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ABSTRACT

Objective: Human immunodeficiency virus (HIV) infection, which causes
acquired immune deficiency syndrome, is a significant public health
problem. HIV infection through blood transfusion remains at the top of
any other risk exposure because blood carries a much higher level of
HIV than other routes of infection. The aim of this study was to describe
the seroprevalence of HIV infection from 2010 to 2019 among donors
screened at the transfusion medicine unit in Northeastern Malaysia.

Methods: A retrospective study was conducted on voluntary blood
donors at the Transfusion Medicine Unit, Hospital Universiti Sains
Malaysia, from January 2011 to December 2019. Data such as age,
gender, marital status, frequency of donations, and serological results
were obtained from the computer system of the blood bank and
analyzed.

Results: A total of 98,874 individuals donated blood and were screened
for HIV infections. Only 29 donors were positive for HIV. Therefore, the
overall seroprevalence of HIV infection in blood donors was only 0.03%
in the nine consecutive years. The trend of HIV infection among our
donors decreased initially but increased again from 2014 to 2019.

Conclusion: The prevalence in Northeastern Malaysia province was
low compared with previous studies conducted in other regions
worldwide. The application of standard operating procedures, with
updated equipment, and planning for the use of molecular methods
are necessary for the blood transfusion service to monitor transfusion-
transmitted infections.

Keywords: Transfusion transmitted infections, human
immunodeficiency virus, blood donors, seroprevalence, transfusion
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Amag: Edinsel immin yetmezlik sendromuna neden olan insan immiin
yetmezlik virtst (HIV) enfeksiyonu 6nemli bir halk sagligi sorunudur.
Kan nakli yoluyla HIV enfeksiyonu, diger tim risk maruziyetlerinin
en Ustlinde yer alir ¢linkli kan, diger enfeksiyon yollarindan ¢ok daha
yuksek diizeyde HIV tasir. Bu galismanin amaci, Kuzeydogu Malezya’daki
transflizyon tibbi Unitesinde taranan bagiscilar arasinda 2010°dan
2019’a kadar HIV enfeksiyonunun seroprevalansini tanimlamaktir.

Yontemler: Ocak 2011’den Aralik 2019’a kadar, Sains Malaysia
Universite Hastanesi Transfiizyon Tibbi Birimi'nde goénilli kan
bagiscilari Uzerinde retrospektif bir calisma gergeklestirildi. Kan
bankasinin bilgisayar sisteminden yas, cinsiyet, medeni durum, bagis
sikhigi ve serolojik sonuglar gibi veriler elde edilerek analiz edildi.

Bulgular: Toplam 98.874 kisi kan bagisinda bulunduve HIV enfeksiyonlari
acisindan tarandi. Sadece 29 dondrde HIV pozitif ¢iktl. Bu nedenle, kan
dondrlerinde HIV enfeksiyonunun genel seroprevalansi art arda dokuz
yilda yalnizca %0,03 idi. Bagiscilarimiz arasindaki HIV enfeksiyonu
egilimi baslangicta azaldi ancak 2014’ten 2019’a kadar yeniden artti.

Sonug: Kuzeydogu Malezya eyaletindeki yayginlik, diinya ¢apinda diger
bolgelerde yuritilen 6nceki galismalarla karsilastirildiginda dasukta.
Guncellenmis ekipmanlarla standart operasyon prosedirlerinin
uygulanmasi ve molekiler yontemlerin kullanimina yonelik planlama,
kan transflizyonu hizmetinin transfizyonla bulasan enfeksiyonlari
izlemesi icin gereklidir.

Anahtar Sozciikler: Transflizyonla bulagan enfeksiyonlar, insan immiin
yetmezlik virls(, kan bagiscilari, seroprevalans, transflizyon

Address for Correspondence/Yazisma Adresi: Noor Haslina Mohd Noor, MD, Department of Hematology, School

of Medical Sciences, Universiti Sains Malaysia, Kelantan, Malaysia
E-mail / E-posta: drhaslina@usm.my
ORCID ID: orcid.org/0000-0001-8357-1850

Received/Gelis Tarihi: 29.07.2022
Accepted/Kabul Tarihi: 15.03.2023

@@@@ 9Copyright 2024 The Author. Published by Galenos Publishing House on behalf of Gazi University Faculty of Medicine.
BY NG ND Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

©Telif Hakki 2024 Yazar. Gazi Universitesi Tip Fakiiltesi adina Galenos Yayinevi tarafindan yayimlanmaktadir.
Creative Commons Atif-GayriTicari-Tiretilemez 4.0 (CC BY-NC-ND) Uluslararasi Lisansi ile lisanslanmaktadir.

106


https://orcid.org/0000-0003-0098-6781
https://orcid.org/0000-0001-8357-1850
https://orcid.org/0000-0002-9104-7511
https://orcid.org/0000-0003-4975-2038
https://orcid.org/0000-0003-2029-2234
https://orcid.org/0000-0002-6903-3519
https://orcid.org/0000-0003-4276-7288
https://orcid.org/0000-0001-8950-5715
https://orcid.org/0000-0003-3878-208x
https://orcid.org/0000-0003-2823-5576

GMJ 2024;35:106-110

Zahidin et al. Seroprevalence of HIV Infection Among Blood Donors

INTRODUCTION

Blood transfusion is a routine therapeutic intervention in hospitals
that can be lifesaving. However, this intervention is related to several
transfusion-related infections, which are very serious complications
of blood transfusion.

The human immunodeficiency virus (HIV) is an important viral
agent and one of the significant public health problems associated
with transfusion transmitted infection (TTI). HIV infections are still
the main cause of morbidity and mortality in developed countries.
Choosing healthy donors with a low risk of blood contamination is an
important measure for protecting blood safety (1).

HIV/AIDS prevalence during more than a decade indicates that its
prevalence is getting increasingly serious, and the rapid spread of
HIV infection exists with the characteristics of regional and age
differences (2).

The aim of this study was to describe the prevalence of HIV from
2010 to 2019 among donors screened at the transfusion medicine
unit in northeastern Malaysia. These data from approximately
10,000 donors annually provide estimates of the temporal trends of
HIV infection in a group of donors in this region.

MATERIALS AND METHODS

A retrospective study was conducted at the Transfusion Medicine
Unit, Hospital Universiti Sains Malaysia, from January 2011 to
December 2019. The study population comprised all voluntary blood
donors who donated blood at Transfusion Medicine Unit, Hospital
Universiti Sains Malaysia during that period. The donors were those
who weighed not less than 50 kg, were 18 years old, and fulfilled the
standard donor criteria set by the Malaysia National Blood Centre.

Data from the volunteers who donated blood were included in the
analysis. Sociodemographic data, such as age, gender, marital status,
occupation, serological results, and frequency of donations, were
obtained from the blood bank’s computer system. To preserve the
privacy of donors required by law, donor names were not disclosed
by the blood bank and were individualized by donation number.
Frequency of donation, i.e., first-time donors, lapsed donors, and
regular donors, were also included in the study. First-time donors
are those who donated for the first time at our unit, lapsed donors
who donated blood twice or less and had not donated within the
last 24 months, and regular donors are those who donated three or
more times in a 12-month period.

Ethical clearance was obtained from the Universiti Sains Malaysia
Ethical Committee (USM RUI grant; 1001/PPSP/812187), and verbal
consent was obtained from the Blood Bank administration before
the start of data collection. Confidentiality of the information was
ensured as the blood donation number was registered on the data
collection format instead of the names of the subjects.

Statistical Analysis

All tests were performed using the ARCHITECT HIV Ag/Ab
Combo assay (Abbott Diagnostics, Chicago, IL) according to the
manufacturer’s instructions and validated standard operating
procedures. The ARCHITECT HIV Ag/Ab Combo assay is a
chemiluminescent microparticle immunoassay for the simultaneous
qualitative detection of HIV p24 antigen and antibodies to HIV

type 1 and/or type 2 (HIV-1/HIV-2) in human serum or plasma. The
ARCHITECT HIV Ag/Ab Combo assay is intended to be used as an aid
in the diagnosis of HIV-1/HIV-2 infection and as a screening test for
donated blood and plasma.

RESULTS

During the nine years, 98,874 individuals donated blood and were
screened for HIV infections. The majority of the blood donors were
aged 17-24 years with a male-to-female ratio of 1:1.21. Most of our
donors were Malay (79.66%) and single (78.2%), with only 21.8%
being married. Regular, lapsed and first-time donors were 12.89%,
27.54% and 59.55 %, respectively.

The study showed that there were only 29 HIV-positive blood donors.
Therefore, the overall seroprevalence of HIV infection in blood
donors was found to be only 0.03% over nine consecutive years.
The trend of HIV infection increased from 2010 to 2011, decreased
from 2011 to 2013, and increased in 2013 and 2014. The trend
decreased again from 2014 to 2018; however, it increased again in
2019 (Figure 1). Considering age, the age groups of 26-30 had the
highest contribution of HIV infection (Chart 1). The male-to-female
ratio was 4.8:1. The majority of our seroprevalence of HIV donors
were from Malay, students, single and first-time donors, which was
75.9%, 41.4%, 62% and 55.2%, respectively (Chart 2). Twenty donors
admitted they had a history of sexual promiscuity [MSM (n=10),
multiple heterosexual partner (n=10)] and nine donors denied the
risk factor.

—\\\“ /T\\ -
\‘\ y \\\
4 —\\ / | —
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[ /
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2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 1. Trends in HIV seroprevalence.

HIV: Human immunodeficiency virus.

18-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55

Chart 1. Age of donors who are HIV positive.

HIV: Human immunodeficiency virus.
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Chart 2. Occupation of donors who were HIV positive.

HIV: Human immunodeficiency virus.
DISCUSSION

Blood transfusion is considered a potential risk factor for the
transmission of viruses, such as HIV, which can be life-threatening
and have global public health importance. A substantial percentage
of blood donors harbor TTls. Despite stringent donor selection and
testing practices, safe blood free from TTIs remains an elusive goal
because the threat of TTI agents entering the blood supply is not
static (3). Voluntary donations and comprehensive screening of
donors’ blood for transfusion-transmitted viruses using standard
methods to safeguard the blood recipient should be emphasized (4).

The overall prevalence of HIV infection among our blood donors was
very low (0.03%). Low seroprevalence results were also seen among
voluntary blood donors in Uttar Pradesh, southeast Iran, and Pakistan
(1,4,5). The trend of HIV infection among our donors decreased
initially but increased again from 2014 to 2019. Seroprevalence for
HIV showed increasing patterns ranging from 6.34 to 16.74% per
100,000 per person-years, with only four cases detected in 2004 and
2005 to 12 cases in 2008 (three-fold increase) (6).

This variation in HIV prevalence could be due to differences in high-
risk behavior, training programs, prevention methods, and the use
of appropriate and safe methods in blood transfusion centers in
different countries (7). Pre-donation counseling was recognized as
one of the important strategies to reduce and prevent the donation
of blood by individuals who might be at risk for HIV and other TTls
(8). Low seroprevalence of HIV infection among our donors might
be due to the decreasing trend of HIV infection in Malaysia and/or
that the donors who had risk behaviors related to HIV infection were
screened before donation.

Considering age and sex, we found that the age groups 21-25 had
the highest contribution of HIV infection, with a male to female
ratio was 4.8:1. RN Makroo reported a high rate of HIV positivity
in male donors (97.4%) compared with females in India, and 54.9%
was seen in the age group of 18-30 years (9). A study among Chinese
blood donors also reported more males (81% vs. 64%) and a higher
proportion of 26-35 years old were found in HIV-positive than HIV-
negative donors (41.9% vs. 26.9%) (10). Epidemiological analysis of
HIV prevalence by Qiao et al. (2) reported higher risk existed in the
young and middle-aged populations, especially in 30- to 40-year-old
people. In Chiengmai, the proportion of male donors (80.6%) was
more than female donors, with a mean age of 28.9 and 28.8 years,
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respectively (11). However, in Nigeria, it was reported that an age
range of 29 and below has a lower prevalence of HIV antibodies
than other age groups, and this is an indication of success on the
part of Nigerian government agencies and non-governmental
organizations in the fight against new HIV infections (12). HIV-
positive blood donors in Germany that were included in the analysis
were significantly younger (median age; 28 years) and lived more
frequently in a metropolis (13).

Qiao et al. (2) analyzed the epidemiologic characteristics and
concluded that the regional and age differences in HIV prevalence
were significant, and this result may provide basic data for the
prevention and control of sexually transmitted diseases (STDs). More
effective and efficient control programs with expanded geographical
and aged population coverage are required (2).

We observed that the majority of our seroprevalence of HIV donors
were from Malay, students, and single donors (75.9%, 41.4%, and
62% respectively. A study by the National Blood Centre reported that
the majority of HIV-positive blood donors in their institution were
students, unmarried, and first-time donors (41.4%, 62% and 55.2%
respectively). This finding may be due to a low level of awareness
among students regarding the TTI risk before blood donation, a
current lifestyle that might contribute to the seropositivity, and an
increasing number of donations made by students compared with
others (6). The association of HIV status with younger age at sexual
debut may be due to more lifetime partners. This increase could
result from a longer sexual life. Prevention of HIV infection should
include efforts to delay age at first sex (14).

A study by Rich et al. (10) observed that donors with less high school
education (38.2% vs. 15.5%) and divorced/separated/widowed
donors (14% vs. 4%) were higher in the HIV-positive than in the
HIV-negative group. A study among Malawi blood donors reported
that HIV-positive results were significantly associated with age
above 25 years and being out of school (15). Nafishah et al. (6)
observed that the higher the educational level, the lower the rate of
seroconversion in TTl. Donors who finished primary education only
had higher anti-HIV prevalence than donors who finished secondary
level and higher education (1.82%, 0.52% and 0.22% respectively).
This evidence supports that individuals with low education have
higher risk behaviors, such as tattooing, intravenous drug abuse, and
extramarital sex relations without condom use (16).

We reported higher HIV seroprevalence among donors who were
single. A larger proportion of HIV-positive donors were also reported
among divorced, separated, or widowed donors in China, suggesting
the importance of understanding the psychosocial characteristics
of HIV-positive donors and the implementation of behavioral
and therapeutic interventions to prevent further spread of the
infection (10). Donors recruited at workites and community halls
had higher HIV seroprevalence (18.9% and 18.7%, respectively) than
donors recruited at the National Blood Transfusion Service (NBTS)
headquarters, schools, or clubs (7.9%) (17).

The majority of our seroprevalence of HIV donors were first-time
donors, which was 55.2%. Regular and lapsed donors accounted
for approximately 44.8% of HIV-positive donors. A study conducted
on 130 first-time blood donors in Nigeria found that 6.2% were
HIV-positive donors. This indicates that HIV is still being actively
transmitted among the most productive age bracket in the Nigerian
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community (12). The seroprevalence of HIV infection among
voluntary non-remunerated blood donors in Malawi was also higher
in first-time blood donors. The prevalence of HIV infections in repeat
blood donors showed a reducing trend (15).

McFarland et al. (17) reported that HIV seropositivity among first-
time blood donors in Zimbabwe was 51%. A study among blood
donors in Brazil reported that the greatest number of cases with HIV
infection was from the first-time donation (18). Among men, repeat
donors had a lower overall HIV prevalence (2.47%) than first-time
donors (3.64%; p<0.0001) (11).

We reported 69% of the HIV-positive donors admitted to having
sexual promiscuity [MSM (n=10) and multiple heterosexual partners
(n=10)] and nine donors denied the risk factor. Sexual contacts were
the most prominent reported risk factors among HIV-infected donors
in Germany, reported as either MSM or heterosexual risk contacts,
or both (13). Zeng et al. (19) reported that a man who has sex with
men was associated with the highest odds of HIV infection. Not
using a condom, having sex with HIV-infected individuals or partners
with STDs, or having more than two sex partners were all associated
with more than five times higher odds of having HIV (19). According
to a study by Nafishah et al. (6), when asked regarding why they still
donated even though they already knew they were involved in high-
risk activities and could transmit infections through blood donations,
the majority of respondents admitted they practiced safe sex and
would never be infected, and most of the respondents thought
that high-risk activities asked during the pre-donation interview
only concerning recent activities. One of the preventive measures
implemented at the National Blood Centre to prevent TTl is to delay
donors with the potential to spread viruses, such as those involved
in high-risk activities (6).

Wand and Ramjee (14) observed that an appropriate HIV/STD risk
reduction program may be important in shaping the sexual behavior
of young adolescents before or at the beginning of their sexual lives.
Risk factors that serve as the most efficient donor deferral criteria
may also change over time as the HIV epidemic evolves. Transfusion
centers should not rely solely on exclusion by risk factors to ensure
the safety of blood supply. An important part of a multifaceted
strategy to maximize blood safety includes exclusion by HIV risk
factors and universal HIV antibody screening (17).

Although most criteria for (temporary) deferral only target the
prevention of window phase donations, improved recording of
transmission risks could reduce the risk of undetected infections
among donors (13). Another important issue is when the main
source of replacement donors is recruited from a patient’s family or
acquaintances who hide their health conditions from their relatives.
Thus, the selection of donors and their proper screening are key
factors to ensure safe transfusion (3).

Study Limitations

Nevertheless, there are some limitations to this study. As the
study subjects involved only blood donors in a teaching hospital
in Kelantan, the results may not be reflective toward the whole
population of Malaysia. Furthermore, the ethnic population in this
study were mostly Malay, is mainly reflected the general population

of Northeastern Malaysia whereas, other part of Malaysia, there are
more indigenous ethnic groups such as Chinese, Indian, Kadazan,
Dusun, lban etc.

