
uated as acidosis.

Normal ranges for blood Na, K and Ca levels were
accepted as 135-145 mEq/L; 3.5-5.5 mEq/L and 8.5-
10.5 mg/dL, respectively.

Microorganisms were grown in the blood and
urine cultures of septic patients, antibiotics were ad-
ministered and anomalies in the abdominal ultrasonog-
raphy of the patients were recorded. Vancomycin,
amikacin, amphotericin B, meropenem, and gentam-
icin were agreed as nephrotoxic antibiotics (Van-
comycin, amikacin, amphotericin B, meropenem and
gentamicin were considered nephrotoxic antibiotics.).

Oliguria, hyperuricemia, hyperpotassemia, hyper-
volemia, and metabolic acidosis were defined as indi-
cations for peritoneal dialysis treatment.

The patients older than 28 postnatal days when
AKI was diagnosed, patients with <24 hours NICU
stay and the 22 newborns without adequately obtain-
able data were excluded from the study.

Statistical Analysis

IBM Statistical Package for the Social Sciences
(SPSS) 21.0 was used for statistical analysis. To ex-
amine the impact of the independent variables in the
sample group, nonparametric analysis methods were
used for the groups composed of less than 30 people
whereas parametric analysis methods were used for
the group of more than 30 people.

Descriptive analysis methods were used for the so-
ciodemographic data of the sample group. Chi-Square,
Kruskal-Wallis analysis, and Mann Whitney U were
used to determine whether there is any difference in
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the independent variables among the three groups that
constitute the sample group. The Spearman correlation
method was used to examine the relationship between
the independent variables.

RESULTS

Of the 85 newborns evaluated according to the nRI-
FLE criteria, 33 were in the risk group, 18 in the injury
group, and 34 in the failure group, respectively.
Demographic information of the patients was ex-
amined. According to the severity of AKI, it was iden-

Table 1. Comparison of risk factors in the groups

tified that there was no significant difference among
groups in terms of gender, gestational age, birth
weight, and period of hospitalization. The mean age
at diagnosis of AKI was 5.96+6.14 days. The mean
and standard derivation (SD) of birth weight of new-
borns diagnosed as AKI were 2162+1069 g and ges-
tational ages were 33.95+5.52 weeks.

The incidence of metabolic acidosis was 71% and
the frequency of edema was 50.5% in newborns diag-
nosed with AKI. The incidence of acidosis and edema
was higher in the failure group (P<0.05) (Table 1).

The relationship between the duration of mechan-
ical ventilation and urine output was assessed and no

Risk Factors Risk Injury Failure Total P value

UO0<1.5 mL/ UO<1.0 mL/ UO0<0.7 mL/ kg/h for

kg/h for 24 h kg/h for 24 h 24 h or anuric for 12 h

n % n % n % n %
Acidosis 19 31.7 13 21.7 28 46.7 60 100  0.049
Edema 4 9.3 10 233 29 67.4 43 100 <0.001
Mechanic ventilation 24 34.8 15 21.7 30 435 69 100  0.259
Nephrotoxic agent use 29 37.2 16 20.5 33 42.3 78 100  0.347
Surgical intervention 10 27 9 24.3 18 48.6 37 100  0.144
Septicemia 29 37.2 15 19.2 34 43.6 78 100  0.067
Respiratory system 19 35.8 13 24.5 21 39.6 53 100  0.691
problems
Congenital heart disease 28 41.8 14 20.9 25 37.3 67 100  0.522
Asphyxia/ 7 333 3 14.3 11 524 21 100  0.385
hypoxia
Congenital urinary 10 40 2 8 13 52 25 100  0.123
anomalies
Gastrointestinal tract 14 43.8 7 21.9 11 34.4 32 100 0.691
problems
Inotrope requirement 19 31.7 15 25 26 43.3 60 100  0.097
Urinary tract infection 2 28.6 0 0 5 71.4 7 100  0.157
Phototherapy 17 48.6 17.1 12 343 35 100 0.301
Intracranial 11 57.9 15.8 5 26.3 19 100  0.152
hemorrhage
Mother’s health 18 38.3 9 19.1 20 42.6 47 100 0.826
problems
Mother's medicine use 12 41.4 5 17.2 12 41.4 29 100  0.880

UO = urine output
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Table 2. Laboratory Findings Based on the Classification of Acute Kidney Injury Severity

. . Failure
Laborator Risk Injury U0<0.7 mL/kg/h
ADOTAOLY  YO<1.5mL/kg/h for  UO<1.0 mL/kg/h for </ MLIKES Total P value
Findings 24 h 24 h for 24 h or anuric
for 12 h

n mean SD n mean SD n mean SD n mean SD
pH 32 732 01 18 729 014 33 724 013 8 728 013  0.033
SLEES 32 197 38 18 1874 468 33 175 513 83 1862 461  0.085
(mmol/L)
PCO2
co 32 3878 1054 18 3888 1071 33 4151 1237 83 3989 1128  0.602
(mm Hg)
Sl 7 1535 670 7 1513 831 22 972 463 36 1186 632  0.047
(mL/min)
BUN (mg/dL) 33  21.02 13.82 18 3356 27.78 34 3272 2247 85 2836 2149  0.037
ST 33 089 047 18 113 075 34 201 128 8 139 105 <0.001
(mg/dL)
Uric acid 33 492 365 18 668 421 34 865 398 8 679 42  <0.001
(mg/dL)
Sodium 33 14045 6.66 18 13578 794 34 13418 817 85 13695 8 0.003
(mmol/L)
Potassium 33 428 085 18 513 167 34 527 151 8 486 1.4 0.006
(mEq/L)
Sele 33 889 082 I8 836 136 34 834 114 8 856 1.1  0.063
(mg/dl)
Phosphorus 55,3 160 16 548 189 34 563 194 8 52 187  0.038
(mg/dL)
slltry 32 274 054 18 271 076 31 266 065 81 27 063 079
(g/dL)

BUN = blood urea nitrogen, GFR = glomerular filtration rate, SD = standard deviation, UO = urine output

significant relationship was found (r=0.196, P=0.08).
There was no notable difference between groups ac-
cording to nRIFLE criteria in terms of mechanical
ventilation time (P=0.164). The failure group had sig-
nificantly lower pH, glomerular filtration rate (GFR),
and serum sodium values than the risk group. Serum
BUN, creatinine, uric acid, potassium, and phosphorus
values were significantly higher in the failure group
(Table 2). The relationship between laboratory results
and the urine output of the study group was shown in
Table 3. A significant positive correlation between uri-
nary output and pH (r=0.308, P<0.01), HCO3
(r=0.227, p<0.05), GFR (r=0.372, P<0.05), serum
sodium (r=0.357, P<0.01) when the table was ob-
served. A significant negative correlation between uri-
nary output and BUN (r=-0.253, P<0.05), creatinine
(r=-0.493, P<0.01), uric acid (r=-0.44, P<0.01), serum
potassium (r=-0.33, P<0.01), serum phosphorus (r=-

0.248, P<0.05). No important relationship was found
between urinary output and the other values (P>0.05)
(Table 3).

A significant difference in the albumin values of
the edematous and non-edematous patients was found.
Eventually, it was observed that there was a difference
in albumin values between groups (P<0.05). Patients
with edema (mean albumin = 2.56+0.63 g) had signif-
icantly lower albumin values than those without
edema (mean albumin = 2.85+0.60 g).

According to AKI severity, the distribution of hy-
ponatremia, hypernatremia, and hyperpotassemia was
found statistically significant (P<0.05). The majority
of patients with hyponatremia and hyperpotassemia
were found in the failure group.

Forty-six infants with AKI died in the neonatal pe-
riod. According to the nRIFLE, no relationship was
found between the AKI severity and the increase in

54



Eur Res J. 2024;10(1):51-58

Coskun et al

Table 3. Correlation between laboratory values
and urine outflow of the all infants

Urine Outflow

Laboratory Values

R P value
pH 0.308 0.006
HCO3 (mmol/L) 0.227 0.044
PCO2 (mm Hg) -0.116 0.310
GFR (mL/min) 0.372 0.036
BUN (mg/dL) -0.253 0.023
Creatinin (mg/dL) -0.493 0.000
Uric acid (mg/dL) -0.440 0.000
Sodium (mmol/L) 0.357 0.001
Potassium (mmol/L) -0.330 0.003
Calcium (mg/dL) 0.180 0.107
Phosphorus (mg/dL) -0.248 0.027
Albumin (g/dL) 0.081 0.483

BUN = blood urea nitrogen, GFR = glomerular filtration rate

mortality rate (P=0.437).

A statistically significant relationship between me-
chanical ventilation (P<0.001), acidosis (P<0.01), sep-
sis (P<0.05), and nephrotoxicity (P<0.05) with
mortality rate was found (Table 4). The phi values of
variables with a significant difference were calculated.
Mechanical ventilation (¥=0.46) had a greater effect
on mortality rate than metabolic acidosis (0=0.32),
sepsis (0=0.32), or nephrotoxicity (¥=0.24).

Most of the patients were followed by local health-
care centers, so the regular follow-up of all the patients
in our study in terms of kidney function could not be

done. Only 15 of the 36 patients who survived were
examined regularly in the pediatric nephrology depart-
ment. Renal function loss was detected by imaging
methods in five patients. An increase in renal
parenchymal echogenicity was observed by ultra-
sonography in three patients. Three patients were fol-
lowed up with a diagnosis of hydronephrosis.
Antihypertensive treatment was started in seven pa-
tients during the follow-up. Renal artery stenosis was
diagnosed by Doppler ultrasonography in two of seven
patients. The mean follow-up period was 20.13 +
18.68 months and no patient developed chronic kidney
failure in this period. However, it is known that our
patients have been at risk for late sequelae, especially
the patients with renal scintigraphic changes and renal
dysfunction should be followed closely.

DISCUSSION

Acute kidney injury is a complicated clinical condition
with a sudden decrease in kidney function and a seri-
ous problem in terms of morbidity and mortality in
newborns. Serum creatinine level and urine output are
frequently used in the diagnosis of AKI in newborns.
However, there is no consensus on these criteria in the
literature and there are different AKI definitions. In
2013, Bezerra and colleagues created the nRIFLE cri-
teria reason that newborns have their physiopathology.
In line with the nRIFLE criteria, if oliguria is accepted
below 1.5 mL/kg / h, it is stated that risk factors and
complications for AKI might increase. It was reported
that a better classification would be made on this scale
and diuresis could be used as an appropriate alterna-

Table 4. Factors Affecting Mortality Rate in Neonates with Acute Kidney Injury

Parameters Patients Decreased Patients Living Total P
N % N % N %

Mechanical ventilation 45 65.2 24 34.8 69 100 0.000
Metabolic acidosis 39 65 21 35 60 100 0.004
Septicemia 45 57.7 33 42.3 78 100 0.044
Dialysis 14 66.7 333 21 100 0.184
Asphyxia/Hypoxia 15 71.4 28.6 21 100 0.067
Surgical intervention 24 64.9 13 35.1 37 100 0.081
Nephrotoxicity 45 57.7 33 42.3 78 100 0.044
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tive method for defining high-risk NICU patients [4,
5]. The most important reason for this is that the serum
creatinine value used in the AKI definition is limiting.
The serum creatinine level of the infants reflects the
creatinine level of the mother in the early postnatal pe-
riod. In addition, the decrease in serum creatinine level
may last days or weeks depending on gestational age.
Especially, premature infants may have a higher serum
creatinine level than their mothers. Serum creatinine
ultimately does not change until renal function de-
creases by 25-50% and begins to increase after 24-48
hours from the onset of injury [3, 6, 7].

Complexity in the evaluation of renal physiology
and serum creatinine level makes AKI staging diffi-
cult. Due to the disadvantages of using serum creati-
nine levels, recent studies have focused on new
markers [8]. nRIFLE criteria were used for the diag-
nosis of AKI in our study because our study was ret-
rospective, the use of new markers in the diagnosis of
AKI was not possible, and achieving serum creatinine
values was difficult.

In our study, there was no significant relationship
between the distribution of demographic data of new-
borns with AKI and AKI severity scores. It is stated in
the literature that acute renal injury in the neonatal pe-
riod is usually associated with low gestational weeks
and low birth weight in preterm infants [9]. But similar
to our study, Cataldi ef al. [10] found no correlation
between low birth weight, low age of gestation, and
acute renal injury. This is explained by the difficulty
of making comparisons because of the differences in
the population and the criteria used to calculate renal
function.

Need for mechanical ventilation, the occurrence
of sepsis, hypervolemia, metabolic acidosis, and as-
phyxia was identified as independent risk factors for
the development of AKI in the literature [2, 9, 11, 12].
In our study, only metabolic acidosis and hyperv-
olemia were found as risk factors among these factors
which significantly increase AKI severity (P<0.05).
Like our study, Askenazi et al. [13] had also shown
that hypervolemia was a risk factor for AKI and in-
creased the mortality rate.

Mathur et al. [14] stated that sepsis may cause
renal failure through shock, hemorrhage, and heart
failure. In our research, it was found that sepsis had
an important effect on the increase in the severity of
AKI, although it was not statistically significant

(P=0.067). This finding may result from our patient
population, the majority of them were severely ill.

Cataldi ef al. [10] showed that 50% of neonates
were exposed to at least one nephrotoxic medication.
It was frequently mentioned that non-steroidal anti-in-
flammatory drugs (NSAIDs) are used for patent duc-
tus arteriosus (PDA) occlusion, and diuretics for fluid
electrolyte treatment [10]. There was no substantial re-
lationship between AKI severity and nephrotoxic drug
use in our research. This condition can be explained
by the adjustment of nephrotoxic drug doses according
to the kidney function to prevent any toxic effect on
kidney function.

In the study of Bolat et al. [15], maternal illness
and medication use in pregnancy were described as
risk factors affecting AKI. Taking antibiotics during
pregnancy is known to affect the renal function of the
newborn and antenatal steroids cause low birth weight
and worsen organogenesis. In our study, it was ob-
served that the maternal illness rate of neonates with
AKI was 55% and the rate of medication use in preg-
nancy was 34%. As opposed to this result, no signifi-
cant relationship was found between maternal illness
(P=0.826) and maternal drug use (P=0.88) with in-
creasing AKI severity in our study. Our small sample
size may affect this result.

In the literature, the mortality of patients with AKI
has ranged from 25% to 78% [4, 5]. In this study, the
mortality rate in the group of newborns with AKI was
high (54%). Our high mortality rate can be explained
by the fact that our clinic is a tertiary center and com-
plicated patients have been referred to us frequently.

In our study, it was observed that metabolic aci-
dosis, sepsis, mechanical ventilation, and nephrotoxi-
city were significantly associated with the mortality
of newborns. We also found that the need for mechan-
ical ventilation was more effective on mortality com-
pared to having metabolic acidosis, sepsis, and
nephrotoxicity. In line with our results, Koralkar et al.
found that the need for mechanical ventilation in AKI
increased the mortality rate nine times [16].

In the study of Mathur et al. [14], it was found that
sepsis was associated with an increased risk of AKI,
so most of the patients with sepsis were lost. The mor-
tality rate in infants with sepsis in our study was
57.7%.

There have been some studies in the literature on
the long-term prognosis of AKI in newborns. These
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studies describe the possibility of long-term injury and
emphasize that hypertension, chronic kidney disease
(CKD), and renal concentration defects may develop.
They also emphasized the importance of long-term
follow-up in newborn babies.

In the study of Moghal et al. [17], it was empha-
sized that serum creatinine, blood pressure, urinalysis,
and albumin/creatinine ratio should be evaluated, and
possible abnormalities should be followed up in the
long term. Abitbol et al. [18] studied 20 very low birth
weight infants and found proteinuria, increased serum
creatinine level, and a tendency to obesity as risk fac-
tors for AKI.

In our study, 15 patients were followed up for a
mean of 20.13+18.68 months. It was found that the
renal functions of 5 of 15 patients were decreased in
the imaging methods and close follow-up should be
suggested.

Limitations

First, it was retrospective, and we couldn't find all
the information we needed. Second, it was a single-
center study, so the size of the patient population was
small. Third, the diagnostic criteria of AKI couldn’t
be compared with the others.

CONCLUSION

Neonatologists and pediatric nephrologists must work
together to reduce the morbidity and mortality of AKI
in neonates and to obtain better results in these pa-
tients. The rifle criteria can be a guideline for the di-
agnosis of AKI for clinicians, but they need to be
enhanced. Moreover, novel biomarkers to predict AKI
severity should be defined. Further studies to identify
the long-term outcomes of AKI and the risk of CKD
are needed.
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Fibromyalgia syndrome in mothers of children with
cerebral palsy and its relationship with caregiver
burden: a cross-sectional study
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ABSTRACT

Objectives: Fibromyalgia syndrome (FMS) is a stress-related disease. The birth of a child with cerebral palsy
(CP) is an important stress factor for the mother. This study aims to investigate the incidence of FMS in mothers
of children with CP by comparing it with the control group and determining the factors affecting the severity
of FMS.

Methods: The study included 112 children with CP (age: 38-216 months), their caregiver mother (age: 23-50
years) (Group 1) and 52 non-disabled children (age: 40-180 months), their caregiver mothers (age: 27-50 years)
(Group 2). Children were evaluated with the Gross Motor Function Classification System (GMFCS) and the
functional independence scale for children (WeeFIM). The mothers were evaluated according to the 2010 ACR
FMS diagnostic criteria. The FMS Impact Questionnaire (FIQ), the Hospital Anxiety and Depression Scale
(HADS), and the Bakas Caregiving Outcomes Scale (BCOS) were applied.

Results: In Group 1, mothers had higher anxiety-depression scores and caregiving burden than Group 2
(P<0.05). FMS rate was %31.3 in Group | and %5.7 in Group 2. Mothers' anxiety-depression scores, wide-
spread pain index, symptom severity score, pain, and caregiver burden were higher in Group 1 than in Group
2 (P<0.05). Factors affecting the severity of FMS are the number of siblings of children with CP, the number
of siblings with CP, GMFCS, dependence level, anxiety-depression levels of mothers, and caregiver burden.
The most influential factor is the caregiver burden.

Conclusions: Long-term heavy caregiver burden in mothers of children with CP may be effective in developing
FMS.

Keywords: Caregiver burden, cerebral palsy, fibromyalgia, mothers, pain

causes of physical and developmental disabil-
ity in childhood [1]. Abnormal muscle tone,
loss of voluntary motor control, sensory and coordi-
nation disorders and muscle weakness are the most

Cerebral palsy (CP) is one of the most common

important characteristics of the disease. Cognitive-be-
havioral abnormalities, speech, vision problems,
epilepsy, urinary system problems and nutritional
problems may also accompany [2]. This situation
brings along the dependency of children with CP on
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their caregivers at different rates in their daily living
activities. Mothers bear the most responsibility for car-
ing and often lack carer support [3].

The birth of a disabled child is an important stress
factor for the family and mothers are affected the most.
Mothers suffer from feelings of guilt about the child's
condition. CP requires lifelong care and adversely af-
fects parents' physical and psychological health [4].
Caring for a child with CP creates a financial burden
on the family and causes limitations in social and cul-
tural activities. Also, families are exposed to social
stigma. Incidents of domestic violence are also com-
mon [3, 5]. Studies have shown that caregivers have
high anxiety and depression and that caregiving im-
pairs their quality of life [3, 6]. In addition, physical
problems such as insomnia, intense physical activity-
related musculoskeletal pain and hypertension have
also been reported. The mother cannot find time to rest
[3,7].

Fibromyalgia is a stress-related disorder charac-
terized by widespread chronic pain, profound fatigue,
and sleep disturbances. It is counted among the central
sensitivity syndromes [8, 9]. In the literature, the
prevalence of fibromyalgia has been reported between
0.2% and 6.6% in the general population, and between
2.4% and 6.8% in women [10]. Emotional, physical,
and environmental stressful events are frequently ob-
served in patients with fibromyalgia [9]. Studies have
shown that depression and anxiety are more common
in fibromyalgia patients than healthy individuals, and
that the presence of depression and anxiety increases
pain severity and worsens quality of life [11]. In addi-
tion, studies have shown the relationship between
posttraumatic stress disorder and fibromyalgia [9, 12].
In a study where the majority of the participants were
women, 90% of the participants exhibited somatic
symptom disorder. It is claimed that fibromyalgia pa-
tients may have neuropathic pain triggered by stress
rather than a mental somatic symptom disorder. This
is explained by the stress-response system dysfunction
in fibromyalgia patients and the presence of abnormal
connections between the stress response system and
pain-transmitting nerves within the dorsal root ganglia [9].

In the light of this information, we thought that the
emotional, physical and environmental chronic stress
created by the burden of care for the child with CP
may increase the incidence of fibromyalgia in mothers
who often have to undertake the responsibility of care

alone. However, according to our research, we could
not find a study in this direction.

Objectives of our study: (1) To investigate the in-
cidence of fibromyalgia in mothers of children with
CP in comparison with the control group, (2) Compar-
ison of mothers with and without fibromyalgia in
terms of caregiving burden, depression, anxiety levels,
and "children's functional status and independence
levels," (3) To determine the factors affecting the
severity of fibromyalgia in mothers of children with CP.

METHODS

The cross-sectional, observational clinical study was
conducted in a training and research hospital's physical
medicine and rehabilitation clinics (from May 2019 to
March 2020). The study was planned under the
Helsinki Declaration rules, and local ethics committee
approval was received (2011-KAEK-25 2019 / 04-03).
All participants were informed about the study and
signed a written consent form.

Study Population

In this study, the study group consisted of mothers
who cared for a child diagnosed with Cerebral Palsy
aged 3 to 18 years (Group 1; n=140). The control
group consisted of mothers of children aged 3 to 18
years who applied to the clinic with other diagnoses
(Group 2; n=60).

Exclusion criteria: (1) not having sufficient cog-
nitive function to evaluate the questionnaire questions,
(2) having diseases such as infection, chronic systemic
disease (cardiac, renal, endocrine diseases, etc.),
rheumatological disease, neurological disease, psy-
chotic disease, malignancy, etc., (3) pregnancy and
breastfeeding.

In addition, children whose caregivers were not
mothers were also excluded from the evaluation.

Intervention

The demographic data (age, body mass index
[BMI kg/m?] of children with CP, children in the con-
trol group, and their mothers were recorded.

Children
A physiatrist examined children with cerebral
palsy, and the diagnosis was confirmed based on med-

60
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ical records. CP type was determined (spastic diplegic,
spastic quadriplegic, spastic hemiplegic, dyskinetic,
ataxic) [13].

The Gross Motor Function Classification System
(GMFCS) was used to evaluate the motor develop-
ment of children with CP [14]. GMFCS assesses the
gross motor development of children with CP at five
levels: (1) They walk without difficulty. There is dif-
ficulty in more advanced gross motor skills. (2) They
walk without assistive devices. There are restrictions
on walking outside the home and in the community.
(3) They walk with mobility aids. There are restric-
tions on walking outside the home and in the commu-
nity. (4) Self-movement is limited. Children are
carried on laps or use powered mobility devices out-
side the home and in the community. (5) Self-mobility
is severely limited, even with the use of assistive tech-
nology.

The functional independence scale for children
(WeeFIM) [15] was used to assess the functional status
of children with CP. WeeFIM is examined under three
subheadings: self-care, mobility, and cognitive func-
tion. A total of 18 questions are scored between 1 and
7. The lowest score is 18, and the highest score is 126.

Mothers

The mothers of the children were evaluated ac-
cording to 2010 the American College of Rheumatol-
ogy (ACR) FMS diagnostic criteria [16]. Mothers
were questioned for pain at 19 specific body points.
Sensitivity for FMS was assessed by applying a pres-
sure of 4 kg/cm? to 19 specific body points. Thus, the
patients' widespread pain index (WPI) was deter-
mined. Mothers were also questioned in terms of fa-
tigue, waking unrefreshed, cognitive symptoms, and
somatic symptoms according to 2010 ACR FMS di-
agnostic criteria, and symptom severity score (SSS)
was determined. Mothers who defined generalized
pain for more than three months were diagnosed with
FMS according to the 2010 ACR FMS diagnostic cri-
teria if the WPI was >7, SSS was >5, or WPI was 4-6,
SSS was >9.

The pain intensity of the patients was evaluated
using a visual analog scale (VAS) (On a 10 cm analog
scale, 0 means no pain, ten means unbearable pain.),
and functional status was evaluated using the FMS Im-
pact Questionnaire (FIQ).

The FIQ is a valid and reliable method for evalu-

ating the impact of FMS on daily life [17]. It measures
ten characteristics: physical function, feeling unwell,
absenteeism, difficulty at work, pain, fatigue, morning
fatigue, stiffness, anxiety, and depression. The maxi-
mum score for the FIQ is 100, with higher scores in-
dicating higher disease severity. A total FIQ score of
0-<39 indicates low impact, >9<59 indicates moderate
impact, and>59-100 indicates severe impact.

Mothers' anxiety and depression levels were eval-
uated using the Hospital Anxiety and Depression Scale
(HAD). The scale consists of 14 questions, with each
question being scored between 0-3. Seven questions
(the odd-numbered items) measure anxiety (HAD-A),
and the other seven (evenly numbered) measure de-
pression (HAD-D). The score range for each anxiety
and depression subscale is 0-21. 0-7 points indicate
normal levels, 8-10 points indicate borderline abnor-
mal levels, and 11-21 points indicate abnormal levels [18].

Mothers' caregiving burdens were evaluated with
the Bakas Caregiving Outcomes Scale (BCOS) [19].
This scale was used to evaluate how the caregivers'
lives changed with the start of the caregiving process.
The scale shows both positive and negative effects.
The scale consists of 15 questions scored between +3
(in the best direction) and -3 (in the worst direction).
It is a Likert-type scale ranging from 1 to 7. A mini-
mum of 15 and a maximum of 105 points can be ob-
tained from the scale.

First, mothers of children with CP and mothers of
children in the control group were compared in terms
of evaluation parameters, and FMS rates of both
groups were determined. The evaluation parameters
of mothers of children with CP with and without FMS
were compared in the next step. Factors affecting FMS
severity were determined.

Statistical Analysis

IBM SPSS 23.0 statistical software was used to
analyze the data. Descriptive statistical methods (fre-
quency, percentage, median, and min-max) were used
while evaluating the study's data. The data's compli-
ance with a normal distribution was assessed using
Shapiro-Wilk tests. Where the data showed normal
distribution, a t-test was used. Otherwise, Wilcoxon
Test and Mann-Whitney U test were used to make in-
tergroup comparisons. A Chi-square test was used to
compare categorical data. The relationships between
variables were assessed using Spearman's rho corre-
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lation test. Univariate and multivariate logistic regres-
sion analyses investigated the factors affecting FMS
severity.

RESULTS

The study included one hundred twelve children with
CP and their caregiver mothers (Group 1). The median
age of the children was 106.5 months (range: 38-216
months), and the median age of the mothers was 35
years (range: 23-50 years). In the control group, 52
children and their mothers were included in the study
(Group 2) (Fig. 1). The median age of the children was

140 children with CP aged 3-18
years and their mothers were
screened

108 months (range: 40-180 months), and the median
age of the mothers was 34 years (range: 27-50 yeras).

In Table 1, the results of the evaluation parameters
of the mothers of children with CP and the mothers in
the control group are given: There was no statistically
significant difference between the two groups in terms
of demographic data. Mothers of children with CP had
statistically significantly higher scores in anxiety and
depression scores, WPI, SSS, and pain severity (VAS)
than mothers in the control group (P<0.001). Mothers
of children with CP had statistically significantly
lower scores than mothers in the control group regard-
ing caregiving burden (P<0.001). Mothers of children
with CP received statistically significantly more care-

60 non-disabled children aged 3-
18 years and their mothers were
screened

the study,

Exclusion criteria:
(1) Not wanting to participate in

(2) not having sufficient cognitive
function to evaluate the
questionnaire questions,

(3) having diseases such as
infection, chronic systemic

disease (cardiac, renal, endocrine
diseases, etc.), rheumatological
disease, neurological disease,
psychotic disease, malignancy,
etc.,

(4) pregnancy and breastfeeding.
(5) children whose caregivers
were not mothers

Excluded;

mother,

10 mothers did not have sufficient
cognitive function to answer the
questions

9 mothers had comorbiditie

7 of the children were under the age of 3
the caregiver of 2 of them was not their

Excluded;
3 mothers did not have adequate cognitive
function.

5 mothers had comorbidities.

112 children with CP and their caregiver
mothers were included in the study (Group 1)

In the control group, 52 children and their
mothers were included

in the study (Group 2)

FMS+ FMS-
n=35 n=77

Fig. 1. Flow chart.

FMS+
n=3

FMS-

n=49
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giver support than the control group (P<0.001). FMS
was detected in 31.3% of Group 1. The FMS rate of
Group 2 was 5.7%.

Demographic characteristics and clinical and
functional status of children with CP and children in
the control group are given in Table 2: The BMI
(kg/m?) values of the children with CP were signifi-
cantly lower than the children in the control group
(P<0.001).

The comparison of mothers of children with CP
with and without FMS in terms of evaluation param-
eters is given in Table 3: Mothers with FMS of chil-

dren with CP exhibited statistically significantly
higher anxiety and depression scores; perceived care-
giver burden was also statistically significantly higher.
Children with CP of mothers with FMS had statisti-
cally significantly older, lower BMI, and more siblings
and siblings with CP than those without FMS. Chil-
dren with CP of mothers with FMS had a statistically
significant higher GMFCS score and lower WeeFIM
sub-parameters and total scores compared to those
without FMS.