CONCLUSION

The lower seroprevalence of TTI among our blood donors as
compared to previous studies carried out in other regions worldwide
could be due to stringent pre-donation selection, increased donor
understanding regarding self-deferral policy, improved donors’
understanding on safe blood donation, and recruitment of voluntary
non-remunerated donors. Application of standard operating
procedures, with updated equipment, as well as planning for the
use of molecular methods are necessary for the Malaysia Blood
Transfusion Organization to monitor blood-transmitted infections.

Health education to the community could strengthen their
awareness about the mode of transmission and prevention of HIV
infection. Conducting further community-based studies to identify
societal risk factors of HIV infection could interrupt the transmission
and be valuable in recruiting potential volunteer non-remunerated
blood donors. Public awareness about blood-borne diseases should
be increased, especially in citizens with a low level of education,
and free experiments should be set up for patients with low-income
levels.

The results and data generated would be useful in updating the
policy regulation on donor testing in our center. We also advocate
that a national surveillance program against TTl be established
through the NBTS.
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Meme Cerrahisinde Harmonik Nester ve Elektrokoterin Karsilastirilmasi: Bir Kohort Calismasi
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ABSTRACT

Objective: As one of the most frequent procedures, breast surgery
incurs high healthcare costs. The significance of surgical quality and
complications before and after breast surgery entailed the use of
methods with the highest outcomes and the least complications.

Methods: Throughout this research, postoperative complications and
factors affecting the quality of surgery were evaluated in the Kowsar
Hospital between 2019 and 2020 for patients requiring breast surgery.
Patients undergoing breast surgery were randomly categorized into
two groups: electrocautery (A) and harmonic scalpel (B).

Results: Of the 56 patients, 28 were in group A, and the remaining
28 were in group B. Intraoperative bleeding, drainage rate, period of
drainage, and duration of hospitalization in group B were significantly
lower (p<0.05). Furthermore, the extent of pain in both groups
was different (p<0.001), so that there was less postoperative pain
in women who experienced harmonic breast surgery. Patients
throughout group A reported more complications than in group B,
such that 7 (25%) patients underwent limb anesthesia and 3 (10.7%)
patients experienced seroma, suggesting a higher risk of complications
in group A; however, the difference between the two groups was not
significant in terms of limb anesthesia (p=0.069) and serum (p=0.075).

Conclusion: Harmonic scalpel usage in breast surgery has fewer
complications, better operation quality, and shorter hospital stay than
other older methods; therefore, the use of harmonic scalpels may
substitute for different surgical strategies.

Keywords: Breast mass, breast surgery, electrocautery, harmonic,
complications

0z

Amag: En sik yapilan islemlerden biri olan meme cerrahisi yiksek
saglik harcamalarina neden olur. Meme cerrahisi 6ncesi ve sonrasi
cerrahi kalitenin ve komplikasyonlarin 6nemi, sonuglari en yiksek ve
komplikasyonlari en az olan yontemlerin kullaniimasini gerektiriyordu.

Yontemler: Bu arastirma boyunca Kowsar Hastanesi'nde 2019-
2020 yillari arasinda meme ameliyati gerektiren hastalarda ameliyat
sonrasl komplikasyonlar ve ameliyat kalitesini etkileyen faktorler
degerlendirildi. Meme ameliyati gegiren hastalar rastgele iki gruba
ayrildi: elektrokoter (A) ve harmonik nester (B).

Bulgular: Elli alti hastanin 28’i A grubunda, geri kalan 28’i ise B
grubundaydi. Grup B’de intraoperatif kanama, drenaj orani, drenaj
slresi ve hastanede kalis siresi anlamli olarak daha dusukti (p<0,05).
Ayrica her iki grupta agri siddeti farkliydi (p<0,001), yani harmonik
meme ameliyati gegiren kadinlarda ameliyat sonrasi agri daha azdi.
Grup A'daki hastalar, grup B’ye gore daha fazla komplikasyon bildirdi;
7 (%25) hastaya ekstremite anestezisi uygulandi ve 3 (%10,7) hastada
seroma goruldd; bu, grup A'da komplikasyon riskinin daha yiiksek
oldugunu duslindirmektedir; ancak ekstremite anestezisi (p=0,069)
ve serum (p=0,075) acisindan iki grup arasindaki fark anlamli degildi.

Sonug: Meme cerrahisinde harmonik nester kullanimi diger eski
yontemlere gore daha az komplikasyona, daha iyi operasyon kalitesine
ve daha kisa hastanede kalis stresine sahiptir; bu nedenle harmonik
nesterlerin kullanimi farkl cerrahi stratejilerin yerini alabilir.

Anahtar Sozciikler: Meme kitlesi, meme cerrahisi, elektrokoter,
harmonik, komplikasyonlar

Address for Correspondence/Yazigma Adresi: Mohammad Yahya Faridi, MD, Department of Surgery, Kurdistan

University of Medical Sciences, Faculty of Medicine, Sanandaj, Iran
E-mail / E-posta: myfaridi69@gmail.com
ORCID ID: orcid.org/0000-0003-0380-4795

Received/Gelis Tarihi: 07.02.2022
Accepted/Kabul Tarihi: 02.01.2023

@@@@ 9Copyright 2024 The Author. Published by Galenos Publishing House on behalf of Gazi University Faculty of Medicine.
BY NG ND Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

©Telif Hakki 2024 Yazar. Gazi Universitesi Tip Fakiiltesi adina Galenos Yayinevi tarafindan yayimlanmaktadir.
Creative Commons Atif-GayriTicari-Tiretilemez 4.0 (CC BY-NC-ND) Uluslararasi Lisansi ile lisanslanmaktadir.

111


https://orcid.org/0000-0002-4350-7528
https://orcid.org/0000-0003-0380-4795

GMJ 2024;35:111-114

Moaiery and Faridi. Comparison of Harmonic Scalpel and Electrocautery During Breast Surgery

INTRODUCTION

Breast surgery is one of the most influential and popular procedures
conducted today for several reasons, including remarkably benign
and malignant masses and cosmetics. Breast masses are one of the
most common and severe ailments in females. Breast cancer is less
frequent than at the age of 30 years. In European and American
nations, breast cancer is primarily found in women over the age
of 50. According to research performed in Iran, the percentage of
patients aged between 40 and 49 years is greater than that of other
age categories. The rate of younger patients is still greater than that
in Western nations (1). The standard of operation and problems
that arose before and during breast surgery (bleeding, seroma,
anesthesia, etc.) demanded the use of approaches for the optimum
outcomes and the least complications (2). Because these patients
have a lot of emotional strain, this doubles the sensitivity of work.

Consequently, if optimal outcomes are obtained throughout breast
surgery, it will be better and more satisfying for our patients and
will be effective in reducing patients’ pain. Harmonic is a 55.5
kHz vibrating instrument that creates three synergistic results,
comprising cavitation, coagulation, and cutting, to promote
substantial homeostasis and tissue dissection at a defined stage,
all of which minimize heat distribution to neighboring tissues
(3). This instrument has been licensed by the US Food and Drug
Administration for vessels with occlusion more significant than 5
mm in diameter (4-7). No systematic research and consensus were
rendered on the advantages and disadvantages of breast surgery
instruments. We also used a harmonic scalpel in breast surgery in
this analysis and compared the effects of pre- and postoperative
procedures employing electrocautery.

MATERIALS AND METHODS

In Kowsar Hospital, Sanandaj (lran), from 2019 to 2020, this
prospective cohort analysis was conducted. Postoperative
complications and variables influencing breast surgery quality were
examined among patients.

The statistical population includes patients who underwent breast
surgery at Kowsar Hospital. The exclusion criteria included patients
with a background of radiotherapy and concurrent blood disorders
(coagulation disturbances) or some other contraindication with
breast surgery. In this analysis, patients were randomly classified
into two categories, A (electrocautery) and B (harmonic), as standard
surgical procedures. The patients’ surgery was performed by one
surgeon. Side effects and surgical performance were checked and
followed up before and after surgery and after patients’ discharge
within 1 and 3 months (by telephone and examination at the clinic).
The surgery length and volume of intraoperative bleeding were
then compared based on the formulated checklist. Postoperative
pain (VAS approach) dependent on ratings of 0 (no pain) to 10
(highest pain), duration of hospitalization dratoage, hematoma,
infection, necrosis, seroma, and organ anesthesia were compared
in both groups. The machines employed in this investigation were
electrocautery (Avanteb smart-4, 2019, CF, |) and harmonic (Ethicon
Endo-Surgery, 2019).

The approval of the Ethics Committee was obtained from the
Kurdistan University of Medical Sciences for this study (approval
number: IR.MUK.REC.1398.281, date: 04.02.2020).
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Statistical Analysis

Eventually, the collected data were evaluated using SPSS software
version 22. An independent t-test was also used to compare the
mean values, and Pearson’s chi-squared test was used to compare
the qualitative variables.

RESULTS

A total of 56 patients were examined in this review, of which 28 were
in the electrocautery group and 28 were in the harmonic group.
The total patient age of 40.42 and 41.17 years was not statistically
significant for both the electrocautery (A) and harmonics (B) groups.
Breast size, method of procedures, position of the mass, and
pathology were also matched. In group A, intraoperative bleeding
was more, whereas in group B, the duration of surgery, extent of
drainage during the initial 24 h, overall drainage, persistence of
drainage, and period of hospitalization and pain were significantly
lower than those in group A (p<0.05). The results of this study in the
two groups of electrocautery and harmonic are shown in Table 1.

DISCUSSION

Various studies have been conducted on oncology procedures
and their complications with different surgical techniques
(electrocautery and harmonics), but limited literature is accessible
on breast surgery. Despite these variations, the advantages
of employing harmonics are somewhat unclear. In the research of
Hung et al. (3), the implementation of a harmonic scalpel during
breast and axillary surgery was contrasted with the use of a
harmonic scalpel combined with other surgical techniques such as
electrocautery and scalpel in patients undergoing surgery. Following
the current research, a study demonstrated that harmonic scalpel
usage shortened the operation period and decreased the incidence
of postoperative anesthesia throughout the axillary region (3).
The use of harmonic scalpel and electrocautery procedures in
radical mastectomy cases was studied in a clinical trial conducted
by Ribeiro et al. (8). Throughout this analysis, seroma, hematoma,
infection, tissue necrosis, surgery time, and intraoperative bleeding
were evaluated between 7 and 14 days following surgery. In this
examination, 46 patients underwent electrocautery, and 49 patients
were exposed to harmonic surgery. According to this analysis,
in the electrocautery group, the prevalence of postoperative
complications was higher than that in the harmonic group, and
there was no substantial change in postoperative seroma between
the two groups (8). The complications of the electrocautery group
were significantly higher in our research. Generally, in some studies,
there is no significant difference between the use of electrocautery
and harmonic, whereas in another number of studies, there are
significant differences, especially during surgery and bleeding during
and after surgery and the amount of pain in patients (2,8-16). A
systematic review directed by Cheng et al. (11) investigated harmonic
scalpel among patients undergoing oncosurgery. Breast, lung, head
and neck, and colon cancers were studied in this analysis. The
findings indicated that the length of the harmonic method had
a shorter operating time of 25-29 min, which was less reported
in breast cancers. The bleeding and drainage volumes in the
harmonic community were smaller than those in other approaches
in various experiments, varying from 42 to 141 and 42 to 292 mL.
The hospitalization admission rate declined between 0.2 and 3.2
days in the harmonic group.
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Table 1. Consequences and side effects of groups A and B

Electrocauter Harmonic p-value
n Mean Standard n Mean Standard Significant in less
deviation deviation than 0.05

Bleeding during surgery (mL) 28 131.10 75.56 28 88.92 61.25 0.026
Surgery time (min) 28 90.53 36.90 28 63.57 30.24 0.004
Drain discharge volume (mL) 28 52.14 16.06 28 33.39 11.94 0.000
Number of days of drainage 28 3.71 1.48 28 2.53 1.31 0.003
Total volume of drainage (mL) 28 170.35 95.78 28 115.35 7368 0.019
Pain (score 0 to 10) 28 6.28 1.41 28 4.10 1.22 0.000
Number of hospitalization days 28 1.50 0.57 28 1.14 0.35 0.007

Electrocauter Harmonic
Limb anesthesia Yes 7 (25%) Yes 2 (7.1%) 0.069

No 21 (75%) No 26 (92.9%)
Infection at the operation site Yes 0 Yes 0 -

No 28 (100%) No 28 (100%)
Seroma Yes 3 (10.7%) Yes 0 0.075

No 25 (89.3%) No 28 (100%)
Surgical scar Low 9 (32.1%) Low 12 (42.9%) -

Medium 10 (35.8%) Medium 9(32.1%)

High 9(32.1%) High 7(25%)

The use of harmonic scalpels has, in general, been shown to
minimize complications and optimize patient outcomes (11). The
advantages of using harmonics in different experiments were
explored in a systematic review of harmonic scalpels conducted
by McCarus and Parnell (14). This analysis indicates a relatively
lower risk of postoperative pain, intra- and postoperative bleeding,
seroma, and hospitalization and a higher return to function. It
seems that the older studies have different results concerning the
use of older devices than the newer studies in this field, so that in
our study, which was using the latest harmonic device, had better
results. Overall, our research indicates that intra- and postoperative
bleeding, postoperative pain, surgical period, duration of drainage,
and hospitalization are significantly different among groups A and
B (p<0. 05). In group B, both seroma and anesthesia were lower
than in group A, which was compatible with and validated by recent
research (2,8-11,13-20).

Study Limitations

The high expense of the instruments and the use of the devices, and
restrictions on the use of harmonic devices due to the high cost of
maintenance and repair.

CONCLUSION

Using the harmonic method in breast surgery seems secure, reduces
intra- and postoperative complications for patients, and significantly
reduces postoperative pain. Consequently, it is advised that the
harmonic approach should be utilized in breast surgery rather than
conventional methods. Additional research using a broader sample
can validate this analysis.

Ethics

Ethics Committee Approval: The approval of the Ethics Committee was
obtained from the Kurdistan University of Medical Sciences for this
study (approval number: IR.MUK.REC.1398.281, date: 04.02.2020).

Informed Consent: It wasn’t obtained.
Authorship Contributions

Concept: H.M., MJY.F.,, Design: H.M., M.Y.F, Data Collection or
Processing: H.M., M.Y.F., Analysis or Interpretation: H.M., M.Y.F,,
Literature Search: H.M., M.Y.F., Writing: H.M., M.Y.F,,

Conflict of Interest: No conflict of interest was declared by the authors.

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

REFERENCES

1. Anborgh PH, Caria LB, Chambers AF, Tuck AB, Stitt LW, Brackstone
M. Role of plasma osteopontin as a biomarker in locally advanced
breast cancer. Am J Transl Res 2018; 7: 723.

2. Selvendran, Cheluvappa R, Truong VK, Yarrow S, Pang TC, Segara D,
et al. Efficacy of harmonic focus scalpel in seroma prevention after
axillary clearance. Int J Surg Open 2016; 30: 116-20.

3. Hung SH, Chu D, Chen FM, Chen T, Chen RC. Evaluation of the
harmonic scalpel in breast conserving and axillary staging surgery. J
Chin Med Assoc 2012; 75: 519-23.

4. Ecker T, Carvalho AL, Choe JH, Walosek G, Preuss KJ. Hemostasis in
thyroid surgery: harmonic scalpel versus other techniques—a meta-
analysis. Otolaryngol Head Neck Surg 2010; 143: 17-25.

5. Jackson LL, Gourin CG, Thomas DS, Porubsky ES, Klippert FN,
Terris DJ. Use of the harmonic scalpel in superficial and total

113



GMJ 2024;35:111-114

Moaiery and Faridi. Comparison of Harmonic Scalpel and Electrocautery During Breast Surgery

10.

11.

12.

parotidectomy for benign and malignant disease. Laryngoscope
2005; 115: 1070-3.

Kontos M, Kothari A, Hamed H. Effect of harmonic scalpel on
seroma formation following surgery for breast cancer: a prospective
randomized study. J BUON 2008; 13: 223.

Sutton P, Awad S, Perkins A, Lobo D. Comparison of lateral thermal
spread using monopolar and bipolar diathermy, the Harmonic
Scalpel™ and the Ligasure™. Br J Surg 2010; 97: 428-33.

Ribeiro GHFP, Kerr LM, Haikel RL, Peres SV, Matthes AGZ, Michelli
RAD, et al. Modified radical mastectomy: a pilot clinical trial
comparing the use of conventional electric scalpel and harmonic
scalpel. Int J Surg 2013; 11: 496-500.

ArchanaA, SureshkumarS, Vijayakumar C, Palanivel C. Comparing the
harmonic scalpel with electrocautery in reducing postoperative flap
necrosis and seroma formation after modified radical mastectomy in
carcinoma breast patients: a double-blind prospective randomized
Control Trail. Cureus 2018; 10: e2476.

Burdette TE, Kerrigan CL, Homa KA. Harmonic scalpel versus
electrocautery in breast reduction surgery: a randomized controlled
trial. Plast Reconstr Surg 2011; 128: 243e-9e.

Cheng H, Clymer JW, Sadeghirad B, Ferko NC, Cameron CG, Amaral JF.
Performance of Harmonic devices in surgical oncology: an umbrella
review of the evidence. World J Surg Oncol 2018; 16: 2.

D’Hont A, Rao P, Feldmann P, Grivet L, Islam-Faridi N, Taylor P, et
al. Identification and characterisation of sugarcane intergeneric
hybrids, Saccharum officinarum x Erianthus arundinaceus, with
molecular markers and DNA in situ hybridisation. Theor Appl Genet
1995; 91: 320-6.

114

13.

14.

15.

16.

17.

18.

19.

20.

Faisal M, Fathy H, Shaban H, Abuelela ST, Marie A, Khaled I. A novel
technique of harmonic tissue dissection reduces seroma formation
after modified radical mastectomy compared to conventional
electrocautery: a single-blind randomized controlled trial. Patient
Saf Surg 2018; 12: 1-12.

McCarus SD, Parnell LK. The Origin and Evolution of the HARMONIC®
Scalpel. Surg Technol Int 2019; 35: 201-13.

Militello G, De Marco P, Falco N, Kabhuli K, Mascolino A, Licari L, et
al. Is it really useful the Harmonic scalpel in axillary dissection for
locally advanced breast cancer? A case series. G Chir 2016; 37: 262.

Mittal P, Kumar A, Kaur S, Pandove PK, Singla RL, Singh J. A
comparative study of the use of harmonic scalpel versus unipolar
cautery in modified radical mastectomy. Niger J Surg 2017; 23: 20-5.

Zhang Z, Li L, Pang Y, Li Q, Guo C, Wang Y, et al. Comparison of
harmonic scalpel and conventional technique in the surgery for
breast cancer: A systematic review and meta-analysis. Indian J
Cancer 2018; 55: 348.

Anborgh PH, Caria LB, Chambers AF, Tuck AB, Stitt LW, Brackstone
M. Role of plasma osteopontin as a biomarker in locally advanced
breast cancer. Am J Transl Res 2015; 7: 723.

Huang J, Yu Y, Wei C, Qin Q, Mo Q, Yang W. Harmonic scalpel versus
electrocautery dissection in modified radical mastectomy for breast
cancer: a meta-analysis. PLoS One 2015; 10: e0142271.

Khan S, Khan S, Chawla T, Murtaza G. Harmonic scalpel versus
electrocautery dissection in modified radical mastectomy: a
randomized controlled trial. Ann Surg Oncol 2014; 21: 808-14.



Original Investigation | Ozgiin Arastirma

GMJ 2024;35:115-120

DOI: http://dx.doi.org/10.12996/gmj.2022.3547

Evaluating the Effect of Chloroform and Water Extract of Satureja khuzistanica on
the Expression of Bcl-2 and Bax in Gastric Cancer Cell Line

Satureja khuzistanica Kloroform ve Su Ekstraktinin Mide Kanseri Hicre Hattinda Bcl-2 ve Bax

Ekspresyonu Uzerine Etkisinin Degerlendirilmesi

@ Bagher Biglak!, ® Asghar Tanomand?, ® Leyla Agik3, ® Farzad Arjomandi Rad4, ® Gholamreza Shahsavaris,

® Saman Kazemil, ® Hossein Soltanzadeh1.2

1Department of Biology, Islamic Azad University Faculty of Basic Sciences, Bonab Branch, Iran
2Medicinal Plants Research Center, Maragheh University of Medical Sciences, Maragheh, Iran

3Department of Biology, Gazi University Faculty of Health Sciences, Ankara, Turkiye

4Department of Chemistry, Islamic Azad University Faculty of Medicine, Bonab Branch, Iran
5Department of Clinical Biochemistry, Lorestan University of Medical Sciences Faculty of Medicine, Khorramabad, Iran

ABSTRACT

Objective: Gastric cancer is a complex disease. Natural antioxidant
sources without toxic side effects are suitable for the treatment and
management of diseases such as cancer. Satureja khuzistanica (S.
khuzistanica) is an endemic plant in southern Iran. Despite numerous
articles published about this plant, a limited number of studies have
been conducted on its anticancer effects. Therefore, this study was
conducted to evaluate the cytotoxic and apoptotic effects of this plant
on the gastric cancer cell line.

Methods: The antimicrobial activities of chloroform and water extracts
were screened against pathogenic bacteria [Helicobacter pylori (H.
pylori)]. The cytotoxicity effect of the extracts was evaluated using an
microculture tetrazolium assay on gastric cancer cell lines (AGS and
KATO IIl) and normal gingival fibroblasts. The expression of Bax and
Bcl-2 was evaluated using real-time polymerase chain reaction. Finally,
all data were analyzed using REST software.

Results: Both extracts showed good inhibitory activity against H. pylori.
In addition, extracts showed cytotoxic activity against gastric cancer
cell lines. Treatment of S. khuzistanica cells increased and decreased
the expression of Bax and Bcl-2 apoptotic genes, respectively (p<0.05).
In addition, in HGF cells, there were no cytotoxic effects or apoptosis
induction triggered by the extracts.

Conclusion: The chloroform extract had more cytotoxic and apoptotic
effects than the water extract. The extracts could have anticancer and
apoptotic effects on the gastric cancer cell line.

Keywords: AGS and KATO-III cell line, apoptotic effect, gastric cancer,
Satureja khuzestanica

0z

Amag: Mide kanseri karmagsik bir hastaliktir. Toksik yan etkileri
olmayan dogal antioksidan kaynaklari kanser gibi hastaliklarin tedavisi
ve yobnetimi i¢in uygundur. Satureja khuzistanica (S. khuzistanica),
iran’in giineyindeki endemik bir bitkidir. Bu bitki hakkinda ¢ok sayida
makale yayinlanmis olmasina ragmen antikanser etkileri konusunda
sinirl sayida ¢alisma yapilmistir. Bu nedenle bu galisma, bu bitkinin
mide kanseri hiicre hatti Gizerindeki sitotoksik ve apoptotik etkilerini
degerlendirmek amaciyla yapilmistir.

Yontemler: Kloroform ve su ekstraktlarinin antimikrobiyal aktiviteleri
patojen bakterilere [Helicobacter pylori (H. pylori)] karsi tarandi.
Ekstraktlarin sitotoksisite etkisi, mide kanseri hiicre dizileri (AGS
ve KATO lIl) ve normal dis eti fibroblastlari Gzerinde bir mikrokultir
tetrazolyum tahlili kullanilarak degerlendirildi. Bax ve Bcl-2’nin ifadesi,
gercek zamanl polimeraz zincir reaksiyonu kullanilarak degerlendirildi.
Son olarak tim veriler REST yazilimi kullanilarak analiz edildi.

Bulgular: Her iki ekstrakt da H. pylori’ye karsi iyi bir inhibitér aktivite
gosterdi. Ek olarak ekstraktlar mide kanseri hicre dizilerine karsi
sitotoksik aktivite gosterdi. S. khuzistanica hicrelerinin tedauvisi
siraslyla Bax ve Bcl-2 apoptotik genlerinin ekspresyonunu artirdi ve
azaltti (p<0.05). Ayrica HGF hicrelerinde ekstraktlarin tetikledigi
herhangi bir sitotoksik etki veya apoptoz indiksiyonu gorilmemistir.

Sonug: Kloroform ekstraktinin su ekstraktina gére daha fazla sitotoksik
ve apoptotik etkiye sahip oldugu gorilmistlr. Ekstraktlarin mide
kanseri hiicre dizisi Uizerinde antikanser ve apoptotik etkileri olabilir.

Anahtar Sozciikler: AGS ve KATO-III hiicre dizisi, apoptotik etki, mide
kanseri, Satureja khuzestanica
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INTRODUCTION

Japan ranks first in terms of the incidence of gastric cancer within
the world and South Korea, Costa Rica, the former Soviet republics,
and Japan rank first to fourth in the world in terms of mortality
caused by gastric cancer. Its highest prevalence has been observed
in the Far East. In Iran, cancer is the third most common cause
of death, and more than 30,000 people die each year due to this
disease (1,2). Gastric cancer is a common disease in Azerbaijan and
Iran. Ardebil has the highest incidence of gastric cancer in Iran after
Gilan province. Genetic factors, environmental factors, and food
habits are among the causes of gastric cancer in these provinces.
Gastric cancer can be divided into completely separate pathologic
subtypes with different epidemiological and prognostic features (3).
The spread of gastric cancer is a complex and multistage process. It
involves genetic and epigenetic changes in cancer-producing genes,
tumor suppressor genes, DNA-modifying genes, cell cycle regulators,
and signaling molecules. Gastric cancer may be caused by genomic
instability, which can be in the form of microsatellite instability or
chromosomal instability (4,5).

The main cause of most cancers is the overexpression of anti-
apoptotic proteins, such as Bcl-2, and lack of apoptosis. Increasing the
expression of these proteins increases resistance to chemotherapy.
Thus, inhibiting the expression or function of these proteins in cancer
cells can induce apoptosis. The Bax and Bcl-2 genes, other apoptotic
genes, and planned deaths are involved in the incidence and
development of gastric cancer (6). Chemotherapy is used to control
many cancer diseases. However, side effects (e.g., neurological
damage and kidney failure) of chemotherapy and the drugs used are
sometimes more hazardous than cancer itself. Thus, to reduce these
complications and given its resistance to chemotherapy, modern
methods are needed to prevent and increase the chance of treating
cancer patients (7). Satureja khuzistanica (S. khuzistanica) is a plant
with two main effective ingredients, namely thymol and carvacrol,
which have anticancer, antioxidant, and antimicrobial effects (8-
11). A study on the percentage and ingredients of essential oil of
S. khuzistanica showed that the mean essential oil content of S.
khuzistanica was 18.3%. Additionally, 43 compounds were identified
in the essential oil of S. khuzestanica, which contains 90% of the
total carvacrol (11). The objective of this study was to evaluate the
antimicrobial, cytotoxic, and anticancer effects of chloroform and
water extracts of S. khuzistanica on gastric cancer.

MATERIALS AND METHODS

S. khuzistanica was collected from the mountains around Khuzestan
from June to August. The plant was identified and sent by the
botanists of Khoraman Pharmaceutical Plant Company (Dr. Reza
Shahsavari). Approximately 120 g of S. khuzistanica powder was
mixed with 1 L of chloroform and water. After 2 weeks, extraction
was performed by distillation using a rotary evaporator.

Antimicrobial Activity

The antimicrobial activities of chloroform and water extracts
were screened against pathogenic bacteria [Helicobacter pylori
(H. pylori)]. Concentrations of chloroform and water extract of
S. khuzistanica (25 and 50 mg/mL) were tested against H. pylori
using the disc diffusion method. About 50 pL of each concentration
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of the extracts was added to each sterile blank disc (Padtan Teb,
Iran). From the fresh culture of H. pylori, 1 McFarland solution in
brucella broth (Himedia) was prepared, and 100 pL of the solution
was taken by sterile swab. Next, it was cultured on a brucella agar
medium containing 5% defibrinated sheep blood and 7% inactivated
fetal bovine serum. The dried discs of the extracts were placed on
the culture at appropriate distances. After placing the discs, the
media were kept in a “CO,” incubator (with 10% “CO,”) at 37 °C for
72 h. Antibacterial activity was determined by measuring the zone
of inhibition around the test discs. The growth inhibition diameter
was the average of three different measurements. The result was
expressed as the inhibition zone diameter and was compared with
the standard antibiotics ampicillin (Amp, 10 pg) and chloramphenicol
(C, 30 pg).

Preparation of the Cell Culture Medium

In the present study, AGS and KATO Il gastric cancer cell lines
and gingival fibroblasts were prepared from Pasteur institute and
cultured in RPMI enriched with 10% fetal calf serum, 1% Pen strep,
and 5% CO, at 37 °C.

MTT Test

Microculture tetrazolium (MTT) test is a colorimetric method
performed based on the reduction and breakdown of tetrazolium
yellow crystals with the chemical formula of 3-(4, 5-dimethylthiazol-
2-yl) -2, 5-diphenyltetrazolium bromide (MTT). The test was
conducted using succinate dehydrogenase enzyme and the formation
of insoluble blue crystals. In the present study, the MTT test was
performed to evaluate the effect of S. khuzistanica on the viability of
AGS and KATO Il cells and gingival fibroblasts. Accordingly, the cells
cultured in a 96-well plate at concentrations of 100, 500, 250, 125,
62.5, and 31.25 pg/mL of the plant extract were treated on normal
and cancer cells over 24 h. Then, the medium was replaced with MTT
(Sigma Aldrich) solution. After 4 h of incubation in the dark, the MTT
solution was replaced with DMSO. The light absorption was then
read at 570 nm in an ELISA device. In the next step, the percentage
of live cells was calculated using the formula (%) = (ODexp/ODcon)
x 100. In this formula, ODexp and ODcon are the light absorption of
the exposed and control groups, respectively. All experiments were
performed in triplicate.

Generally, to evaluate the gene expression changes, total cell RNA
was extracted from the gastric cancer cell line using a solution
(Ribospin304-15 Gene All, Korea) according to the manufacturer’s
instructions. Spectrophotometer and agarose gel electrophoresis
were used for quantitative and qualitative analysis of the
concentration and purity of the extracted RNA. In this study, cDNA
was synthesized from mRNA using the Sina Colon First Starandn
cDNA kit according to the manufacturer’s instructions. To produce
cDNAs with similar concentrations, we measured the volume of each
sample so that 1000 ng of RNA was available. Eventually, the cDNA
samples were produced and stored at -20 °C until the real-time
polymerase chain reaction (RT-PCR).

Primers

Each gene fragment was proliferated by selecting a pair of specific
primers for each gene, including forward and reverse prime (Table
1).
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RT-PCR was performed using a magnetic induction cycler (MIC)
device and RealQ Plus 2x Master Mix Green. For this purpose, 12.5
pL of cyber green mixer master, 3 pL of the cDNA sample, 0.5 pL
of forward and reverse primers (10 pmol) in water, and 8.5 pL of
nuclease-free water were mixed in 25 pL of the reaction mixture.
The beta-actin (8-actin) gene was amplified as an internal control,
and the fold change in the relative expression of each target mRNA
was calculated using the comparative Ct (2-AACt) method.

Real-time PCR Procedures

In this research, the heat schedule of the RT-PCR device (MIC
model) was 95 °C for 15 min in the first stage, 95 °C for 10 s in the
second stage, and 49-51-60 °C, respectively, for the Bax, Bcl-2, and
B-actin genes C for 15 s, and 72 °C for 20 s in 40 cycles in the last
stage. Finally, the data were analyzed by comparing the threshold
cycle and the difference in the obtained threshold from the treated
cells with the extracts and untreated cells with the target gene ratio
(Table 2, 3).

Melting Curve Analysis

Once PCR is completed, the device can plot the melting curve of
each sample. Thus, by analyzing the melting curve, it is possible to
identify the presence of non-specific bands and the primer dimer
(Figure 1).

Statistical Analysis

Statistical analysis of the data was performed using REST software at
a significance level of <0.05.

RESULTS

According to the following equation, the percentage of chloroform
and water extracts of the S. khuzistanica plants is 7.5%.

the weight of the extract obtained based on gram
the weight of the plant used based on gram

X 100= percentage of the extracts obtained

253 £ 100= 7.5
120

Table 1. The sequence of primers used along with the length of the proliferated fragment

Primer name Primer sequence

Primer binding temperature Base pair length

Bax-F GGTTGTCGCCCTTTTCTA
Bax-R CGGAGGAAGTCCAATGTC
B-actin-F GCGAGAAGATGACCCAGAT
B-actin-R GAGGCGTACAGGGATAGC
Bcl-2-F GATGTGATGCCTCTGCGAAG
Bcl-2-R CATGCTGATGTCTCTGGAATCT

48.84 108
49.1 108
50.87 88
50.97 88
65 93
64 93

Table 2. Contents of RT-PCR-master mix per sample for examining a gene as performed according to the time and temperature schedule of Table 3 of

RT-PCR

Value based on pL Substance

12.5 Master mix

8.5 Distilled water
0.5 Forward primer
0.5 Reverse primer
3 cDNA

25 Total volume

RT-PCR: Real-time polymerase chain reaction.

Table 3. RT-PCR test schedule and temperature for genes

Gene Step Temperature Time Number of cycles
Bax & Bcl-2 & Initialization 95 °C 15 min 40

B-actine Denaturation 95°C 10 sec.

B-actine Annealing 51°C 15 sec.

Bax Annealing 49 °C 15 sec.

Bcl-2 Annealing 64 °C 15 sec.

Bax & Bcl-2 & Extension 72°C 20 sec

B-actine

RT-PCR: Real-time polymerase chain reaction.
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Images taken from the growth of AGS gastric cancer cells before
and after treatment with S. khuzistanica extract are illustrated in
Figure 2.

Antimicrobial Activity

The antimicrobial activity of the extracts was measured using the
disk diffusion method. The antimicrobial activity of the extracts was
found within the 25-50 mg/mL concentration range. The inhibition
zones of the bacteria were in the range of 18+0.4 mm. According
to the disk diffusion method, all the concentrations used were
inhibitory for all the reference bacterial strains.

MTT Results

The MTT assay was performed to find a minimum of 50% killing
extract in pg/mL, examine the cytotoxic effect of the extract, and
determine the IC_ in AGS cells. This test was performed in three
replicates. The results of the MTT test at different concentrations of
the extract in ug/mL were obtained as a linear chart. In addition, the
results showed no significant cytotoxic properties in normal cells.
The results for the cancer cells are presented in Figure 3.

RNA Electrophoresis Results

In order to evaluate the quality of the extracted RNAs, three samples
were electrophoresed randomly on Agarose gel. For this purpose,
1.5% gel was made and the congealed samples were loaded onto gel
and electrophoresed at V100 for 2 min (Figure 4).

Melt Analysis

Sl O BN
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Bl
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Figure 1. Melting curve for beta-actin gene.