Table 4 shows the relationships between maternal
FMS severity, pain severity, psychological status, care-

Table 1. Demographic characteristics of the mothers of children with CP, FMS, psychological

status assessment, and caregiving burden

Mothers of children Control group P value
with CP
(n=112) (n=2)

Age (year) 35 (23-50) 34 (27-50) 0.897
BMI (kg/m?) 25.2 (18.8-37.3) 26.6 (19.7-32.4) 0.192
Marital status, n (%) Married 103 (92%) 50 (94.3%) 0.584

Single 9 (8%) 3 (5.7%)
Working status, n (%) Working 13 (11.6%) 8 (15.1%) 0.532

Not working 99 (88.4%) 45 (84.9%)
Social insurance, n (%) 110 (98.2%) 53 (100%) 0.329
Perceived income, n (%) Income < expenses 54 (48.2%) 30 (56.6%) 0.260

Income = expenses 47 (42%) 20 (37.7%)

Income > expenses 11 (9.8%) 3 (5.7%)
Education n (%) Primary education 65 (58%) 27 (50.9%) 0.450

High school 33 (29.5%) 19 (35.8%)

University 14 (12.5%) 7 (13.2%)
Caregiver assistance n (%) 38 (33.9%) 2 (3.8%) <0.001
HADS-A 11 (4-21) 6 (4-13) <0.001
HADS-D 12 (5-20) 7 (4-13) <0.001
BCOS 53.50 (25-65) 66 (53-76) <0.001
WPI 1 (0-12) 0 (0-8) <0.001
SSS 5(2-12) 3 (2-6) <0.001
Pain (VAS) 4 (0-10) 0 (0-7) <0.001
FMS (+), n (%) 35(31.3%) 3 (5.7%) <0.001

Data are shown as median (minimum-maximum) or n (%). CP=Cerebral palsy, FMS=Fibromyalgia syndrome, HADS-
A=Hospital anxiety scale, HADS-D=Hospital depression scale, VAS=Visual analog scale, FIQ=FMS Impact Questionnaire,
BCOS=Bakas Caregiving Outcomes scale, WPI=Widespread pain index, SSS=symptom severity scale, VAS=Visual analog

scale
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giving burden, and functional status of the child with
CP: There was a statistically significant positive cor-
relation between the FIQ scores and the total number
of siblings of the children with CP, the number of sib-
lings with CP, the GMFCS score, and the anxiety and
depression scores of their mothers (P<0.05). There
was a negative correlation between FIQ scores and
WeeFIM self-care, mobility, cognitive function sub-
scores, WeeFIM total score, and BCOS scores of chil-
dren with CP (P<0.05).

Univariate and multivariate logistic regression
analyses were performed to determine the factors af-
fecting fibromyalgia severity (Table 5). In the multi-
variate analysis, only four of the ten variables with
statistically significant odds ratios (OR) in the univari-
ate regression analysis remained statistically signifi-

cant. Outcomes that had statistical significance in Uni-
variate regression analysis were number of siblings,
number of siblings with CP, GMFCS level, Wee-FIM
self-care, Wee-FIM mobility, Wee-FIM cognitive
functions, Wee-FIM total, maternal anxiety and de-
pression levels, and mother's caregiver burden. Out-
comes that had statistical significance in the
multivariate analysis were (in order of importance):
mother's caregiver burden, mother's depression levels,
GMEFCS level of the child with CP, and a number of
siblings with CP.

DISCUSSION

Our study showed that mothers of children with CP

Table 2. Demographic characteristics, clinical and functional status of children with CP and

control group

Children with CP Control group P value
(n=112) (n=52)
Age (month) 106.5 (38-216) 108 (40-180) 0.536
Gender Female 60 (53.6%) 35 (66%) 0.131
Male 52 (46.4%) 18 (34%)
BMI (kg/m?) 17.20 (14.10-20.80) 18.90 (16.50-22) <0.001
Number of siblings 1 (0-5) 1 (0-3) 0.875
Siblings with CP 11 (9.8%) -
Clinical type of SPn (%)  Spastic diplegia 29 (25.9%) -
Spastic quadriplegia 44 (39.3%) -
Spastic hemiplegia 32 (28.6%) -
Dyskinetic & Ataxic 7 (6.3%) -
GMEFCS n (%) GMEFCS 1 14 (12.5%) -
GMFCS 2 43 (38.4%) -
GMFCS 3 21 (18.8%) -
GMEFCS 4 18 (16.1%) -
GMFCS 5 16 (14.3%) -
GMFCS, Median (min-max) 2 (1-5)
WeeFIM self-care 24 (5-42) -
WeeFIM mobility 20.50 (5-35) -
WeeFIM cognitive function 28 (5-35) -
WeeFIM total 83.50 (18-126) -

Data are shown as median (minimum-maximum) or n (%). CP=Cerebral palsy, GMFCS=Gross Motor Function Classification

System, WeeFIM=Functional independence scale for children
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Tablo 3. Comparison of mothers with and without FMS of children with CP

FMS (+) FMS (-) P value
(n=35) (n=77)
Mothers of children with CP
Age (year) 37 (26-50) 34 (23-49) 0.121
BMI (kg/m?) 27.10 (18.80-37.30) 24.70 (19.70-32) 0.130
Marital status n (%) Married 31 (88.5%) 71 (92.2%) 0.375
Single 4 (11.5%) 6 (7.8%)
Working status n (%) Yes 4 (11.5%) 8 (10.3%) 0.968
No 31 (88.5%) 69 (89.7%)
Education n (%) Primary 25 (71.4%) 40 (52.0%) 0.062
High school 7 (20%) 25 (32.4%)
University 3 (8.6%) 12 (15.6%)
Perceived income n (%) Income<expenditure 19 (54.3%) 38 (49.3%) 0.300
Income=expenditure 14 (40%) 33 (42.8%)
Income>expenditure 2 (5.7%) 6 (7.9%)
HADS-A 12 (6-21) 11 (4-17) <0.001
HADS-D 15 (9-20) 11 (5-20) <0.001
Pain (VAS) 7 (4-10) -
FIQ 69.99 (60.32-94.26) -
BCOS 47 (25-60) 55 (38-65) <0.001
Children with CP
Age (month) 117 (41-216) 99 (38-214) 0.038
Gender Female 18 (51.4%) 42 (54.5%) 0.760
Male 17 (48.6%) 35 (45.5%)
BMI (kg/m?) 16.60 (14.10-19.90)  17.60 (14.10-20.80) 0.004
Number of siblings 1 (0-3) 1 (0-5) 0.006
Siblings with CP n (%) 8 (22.8%) 3 (3.8%) 0.002
Recipients of caregiver assistance 11 (31.4%) 27 (35.1 %) 0.708
Clinical type of Cpn (%)  Spastic diplegia 8 (22.9%) 21 (27.3%) 0.286
Spastic quadriplegia 21 (60%) 23 (29.9%)
Spastic hemiplegia 2 (5.7%) 30 (39%)
Dyskinetic & Ataxic 4 (11.4%) 3 (3.9%)
GMFCS n (%) GMEFCS 1 1 (2.9%) 13 (16.9%) <0.001
GMECS 2 5 (14.3%) 38 (49.4%)
GMEFCS 3 4 (11.4%) 17 (22.1%)
GMECS 4 13 (37.1%) 5(6.5%)
GMEFCS 5 12 (34.3%) 4 (5.2%)
WeeFIM self-care 12 (5-37) 27 (6-42) <0.001
WeeFIM mobility 10 (5-35) 25 (5-35) <0.001
WeeFIM cognitive function 17 (5-35) 29 (5-35) 0.001
WeeFIM total 57 (18-110) 93 (18-126) <0.001

Data are shown as median (minimum-maximum) or n (%). CP=Cerebral palsy, FMS=Fibromyalgia syndrome, HADS-
A=Hospital anxiety scale, HADS-D=Hospital depression scale, VAS=Visual analog scale, FIQ=FMS Impact Questionnaire,
BCOS=Bakas Caregiving Outcomes scale, GMFCS=Gross Motor Function Classification System, WeeFIM=Functional
independence scale for children
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Table 4. The relationship between maternal
FMS severity, psychological status, functional
status, dependency level of the child with CP,
and caregiving burden

FIQ
R P value

Children with CP

Age (year) 0.168 0.077

Gender 0.013 0.893

Number of siblings 0.249 0.008

Siblings with CP 0.300  <0.001

Clinical type of CP -0.106 0.268

GMFCS 0.555  <0.001

WeeFIM self-care -0.468  <0.001

WeeFIM mobility -0.426  <0.001

WeeFIM cognitive function -0.360  <0.001

WeeFIM total -0.482  <0.001
Mothers of children with CP

Recipients of caregiver -0.610  0.523

assistance

HADS-A 0.360  <0.001

HADS-D 0.532  <0.001

BCOS -0.589  <0.001

CP=Cerebral palsy, FMS=Fibromyalgia syndrome, HADS-
A=Hospital anxiety scale, HADS-D=Hospital depression
scale, VAS=Visual analog scale, FIQ=FMS Impact
Questionnaire, BCOS=Bakas Caregiving Outcomes scale,
GMFCS=Gross Motor Function Classification System,
WeeFIM=Functional independence scale for children

had higher levels of anxiety, depression, and caregiv-
ing burden and higher FMS rates than the control
group. Almost a quarter of mothers of children with
CP had FMS. It was found that mothers with FMS of
children with CP had higher anxiety, depression, and
caregiving burden than those without FMS. Children
with CP of mothers with FMS had a higher number of
siblings and siblings with CP, advanced age, lower
motor functions, and higher dependency levels than
those without FMS. This study determined that the
factors affecting FMS severity were the number of sib-
lings of children with CP, the number of siblings with
CP, GMFCS level, dependency level, mothers' anxiety
and depression levels, and mother's caregiver burden.
The most influential factor in FMS severity was the

mother's caregiver burden. This was followed in order
of importance by the mother's depression, the GMFCS
level, and the number of the sibling with CP.

CP is the most disabling disease of childhood and
requires lifelong care. In this process, parents' physical
and psychological health is adversely affected [1, 4].
Previous studies have reported that musculoskeletal
pain is more common in mothers of children with
cerebral palsy than in mothers of healthy children [20,
21]. More commonly, spinal pain has been investi-
gated [20-22]. In a study evaluating back pain and un-
derlying causes in mothers of children with CP, only
20.67% of mothers did not complain of pain [22]. In
the literature, the prevalence of FMS in women has
been reported as 2.4% - 6.8% [10]. In the current
study, 31.3% of mothers of children with CP were di-
agnosed with FMS. This rate was significantly differ-
ent from the control group.

It has been found that the incidence and intensity
of musculoskeletal pain in mothers of children with
CP primarily depend on the child's functional status
and dependency level, body weight, age, and intense
physical activity load created by caregiving [3, 22]. In
contrast, Byrne et al. [23] reported that CP severity did
not affect parents' health status (including muscu-
loskeletal pain). In addition, having more than one
child with CP and maternal depression levels have
been identified as risk factors for musculoskeletal pain
in mothers [20]. Caring for a child with CP is a one-
way, dependent, and long-term process. Therefore, as
the child's age increases, the caregiver burden in-
creases [20, 24]. In the current study, children with CP
of mothers with FMS were older and had more sib-
lings and siblings with CP, consistent with the litera-
ture. Contrary to the literature, the children of mothers
with FMS had lower BMI. The developmental delay
in the child may have caused the mothers to feel inad-
equate about feeding. Feelings of inadequacy have
been significantly associated with anxiety and depres-
sion [25].

The quality of life of mothers of children with CP
is adversely affected by various factors such as care-
giver burden, fatigue, and psychological symptoms
[26]. There are studies stating that the severity of CP
negatively affects the mother's quality of life, as well
as studies that do not support this [21, 23]. Caregivers
of children with cerebral palsy suffer from a signifi-
cant psychosocial burden, and this burden was found
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Tablo 5. Evaluation of the factors affecting the severity of FMS in mothers of children with CP

Univariate analysis
95% CI for OR

Multivariate analysis
95% CI for OR

OR Lower Upper Pvalue OR Lower Upper pvalue

Children with CP

Age 1.009  0.999 1.018 0.073

Gender 1.372  0.648 2.903 0.408

Number of siblings 1.591 1.098 2.305 0.014

Siblings with CP 8.585 2459 269966 0.001 6.974 1.108 43.886  0.039

I:S‘:;f;‘;f of caregiver 1596 0700  3.641  0.266

Clinical type of CP 0.835 0.526 1.324 0.443

GMEFCS 3.171  2.046 4916 <0.001 3.169 1.568 6.406 0.001

WeeFIM self-care 0.936  0.909 0.964 <0.001

WeeFIM mobility 0.902 0.859 0.947 <0.001

WeeFIM cognitive function  0.935  0.900 0.971 <0.001

WeeFIM total 0.970  0.956 0.983 <0.001
Mothers of children with CP

HADS-A 1473  1.265 1.715 <0.001

HADS-D 1.701 1.417 2.042 <0.001 1.439 1.183 1.750  <0.001

BCOS 0.782  0.720 0.850 <.001 0.801 0.734 0.873  <0.001

CP=Cerebral palsy, FMS=Fibromyalgia syndrome, HADS-A=Hospital anxiety scale, HADS-D=Hospital depression scale,
VAS=Visual analog scale, FIQ=FMS Impact Questionnaire, BCOS=Bakas Caregiving Outcomes scale, GMFCS=Gross Motor
Function Classification System, WeeFIM=Functional independence scale for children

to be higher than that of healthy childcare [3]. Studies
have identified the most important predictors of the
caregiver burden on parents as the child's degree of
disability, parents' anxiety and depression levels, and
sense of efficacy [6, 27-29]. Depression and anxiety
levels of mothers of children with CP were found to
be higher than mothers of healthy children [30, 31].
However, one study found no difference between the
anxiety levels of mothers of children with CP and
mothers of healthy children [32]. In addition, a posi-
tive relationship has been reported between measures
of caregiver burden and the severity of anxiety and de-
pression in parents of children with CP [27, 28]. Al-
though there are studies that reached the opposite
conclusion [31], other studies reported a direct corre-
lation between the disability and dependency level of
the child with CP and the anxiety and stress levels of
the mother [33]. Stressful situations associated with

the daily care of a child with CP have been found to,
directly and indirectly, affect parents' health, especially
mothers [1, 4]. Anxiety and depression are more com-
mon in FMS than in the normal population and nega-
tively affect the quality of life [11]. In the current
study, although mothers of children with CP needed
more caregiver assistance than mothers in the control
group, they still had a higher caregiver burden. They
had higher levels of depression and anxiety. These re-
sults support the results of other studies [3, 30, 31].
Also, in the current study, mothers with FMS of chil-
dren with CP exhibited higher depression and anxiety
scores than those without FMS, and the caregiver bur-
den was higher. The functional level of the children of
mothers with FMS was lower, and the dependence
level was higher. In addition, there was a direct corre-
lation between the severity of fibromyalgia and the
severity of cerebral palsy disease, and the burden of
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caregiving. The most important factor affecting FMS
severity was caregiver burden, followed by maternal
depression levels, child's functional status, and the
number of siblings with CP. We thought that the heavy
burden of providing lifelong care to a child with CP,
anxiety, and depression could be triggering factors in
the development of FMS by creating physical, envi-
ronmental, and psychological stressors. Moreover, the
fact that children with CP have a high number of sib-
lings have siblings with CP, have low motor functions,
and have high dependency levels may have affected
the development of FMS by increasing the burden of
caregiving.

Limitations

The strength of our study is that it is the first study
to investigate FMS in mothers of children with CP.
The study's limitations are that it does not reflect the
general population, as it is a single-centered cross-sec-
tional study. Nevertheless, we think that it is an essen-
tial step in drawing attention to FMS in mothers of
children with CP. There is a need for multicenter
prospective studies in this area to reflect the general
population.

CONCLUSION

This study showed that mothers of children with CP
had higher anxiety, depression, and caregiving burden
and higher FMS rates than the control group. Children
with CP in the group with FMS had a higher number
of siblings, a number of siblings with CP, age and de-
pendency levels, and lower motor functions than the
children of those without FMS. In addition, this study
determined the factors affecting the severity of FMS
in mothers of children with CP. These factors are a
total number of siblings and number of siblings with
CP; decrease in motor functions and increase in de-
pendency levels of children with CP; mothers' anxi-
ety-depression levels; and the increase in caregiver
burden. Independent variables are caregiver burden,
mothers' depression level, children's GMFCS, and the
number of siblings with CP. In the light of these re-
sults, we think that Fibromyalgia syndrome can also
be kept in mind in the musculoskeletal system pain of
mothers of children with CP. Reducing the burden on
the mother, who is obliged to take care of her disabled

child for life with psychosocial and physical support,
may negatively affect the development of FMS by re-
ducing the stress on mothers. In addition, accurate di-
agnosis and effective treatment (pharmacological
and/or non-pharmacological) can improve mothers'
quality of life. Comprehensive studies are needed on
this subject.
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ABSTRACT

Objectives: Sarcopenia is associated with atherosclerosis, vascular dysfunction, and poor in-hospital prognosis
in the general COVID-19 population. Coronary artery disease (CAD) is also associated with poor prognosis
in patients with COVID-19, however, the influencing factors in this association have not yet been fully docu-
mented. This study aimed to evaluate the effect of sarcopenia on both in-hospital acute-term and mid-term
follow-up clinical results in patients with CAD and COVID-19.

Methods: The study population was selected from the general COVID-19 population. It consisted of 50 patients
with CAD (group I) and 80 age- and gender-matched patients without CAD (group II). In-hospital acute term
endpoints were determined as intensive care unit (ICU) admission, intubation, mortality, and its combination.
Mid-term follow-up was also made for three-month. Sarcopenia was assessed by indexed skeletal muscle mass
at T12 vertebrae level (T12-SMI) on initial chest computed tomography. Multivariable logistic regression
analysis was used to detect independently related factors to endpoints.

Results: Group I had more severe COVID-19 disease and a higher rate of hospitalization, ICU admission, in-
tubation as well as mortality compared to group II in acute-term. T12-SMI was lower and sarcopenia was more
frequent in group I than in group II. During the three-month mid-term follow-up period, no additional adverse
results occurred in both groups. In multivariate regression analysis; sarcopenia was independently related to
in-hospital combined endpoint.

Conclusions: Sarcopenia is associated with in-hospital combined endpoint in patients with CAD during acute-
term of COVID-19. However, it has no effect on three-month mid-term follow-up.

Keywords: COVID-19, coronary artery disease, sarcopenia

by a new severe acute respiratory syndrome
coronavirus 2 (SARS-Cov-2) has led to a
worldwide pandemic in 2019 [1]. Unfortunately, it has
caused millions of death. Its clinical course largely

Coronavirus disease 2019 (COVID-19) caused

varies from patient to patient. Some patients can face
life-threatening clinical disease that requires admis-
sion to the intensive care unit (ICU), intubation, and
even death, while others may experience minimal
symptoms or an asymptomatic situation. The presence
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of coronary artery disease (CAD) has been identified
as one of the main determinants of poor prognosis in
patients with COVID-19 [2-4]. However, the mecha-
nism of this relationship has not been clearly under-
stood yet.

Sarcopenia is a skeletal muscle disease that re-
flects the presence of low muscle quantity or quality,
low muscle strength, and low physical performance
[5]. Computed tomography (CT) is one of the most
commonly used imaging methods to evaluate sarcope-
nia [6]. Currently, chest CT imaging is widely used as
an initial evaluation tool in patients with COVID-19
that allows to assessment of sarcopenia by evaluating
cross-sectional muscle areas at the level of T12 (tho-
racic 12) vertebrae. Clinically, it is associated with ath-
erosclerosis and cardiovascular disease, lowered
quality of life, increased hospitalization rate, and even
death in the general population [7-13]. Recently, some
studies evaluated the relationship between sarcopenia
and in-hospital adverse clinical results in an unselected
general population of COVID-19 have been published
[14-16]. However, there is no data about the effect of

sarcopenia on selected patient populations such as
CAD.

Sarcopenia and CAD share some common patho-
physiological mechanisms such as atherosclerosis, ar-
terial stiffness, and vascular dysfunction. Therefore,
sarcopenia may play a role in the development of
prominent worse results in patients diagnosed with
COVID-19 who have CAD. In addition, sarcopenia is
a relatively chronic situation that may have a longer-
term effect on the patients’ results. Thus, in this study,
we sought the effects of sarcopenia on both in-hospital
acute term results and three-month mid-term follow-
up in patients diagnosed with COVID-19 who have
CAD that may suggest an etiopathological mechanism
for poor prognosis.

METHODS

Patients Selection
The study population was prospectively selected
among the patients diagnosed with COVID-19 by re-

Fig. 1. T12-SMA measurement on chest CT image at the T12 vertebra level. Red zone indicates the cross-sectional skeletal
muscle area identified using a threshold of -29 to +150 HU (T12-SMA: 95.18 cm?, T12-SMI: 34.99 cm?*/m?).
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verse transcription-polymerase chain reaction (RT-
PCR) test. Group I consisted of 50 consecutive pa-
tients with CAD (previous coronary artery bypass
graft operation, percutaneous coronary intervention,
or known 50% stenosis of at least one epicardial coro-
nary artery). Group II included 80 age- and gender-
matched patients without CAD who served as a
control subjects. Patients who underwent unenhanced
chest CT examination during the initial clinical exam-
ination were included in the study but those with no
or inadequate CT imaging were excluded from the
study. In addition, patients who had heart failure (left
ventricular ejection fraction <50%) and significant
valvular heart disease, and the acute coronary syn-
drome were also excluded from the study. Hyperten-
sion (HT), diabetes mellitus (DM) and chronic
obstructive pulmonary disease (COPD) were diag-
nosed by the presence of previous history and/or drug
use. All laboratory values were obtained during the
initial hospital presentation. The study was conducted
by the guidelines in the Declaration of Helsinki. The
Local Ethics Committee approved the study protocol.
Written informed consent was obtained from all of the
study participants.

Assessment and Definition of Sarcopenia

Sarcopenia was assessed by chest CT imaging ob-
tained during the initial evaluation of patients with
COVID-19. Chest CT images were acquired using a
64-slice multi-detector CT scanner (Somatom Sensa-
tion, Siemens, Germany). Initially, cross-sectional area
(CSA, in cm?) of all skeletal muscles at the level of
the T12 (rectus abdominis, external and internal
obliques, psoas, transverse abdominalis, rectus ab-
dominalis, quadratus lumborum, and the erector
spinae) were measured by using OsiriX Lite software
(version 7.0.2, Pixmeo SARL, Bernex, Switzerland).
The Hounsfield Units (HU) of -29 to 150 were used
to isolate the skeletal muscle. Thus, the exact muscle
area (T12-SMA, cm?) was obtained based on HU, ex-
cluding vasculature and fat infiltration (Fig. 1). Then,
CSA measurements were normalized to patient size by
dividing CSA with height in square meters to provide
the skeletal muscle index (T12-SMI; cm*m?) [14, 15].
All T12-SMI values were divided into quartiles and
stratified by gender. Finally, the patients in the first
quartile of each gender that had the lowest SMI values
were accepted as sarcopenia [14].

Disease Severity and End-Points

Patients were classified into four groups according
to their clinical symptoms, signs, and chest imaging
manifestations as being mild, moderate, severe, or crit-
ical COVID-19 cases [17]:

1. Mild cases: mild or minimal clinical symptoms,
no sign of pneumonia on chest imaging

2. Moderate cases: fever and respiratory symp-
toms, pneumonia on chest imaging

3. Severe cases: severe respiratory distress and/or
increased respiratory rate >30 breaths/min and/or de-
creased oxygen saturation (SpO:z) on room air with
<93 9% and/or arterial partial pressure of oxygen
(Pa0y)/ fraction of inspired oxygen (Fi02)=300
mmHg

4. Critical cases: respiratory failure requiring me-
chanical ventilation and/or septic shock and/or other
organ failure requiring ICU admission.

In addition, the severity of COVID-19 disease was
evaluated by chest CT severity score (CTSS). Involve-
ment of each lung segment was assessed separately
then a total score was computed by a predefined
method [18]. According to this method, two lungs
which were divided into 20 regions were evaluated for
ground glass opacities. Each region was scored as 0
point for no parenchymal involvement, 1 point for
<50% opacification and 2 point for >50% opacifica-
tion. Finally, chest CT severity score was obtained by
summing of points from each region.

In the study, there were two time-dependent end-
points. First; short-term in-hospital adverse results in-
cluded ICU admission, intubation, mortality, and their
combined end-point. Second; thromboembolic event,
hospitalization, and mortality at three-month mid-term
follow-up.

Statistical Analysis

Categorical variables are expressed as numbers
and percentages. The normal distribution of continu-
ous variables was evaluated by using the Kolmogorov-
Smirnov test and histogram. Then, continuous
variables are expressed as mean+standard deviation
for variables with normal distribution and as median
(251-75™ quartiles) for variables without normal dis-
tribution. Continuous variables were analyzed by in-
dependent-sample t-test or Mann-Whitney U test
according to normal distribution. Chi-square and
Fisher's exact tests were used for categorical variables.
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Table 1. The baseline demographic properties of study population

Group I Group IT P value
(n=50) (n=80)
Age (years) 68 (60-76) 63 (58-70) 0.06
Gender (female), n (%) 30 (60) 49 (61.3) 0.89
Diabetes Mellitus, n (%) 25 (50) 29 (36.3) 0.12
Hypertension, n (%) 30 (60) 40 (50) 0.27
COPD, n (%) 5(10) 6(7.5) 0.78
T12-SMA (cm’) 85.9+24.9 93.5+18.5 0.03
T12-SMI (cm’/m’) 30.9+7.3 34.3+5.5 0.006
Sarcopenia, n (%) 31 (62) 35 (43.8) 0.04

Data are shown as mean+standart deviation or median (25"-75" quartiles) or n (%). COPD=chronic obstructive pulmonary
disease, T12-SMA=T12 skeletal muscle area, T12-SMI=T12 skeletal muscle index

Multivariable logistic regression analysis was used to
detect independent variables of end-points. A p - value
of less than 0.05 was considered statistically signifi-
cant. All statistical analyses were carried out by the
SPSS 21 statistical software (SPSS Inc., Chicago, Illi-
nois, USA).

RESULTS

A total of 130 patients were included in the study (50
in group I and 80 in group II). The baseline demo-
graphic parameters of the study population were
shown in Table 1. There were no differences between
the two groups for HT, DM, and COPD. However,

Table 2. Laboratory values of study population

T12-SMA and T12-SMI were lower and the rate of
sarcopenia was higher in group I than in group II
(85.9424.9 vs 93.5+18.5, P=0.03; 30.9+7.3 vs
34.3+£5.5, P=0.006; 62% vs 43.8%, P=0.04, respec-
tively). Laboratory parameters of the study population
were given in Table 2. Group I had higher hs (high
sensitivity) cardiac troponin I and lower blood oxygen
saturation (SpO2) levels than group II.

In-hospital clinical course and end-point data were
presented in Table 3. The rate of hospitalization, lung
involvement, and in-hospital end-points (ICU admis-
sion, intubation, mortality, and combined end-point)
were higher in group I than in group II. In addition,
the patients in group I had more severe diseases com-
pared to those in group II. During the three-month

Group 1 Group 2 P value
(n=50) (n=80)
Creatinine (mg/dL) 0.91 (0.7-1.3) 0.9 (0.8-1.2) 0.78
hs cardiac troponin I (ng/mL) 16.1 (7.3-25.1) 8.7 (4.7-13.4) 0.001
SpO: (%) 92 (88-96) 95.5(92.3-97) 0.006
CRP, (mg/L) 42.25 (12.3-112.5) 24.7 (10.6-58.7) 0.09
WBC (K/pL) 6.9 (4.9-8.9) 5.9 (4.6-7.9) 0.14
Ferritin (ng/mL) 153.95 (70-426.5) 198.5 (93-390.8) 0.95
D-dimer (pg/mL) 0.8 (0.28-1.7) 0.7 (0.4-1.1) 0.48

Data are shown as median (25"-75" quartiles). hs Troponin I=High sensitivity cardiac troponin I, SpO>=Arterial blood
partial oxygen pressure, CRP=C-reactive protein, WBC=White blood count
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Table 3. In-hospital clinical course and end-points of study population

Group I Group II P value
(n=50) (n=80)
Hospitalization, n (%) 38 (76) 39 (48.8) 0.002
Lung involvement, n (%)
No 3(6) 16 (20) 0.002
Unilateral 3 (6) 4(5)
Bilateral 44 (88) 60 (75)
Chest CT severity score 14 (7-23.3) 11.5 (2.3-19.8) 0.07
Disease severity, n (%)
Mild 3 (6) 16 (20) 0.03
Moderate 20 (40) 38 (47.5)
Severe 18 (36) 20 (25)
Critical 9 (18) 6 (7.5)
In-hospital end points, n (%)
ICU admission 17 (34) 14 (17.5) 0.03
Intubation 14 (28) 10(12.5) 0.03
Mortality 14 (28) 8 (10) 0.008
Combined end-point 18 (36) 14 (17.5) 0.02

Data are shown as median (25"-75™ quartiles) or n (%). CT=Computed tomography, ICU=Intensive care unit, Combined end

point=Combination of in-hospital mortality, intubation and ICU admission

mid-term follow-up, there were no additional throm-
boembolic events, hospitalization, and mortality.
Only one multivariate regression model was cre-
ated for the in-hospital combined end-point in the
acute term because of the absence of additional ad-
verse events during mid-term follow-up. The results
of the univariate and multivariate analysis were shown

in Table 4. In univariable analysis; C-reactive protein,
white blood count, D-dimer, sarcopenia, and CTSS
were associated with in-hospital combined end-point.
But, in the multivariable model; sarcopenia (OR:
3.648,95% CI: 1.081-12.03, P=0.037) and CTSS (OR:
1.121, 95% CI: 1.049-1.198, P=0.001) were independ-
ently associated with in-hospital combined end-point.

Table 4. The predictors of in-hospital combined end-point in the study population

Univariable analysis

Multivariable analysis

OR 95% CI P value OR 95% CI P value
Upper lower Upper lower
CRP 1.016 0.008 1.023 <0.001 0.993 0.980 1.005 0.25
WBC 1.213 1.068 1.378 0.003 1.144 0.989 1.323 0.07
D-dimer 1.695 1.248 2.301 0.001 1.435 1.004 2.051 0.05
Sarcopenia 8.169 2.898 23.030 <0.001 3.648 1.081 12.307 0.037
CTSS 1.131 1.078 1.188 <0.001 1.121 1.049 1.198 0.001

CRP=C-reactive protein, WBC=white blood count, CTSS=Computed tomography severity score
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DISCUSSION

In this study, we assessed the effect of sarcopenia on
acute-term in-hospital results and three-month follow-
up in a selected population of COVID-19. We found
that the patients with CAD had a higher rate of sar-
copenia, hospitalization, and more severe disease as
well as more frequent in-hospital end-points compared
to those without CAD. In addition, sarcopenia was in-
dependently associated with acute-term in-hospital
combined end-point in this population. There were no
additional events during the three-month mid-term fol-
low-up that reflects it has no long-term effect in this
population.