Figure 2. AGS gastric cancer cells before (A) and after (B) treatment with
extract.
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Results of Real-Time PCR

After obtaining the mean, CTs were analyzed using the following
formula: in addition, the results were analyzed using REST software,
and the following charts were obtained.

(E target) ACt target (control - sample)
(Eref)Aref (control - sample)

Ratio=

Results of relative expression of the Bcl-2 gene and Bax relative to
the B-actin gene.

According to the charts of 8-actin genes as a reference and Bcl-2
gene and Bax as a target, the expression of Bax and Bcl-2 genes
after applying S. khuzistanica extract increased and decreased,
respectively. Therefore, after applying a dose of 125 ug/mL,
the expression rate of these genes increased and decreased by
approximately 1.9 and 0.227 times, respectively, at a significance
level of 0.000.

The RT-PCR results show the relative expression of Bax to Bcl-2
(Figure 5).

MTT assy
120%

100%

80%

60%

40%
M Series1

20%

0%

31.254  62.5ug  125ug/ 250ug/  500ug/ 1000ug
g/ml /ml mil ml ml /ml

W Seriesl  27% 29% 47% 82% 81% 90% 100%

cell viability percentage

control

Different concentration of alcholic extract of Satureja khuzestanica

Figure 3. The result of the MTT test to determine the concentration of the
extract which killed 50% of the cells.

MTT: Microculture tetrazolium.

Figure 4. Gel electrophoresis of total RNA extracted from the samples;
The quality of extracted RNAs was controlled by putting samples on a 2%
agarose gel.
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Relative Expression

|

Expression ratio (Fold change)

Bel: Gene Bax

Figure 5. RT-PCR results of relative expression of Bax to BCL-2.

RT-PCR: Real-time polymerase chain reaction.

DISCUSSION

Traditional medicine is effective in many diseases, and its use for
treating diseases has been proven. Anxiolytic sources without toxic
side effects are a good approach for the treatment and control of
diseases such as cancer. Several studies have been conducted on
the benefits of S. khuzistanica in medicine. For example, Rezvanfar
et al. (12) investigated the benefits and protective effects of S.
khuzistanica on cyclophosphamide-induced hemorrhagic cystitis
in a rat model. The results showed that the S. khuzistanica extract
protects against cyclophosphamide-induced hemorrhagic cystitis in
a rat model by reducing radical-induced toxic stress (12).

In another study, Malmir et al. (13) studied new flavonoid
monoterpenes in S. khuzistanica. The results showed that S.
khuzistanica had a beneficial antidiabetic and antioxidant effect.
In addition, Saidi (14) studied S. khuzistanica and its chemical and
antioxidant properties and showed that this plant is a rich source
of antioxidant compounds. They also examined the effects of S.
khuzistanica on inhibiting the expression of iNOS in the macrophage
cell line J774A.1. The results showed that S. khuzistanica had anti-
inflammatory effects through its effect on iNOS gene expression (15).

Esmaeili-Mahani et al. (16,17) investigated the effect of S.
khuzistanica on the tolerance of pain induced by morphine by
inhibiting the activation of glial cells. According to their results, S.
khuzistanica can have beneficial effects in inhibiting drug tolerance
and reducing glial cell activation. Sharafati-Chaleshtori et al. (18)
showed that carvacrol of S. khuzistanica reduces the viability rate of
cancer cell degeneration of the genome, and genome degradation
at concentrations close to IC_ is more significant. Saffari studied the
effect of S. khuzistanica on MCF-7 breast cancer cells. These authors
showed that the rate of cell apoptosis increased with increasing
concentration and time. Furthermore, the alcoholic extract of MCF-
7 breast cancer cells showed anticancer activity (19).

Ahmadi et al. (20) evaluated the protective effect of S. khuzistanica
essential oil on ovarian failure caused by busulfan. The results
showed that busulfan significantly reduced the number and quality
of oocytes, fertilization rate, embryo growth before implantation,
and embryo quality. S. khuzistanica essential oil significantly
reduced the adverse effects of busulfan. According to their results,

S. khuzestanica essential oil can protect the fertility of the female
sex against damages caused by busulfan (20). Sazgar et al. (2017),
combining the hydroalcoholic extract of celeriac and Satureja,
showed that it had a toxic effect on Hela cancer cells, whereas this
extract did not have a toxic effect on normal fibroblasts. Shirali and
Alizadeh (21) evaluated the antimicrobial properties of the essential
oil of S. khuzistanica. The results showed that phenolic compounds
such as carocrole, thymol, and gamma-terpinene in essential oil
compounds have antimicrobial properties in this plant. Moreover,
an increase in phenolic compounds of the essential oil is directly
associated with an increase in antimicrobial activity, which prevents
lipid oxidation and heart coronary and cancer diseases (21).

Loizzo et al. (22) investigated the anticancer effects of the essential
oil of Satureja. They studied the cellular cytotoxicity of this essential
oil on various cancer cells, including breast cancer. They reported
that Satureja essential oils could inhibit breast cancer cells, and
this ability increases with increasing concentration (22). This study
showed that the treatment of cells with S. khuzistanica leads to an
increase and reduction in the expression of apoptotic Bax and Bcl-2
genes. In addition, they reported that the extract of this plant had
significantly increased anti-apoptotic properties against the AGS cell
line. Therefore, the expression of Bax and Bcl-2 genes changes in
gastric cancer cells. A significant reduction in Bax gene expression
as a pro-apoptotic regulator of apoptosis and an increase in Bcl-2
gene expression as an anti-apoptotic regulator demonstrate the high
capacity of S. khuzistanica to reduce the incidence of cell apoptosis.
S. khuzestanica significantly increases apoptosis by reducing the
expression of Bcl-2 and increasing the expression of Bax (23).
In addition, this study provided significant information on the
correlation between busulfan and apoptosis due to oxidative stress
in sperm and testicular tissue in adult rats. An imbalance between
the production of ROS and the reduction of antioxidant mechanisms
resulted in the toxicity induced by oxidative stress in adult male rats
after treatment with busulfan. However, a 1-week treatment with S.
khuzistanica in rats treated with busulfan-S. khuzistanica reduced the
apoptosisinduced by oxidative stress, cytotoxicity, and genotoxicity in
sperm [Nasimi et al. (23), 2018]. Natural substances in S. khuzistanica
extract can increase and decrease the relative expression of Bax and
Bcl-2 genes, respectively. This study showed that the expression of
Bax and Bcl-2 genes after application of S. khuzistanica extract (125
pg/mL) increased and decreased, respectively. These results suggest
that the expression of Bax and Bcl-2 genes can be changed by the
application of S. khuzistanica extract. Data from a study show that S.
khuzistanica has anticancer effects on MCF-7 cancer cells and shows
synergistic effects in combination with vincristine (17).

In a previous study, the methanol extract of S. khuzistanica induced
cytotoxic effects in a dose-dependent manner. In this regard, almost
half of the cells were destroyed during 24 h with 125 pg/mL, and
MCF-7 was detected as the most sensitive cell line (24,25).

CONCLUSION

In our study, the results of antimicrobial activity showed that among
the extracts, chloroform extract had a more powerful antimicrobial
effect than water extracts against H. pylori bacteria. The antimicrobial
effect of thymol and carvacrol is due to the damage to membrane
integrity induced by a change in pH hemostasis.
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In the cytotoxic assay, chloroform and water extracts exhibited
cytotoxic effects on the gastric cancer cell lines (AGS and KATO IlI).
Chloroform extract had a more powerful cytotoxic effect than water
extract on gastric cancer cell lines.

Dysregulation of the mitochondrial apoptotic pathway is one of the
most important events during carcinogenesis. The Bcl-2 protein
family, including anti-apoptotic (Bcl-2 and Bcl-xl) and pro-apoptotic
(Bax and Bak) members, plays an essential role in regulating
this pathway. According to our results, the Bax/Bcl-2 ratio was
significantly (p<0.05) correlated with the gastric cancer cell line.

This is the first report demonstrating the potential pro-apoptotic
effects of S. khuzistanica extracts on gastric cancer cell lines (AGS and
KATO Ill). However, further investigations of the extracts in animal
models with gastric cancer are needed for additional understanding
of their in vivo activity.
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ABSTRACT

Objective: Stigmatization leads to severe consequences both
individually and socially. This situation can also occur in epidemics and
complicate the treatment process. Therefore, the objective evaluation
of stigma and the creation of an action plan on this issue are the most
basic steps in the fight against the epidemic. This study aimed to
develop and study the reliability and validity of a scale that evaluates
stigma against individuals who experienced coronavirus disease-2019
(COVID-19).

Methods: A 24-item draft scale was prepared by considering the
stigma experienced by individuals who experienced COVID-19 both in
their close relations and social environment. The study was conducted
on the relatives of patients referred to Kocaeli University Faculty of
Medicine Hospital’s different polyclinics. In addition to the developed
COVID-19 Stigma Scale (CSS), the COVID-19 Information Questionnaire
(ClQ) was used.

Results: The sample of the study consisted of 323 healthy individuals
who were 54.5% male, with a mean age of 39.0+13.7 years. In the
factor analysis, which included 24 items, five items with a factor load
below 0.40 were eliminated. The final version of the scale consisted
of three factors, and these factors (rejection, discrimination, and
emotional reactions) explained 61% of the total variance. Cronbach’s
alpha coefficient for the total CSS was calculated as 0.91. A significant
negative correlation was found between the CSS total and CIQ total
scores (r=-0.301, p<0.001).

Conclusion: The CSSis valid and reliable in assessing the stigmatization
of individuals in the healthy population toward COVID-19 patients.

Keywords: COVID-19, social stigma, scale, validity, reliability

Oz

Amag: Damgalama hem bireysel hem de toplumsal olarak ciddi
sonuglara yol agmaktadir. Bu durum salginlarda da ortaya ¢ikabilir
ve tedavi slrecini zorlastirabilir. Bu nedenle damgalanmanin objektif
olarak degerlendirilmesi ve bu konuda bir eylem planinin olusturulmasi
salginla micadelede en temel adimlardir. Bu ¢alisma, koronaviris
hastaligi-2019 (COVID-19) gegirmis bireylere yonelik damgalamayi
degerlendiren bir 6lgegin gelistirilmesini, gtivenilirligini ve gecerliligini
incelemeyi amaglamaktadir.

Yontemler: COVID-19 gecirmis bireylerin hem yakin iliskilerinde hem
de sosyal gevrelerinde yasadiklari damgalanma dikkate alinarak 24
maddelik taslak 6lgek hazirlandi. Arastirma Kocaeli Universitesi Tip
Fakiltesi Hastanesi'nin farkli polikliniklerine bagvuran hastalarin
yakinlarinda yapildi. Gelistirilen COVID-19 Damgalama Olgegine (CDO)
ek olarak COVID-19 Bilgi Anketi (CBA) uygulandi.

Bulgular: Arastirmanin érneklemini yas ortalamasi 39,0+13,7 yil olan
%54,5'i erkek 323 saglkh birey olusturdu. Yirmi dért maddenin yer
aldigi faktor analizinde faktor yukd 0,40in altinda olan bes madde
elendi. Olgegin son halinin g faktdrden olustugu ve bu faktérlerin
(reddetme, ayrimcilik ve duygusal tepkiler) toplam varyansin %61’ini
acikladigi belirlendi. Toplam CDO igin Cronbach alfa katsayisi 0,91
olarak hesaplandi. CDO toplam ve CBA toplam puanlari arasinda
anlamli bir negatif baginti bulundu (r=-0,301, p<0,001).

Sonug: CDO, saglikli niifustaki bireylerin COVID-19 hastalarina yénelik
damgalanmalarini degerlendirmede gegerli ve glivenilirdir.

Anahtar Sozciikler: COVID-19, toplumsal damgalama, 6lgek, gecerlik,
guvenirlik
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INTRODUCTION

According to the World Health Organization, social stigmatization
means when individuals or groups in the immediate environment
of an individual are labeled, discriminated against, or lose their
status because of conditions related to a disease (1). Individuals can
be subject to stigmatization for being close to an individual with a
disease even when they are not sick themselves. Family members
who undertake the care of the patient and healthcare employees
who maintain the treatment are the groups that are subject to
stigmatization (2). Stigmatization leads to severe consequences
both individually and socially. It might cause stigmatized individuals
to avoid treatment and thus increase mortality and morbidity
rates (3,4). Additionally, it is well known that stigmatization is
correlated with higher depression rates and lower self-regard in
these individuals (5). Stigmatization is widespread during epidemics
and that used to manifest itself for tuberculosis (TBC), human
immunodeficiency virus (HIV), severe acute respiratory syndrome
(SARS), and swine flu is present today for coronavirus disease-2019
(COVID-19) (5,6). Stigmatization of COVID-19 poses a severe threat
to healthcare employees, patients, elders, and patients’ relatives
(7). physical and verbal violence toward healthcare employees who
play a key role in the fight against epidemics increased during the
COVID-19 pandemic (6). This makes it even harder for healthcare
employees to continue with their duties under already challenging
working conditions.

In addition to the direct negative effects of the epidemic on physical
health, there are many indirect negative social effects. Stigma
creates divisions in the mind, leading to discrimination. In this case,
a loss of status may occur according to the social, economic, and
political power of the stigmatized group (8). It seems that there are
two types of stigma in the stigma studies conducted on people who
have had COVID-19. While the first is self-stigmatization, the second
is society’s stigmatization of people with COVID-19 (9). People with
COVID-19 may feel differentiated in their physical or mental abilities.
This differentiation can cause social isolation and some psychiatric
disorders (10). The second type of stigma, social stigma, can increase
the self-stigma of people with COVID-19. As a result, existing mental
problems may intensify and the functionality of individuals may
deteriorate (11).

The psychometric assessment tools used in studies on stigmatization
in epidemics are very rich. The literature on stigmatization of
COVID-19 gets richer every day, while there are some shortcomings
in terms of psychometric measurements. The researchers used the
scales frequently used in past epidemics by adopting COVID-19
(7,12). However, it should be noted that this method can be
problematic because every epidemic has its specific development
and perception created by this development in people’s minds. For
example, in any diseases such as TBC, bird flu, swine flu (H5N1),
or SARS transmitted through the respiratory tract, there has never
been a period in which worldwide precautions were taken and habit
changes were experienced as in the period of COVID-19. This period
brought many new practices, including shutting down airports to
flights, closing down cafes, restaurants, and stadiums, transforming
in-person education into online education, and modifying measures
taken depending on age groups. Therefore, it can be assumed
that developing disease-specific scales will be more effective in
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determining the size of stigmatization and in terms of measures to
be taken. It is noteworthy that generally, a limited number of items
are used in the assessment of stigmatization about COVID-19 in
studies.

Moreover, as such assessments that lack validity and reliability
analyses might lead to erroneous and missing results, it can be
suggested that these methods are insufficient. The purpose of this
study is to develop a scale that evaluates stigmatization of COVID-19
and analyzes its validity and reliability, considering the shortcomings
in the literature. We believe that this scale will be important in
evaluating the problems of stigmatization in the literature and
developing solution recommendations.

MATERIALS AND METHODS

Development of the COVID-19 Stigma Scale

While developing the COVID-19 Stigma Scale (CSS), stigmatizations
experienced by people with COVID-19 in both their close
interpersonal contacts and social life were addressed. Studies on
stigmatization attitudes about COVID-19 were reviewed. In addition,
studies on infections with high contagiousness, such as TBC, HIV, and
H5N1, with a stigmatization attitude were reviewed. While deciding
on the scale items, attention was paid to making the items plain and
understandable and ensuring that a single item only has a single
idea or judgment. Because of the evaluations made among the
researchers, areas such as labeling, stigmatization in close contact
people, stigmatization in social relations, inequality, discrimination,
loss of social status, and emotional responses were identified as
main dimensions. It was observed that the scales developed for
stigmatization were especially combined on three conceptual
fields: labeling, emotional response, and loss of social status. In
this framework, a 39-item form was created initially. Although
these items were created considering the dimensions in design, it
was predicted that every item could occur in another dimension.
For example, the item “The society should respect fewer people
who experienced COVID-19” includes both labeling (disrespect)
and loss of social status concepts. These items corresponded to
multiple situations regarding labeling (stigmatizing the individual,
healthcare employees, foreigners, people in close contact, and
people who experienced COVID-19). As the study’s main purpose
was to determine social stigmatization against patients, in other
words, stigmatization against COVID-19 patients, items outside this
framework were excluded. Some similar items were combined. In
the final assessment among the researchers, the number of items in
the draft scale dropped to 25.

In the second stage, for content validity, opinions were sought
from three academic members, two from psychiatry and one from
adolescent mental health, and a nurse specializing in public health.
An item was removed, and corrections were made to make the
items easier to understand on the basis of the recommendations of
these persons who have sufficient background and expertise in their
respective fields and are outside the study team. The Davis technique
was used in content validity analysis. Because of this technique, the
content validity index of the scale was determined to be 91.6%.

After these arrangements, a pilot study was conducted with 10
participants. The items that were not understood well or might have
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caused a misunderstanding were corrected again. Thus, face validity
was guaranteed for the form of 24-item CSS.

It was considered appropriate to use a Likert-type evaluation for the
items on the scale. Because individuals might have demonstrated
an attitude with which they might show less or partial participation
rather than exhibiting a sharp attitude about the items. For every
item, the participation level was configured as completely disagree
(0), disagree (1), slightly agree (2), agree (3), and completely agree
(4). The total scale score ranges from 0 to 76-higher scores in the
scale indicate a higher stigmatizing attitude toward COVID-19
patients. The Turkish and English versions of the final version of the
scale are shown as an additional file (Appendix 1A).