The COVID-19 pandemic has led to millions of
cases and death around the world. The clinical picture
during COVID-19 varies from asymptomatic situa-
tions to life-threatening clinical diseases such as res-
piratory collapse and thromboembolic events.
Unfortunately, there is no effective and specific treat-
ment for quickly controlling the disease. Therefore,
predicting the patients at risk and detecting the factors
associated with poor prognosis are critical to patient
management. CAD has reported as an important con-
tributing clinical situation to more severe disease and
poor prognosis in COVID-19 [2-4]. However, the
mechanism of this relationship and influential factors
have not been clearly understood yet.

Sarcopenia has found in associated with increased
morbidity and mortality in different populations dur-
ing the last decade [7-13]. During the pandemic, its
impact on outcomes for the general COVID-19 popu-
lation has been evaluated in several recent studies [ 14-
16]. Some of them have reported that sarcopenia is a
contributing factor to poor prognosis in this popula-
tion, while others have not found any relationship. In
fact, sarcopenia and CAD share some common patho-
physiological mechanisms such as atherosclerosis, ar-
terial stiffness, and chronic inflammation. Therefore,
we thought that sarcopenia may have a role in the de-
velopment of poor results in patients with CAD who
were diagnosed with COVID-19. Furthermore, sar-
copenia may have a long-lasting effect on the results
of patients with COVID-19 because it is a relatively
chronic clinical entity. Therefore, in this study, we in-
tended to evaluate the effect of sarcopenia on in-hos-
pital acute-term and three-month mid-term follow-up

results in this population. We found that sarcopenia is
an independent predictor for in-hospital acute adverse
outcomes, but it has no long-term effect in this popu-
lation.

Vascular effects of sarcopenia can be proposed to
explain this relationship. It is known that sarcopenia
is associated with atherosclerosis and vascular dys-
function detected by several indicators such as arterial
stiffness, carotid-intima media thickness, flow-medi-
ated dilatation, endothelial progenitor cell counts [19,
20]. In this study, the group I had higher hs-cardiac
troponin I compared to group II which reflects my-
ocardial damage at in-hospital stage of COVID-19.
We did not detect any additional adverse result during
follow-up. Therefore, we thought that sarcopenia and
its vascular effects are a predisposing factor for ad-
verse results only active phase of COVID-19 disease
characterized by a hyperinflammatory response. After
an active inflammatory phase of COVID-19, chronic
vascular effects of sarcopenia do not associate with
poor results.

To our knowledge, this is the first study that eval-
uated the effect of sarcopenia on acute and mid-term
results of patients with CAD and COVID-19. Our re-
sults have some clinical implications; first, the patients
with sarcopenia in this population are at risk for poor
prognosis in the acute term. Second, sarcopenia-re-
lated vasculopathy may be an etiopathological mech-
anism for this poor prognosis. Third, the presence of
sarcopenia may be used as a criterion in the initial risk
assessment of the patients with CAD during the acute
term of COVID-19, but not follow-up.

Limitations

This study has some limitations. First, our study
population was relatively small. Second, this was not
a randomized study. However, it should be accepted
that doing a randomized study has some ethical issues
during the COVID-19 pandemic. Thus, we tried to
eliminate this limitation using age- and gender-match-
ing of groups. Third, we could not assess the vascular
function of the study population by an objective
method such as arterial stiffness. However, it was un-
likely to be done in the pandemic setting, especially
in intensive care patients who were intubated. There-
fore, further studies are needed to investigate this
issue.
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CONCLUSION

Sarcopenia is independently associated with acute
term in-hospital combined end-points including ICU
admission, intubation, and mortality in patients with
CAD and COVID-19. But, it does not affect results at
a three-month mid-term follow-up.
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ABSTRACT

Objectives: Primary Hyperhidrosis (HH) is the excessive sweating condition in one or more parts of the body.
The definitive treatment method is surgical. The most commonly applied surgical method is endoscopic thoracic
sympathectomy (ETS). We aimed to investigate the effectiveness of patients with hyperhidrosis by making
temperature measurements.

Methods: We analyzed the findings of 30 patients who were diagnosed with HH between January 1, 2019 and
November 1, 2022 in Kahramanmaras Siitcii imam University Thoracic Surgery Clinic. Preoperative, intraop-
erative and postoperative hand temperatures of the patients who underwent bilateral endoscopic thoracic sym-
pathectomy were examined by measuring hand temperatures with a thermal camera.

Results: After the evaluation of the examination, it was revealed that there was an increase in the hand tem-
perature measurement values before sympathectomy and after the sympathectomy operation.

Conclusions: We believe that endoscopic thoracic sympathectomy performed by measuring temperature with
a thermal camera will increase the comfort and safety of the surgery both on the part of the physician and the

patient.

Keywords: Sympathectomy, sweating, thoracal surgery, thermal camera

sweating condition in one or more parts of the

body in case of psychological situations, under
stress, and in some seasons. Sweating does not occur
during sleeping at nights. The incidence of this condi-
tion varies between 1% and 3% in the society [1, 2].
It is observed equally in both sexes, regardless of gen-
der. It has been reported that the incidence of Primary
Hyperhidrosis increases in adolescence and young
adulthood [2]. It tends to start in early childhood, its
severity increases at puberty, and its incidence de-
creases gradually in elder ages [3, 4].
Although there are different medical and surgical op-

Trimary hyperhidrosis is involuntary excessive

tions in its treatment, medical treatment provides tem-
porary relief in many patients. The definitive treatment
method for hyperhidrosis is surgical. Efforts to mini-
mize surgical trauma and facilitate a faster healing
process have led to the emergence of minimally inva-
sive surgery [5]. With the developing techniques, the
most applied surgical treatment is endoscopic thoracic
sympathectomy [6].

In this article, we aimed to share the thermal cam-
era measurement results conducted before and after
sympathectomy in patients to whom we applied ETS
in the light of the literature.
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Perioperative thermal camera for the assessment of sympathectomy effectiveness

METHODS

This study was conducted in accordance with the Dec-
laration of Helsinki. Before participating in the study,
ethical approval was obtained from the Non-Invasive
Clinical Research Ethics Committee of our University
on 06.03.2019 (Session no: 2019/5, Decision no: 4).

Design

The findings of patients to whom ETS was applied
with the diagnosis of primary hyperhidrosis between
01.05.2018 and 01.10.2022 in Thoracic Surgery Clinic
of our University were analyzed. Posteroanterior (PA)
and lateral chest radiography and electrocardiography
(ECG) were routinely taken for all patients before the
operation. After the patient was intubated, the meas-
urements of the patient were made with a thermal tem-
perature camera (FLIR TG 165-x Oregon, U.S.) before
and after the sympathectomy is performed.

Surgical procedure

The patients were operated in the semi-sitting po-
sition in a way that both arms were in abduction at 90
degrees. The operation was performed under general
anesthesia using a double-lumen endotracheal tube.
After one lung ventilation, the thoracic cavity was en-
tered with blunt dissection after 1.5 cm skin incision
was applied from the mid-axillary line. A port was
placed in the hemithorax for which the operation was
made. According to the patient's complaint, if it is fa-
cial HH, the 2" sympathetic nerve was resected by
being burned with hook electrocautery, and if it is pal-
mar HH, 3 and 4" sympathetic ganglions were re-
sected by being burned with hook electrocautery, and
if it is axillary HH, the 4™ and 5" sympathetic gan-
glions were resected by being burned with hook elec-
trocautery. After applying sympathectomy, it was
aimed to prevent recurrence development due to alter-
native sympathetic nerve connections such as the
kuntz nerve, and the inner surface of the rib at the op-
eration level was drawn with a cautery about 2-3 cm
from the sympathetic nerve level to the lateral. Into
the pleural-thoracic cavity and after placing the other
end in a container filled with saline, the lung was ven-
tilated and it was continued until the air outlet ceased.
After the air outlet ceased, the nelaton catheter was
withdrawn and the hemithorax inlet was sutured. The
same process was applied to the other hemithorax. The

operation was ended without placing a chest tube. Pa-
tients were evaluated by taking postoperative chest X-
ray in the operating room, and they were taken to the
hospital service.

Statistical Analysis

The data obtained were analyzed using Graphpad
Prism version 5 (GraphPad Software Inc., San Diego,
CA, USA). After analysis of variance, Student's t-test
was performed. Data were presented as mean =+ stan-
dard error. P-values <0.05 were considered significant.

RESULTS

Fifteen of 30 patients were male, and 15 of them were
female. The mean age of patients operated for palmar
HH was 21. 8 (range: 14-33) years, 2 of them were op-
erated for axillary HH, and 20 of them were operated
for axillary and palmar HH. All patients except one
patient underwent bilateral sympathectomy, and to-
tally 58 ETSs were applied in the same session.
Average operation time was 20 minutes. The hos-
pital stay of the patients was 0.93 days. All patients
except one were taken to the thoracic surgery service
without a chest tube. While 5 patients were discharged
on the same day, 24 patients were discharged on the
next day after the PA chest X-ray. A 30-year-old male
patient was discharged on the 3rd day. No mortality
was observed in the patients. While the mean preop-
erative hand temperature measurement values were
28.5942.304 °C for the right hand before the operation,
the temperature value for the left hand was measured
to be 28.61+2.246 °C. After intubation and before ap-
plying sympathectomy (perioperative), the mean hand
temperature measurements were 28.472+0.287 °C for
the right hand and it was measured to be 28.41+£2.267
°C for the left hand. After the sympathectomy opera-
tion (postoperative), while the mean temperature of
the right hand was measured to be 29.50+£2.519 °C, the
mean temperature of the left hand was 29.51+2.525 °C.
The female body mass index was calculated to be
22.39+2.74 (range: 19.96-29.76) kg/m? and body mass
index of the males was calculated to be 23.95+2.67
(range: 20.52-31.40) kg/m?. There was no statistical
difference between the two groups. In a patient with a
high body mass index (31.97 kg/m?), the operation
could not be performed because the sympathetic nerve
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could not be seen. Hand temperature measurements
made throughout the entire intervention are shown in
Table 1.

Although the postoperative temperature measure-
ments were higher than preoperative measurements,

Table 1. Hand temperature measurement values

no statistical difference was found between them
(P>0.05). In addition, no statistical significance was
found between the right- and left-hand temperature
measurements of the patients (P>0.05) (Table 1).

n=30 Preoperative  Preoperative  Perioperative  Perioperative  Postoperative  Postoperative
right hand left hand right hand left hand right hand left hand
(O (O ) §®) (O O
1. 27.2 273 27.0 27.1 27.7 27.8
2. 25.2 253 25.1 25.2 25.9 26
3. 29.3 29.5 29.0 29.1 30.1 30.1
4. 323 323 32.1 32.0 335 335
5. 32.9 32.7 32.9 32.6 342 34.5
6. 29.2 29.1 29.1 29.0 29.7 29.7
7. 25.8 25.9 254 25.6 26.6 26.6
8. 30.1 30.2 30.0 29.9 31.9 31.9
9. 323 32.1 322 32.0 33.5 334
10. 329 32.7 32.7 32.6 34.2 342
11. 29.2 29.3 29.0 29.1 29.7 29.7
12. 25.8 25.8 25.8 25.7 26.6 26.6
13. 314 31.2 31.3 30.9 32.1 322
14. 28.4 28.4 28.3 28.4 29.2 29.2
15. 27.3 27.4 27.1 27.2 28.0 27.9
16. 30.2 30.3 30.0 30.1 31.8 31.7
17. 25.7 25.9 25.7 25.6 26.4 26.4
18. 304 304 30.1 30.0 30.9 30.8
19. 26.3 26.4 26.3 26.1 26.9 26.9
20. 29.4 29.4 29.3 29.1 30.3 30.3
21. 25.9 25.9 25.9 25.8 26.8 26.8
22. 28.2 28.2 28.1 28.0 30.1 30.2
23. 30.3 30.3 30.1 30.1 314 31.5
24. 25.9 25.8 25.9 25.8 26.5 26.4
25. 26.4 26.5 26.4 26.3 27.2 27.2
26. 27.1 27.2 27.0 27.0 27.9 27.8
27. 26.8 26.8 26.7 26.0 27.6 27.7
28. 273 27.4 27.3 27.2 27.9 27.8
29. 30.1 30.0 30.0 30.0 31.2 31.3
30. 29.7 29.5 29.6 29.6 29.6 29.7

Mean+SD  28.59+2.304  28.61+2.246  28.472+0.287  28.41+2.267 29.50+2.519 29.51£2.525

SD=standard deviation
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DISCUSSION

Thermoregulation, and thus sweat production, is reg-
ulated by the preoptic region of the anterior hypothal-
amus, cerebral cortical structures, and the sympathetic
nervous system. Thermal receptors are found in the in-
ternal organs and hypothalamus in the body as well as
in all parts of the body such as brain stem, spinal cord,
and skin. Afferent nerve fibers carry signals to the hy-
pothalamus via pathways in the lateral part of the
medullaspinalis. Efferent sympathetic sudomotor
pathways for thermoregulation pass from the cerebral
cortex to the hypothalamus, from the hypothalamus to
the medulla oblongata, and proceed along the medulla
spinalis cornu lateralis. From here, it passes into the
intermediolateral cell nuclei of the paravertebral sym-
pathetic ganglion of the medulla spinalis, and then
ends with the stimulation of unmyelinated, postgan-
glionic sympathetic class C nerve fibers and postsy-
naptic muscarinic receptors of the eccrine sweat gland
[7, 8].

Sweating is a complex and physiological process.
Both emotional sweating and thermoregulatory sweat-
ing are triggered by sympathetic cholinergic nerves.
Emotional sweating is regulated by the limbic system
Cingulate cortex’s anterior and the hypothalamus. The
parts that control emotional sweating are more com-
monly the armpits, palms, soles, forehead, and scalp.
Existence of excess eccrine sweat glands, especially

in the hands, feet and armpits, as a result of stimuli
originating from the central nervous system is called
hyperhidrosis. Eccrine sweat glands are believed to be
responsible for primary HH. Eccrine sweat glands are
the only sweat glands found in the palms [8, 9].

In our study, the affected parts of patients with HH
were palm and axilla. The rates of coming to the hos-
pital of female and male patients were equal in our
study, and the patients came to our clinic most com-
monly due to palmar HH (28 patients) (93%).

Hyperhidrosis not only makes the life of the indi-
vidual difficult, but also has negative effects on the so-
cial life of the individual. In its treatment; drugs, botox
application and iontophoresis, and surgical treatment
methods are used. Surgical treatment is the definitive
treatment method. Today, the most frequently applied
surgical method is ETS [6]. In our study, ETS was ap-
plied to 30 patients who came to our clinic with the
complaint of HH. However, only for 1 patient, the de-
sired result was not obtained.

In the classical management of anesthesia in
minor endoscopic surgery procedures, a double-lumen
tube (DLT) or endobronchial blocker (EBB) is used as
an airway device to provide single-lung ventilation.
Although ETS, which has a high efficiency and chance
of success, in one lung ventilation with DLT and EBB;
damage to tracheobronchial structures, bleeding, mal-
position of the tube, dependent and non-dependent
lung barotrauma, volutrauma, atelectotrauma and bio-

Fig. 1. (A) Image of the Sympathetic Nerve on the Chest Wall, (B) The moment of cauterization of the sympathetic nerve

(Sn=Sympathetic nerve, Hc=Hook Electrocautary).
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trauma and postoperative respiratory complications
may occur [10-13]. No trauma related to intubation
was seen in our study. All patients were extubated and
taken to the thoracic surgery service without any prob-
lem.

The fact that ETS is a minimally invasive method
has made it a standard, well-tolerated option in the
treatment of the disease [14, 15]. ETS surgery, which
was initially performed with the use of more than one
port, has been applied as a single port in recent years,
with the popularity of the single port approach in other
surgical fields. In our clinic, sympathectomy, which
was initially performed by using double port, has re-
cently started to be performed by using the single port,
and the single port was applied to all patients in this study.

In ETS, there are different applications in terms of
the type of blockage of the sympathetic nerve as well
as the way of entering the thorax [16, 17]. Despite
these differences, in a study conducted; it was found
that there was no significant difference between appli-
cations such as burning, cutting and clipping in terms
of postoperative complications and patient satisfaction
[18]. The thoracic sympathetic chain extends below

Fig. 2. (A) Images of hand temperature measurement before
sympathectomy and (B) after sympathectomy.

the parietal pleura on both sides of the spine and con-
sists of 10-12 ganglions. ETS is performed at certain
levels by interrupting this ganglion and the pathways
between them [16, 17]. In our clinic, the operations
were completed by interrupting the sympathetic gan-
glion using ETS hook electrocautery (Fig. 1). Al-
though there are debates and conflicting opinions
about the best level for sympathetic chain resection, it
is recommended to remove the T3 or T3-4 ganglion
for palm sweating, T4 for armpit sweating, and T2
ganglion for facial sweating [19]. In our study, abla-
tion was applied by making operation to T3 and T4
ganglions for palmar HH, and to T4-T5 ganglions for
axillary HH.

Preferring the thoracoscopic approach instead of
traditional surgery and avoiding additional port inci-
sion cause less muscle tissue and intercostal nerve
damage. This helps to feel less postoperative pain, in-
crease patient satisfaction, and help the patient to re-
turn to social life more quickly [20, 21]. In particular,
hand sweating is a condition that negatively affects so-
cial life, but can be treated with low morbidity and
high success rates. Success rates are reported to be be-
tween 90-100% for hand sweating [22-24]. In our
study, it was seen that the satisfaction rate in patient
feedback information was 96%. We think that the fact
that patients return to social and business life early by
being discharged on the next day or on the same day
is effective in the high patient satisfaction rates.
Before ETS surgery, patients should be informed in
detail about possible complications and their consent
should be obtained [25].

The most common complication of ETS is com-
pensatory sweating, and its incidence varies between
3% and 98% among all different surgical approaches
in the literature [2, 26]. However, it was determined
that the complaints of all patients disappeared 6
months after the operation. All patients had a low body
mass index except for 1 patient we operated. Sympa-
thectomy could not be performed in the patient who
was not weak, since the adipose tissue did not allow
us to see the sympathetic nerve.

In a study, an increase in palm temperature was
observed, which was detected by cutting the sympa-
thetic chain during performing the operation [27]. In
parallel with this study, a significant increase in hand
temperature values was observed after sympathectomy
in the study we conducted in our clinic (Fig. 2).
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CONCLUSION

We believe that endoscopic sympathectomy, which is
a practical and reliable method with a short discharge
time and returning to normal life on the same day as
well as being more cautious in patients with a high
body mass index and performing the operation by
measuring the temperature with a thermal camera will
increase even more the patient satisfaction and the re-
liability as well as the prevalence of this method in ad-
dition to increasing the comfort of the physician in

surgery.
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ABSTRACT

Objectives: To assess the cross-sectional area (CSA) of the right and left internal jugular veins (IJVs) in the
adult Turkish population.

Methods: The CSA of the [JVs was quantified at three anatomical landmarks: below the angle of the mandible,
at the level of the cricothyroid membrane, and in the supraclavicular region. Measurements were taken under
three conditions: at rest, during a deep breath hold, and throughout the Valsalva maneuver.

Results: The study encompassed 321 volunteers with a mean age of 30.40+7.75 years. At the anatomical land-
marks of the angle of the mandible, cricothyroid, and supraclavicular regions, the CSA of the IJV in men was
consistently larger than in women during rest, deep breath hold, and the Valsalva maneuver. During both the
deep breath hold and the Valsalva maneuver at these landmarks, the right CSA of the IJV in both genders was
greater than the left CSA. In both males and females, the CSA of the 1JV at the supraclavicular location was
superior to that at both the angle of the mandible and the cricothyroid regions. The CSA at the cricothyroid re-
gions surpassed that at the angle of the mandible.

Conclusions: The CSA of the IJV was found to be the largest in the right supraclavicular region during the
Valsalva maneuver in both genders. By accurately measuring the CSA of the IJV at the angle of the mandible,
cricothyroid, and supraclavicular anatomical landmarks during a deep breath hold and the Valsalva maneuver,
potential interventional and surgical risks can be mitigated.

Keywords: Internal jugular vein, ultrasonography, cross-sectional area

he internal jugular vein (IJV) is a major vein

responsible for draining blood from the head

and neck. Due to its potential as a large and
superficial vein, it is frequently used for central venous
catheter insertion to deliver intravenous medications,
facilitate hemodialysis, volume resuscitation, and ad-
minister drugs and blood products [1]. It serves as a
significant anatomical landmark in the head and neck
region, especially during the dissection of the cervical
lymph nodes in oncological surgeries [2]. In recent

years, the diameter of the IJV has been recognized as
a potential predictor of central venous pressure [3-5].

Ultrasonography (USG) has become the primary
imaging modality for vascular diseases due to its non-
invasive nature, ease of application, cost-effectiveness,
and patient tolerance. It also aids in the catheterization
process [6]. Recently, the use of ultrasound guidance
has made it possible to insert a catheter safely and eas-
ily into the IJV. However, in emergency situations or
in settings without access to an ultrasound machine,
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the procedure relies on traditional methods based on
external anatomical landmarks [7]. Moreover, many
surgeons prefer using anatomical landmarks over ul-
trasound guidance, as three-dimensional, anatomy-
based procedures play a pivotal role in the training
process for surgeons, especially for the insertion of
percutaneous central venous catheters [8].

A larger vein diameter is associated with a higher
success rate of catheter procedures on the first attempt.
It is well-documented that the size of the internal jugu-
lar vein changes in response to respiratory variations
[9]. An increased cross-sectional area (CSA) of the IV
has been linked to enhanced cannulation success and
reduced mechanical complications [10].

Blood flow alterations, attributable to different
respiratory phases, maneuvers, and breathing patterns,
can be effectively studied using ultrasonography.
When assessing jugular vein diameters, it is more ac-
curate to measure using USG which accounts for res-
piratory changes [11].

This study aimed to assess the CSA of the right
and left IJV at three anatomical landmarks below the
angle of the mandible, at the level of the cricothyroid
membrane, and in the supraclavicular region. under

three conditions: at rest, during a deep breath hold, and
throughout the Valsalva maneuver, within the adult
Turkish population sample.

METHODS

Study Design and Setting

This single-center prospective observational study was
conducted with volunteers between 1 September and
1 November 2023, following the approval of the local
Ethics Committee (date: 13.09.2023, no:2023-537)
and in line with the Declaration of Helsinki. Each par-
ticipant provided written informed consent after re-
ceiving a comprehensive explanation of the study's
objectives and protocol.

Study Population

Healthy volunteers aged 18 and older were in-
cluded in the study. Exclusion criteria encompassed
individuals with known chronic diseases, abnormal
neck anatomy, a history of neck puncture or surgery,
pregnancy, a history of alcohol abuse, or those who
were unable to communicate effectively. The study co-

Fig. 1. The measurement of the cross-sectional area at three anatomical landmarks: below the angle of the mandible (1), at
the level of the cricothyroid membrane (2), and in the supraclavicular region (3) are taken under three conditions: at rest (a,
d, g), during a deep breath hold (b, e, h), and throughout the Valsalva maneuver (c, f, i).
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hort comprised hospital staff, as well as spouses and
relatives of patients undergoing treatment at our cen-

ter.

Study Protocol and Measurements

The age (years), height (centimeters), and weight

(kilograms) of the volunteers were documented. The
body mass index (BMI) was computed using the for-
mula: weight (in kilograms) divided by the square of
height (in meters?).

The CSA of the right and left IJV of the volunteers
was assessed using a LOGIQ E10 ultrasound device

Table 1. The evaluation of the volunteer's cross-sectional area of the internal jugular vein is
based on the anatomical locations in their necks and their responses to respiratory changes and

the Valsalva maneuver

Anatomic landmark Condition Gender Right Left P value
(mean+SD) (mean+SD)
Angle of the mandible Rest Female 2.09+0.15 2.00+0.11  <0.001
Male 2.17+£0.14 2.08+0.20  <0.001
P value <0.001 <0.001
Deep breath - hold Female 2.69+0.24 2.56+0.26  <0.001
Male 2.75+0.21 2.62+0.24  <0.001
P value <0.001 <0.001
Valsalva maneuver Female 2.86+0.42 2.64+0.48  <0.001
Male 3.27+0.20 3.06+0.21
P value <0.001 <0.001 <0.001
Cricothyroid Rest Female 2.44+0.23 2.30+2.24  <0.001
Male 2.67+0.28 2.59+0.29  <0.001
P value <0.001 <0.001
Deep breath - hold Female 2.77+0.23 2,68+0.25  <0.001
Male 2.93+0.16 2.85+0.21  <0.001
P value <0.001 <0.001
Valsalva maneuver Female 3.03+0.27 2.88+0.27  <0.001
Male 3.11+0.19 2.94+0.24  <0.001
P value <0.001 <0.001
Supraclavicular Rest Female 2.73+0.35 2.44+0.25  <0.001
Male 3.20+0.22 2.83+0.33  <0.001
P value <0.001 <0.001
Deep breath - hold Female 2.90+0.21 2.80+0.18  <0.001
Male 3.24+0.16 3.05£0.21  <0.001
P value <0.001 <0.001
Valsalva maneuver Female 3.18+0.26 3.03+0.27  <0.001
Male 3.45+0.20 3.25+0.19  <0.001
P value <0.001 <0.001

SD=standard deviation
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(GE Healthcare) equipped with a 7 MHz linear probe
operating at a frequency range of 4.0-20 MHz. During
the examination, the volunteers' heads were rotated
15° contralateral to the cervical region being exam-
ined, ensuring clinical stability. Care was taken to
apply the ultrasound probe gently to prevent distortion
of the underlying low-pressure venous structures. A
ten-year, experienced radiologist conducted the assess-
ment of the [JV's CSA.

Consistent with existing literature, the CSA of the
right and left IJV (m?) was measured at three anatom-
ical landmarks: below the angle of the mandible, at the
level of the cricothyroid membrane, and in the supra-
clavicular region. Measurements were taken under
three conditions: at rest, during a deep breath hold, and
throughout the Valsalva maneuver, with the volunteers
in a supine position [12] (Fig. 1).

Statistical Analysis

Analyses were conducted using IBM SPSS ver-
sion 20 (Chicago, IL, USA). Descriptive statistics for
continuous data were presented as mean+standard de-
viation, while categorical data were expressed as num-
bers and percentages. Comparisons of the CSA of the
1JV across gender, side, region, and respiratory condi-
tions were made using a two-way analysis of variance
(ANOVA). The relationship between the CSA of the
1IJV with age and BMI was examined using Pearson's
correlation coefficient. A P-value of less than 0.05 was
considered statistically significant.

RESULTS

The study encompassed 321 volunteers with an aver-
age age of 30.4047.75 years, ranging from 18 to 46
years. The mean BMI was 21.77+1.51 kg/m?, with a
range of 18.7 to 26 kg/m2. At the anatomical land-
marks of the angle of the mandible, cricothyroid, and
supraclavicular regions, during conditions of rest, deep
breath hold, and the Valsalva maneuver, the CSA of
the IJV in men was consistently larger than in women
(P<0.001 for all conditions). Specifically, at the angle
of the mandible, the left CSA of the IJV in men was
greater than in women during rest, deep breath hold,
and the Valsalva maneuver (P<0.001, P<0.001 and
P<0.001, respectively). In the cricothyroid region, the
left CSA of the IJV in men was larger than in women

during these conditions (P<0.001, P<0.001 and
P<0.001, respectively). Similarly, in the supraclavic-
ular region, the left CSA of the IJV in men exceeded
that of women during all three conditions (P<0.001 for
each) (Table 1).

At the anatomical landmarks of the angle of the
mandible, cricothyroid, and supraclavicular regions,
during conditions of rest, deep breath hold, and the
Valsalva maneuver, the CSA of the IJV in men was
consistently larger than in women (P<0.001 for all
conditions). Specifically, at the angle of the mandible,
the left CSA of the IJV in men was greater than in
women during rest, deep breath hold, and the Valsalva
maneuver (P<0.001, P<0.001 and P<0.001, respec-
tively). In the cricothyroid region, the left CSA of the
IJV in men was larger than in women during these
conditions (P<0.001, P<0.001 and P<0.001, respec-
tively). Similarly, in the supraclavicular region, the left
CSA ofthe IJV in men exceeded that of women during
all three conditions (P<0.001 for each) (Table 1).

In both genders, during rest and deep breath hold,
the CSA of the IJV in the right and left supraclavicular
regions was found to be higher than both the right and
left angle of the mandible and the right and left
cricothyroid regions (P<0.001 for all). Additionally,
the CSA in the right and left cricothyroid regions was
greater than that of the right and left angles of the
mandible (P<0.001 for all). (Table 2).

There was no significant difference in the CSA of
the right and left IJV across all anatomical locations
during rest, deep breath hold, and the Valsalva maneu-
ver with respect to age and BMI (P>0.05 for all)
(Table 3).

DISCUSSION

The knowledge of the CSA of IJV plays a pivotal role
in patient management and treatment across various
medical fields. This knowledge is particularly vital for
radiologists, emergency physicians, surgeons, and
anesthetists due to its clinical implications. General
asymmetry between the right and left sides of the body
is a well-recognized phenomenon, and this extends to
the diameters of certain arteries and veins, which can
also exhibit side-to-side variations [13]. Factors such
as age, demographics, and respiratory changes might
contribute to the diverse measurements reported in sci-

87

The European Research Journal | Volume 10 | Issue 1 | January 2024



Eur Res J. 2024;10(1):84-91

Ozdemir Kalkan and Kavak

Table 2. The volunteer's cross-sectional area of the internal jugular vein is evaluated based on
their gender, anatomical locations in the neck, and their responses to respiratory changes and the

Valsalva maneuver.