Inclusion and Exclusion Criteria

Among the relatives of the patients who applied to the hospital,
at least primary school graduates volunteered for the study, and
over 18 were included in the study. As exclusion criteria, relatives
who applied for infectious diseases, chest diseases, and COVID-19
polyclinics were accepted.

Sample

Three hundred twenty-nine people voluntarily agreed to be
involved in the study. Three hundred twenty-three forms filled out
with complete data were evaluated. The sample’s mean age was
39.04+13.74, and mean years of education were 12.69+4.38. Most
of the participants were female (n=176, 54.5%), married (n=202,
62.5%), and employed (n=188, 58.2%).

Assessment Tools

Sociodemographic Information Form: A form prepared by the
researchers to evaluate the patients’ population and other
characteristics (age, gender, educational level, marital status,
employment status, alcohol use and smoking habits, sickness status,
and living environment) was used.

COVID-19-Related Experience Form: Information form with
variables including having experienced COVID-19 and having been
affected by the pandemic. It was prepared by the researchers.

COVID-19 Information Questionnaire: The COVID-19 Information
Questionnaire (ClQ) was prepared by the researchers in light of
the information in the literature. In this questionnaire comprising
15 items, every item has a right or wrong option. Some items are
reverse scored-higher scores in this questionnaire indicate a higher
level of knowledge about COVID-19. This questionnaire is attached
(Appendix 1B).

Ethics Approval and Consent to Participate

Ethical permission for the study was obtained from the Kocaeli
University Non-invasive Clinical Research Ethical Committee (approval
number: KU GOKAEK-2021/7.18, project number: 2021/134). After
obtaining ethical permission, the study was conducted between
15.04.2021 and 10.06.2021. Permission was also obtained from the
Republic of Tirkiye, Ministry of Health, Directorate of Healthcare
Services Management. The participants were explained the purposes
of the study and were told they could withdraw from the study at
any stage without any reason. Written consent was obtained from all
participants who agreed to participate in the study.

Statistical Analysis

SPSS 22 (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.) was used for statistical analysis. Descriptive statistics are
given in numbers, percentages, mean, and standard deviation (SD).
Because the skewness and kurtosis values of the numeric variables
were between (%1), it was assumed that the data were evenly
distributed (13). The correlation between the numeric variables was
analyzed using Pearson’s correlation test. The independent samples
t-test was used to compare the numeric variables between the two
groups, and One-Way analysis of variance was used to compare the
numeric variables between three and more groups. Exploratory
factor analysis (EFA) was used to determine construct validity. In this
analysis, the Kaiser-Meyer-Olkin (KMO) test was used to evaluate
the sufficiency of the sample size, and the Barlett sphericity test
was used to evaluate the conformity of the scale items to the factor
analysis. Principal component analysis was used in EFA, and direct
Oblimin was preferred for the factor rotation technique. While
determining the factor items, the item factor load was accepted
as >0.40. For their validity together, the correlation coefficient
between the CIQ and CSS scores was examined. In the reliability
analysis, both the total score and the internal reliability coefficient
of the CSS subdimensions were determined using Cronbach’s alpha
value. In addition, when item-total scores and items were excluded,
Cronbach’s alpha value was calculated. For statistical analyses, the
significance level was taken as p<0.05.

RESULTS
Validity of the Scale

Construct Validity

An EFA was performed using the principal component method
and the direct Oblimin rotation technique for the 24-item scale.
Because of the KMO and Bartlett’s tests, the KMO value was 0.929,
and Bartlett’s test (x>=4827.63; SD: 276; p<0.001) was significant. A
four-factor structure that had an eigenvalue greater than one and
explained 62.65% of the total variance was identified. Three items
with a factor load below 0.40 were identified (items 7, 11, and
17). Factor analysis was renewed after removing these items. The
scale explained 59.33% of the variance in a three-factor structure.
However, with the new analysis, two more items in the scale had a
factor load below 0.40 (items 12 and 23). These two items were also
removed from the scale. With the renewed analysis after removing
these items, a structurally valid scale comprising 19 items and three
factors that explained 61.85% of the variance was obtained. The first
factor explained 43.08%, the second factor explained 11.75%, and
the third factor explained 7.02% of the total variance. Considering
the items that constituted the factors, the first factor (1, 2, 3, 4, 5, 16,
22, 24) was called the rejection dimension, the second factor (8, 13,
14, 15, 18, 19, 20) the discrimination dimension, and the third factor
(6,9, 10, 21) the emotional reaction (Table 1).

Considering the items that failed to provide a sufficient factor
load in the factor analysis made in the first stage (items 7, 11, and
17), it was observed that perception of riskiness about persons
who experienced COVID-19, shopping restrictions, and feeling
angry about the bad news on the media were not correlated with
stigmatization. This situation suggests that there is a limit between
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fundamental rights, needs, and stigmatization. Additionally, people
might not see other people who experienced COVID-19 as risky, or
even if they do so, it seems to be not in correlation with stigma.
The items that were excluded from the scale (items 12 and 23) look
similar. Both items meet at a common point based on insufficiency.
Removing these similar items together shows the fact that scale
validity was obtained. Individuals do not establish a relationship
between receiving COVID-19 and insufficiency (physical weakness)
or insufficiency in work performance after receiving COVID-19 and
stigmatization.

Content Validity

For this type of validity, the correlation between the total score
of the scale and its subscales was calculated (Table 2). There was

Table 1. Explanatory factor analysis and reliability analysis results of CSS

a significant high correlation between the CSS total score and
rejection (r=0.929, p<0.001), discrimination (r=0.789, p<0.001), and
emotional reaction sub-scales (r=0.733, p<0.001).

Concurrent Validity

The concurrent validity of CSS was evaluated with its correlation with
ClQ. The results are presented in Table 2. There was a significant
negative relationship between the CSS total score and the CIQ total
score (r=-0.301, p<0.001). Similarly, there was a significant negative
relationship between the CSS subscale scores and the CIQ total score
(Table 2).

Discriminant Validity

In terms of discriminant characteristics, past studies have

CSS items Factor Corrected Cronbach’s

loading  item-total alpha when the
correlation item is removed

Factor 1: Rejection

1. People who experienced COVID-19 cannot be considered “normal” even if they have recovered 0.598 0.537 0.912

2. 1 would feel uncomfortable near a person who has experienced COVID-19 0.884 0.795 0.903

3. 1 don’t want my kid to be in the same environment as a person who has experienced COVID-19 0.902 0.711 0.906

4.1 would be extremely concerned if a person who experienced COVID-19 coughs around me 0.894 0.655 0.908

5. 1do not want to live, work, or travel with someone who has experienced COVID-19 in the same 0.856 0.718 0.906

environment

16. People who have experienced COVID-19 should not stroll around in society 0.499 0.623 0.908

22. People who have experienced COVID-19 should be kept at a more physical distance 0.610 0.725 0.906

24. People who have experienced COVID-19 should not be in close contact with family members 0.462 0.711 0.907

Factor 2: Discrimination

8. Society should have less respect for people with COVID-19 0.820 0.595 0.911

13. Even if my friend who has COVID-19 has recovered, | would not want to meet her/him 0.582 0.592 0.910

14. People who have experienced COVID-19 should be ashamed of their iliness 0.817 0.492 0.912

15. If my partner experienced COVID-19, | would re-evaluate our relationship 0.845 0.545 0.912

18. It is normal not to employ people who have experienced COVID-19 0.685 0.458 0.912

19. People who experienced COVID-19 should not eat in crowded places 0.571 0.722 0.907

20. People who experienced COVID-19 are paying for their sins 0.745 0.575 0.911

Factor 3: Emotional reactions

6. People who experienced COVID-19 were inattentive and careless 0.497 0.544 0.911

9. People who experienced COVID-19 are responsible for their fault 0.794 0.385 0.915

10. Patients with COVID-19 are the primary worry of society 0.702 0.426 0.914

21. The main reason for our recent unhappiness is the COVID-19 patients 0.584 0.453 0.914

Items with a factor load below 0.40

7. My anger builds up toward COVID-19 patients as | see bad news about COVID-19 in the media - - -

11. People should not buy from shops or markets run by people who have experienced COVID-19 - - -

12. Experiencing COVID-19 as an indicator of physical insufficiency
17. People who have experienced COVID-19 are dangerous

23. People who experienced COVID-19 had low work performance

COVID-19: Coronavirus disease-2019, CSS: COVID-19 Stigma Scale.
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demonstrated a clear relationship between education status and
stigmatization attitudes (9,10). Our study reinforces this outcome
(Table 3). There is a significant negative relationship between
education level and CSS total score (r=-0.254, p<0.001). The
relationship between the CSS total score and pandemic experiences
is shown in Table 4. The CSS total score was significantly high
in those whose income level dropped post-pandemic (F=5.580,
p=0.004), significantly low in those who experienced COVID-19

[t(321)=3.174, p=0.002], and significantly low in those whose family
member experienced COVID-19 [t(321)=2.082, p=0.038]. These
results reinforce the fact that the scale has a discriminant character.

CSS Reliability Analysis

Internal Consistency

In the internal consistency analyses, the item-total item correlation
coefficients were used, and when the item was removed, Cronbach’s

Table 2. Correlation coefficients between the CSS subdimension and total score and the CIQ total score

Variable Mean SD

1 cla 11.87 2.08
2 CSS-total 13.30 11.94
3 CSS-rejection 7.47 7.38
4 CSS-discrimination 2.30 3.46
5 CSS-emotional reactions 3.52 3.20

1 2 3 4 5
-0.301%** -

-0.332%* 0.929** -

-0.216** 0.789** 0.591** -

-0.124* 0.733** 0.519** 0.498** -

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). CSS: COVID-19 Stigma Scale, CIQ: COVID-19 Information

Questionnaire.

Table 3. Sociodemographic characteristics of the participants and their relationship with CSS scores

Characteristics Number (%) CSS scores Statistical analysis
t/F/r D

'Age (mean £ SD) 39.04+13.74 13.30+11.94 0.129 0.020

'Education years (mean £ SD) 12.69+4.38 13.30+11.94 -0.254 <0.001

’Gender Female 176 (54.5) 13.48+11.45 0.290 0.772
Male 147 (45.5) 13.09+12.54

30ccupation Unemployed 71(22) 14.22+13.17 1.546 0.202
Employed 188 (58.2) 13.04+11.70
Student 31(9.6) 9.93+8.75
Retired 33(10.2) 15.96+12.75

’Marital status Married 202 (62.5) 14.27+12.25 1.894 0.059
Single 121 (37.5) 11.68+11.27

?Alcohol use No 226 (70.0) 14.98+12.46 3.933 <0.001
Yes 97 (30.0) 9.4049.63

2Smoking No 234 (72.4) 13.47+11.99 0.691
Yes 89 (27.6) 12.87+11.88 0:398

2Somatic illness No 265 (82.0) 13.52+12.24 0.484
Yes 58 (18.0) 12.31+10.51 0701

2Psychiatric illness No 285 (88.2) 13.15+11.79 0.532
Yes 38(11.8) 14.44+13.13 0626

Children of age <18 in family No 205 (63.5) 12.75+12.28 0.276
Yes 118 (36.5) 14.26+11.31 1092

2Elderly of age >65 years in family No 287 (88.9) 12.85+12.05 0.054
Yes 36(11.1) 16.91+10.52 1932

2Number of family members <3 194 (60.1) 12.89+12.27 0.765 0.445
24 129 (39.9) 13.93£11.45

The Pearson correlation test was used. 2Independent samples t-test was used. *One-Way analysis of variance was used. Bold characters indicate statistical

significance. SD: Standard deviation, CSS: COVID-19 Stigma Scale.
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alpha coefficients were used, as shown in Table 1. Of the 19-item
scale, the corrected item-total item correlation coefficients were
between 0.385 and 0.795. The scale’s internal consistency Cronbach’s
alpha coefficient was calculated as 0.91. Cronbach’s alpha coefficient
was 0.90 in the rejection sub-dimension, 0.88 in the discrimination
sub-dimension, and 0.68 in the emotional reaction sub-dimension.

Sociodemographic Characteristics of the Participants

The sociodemographic characteristics of the participants and their
relationship with the CSS scores are shown in Table 3. While there
was a significant positive relationship between CSS scores and age
(r=0.129, p=0.020), a significant negative relationship was found
between CSS scores and education years (r=-0.254, p<0.001). The
CSS score was significantly lower in alcohol users than in the non-
users [t(321)=3.933, p<0.001].

DISCUSSION

To the best of our knowledge, our study is the first community-based
scale development study that intends to evaluate stigmatization
against patients who experienced COVID-19. The adoption of scales
that are not COVID-19 specific (5,7) or stigmatization in the items
created by the researchers (15) was evaluated. Furthermore, stigma
scales are presented as recommendations (16). However, these
studies’ validity and reliability analyses were either not done at all or
not on the desired level. The scale we developed based on this gap in
the literature was shown to be a valid and reliable tool for evaluating
stigmatization against patients who experienced COVID-19.

Table 4. Relationship of scale with pandemic experiences

The CSS, which was completed through in-person interviews with
the participants, revealed a three-factor configuration that was
found to be valid and reliable for psychometric assessment. The
factor constructs of the scale are generally in conformity with
the conceptual foundation of stigmatized beliefs, attitudes, and
behaviors. The first factor we call rejection in our scale evaluates
avoiding both close and social relations, in other words, rejecting
the establishing relationships with the patients. Not approving being
in a close relationship with people who experienced COVID-19, not
wanting to live and travel in the same environment, not wanting
their kid to be in the same environment, and being concerned or
uncomfortable while in the same environment are suitable for the
denomination of this factor. Rejection was defined as the first stage
in Rosenberg’s (17) study, which attempts to determine the social
stages of epidemics. The researcher who took inspiration from the
book of Albert Camus while identifying these phases suggested
that society, in the first place, attempts to reject the presence of
epidemics to secure themselves and protect their financial interests
(14). From this perspective, rejection is the first stage in which
society begins to stigmatize.

Meanwhile, this rejection continues and becomes an individual
attitude in further stages. Link and Phalen (8) in 2001 reported that
anotherimportant component of stigmatization is ironically “power”.
It was stated that the main structure of this power comprised factors
such as not approving, excluding, discriminating, categorizing, and
rejecting (18,19). Considering the items under the second factor

Variables

Post-pandemic income level Reduced

Not changed

Increased
Post-pandemic job loss No

Yes
Experiencing COVID-19 infection No

Yes

Experiencing COVID-19 infection in the family No

Yes
Experiencing COVID-19 infection in a close No
environment Yes
Have a relative who died of COVID-19 No

Yes, a first-degree relative

Yes, a second- or third-degree relative

How much did the pandemic affect you? Not at all
Slightly
Moderately
Significantly

Very much

n (%) CSS scores Statistical analysis
t/F p

95 (29.4) 15.12+12.39 5.580 0.004

194 (60.1) 13.46+11.87

34 (10.5) 7.2949.13

277 (85.8) 13.15+12.16 -0.558 0.577

46 (14.2) 14.21+10.64

67 (20.7) 14.37+12.55 3.174 0.002

256 (79.3) 9.23+8.14

118 (36.5) 14.35+13.00 2.082 0.038

205 (63.5) 11.49+9.61

277 (85.8) 15.71+14.43 1.481 0.140

46 (14.2) 12.90+11.46

252 (78) 13.17412.35 1.344 0.511

11 (3.4) 15.54+13.37

60 (18.6) 13.45+9.88

17 (5.3) 12.70+14.52 0.604 0.660

38(11.8) 14.73+14.61

114 (35.3) 14.26+11.40

72 (22.3) 12,09+11.42

82 (25.4) 12.50+11.31

Bold characters indicate statistical significance. CSS: COVID-19 Stigma Scale, COVID-19: Coronavirus disease-2019.
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of the scale, it was found appropriate to call this sub-dimension
discrimination. Items such as not wanting to meet friends who
experienced COVID-19, thinking about re-evaluating the relationship
after the partner experiences COVID-19, not employing people who
experienced COVID-19, and showing less respect by the society
are placed in a common structure about discrimination. While
discrimination is an important part of all types of stigmatization,
it is one of the main components of social stigmatization. Social
stigmatization exists based on society’s stereotypes, prejudices, and
discriminatory beliefs (18). On the other hand, a main component
of discrimination, “social stigmatization” is closely related to
other types of stigmatizations (primary, secondary, corporate, and
structural stigmatization), and social stigmatization can be a result
of and a reason for other types of stigmatizations (20). Because the
COVID-19 pandemic is not limited to an individual level and impacts
social habits, attitudes, and perceptions, stigmatization of COVID-19
is clearly a type of social stigmatization. Discrimination is also a
component of stigmatization.

Because of the studies in the literature, it was concluded that
stigmatization has phases such as “labeling”, “stereotyping”,
“prejudice”, “loss of social status and discrimination” (19). These
phases are not distinguished from each other with clear borders,
and it is possible to see that one of them can embody one another
or others at the same time. Although emotional reactions were
not discussed much in the initial studies on stigmatization, Link
et al. (21) emphasized that emotional reactions are an important
part of the stigmatization process. When stigmatization occurs,
emotions emerge in both the stigmatizer and the stigmatized.
The severity of these emotions is closely related to the depth of
stigmatization. The third factor in our scale clearly demonstrates the
emotional reactions that emerge despite stigmatization. Items such
as blaming people who experienced COVID-19, seeing them as the
source of concern of society, and as the main reason for the recent
unhappiness they experienced explicitly include these emotional
reactions. Considering the scale factors in light of the information
from the literature, it seems suitable for the conceptual content of
stigmatization. On the other hand, as mentioned by the researchers,
the relationship between these factors is highly dynamic, and its
boundaries are not clear.