Anatomic landmark

Condition Localization ~Gender Angle of the Cricothyroid Supraclavicular P value
mandible (mean+SD) (mean+SD)
(mean+SD)

Rest Right Female 2.09+0.15 2.44+0.23 2.73+0.35 <0.001
Male 2.17+0.14 2.67+0.28 3.20+0.22 <0.001

P value <0.001 <0.001 <0.001
Left Female 2.00+0.11 2.30+2.24 2.44+0.25 <0.001
Male 2.08+0.20 2.59+0.29 2.83+0.33 <0.001

P value <0.001 <0.001 <0.001
Deep breath - hold Right Female 2.69+0.24 2.77+0.23 2.90+0.21 <0.001
Male 2.754+0.21 2.93+0.16 3.24+0.16 <0.001

P value <0.001- <0.001 <0.001
Left Female 2.56+0.26 2.68+0.25 2.80+0.18 <0.001
Male 2.62+0.24 2.85+0.21 3.05+0.21 <0.001

P value <0.001 <0.001 <0.001
Valsalva maneuver Right Female 2.86+0.42 3.03+0.27 3.18+0.26 <0.001
Male 3.27+0.20 3.11+0.19 3.45+0.20 <0.001

P value <0.001 <0.001 <0.001
Left Female 2.64+0.48 2.88+0.27 3.03+0.27 <0.001
Male 3.06+0.21 2.94+0.24 3.25+0.19 <0.001

P value <0.001 <0.001 <0.001

SD=standard deviation

entific literature [9]. Recognizing these potential vari-
ations is crucial, especially when considering adult
groups within the healthy Turkish population.

Yoon et al. [14] observed that the mean CSA of
the right and left IJV were 165£81 mm2 and 119+57
mm?2, respectively, highlighting a relatively larger
CSA for the right IJV compared to the left. Similarly,
Botero et al. [15] reported a greater CSA for the right
1JV than the left. Such asymmetry between the right
and left [JVs can be attributed to the differential blood
drainage patterns through the dural venous sinuses,
often resulting in the right IJV being larger than its left
counterpart [ 16]. As the IJVs descend towards the tho-
rax, the cumulative blood flow increases, leading to
the largest CSA observed at the lower cervical levels.
Furthermore, the CSA of the right IJV has been con-

sistently reported to be significantly larger than the left
across all cervical levels [17]. Consistent with these
findings, our study also determined that the CSA of
the right IJV was significantly larger than the left at
all examined levels.

Although the 1JV is often represented as having a
cylindrical shape, some studies suggest that it assumes
a conical form, decreasing in size from the subclavian
vein towards the cranial vault [17, 18]. However, in a
study by Jeon et al. [7], where the CSA of the right
and left IJV was measured using computed tomogra-
phy at the levels of the hyoid bone, cricoid cartilage,
and the first thoracic vertebra, the IJV was observed
to have a rhomboid shape. This shape was larger at the
middle level and tapered both above and below [7].
It's noteworthy that in this study, the median age of the
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Table 3. Pearson correlation coefficients for age and body mass index variables

Anatomic landmark Condition Localization Age Body mass index
r* P value r¥ P value

Angle of the mandible Rest Right 0.054 0.106 0.109 0.133
Rest Left 0.057 0.109 0.058 0.301

Deep breath - hold Right 0.029 0.601 0.109 0.133

Deep breath - hold Left 0.025 0.661 0.104 0.063

Valsalva maneuver Right 0.090 0.106 0.108 0.053

Valsalva maneuver Left 0.047 0.108 0.113 0.137

Cricothyroid Rest Right 0.071 0.214 0.066 0.239
Rest Left 0.054 0.110 0.019 0.735

Deep breath - hold Right 0.036 0.658 0.065 0.249

Deep breath - hold Left 0.031 0.558 0.012 0.825

Valsalva maneuver Right 0.070 0.212 -0.074 0.189

Valsalva maneuver Left 0.015 0.786 -0.070 0.214

Supraclavicular Rest Right 0.064 0.145 -0.059 0.290
Rest Left 0.067 0.264 0.018 0.743

Deep breath - hold Right 0.063 0.261 -0.018 0.742

Deep breath - hold Left 0.082 0.144 0.064 0.255

Valsalva maneuver Right 0.020 0.723 -0.094 0.094

Valsalva maneuver Left 0.045 0.420 -0.053 0.344

patients was 65.0, many had chronic illnesses, a his-
tory of chemotherapy, and not all patients were in the
same physiological conditions. Moreover, the meas-
urements were taken during full inspiration. In our
study, we found that the CSA of the IJV in the supra-
clavicular region was higher than at the angle of the
mandible and cricothyroid, irrespective of gender. An-
other CT-based study reported a larger CSA in males
compared to females, though the difference was not
statistically significant. Contrarily, in our study, across
all anatomical landmarks, the CSA of 1JV values for
males were statistically higher than those for females.
Zamboni et al. [19] investigated the impact of respi-
ration on intracranial venous flow and demonstrated
that deep inspiration, in comparison to regular breath-
ing, augments the blood return from the brain. Ju-
dickas et al. [19] observed a significant increase in
the CSA of both the RIJV and LIJV during a deep
breath hold. Both studies observed similar results, with
an even more pronounced increase in CSA, during the
Trendelenburg maneuver. Furthermore, hypothesized

that the elevated intra-abdominal pressure, pushing the
diaphragm upwards, leads to increased intrathoracic
and right intracardiac pressures. This rise in intra-ab-
dominal pressure was thought to be associated with a
larger CSA [10]. In our study, the CSA of the [JV was
elevated during the Valsalva maneuver across all
anatomical landmarks.

Both age and BMI have been identified as signif-
icant factors influencing the size of blood vessels [7].
Research by Belov et al. [20] indicated that the CSA
of the IJV in the lower neck tends to increase with age
in both men and women. Furthermore, as BMI rises,
there's a corresponding expansion of the IJVs, a trend
that persists irrespective of the individual's age [20].
Another study by Magnano et al. [17] highlighted that
after adjusting for factors related to cardiovascular
health, the IJV's CSA showed a notable increase with
age. This growth was more distinct in the right IJV
than its left counterpart and was more pronounced in
males. Studies postulated that as people age, the grad-
ual increase in BMI might be a contributing factor to

89



Eur Res J. 2024;10(1):84-91

Ozdemir Kalkan and Kavak

the enhanced CSA observed in the elderly [17]. In con-
trast, this study did not observe any notable variations
in the IJV's CSA across different anatomical points
during various respiratory conditions when consider-
ing age or BMI. This discrepancy might be due to our
participants being generally younger and having a
lower average BMI.

Limitations

A significant strength of this study is the inclusion
of a large number of healthy volunteers. However, our
study does have certain limitations. While the USG
utilized offers the advantage of delivering real-time
structural images and showcasing hemodynamics, its
accuracy, and reproducibility largely hinge on the op-
erator's expertise. Additionally, the absence of stan-
dardized pressure application on the USG probe
presents another limitation to our research.

CONCLUSION

In conclusion, our study offers valuable insights into
the variations in the CSA of the IJV among the adult
population. Notably, both male and female participants
exhibited the largest CSA in the right supraclavicular
region during the Valsalva maneuver. This observation
underscores the dynamic nature of the IJV's morphol-
ogy in response to physiological changes. Further-
more, our findings emphasize the importance of
understanding these variations, especially when con-
sidering anatomical landmarks such as the angle of the
mandible, cricothyroid, and supraclavicular regions.
By accurately identifying and distinguishing the CSA
of the IJV during procedures like deep breath holds
and the Valsalva maneuver, clinicians can make more
informed decisions, potentially reducing interven-
tional and surgical risks. As the medical community
continues to prioritize patient safety and procedural
efficacy, such knowledge becomes indispensable,
paving the way for improved clinical outcomes.
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Peritonitis in patients on peritoneal dialysis: a 12-year
experience from a large medical center in Bursa
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ABSTRACT

Objectives: Despite all technical advances, Peritonitis remains the most important peritoneal dialysis (PD)
complication. Peritonitis causes complications such as additional hospitalization, technical failure, peritoneal
membrane damage, consequent transition to hemodialysis, and death in this patient group. Early diagnosis,
isolation of the causative pathogen with appropriate methods as soon as possible, and determination of antibiotic
susceptibilities play a crucial role in solving the problem of treating peritonitis in PD. This study evaluated the
frequency of peritonitis, culture positivity rate, and prognosis in peritoneal dialysis patients in our unit for 12
years.

Methods: A total of 171 patients (80 F, 91 M; mean age: 51.9+15.3 years; mean PD duration 36.5+36.4 months)
who were followed up in our department between January 2009 and July 2021 were included in the study. Pa-
tient records were retrospectively analyzed.

Results: Peritonitis never occurred in 105 of the 171 patients included in the study. Of the remaining 66 patients,
43 had one peritonitis attack, and 23 had more than two. The mean peritonitis rate was 1.68+1.36. One hundred
eleven episodes of peritonitis were detected in 66 of the patients. Bacterial growth was observed in 63.06% of
the culture samples obtained from the 93 peritonitis episodes. The peritoneal catheter was withdrawn in 14
(21.21%) cases.

Conclusions: In our unit, the rate of culture positivity was 63.06%, and the peritonitis attack rate was 0.017
per patient-month and 0.211 per patient-year over a period of twelve years, with a mean of 57.1 patient months
of peritonitis.

Keywords: Peritoneal dialysis, peritonitis, infections

eritonitis is a common and serious complication
Tof peritoneal dialysis (PD) and causes signifi-

cant morbidity, mortality, and healthcare ex-
penses. It also significantly limits the use of this
critical dialysis method. Recurrent episodes of peri-
tonitis are the most important causes of technical in-
adequacy of dialysis and transition to hemodialysis.
The incidence of peritonitis varies according to age,

race, education level, dialysis type, and environmental
factors, while the course of peritonitis depends on the
causative microorganism [1]. PD-associated peritoni-
tis is a leading cause of mortality in over 15% of peri-
toneal dialysis patients. Single or multiple episodes of
severe peritonitis can reduce the efficiency of peri-
toneal ultrafiltration and are the most common cause
of conversion in long-term hemodialysis [2]. After
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Peritonitis in peritoneal dialysis patients

each episode of peritonitis, a root cause analysis is rec-
ommended to identify the cause and possible interven-
tions to reduce the risk of recurrence. The PD catheter
should be considered for replacement after recurrent
or repeated peritonitis [3]. The International Society
for Peritoneal Dialysis (ISPD) recommends monitor-
ing the overall rate of peritonitis, the rate of peritonitis
due to specific organisms, the percentage of patients
free of peritonitis per year, and the extent of antibiotic
resistance [3].

This study aimed to analyze the clinical features
of peritonitis associated with continuous ambulatory
peritoneal dialysis (CAPD) characteristics, causative
organisms, and antibiotic susceptibilities.

METHODS

Study Population and Baseline Characteristics

A total of 171 patients (80 F, 91 M; mean age 51.9 +
15.3 years; mean PD duration 36.5+36.4 months) who
were followed up in our department between January
2009 and July 2021 were included in the study. Patient
records were retrospectively analyzed.

Baseline demographics included sex, age, body mass
index (BMI), cause of end-stage renal disease
(ESRD), PD modality (automated PD or continuous
ambulatory PD), duration of PD at study entry, pres-
ence of diabetes mellitus (DM), and residual urine vol-
ume. Clinical features included fever, jaundice,
abdominal pain, previous peritonitis, extraperitoneal
tuberculosis, and time from diagnosis to treatment ini-
tiation (days). Laboratory parameters included peri-
toneal dialysis effluent characteristics with white
blood ceel (WBC) count, including neutrophil and
lymphocyte percentage, erythrocyte count, poly-
merase chain reaction (PCR), and peritoneal fluid cul-
ture. Blood analysis included WBC count, hemoglobin
(Hb), platelet (PLT) count, C-reactive protein (CRP),
blood urea nitrogen (BUN), creatinine, and albumin.

Peritonitis Diagnosis

The following criteria were used to diagnose peri-
tonitis: (1) Gram stain of the peritoneal dialysis fluid
or culture for micro-organisms; (2) The number of
white blood cells in the peritoneal dialysis fluid ex-
ceeds 100 cells/mm3. The percentage of neutrophils
is greater than 50%; and (3) There are signs of inflam-

mation of the peritoneum. All patients were tested for
tuberculosis and fungal infection if peritoneal fluid
cultures were negative for microorganisms. Patients'
peritoneal fluid samples were analyzed at least three
times using the alcohol-resistant bacilli (AARB) stain-
ing technique, and mycobacteria and fungi were cul-
tured. Lowenstein Jensen and Sabouroud dextrose
were used for mycobacterial culture, and agar medium
was used for fungal culture. Tuberculosis was diag-
nosed by microscopic examination or detection of My-
cobacterium tuberculosis in culture.

Peritonitis Treatment

After obtaining the appropriate microbiological
specimens, empirical antibiotic therapy was initiated
following ISPD recommendations [3]. The fundamen-
tal principle ensures sufficient coverage of Gram-pos-
itive and Gram-negative organisms, including
Pseudomonas species. The current guidelines suggest
vancomycin or first-generation cephalosporin for
Gram-positive organism coverage and third-genera-
tion cephalosporin or aminoglycoside for Gram-neg-
ative organism coverage. The decision to use
vancomycin or a first-generation cephalosporin relied
on the results of the patient's previous peritoneal fluid
culture. Vancomycin was administered if Methicillin-
resistant Staphylococcus aureus (MRSA) was detected
in the last culture, whereas a first-generation
cephalosporin was used otherwise.

Statistical Analysis

Statistical analysis was performed using SPSS
19.0 software (SPSS Inc., Chicago, IL, USA). The
Shapiro-Wilk test was used to assess the normal dis-
tribution of numerical variables. Descriptive statistics
were presented as mean + standard deviation and me-
dian (range) for numerical variables and as numbers
and percentages for categorical data.

RESULTS

The mean age was 51.9+15.3 years. Ninety-one
(43.3%) patients were male, and 80 (46.7%) were fe-
male. Of the 105 patients diagnosed with peritonitis,
36 (54.5 %) were male and 30 (45.5%) females, and
their mean age was 49.9+16.2 years.

Cloudiness of the peritoneal fluid was observed in
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Table 1. Patients’ symptoms and signs during
peritonitis episodes

Symptom and Sign n %
Cloudy fluid 50 75
Abdominal pain 38 57.5
Fever 3 4.5
Nausea 7 10.6
Vomiting 2 3
Diarrhea 2 3

50 (75.7%) patients. In addition, 38 (57.5%) of pa-
tients reported abdominal pain, 3 (4.5%) had fever,
and 2 (3.0%) had nausea. Seven (10.6%) of patients
had vomiting, and 2 (3.0%) had diarrhea (Table 1 and 2).

During a period of 6329 patient months (or 527.4
patient-years), 111 peritonitis attacks were observed.
The attack rates were 0,017 per patient-month and
0,211 per patient-year. On the mean, peritonitis was
observed in 57.01 patient-month.

Peritonitis never occurred in 105 of the 171 pa-
tients included in the study. Of the remaining 66 pa-
tients, 43 had one peritonitis attack, and 23 had more
than two. The mean peritonitis rate was 1.68+1.36.
One hundred eleven episodes of peritonitis were de-
tected in 66 of the patients. Bacterial growth was ob-
served in 63.06% of the culture samples taken from
the 93 attacks of peritonitis. In 38.46% of peritonitis
episodes, no microbial growth was observed in cul-
ture. Gram-positive factors comprised 40.0% of the
micro-organisms that grew, while gram-negative fac-
tors accounted for 10.8%. Staphylococci, responsible

Table 2. Patients laboratory findings during
peritonitis episodes

Biochemistry meantSD
C-reactive protein (mg/L) 59.74£53 4
Sedimentation (%) 77.8430.8
WBC (mm?*) 865243769
Albumin (g/L) 3.14+0.5

PF-WBC (mm®) 319543434

WBC=white blood cell, PF-WBC=peritoneal fluid white
blood cell, SD=standard deviation

for 27.7%, were the most common bacteria. Among
the gram-negative bacteria, Escherichia. coli was iden-
tified as the most common causative agent (7.7%)
(Fig. 1).

Medical treatment was successful in 74.24% of
cases, according to empirical and antibiogram results.
In 14 (21.21%) patients, hemodialysis was performed
after peritoneal catheter removal, and one patient died
during the follow-up period.

DISCUSSION

Preventing and reducing peritonitis can improve
longevity and quality of life in peritoneal dialysis pa-
tients. The incidence of peritonitis and positive culture
rates in our peritoneal dialysis patients were compa-
rable to those in previous studies. In our unit, the cul-
ture positivity rate was 63.06%, and the peritonitis
attack rate was 0.017 per patient-month and 0.211 per
patient-year over twelve years, with a mean of 57.1
patient-months of peritonitis. In the 2019 National
Nephrology, Dialysis, and Transplantation Registry
System Report, the frequency of peritonitis in PD pa-
tients was reported as 0.46 attacks/patient-year [4].
This registry was established with the results of 29
principal peritoneal dialysis centers in the country.
Compared to our country's registration system, the
peritonitis rates we found in our study were better.
There may be many reasons related to patients and
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Fig. 1. Peritoneal fluids bacterial growth: distribution of
pathogenic microorganisms in peritoneal fluid samples.
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centers. There are several possible explanations for
this finding. Disposable dialysate containers, the Y-
connector as a single set, the routine use of disinfec-
tants, and several technical enhancements have
improved technical issues over time. However, the
most important could be patient education in our unit.
A study published in 2016 by Seker et al. [5] found an
attack rate of 0.29 attacks/patient-year over 15 years
(2000-2014). The study by Ozturk et al. [6] evaluated
65 patients between 2011 and 2017; the peritonitis at-
tack rate was calculated as 0.224 attacks/patient-year
(1 attack/53.57 patient-months). According to a sys-
tematic review, only 33 high- and middle-income
countries monitor the peritonitis rate; within these
countries, the global average peritonitis rate decreased
from 0.6 episodes per patient-year in 1992 to 0.3 per
patient-year in 2019. Asia-Pacific region had the high-
est rates, followed by Europe, the Middle East, and
Africa. The Americas (including North, South, and
Central America) had the lowest rate [7]. Consistent
with our findings, peritonitis rates have also decreased
worldwide.

Despite the ISPD recommendation that culture-
negative peritonitis rates should be maintained at <
15%, most countries, including Canada (16.0%),
Japan (21.0%), the United States (16.0%), and India
(18.2%) failed to meet this target [3, 1]. While the cul-
ture negativity rate was 30.1% in the Seker et al.’s
study [5], Ozturk et al. [6] reported 36.7% culture
negativity rate [6]. In our study, the culture negativity
rate was 36.07%. This is consistent with previous stud-
ies conducted in Turkey. Peritoneal fluid culture sam-
ples were collected by trained nurses for continuous
ambulatory peritoneal dialysis (CAPD). A significant
decrease was observed in the negativity rate. Our de-
partment's employing dedicated nurses to collect peri-
toneal fluid cultures has resulted in a low negative
culture rate consistent with the literature.

In our study, gram-positive agents were the most
frequently detected microorganisms in culture-positive
cases, and staphylococci were the most common
agents. This finding is in line with the literature. In a
2011 analysis of registries in Australia and New
Zealand, Gram-positive organisms accounted for
53.4% of all episodes of peritonitis. The most common
Gram-positive and -negative organisms were coagu-
lase-negative staphylococci (27.2%) and E. coli

(6.3%) [8]. Similar findings were reported in North
America - Gram-positive organisms caused 62.0% of
infections in the USA and 61.0 % in Canada [9]. An
international 2020 study found lower rates of Gram-
positive peritonitis in Australia and New Zealand
(39.0%), the United States (37.0%), and Canada
(45.0%) than reported in previous studies [10]. Studies
reported from our country were similar to our findings;
Seker et al. [5] reported 58.3%, and Ozturk et al. [6]
reported 42.84% gram-positive bacteria, respectively.

Peritonitis outcomes vary widely between coun-
tries. These include medical cure (69.0-80.7%),
catheter removal (10.8-20.4%), and mortality (1.8-
6.0%) [11, 8,9, 12]. In our study, the complete recov-
ery rate was 74.24%, and the hemodialysis initiation
rate after catheter removal was 21.21%. One patient
died. Our mortality rate is relatively low, and our re-
covery and catheter removal rates are comparable to
those reported in the literature. This may be due to our
strict adherence to the ISPD recommendations for
catheter removal.

CONCLUSION

In conclusion, although the incidence of peritonitis has
decreased in recent years, early and accurate diagnosis
of peritonitis is essential for a successful PD program.
Successful treatment of peritonitis attacks is also nec-
essary. Therefore, prevention and early diagnosis of
peritonitis can be achieved through continuous patient
education. In addition, culture positivity can be in-
creased by using the correct technique for dialysate
collection by experienced nurses.
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ABSTRACT

Objectives: Pulmonary embolism (PE) is an important disease due to its mortality and morbidity-related clin-
ical conditions. Patients with a high risk of death within 30 days are discriminated against with the help of var-
ious clinical scores. Non-alcoholic fatty liver disease (NAFLD) has been found to be associated with
atherosclerosis. We aimed to investigate the effect of NAFLD on disease severity and early death rate in patients
with pulmonary embolism.

Methods: This retrospective study includes patients who applied to the emergency department with suspected
pulmonary embolism and whose diagnosis was confirmed according to the results of the examination. In ad-
dition to confirming the diagnosis of PE, hepatic steatosis was detected and graded by tomographic examination
of the liver and spleen. Disease severity was stratified by Simplified Pulmonary Embolism Severity Index
(sPESI).

Results: A total of 165 patients (105 with sSPESI>1 and 60 with sPESI<1 controls) were included. The rate of
mortality was 12% (n=13) in the SPESI>1 group. The prevalence of NAFLD was 64% and the prevalence of
hepatosteatosis was similar according to disease severity and prognosis (67% vs. 58%; P=0.28 and 69% vs.
63%; P=0.77). Besides the effect of disease severity; chronic lung disease (CLD) and chronic kidney disease
(CKD) were independently associated with poor prognosis by multivariate analysis [3.71 (1.02-13.46); P=0.04
and 15.89 (2.57-98.35); P=0.003].

Conclusion: No association between disease severity and prognosis was observed with NAFLD in acute PE
disease.

Keywords: Pulmonary embolism, simplified pulmonary embolism severity index, non-alcoholic fatty liver
disease, hepatosteatosis

eep vein thrombosis and pulmonary em-
@bolism (PE), with a prevalence of 1-2 per
1000 people in the world, are common causes
of mortality, along with myocardial infarction and

cerebrovascular events [1]. Disease-related early mor-
tality is between 2% and 18%, and it has been shown

that this risk may increase up to 30% in the long term
[2]. The simplified PE severity index (sPESI) is a sim-
plified and easier to calculate form of a previously de-
fined index (PESI) [3]. It has as much accuracy as the
original version to predict the risk of 30-day mortality
in patients with acute symptomatic PE. In addition to

Corresponding author: Nurcan Kagmaz Kat, MD.,
Phone: +90 224 295 50 00. E-mail: nurcankat@hotmail.com

How to cite this article: Kagmaz Kat N, Sensoy NO, Kuzeytemiz M,
Demir OF. Prognostic value of non-alcoholic fatty liver disease in
patients with pulmonary embolism. Eur Res J. 2024;10(1):97-104. doi:
10.18621/eurj.1353100

©l0S)

Received: August 31, 2023
Accepted: Occtober 7, 2023 u
Published Online: December 18, 2023 _I'_.:- R

Copyright © 2023 by Prusa Medical Publishing
Available at http://dergipark.org.tr/eurj

Jer
[=]4]

This is an open access article distributed under the terms of Creative CommonAttribution-NonCommercial-NoDerivatives 4.0 International License

The European Research Journal | Volume 10 | Issue 1

January 2024

97


http://orcid.org/0000-0002-0230-8442
http://orcid.org/0000-0002-3316-2490
http://orcid.org/0000-0001-8809-2250
http://orcid.org/0000-0002-8205-1850
https://doi.org/10.18621/eurj.1353100
http://www.prusamp.com
https://dergipark.org.tr/en/pub/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/

Eur Res J. 2024;10(1):97-104

Non-alcoholic fatty liver and pulmonary embolism

these scoring methods, despite developments that pos-
itively affect disease-related diagnosis and treatment,
the prognostic gain has not been at the expected level
[4]. Determining the factors that negatively affect the
severity of the disease may contribute positively to the
prognosis of the disease and may lead to the develop-
ment of new treatment strategies for PE patients.

Hepatic steatosis is defined as non-alcoholic fatty
liver disease (NAFLD) in the absence of other causes
for secondary hepatic fat accumulation. It is the un-
controlled storage of free fatty acids due to insulin re-
sistance that is used in its pathogenesis [5]. Studies
have reported that the prevalence of hepatosteatosis
exceeds approximately 50% in the general population
[6]. Recent studies have associated fatty liver disease
with comorbid conditions, including an increased risk
of cardiovascular disease, chronic kidney disease
(CKD), and diabetes mellitus. [7]. Association of
NAFLD with atherosclerosis and increased risk of
thrombosis is claimed in the literature [8]. In addition
to increased factor VIII activity but decreased protein
C activity, the activity of various pro-coagulation fac-
tors has also been shown to be "increased in patients
with NAFLD" [9, 10]. However, the relationship be-
tween clinical venous thrombo-embolism and NAFLD
has not been studied much in the literature. Therefore,
in this study, we aimed to evaluate the effect of
NAFLD on disease severity and hospital prognosis in
hospitalized PE patients.

METHODS

Data Collection

Between March 1, 2019 and September 30, 2020 pa-
tients who were examined in the emergency depart-
ment for PE and whose diagnosis was confirmed after
their tests were included in the study. Study eligibility
required patients diagnosed with the International
Classification of Diseases (ICD) should have sympto-
matic PE. Patients were diagnosed with PE by high-
probability ventilation-perfusion scanning or spiral
computed tomography (CT) according to the criteria
of the Prospective Study of the Diagnosis of Pul-
monary Embolism [11]. The presence of hepatic
steatosis was detected and classified by defining the
difference between CT imaging and liver-kidney hy-
perechogenicity intensities. Patient information was

obtained by examining related hospitalization reports
and clinical data. The patient's clinical characteristics
were documented, including coronary heart disease
(CAD), congestive heart failure, diabetes, chronic lung
disease (CLD), CKD, and malignancy. Hospitalization
details were also recorded, including referral depart-
ments and length of stay. An electronic information
system was used to access the laboratory data of the
patients.

Our group consisted of eligible people over the
age of eighteen without covid 19 disease. Patients with
missing patient registry data were excluded. Corticos-
teroid users, cirrhosis, or other documented chronic
liver disease or imaging findings, and patients with a
history of splenic diseases or recurrent venous throm-
boembolism or those patients with a known diagnosis
of hereditary thrombophilia were excluded. Also, reg-
ular (moderate-to-severe) alcohol use of more than 2
drinks per day was another exclusion criterion.

This study was conducted in line with the princi-
ples of the Declaration of Helsinki and ethical ap-
proval has been obtained from the Local Institutional
Ethics Committee.

Liver Density Evaluation

The density of different liver segments was meas-
ured in Hounsfield units (HU). Measurements of the
hepatic lobular segments were made using a circular
region of interest (ROI) with the maximum possible
diameter per segment without including macroscopic
vascular or biliary structures Previous studies have
shown that the difference in liver density between dif-
ferent CT slices is small enough to allow valid meas-
urement of liver fat using a single slice [12]. Spleen
density was measured using HU and ROI with the
maximum diameter possible without including macro-
scopic vascular structures. Usually, spleen density
measurements were taken on the same slices used for
liver density measurements (Fig. 1).

Definitions

Several non-contrast CT methods are used for the
identification of hepatosteatosis: First, visual assess-
ment attitudes of radiologists according to their pro-
fessional experience [13]. Second, the liver density
itself: Density <48 HU means a fatty liver and <40 HU
was found to be associated with a macro-vesicular
steatosis of at least 30% [14]. This measurement is a
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Mean: 15, Beviation: 18

Mean: 9.1, Deviation: 17

Fig. 1. Calculation of the HU values of the liver and spleen in patient with steatosis. Pay attention to the difference between

the liver and the spleen HU.

strong indicator of the severity of steatosis at the his-
tological level. Third, the ratio between liver and
spleen densities (CTL/S): Using spleen density neu-
tralizes the effect of the difference between CT scan-
ners. A ratio of less than 0.8 between liver and spleen
densities was found to be associated with at least 30%
macro-vesicular steatosis [15]. Finally, the difference
between liver and spleen densities (CTL-S): Normally,
liver density is approximately 10 HU higher than that
of the spleen. Setting the CTL-S<-9 threshold was
found to have a sensitivity of 80 % and a specificity
of 99 % in determining the level of high-grade he-
patosteatosis [16]. This density difference method was
chosen for this study and averaged over 3-segment
measurements of more than nine HU inter-organ den-
sity differences defined as our dependent variable.
The sPESI, which stratifies high and low-risk patients
with PE; also helps to discriminate patients who are at
higher risk of death within a month. [3]. This index
consists of six clinical variables including vital signs,
age, and underlying comorbid conditions, each given
an equal weight of one point. At least 1 point identifies
high-risk patients. Low-risk patients who may benefit
from early hospital discharge are also identified by this
method [17].

Statistical Analysis

The Kolmogorov-Smirnov test was used to assess
the normality of the distribution. Analysis of baseline
features according to hepatic steatosis status, disease
severity, and survival status were compared with
Mann-Whitney U (for continuous variables) and Chi-
square tests (for categorical parameters). Descriptive
statistics were presented as median and interquartile
range for continuous variables, number of cases, and
(%) for categorical variables. Parameters that may
have an effect on in-hospital mortality and more se-
vere forms of disease were investigated by binary lo-
gistic regression analysis. As a result of univariate
statistical analyses, the combined effects of risk factors
(Age, CLD, CKD) on mortality were evaluated by
multivariate regression analysis. Since we had a small
number of subjects (n=13) in terms of mortality in our
cohort. In order to maintain the statistical power of the
regression analysis, 3 different models were created
and analyzed. Chronic lung disease and CKD sepa-
rately with age and CLD and CKD were evaluated to-
gether with multivariate logistic regression analysis,
without including age. The SPSS 21.0 program (IBM
Corp. Released 2012. IBM SPSS Statistics for Win-
dows, Version 21.0. Armonk, NY: IBM Corp.) was
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used for performing statistical analysis. The level of
significance was set as P<(.05.

RESULTS

A total of 165 patients who had been diagnosed with
PE comprised the study cohort. Thus, the database was
reviewed and a total of 105 (64%) patients were de-
termined to have hepatosteatosis. Demographic, basic
characteristics, laboratory, and prognostic parameters
were not different between groups according to the
presence of fatty liver. The more severe form of the
disease was seen in men, while the prognosis was
worse in elderly patients. Moreover, higher rates of
hypertension, CAD, CLD, congestive heart failure,
and malignancy were documented in the severe dis-
ease group. Contrary to other comorbid conditions, the
presence of CLD and CKD significantly accompanied
poor prognosis. The hepatic steatosis rate was also
similar in both groups according to disease severity
and prognosis (67% vs 58%; P=0.28 and 69% vs 63%;
P=0.77). As expected Laboratory parameters related

to prognosis differed significantly for all groups in our
cohort (Tables 1 and 2).

The rate of mortality was 12% (n=13) in the
sPESI>1 group. Besides the effect of disease severity;
CLD and CKD were independently associated with
poor prognosis [3.71 (1.02-13.46), P=0.04 and 15.89
(2.57-98.35), P=0.003] (Table 3). Age was also asso-
ciated significantly with mortality [1.13 (1.05-1.21),
P=0.001]. When age was added to the multivariate re-
gression analysis models, the significance of the pres-
ence of CKD persisted, while CLD lost its significance
(for age; 1.20 (1.08-1.33), P=0.001; for CKD; 8.5
(154.7-2490.5 and for age; 1.12 (1.04-1.20), P=0.001;
for CLD; 2.27 (0.62-8.35), P=0.22).

DISCUSSION

In this study, we demonstrated a high prevalence of
NAFLD in a cohort of hospitalized patients with a di-
agnosis of PE. Interestingly while the frequency of co-
morbidities is higher in the presence of more severe
disease, we did not detect any difference in the preva-

Table 1. Basic characteristics, laboratory investigations, and fatty liver status of our group

according to disease severity

Overall sPESI>1 sPESI<1 P value

(n=165) (n=105) (n=60)
Age (years) 67 (56-78) 71 (64-80) 57 (40-68) 0.0001
Male, n (%) 91 (55) 65 (62) 26 (43) 0.02
Diabetes Mellitus, n (%) 42 (26) 30 (29) 12 (20) 0.22
Hypertension, n (%) 94 (57) 74 (71) 20 (33) 0.0001
CAD, n (%) 53 (32) 47 (45) 6 (10) 0.0001
Chronic lung disease, n (%) 68 (41) 61 (58) 7 (12) 0.0001
Chronic kidney disease, n (%) 6(4) 505 1(2) 0.16
Congestive heart failure, n (%) 29 (18) 25 (24) 4(7) 0.005
Malignancy, n (%) 33 (20) 26 (25) 7 (12) 0.04
Peak troponin I (ng/dL) 38 (17-102) 80 (41-150) 15 (11-21) 0.0001
D-dimer (mg/L) 4.2 (1.7-10.4) 6.9 (4.2-17.4) 1.4 (1.1-2.1) 0.0001
Pro-BNP, ng/L 123 (42-781) 421 (123-2669) 34 (23-51) 0.0001
Creatinine (mg/dL) 1.0 (0.9-1.2) 1.1 (0.9-1.4) 0.9 (0.8-1.0) 0.0001
Fatty liver, n (%) 105 (64) 70 (67) 35 (58) 0.28

Continuous variables are presented as median (IQR), and nominal variables are presented as frequency (%). CAD=coronary

artery disease, BNP=B-type natriuretic peptide
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Table 2. Basic characteristics, laboratory investigations, disease severity, and fatty liver status of

our group according to prognosis

Overall Non-survivors Survivors P value

(n=165) (n=13) (n=152)
Age (years) 67 (56-78) 82 (80-87) 66 (54-77) 0.0001
Male, n (%) 91 (55) 6 (46) 85 (56) 0.49
Diabetes Mellitus, n (%) 42 (26) 5(39) 37 (24) 0.32
Hypertension, n (%) 94 (57) 10 (77) 84 (55) 0.13
CAD, n (%) 53(32) 4 (31) 49 (32) 0.92
Chronic lung disease, n (%) 68 (41) 9 (69) 59 (39) 0.03
Chronic kidney disease, n (%) 6(4) 3(23) 3(2) 0.007
Congestive heart failure, n (%) 29 (18) 4(31) 25 (16) 0.25
Malignancy, n (%) 33(20) 3(23) 30 (20) 0.73
Peak troponin I (ng/dL) 38 (17-102) 451 (211-754) 32 (17-90) 0.0001
D-dimer (mg/L) 4.2 (1.7-10.4) 38.0 (21.4-42.0) 3.9 (1.7-7.0) 0.0001
Pro-BNP (ng/L) 123 (42-781) 6524 (3240-11600) 108 (38-463) 0.0001
Creatinine (mg/dL) 1.0 (0.9-1.2) 2.1(1.3-3.9) 1.0 (0.9-1.2) 0.0001
sPESI>1 105 (64) 13 (100) 92 (61) 0.002
Fatty liver, n (%) 105 (64) 9 (69) 96 (63) 0.77

Continuous variables are presented as median (IQR), and nominal variables are presented as frequency (%). CAD=coronary

artery disease, BNP=B-type natriuretic peptide

lence of comorbid conditions other than chronic lung
disease and CKD, in those who died and those who
survived. No association was observed between
NAFLD and disease severity and prognosis in acute
PE disease.

Detection rates of hepatic steatosis by evaluation
of the liver and spleen with CT vary according to the
radiological criteria used [18]. According to the he-
patosteatosis definition criteria in the literature, fatty
liver rates vary and reach 80% [19, 20]. The preva-
lence of 64% hepatic steatosis detected in our study is
in line with the literature. Recently, NAFLD was de-
tected in 101 cases (27%) in a study in which 411
cases were evaluated by CT pulmonary angiography
[6]. We think that the wide range of observed he-
patosteatosis frequencies is affected by the difference
in radiological criteria defined between studies. The
relationship between idiopathic venous thromboem-
bolism and NAFLD has also been investigated and it
has been suggested that the presence of central obesity
is particularly related to the development of PE [21,
22]. Zeina et al. [6], found NAFLD as a significant

risk factor for PE independent of advanced age, im-
mobilization/surgery, malignancy, obesity, diabetes,
and tobacco use (HR = 4.339, P<0 .0001, and 95%
CI=2.196-8.572). Also, the majority of NAFLD pa-
tients in that study had more vascular complications
and other components of the metabolic syndrome. Al-
though the incidence of malignancy was similar to that
study, the NAFLD patients in our cohort were predom-
inantly male and older, and the incidence of CAD was
higher. The prevalence of diabetes was 26% in our pa-
tients, while it was 40% in this study. Our study was
different from this study, in terms of its design and out-
comes.

The literature suggests NAFLD as a pro-coagulant
state and its contribution to the risk of thrombosis [9,
10]. Also, disturbances of hemostasis have been doc-
umented particularly in patients with hepatic steatosis
and cirrhosis [23, 24]. Since the prognostic signifi-
cance of NAFLD in PE disease is obscure, we find our
findings valuable in terms of their scientific contribu-
tion to the literature in this context.

In parallel with our work, some clinical characteristics
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Table 3. Univariate and multivariate regression analysis models for determining the predictors of

in-hospital mortality

Univariate P value Multivariate P value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Chronic lung disease 3.55(1.04-12.04) 0.04 3.71 (1.02-13.46) 0.04
Chronic kidney disease 14.90 (2.65-83.51) 0.002 15.89 (2.57-98.35) 0.003

Cl=confidence interval

of patients with pulmonary embolism have been
shown to be associated with the clinical severity of
pulmonary embolism but do not affect mortality. [25,
26]. It has been found that a decrease in the estimated
glomerular filtration rate (¢GFR) increases the risk of
in-hospital death due to venous thromboembolism by
7 times [27]. Previously published studies in the liter-
ature showed that, in addition to the negative effect of
decreased eGFR on PE, advanced CKD may worsen
the prognosis of patients presenting with acute PE
[28]. In the literature, it has been suggested that the
risk of mortality is increased in patients with PE in
combination with other comorbid conditions, or in
combination with other comorbidities independently
of CKD [29, 30]. Similar to previous studies, the fre-
quency of CKD was higher in non-survivors than in
survivors in our study. Also, it is not surprising that
CLD was more common in patients who died during
the in-hospital follow-up period after acute PE [31].
However, when adjusted for age, only CKD remained
as a confounding independent parameter for mortality.
Elderly patients with pulmonary embolism had a
higher 30-day mortality than non-elderly patients, and
mortality gradually increased with age [32]. We found
the effect of age on prognosis in PE similar to previous
studies.

Lower serum levels of B-type natriuretic peptide
(BNP), troponin, and D-dimer were associated with
survival. Therefore, these indices are used to evaluate
the prognosis of patients with PE [33]. PE may cause
a sharp rise in pulmonary artery and right ventricular
pressure. This pathophysiology affects serum levels of
these parameters by increasing ventricular load and
myocardial damage. It has been suggested that the
combined determination of these indices improves the
prognostic assessment of patients with acute PE [33].
Although these parameters show that the cardiorespi-

ratory reserve is decreased in patients with PE, they
do not affect the importance of other important clinical
factors such as age, cancer, previous lung or heart dis-
ease on disease prognosis in the context of cause-ef-
fect relationship [34]. Therefore, although our findings
are consistent with recent studies, these blood param-
eters are markers that appear early in the disease and
can change in a short time. Since we are dealing with
longer-term clinical conditions that may have an im-
pact on disease severity and early prognosis, which is
our main aim in the study, they were not included in
the regression analysis in order not to affect the statis-
tical power.

Limitations

Missing data and selection bias could not be elim-
inated due to the retrospective study design. Since we
investigated early death rates, we think that our results
were not affected much. Some indicators of PE sever-
ity (troponin I, BNP, D-dimer, and echocardiographic
results) were not included in the final analysis. Since
we think that these parameters indicate coexistence
rather than causality, we think that they will not trans-
late to a clinically significant effect on our results. Fur-
ther prospective studies are needed to confirm our
findings. NAFLD had no effect on disease severity
and prognosis in patients with acute PE disease.

CONCLUSION

The present study demonstrated a high prevalence of
NAFLD in hospitalized patients with a diagnosis of
PE. Interestingly while the frequency of comorbidities
is higher in the presence of more severe disease, we
did not detect any difference in the prevalence of co-
morbid conditions other than chronic lung disease and
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CKD, in those who died and those who survived. No
association was observed between NAFLD and dis-
ease severity and prognosis in acute PE disease.
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ABSTRACT

Objectives: Objectives: It is known that insulin resistance increases cardiovardiovascular risk. But it could
not obviously be understood whether insulin resistance itself or the metabolic syndrome parameters, like obe-
sity, that already exist in most of them, are responsible for this increased risk. Our aim is to determine cardio-
vascular risks in obese and non-obese insulin-resistant patients.

Methods: One hundred thirty-nine patients were included in the study. They were divided into 4 groups: Group
1 (having obesity and insulin resistance), Group 2 (having only insulin resistance but not obesity), Group 3
(having obesity but not insulin resistance), and Group 4 (having neither obesity nor insulin resistance). Patients
having any systemic disease were excluded. Insulin resistance is calculated via Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR) formula. Electrocardiographic, echocardiographic and lipid parameters of
these patients were compared.

Results: High-density lipoprotein (HDL) levels of Group-4 were higher than Group 1 and Group 2. There was
no statistical difference in HDL cholesterol levels between Group 3 and the others. Triglyceride and very low-
density lipoprotein levels were higher in Group 1. There was no difference in P wave dispersion between the
groups. In echocardigraphy, epicardial fat tissue thickness of Group 1 was significantly higher. Prevalance of
diastolic dysfunction was higher in Group 1 compared to Group 4.

Conclusion: Insulin resistance itself is a risk factor for low HDL levels independent of obesity. When obesity
is added to insulin resistance, other cardiovascular risk factors appear, like high triglyceride levels, increase in
epicardial fat tissue thickness and presence of diastolic dysfunction. Early detection of insulin resistance may
alert us to the risks of cardiovascular diseases.

Keywords: Insulin resistance, cardiovascular risk factors, obesity, high-density lipoprotein

ness to both endogenous and exogenous insulin (HOMA-IR) formula is used to determine insulin re-

qnsulin resistance defines biological responsive- ostatic Model Assessment of Insulin Resistance
in the body. In clinical practice, mostly the Home- sistance. It may be accepted as insulin resistance when
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Does insulin resistance increase cardiovascular risk?

HOMA-IR is calculated above 2.7. [1, 2].

Metabolic syndrome (MS) is a collection of car-
diometabolic risk factors that includes obesity, insulin
resistance, hypertension, and dyslipidemia [3]. In
many cases, metabolic syndrome or insulin resistance
is accompanied by obesity. To determine obesity,
mostly body mass index (BMI) and waist circumfer-
ence measurements are used. BMI over 30 kg/m2
shows obesity.

It is well known that obesity and metabolic syn-
drome are important risk factors for cardiovascular
diseases. The relation between metabolic syndrome
and cardiovascular diseases is thought to be based on
insulin resistance and the hyperinsulinemia following
it [4]. However, insulin resistance and all the compo-
nents of metabolic syndrome are accepted as cardiac
risk factors.

There are many studies in the literature that shows
an increased risk of hypertension, dyslipidemia, heart
failure, coronary artery diseases, and arrhythmias in
patients with metabolic syndrome or insulin resistance
[5-10]. Also, diastolic and systolic functions of the
heart are worse affected in those groups of patients.

In many of those studies, patients with insulin re-
sistance or metabolic syndrome also have increased
body mass index. As a result, it couldn’t obviously be
understood whether insulin resistance itself or obesity,
which is seen in most of them, is responsible for car-
diovascular risks in these patients. To our knowledge,
there are no studies evaluating cardiac risks in obese
and non-obese patients with insulin resistance.

Our aim in this study is to observe obese and non-
obese insulin-resistant patients in terms of determining
cardiovascular risks in this group.

METHODS

One hundred and thirty-nine patients, who were ad-
mitted to the outpatient clinic of Internal Medicine for
some reason without acute inflammatory or infectious
disease that could change blood sugar and insulin lev-
els and known systemic diseases were included in the
study. The demographic features of patients are shown
in Table 1. These patients were divided into 4 groups:
Group 1 (Patients that have both obesity and insulin
resistance), Group 2 (Patients that only have insulin
resistance but not obesity), Group 3 (Patients that only

have obesity but not insulin resistance), and Group 4
(Patients without obesity and insulin resistance; con-
trol group). These groups were matched in terms of
age and sex.

All the subjects were evaluated first for the pres-
ence of any systemic disease. Patients that have dia-
betes mellitus, hypertension, coronary artery disease,
heart failure, kidney failure, renal failure, cardiac ar-
rhythmias, hypothyroidism, hyperthyroidism, valvular
heart disease, electrolyte imbalance, age under 20 and
over 70 were excluded.

The patients underwent complete physical exam-
ination and laboratory tests including fasting blood
glucose, insulin, glycated hemoglobin (HbA1c), urea,
creatinine, hemogram, aspartate aminotransferase, ala-
nine aminotransferase, total cholesterol, low-density
lipoprotein (LDL)-cholesterol, high-density lipopro-
tein (HDL)-cholesterol, triglyceride, free t4, thyroid
stimulating hormone, sodium, potassium, calcium, and
magnesium. Insulin resistance is calculated via
HOMA-IR formula. The formula HOMA-IR = fasting
glucose(mg/dL) x insulin (U/mL) /405 was used to de-
termine the HOMA-IR score. Patients having HOMA-
IR values over 2.7 were accepted as insulin resistant.
Body mass indexes (BMI) were calculated for each of
the patients. The physical examinations and medical
evaluations of the patients were done by the same doc-
tor [1, 2].

Also, patients were evaluated by electrocardiog-
raphy (ECG) and echocardiography. P wave disper-
sions in ECG were calculated. Echocardiography was
performed by a cardiologist. In echocardiography, the
left ventricular mass index, epicardial fat tissue thick-
ness, myocardial performance index, sol atrial volume,
and E/E’ were the main parameters. Patients were also
investigated whether they had diastolic dysfunction.
Standard parasternal, apical, and subcostal views were
used using a 3. 5 MHz transducer from the VIVID 5S
GE Medical System in Istanbul, Turkey, for the two-
dimensional echocardiography. Measurements were
made in the parasternal long-axis view of the left
atrium (LA), left ventricular end-diastolic diameter
(LVEDD), and interventricular septum diameter
(IVSD). Using a two-dimensional picture of the LV
chamber during systole and diastole in the 4- and 2-
chamber apical views, the left ventricular ejection
fraction was determined using Simpson's formula. The
diagnosis of left ventricular hypertrophy (LVH) was
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Table 1. Distribution of demographical features

Mean£SD Min-Max

Age (year) 46.81+8.75 25-68
Height (cm) 162.28+7.85 146-186
Weight (kg) 78.77+£16.63 49-133
BMI (kg/m?) 29.89+5.87 19-47
Waist circumference (cm) 95.35+13.17 72-132
Gender n %

Female 113 81.3

Male 26 18.7

BMI=Body mass index, SD=standard deviation, Min=minimum, Max=maximum

made using the algorithm suggested by the American
Society of Echocardiography (ASE) for predicting LV
mass from 2D linear LV measures and indexed to body
surface area (the cut-off values were LVMI >115 g/m?
for men and >95 g/m? for women) [11]. The pulsed-
wave Doppler gate was positioned in the LV at the
level of the mitral valve margins, and mitral valve in-
flow was captured in the apical 4-chamber view. We
measured the phase E deceleration time and the E/A
ratio. The flow pattern via the aortic and mitral valves
could be registered and the isovolumic diastolic time
could be calculated simultaneously with the apical 5-
chamber image. Mitral annular velocity was measured
using tissue Doppler imaging in the apical views. The
sample volume was adjusted as necessary (often 5-10
mm) to cover the longitudinal excursion of the mitral

Table 2. Age and gender distribution of groups

annulus during diastole, with the sample being placed
at or within 1 cm of the septal insertion sites of the mi-
tral leaflets. Additionally, the E/E' ratio and mitral sep-
tal annulus early diastolic velocity (septal E') were
computed. LA volume measured by biplane area-
length method: Orthogonal apical views, apical four
and two-chamber views are obtained for determination
of LA area and length. The length is determined from
the middle of the plane of the mitral annulus to the
posterior wall. Left atrial volume is calculated on the
basis of the algorithm 0.85xA1xA2/L; where A1 and
A2 are the areas of LA in four and 5 two-chamber
views and L is the shortest of the lengths obtained
from the orthogonal views and indexed to body sur-
face area.

Epicardial adipose tissue (EAT) measurement by

Group 1 Group 2 Group 3 Group 4 P value
(Obese + IR) (IR) (Obese) (Control)
m=37) (n=32) (n=32) (n=38)
Age (years)
Mean+SD 46.97+9.11 46.63+8.03 47.63+10.59 46.13+7.44 0.913°
Median (Min-Max) 47 (28-68)) 46.5 (31-64)) 49 (25-65) 46.5 (29-61)
Gender, n (%)
Female 29 (78.4) 25(78.1) 27 (84.4) 32 (84.2) 0.842°
Male 8(21.6) 7 (21.9) 5 (15.6) 6 (15.8)

IR=insulin resistance, SD=standard deviation, Min=minimum, Max=maximum. *One Way Anova Test, ®Pearson Chi-Square

Test
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echocardiography is defined as an echo-free space
above the right ventricular free wall by transthoracic
echocardiography and measured the thickness from
the anterior aspect of the right ventricular free wall
through parasternal long axis window.

The study obtained approval from the local ethic
committee (no: 89513307/1009/ 284 and date:
06.05.2014)nd it has been carried out as per the
Helsinki Declaration. All the participants gave in-
formed consent before they were included in the study.

Statistical Analysis

The statistical analysis was conducted using the
NCSS (Number Cruncher Statistical System) 2007
Statistical Software (Utah, USA) application. The
Oneway Anova test was used for the intergroup com-
parisons of parameters with normal distribution during
the evaluation of the study data, regarding the com-
parisons of quantitative data as well as descriptive sta-
tistical methods (Mean, Standard deviation, median,
frequency, and ratio), and the Tukey HSD test was
used to determine the group causing the difference.
When comparing parameters between groups that did
not have a normal distribution, the Kruskal-Wallis test
was utilized, and the Mann-Whitney U test was used

Table 3. Distribution of laboratory findings

to identify the group that caused the difference and to
evaluate the performance of the two groups. For the
comparison of qualitative data, Yates Continuity Cor-
rection and Pearson Chi-Square tests were applied. At
a significance level of P<0.05, the data were assessed
using a 95% confidence interval.

RESULTS

A total of 139 participants, 81.3% (n=113) female and
18.7% (n=26) male, aged between 25-68 years, were
included in this study. Demographic parameters are
shown in Table 1. The patients were divided into 4
groups according to the presence of insulin resistance
and obesity. The age and sex distribution of the groups
are shown in Table 2. Lipid profiles, P wave dispersion
in ECG, and echocardiography parameters were com-
pared between the groups.

Laboratory parameters were shown in Table 3, and
lipid profile distributions of the groups were shown in
Table 4. There was no statistically meaningful differ-
ence between the groups in LDL-cholesterol and total
cholesterol levels (P>0.05). HDL-cholesterol levels of
Group 4 were higher than Group 1 and Group 2

Mean+SD Min-Max
Glucose (mg/dL) 95.60+10.00 76-121
HbAlc (%) 5.44+0.36 4.2-6.4
Insulin (nU/mL) 12.56+6.79 3.3-38.9
Urea (mg/dL) 27.65+6.79 13-51
Creatinine (mg/dL) 0.67+0.15 0.24-1.22
AST (U/L) 22.30£7.29 12-61
ALT (U/L) 24.83+20.71 6-209
Total cholesterol (mg/dL) 224.84+42.89 123-359
LDL cholesterol (mg/dL) 144.52+34.66 72-217
HDL cholesterol (mg/dL) 53.19+12.31 27-92
Triglyceride (mg/dL) 135.48+90.92 26 - 678
VLDL cholesterol (mg/dL) 26.96+17.94 6-136
HOMA-IR 2.99+1.72 0.74-11.10

HbAlc= glycated hemoglobin, AST= aspartate aminotransferase, ALT= alanine aminotransferase, HDL=high density
lipoprotein, VLDL=very low density lipoprotein, HOMA-IR= Homeostatic Model Assessment of Insulin Resistance,

SD=standard deviation, Min=minimum, Max=maximum
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Fig. 2. Triglyceride level distribution of groups.
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Fig. 3. VLDL cholesterol level distribution of groups.

(P<0.05). No statistical difference was detected in
HDL cholesterol levels between Group 3 and the oth-
ers (Fig. 1). Triglyceride and VLDL-cholesterol levels
of Group 1 were higher than Group 3 and Group 4
(P<0.01). Triglyceride and VLDL-cholesterol levels
of Group 2 were higher than Group 3 (P<0.05). (Figs.
2 and 3).

The results of echocardiography parameters were
shown in Table 5. There was no difference in P wave
dispersion, left ventricular mass index, myocardial
performance index, and E/E ratio between the groups
(P>0.05). Epicardial fat tissue thickness of Group 1
was significantly higher than Group 2, Group 3, and
Group 4 (P<0.01) (Fig. 4). Left atrial volumes of
Group 2 were statistically lower than Group 3 and
Group 4 (P<0.05) (Fig. 5).

The prevalence of diastolic dysfunction was
higher in Group 1 compared to Group 4 (P<0.01).
(Fig. 6). The distribution of echocardiography param-
eters of all the groups were shown in Table 6

DISCUSSION

The leading cause of death in the world continues to

be diseases of the cardiovascular system. Cardiovas-
cular diseases (CVD) include hypertension, coronary
heart disease, congestive heart failure, atherosclerosis,
cerebrovascular diseases, peripheral artery diseases,
and conditions that often occur in combination. In
2012 and 2013, CVD was estimated to result in 17.3
million deaths worldwide on an annual basis [12, 13].

Table 5. Distribution of echocardiography
parameters

MeantSD  Min-Max

Left ventricular mass 71.40+15.13 37-134
index (g/m?)
Epicardial fat tissue 2.39+1.22 1-6
thickness (mm)
Myocardial performance 0.41£0.10  0.14-0.70
index
Left atrial voliime 17.49+4.42 7-30
(mL/m?)
E/E' 6.55+£1.69  3.40-11.20
Diastolic dysfunction n %
No 82 59.0
Yes 57 41.0
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Fig. 6. Presence of diastolic dysfunction distribution of groups.

And this number of deaths is expected to reach 23 mil-
lion by the year 2030. Many individuals in the general
population have one or more risk factors for CVD. The
five leading modifiable risk factors (hypercholes-
terolemia, diabetes, hypertension, obesity, and smok-
ing) are estimated to be responsible for more than half
of cardiovascular mortality [14]. The increase in risk
when multiple risk factors are present has been noted
in several studies [15, 16].

Many risk factors for CVD are modifiable by spe-
cific preventive measures. In this study we focused on
insulin resistance that can later lead to diabetes melli-
tus, which is reported as a coronary heart disease risk
equivalent, thereby elevating it to the highest risk cat-
egory. It has also been suggested as an important risk
factor in the development of metabolic syndrome, a
cluster of abnormalities comprising glucose intoler-
ance, dyslipidemia, high blood pressure, and impaired
fibrinolysis activity that is associated with an in-
creased risk of developing type 2 diabetes mellitus and
CVD. For this reason, detecting insulin resistance, di-
agnosing patients in the prediabetic stage, and taking
preventive measures by modifying environmental risk
factors may reduce total cardiovascular mortality in

the population. There are many studies that show in-
creased cardiovascular risk in insulin-resistant patients
[17, 18].

Obesity is the most important cause of insulin re-
sistance and also a component of metabolic syndrome.
It is well demonstrated that obesity is a risk factor for
type 2 diabetes and CVD [19]. In the literature, studies
made about insulin resistance and metabolic syndrome
mostly contain obese individuals also. This close as-
sociation between insulin resistance and obesity has
made it difficult to establish whether insulin resist-
ance, independent of obesity, is associated with car-
diovascular risk. But it must be borne in mind that
there are also non-obese insulin-resistant individuals.

Our study aimed to see the cardiovascular risks of
non-obese insulin-resistant patients. For this purpose,
we looked at the lipid profiles of these patients and
performed ECG, and echocardiography on each of
them. Then we compared the results with the control
and the obese group.

In the lipid profile, we saw that obesity alone does
not contribute to a decline in HDL levels. But insulin
resistance alone, without obesity, triggers low HDL
levels. In patients having both insulin resistance and
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obesity, HDL - cholesterol levels were lower than the
control group. Neither insulin resistance nor obesity
alone correlates with triglyceride levels. But in non-
obese insulin-resistant patients, triglyceride levels are
found higher than in the obese, insulin-sensitive group.
When obesity and insulin resistance come together,
triglyceride levels reach to significantly higher levels
compared to control group.

Results detected in triglyceride were also valid for
VLDL-cholesterol. There was no statistically mean-
ingful difference between the groups in LDL-choles-
terol and total cholesterol levels. These results were
similar to the ones found in the study done by Piché
et al.[20] in 2005. But differently, our study showed
that insulin resistance is a risk factor for low HDL-
cholesterol levels independent of obesity. Also,
triglyceride levels in insulin-resistant non-obese pa-
tients were found higher than insulin-sensitive obese
patients. This suggested that insulin resistance may be
a more important risk factor for high triglyceride lev-
els than obesity.

The diminished antilipolytic activity of insulin can
be used to explain the independent role of insulin re-
sistance in the variation in triglyceride concentrations.
This causes a rise in the amount of free fatty acids in
the blood and their flow to the liver, which can pro-
mote the synthesis of triglycerides [21]. Another study
found that the dysregulation of intramyocellular fatty
acid metabolism was related to insulin resistance in
the skeletal muscle of healthy, young, thin, insulin-re-
sistant offspring of people with type 2 diabetes. These
changes in fatty acid metabolism might serve as a con-
nection between insulin resistance and hypertriglyc-
eridemia [22].

In a different study conducted in 2003 by Nieves
et al.[23], they discovered that non-obese insulin-re-
sistant patients had different lipid-lipoprotein profiles
than non-obese insulin-sensitive individuals (higher
concentrations of triglycerides, LDL cholesterol, and
apo-B, and lower concentrations of HDL cholesterol).
In the electrocardiography of patients, there was no
meaningful difference between groups in terms of P
wave dispersion. In echocardiography, we found that
neither obesity nor insulin resistance alone has an in-
dependent risk for developing diastolic dysfunction.
But when they are seen together, diastolic dysfunction
prevalence increases. Carvalho et al. [24] discovered

that people with increased insulin resistance had lower
diastolic function measures in their study. In addition,
Dinh et al. [25] showed that insulin resistance was a
separate factor in the development of LVDD in a sam-
ple of chosen non-diabetic patients undergoing elec-
tive coronary angiography. In another study performed
by Russo et al. [26], they demonstrated an independ-
ent association between LVDD and obesity.

Subclinical left ventricular diastolic dysfunction
(LVDD) is widespread in the population and is known
to be a significant indicator of long-term mortality and
heart failure. The identification of these asymptomatic
abnormalities in left ventricular function and the early
detection of its primary risk factors are of particular
importance, according to current heart failure recom-
mendations [27]. According to certain research,
changes in diastolic function, which are already pres-
ent in pre-diabetic patients [28], may be linked to the
condition of insulin resistance and occur before the
onset of diabetes. MS, also known as insulin resistance
syndrome, is a collection of risk factors for cardiovas-
cular disease that have been demonstrated to work in
concert to raise the chance of unfavorable cardiovas-
cular events as well as to cause subclinical alterations
in heart structure and function. Indeed, LVDD is more
common among patients with metabolic syndrome
[29].

In our study, like diastolic dysfunction, it is found
that obesity or insulin resistance alone are not directly
related to increased epicardial adipose tissue (EAT)
thickness. But when they are seen together, this causes
an increase in EAT thickness.

EAT is a part of the visceral fat deposit. It has en-
docrine, paracrine, vasocrine, and inflammatory ef-
fects and is related to metabolic syndrome, insulin
resistance, coronary artery disease, and hypertension
[30, 31]. EAT produce various cytokines and vasoac-
tive peptides such as free fatty acids, interleukin-6 (IL-
6) and tumor necrosis factor-o (TNF-a), angiotensin
II, and plasminogen activator inhibitor, all of which
increase the cardiovascular risk [32]. In patients with
significant coronary artery disease, higher levels of
chemokines and cytokines were detected in epicardial
fat tissue [33]. Also, a relationship between EAT thick-
ness and coronary artery calcification score and sever-
ity of coronary heart disease was detected in a study
by Picard et al. [34].
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Limitations

Main limitations of this study is its low sample
size and being unable to rule out contribution of ge-
netic factors which are very important for cardiovas-
cular risk determinants.