Itis a known fact that humans can marginalize others with an instinct
to protect themselves despite situations or events that they are not
knowledgeable about (22). In other words, people create a border
with another by stigmatizing them. Therefore, they feel safe in
their inner world. The relationship between stigmatization and lack
of information is clearly observed in both psychiatric and medical
illnesses (23). For example, the less knowledgeable individuals are
about schizophrenia, the more they tend to stigmatize them (22,23).
It has been demonstrated that providing information about diseases
reduces negative opinions and stigmatization about the disease
(24,25). The moderately significant negative correlation (r=-0.301,
p<0.001) between the CSS scale developed in our study and the
total scores in the CIQ shows the validity of the scale. In addition,
stigmatization level was high in individuals with lower levels of
education (Table 3). Studies on stigmatization of the COVID-19
pandemic demonstrate that individuals with low educational levels
are under social media impression and engage in stigmatization to a
higher degree (10).

Behaviors such as stigmatization, discrimination, marginalization,
and avoidance emerged in past epidemics such as the COVID-19
pandemic (26). Because of the potentially lethal situations, new
diseases and incurable/unknown diseases are defined as factors
related to an increased risk of stigmatization (27). The COVID-19
pandemic is the first pandemic that occurred in an era in which
communication networks were developed to such an extent, despite
having similarities to other pandemics. This pandemic we live
through has created many specific conditions because of the period
we live in.

Investigating the impact of these conditions, Yuan et al. (28)
recently compared individuals who experienced COVID-19 with
healthy controls in terms of self-stigma. This study yielded very
striking outcomes. For individuals who experienced COVID-19,
stigmatization areas such as social rejection, financial insecurity,
internalized embarrassment, and social isolation were significantly
higher than those in healthy controls. The researchers who
evaluated factors related to stigmatization stated that male gender,
low educational level (high school and below), unemployment,
experiencing COVID-19 by a family member, and economic loss
variables were closely related to stigmatization. Another study
was conducted with 7411 participants from 173 countries (29).
This study had a cross-sectional design, and it was found that
27.3% of the participants believed that people spoke ill or spread
rumors about individuals who experienced COVID-19. However, as
one of the most important study results, one out of five persons
in the sample (21.9%) believed that people who experienced
COVID-19 lost their dignity and status in society (29). In our study,
the total score on the scale was significantly higher in people who
had lower income levels in the post-pandemic period, people
who did not experience COVID-19 infection, and people whose
family did not experience COVID-19 than in other categories
(Table 4). These results demonstrate that the scale has a predictive
character. Additionally, the level of stigmatization against people
who experienced COVID-19 by people who used alcohol was
significantly lower than that against those who did not use alcohol
(Table 3). These results can be explained by the higher education
level of individuals who use alcohol (14.82+3.52 vs.11.78%4.40,
p<0.001). The lack of a detailed investigation of alcohol use makes
it harder to interpret the outcomes obtained in the respective
field.

Conducting the study face-to-face and reaching a sample beyond the
necessary sample for developing the scale are the strengths of the
study. We believe that our study will provide important contributions
to the literature in measuring COVID-19-related stigma, which is also
considered a public health problem. These evaluations will provide a
basis for further studies.

Study Limitations

However, our study has certain limitations. The COVID-19 pandemic
is a dynamic process in which individuals’ perceptions and attitudes
can change periodically. Conducting this study in a specific period
might be a particular limitation. It should also be noted that although
there were individuals from each education group in our study, the
average years of education were above the country average, and the
study represents the results of a single center.
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CONCLUSION

With this study attended by enough persons from every educational
level in society and conducted by in-person interviews, the 19-item
three-factor CSS was found to be valid and reliable. For both the total
and scale factors, Cronbach’s alpha internal consistency coefficients
were found to be sufficient. Evaluating the stigmatization attitude
against people who experienced COVID-19 and taking necessary
measures in this context will play a key role in preventing possible
psychiatric disorders and trauma experienced by society.
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Appendix 1A. COVID-19 Stigma Scale

[\VE 11 1 T-T . Date: .../ .../ wuuun.

Below are the thoughts and attitudes regarding COVID-19 patients. Please indicate Completely Disagree Slightly Agree Completely
at what level you agree with the ideas in each item by ticking (v/) the most disagree agree agree
appropriate option. Thank you for participating in this study.

1 People who experienced COVID-19 cannot be considered “normal” even if
they have recovered.

2 | would feel uncomfortable near a person who has experienced COVID-19.

3 I don’t want my kid to be in the same environment as a person who has
experienced COVID-19.

4 | would be extremely concerned if a person who experienced COVID-19
coughs around me.

5 | do not want to live, work, or travel with someone who has experienced
COVID-19 in the same environment.

6 People who have experienced COVID-19 should not stroll around in
society.

7 People who have experienced COVID-19 should be kept at a more physical
distance.

8 People who have experienced COVID-19 should not be in close contact
with family members.

9 Society should have less respect for people with COVID-19.

10 Even if my friend who has COVID-19 has recovered, | would not want to

meet her/him.

11 People who have experienced COVID-19 should be ashamed of their

iliness.
12 If my partner experienced COVID-19, | would re-evaluate our relationship.
13 It is normal not to employ people who have experienced COVID-19.
14 People who experienced COVID-19 should not eat in crowded places.

15 People who experienced COVID-19 are paying for their sins.

16 People who experienced COVID-19 were inattentive and careless.
17 People who experienced COVID-19 are responsible for their iliness.
18 Patients with COVID-19 are the primary worry of society.

19 The main reason for our recent unhappiness is that COVID-19 patients.
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Appendix 1A. Turkish vesion of COVID-19 Stigma Scale

(111 R

Asagida COVID-19 hastalariyla ilgili dislince ve tutumlar yer Kesinlikle
ralmaktadir. Lutfen her bir maddedeki fikirlere hangi diizeyde katilmiyorum

katildiginizi en uygun segenegi (v) isaretleyerek belirtiniz.
Calismaya katildiginiz igin tesekkir ederiz.

1

10

11
12

13
14

15
16
17

18
19

130

COVID-19 gegiren kisiler iyilesmis olsalar bile “normal”
degerlendirilmez.

COVID-19 gegirmis bir kisinin yaninda kendimi huzursuz
hissederim.

Cocugumun COVID-19 gegirmis bir kisiyle ayni ortamda
olmasini istemem.

COVID-19 gegirmis bir kisi yanimda okstrirse gok
endiselenirim.

COVID-19 gegirmis biriyle ayni ortamda yasamak, ¢alismak
veya seyahat etmek istemem.

COVID-19 gegirmis kisiler toplumda dolasmamalidir.
COVID-19 gecirmis kisilere karsi daha fazla fiziksel mesafe
koyulmalidir.

COVID-19 gegirmis kisiler aile tyeleriyle yakin temasta
bulunmamalidir.

Toplum, COVID-19 gecirmis kisilere daha az saygI duymalidir.
COVID-19 olan bir arkadasim iyilesse bile onunla goriismek
istemem.

COVID-19 gegirmis insanlar hastaliklarindan utanmalidir.

Partnerim COVID-19 gegirirse iliskimizi yeniden
degerlendiririm.

COVID-19 gegirmis kisilere is vermemek normaldir.

COVID-19 gegirmis kisiler kalabalik ortamlarda yemek
yememelidir.

COVID-19 gegirmis insanlar ginahlarinin bedelini éduyor.
COVID-19 gegirmis insanlar dikkatsiz ve 6zensizdir.

COVID-19 gegirmis kisiler hastaliklarindan kendileri
sorumludur.

COVID-19 hastalari toplumun birincil endise kaynagidir.

Son zamanlardaki mutsuzlugumuzun asil sebebi COVID-19
hastalaridir.

Katiimiyorum

Biraz
Katihyorum

Tarih: .../ .../ ...

Katiliyorum

Tamamen
Katiyorum
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Appendix 1B. COVID-19 Information Questionnaire

No Item True False
1 COVID-19 is a virus-transmitted disease.

2 COVID-19 is transmitted by both droplets and direct contact.

3 COVID-19 improves with antibiotics.

4 Pets and street animals are a risky group in terms of transmission.

5 Children do not easily catch COVID-19.

6 COVID-19 is more severe in the elderly.

7 COVID-19 often leads to death.

8 Those with COVID-19 often have sequela that worsens their quality of life.

9 Headache, fever, cough, and sore throat are the main symptoms of COVID-19.
10 Frequent gargling kills the coronavirus.

11 Malaria drugs are the most effective in the fight against COVID-19.

12 In the fight against COVID-19, frequent hand washing is sufficient.

13 Sun rays kill coronavirus.

14 Wind is an important factor in the spread of coronavirus.

15 A person who catches COVID-19 will not get COVID-19 again.

Scoring:

The answers to the above statements are given below.
1: True, 2: True, 3: False, 4: False, 5: False, 6: True, 7: False, 8: False, 9: True, 10: False, 11: False, 12: False, 13: False, 14: False, 15: False. In questions “1%, 2",
6", and 9", the “True” answer is “1” point, and marking the “False” answer is “0”. In questions “3%, 4th, 5th 7t gth 10t 11t 12t 13" 14% and 15", the
“False” answer is “1” and marking the “True” answer is “0.” Higher scores suggest that the person has more accurate information about COVID-19. COVID-19:
Coronavirus disease-2019.

Appendix 1B. Turkish vesion of COVID-19 Information Questionnaire

No ifade Dogru Yanlis
1 COVID-19 virusle bulasan bir hastaliktir.

2 COVID-19 hem damlacik yoluyla hem de dogrudan temas yoluyla bulasir.

3 COVID-19 antibiyotiklerle iyilesme gosterir.

4 Evcil hayvanlar ve sokak hayvanlar bulas agisindan riskli bir gruptur.

5 Cocuklar COVID-19'a kolay kolay yakalanmazlar.

6 Yaslilarda COVID-19 daha agir seyretmektedir.

7 COVID-19 siklikla 6lime yol agar.

8 COVID-19 hastalari genellikle yasam kalitelerini kotllestiren bir sekel yasarlar.
9 Bas agrisi, ates, Oksurik ve bogaz agrisi COVID-19’un temel semptomlaridir.
10 Sik sik gargara yapmak koronavirtist éldurr.

11 Sitma ilaglari COVID-19 ile miicadelede en etkin ilaglardir.

12 COVID-19 ile miicadelede sik el yikamak yeterlidir.

13 Glines isinlari koronavirlsi oldirdr.

14 Rizgar, koronavirlsiin yayllmasinda 6nemli bir etkendir.

15 COVID-19'a yakalanan bir kisi bir daha COVID-19 gegirmez.

Puanlama:

Yukarida yer alan ifadelerin yanitlari asagida belirtilmistir.
1: Dogru, 2: Dogru, 3: Yanlis, 4: Yanhs, 5: Yanlis, 6: Dogru, 7: Yanlis, 8: Yanls, 9: Dogru, 10: Yanhs, 11: Yanhs, 12: Yanhs, 13: Yanls, 14: Yanls, 15: Yanlis. “1., 2., 6. ve
9.” sorularda dogru yanit “1” puan, yanlis yanitin isaretlenmesi ise “0” puandir. “3.,4.,5.,7.,8.,10.,11.,12.,13., 14. ve 15.” sorularda yanhs yanit “1” puan, dogru
yanitin isaretlenmesi ise “0” puandir. Puanlarin yiikselmesi kisinin COVID-19 hakkinda daha fazla dogru bilgiye sahip oldugunu disiindirmektedir. COVID-19:
Koronaviris hastaligi-2019.
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The Effect of Polyurethane Film Versus Apis Dorsata Honey Spray for Wound
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ABSTRACT

Objective: Surgical site infection (SSI) following implant-related fracture
osteosynthesis remains a burden and challenging for orthopedic
surgeons. Honey-based dressings can be used as prophylactic agents.

Methods: This prospective, randomized clinical study was designed
to compare the effect of conventional polyurethane film and Apis
dorsata honey spray as dressing materials after long bone fracture
osteosynthesis.

Results: Forty participants with closed tibial or femoral diaphyseal
fracture treated with open reduction and internal osteosynthesis
with intramedullary implants or plates and screws were randomly
divided into 3 groups: 16 were dressed with polyurethane film (group
A), 13 with Apis dorsata honey spray (group B), and 11 as controls.
Wounds of the two groups were dressed using a similar wound
protocol immediately (DO) and three days (D3) after surgery. In the
control group, wounds were treated with non-adhesive film only. All
wounds were evaluated on day 14 (D14) and day 42 (D42) for local
complications and the effects on skin commensals. On D42, wound
dehiscence and scar formation were also evaluated. Acinobacter
species were isolated from a control.

Conclusion: One patient from group A had superficial SSI. There was
no significant association between wound healing and the dressing
materials used. Honey dressing reduced the risk of hypertrophic scar
formation. Other outcomes were comparable between groups A and B.
Apis dorsata honey is a safe alternative dressing that is comparable to
polyurethane film as a dressing material following long bone fracture
osteosynthesis.

Keywords: Dressing material, fracture fixation, honey dressing, Tualang
honey, wound healing

0z

Amag: implantla iliskili kirk osteosentezini takip eden cerrahi alan
enfeksiyonu (CAE), ortopedik cerrahlar igin bir yik ve zorluk olmaya
devam etmektedir. Bal bazli pansumanlar profilaktik ajan olarak
kullanilabilir.

Yontemler: Bu prospektif, randomize klinik ¢alisma, uzun kemik kirigi
osteosentezi sonrasinda pansuman malzemesi olarak geleneksel
politiretan film ve Apis dorsata bal spreyinin etkisini karsilagtirmak igin
tasarlanmistir.

Bulgular: Agik rediiksiyon ve intrameddller implantlar veya plaklar
ve vidalarla internal osteosentez ile tedavi edilen kapali tibial veya
femur diyafiz kingi olan kirk katihmci rastgele 3 gruba ayrildi: 16’sina
poliiretan film (grup A), 13’Gne Apis dorsata bal spreyi (grup B)
ve 11’ine kontrol grubu uygulandi. iki grubun yaralari ameliyattan
hemen sonra (DO) ve ameliyattan (¢ glin sonra (D3) benzer bir yara
protokoll kullanilarak pansuman yapildi. Kontrol grubunda yaralar
sadece yapiskan olmayan filmle tedavi edildi. Tum vyaralar, lokal
komplikasyonlar ve deri komensalleri Uzerindeki etkiler agisindan 14.
giinde (D14) ve 42. giinde (D42) degerlendirildi. D42'de yara agilmasi
ve skar olusumu da degerlendirildi. Acinobacter tlrleri bir kontrolden
izole edildi.

Sonug: Grup A’dan bir hastada yizeysel CAE vardi. Yara iyilesmesi ile
kullanilan pansuman malzemeleri arasinda anlamh bir iliski yoktu.
Balli pansuman hipertrofik skar olusumu riskini azaltti. Diger sonuglar
Grup A ve B arasinda benzerdi. Apis dorsata bal, uzun kemik kirigi
osteosentezini takiben pansuman malzemesi olarak politretan filmle
karsilastirilabilecek glivenli bir alternatif pansumandir.

Anahtar Sozciikler: Pansuman malzemesi, kirik tespiti, balli pansuman,
Tualang bali, yara iyilesmesi
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INTRODUCTION

Surgical site infection (SSI) carries potential devastating sequalities
following  implant-related  fracture  osteosynthesis. These
complications remain a challenge, particularly in terms of costs,
prolonged hospital stay, morbidity, and even mortality (1-3). Post-
surgical wound dressing remains one of the contributing factors to
the final wound outcome that needs special attention in reducing SSI
(1,4,5). Other factors that may also influence the wound outcome
include the severity of the injury, duration of the surgery, and the
patient’s co-morbidities (2,3,6-9). Wounds involving the lower
limbs differ from those involving the trunk in terms of skin tension
and involve wider exposed areas with a higher risk of infection.
Furthermore, the presence of implants in the wound warrants extra
attention in terms of dressing and wound care. Appropriate post-
surgical dressing material is paramount in fracture osteosynthesis
because any wound infection with an implant beneath may lead to
osteomyelitis and result in chronic morbidities to the patient as well
as a financial burden to the society (2,3,7,9,10).

Dressing materials are used on surgical wounds to provide a
waterproof sealer and to prevent adhesion during wound dressing;
hence, they may reduce pain as well. It may also provide a moist
environment conducive to wound healing (5,11). Several dressing
materials are commonly used, including polyurethane-based film
dressing and paraffin-based materials. Polyurethane film spray,
commonly known as Opsite* spray, is a convenient and innovative,
quick-drying transparent film dressing spray for surface and
surgical wounds. This product is widely used in local hospitals as a
dressing material for post-surgical wounds. In orthopedic surgery,
polyurethane film spray is a common dressing applied after long
bone fracture osteosynthesis.

Honey is a semi-solid or saturated solution of natural sugars
synthesized from flower nectar by honeybees (12,13). Although
honey of various types shares the same general content and
properties, each type has different potential and uses depending
on the type, honeybee species, purity, and geographical origin (12-
15). Apis dorsata or Asian rock bees produce honey in hives built
high up in the Tualang tree (Koompassia excelsa), one of the tallest
trees in Malaysia (12,13,15-17). Thus, the honey is also famously
known as the Malaysian Tualang honey. It is one of the examples of
local honey that can act as a potent anti-inflammatory agent with
effective antimicrobial and antifungal effects, attributed to its high
level of phenolic acids and flavonoids (13-15,18,19). Various studies
have reported its effectiveness in treating diabetic wounds, burns,
and other types of infected wounds (4,12,13,15,19,20).