CONCLUSION

In conclusion, early detection of insulin resistance
may alert us to the risks of cardiovascular diseases. In-
sulin resistance itself'is a risk factor for low HDL-cho-
lesterol levels independent of obesity. We should also
consider cardiovascular risk factors in cases of insulin
resistance not accompanied by obesity and we should
screen these patients for dyslipidemia. When obesity
1s added to insulin resistance, other cardiovascular risk
factors appear, like high triglyceride levels, an increase
in epicardial fat tissue thickness, and the presence of
diastolic dysfunction. Future studies will evaluate
whether administering medications that boost insulin
sensitivity can enhance the structure and function of
the myocardium, particularly diastolic function, or
have a positive impact on the lipid profile.
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ABSTRACT

Objectives: We investigated the relationship between anemia and cardiac functions by conventional and
speckle-tracking echocardiography (STE) in patients with end-stage renal disease (ESRD) receiving hemodial-
ysis.

Methods: One hundred and six patients with ESRD receiving hemodialysis were included in this cross-sec-
tional study. The conventional echocardiography and STE findings were compared between the patients with
and without anemia. In addition, a comparison of the findings between the ESRD patients and healthy controls
consisting of 68 participants was conducted.

Results: Compared to healthy controls, ESRD patients had lower left ventricular ejection fraction (LVEF),
left ventricular global longitudinal strain (LVGLS), and left atrial reservoir strain (LASr) [53% (48-57) vs.
65% (62-68), -15.2 (-16.9--13.6) vs. -19.7 (-16.9- -13.6), and -21.9 (-29.5- -15.3) vs. -29.9 (-35.3- -22.8), re-
spectively, P-value <0.001 for all]. Of the ESRD patients, 70 (66%) had anemia. ESRD patients with anemia
had higher interventricular septum (IVS), posterior wall (PW), and left atrial volume index (LAVi) values than
patients without anemia. In addition, ESRD patients with anemia had lower LVEF, LVGLS, and LASr than
patients without anemia [median (IQR), 13 (12-15) vs. 12 (11-14), P=0.004, 13 (12-15) vs. 12 (11-13.5),
P<0.005, 43 (35-55) vs. 34.7 (28-50), P=0.013, 52 (48-55) vs. 56 (47.5-60), P=0.016, -14.6 (-16.4- -13.5) vs.
-16 (-18.6--14.7), P=0.003, and -21.6 (-30.5- -16.3) vs. -30.5 (-33.6- -23.3), P=0.006, respectively]. In multi-
variable logistic regression analysis, diabetes, PW, LASr, and LVGLS were independently associated with the
presence of anemia in ESRD patients.

Conclusion: Our study confirmed impaired cardiac mechanics in ESRD hemodialysis patients and showed
that anemia was associated with further worsening cardiac mechanics in this population.

Keywords: Echocardiography, end-stage renal disease, hemodialysis, anemia

leading causes of mortality and morbidity [2-4]. On the other hand, anemia is the most common

End—stage renal disease (ESRD) is one of the for more than half of mortality in patients with ESRD
worldwide [1]. Cardiovascular death accounts hematologic complication in ESRD, resulting in
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poorer quality of life, and is reportedly a major risk
factor for cardiovascular disease in this population [5, 6].

Many studies examined the cardiac characteristics
by echocardiographic examination in ESRD patients
[7-9]. However, data showing the association between
anemia and cardiovascular mechanics in adult patients
with ESRD is rare. The purpose of the present study
was to address this information gap. In other words,
we aimed to evaluate the relationship between anemia
and cardiac mechanics using conventional two-dimen-
sional transthoracic echocardiography (TTE) and
speckle-tracking echocardiography (STE) in ESRD
patients receiving hemodialysis treatment.

METHODS

Study Population

Between February 5, 2019, and April 30, 2019, adult
patients with ESRD receiving hemodialysis were in-
cluded in this cross-sectional study. Patients with con-
genital heart disease, severe valvular heart disease, and
atrial fibrillation were excluded. Intensive-care pa-
tients were also excluded from the study. ESRD (a
glomerular filtration rate of less than 15 mL/min) was
defined per Kidney Disease Improving Global Out-
comes (KDIGO) Chronic Kidney Disease (CKD)
evaluation and management guideline [10]. Anemia is
defined as hemoglobin concentration <13.0 g/dL in
males and <12.0 g/dL in females, based on KDIGO
anemia in CKD guidelines [11]. The patients were di-
vided into two groups according to the presence of
anemia. Findings were compared between the groups.
In addition, a comparison of echocardiographic find-
ings between the patients and age and sex-matched
healthy controls of 68 participants was conducted.
The study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by
the Ethics Committee of Kafkas University (Date: Jan-
uary 30, 2019/ No 80576354-050-99/30). Written in-
formed consent was obtained from all patients or their
legal representatives.

Blood Sampling

Venous blood samples were taken on the day of
hemodialysis before the TTE examination. Complete
blood count, renal function test (blood urea and serum

creatinine), lipid profile, serum iron, serum ferritin,
and transferrin saturation were done as a routine ex-
amination for CKD.

2-D Transthoracic Echocardiography Examination

TTE recordings were obtained using Philips Epiq7
(Philips Ultrasound, WA, USA), according to the
American Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging guide-
lines [12]. Diameters of the left ventricle (LV)
(end-systolic and end-diastolic), interventricular sep-
tum (IVS), LV posterior wall (PW), left atrial (LA)
volume, right ventricle (basal), and right atrium were
measured. LA volume index (LAVi) was calculated by
dividing the left atrial volume by the body surface
area. Assessment of mitral inflow included the peak
early (E-wave) and late (A-wave) diastolic filling ve-
locities and calculation of the E/A ratio. The peak ve-
locity of early diastolic mitral annular motion (e') was
measured by pulse wave Doppler from the apical four-
chamber view. Then, the average value was calculated
from septal ¢' and lateral e' values. The modified
Simpson's method described in the European Associ-
ation of Cardiovascular Imaging (EACVI) was used
to calculate the left ventricular ejection fraction
(LVEF) [12].

2-D speckle-tracking Echocardiography Examina-
tion

Speckle-tracking analysis was performed accord-
ing to the consensus document of the European Asso-
ciation of Cardiovascular Imaging Task Force [13].
Strain analyses were performed by an experienced car-
diologist (T.O.) using QLAB Advanced Quantification
Software. The end-diastole was regarded as the peak
R wave of the electrogram, and the end-systole was
estimated as aortic valve closure. LV myocardial de-
formation analysis was achieved from 2-dimensional
gray-scale loops by automatically tracking myocardial
speckles after manually selecting landmark points
using apical views of the LV. Manually corrected when
needed. The region of interest was the endo-my-
ocardium (from the endocardial border to the myocar-
dial mid-line). The left ventricular global longitudinal
strain (LVGLS) calculation was obtained by averaging
the negative peak of longitudinal strain from 17 ven-
tricular segments from the apical 4-chamber, 3-cham-
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ber, and 2-chamber views. The change in the percent-
age (%) was regarded as LVGLS. Higher negative val-
ues represent the ability of myocardial contractility
(The less negative value, the worse LVGLS perform-
ance). The LA strain was measured in the reservoir
phase (LASr) from the apical 4- and 2-chamber views
using the QRS complex as a reference point. Then, the
mean value was calculated.

Statistical Analysis

Statistical analysis was performed using SPSS
software version 20.0 (SPSS, Inc., Chicago, IL, USA).
The continuous variables were presented as mean val-
ues and standard deviation (SD). Categorical variables
were expressed as frequencies and percentages. Kol-
mogorov—Smirnov test was used to investigate the dis-
tribution of the data. While the independent t-test was

Table 1. Demographic, clinical, and laboratory characteristics of the patients

Overall Anemia (+) Anemia (-) P value
(n=106) (n=70) (n=36)
Male sex, n (%) 66 (62.3) 44 (62.9) 22 (61.1) 0.861
Age (years), median [IQR] 71 [60-77] 68 [59-78] 72 [66-77] 0.285
BMI (kg/m?) mean=SD 25.5£4.2 24.9£3.9 26.8+4.5 0.027
Laboratory
Hemoglobin (g/dL), median [IQR] 10.7[9.8-12.5] 10.3[9.3-10.6] 13.1[12.3-13.7] <0.001
Hematocrit (%) 32.9[30.4-38] 31.9[28.7-32.9] 39 [38-41] <0.001
MCV, meantSD 89.7+6.5 90.4£5.3 89.3+ 7 0.402
RDW (fL) 14.9 [14-16.2] 14.6 [13.8-16] 15.5[14.5-16.5] 0.053
WBC (x 10°/uL), median [IQR] 6.73 [5.49-9.22] 6.55[5.3-9.05] 7.06 [5.49-9.22] 0.395
Lymphocyte (x 10°/uL), median [IQR] 1.4 [1-1.81] 1.27 [1-1.63] 1.65[1.05-1.96] 0.039
Neutrophil (x 10*/uL), median [IQR] 4.34[3.48-6.13] 4.3[3.31-6.13] 4.83[3.88-5.94] 0.431
Platelet (x 10°/uL), median [IQR] 198 [156-251] 208 [158-256] 190 [154-223] 0.327
MPV (fL) 9.4 [8.8-10.5] 9.4[8.8-10.3]  9.3[8.6-10.8] 0.805
Total cholesterol, (mg/dL) median [IQR] 139 [120-170] 139 [113-166] 139 [128-177] 0.314
Triglyceride, (mg/dL) median [IQR] 113 [85-161] 112 [86-161] 114 [78-167] 0.878
LDL, (mg/dL) median [IQR] 75 [57-100] 75 [53-1008] 76 [60-100] 0.568
HDL, (mg/dL) median [IQR] 36 [26-42] 35 [25-40] 37 [28-44] 0.315
Creatinine (mg/dL), mean+SD 7.24+3.27 7.42+2.73 6.90+4.14 0.442
CRP (mg/L), median [IQR] 9.87[3.92-32.3] 10 [4.46-30] 7.2 [3.8-31.3] 0.422
Albumin (g/dL), median [IQR] 37.9[33.2-41.2] 37.6[33-40.5] 38.1[35.9-42] 0.454
Hs-TnT (ng/L), median [IQR] 72.9[29.8-131.2] 66.7 [31-131.3] 91.3[15.7-123] 0.915
Comorbidities, n (%)
Hypertension 79 (74.5) 53 (75.7) 26 (2.2) 0.696
Diabetes 47 (44.3) 36 (51.4) 11 (30.6) 0.040
Smoking 20 (19.2) 11 (15.9) 9(25.7) 0.232
Hyperlipidemia 35(33) 25 (35.) 10 (27.8) 0.411
Coronary artery disease 25 (23.6) 17 (24.3) 8(22.2) 0.813

BMI=body mass index, CRP=C-reactive protein, fL=femtoliters, HDL=high-density lipoprotein, Hs-TnT=high-sensitive
troponin T, IQR=interquartile range, MCV=mean cell volume, MPV=mean platelet volume, LDL=low-density lipoprotein,
RDW-=red cell distribution width, SD=standard deviation, WBC=white blood count
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used to analyze normally distributed continuous data,
the Mann-Whitney U test was used to analyze non-
normally distributed variables. Categorical variables
were compared with the Chi-squared or Fisher exact
test. Univariate regression analysis was carried out to
find the variables related to the presence of anemia.
Moreover, a multivariate logistic regression analysis
with a backward conditional method, including body
mass index (BMI), diabetes, IVS, PW, LAVi, E/A,
TAPSE, LASr, and LVGLS, was used to describe the
independently associated variables with the presence
of anemia. Data are displayed as odds ratios (95% con-
fidence intervals). Also, spearman correlation analysis
was conducted between hemoglobin value and
echocardiographic parameters, including LVEF,

LVGLS, LASr, and LAVi. The statistical significance
level was accepted as two-tailed P values <0.05.

RESULTS

A total of 106 patients were included in the study. The
demographical and laboratory findings of the patients
are presented in Table 1. The median age was 71 (IQR,
60-77) years. Of the patients, 70 (66%) had anemia.
The hemoglobin value in the global patient population
was 10.7 gr/dL (IQR, 9.8-12.5). It was 10.3 g/dL (IQR,
9.3-10.6) in the patients with anemia and 13.1 g/dL
(IQR, 12.3-13.7) in the patients without anemia
(P<0.001). The BMI of the patients with anemia was

Table 2. Comparison of the echocardiographic findings based on anemia in ESRD patients

receiving hemodialysis

Overall (n=106) Anemia (+) (n=70) Anemia (-) (n=36) P value

LVDD (mm), median [IQR] 48 [44-50] 48 [45-50] 47.5 [44-50] 0.469
LVSD (mm), mean+SD 33.4+6.5 34.3+£6.8 31.8£5.5 0.068
IVS (mm), median [IQR] 13 [12-15] 13 [12-15] 12 [11-14] 0.004
PW (mm), median [IQR] 13 [12-14] 13 [12-15] 12 [11-13.5] <0.001
LA volume index, median [IQR] 39 [29.5-51] 43 [35-55] 34.7 [28-50] 0.013
Right ventricle(mm), median [IQR] 42 [36-46] 42 [36-46] 40 [35-46] 0.194
Right atrium (mm), median [IQR] 44 [36-49] 45 [37-49] 42 [35-47] 0.057
LVEF (%), median [IQR] 53 [48-57] 52 [48-55] 56 [47.5-60] 0.016
E, median [IQR] 84 [66.7-95] 83.5[65-100] 85.5[72-93] 0.947
A, median [IQR] 89.5 [72.8-104.8] 91 [75-115] 85.5[68-90.5] 0.010
e', median [IQR] 14.65[11-17.9] 14.5[10.4-17.2] 15.7 [12.7-20] 0.0450
E/A, median [IQR] 0.88 [0.73-1.18] 0.85 [0.69-1.03] 1.01 [0.85-1.22] 0.027
E/e', median [IQR] 5.86 [4.10-7.56] 6.40 [4.10-7.72] 4.72 [4.35-6.47] 0.106
TAPSE, median [IQR] 16.2 [13.8-18.4] 15.2 [13.2-18.2] 18 [15.2-19] 0.004
S', median [IQR] 11.5]10-12.9] 11[9.9-12] 12 [11-13] 0.047
PASB, mean+SD 24.8+2.1 26.7+2.7 23.9+4.4 0.001
LASTr, median [IQR] -24[-33--16.8]  -21.6 [-30.5--16.3] -30.5[-33.6--23.3] 0.006
LVGLS, median [IQR] -15.2[-16.9--13.6] -14.6 [-16.4--13.5] -16[-18.6--14.7] 0.003

A=late diastolic filling mitral velocity, E=early diastolic filling mitral velocity, E/A=E to A raito, IVS=interventricular
septum thickness, IQR=interquartile range, LA=left atrium, LASr=left atrial reservoir strain, LVDD=left ventricle end-
diastolic diameter, LVEF=left ventricular ejection fraction, LVGLS=left ventricle global longitudinal strain, LVSD=left
ventricle end-systolic diameter, RA=right atrium diameter, RV=right ventricle diameter, PASP=pulmonary arterial systolic
pressure, SD=standard deviation, TAPSE=tricuspid annular plane systolic excursion, PW=left ventricular posterior wall
thickness, e'=the peak early diastolic velocity of the mitral annulus by tissue Doppler, S'=tissue Doppler velocity of the basal

free lateral wall of the right ventricle
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significantly lower than those without anemia
(mean+SD, 24.9+3.9 vs. 26.8+4.5, P=0.027). Lym-
phocyte was also significantly lower in patients with
anemia [median (IQR), 1.27 (1-1.63) vs. 1.65 (1.05-
1.96), P=0.039]. The remaining laboratory findings
were similar between the two groups. Regarding co-
morbidities, the proportion of diabetes was signifi-
cantly higher in patients with anemia than those
without anemia (51% vs. 30.6%, P=0.040).

The comparison of echocardiographic findings in
the patients based on the presence of anemia is pre-
sented in Table 2. Values of IVS, PW, and LAVi were
significantly higher in patients with anemia than those
without, while the LVEF was significantly lower. [me-
dian (IQR), 13 (12-15) vs. 12 (11-14), P=0.004, 13
(12-15) vs. 12 (11-13.5), P<0.005, 43 (35-55) vs. 34.7
(28-50), P=0.013, and 52 (48-55) vs. 56 (47.5-60),
P=0.016, respectively]. Also, the A-wave was signifi-
cantly higher in patients with anemia, and the E-wave
was significantly lower [median (IQR), 91 (75-115)
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vs. 85.5 (68-90.5), P=0.010 and 6 (4.6-8.1) vs. 6.8
(5.2-9.9), P=0.024, respectively]. Respecting STE
analysis, both LVGLS and LASr were significantly
lower (less negative, which indicates worse function)
the patients with anemia than those without anemia
[median (IQR), -14.6 (-16.4- -13.5) vs. -16 (-18.6- -
14.7, P=0.003 and -21.6 (-30.5- -16.3) vs. -30.5 (-33.6-
-23.3), P=0.006, respectively]. Considering the right
ventricular function, both TAPSE and S' were signifi-
cantly lower in patients with anemia than in patients
without anemia [median (IQR), 15.2 (13.2-18.2) vs.
18 (15.2-19), P=0.004 and 11 (9.9-12) vs. 12 (11-13),
P=0.047, respectively]. The PASB was significantly
higher in patients with anemia (mean +SD 26.7+2.7
vs. 23.9+4.4, P=0.001). According to correlation
analysis, hemoglobin level was significantly corre-
lated with LVEF, LVGLS, LASt, and LAVi (r=0.019,
P=0.041, r=0.139, P=0.001, r=0.121, and r=116,
P<0.001, respectively) (Fig. 1).

In univariable logistic regression analysis, the fol-
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index

The European Research Journal | Volume 10 | Issue 1

January 2024

122



Eur Res J. 2024;10(1):118-126

Heart functions and anemia in renal disease

lowing parameters demonstrated a significant relation-
ship with the presence of anemia: BMI, diabetes, IVS,
PW, LAVi, E/A, TAPSE, LVEF, LVGLS, and LASr. In
multivariable logistic regression analysis, diabetes,
PW, LASr, and LVGLS were independently associated
with the presence of anemia in ESRD patients receiv-
ing hemodialysis (Table 3).

When the findings were compared between he-
modialysis patients and the healthy controls (Table 4),
the hemoglobin value was significantly lower in the
patients than in the healthy controls [median (IQR),
10.7 (9.8-12.4) vs. 14.7 (13.8-15.9), P<0.001].
Echocardiographic findings, including IVS, PW, and
LAVi, were significantly higher in the patients than the
control group [median (IQR), 13 (12-15 vs. 11 (11-
11.75), 13 (12-14 vs. 11 (11-12), and 39 (29.6-51) vs.
34 (30-44.2), respectively, the P-value for all <0.001].
The medians of LVEF, LVGLS, LASr, TAPSE, and S'
were significantly lower in the hemodialysis patients
[median (IQR), 53 (48-57) vs. 65 (62-68), -15.2 (-
16.9- -13.6) vs. -19.7 (-16.9- -13.6), -21.9 (-29.5- -
15.3) vs. -29.9 (-35.3- -22.8), 16.2 (14.-18.2) vs. 21
(20-22) and 11.5 (10-12.8) vs. 12.9 (11.9-14.5), re-
spectively, the P-value for all <0.001]. In the patients,
the diameters of cardiac chambers were also signifi-
cantly higher.

DISCUSSION

This study investigated the relationship between ane-
mia and cardiac mechanics, including systolic and di-
astolic LV functions and LA and RV functions, using
standard TTE and STE analysis in patients with ESRD
receiving hemodialysis. First, our study confirmed the
previous literature findings that cardiac mechanics in
patients with ESRD were impaired compared to
healthy controls. Of note, for the first time, in patients
with ESRD receiving hemodialysis, we found that
LAVi, IVS, and PW thickness were higher in patients
with anemia than those without anemia. Moreover,
using both TTE and STE, we observed that left atrial,
left ventricular, and right ventricular functions were
further impaired in patients with anemia. Finally, LV
PW thickness, LASr, and LVGLS were independently
associated with the presence of anemia in ESRD pa-
tients receiving hemodialysis. Our results provided ro-
bust evidence regarding the relationship between
anemia and cardiac functions, specifically in patients
with ESRD receiving hemodialysis.

LV hypertrophy and increased LV mass are well-
established identifiable risk factors for cardiovascular
events in patients with ESRD [9]. In early reports, car-
diac hypertrophy has been reported in about 2/3 of pa-

Table 3. Univariable and multivariable analysis of the variables related to ESRD patients

Univariate analysis

Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
BMI 0.89 (0.80-0.99) 0.031
Diabetes 2.40 (1.03-5.63) 0.043 3.6 (1.3-10.3) 0.017
IvS 1.37 (1.08-1.74) 0.010
PW 1.57 (1.2-2.08) 0.001 1.4 (1.03-1.9) 0.031
LAVi 1.04 (1.002-1.07) 0.032
E/A 0.29 (0.09-0.97) 0.044
TAPSE 0.90 (0.81-0.99) 0.047
LVEF 0.95 (0.89-0.99) 0.048
LASTr 1.08 (1.03-1.14) 0.003 1.09 (1.03-1.16) 0.005
LVGLS 1.27 (1.09-1.48) 0.002 1.27 (1.06-1.51) 0.008

A=late diastolic filling mitral velocity, BMI=body mass index,E=early diastolic filling mitral velocity, E/A=E to A raito,
IVS=interventricular septum thickness, LAVi=left atrial volume index, LASr=left atrial reservoir strain, LVGLS=left
ventricle global longitudinal strain, LVEF=left ventricular ejection fraction, PW=left ventricular posterior wall thickness,

TAPSE=tricuspid annular plane systolic excursion
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Table 4. Comparison of the echocardiographic characteristics between hemodialysis patients and

healthy controls
Overall Hemodialysis Control P value
(n=174) (n=106) (n=68)

Age (years), median [IQR] 70.5 [62-77] 71 [62-77] 70 [62.5-76] 0.806

Male, sex, n (%) 105 (60.3) 66 (62.3) 39 (57.4) 0.518

BMI (kg/m?) mean+SD 26.1+4.1 25.5+4.2] 27.1+3.9] 0.012

Hemoglobin (g/dL), median [IQR] 12.5[10.5-14.4] 10.7 [9.8-12.4] 14.7 [13.8-15.9] <0.001

Echocardiographic findings
LVDD (mm), median [IQR] 47 [43-49] 48 [44-50] 44 [41-48] <0.001
LVSD (mm), mean+SD 32 [29-35] 33 [30-37] 30 [28-35] 0.001
IVS (mm), median [IQR] 12 [11-14] 13 [12-15] 11 [11-11.75] <0.001
PW (mm), median [IQR] 12 [11-13] 13 [12-14] 11[11-12] <0.001
LA volume index, median [IQR] 34 [30-44.2] 39 [29.6-51] 34 [30-44.2] <0.001
RV (mm), median [IQR] 36 [33-43.3] 42 [36-46] 32 [29.5-34] <0.001
RA (mm), median [IQR] 36 [34-46] 44 [36-49] 33 [31-36] <0.001
LVEF (%), median [IQR] 59 [51-64.3] 53 [48-57] 65 [62-68] <0.001
E/A, median [IQR] 1.1]0.83-1.33] 0.88 [0.74-1.17] 1.3[1.1-1.5] <0.001
E/e', median [IQR] 6.2 [4.6-7.7] 5.914.1-7.5] 6.4 [5.5-8] 0.007
TAPSE, median [IQR] 19 [15.2-21.4] 16.2 [14-18.2] 21 [20-22] <0.001
S', median [IQR] 12 [11-13.7] 11.5[10-12.8] 12.9[11.9-14.5] <0.001
LASr, median [IQR] -2491[32.3--17.7] -21.9[-29.5--15.3] -29.9[-35.3--22.8] <0.001
LVGLS, median [IQR] -17[-19.8--14.5]  -15.2[-16.9--13.6] -19.7[-16.9--13.6] <0.001

A=late diastolic filling mitral velocity, BMI=body mass index, E=early diastolic filling mitral velocity, E/A=E to A raito,
IVS=interventricular septum thickness, IQR=interquartile range, LA=left atrium, LASr=left atrial reservoir strain, LVDD=left
ventricle end-diastolic diameter, LVEF=left ventricular ejection fraction, LVGLS=left ventricle global longitudinal strain,
LVSD-=left ventricle end-systolic diameter, RA=right atrium diameter, RV=right ventricle diameter, SD=standard deviation,
TAPSE=tricuspid annular plane systolic excursion, PW=left ventricular posterior wall thickness,e'=the peak early diastolic
velocity of the mitral annulus by tissue Doppler, S'=tissue Doppler velocity of the basal free lateral wall of the right ventricle

tients receiving renal replacement therapy [4, 14, 15].
In line with these findings, our results showed that he-
modialysis patients had increased LV wall thicknesses
compared to healthy controls. However, the associa-
tion between anemia and hypertrophy has remained
unknown in these patients. Our study observed a no-
table increase in LV posterior and septum thicknesses
in hemodialysis patients with anemia than those with-
out anemia. There is evidence that anemia, the most
common complication of ESRD, increases the risk of
cardiovascular diseases [9, 16]. Since anemia reduces
the oxygen-carrying capacity of the blood, a greater
cardiac output is needed to maintain a sufficient sup-

ply of oxygen. As anemia becomes severe, it leads to
a hyperdynamic circulatory system and eventually
may cause cardiac enlargement, hypertrophy, and dys-
function [9, 17]. These facts may explain the observed
further advanced LV hypertrophy in anemic hemodial-
ysis patients in our study.

Several studies have demonstrated that cardiac
mechanics, including the left ventricular, right ventric-
ular, and left atrial structural and functional character-
istics, are altered in dialysis patients [18-20]. Some
factors such as fluid retention, volume overload, ane-
mia, and calcium phosphate metabolism abnormalities
may provoke cardiac dysfunction and may lead to my-
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ocardial changes in this population [21]. Studies using
STE, which better detects subtle cardiac dysfunction,
have also revealed LV systolic dysfunction in he-
modialysis patients. According to previous reports,
LVGLS was decreased in hemodialysis patients com-
pared to healthy controls, although LVEF was similar
[22, 23]. In parallel, our standard and STE echocar-
diography results showed that cardiac functions in he-
modialysis patients were more impaired than in the
healthy controls. Of note, previous works have not in-
vestigated the relationship between anemia and car-
diac functions in the hemodialysis population. Our
study addressed this important knowledge gap. Our
study revealed that hemodialysis patients with anemia
had further deteriorated cardiac functions than those
without anemia. Notably, our study identified LAST,
and LVGLS as independent markers for association
with the presence of anemia in hemodialysis patients
but not LVEF. This may be because strain measure-
ment better reflects cardiac mechanics by directly as-
sessing myocardial motion [24]. LVEF is more
volume and cardiac-filling dependent. Thus, strain
measurement may be a more accurate parameter for
hemodialysis patients to follow-up cardiac mechanics,
particularly in anemic patients. To our knowledge,
only Bhagat ef al.[25] investigated the association be-
tween anemia and cardiac mechanics in children with
different stages of chronic kidney disease. They found
a significant adverse change in standard echocardio-
graphic findings, including chamber diameters, left
ventricular systolic and diastolic functions, and right
ventricular function in the anemic group. Unlike ours,
their study performed cardiac function analysis using
only conventional echocardiographic parameters such
as LVEF and did not include the STE technique.

In patients receiving hemodialysis, due to pressure
and volume overload, the left atrium is repeatedly sub-
jected to abnormal filling pressure [23]. Dialysis may
not be enough to prevent morphological and func-
tional changes in atriums alongside ventricles. It was
shown that LA characteristics, including maximum
LA volume and LA active and passive emptying vol-
umes, were higher in dialysis patients than in healthy
subjects [26, 27]. Some studies showed subclinical LA
dysfunction by STE in individuals with ESRF [28].
Our study found that conventional LV diastolic func-
tion parameters, including E/A and A wave and LA
strain parameters, were more impaired in ESRD pa-

tients with anemia.

Our findings align with the literature regarding im-
paired cardiac mechanics in patients. Furthermore, our
results by conventional and myocardial motion track-
ing techniques showed that cardiac mechanics were
even further impaired in hemodialysis patients with
anemia. Therefore, anemia may have a further patho-
physiological adverse impact on the cardiac structures
and functions in ESRD adult patients receiving he-
modialysis.

Limitations

Our study had some limitations. Our study had a
relatively small sample size. Because our research was
a cross-sectional study, we cannot draw cause-and-ef-
fect connections from our results. Multicenter
prospective analyses should verify the generalizability
of these results. Other speckle tracking parameters to
evaluate LV systolic function, such as global circum-
ferential and radial strain, were not obtained.

CONCLUSION

Our study confirmed impaired cardiac mechanics in
hemodialysis patients and showed that anemia was as-
sociated with further worsening cardiac mechanics in
this population. These pathophysiological findings in-
dicate the role of anemia in the alteration of cardiac
mechanics in patients with ESRD receiving hemodial-
ysis.
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ABSTRACT

The use of mobile health applications is vital for achieving glycemic control, promoting lifestyle changes, and
empowering self-management in individuals with type 2 diabetes. This literature review aims to assess the ef-
fectiveness of mobile health applications in empowering self-management among type 2 diabetes patients. A
thorough search was conducted in databases like PubMed, CINAHL, Web of Science, Cochrane Library, Sco-
pus, ULAKBIM National Database, and Medline between January 2020 and March 2023, using keywords
such as "mobile health, mobile applications, type 2 diabetes, diabetes self-management, nursing." The search
yielded 525 articles, out of which 34 studies in Turkish or English that evaluated the effectiveness of mobile
health applications in individuals aged 18 years and above with type 2 diabetes were included in the review.
Recent studies demonstrate a growing utilization of mobile health applications for the management of treatment
and care in individuals with type 2 diabetes. These applications have been shown to empower self-management
by promoting dietary adherence, regular blood sugar monitoring, regular physical activity, reduced medication
requirements, and decreased HbA ¢ levels. Additionally, mobile health applications have been found to reduce
face-to-face counseling time and healthcare costs. In conclusion, mobile health applications offer promising
solutions for improving self-management and healthcare outcomes for individuals with type 2 diabetes. Further
research and continued integration of these applications into clinical practice are essential to optimize their
benefits and address the challenges faced by diabetes patients worldwide.

Keywords: Diabetes self-management, nursing, mobile applications, mobile health, type 2 diabetes

iabetes Mellitus is one of the most prevalent
@chronic diseases today, and its prevalence
continues to increase. Type 2 diabetes consti-
tutes approximately 90% of the entire diabetic popu-
lation. When type 2 diabetes is poorly managed,
complications such as coronary heart disease, stroke,

kidney failure, retinopathy, and foot ulcers can occur.
These complications progressively lead to significant

morbidity and mortality rates over time [1]. Unhealthy
lifestyle factors play a significant role in the pathogen-
esis of type 2 diabetes. Therefore, one of the key ele-
ments in preventing and treating diabetes is promoting
and adopting healthy lifestyle changes in individuals [2].

Due to the lack of a definitive cure for type 2 dia-
betes, the concept of self-management plays a vital
role throughout the lives of individuals with diabetes.
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Use of mobile health applications in empowering self-management of type 2 diabetes

Self-management is a term used to define individuals'
responsibilities in maintaining and sustaining their
health. It involves enabling individuals to control their
blood glucose levels, which is considered the most
crucial factor in preventing diabetes complications [3].
Self-management also promotes individuals' auton-
omy, facilitates disease monitoring outside clinical set-
tings, and has the potential to reduce the burden on the
healthcare system [4]. Self-management strategies for
type 2 diabetes encompass multidimensional compo-
nents such as regular blood sugar monitoring and
recording, healthy lifestyle changes including proper
diet, regular physical activity, smoking cessation,
weight management, stress coping mechanisms, ad-
herence to pharmacological treatment, and education.
Studies have shown that medical nutrition therapy and
regular physical activity contribute to achieving
glycemic control and improving the quality of life in
individuals with type 2 diabetes [5-7]. Despite the sig-
nificant role of self-management in the treatment and
care of individuals with type 2 diabetes, it has been re-
ported that individuals generally have low levels of
self-management. This low level of self-management
results in fluctuations in blood sugar levels, increasing
the risk of complications and reducing individuals'
quality of life [8].

The increasing prevalence of type 2 diabetes
worldwide and the growing number of affected pa-
tients necessitate the development of new strategies
for diabetes treatment, adherence to treatment,
lifestyle changes, and care. The rising prevalence of
type 2 diabetes puts pressure on healthcare systems to
enable individuals to manage their conditions effec-
tively [9]. Consequently, numerous mobile health
(mHealth) applications have been designed to enhance
self-management of type 2 diabetes as a new strategy [10].

The World Health Organization (WHO) recog-
nizes mHealth as a component of electronic health.
According to WHO, mHealth is defined as "the use of
mobile communication devices for the delivery of
health services" [11]. mHealth involves the transmis-
sion and structuring of health information through mo-
bile communication and multimedia technologies,
such as mobile phones, computers, and wireless com-
munication infrastructure [11]. A report published by
the Health Information Institute in 2015 stated that the
number of mHealth applications available to con-

sumers has exceeded 165,000 [12]. The majority of
existing mHealth applications focus on promoting
healthy lifestyles, diet, and exercise. The fact that ap-
proximately one-fourth of existing mHealth applica-
tions are intended for the management of chronic
diseases indicates the increasing interest in their use
[13]. A study investigating the use of mHealth appli-
cations for health search behavior reported that 36%
of individuals with smartphones or tablets use
mHealth applications. It further revealed that 60% of
individuals who use these applications find them help-
ful in achieving health-related goals, 35% consider
them useful for making decisions about medical care,
and 38% find them valuable for asking questions or
seeking advice from healthcare professionals [14].

Currently, there are many mHealth applications
available for enhancing self-management in individu-
als with diabetes. These applications enable individu-
als to be closely monitored, receive feedback, and
overcome geographic barriers. The use of mHealth ap-
plications facilitates the delivery of healthcare services
outside clinical settings [13]. mHealth applications
have been integrated into various aspects of daily life
and are increasingly being utilized for disease man-
agement. Literature indicates the existence of over
2,000 applications that can be used for diabetes self-
management [14, 15]. Compared to web-based appli-
cations, mHealth applications are considered more
accessible, cost-effective, and convenient in terms of
accessing information due to their enhanced techno-
logical features such as portability, increased interac-
tion with healthcare professionals, compatibility with
other devices, and ease of data collection [16]. A sys-
tematic review and meta-analysis published in the lit-
erature demonstrated the effectiveness of mHealth
applications in empowering self-management across
a wide range of disease management and lifestyle
change areas [2]. The American Diabetes Association's
guidelines also suggest that mHealth applications can
be a beneficial component in achieving effective
lifestyle changes for diabetes prevention [1].

The empowerment of self-management in individ-
uals with type 2 diabetes is important from the per-
spective of healthcare professionals. However, due to
the limited number of medical appointments that can
be provided, healthcare professionals are often only
able to assess and encourage diabetes self-manage-
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ment a few times a year. Moreover, the increasing
number of individuals with type 2 diabetes and the in-
adequate number of healthcare professionals in some
countries necessitate innovative and cost-effective so-
lutions, such as mHealth applications, to promote self-
management [17]. The use of mHealth applications
allows continuous contact with nurses, and nurses play
educational and organizational roles in this field. Ad-
ditionally, mHealth applications contribute to individ-
uals' autonomous living and minimize their need for
prolonged hospital stays [9].

To enhance self-management in individuals with
type 2 diabetes, continuous and regular education is
necessary. It has been observed that routine follow-
ups and support for self-management are insufficient
due to the heavy workload in hospital settings. The
need for support in home environments has become
even more apparent due to the recent pandemic, both
globally and in our country. This increased need fur-
ther emphasizes the importance of conducting studies
in this field. The aim of this literature review is to de-
termine the effectiveness of mHealth applications used
in empowering self-management of type 2 diabetes.

METHODS

This literature review conducted a search in the
PubMed, CINAHL, Web of Science, Cochrane Li-
brary, Scopus, ULAKBIM National Database, and
Medline databases between March 2020 and May
2023 without any year limitations. The search was per-
formed using Turkish and English keywords such as
"mobile health, mobile applications, type 2 diabetes,
diabetes self-management, nursing." As a result of the
literature search, a total of 525 articles were identified
using the specified keywords. The titles and abstracts
of the identified articles were individually examined,
and their subject content, which evaluated the effec-
tiveness of mHealth applications in enhancing self-
management of individuals with type 2 diabetes, were
independently evaluated by the researchers. Based on
this evaluation, a total of 34 studies including system-
atic reviews, meta-analyses, and randomized con-
trolled trials, which were published between 2020 and
2023, were included in the literature review.

RESULTS

In recent years, mobile health (mHealth) applications
have been increasingly used in the care of individuals
with Type 2 diabetes. Studies in the literature have
shown that mHealth applications used in Type 2 dia-
betes self-management have a positive impact on in-
dividuals' health outcomes [8-23]. The findings
obtained from the literature review were grouped and
analyzed based on the effects of mHealth applications
on patient outcomes, their impact on self-management
behaviors, and the factors influencing the use of
mHealth applications.

Impact of Mobile Health Applications On Patient
Outcomes

Studies have shown that mHealth applications
have positive effects on patient outcomes such as
HbA Ic levels, blood pressure, lipid profile, self-efti-
cacy, quality of life, utilization of health services, and
patient satisfaction. Research studies in the literature
have demonstrated that mHealth applications used for
diabetes self-management significantly reduce HbAlc
levels in individuals [24-26]. In a meta-analysis con-
ducted by Cui et al. [2], it was observed that individ-
uals using mHealth applications had a significant 40%
reduction in HbAlc levels compared to standard dia-
betes care (P<0.05). No statistically significant differ-
ence was found in blood pressure, lipid profile, or
weight loss [2]. Another meta-analysis by Wu et al.
[4] reported that mHealth applications assist in
strengthening self-management in individuals with
Type 2 diabetes and result in a clinically significant
reduction in HbAlc¢ levels (P<0.05) [4]. A randomized
controlled study involving 163 patients with Type 2
diabetes found that a comprehensive mHealth appli-
cation reduced HbA lc levels by 1.9% (P<0.05) in the
intervention group [27]. Koot et al. [23] conducted a
study examining the effect of mHealth applications on
HbAlc levels and found that 59% of application users
experienced a decrease of >1 in their HbAlc levels
(P<0.001). Another meta-analysis indicated that the
use of mHealth applications for diabetes self-manage-
ment resulted in an average reduction of 0.5% in
HbAlc levels over a 6-month follow-up period
(P<0.001) [24]. A 1% decrease in HbAlc levels leads
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to a 21% reduction in mortality rate, a 14% decrease
in myocardial infarction, and a 37% reduction in the
risk of developing microvascular complications [24].
Other studies have also identified a statistically signif-
icant difference in HbAlc levels between intervention
and control groups, indicating the effectiveness of
mHealth applications [28, 29]. The reduction in
HbAlc levels among individuals with diabetes is at-
tributed to the interaction and feedback between indi-
viduals and healthcare professionals, the intensity of
self-management interventions in applications, and the
effective use of techniques to promote healthy lifestyle
changes [2, 16].

However, alongside studies demonstrating the sig-
nificant reduction in HbAlc levels achieved by
mHealth applications for diabetes self-management,
there are also studies indicating no statistically signif-
icant difference. Agarwal ef al. [10] found no statisti-
cally significant difference in HbAlc levels between
the intervention and control groups (P>0.05). Addi-
tionally, no significant impact of mHealth applications
was observed on secondary outcomes such as self-ef-
ficacy, quality of life, and utilization of health services.
This may be attributed to inadequate utilization of the
application, as nearly half of the participants in the in-
tervention group had minimal interaction with the ap-
plication. It was noted that many features of the
applications, including diet and exercise tracking,
which have been shown to play a significant role in
Type 2 diabetes self-management, were underutilized [10].

In addition to studies demonstrating the benefits
of mHealth applications, there are also studies evalu-
ating the interest and satisfaction of individuals with
Type 2 diabetes regarding these applications [30, 31].
It has been found that the recommendation of health
applications by healthcare professionals and interac-
tion with them are factors that increase individuals'
satisfaction. Individuals also express their belief that
the use of mHealth applications enhances interaction
between themselves and healthcare professionals. One
participant in the study conducted by Lie ef al. [32]
expressed their interaction with healthcare profession-
als as follows: "Previously, after routine tests during
standard care, I used to leave without having time to
express my emotions and thoughts. However, with
these applications, I can finally communicate with
healthcare professionals on this matter." A study by
Veazie et al. [33] suggested that when mHealth appli-

cations are associated with healthcare professional
support, they can have a greater impact on diabetes-
related outcomes, especially HbAlc levels. A study
examining the feedback systems in applications indi-
cated differences between automated feedback and
personalized feedback provided by healthcare profes-
sionals. While automated feedback offers the advan-
tage of being interactive and dynamic, it is believed to
have limitations in predefined pathways. Personalized
feedback provided by healthcare professionals is con-
sidered more individualized and valuable, particularly
in emergency situations [26].

In a study comparing feedback-receiving and non-
feedback-receiving groups among individuals using
mHealth applications, it was found that individuals re-
ceiving feedback through the application engaged in
more physical activity after a 3-month follow-up pe-
riod, with an average daily difference of 10.59 minutes
compared to the non-feedback group (p <0.001) [34].
Georgsson and Staggers [35] reported that individuals
who used the mHealth application perceived the ben-
efits of receiving feedback and indicated positive
lifestyle changes after using the application. The ma-
jority of participants in the study stated that mHealth
applications were useful for healthcare services and
mentioned personal advantages associated with their
use. They also emphasized that mHealth applications
facilitated disease monitoring and management and
supported interaction with healthcare professionals.
Participants stated that the use of mHealth applications
reduced their need for medical appointments and rec-
ommended the applications to others [35]. In another
study, individuals reported that receiving weekly SMS
reminders related to their self-management would en-
hance their effective use of the application [22]. Koot
et al. [23] found that individuals using the application
were generally satisfied with it and would recommend
it to others for diabetes self-management.

Impact of Mobile Health Applications On Self-
Management Behaviors

Studies have indicated that mHealth applications have
positive contributions to self-management behaviors
such as healthy lifestyle changes, physical activity, and
medication adherence. It has been emphasized that
healthy lifestyle changes, including the implementa-
tion of a healthy diet, increased physical activity, and
regular blood sugar monitoring, which are essential
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for diabetes self-management, significantly improve
with the use of mHealth applications. Regular blood
sugar monitoring is particularly beneficial for individ-
uals with high blood sugar levels who struggle to con-
trol them. Additionally, mHealth applications are
reported to support and guide individuals in achieving
healthy lifestyle changes, including individuals at risk
of developing prediabetes [36]. Koot ef al. [23] found
that the use of mHealth applications significantly in-
creased the rate of regular blood sugar monitoring
among individuals with Type 2 diabetes (P<0.001).
Furthermore, 68 out of 80 participants (85%) reported
positive changes in their diets after using the mHealth
application (P<0.001). It was determined that individ-
uals using the application consumed the recommended
amounts of vegetables and fruits, avoided fatty foods
(P<0.001), lost an average of 2.3 kilograms, and 20%
of individuals achieved a weight loss of >5% of their
initial body weight (P<0.001) [23]. A meta-analysis by
Cui et al. [2] concluded that mHealth applications
have a moderate effect on adopting healthy lifestyle
changes, including daily physical activity and medica-
tion requirements.

The use of mHealth applications for strengthening
Type 2 diabetes self-management has been shown to
increase the level of physical activity among individ-
uals. In a study by van der Weegen et al. [34], individ-
uals using a self-management-based mHealth
application engaged in more physical activity com-
pared to the standard care group (P<0.001). In the
study conducted by Koot et al. [23], although 30 out
of 80 participants (38%) reported an increase in their
weekly physical activity levels due to the use of the
mHealth application, there was no statistically signif-
icant difference in the number of days with at least 30
minutes of physical activity compared to the control
group (P>0.05).

mHealth applications used for strengthening dia-
betes self-management include various reminders for
blood sugar, insulin treatment, nutrition, and physical
activity measurement and recording. It is stated that
all types of reminders included in these applications
are effective in improving medication adherence
among individuals with Type 2 diabetes. Studies have
shown that receiving reminder messages through SMS
and being monitored encourage medication adherence
[37, 38]. In a study by Huang et al. [39], it was found
that more than half of the included studies had med-

ication reminder features, 16.8% had medication ad-
herence monitoring features, 5.6% provided medica-
tion information, and 4.2% sent motivational
messages to encourage medication intake. Similarly,
Martinez et al. [40] found that fewer than half of the
mHealth applications included features for medication
adherence monitoring. Although many applications
have comprehensive feature lists, including calorie
tracking and cloud backup, it was determined that
medication reminders were not present in mHealth ap-
plications despite forgetfulness being a significant
non-adherence factor. Therefore, it is emphasized that
more importance should be given to the design of
medication management features in mHealth applica-
tions, and further evidence-based research should be
conducted to improve medication adherence among
individuals with diabetes [39].

Existing studies demonstrate that mHealth appli-
cations are feasible tools for improving individuals'
self-management [26, 36]. The use of mHealth appli-
cations has been shown to result in positive self-man-
agement behaviors such as adherence to TBT,
increased physical activity, and regular blood sugar
monitoring [36, 41]. A study by Adu et al. [42] found
significant improvements in TBT adherence, blood
glucose levels, and self-management skills among in-
dividuals using the mHealth application (P<0.05).
Moreover, after the intervention, the skills and self-ef-
ficacy of individuals in the intervention group in-
creased significantly (P<0.05). Participants stated that
the application provided motivation to enhance their
self-management and encouraged their engagement in
various aspects of self-management, such as regular
blood sugar monitoring, healthy eating, and physical
activity [42]. In a study examining the effects of an
mHealth application-based continuous care, Wang et
al. [8] found that individuals in the intervention group
had increased awareness levels and improved self-
management skills compared to the control group
(P<0.05). Furthermore, when compared to the control
group, the intervention group had significantly re-
duced readmission frequencies and lower hospital
readmission rates within 6 months after discharge
(P<0.05) [8]. Puzozerov et al. [43] determined that
mHealth applications encouraged individuals to en-
gage in regular blood sugar monitoring and TBT ad-
herence, gradually strengthening their
self-management skills. Similarly, Hoppe et al. [44]
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reported that nursing care-based mHealth applications
significantly improved individuals' self-management
skills. In a study by Torbjernsen ef al. [45], a positive
relationship was found between high self-management
ability and mHealth applications, indicating that the
applications were beneficial for treatment adherence.

In a cross-sectional study on the current use of
mHealth applications in Australia, it was found that
the use of multiple functions in mHealth applications,
such as monitoring blood glucose levels, setting re-
minders, and accessing information on nutrition and
exercise, was associated with increased self-manage-
ment behaviors. Furthermore, it was observed that in-
dividuals who received recommendations from
healthcare professionals were more likely to use
mHealth applications for diabetes self-management
[46]. The study conducted by Carroll and Richardson
[47] revealed that individuals who used mHealth ap-
plications to manage their diabetes reported improved
self-management behaviors, including increased phys-
ical activity, healthy eating, blood glucose monitoring,
and medication adherence.

Factors Influencing The Use of Mobile Health Ap-
plications

The utilization of mHealth applications for Type
2 diabetes self-management is influenced by various
factors, including individual characteristics, techno-
logical factors, social factors, and healthcare system-
related factors. Individual characteristics, such as age,
gender, education level, digital literacy, and motiva-
tion, play a significant role in the adoption and use of
mHealth applications. It has been found that younger
individuals, females, and those with higher education
levels are more likely to use mHealth applications for
self-management [10, 11, 16, 48]. Studies have also
shown that individuals with higher levels of digital lit-
eracy and motivation have a higher likelihood of using
mHealth applications [48]. In a study by Lie et al. [32],
it was determined that older individuals had less con-
fidence in using mHealth applications and felt that
these applications were time-consuming. Similarly,
Agarwal et al. [10] found that older individuals had
difficulty using mHealth applications due to factors
such as unfamiliarity with smartphones, visual impair-
ment, and difficulty in understanding the application's
functions. Therefore, it is important to consider indi-
vidual characteristics when designing and implement-

ing mHealth applications to ensure inclusiveness and
accessibility for all user groups.

Technological factors, including the usability, de-
sign, and functionality of mHealth applications, influ-
ence individuals' adoption and continued use of these
applications. Studies have highlighted the importance
of user-friendly interfaces, intuitive navigation, clear
instructions, and compatibility with different devices
and operating systems [10, 16, 31, 48]. It has been
noted that mHealth applications should provide per-
sonalized and tailored features to meet individual
needs and preferences [10, 16]. Furthermore, the inte-
gration of mHealth applications with other technolo-
gies, such as wearable devices and sensors, can
enhance their effectiveness in diabetes self-manage-
ment [16].

Social factors also impact the use of mHealth ap-
plications for Type 2 diabetes self-management. Peer
support and social interactions facilitated through
mHealth applications have been found to positively
influence individuals' engagement and adherence to
self-management behaviors [16, 49]. In a study by
Schnall et al. [49], it was observed that individuals
who used a social networking-based mHealth applica-
tion for diabetes self-management reported increased
motivation and support from peers. Similarly, Osborn
et al. [16] found that social support and encourage-
ment from family and friends influenced individuals'
engagement with mHealth applications and their self-
management behaviors.

Healthcare system-related factors, including
healthcare professionals' recommendations, support,
and integration of mHealth applications into clinical
practice, play a crucial role in the adoption and sus-
tained use of these applications. Studies have shown
that healthcare professionals' endorsement and encour-
agement of mHealth applications can increase individ-
uals' trust and confidence in using them [10, 31, 32].
Moreover, healthcare professionals' involvement in the
monitoring and feedback process through mHealth ap-
plications can enhance individuals' adherence to self-
management behaviors [26, 34]. However, challenges
related to the integration of mHealth applications into
clinical workflows, data privacy and security con-
cerns, and reimbursement issues need to be addressed
for successful implementation in healthcare settings
[31, 50].
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CONCLUSION

The use of mHealth applications for Type 2 diabetes
self-management has shown promising results in im-
proving patient outcomes, self-management behav-
iors, and patient satisfaction. These applications have
been found to significantly reduce HbAlc levels, im-
prove medication adherence, facilitate healthy lifestyle
changes, and support regular blood sugar monitoring.
Factors such as individual characteristics, technologi-
cal factors, social factors, and healthcare system-re-
lated factors influence the adoption and continued use
of mHealth applications. To maximize the effective-
ness of mHealth applications, it is crucial to consider
user preferences, ensure usability and compatibility,
promote social support and interaction, and integrate
these applications into clinical practice with the sup-
port and guidance of healthcare professionals. Further
research is needed to explore the long-term effects,
cost-effectiveness, and scalability of mHealth appli-
cations for type 2 diabetes self-management.
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ABSTRACT

Helicobacter pylori, an essential constituent of the gastric microbiome in those infected, is commonly associated
with medical conditions such as chronic gastritis, peptic ulcer disease, and gastric cancer. In recent years, the
growing resistance to antibiotics worldwide has emerged as a substantial hurdle in the effective treatment of
H. pylori infection. Consequently, it has necessitated the exploration of innovative treatment strategies aimed
at bolstering the potency of existing antibiotic-based eradication therapies. Such avant-garde strategies include
the incorporation of probiotics and prebiotics as complementary measures to H. pylori treatment, the use of
antimicrobial peptides as potential replacements for traditional antibiotics, and the application of photodynamic
therapy via ingestible devices. Other advanced methodologies entail deploying drug delivery systems that
utilize microparticles and nanoparticles, the invention of vaccines, the exploration of natural products, and the
potential use of phage therapy. This review offers a contemporary synopsis of these burgeoning strategies de-
signed to suppress H. pylori, delving into their strengths, hurdles, and aspects to consider during their devel-
opment. A significant achievement would be the creation of an efficient human vaccine; however, previous
attempts at developing such vaccines have met with obstacles or even cessation. Numerous natural products
have displayed anti-H. pylori properties, predominantly in laboratory environments. Nonetheless, a requirement
remains for more extensive clinical studies to fully comprehend their role in exterminating H. pylori. Finally,
phage therapy, while demonstrating potential as a suitable alternative, grapples with considerable challenges,
chiefly the isolation of highly virulent bacteriophages that specifically target H. pylori.

Keywords: Helicobacter pylori, antibiotic resistance, innovative treatment strategies

elicobacter pylori (H. pylori), a Gram-neg-
ative, helical bacterium, exhibits high global
prevalence, infecting over half of the world-
wide population [1, 2]. It primarily colonizes the gas-
tric mucosa, constituting the majority of the gastric
microbiota in those infected [3-7]. Infections with H.
pylori, which typically initiates in childhood and can
persist lifelong if left untreated, are linked to an array
of gastric and extragastric conditions. These include

chronic gastritis, peptic ulcer disease, gastric carci-
noma, and gastric mucosa-associated lymphoid tissue
(MALT) lymphoma [8]. The pathogenic potential of
individual H. pylori strains significantly influences
these clinical outcomes, with certain virulence factors
associated with an elevated risk of disease develop-
ment [9-11].

H. pylori infection also impinges upon the gastric
and gut microbiota, potentially playing a contributory
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role in both gastric and extragastric manifestations
[12]. Nevertheless, the attempt to eradicate H. pylori
via antibiotic therapy elicits concerns regarding the
emergence of antibiotic-resistant strains and disrup-
tions in the composition of the intestinal microbiota
[13-17].

Owing to the high prevalence of H. pylori infec-
tion and its concomitant diseases, efficient eradication
therapy is vital for clinical management. Contempo-
rary treatment guidelines take into account previous
antibiotic exposure and regional resistance rates to se-
lect the apt regimen. Triple therapy involving a pro-
ton-pump inhibitor (PPI), amoxicillin, and
clarithromycin for a 14-day period is recommended as
the first-line therapy in regions with low clar-
ithromycin resistance [18]. An alternative option is
Bismuth-containing quadruple therapy (BQT). In
cases of high clarithromycin resistance, quadruple
concomitant therapy or BQT is suggested [19]. Lev-
ofloxacin-based therapy is discouraged as a first-line
treatment due to the escalating fluoroquinolone resist-
ance [20]. Other recommended options include se-
quential therapy and fluoroquinolone-based LOAD
therapy [21, 22]. The selection of the PPI molecule is
also of importance, with second-generation PPIs
demonstrating higher efficacy than their first-genera-
tion counterparts [23]. BQT is considered the most ef-
fective first-line therapy, while dual therapy
employing amoxicillin and vonoprazan exhibits po-
tential in East Asia [18, 24, 25].

Antibiotic resistance poses a major obstacle in H.
pylori treatment, with eradication rates dwindling and
resistance rates surging globally [25-29]. The im-
provement of diagnostic tools, such as non-invasive
testing methods, is instrumental in combating antibi-
otic resistance [18, 30]. Additionally, factors related to
patient compliance, side effects, and host genetic vari-
ants necessitate the exploration of alternative thera-
peutic approaches for H. pylori treatment.

Alternative Approaches for H. pylori Treatment
Innovative therapies for H. pylori infections strive
to meet WHO standards for eradication rates, patient
compliance, and prevention of antimicrobial resist-
ance. These include strategies like the use of probiotics
and prebiotics, antimicrobial peptides, photodynamic
therapy, natural products, vaccines, micro- and
nanoparticles, and phage therapy [31-34].

Probiotics are live microorganisms that confer health
benefits. They modulate the immune response, gener-
ate antimicrobial substances, and compete with H. py-
lori for adhesion sites. Lactobacillus and
Bifidobacterium are the commonly used probiotic
genera [31, 35, 36]. Prebiotics are non-digestible nu-
trients metabolized by bacteria. They stimulate the
growth of specific intestinal bacteria and are utilized
as supplements to bolster H. pylori treatment [32].

S upplementation with probiotics and prebiotics in
H. pylori therapy has demonstrated increased eradica-
tion rates and reduced side effects in patients [33, 34].
Mechanisms of probiotic action include immunologi-
cal modulation, production of antimicrobial sub-
stances, inhibition of adhesion, and enhancement of
mucin secretion [35, 36].

Antimicrobial peptides (AMPs), naturally pro-
duced by organisms, play a pivotal role in innate im-
munity. They interact with microbial cell membranes,
leading to cell lysis. Synthetic AMP analogs have ex-
hibited anti-H. pylori activity [37, 38]. AMPs pro-
duced by gastric epithelial cells regulate the bacterial
population in the stomach, but H. pylori has evolved
resistance mechanisms [39-41].

Present research focuses on identifying efficacious
probiotic strains and evaluating their efficiency either
alone or in combination with antibiotics. Discrepant
results have been reported, necessitating further stud-
ies to ascertain their impact on H. pylori eradication
rates and gut microbiota [42-47]. In summary, while
alternative approaches such as probiotics, prebiotics,
and antimicrobial peptides exhibit potential in H. py-
lori treatment, additional research is required to deter-
mine their effectiveness and optimal usage [37].

Antimicrobial Peptides

Antimicrobial peptides (AMPs) are short
oligopeptides possessing a positive charge, produced
naturally by numerous organisms. Their role in innate
immunity is essential, enabling them to defend against
a variety of pathogens, including H. pylori. AMPs in-
terfere with microbial cell membranes, instigating in-
creased membrane permeability, pore formation, and
leading to cell lysis. Synthetic AMP analogues, for in-
stance, pexiganan, tilapia piscidins, and PGLa-AM1,
have shown a remarkable ability to combat H. pylori.
Bicarinalin and cathelicidins have also displayed anti-
H. pylori activity. Despite their effectiveness, H. pylori
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has evolved specific resistance mechanisms against
host AMPs. The development of new synthetic AMP
analogues and further research is actively underway
[37, 38, 48-50].

Photodynamic Therapy

Photodynamic therapy (PDT) combines a photoac-
tive molecule, termed a photosensitizer, with visible
light and oxygen to generate cytotoxic reactive oxygen
species (ROS). The potential of PDT as a treatment
for H. pylori infections is currently under investiga-
tion. H. pylori inherently synthesizes and stores pho-
tosensitizers, making it suitable for antibacterial PDT
without the requirement for external photosensitizers.
In vitro research has shown significant reductions in
H. pylori colony-forming units (CFU) following PDT
using both red and blue lights. Moreover, the conjunc-
tion of PDT with antibiotics has resulted in a syner-
gistic antibacterial effect. The use of PDT without the
addition of exogenous photosensitizers has shown
minimal side effects on gastric mucosa. Current re-
search aims to refine PDT efficacy by considering tis-
sue interactions and optical properties [51-58].

Micro- and Nanoparticles for Drug Delivery
Microparticles (MPs) and nanoparticles (NPs)
have demonstrated potential in drug delivery for the
treatment of microbial infections, including H. pylori.
The small size and high surface-to-volume ratio of
these particles enhance therapeutic efficacy and dimin-
ish side effects in comparison to traditional antibiotic-
based treatments. Specifically, NPs can navigate
physiological barriers and interact with pathogen
membranes and cell walls. Drugs, such as antibiotics,
can be loaded onto these particles, ensuring delivery
to the infection site and protection from degradation
and resistance mechanisms [57-60].
Expanding on these alternative approaches, AMPs,
PDT, and micro- and nanoparticles provide potential
novel treatments for H. pylori. Currently, research is
directed towards optimizing their efficacy and suitabil-
ity for clinical settings.

Microparticles and Nanoparticles for H. pylori
Eradication

In the quest to enhance H. pylori eradication, mi-
croparticles and nanoparticles have come under inves-
tigation. Chitosan-based MPs and NPs have shown

promise as gastric drug delivery systems, due to their
biocompatibility, antimicrobial attributes, and mu-
coadhesiveness. Progress has been made using chi-
tosan-based mini-tablets, nanoparticles, or hydrogels
loaded with amoxicillin. Moreover, Poly (lactic-co-
glycolic acid) nanoparticles possessing pH-sensitive
and acid-resistant properties have been developed for
targeted drug delivery to H. pylori infection sites.
Metal nanoparticles, including gold, silver, and zinc
oxide, have demonstrated good biocompatibility and
anti-H. pylori activity. Another breakthrough was the
coating of polymeric nanoparticles with H. pylori
outer membrane proteins, which led to reduced H. py-
lori adhesion to gastric tissues. The combination of
lytic bacteriophages with nanoparticles resulted in a
synergistic effect, decreasing H. pylori colonization.
Further optimization of these methods is required [61-64].