To the best of our knowledge, there has been no study conducted
on the potential of honey as a wound dressing post-osteosynthesis
of fractures. Hence, the present study aimed to compare the effect
of using a conventional polyurethane film (Opsite* spray) with
Apis dorsata honey spray as a dressing material following internal
osteosynthesis of long bone fractures.

MATERIALS AND METHODS

The study was designed as a prospective, randomized, unblinded,
controlled study recruiting patients with closed tibial or femoral
diaphyseal fracture treated with open reduction and internal
osteosynthesis using intramedullary implants or plates and screws.

The participants were selected among trauma patients aged between
15 and 45 years at the time of injury within a 12-month study period
at a single tertiary center. Only patients who underwent primary
closure of the surgical wound following the surgical procedures
were included in the study. Patients who sustained any previous
open fractures or osteomyelitis involving the ipsilateral bone were
excluded from the study. Those with a history of allergic reactions
to any honey-based products, a history of bronchial asthma, or a
history of developing allergic reaction to any of the materials used
in the study were also excluded. Other exclusion criteria were
immunocompromised patients, prolonged use of corticosteroids,
chemotherapy treatment, or a history of renal failure or diabetes
mellitus.

The study was commenced after approval by the Human Research
Ethics Committee USM (HREC) [approval number: USMKK/PPP/
JEPeM/254.3(7.2)]. The participants were provided with complete
information about the aims and the flow of the study. Written
informed consent was required to participate in the study. The
routine clinical assessment and treatment for which the participants
came were conducted as usual, and none of the participants
abandoned their right to receive the best possible consultation
despite being part of the study.

The participants’ basic demographics and detailed current and
previous medical histories were recorded in a study proforma. This
includes the severity of soft tissue injury sustained along with the
long bone fracture. The severity of soft tissue injury associated
with closed fractures was graded using the Tscherne and Oestern
classification (21) (Table 1).

Randomization and Dressing Materials Used

Based on the dressing materials used following the intended
internal osteosynthesis, the participants were divided randomly
into 3 groups. In group A, the patients were subjected to wound
dressing with polyurethane film (Opsite* spray), a moisture vapour
permeable dressing spray that contains an acrylic copolymer,
isopropyl alcohol, acetone, ethyl acetate, and propellants (dimethyl
ether and butane 40), supplied by Smith & Nephew Malaysia. Apis
dorsata honey spray was used for wound dressing in group B. Honey
spray was supplied by the Federal Agricultural Marketing Authorities
in a single batch in collaboration with the School of Pharmaceutical
Sciences laboratory. The participants’ wounds in the control group
were dressed only with a breathable, self-adhesive, and absorbent
film dressing (Mepore®) supplied by Molnlycke Health Care US.
It is widely available in operation theatres as a standard dressing
following Opsite* spray application.

Randomization was performed via elective operating theatre that
available during working hours. The selection of dressing material
for the patients was based on their operation day. The participants
who were operated on Mondays and Thursdays were subjected
to polyurethane film dressing. Honey spray dressing was used on
the participants operated on Tuesdays and Fridays. Participants
who were operated on Wednesdays were grouped as controls.
The decisions on which operation day was chosen were based on
the availability of the empty slot in the elective lists and the semi-
emergency lists. The participants who were admitted earlier had
priority to be listed in the operation lists.
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All participants in group B were screened for allergy to the honey
spray dressing one day before surgery. The dressing material was
applied to the dorsum area of the participants’ hands. Any form of
allergic reactions, such as rashes, itchiness, or others, was observed
and documented. This step was clearly stated in the written consent
form and explained in detail to all participants. Participants who
developed adverse reactions to the dressing material were excluded
from the study.

Wound Closure and Dressing Technique Protocol

Following open reduction and internal osteosynthesis performed
in the standard manner, all surgical wounds were primarily closed
with Vicryl 2/0 and Dafilon 3/0 sutures (Figure 1A). The length of
the surgical wounds was recorded in centimeter (cm) units (Figure
1B) and the operative time in hours and minutes. For the patients
in groups A and B, a thin layer of the respective dressing materials
was applied to the surgical wound immediately after wound closure
(DO), followed by application of the non-adhesive film (Mepore”®).
The control group was treated with film (Mepore®) only.

Wound Assessment

The first wound inspection for all wounds was performed on D3 post-
surgery, followed by the second assessment on D14 during surgical
suture removal (Figure 2). Assessment included the presence of
local changes such as redness around the wound, local oedema, and
serous or purulent discharge. Signs of adverse reactions, such as
itchiness and blister formations, were observed and documented, if
any. After wound inspection on D3, a swab for culture and sensitivity
was taken, and the wounds were re-applied with similar dressing
materials used immediately after the surgery.

The third and final assessment was performed during follow-up on
D42 post-surgery. Any wound dehiscence or discharge was observed
and recorded. The surgical scars were evaluated and documented
as a normal scar appearance or a hypertrophic scar (protruding scar
resembling a fibroma or collagen nevus).

RESULTS

A total of 42 participants fulfilled the study criteria. The following
randomization, there were 16 participantsin group A, 14 participants
in group B, and 12 participants as controls. One participant from
group B and the control group defaulted to follow-up and was
excluded from the study. The remaining participants (n=40) consisted
of 17 female and 23 male participants with a mean age of 19 years.
None of the participants in group B developed an allergic reaction to
the Apis dorsata honey dressing spray.

Femoral fractures were fixed in 33 participants (82%) and only
7 participants (18%) had tibial fractures. One participant from
group A had bilateral femoral fractures. Thirty-eight participants
had undergone open reduction and plating compared with
intramedullary nailing in 2 participants. Associated injuries included
fracture of the radius and scapula, avulsion fracture of the posterior
cruciate ligaments, and concomitant fracture of the femur or tibia.
There were 3 participants with polytrauma, one in each group. Only
3 participants (7.5%) had grade C2 soft tissue injury. The remaining
participants either had grade CO [19 (47.5%)] or C1 [18 (45%)]. None
had grade C3 soft tissue injury. The mean operating time in all cases
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was 80 min. The mean length of the surgical wounds was 16.11 cm.
The mean duration from the time of injury to the time of surgery was
5 days and 19 hours.

Wound Complications

None of the participants in all the 3 groups had clinical signs of

Codman

Figure 1. (A) Fascia closed with vicryl 2/0 and skin closure with dafilon
3/0 suture. (B) The surgical wound was measured using a sterile ruler in
centimeter units.

Figure 2. Wound appearance of a patient from group B.
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infection on D3 post-surgery. However, a participant from group
A had a 2 cm superficial wound dehiscence with serous discharge
identified during surgical suture removal. The wound healed well
following dressing with normal saline and sterile strip application.
No further antibiotics or debridement was required. Analysis using
Fisher’s exact test found no significant correlation between wound
complications and the dressing materials used (p>0.950).

Wound Commensal Microorganisms

Acinobacter species was isolated via swab culture from the surgical
wound of a participant from the control group on D3 post-surgeryday
3. However, Fisher’s exact test analysis also found no significant
correlation between the dressing materials used and their effect on
wound commensal microorganisms (p>0.275).

Wound Assessment on D42

All wounds healed without any clinical signs of infection or
dehiscence on D42 post-surgery. Only 3 out of 13 patients (23.1%)
in group B had a hypertrophic scar compared with group A (43.8%)
and the control group (72.7%) (Figure 3). Table 2 summarizes the
association between the dressing material used and wound healing.

Factors Influencing Wound Healing

Simple logistic regression showed that none of the factors analyzed
except for the dressing material used was significant in influencing
wound healing in all patients. Multiple logistic regression analysis
showed that the use of honey dressing spray had a significant
influence on wound healing. These are summarized in Tables 3, 4.

DISCUSSION

The majority of participants (82%) in the present study had femoral
fractures, although the tibia is the most common long bone fracture
of the lower limbs (6,7,21). One of the criteria of patients who were
recruited for this study was any fracture of the femoral or tibial
shaft that required open reduction and was internally fixed with an
implant device. Thus, the smaller number of participants with tibial
fracture included in the study was because this type of fracture may
be treated conservatively with a full-length cast or intramedullary
device with a close reduction method. Compared with femoral
fractures in adults, it is rarely indicated for conservative treatment
with closed reduction method and casting. Almost all participants
were treated with plating of the fractures compared with
intramedullary fixation. This finding corresponds with the standard
technique of surgery that ordinary compression plates generally
need an open reduction method compared with intramedullary
fixation, which can be performed using the closed method or indirect
reduction (7,21). The recommended fixation of closed diaphyseal
femoral and tibial fractures generally involves either intramedullary
nailing or plating. However, plating usually has a narrow indication
of usage, for example in diaphyseal fracture with concurrent neck of
femur fracture.

Most participants (80%) had other associated injuries, which may
contribute to the mean duration before surgery. It will influence the
urgency of the surgery compared with elective surgery in a stable
trauma case. The severity of soft tissue injury contributes to the risk

of wound infection and the healing process (6,7,21). There was an
equal distribution of participants in the groups with regard to the
severity of soft tissue injuries. Thus, each group of participants had a
similar risk of infection and outcome.

The duration of the wound exposed to the environment and the
length of the wound will influence the rate of SSI (2,7,9). The entire
cohort of participants had a mean operating time of 2 h and a mean
wound length of 16.11 cm. The complexity and difficulty in the
internal osteosynthesis method were also determined by the types
of fracture, availability of an appropriate implant, and surgeon’s
experience. There is a standard surgical exposure for open reduction
and osteosynthesis of femoral and tibial diaphyseal fractures, but no
standard wound length is recommended in the literature. Adequate
exposure for assisting in the surgical procedure is generally quoted
(7,22).

There was an isolated case of superficial wound infection in group
A, as evident by the presence of wound dehiscence and serous
discharge at D14 post-surgery. No intervention was needed as
the wound healed well until the final assessment on D42. The
participant underwent open reduction with intramedullary femoral
osteosynthesis at 3 weeks after trauma because of a limited slot for
elective operation. The decision to use the open reduction method
was made due to the difficulty in fracture reduction as soft callus
had already formed. The surgery was completed within 130 min. No
other associated injuries were noted. The longer operating time with
difficult reduction were the possible factors that influenced wound
healing in the patient.

One of the aims of wound assessment was to identify local adverse
reactions to honey spray. None was detected in all participants
in group B. Although the participants in group B had yellowish
skin staining surrounding the wound from the honey dressing, it
did not affect wound healing, and the stain was easily resolved
with normal saline irrigation. There was no significant correlation
between the dressing materials used and wound complications.
These results may be due to the strict selection of participants and
the small sample size. Young and fit individuals, mild to moderate
soft tissue injuries, and simple fracture patterns also have a good
prognosis in wound healing (21). Thus, the dressing method is not
the only factor that affects the wound healing process.

The thin film formed on the wounds in groups A and B acted as a
barrier to the external environment. Limited studies are available to
prove whether the film may reduce the number of commensals on the
skin. In a study by Wille and Blussé van Oud Alblas (23), polyurethane

Table 1. Tscherne and Oestern classification for closed fractures (24)

Grade Energy Typical fracture Typical soft tissue
pattern damage

Cco Low Spiral None to minimal

C1 Mild to Rotational ankle Superficial abrasion/

moderate fractures and contusion

dislocations

Cc2 High Transverse Deep abrasions
segmental
complex

Cc3 High Complex Extensive skin contusion
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Figure 3. Example of hypertrophic scar formation in a patient in group A.

Table 2. Association between dressing materials and wound healing

film with chlorohexidine possessed the most antimicrobial activity
with regard to the microflora of the skin. However, this study
showed no significant correlation between the dressings used and
their effects on wound commensals. The only microorganism that
was isolated from one of the participants’ wounds (from the control
group) was Acinobacter species. Acinetobacter species is a Gram-
negative Coccobacillus that is found within environmental soils,
water, sewage, and foodstuffs (as spoilage organisms) such as milk
products, meat, poultry, and fish. Microorganisms also present as
commensals in human skin. In immunocompromised patients, it
may become virulence and responsible for SSI and other healthcare-
associated infections in intensive care units (8,9). In the case of
a control in this study, the participant remained asymptomatic
because he was a healthy and fit individual. His wound also healed
without any complications.

Wound assessment on D42

Group ¢ stat (df) p-value®
Healed with a normal scar Healed with a hypertrophic scar
Group A 9 7 5.951 (2) 0.051
Group B 10 3
Control group 3 8
"Chi-square test.
Table 3. Clinical factors influencing wound healing analyzed using simple logistic regression
Clinical Factors Crude OR (95% Cl) p-value
Age 1.020 (0.923; 1.127) 0.702
Gender
Male 0.865 (0.246; 3.050) 0.822
Female 1
Type of dressing material
Polyurethane film (group A) 0.292 (0.056; 1.525) 0.144
Honey spray dressing (group B) 0.133 (0.018; 0.716) 0.021
Control group 1

Site of the fracture

Type of implant

Associated injuries

Soft tissue injury
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Diaphysis of the right tibia 0.000 (0.000; 0.000) 0.950
Diaphysis of the right femur 0.675 (0.168; 2.709) 0.579
Diaphysis of the left tibia 0.250 (0.021; 3.041) 0.277
Diaphysis of the left femur 1
Intramedullary nails 1.235(0.072; 21.241) 0.884
Plates and screws 1
No 0.680 (0.139; 3.337) 0.635
Yes 1
Grade C2 4.333 (0.326; 57.649) 0.267
Grade C1 2.708 (0.708; 10.360) 0.146
Grade CO 1
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Table 3. Continued

Clinical factors Crude OR (95% ClI) p-value
Duration of injury to surgery 0.999 (0.996; 1.003) 0.707
Duration of surgery 1.003 (0.982; 1.026) 0.757
Surgical wound length 1.183(0.888; 1.577) 0.251
OR: Odds ratio, Cl: Confidence interval.

Table 4. Clinical factors influencing wound healing analyzed using multiple logistic regression

Clinical factors B Adjusted OR (95% Cl) p-value

Type of dressing material
-1.232
-2.185

Polyurethane film (group A)
Honey spray dressing (group B)

Control group

0.292 (0.056, 1.525) 0.144
0.133 (0.018, 0.716) 0.021
1

Backward LR method applied. Hosmer and Lemeshow test, p=0.866. Classification table 67.5% correctly classified. The area under the receiver operating

characteristic curve was 0.708. OR: Odds ratio, Cl: Confidence interval.

None of the participants had wound dehiscence at the end of the
study period. The rate of SSI in a clean surgery is 1 to 2% (2,3,24).
The possible reason for no case of wound infection in the current
study was the strict study criteria of healthy individuals without co-
morbidities. Surgical prophylactic antibiotic usage also plays a role
in reducing wound infection (1-3,8-10). All patients in this study
were administered intravenous cefuroxime 1.5 g as a prophylactic
antibiotic before surgery.

Another finding that was recorded during the final wound assessment
was the presence of a hypertrophic scar. The current study showed
not significant association between the type of dressing used and
healing. Although in group B, most patients’” wounds healed with a
normal healthy scar compared with the wounds of the other two
groups, this cannot reflect the advantages of honey dressing as the
result was not statistically significant (Table 2). The possible reasons
were limited sample size and crude assessment of the scars at D2
post-surgery.

Study Limitations

A better scar assessment should involve an expert plastic surgeon
or team with more objective scar evaluation, which was one of the
limitations of the study. Nevertheless, multiple logistic regression
analysis revealed that patients dressed with honey spray dressing
had a lower risk of developing hypertrophic scars compared with
the other groups (Table 4). This result was attributed to the anti-
inflammatory and antimicrobial potential of honey, and its effects
on reducing wound contracture (13,16,25). Mohamad Shah et
al. (26) reported that apart from the antimicrobial effects, the
active components of Apis dorsata honey also demonstrated
an antiproliferative effect on human keloid fibroblasts, with the
potential to be used for keloid treatment.

CONCLUSION

Apis dorsata honey spray has comparable effects with the widely
used polyurethane film for wound dressing following long bone
osteosynthesis. Apart from promoting healing and preventing SSI,
the risk of hypertrophic scar formation was lower.
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Comparison of Use of Propiverine at 45 mg and Combined Treatment of Propiverine
30 mg and Mirabegron in Patients with Overactive Bladder Who did not Benefit

from Propiverine 30 mg Treatment

Propiverin 30 mg Tedavisinden Fayda Gormeyen Asiri Aktif Mesaneli Hastalarda Propiverin 45 mg
Kullanimi ile Propiverin 30 mg ve Mirabegron Kombine Tedavisinin Karsilastirilmasi
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1polatli Duatepe Public Hospital, Clinic of Urology, Ankara, Turkiye
2Van Training and Research Hospital, Clinic of Urology, Van, Tirkiye

ABSTRACT

Objective: There are many anti-cholinergic drugs that are used to
treat overactive bladder. Mirabegron was created to lessen the many
side effects of these drugs, especially acute urinary retention. The
use of mirabegron along with anti-cholinergic is a safe and effective
treatment method. In addition, anti-cholinergic therapies have been
developed that reduce bladder overactivity with side effects similar to
those of lower dose approaches and with higher efficacy.

Methods: In this study, data were collected for 35 male patients
(group 1) in whom propiverine 45 mg was administered instead of
propiverine 30 mg treatment; the other 31 patients (group 2) were
given mirabegron 50 mg on propiverine 30 mg treatment. Patients
were called for control at 1 and 6 months; adherence and persistence
were determined; residual urine volumes were measured by
ultrasonography; and complaints were evaluated using the Overactive
Bladder Assessment Form (OAB-V8).