Vaccines against H. pylori

The development of a highly effective vaccine
against H. pylori is perceived as a cost-effective
method to prevent infection and associated diseases.
Although prophylactic and therapeutic vaccines have
been tested, no large-scale vaccine has been success-
fully produced yet. Clinical trials of different vaccine
formulations have exhibited some immune respon-
siveness but have not consistently reduced bacterial
load or stimulated protective immunity. Current re-
search is centered on multivalent epitope-based vac-
cines, recombinant or fusion protein-based vaccines,
and mucosal adjuvants. Oral vaccines face obstacles,
but nanoparticles have shown promise in safeguarding
antigens and eliciting immune responses. For instance,
chitosan nanoparticles have displayed stability, en-
hanced immune response, and prolonged release of
DNA vaccines. Immunoinformatics has also con-
tributed to the screening of antigen targets and design-
ing epitope-based vaccines. Vaccine development
necessitates further research [65-67].

Natural Products against H. pylori

Natural products like plants, fruits, and spices have
been explored for their anti-H. pylori properties. These
products exhibit inhibitory effects on bacterial en-
zymes, possess anti-adhesive and anti-inflammatory
properties, and provide bactericidal or bacteriostatic
effects. Investigations have been carried out on Citrus
bergamia derivatives, blueberry, grape seed extract,
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mastic gum, cinnamon, ginger, curcumin, chestnut,
oak honey, and propolis. However, further studies are
needed to identify the specific compounds and mech-
anisms responsible for their activity [68-71].

Phage Therapy for H. pylori

The concept of phage therapy, which employs bac-
teriophages to target and eradicate bacterial infections,
has sparked interest in treating H. pylori. Phages are
known for their ability to selectively lyse specific bac-
terial strains while leaving the microbiota unharmed.
Deemed safe for clinical use, phages replicate inside
bacterial host cells, enabling them to target new bac-
terial cells. Phage therapy has proven effective in treat-
ing infections caused by pathogenic and
antibiotic-resistant bacteria. Despite its potential, fur-
ther research is required to translate phage therapy into
a clinical application for H. pylori [72-76].

Interestingly, phage therapy for H. pylori infec-
tions has shown potential. In a study , a therapy was
developed combining phage Hp ¢ with lactoferrin ad-
sorbed on hydroxyapatite nanoparticles (NPs). This
novel treatment demonstrated enhanced antimicrobial
effects against H. pylori in human gastric cancer cells
[77]. Yet, comprehensive data on phages and phage-
H. pylori interactions in the gastric environment are
lacking. The absence of sequenced phage genomes re-
stricts our understanding of key factors like toxins, an-
timicrobial resistance genes, and virulence in H. pylori
phages. Moreover, reports of endolysins present in H.
pylori phages are nonexistent [78].

Endolysins are phage proteins responsible for
breaking down bacterial cell walls and present an al-
ternative approach in phage therapy. Endolysins show
specificity to the bacterial host, and to date, bacterial
resistance to endolysins hasn't been reported [79].
However, treating Gram-negative bacteria like H. py-
lori is challenging due to the presence of an outer
membrane barrier. Strategies involving engineering
approaches or combining lysins with weak acids have
shown success in permeabilizing the outer membrane
[80, 81].

CONCLUSION

The landscape for H. pylori eradication continues to

evolve, with promising alternative approaches emerg-
ing from recent research. Antimicrobial peptides,
phage therapy, nanoparticle-enhanced delivery, vac-
cines, and natural products represent novel strategies
that are redefining the treatment modalities available
for H. pylori infection.

Antimicrobial peptides (AMPs), both natural and
synthetic, offer a new way to combat H. pylori. The
ongoing development of synthetic AMP analogues and
the further understanding of their interaction with mi-
crobial cell membranes are expected to enhance their
potential as an effective therapeutic approach.

Phage therapy has also shown significant potential
for H. pylori treatment. The ability of bacteriophages
to selectively lyse specific bacterial strains could lead
to more targeted therapies that do not disrupt the mi-
crobiota. The combined use of endolysins and engi-
neered approaches presents a compelling opportunity
to overcome the challenges presented by the outer
membrane barrier of Gram-negative bacteria such as
H. pylori.

Nanotechnology has emerged as a potent tool for
improved drug delivery. The properties of microparti-
cles and nanoparticles, including their small size, high
surface-to-volume ratio, and ability to overcome phys-
iological barriers, hold significant promise for en-
hanced therapeutic effectiveness.

Moreover, the development of a vaccine against
H. pylori has been considered a cost-effective method
to prevent infection and associated diseases. Despite
various challenges, ongoing research in multivalent
epitope-based vaccines and recombinant or fusion pro-
tein-based vaccines, coupled with the use of mucosal
adjuvants and nanoparticles, suggests that a successful
vaccine may be within reach.

Finally, natural products also offer an appealing
direction for research, with their demonstrated in-
hibitory effects on H. pylori and the potential for fewer
side effects compared to synthetic drugs.

However, despite these promising alternatives,
further in vivo studies and well-designed clinical trials
are necessary to fully understand and realize their po-
tential. As our understanding of H. pylori and its re-
sistance mechanisms expands, these targeted therapies
could provide personalized treatment options that se-
lectively deplete H. pylori without disrupting the nor-
mal gastric microbiome.
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In this context, these alternatives represent not only a
departure from the traditional antibiotic-based treat-
ments, but also a promising pathway towards more ef-
fective and sustainable solutions for the management
and eradication of H. pylori infections. Such advance-
ments could significantly improve patient outcomes,
reduce the societal and economic burden of these in-
fections, and usher in a new era of personalized and
effective treatments for H. pylori.

In summary, the research landscape for H. pylori
eradication is expanding, with alternative approaches
like phage therapy, antimicrobial peptides, nanoparti-
cles, vaccines, and more showing great potential.
However, comprehensive in vivo studies and well-
structured clinical trials are crucial to fully grasp their
efficacy. These targeted therapies can provide person-
alized treatment options that selectively deplete H. py-
lori without disrupting the normal gastric microbiome,
making them exciting alternatives to broad-spectrum
antibiotics and non-selective treatments for H. pylori
infections.
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ABSTRACT

Phosphaturic mesenchymal tumor is a rare clinical condition and often causes osteomalaciadue to tumor. Its
diagnosis is often significantly delayed due to its rare occurrence in addition to the generalized and vague
symptoms of their presentation. A 19-year-old female with a history of left facial nerve palsy, generalized
weakness and hoarseness of voice revealed a dense mass in her brain. In this case, we reported successful ap-
plication of a Ga-68 labeled DOTATATE PET/CT scan to identify the primary site and distant metastases of
phosphaturic mesenchymal tumors and show the diagnostic value of Ga-68 labeled DOTATATE PET/CT im-

aging for the rare tumors.

Keywords: Phosphaturic mesenchymal tumor, Ga-68 labeled DOTATATE PET/CT scan, osteomalacia

often caused by a rare, benign, mesenchymal

neoplasm - phosphaturic mesenchymal tumor
(PMT) with overexpression of fibroblast growth fac-
tor-23 (FGF-23) [1]. PMT causes hypophosphatemia,
hyperphosphaturia, bone pain, muscle weakness, and
pathological bone fractures. Not more than 1000 cases
are described in the literature [2]. The peak incidence
is during the forties and fifties. The most frequent site
of involvement is bone followed by soft tissue [3, 4].
The development of metastasis is remote possibility
with PMT [5, 6] and surgical removal is the curative
treatment. Commonly recommended diagnostic
modalities including magnetic resonance imaging
(MRI) and 18F fluorodeoxyglucose positron emission
tomography / computed tomography (18F-FDG

Osteomalacia induced by tumor (OIT) is most

PET/CT) prove useful in the evaluation of PMT. 18F-
FDG PET-CT has been associated with false-positive
results [7]. The discovery of overexpression of the
type 2 somatostatin receptor (SSTR) receptor by PMT
cells prompted use of more specific imaging with Gal-
lium-68, labelled DOTA-octreotate, oxodotreotide,
DOTA-(Tyr3)-octreotate (Ga-68 labeled DOTATATE)
[3]. Ga-68 DOTATATE PET/CT is considered more
accurate technique for identifying primary tumors and
distant metastases, permitting shorter image acquisi-
tion interval with reduction in radiation dose to the pa-
tient. Additionally, it provides information about the
density of SSTR receptors exhibited by the tumor
cells, which is a decisive factor in planning targeted
radionuclide therapy [7, 8].

Corresponding author: Muhammad Numair Younis, MD.,
Phone: +9204299231064, E-mail: dr.numair@gmail.com

How to cite this article: Ashfaq W, Iftikhar I, Fayyaz M, Khizer M, Fatima
S, Younis MN. Detection of recurrent phosphaturic mesenchymal tumors
by using Ga-68 DOTATATE PET/CT. Eur Res J. 2024;10(2):144-148. doi:
10.18621/eurj.1273409

Received: April 1, 2023
Accepted: June 20, 2023
Published Online: August 8, 2023

Copyright © 2024 by Prusa Medical Publishing
Available at http://dergipark.org.tr/eurj

The European Research Journal | Volume 10 | Issue 1

January 2024

144


http://orcid.org/0000-0002-3853-8805
http://orcid.org/0000-0002-8820-5320
http://orcid.org/0009-0006-4444-0165
http://orcid.org/0000-0002-7945-5301
http://orcid.org/0009-0007-2423-8725
http://orcid.org/0000-0002-6656-3522
https://doi.org/10.18621/eurj.1273409
http://www.prusamp.com
http://dergipark.org.tr/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/

Eur Res J. 2024;10(1):144-148

Ga-68 DOTATATE PET scan in phosphaturic mesenchymal tumors

CASE PRESENTATION

A 19-year-old female with a history of left facial nerve
palsy and hoarseness of voice underwent a Brain CT
scan. She was revealed to have a dense mass (4.0 x
3.5 cm) in the left cerebellopontine angle and cerebel-
lum involving left mastoid air cells, eroding and de-
stroying petrous temporal and occipital bone. In
addition, the MRI revealed extra-axial abnormal signal
intensity mass in the left jugular foramen region. It
also indicated medial widening (4.2 x 2.7 cm) with in-
tracranial extradural extension into cerebellopontine
cistern indenting brainstem. Furthermore, ipsilateral
superior and middle cerebellar peduncle were associ-
ated with perilesional edema resulting in effacement
of adjacent cerebellar folia. The middle ear cavity is
also compressed laterally, resulting in occlusion of the
eustachian tube-posteroinferiorly, causing destruction
of basiocciput along the lateral aspect of the foramen
magnum. The patient underwent radiotherapy and was
prescribed steroids; she remained symptom-free for
one year but was readmitted with severe headache and
vomiting. The CT Brain revealed obstructive hydro-
cephalus with cerebral edema and underwent ventricu-
loperitoneal shunting.

The immunohistochemistry analysis was positive
for STAT6 and SATB2, tumor markers frequently re-
ported in PMT cases [9]. MRI Brain showed an ag-
gressive enhancing mass with infiltration into the left
cerebellar hemisphere. Compared to previous scans,
there was an interval progression of the disease. The
Ga-68 DOTATATE PET/CT revealed a moderately

avid left intracranial lesion in the left cerebellum
(Maximum Standardized uptake value [SUV max] 4.9,
50 x 49 mm) involving basiocciput, occipital and tem-
poral bone (Fig. 1).

DISCUSSION

PMTs are uncommon, benign, neoplasms of mes-
enchymal origin and the most frequent etiology of
OIT. High amounts of the peptide hormone FGF-23 is
produced and secreted by these tumors [1]. FGF-23 is
a physiological phosphate regulator that minimizes the
phosphate reabsorption in the proximal tubule and in-
hibits 1-a-hydroxylase, which causes 1-a, 25-dihy-
droxyvitamin D3 deficiency and hypophosphatemia
[1]. There is consequent decrease in mineral density
of bones leading to non-specific bone pains, patholog-
ical bone fractures, progressive functional weakness
and asthenia. Most of the causative tumors for osteo-
malacia arise from mesenchymal cells; therefore, their
usual localization is the layers of bones or soft tissues
[3,4]. ~95% of PMT originate in the appendicular
skeleton while only 5% occurs in the head and neck
regions [10, 11]. The majority of PMTs (more than
80%) are found in the nose and paranasal sinuses [3],
and origin in the jaws is exceptionally rare [11]. The
diagnosis is usually based on the finding of chronic
hypophosphatemia due to isolated renal phosphate de-
pletion. This findings in combination with concomi-
tant elevated or disproportionately normal blood levels
of FGF-23 along reduced or disproportionately normal

Fig. 1. Ga-68 labeled DOTATATE PET/CT scan (a) Fused coronal image shows avid mass. Occupying the left cerebellar
hemisphere and infiltrating basiocciput (b) Fused sagittal image shows avidity in the same area.
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Fig. 2. Ga-68 labeled DOTATATE PET/CT scan shows uptake in the area of the left cerebellar hemisphere.

1,25-OH2-vitamin D (1,25(OH)2D) is hallmark of the
diagnostic criteria [11].

This case describes the application of Ga-68 la-
beled DOTATATE scan that uniquely identified the
primary site of PMT and excluded remotely located
metastases. Localization of the site of the primary
tumor is essential in the treatment of these tumors, as
surgical removal of the primary tumors is often cura-
tive. Recent advances in SSTR-based functional im-
aging have supported the benefits of Ga-68-labeled
DOTATATE scanning in tumors that over express so-
matostatin analogs. PMTs are known to express so-
matostatin receptor 2A and can therefore be visualized
using radiolabeled somatostatin analogs such as In-
111 pentetreotide and Ga-68 labeled DOTATATE. Ga-
68-labeled DOTATATE images selectively identify
SSTR2-avid tissue and are approved forclinical use.
The In-111 pentetreotide scan is difficult to interpret

unless SPECT-CT is performed to anatomically local-
ize the uptake area, thus labeled Ga-68 is superior to
this as tomography is inherent part of PET-CT and
provides better resolution and sensitivity.

The somatostatin analogue, tyrosine 3-octreotate
is combined with positron emitter (Gallium-68) using
DOTATATE as a coupling agent. This Ga-68-labeled
DOTATATE conjugate is administered intravenously,
complexes with SSTR2, emits positrons detected by a
PET scanner, and provides accurate and precise
anatomical localization of the tumor. Ga-68-labeled
DOTATATE scans are superior to other somatostatin
receptor-based studies because they are highly sensi-
tive, specific, accurately localize these tumors, have
better spatial resolution, higher affinity for SSTR2,
greater accuracy and shorter scan time, and less radi-
ation exposure. However, a full body scan is required
instead of the oncology standard body protocol used

Fig. 3. (A) spindled, fusiform, hemangiopericytoma-like areas and (B) osteoclastic giant cells arranged in sheets. (C) There
were also identifiable areas of calcific deposits and (D) sheets of bland spindle cells.
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in most cases because PMTs can appear anywhere
from head to toe.

Determining the exact location of the tumor is
very challenging using conventional X-ray and nu-
clear medicine images, including MRI and PET/CT.
False positive findings have been reported using 18F-
FDG PET/CT imaging [7]. Hence use of 18F-FDG
PET/CT has not gained wide acceptance in the evalu-
ation of suspected PMT. The fact that SSTR is over
expressed in mesenchymal tumors, favors use of Ga-
68-labeled DOTATATE targeting SSTRs in these tu-
mors [3]. In this report, we successfully identified a
PMT (Fig.2)) using a Ga-68-labeled DOTATATE scan,
which revealed a left intracranial mass avidity (SU-
Vmax 4.9, 50x48 mm).

The accuracy of the Ga-68 labeled DOTATATE
scan was also confirmed by histopathological analysis
with benign features of a PMT. Microscopic findings
revealed spindle-shaped, fusiform, hemangiopericy-
toma-like areas and osteoclastic giant cells arranged
in sheets. There were also identifiable areas of calcium
deposits and layers of bland spindle cells (Fig. 3),
which are particularly characteristic of PMT [12]. In
addition, immunohistochemical analysis was positive
for STAT6 and SATB2, which are tumor markers fre-
quently reported in PMT cases [9]. In our case, we
used a Ga-68 DOTATATE scan to detect the exact
anatomical location of the disease and metastatic
workup. A primary site of disease was demonstrated
and no metastases were detected, consistent with the
patient's follow-up to date after disease-free surgical
removal.

CONCLUSION

PMT is characteristically benign, extremely rare neo-
plasm and is known to be one of the most common
causes of OIT. Identifying the location of the tumor is
often very challenging using conventional radiologic
techniques. This study reported the successful appli-
cation of Ga-68 DOTATATE scan for identifying the
primary site and exclude distant metastases of PMT
that was further confirmed by histopathological analy-
sis. The case shows the diagnostic value of Ga-68 la-
beled DOTATATE PET/CT imaging for rare tumors.
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Primary pulmonary Ewing sarcoma: a rare case report
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ABSTRACT

Ewing sarcoma (ES) is a malignant soft tissue tumor that consists of undifferentiated neuroectodermal cells.
The anatomical sites of ES are commonly the pelvis and long bones. Metastasis is the cause of the most preva-
lent pulmonary ES. The primary lung origin of ES is extremely uncommon. Here, we report a rare case of pri-
mary pulmonary ES diagnosed from cytology and biopsy material. A chest X-ray revealed a lesion with a 9x7.5
cm diameter in the pericardiac area of the right lung. Clinical and radiological examinations (computed to-
mography and positron emission tomography) demonstrated that the lesion was a primary lesion. No distant
metastasis was detected. Bronchoscopy-guided fine-needle aspiration and cytological analysis of the lesion
revealed uniformly shaped small round cell morphology. Immunohistochemistry performed on the cell block
produced positive results for CD99 and FLI-1. These immunohistochemical findings support the ES diagnosis.

Keywords: Ewing sarcoma, primary pulmonary Ewing sarcoma, fine-needle aspiration, cytopathology

cell tumor that is commonly localized to the

diaphysis and metaphysis of long bones.
Extra-bone localization of ES is less frequently ob-
served [1-3]. The first case of primary ES of the lung
was described by Hammar et a/. [4] in 1989, and since
then, less than 40 cases have been reported in the lit-
erature [5]. It features a distinctive immunophenotype
that combines diffuse and membranous CD99 expres-
sion with FLI-1 nuclear positivity [6]. Due to its ex-
treme rarity, similar presentation to other lung tumors,
and nonspecific symptoms, primary pulmonary ES
can be challenging to distinguish from other pul-
monary tumors [7]. Based on our best literature re-
views, this is a quite rare case of ES where the
diagnosis was made on fine needle aspiration cytology
(FNAC) and cell block, with immunohistochemistry
(IHC) [3]. Here, we presented a case of primary pul-

f wing sarcoma (ES) is a malignant small round

monary ES, emphasizing its diagnosis from cytology
and cell block.

CASE PRESENTATION

A 48-year-old non-smoker male was admitted with a
five-month history of dry cough and no contributory
past or family history. He denied any history of fever
and dyspnoea.

Direct chest radiography revealed radio-opaque ir-
regular margins mass in the para-cardiac area of the
right lung (Fig. 1A). The thoracic-computed tomogra-
phy (CT) scan revealed a 9 x 7.5 cm hypodense lesion
that extended from the perihilar segment to the medial
segment of the right middle lobe of the lung and there
no chest wall invasion was detected (Fig. 2).

After such radiography and CT findings, a bron-
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Fig. 1. (A) A direct chest radiography revealed a radio-opaque mass in the pericardiac area of the right lung (asterisk). (B)
After initiation of chemotherapy, a direct chest radiography demonstrated a response with only minimal residual disease.

Fig. 3. Cell block of the tumour (H&E) demonstrating atypical pleomorphic cell groups with small, round to oval nuclei and
scant cytoplasm. There is respiratory epithelium in the right upper corner of the last picture. Magnification: 10x and 20x,
respectively.

Fig. 2. The thoracic-computed tomography (CT) scan revealed a 9 X 7.5 cm hypodense lesion that extended from the perihilar
segment to the medial segment of the right middle lobe of the lung (arrows).
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choscopy detected that the middle lobe was almost
completely occluded by a nodular infiltrative solid
mass. From this location, FNAC, lavage, and forceps
biopsy procedures were performed, and the smears
were stained with hematoxylin-eosin (H&E). A cell
block study was made with the remaining aspirate.
The biopsy demonstrated a few atypical cells with en-
largement and hyperchromatic oval nuclei with scant
cytoplasm on the wide necrotic area. However, these
biopsy sections were small and not diagnostic. FNAC
and cell block showed atypical pleomorphic cell
groups with small round to oval nuclei and scant cy-
toplasm was observed within the wide bleeding areas.

A rosette-like pattern of arrangement was observed
(Fig. 3).

Immunohistochemical analysis of the cell block
revealed that the atypical cells were CD99 positive,
FLI-1 focal nuclear positive, TTF-1 negative, pan CK
negative, vimentin focal positive, Ki-67 positive,
synaptophysin focal dot-like positive, LCA negative,
CD56 negative, CD34 negative, and Melan-A negative
(Figs. 4A-4F). Initial histological and immunohisto-
chemical findings demonstrated that this was compat-
ible with ES.

A new biopsy was attempted on the patient a
month later. The repeated biopsy material was stained

Fig. 4. (A, B) Cell block of the tumour (H&E). (C) Tumor cells showing diffuse membranous positivity for CD99. (D) Tumor
cells showing focal nuclear FLI-1 positivity. (E) Inmunohistochemical staining for pan CK showing negative staining. (F)
Immunohistochemical staining for TTF-1 showing negative staining. Magnification: 20%, 20x, 40x, 40%, 40x, and 40x, re-
spectively.
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with H&E stains. A tumoral structure consisting of
atypical cells with small round to ovoid cells, nuclear
enlargement, hyperchromatic nuclei, and lots of mi-
totic figures was observed. A panel of IHC stains was
performed; FLI1 diffuse nuclear positive, CD99 dif-
fuse membranous positive which are characteristic
findings of Ewing sarcomas, Ki-67 positive, TTF-1
negative, pan CK negative, S100 negative, synapto-
physin negative, LCA negative. These findings were
compatible with our previous definition of ES in the
cell block and cytology material.

The patient thereafter underwent a positron emis-
sion tomography scan. As a result, neither evidence of
another tumor that could be associated with the pri-
mary site nor distant metastasis was observed. The
presence of any primary tumor in another focus was
ruled out through radiological investigations. This
confirmed the diagnosis of primary pulmonary ES.
After the treatment plan, chemotherapy was initiated
for the patient. After 2 months, a repeat of the chest
X-ray showed a response with only minimal residual
disease (Fig. 1B).

DISCUSSION

ES which were first described by James Ewing in
1921 is neuroectodermal tumors characterized by
monotone small round cells arranged in sheets. ES is
a rare sarcoma of bone and soft tissue and may involve
any location. The most common anatomical sites of
ES are the pelvis and long bones [2]. Metastasis is the
cause of the most prevalent pulmonary ES. An extra-
skeletal primary source of this condition from the lung
is extremely uncommon [1]. ES most often occurs in
children and young adolescents [2].

In the differential diagnosis of pulmonary ES,
small round cell malignant tumors, such as carcinoid,
small cell carcinoma, desmoplastic small round cell
tumor, malignant lymphoma, and poorly differentiated
synovial sarcoma are included [8]. These neoplasms
can be distinguished from other small round cell tu-
mors in large part by the use of immunohistochemistry
in combination with cytogenetics and molecular re-
search [3]. On hematoxylin-eosin stain, diffuse sheets
of small, round, blue cells with oval to round nuclei
revealing finely dispersed chromatin and sparse,
mildly eosinophilic or pale cytoplasm make up the

typical histologic morphology of ES. The tumor is im-
munoreactive to CD99, FLI-1 [1]. In intractable cases,
FLI-1 protein is more sensitive and specific and is con-
venient in confirming this diagnosis. Other markers
(Chromogranin A, S-100 protein, CD56, Synapto-
physin) are only rarely positive [9].

In this case, our patient had only a dry cough and
a mass in the right lung on X-ray and CT imaging.
FNAC and a cell block study showed atypical pleo-
morphic cell groups with small, round to oval nuclei
and scant cytoplasm. When evaluating tumors with
small round cell morphology presenting these histo-
morphological findings, ES should be included in the
differential diagnosis.

To our current knowledge, extremely rare cases of
ES are diagnosed by FNAC. Auxiliary tests are carried
out on the cell block to establish a definitive diagnosis
of ES. Most of the cases in the literature were diag-
nosed with tissue biopsies [3]. Here, we show that cy-
tomorphology offers sufficient information and that
[HC may be conducted on the cell block, raising the
likelihood that the diagnosis is correct. We confirmed
the diagnosis of ES with immunohistochemical studies
performed on the rebiopsy material. After our diagno-
sis, the patient received chemotherapy and initially,
most of his mass regressed without a surgical proce-
dure.

CONCLUSION

Although primary pulmonary ES is a rare tumor, it
should be considered in the differential diagnosis of
pulmonary soft tissue tumors with small, round cell
morphology. We reported a rare case of primary pul-
monary ES with early detection from cytological ma-
terial. This case emphasizes the importance of
considering unusual differentials and the convenience
of FNA with IHC techniques as the primary procedure
in the diagnosis of such a rare case. With our diagnosis
in the cytology material, the tumor largely regressed
with chemotherapy without the need for surgery.
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Type 2 biliary perforation successfully managed with
early insertion of self-expandable metal stent
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ABSTRACT

Perforations after endoscopic retrograde colangiopancreatography (ERCP) are divided into four types. Type 1
refers to the duodenum, type 2 the periampullary region, type 3 the bile duct itself, and type 4 the observation
of retroperitoneal free air on cross-sectional imaging. The treatment of type 2 biliary perforations remains de-
batable. We present a patient who was successfully treated with a self-expandable metal stent (SEMS) without

the need for surgery or any complications.
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erforations after endoscopic retrograde colan-
T giopancreatography occur between 0.3% and

1% and cause mortality between 16% and 18%
[1]. They are divided into four types according to
Stapfer et al. [2]. According to the affected side, type
1: duodenal wall (directly with duodenoscope); type
2: periampullary region (commmonly after sphinctero-
tomy); type 3: distal bile duct (related to wire or basket
instrumentation); and type 4: retroperitoneal free air
with no true perforation [2]. Surgery is generally per-
formed for type 1 perforations and conservative, en-
doscopic treatment for type 3 and 4 perforations.
However, for type 2 perforations, which patients
should be treated surgically or endoscopically is still
controversial [3].

CASE PRESENTATION

An 81-year-old patient presented to the Emergency
Department with epigastric colic pain a week ago. In

the measured blood values, alkaline phosphatase: 331
mg/dl, gama glutamile transferase: 462 mg/dL, alanine
aminotransferase:70U/L, aspartate aminotransferase:
67U/L, total bilirubin: 0.7 U/L, complete blood count
was normal. In abdominal ultrasound and computer-
ized tomography (CT), intrahepatic bile ducts and
common bile duct (CBD-13 mm) were dilated and
magnetic resonance colangiography was recom-
mended (MRCP). The MRCP revealed prominent in-
trahepatic bile ducts and dilated common bile ducts
with suspicious millimeter filling defects in the lower
portion. ERCP was performed in symptomatic patients
with elevated cholestatic enzymes. CBD was selec-
tively cannulated. Cholangiography shows a consid-
erably dilated biliary tree and the lower end of CBD
noticeably narrowed. A proper sphincterotomy was
carried out. Subsequently, the CBD was swept using
a balloon catheter. Instead of stones, mucosal particles
with papillary projections were extracted from CBD.
Specimens were sent to pathology, and a 10 cm, 7 F
plastic stent was implanted. Epigastric pain with radi-
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Type 2 biliary perforation

Fig. 1. (a) Type 2 perforation with free air in the anterior side of the right kidney and the inferior vena cava. CT (b) and plain
radiograph (c) of perforation resolution 72 hours after SEMS insertion.

ation to the right lomber area reoccurs in the morning
after the procedure on analgesics. An urgent CT scan
was performed. Free air images were observed in the
anterior side of the right kidney and the inferior vena
cava. (Fig. 1). At the 15" hour after intervention, a 60
mm long, 10 mm wide self-expandable metal stent
was placed in CBD due to clinically and radiologically
confirmed type 2 biliary perforation (Fig. 2). A naso-
gastric tube was also inserted, and parenteral fluid sup-
port with broad-spectrum antibiotic therapy was

started. The pain was immediately relieved after the
metal stent was implanted. The resolution of free air
was observed in the 72" hour CT (Fig. 1). There was
no significant increase in leukocyte or C reactive pro-
tein levels. The patient was discharged after enteral
feeding was successfully initiated. Pathology revealed
that the patient had an intraampullary tubular neo-
plasm with high grade dysplasia. Outpatient surgery
was recommended for the patient.

Fig. 2. Endoscopic view of a metallic stent.
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DISCUSSION

In recent years, SEMS has been widely used to treat
type 2 biliary perforations. Odemis et al. [4] compared
nasobiliar drainage and SEMS in their study, they
found that analgesic use, hospital stay was decreased,
and leukocytosis was seen less in patients with SEMS.
Type 2 perforations are not very symptomatic due to
their retroperitoneal location; therefore, they are un-
likely to be detected at the time of intervention. Ac-
cording to the current study, there was no significant
difference in terms of surgery, percutaneous interven-
tion, and mortality when a metallic stent was inserted
simultaneously during the procedure or 7 to 48 hours
after detection of perforation [5]. At the 15" hour of
perforation detection, SEMS was successfully inserted
into the common bile duct in our patient. The pain was
immediately relieved after insertion, and laboratory
values did not worsen. And patient was successfully
discharged.

CONCLUSION

SEMS can be safely used in type 2 perforations, sig-
nificantly reducing the patient's likelihood of surgery
and mortality.

Informed Consent

Written informed consent was obtained from the
patient for publication of this case and any accompa-
nying pictures or data.
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