Results: When the ages and chronic diseases of the patients in
groups 1 and 2 were compared, there was no significant difference
between the groups. Similar rates of adherence and persistence were
observed between the groups. There were no statistically significant
differences between the groups in terms of daily micturition and
weekly incontinence frequencies, post-voiding residual urine volumes,
side effects (especially dry mouth), and responses and scores on the
OAB-V8 forms.

Conclusion: Propiverine 45 mg monotherapy or propiverine 30 mg
and mirabegron combined treatment can be safely administered with
similar efficacy and limitations.

Oz

Amag: Mesane asiri aktivitesinin yasam tarzi degisikligi ve davranislarin
dizenlenmesi gibi birinci basamak tedavilerinden fayda gérmeyen
hastalarda kullanilan medikal tedavi igin birgcok antikolinerjik ilag
gelistirilmis olmasina ragmen, mirabegron antikolinerjik ilaglara
bagl birgok yan etkiyi Ozellikle akut Griner retansiyonu azaltmak
icin kullanilmaya baslanmistir. Mirabegronun antikolinerjiklerle
kombinasyon tedavisinde kullaniimasinin glivenli ve etkili bir tedavi
yontemi oldugu gosterilmistir. Antikolinerjik ilaglardan propiverin
de disuk doz antikolinerjik ilaglardan kisitli fayda goren hastalarda
kullanilmasi amaciyla 45 mg uzatilmig salinimh formunun kullaniminin
da etkin ve giivenli oldugu gosterilmistir.

Yontemler: Bu calismada propiverin 30 mg tedavisi yerine propiverin
45 mg propiverin uygulanan 35 erkek hastanin (grup 1) ve 30 mg
propiverin tedavisine ek olarak mirabegron 50 mg tedavisi uygulanan
31 erkek hastanin (grup 2) verileri toplandi. Hastalara ilk bagvurularinda
Uroflowmetri yapildi, semptomlari ve iseme gunlikleri incelendi.
Hastalar 1. ve 6. ayda kontrole ¢agirildi. Tedavi uyumu ve memnuniyet
belirlendi. Ultrasonografi ile rezidii idrar hacimleri 6lgtldl ve Agiri Aktif
Mesane Degerlendirme Formu (OAB-V8) ile sikayetler degerlendirildi.

Bulgular: Her iki gruptaki hastalarin yaslari ve kronik hastaliklari
karsilastirildiginda gruplar arasinda anlamli fark yoktu. Gruplar
arasinda glnlik iseme ve haftalik inkontinans sikliklari, iseme sonrasi
rezidtel idrar hacimleri, yan etkiler (6zellikle agiz kurulugu) ve OAB-V8
formlarindaki yanitlar ve puanlar agisindan istatistiksel olarak anlamh
fark yoktu.

Address for Correspondence/Yazisma Adresi: irfan Safak Barlas, MD, Polatli Duatepe Public Hospital, Clinic of

Urology, Ankara, Turkiye
E-mail / E-posta: isbarlas89@gmail.com
ORCID ID: orcid.org/0000-0001-7894-9118

Received/Gelis Tarihi: 16.09.2022
Accepted/Kabul Tarihi: 08.11.2023

@(D@@ 9Copyright 2024 The Author. Published by Galenos Publishing House on behalf of Gazi University Faculty of Medicine.

BY NG ND Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.
©Telif Hakki 2024 Yazar. Gazi Universitesi Tip Fakiiltesi adina Galenos Yayinevi tarafindan yayimlanmaktadir.
Creative Commons Atif-GayriTicari-Tiretilemez 4.0 (CC BY-NC-ND) Uluslararasi Lisansi ile lisanslanmaktadir.

139


https://orcid.org/0000-0001-7894-9118
https://orcid.org/0000-0003-1302-4127

GMJ 2024;35:139-144

Barlas and Demir. Comparison the Treatment of Using Propiverine 45 mg with Using Propiverine 30 mg and Mirabengron Combined Treatments

ABSTRACT

Keywords: Anti-cholinergic, beta 3 receptor agonist, propiverine,
sustained release, high dose, combination therapy, bladder
overactivity, post-micturition residual urine, acute urinary retention,
OAB-V8 Overactive Bladder Questionnaire, adherence, persistance

Oz

Sonug: Propiverin 45 mg monoterapisi veya propiverin 30 mg ve
mirabegron kombine tedavisi benzer etkinlik ve sinirlamalarla glivenle
uygulanabilir.

Anahtar Sozciikler: Antikolinerjik, beta 3 reseptor agonisti, propiverin,
strekli salim, ylksek doz, kombinasyon terapisi, mesane asiri aktivitesi,
iseme sonrasi kalan idrar, akut idrar retansiyonu, OAB-V8 Asiri Aktif
Mesane Anketi, bagllk, kalicilik

INTRODUCTION

Overactive bladder is a clinical disorder with urgency with or without
urinary incontinence, and it is often accompanied by frequency and
nocturi without any detectable pathology, such as urinary tract
infection (1). Studies on its frequency have shown that it occurs in
12-17% of the population, and its frequency is known to increase
with age (2,3). In cases of bladder overactivity, the main treatment
has been accepted as anti-cholinergic drugs, and although many
have been developed for this purpose, side effects often limit their
use, especially acute urinary retention; this has led to the search for
different drugs (1,4,5). As a result, the beta-3 adrenergic receptor
agonist drug mirabegron, which is in a different drug group from
anti-cholinergic therapy, was developed to reduce the use of anti-
cholinergic drugs and avoid their side effects, especially acute
urinary retention (6).

Acute urinary retention is caused by the inability to empty the
bladder due to different pathologies, and it is an important health
problem that can cause serious complications if not treated (7). This
condition is sudden and manifests as severe pain and discomfort
caused by urgency (8). It usually occurs in elderly male patients with
benign prostatic hypertrophy due to infection or drug use. Spinal
trauma and operations such as pelvic surgery that may impair the
neurological coordination of voiding can also cause acute urinary
retention. Acute urinary retention is seen at a rate of 0.45-0.68% in
men over the age of 40 years, with a corresponding rate of 0.007% in
women (9-11). While the risk increases from the age of 40 years, it is
especially common at older ages (8). Similar to complaints related to
bladder storage phases and bladder overactivity, the risk of urinary
retention increases with age (12).

The measurement of residual urine volume by ultrasound imaging
or catheterization is recommended in patients with risk factors
for acute urinary retention, such as residual urinary symptoms,
incontinence, or a history of neurological diseases and previous
pelvic surgery (1). Although a residual urine volume of up to 100
mL can be monitored without intervention, a residual urine volume
above 200 mL is considered pathological. Although there is no
absolute standardization of these numbers, if there is a residual
urine volume above 500 mL, the patient is considered to have acute
urinary retention (11,13).

In patients with acute urinary retention risk, care should be taken in
dose and drug selection because anti-cholinergic drugs, especially
when used in overactive bladder treatment, relax the bladder muscle
and reduce contractions. Bladder muscle contractility decreases
over time, especially in elderly patients. In addition, polypharmacy
and comorbidities increase with age and reduce bladder muscle
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contraction, and the amount of residual urine in these patients
increases with obstruction (11,14).

Studies that have investigated propiverine treatment in patients
who had not benefited from anti-cholinergic therapy have shown
a decrease in complaints due to its calcium antagonistic effect.
There are also studies showing that propiverine 45 mg sustained
release high doses reduce complaints due to bladder overactivity
with similar side effects and higher efficiency when compared with
propiverine 30 mg (15). As a beta 3 receptor agonist, mirabegron,
unlike anti-cholinergic drugs, relaxes bladder smooth muscles in the
storage phase without decreasing contractility in the voiding phase;
therefore, some studies have shown that side effects in the voiding
phase are less common. The use of mirabegron in combination
therapy with anti-cholinergics has also been shown to be safe and
preferential because it increases the success rate of the treatment.
However, although high-dose (45 mg) propiverine and mirabegron
combined with anti-cholinergic therapy are the preferred methods
for treating patients who do not benefit from low-dose anti-
cholinergic therapy, no study has compared these two treatment
options (16).

MATERIALS AND METHODS

This prospective study follows the rules of the Declaration of
Helsinki regarding patients’ rights and ethical guidelines and was
approved by the Ethics Committee of Van Training and Research
Hospital (approval number: 2021/06). All patients involved in this
study provided written informed consent.

In our clinic, 178 adult male patients, whose complaints continued
despite propiverine 30 mg treatment for a month, presented with
bladder storage phase complaints between September 2019 and
January 2021. Patients under the age of 18 years were excluded from
the study. Patients with fewer bladder storage phase complaints,
more voiding phase complaints, alfa broker treatment with a pre-
diagnosis of benign prostatic hyperplasia, and known neurological
pathology were not included in the study.

A total of 66 patients met the study criteria, and their maximum
urinary flow rate was above 15 mL/min and post-voiding residue
urine volume was below 100 mL in uroflowmetry analysis. In 35 of
the 66 patients (group 1), propiverine 45 mg was started instead of
30 mg propiverine treatment; mirabegron 50 mg was added to the 30
mg propiverine treatment of the other 31 patients (group 2). Patients
were called for control 1 and 6 months after the treatment began;
at this time, adherence and persistence were determined. Post-
voiding residual volumes were evaluated by ultrasonography, and
complaints were assessed using the Overactive Bladder Assessment
Form (OAB-V8). Patient information and results were retrospectively
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analyzed. Patients with a post-voiding residual volume above 500 mL
were evaluated as having acute urinary retention.

Statistical Analysis

For statistical analysis, Mann-Whitney U, chi-square, and McNemar
tests were performed to evaluate numerical variables and categorical
data between groups, respectively. P-values less than 0.05 were
considered significant.

RESULTS

In our study, the ages of 35 patients who received propiverine 45
mg in group 1 and 31 patients who received propiverine 30 mg
and mirabegron combination therapies in group 2 (48.26+£19.45 vs.
45.74+18.36; p=0.592) and their comorbid chronic diseases were
compared (p=0.229); no significant differences were found between
the groups. Furthermore, there were no significant differences
between the daily micturition counts (7.70+1.59 vs. 7.40+1.59;
p=0.488) and weekly incontinence counts (2.57+2.67 vs. 2.00+1.65;

p=0.307) of the patients in the groups. Although there was no
significant difference between the groups in terms of post-voiding
residual volumes, one patient in group 1 developed acute urinary
retention two weeks after using propiverine 45 mg treatment. This
caused us to determine the standard deviation rate, which was
high in group 1 (65.00+117.44 vs. 64.69+39.17; p=0.323). When dry
mouth developed after treatment, its advent was not statistically
significant, although 12 patients (34.29%) in group 1 had new reports
of dry mouth, and five patients (16.13%) reported the condition in
group 2 (p=0.092) (Table 1).

It was observed that there was no significant difference between
the two groups in persistence during the first month (45.71% vs.
32.26%; p=0.267) and the sixth month after treatment (25.71%
vs. 22.58%; p=0.875), as well as adherence during the first month
(62.86% vs. 64.52%; p=0.889) and the sixth month after the
treatment (40.00% vs. 41.94%; p=0.891). It was found that the
patients who were not satisfied with the treatment after one
month of use were not satisfied after six months of use. Similarly, it

Table 1. Comparison of demographic characteristics, micturations, post-voiding residual volumes, incontinence, and dry mouth between the groups

Group 1; (n=35) Group 2; (n=31) p
Age 48.26+19.45 45.74+18.36 0.592
Comorbidity
Positive 10 (28.57%) 5(16.13%) 0.229
Negative 25 (71.43%) 26 (83.87%)
Micturations/d 7.70+£1.59 7.40+1.59 0.488
Post-voidingresidual volumes 65.00+117.44 64.69+39.17 0.323
Incontinence/w 2.57+2.67 2.00+£1.65 0.307
Dry mouth
Positive 12 (34.29%) 5(16.13%) 0.092
Negative 23 (65.71%) 26 (83.87%)

Group 1: Patients using propiverine (45 mg). Group 2: Patients using propiverine (30 mg) and mirabegron combination treatment. Mann-Whitney U and chi-

square tests were utilized for statistical analyses.

Table 2. Comparison of adherence and persistence between the groups

Group 1; (n=35)

Adherence (first month)
22 (62.86%)
13 (37.14%)

Positive

Negative

Persistence (first month)
Positive 16 (45.71%)
Negative 19 (54.29%)
Adherence (sixth month)
Positive 14 (40.00%)
Negative 21 (60.00%)
Persistence (sixth month)

9 (25.71%)

26 (74.29%)

Positive

Negative

Group 2; (n=31) p

20 (64.52%) 0.889
11 (35.48%)

10 (32.26%) 0.267
21 (67.74%)

13 (41.94%) 0.891
18 (58.06%)

7 (22.58%) 0.875

24 (77.42%)

Group 1: Patients using propiverine (45 mg), Group 2: Patients using propiverine (30 mg) and mirabegron combination treatment. Chi-square test.
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was observed that the adherence and persistence rates decreased
from the first-month control to the sixth-month control (Table 2).
In the group using propiverine 45 mg treatment, the adherence
(62.86% vs. 42.86%; p=0.008) and persistence (45.71% vs. 25.71%;
p=0.016) rates decreased significantly in the sixth month of the
treatment compared with the first month of the treatment. In
the group using combined propiverine 30 mg and mirabegron
treatment, the adherence rate (64.52% vs. 38.71%; p=0.016)
decreased significantly in the sixth month of the treatment
compared with the first month, whereas the decrease in the
persistence rate (32.26% vs. 22.58%; p=0.250) was not statistically
significant (Table 3).

The complaints of the patients after treatment in both groups were
evaluated using the OAB-V8 form; the average scores for each of the
questions and the total scores on the OAB-V8 forms were compared
between the two groups. Both groups were similar in their reports
of frequent urination during the daytime hours (4.64+0.59 vs.
4.43+0.90; p=0.288), an uncomfortable urge to urinate (4.36+0.80
vs. 4.1740.91; p=0.359), a sudden urge to urinate with little or no
warning (4.31+0.95 vs. 4.13+0.86; p=0.447), accidental loss of small
amounts of urine (2.22+1.90 vs. 2.20+1.60; p=0.960), night-time
urination (3.22%1.25 vs. 3.00+1.53; p=0.518), waking up at night
tourinate (2.72+1.49 vs. 2.40%1.73; p=0.419), an uncontrollable
urge to urinate (3.89+1.09 vs. 3.63+1.10; p=0.348) and urine loss
associated with a strong desire to urinate (2.22+1.90 vs. 2.17+1.60;
p=0.899). There was no statistically significant difference between

the mean values (29.58+7.06 vs. 28.13+7.13; p=0.411) of the total
OAB-V8 scores of both groups (Table 4).

DISCUSSION

Although beta 3 receptor agonists and anti-cholinergic drugs are
the most important treatment modalities for overactive bladder,
their success is limited. For this reason, sustained release forms
of medication administered in higher doses and combination
therapies, which have a synergistic effect on the bladder through
different receptors, can be given to increase the effectiveness
of anti-cholinergic drugs used for this purpose while keeping the
side effects at tolerable levels (6,15,16). In the study of Sussman
et al. (17), in which the 12-month treatment adherence and
persistence levels of 71,980 patients who received anti-cholinergic
and mirabegron treatment were examined, the adherence rate
was 44% for those receiving mirabegron treatment and 31% for
those receiving anti-cholinergic treatment. A persistence rate of
19% was reported for patients using mirabegron and 12% for those
receiving anti-cholinergic treatment. Although the adherence rates
in our study were much higher after one month of treatment, they
appeared to be similar after six months of treatment. In the study
by Sussman et al. (17), adherence was observed to be much higher
in patients using anti-cholinergics because there were patients
who received combination therapy and mirabegron alone in the
group using mirabegron. However, in our study, all patients in the
group using mirabegron received combination therapy; therefore,

Table 3. Comparison of the adherence and persistence of the groups in the first and sixth months

Group 1; (n=35) p Group 2; (n=31) p
Adherence
First month 22 (62.86%) 0.008 20 (64.52%) 0.016
Sixth month 14 (42.86%) 13 (38.71%)
Persistence
First month 16 (45.71%) 0.016 10 (32.26%) 0.250
Sixth month 9 (25.71%) 7 (22.58%)
Group 1: Patients using propiverine (45 mg), Group 2: Patients using propiverine (30 mg) and mirabegron combination treatment, McNemartest.
Table 4. OAB-V8 Overactive Bladder Questionnaire for patients

Group 1; (n=35) Group 2; (n=35) p

Frequent urination during daytime hours 4.64+0.59 4.43+0.90 0.288
Uncomfortable urge to urinate 4.36+0.80 4.17+0.91 0.359
Sudden urge to urinate with little or no warning 4.31+0.95 4.13+0.86 0.447
Accidental loss of small amounts of urine 2.22+1.90 2.20+1.60 0.960
Night-time urination 3.22+1.25 3.00+1.53 0.518
Waking up at night because you had to urinate 2.72+1.49 2.40+1.73 0.419
Uncontrollable urge to urinate 3.89+1.09 3.63+1.10 0.348
Urine loss associated with a strong desire to urinate 2.22+1.90 2.17+1.60 0.899
OAB-V8 score 29.58+7.06 28.13%7.13 0.411

Group 1: Patients using propiverine (45 mg), Group 2: Patients using propiverine (30 mg) and mirabegron combination treatment, Mann-Whitney U test, OAB-V8:

Overactive Bladder Assessment Form.
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we found that the use of multidrugs reduced patient compliance,
but because of fewer anti-cholinergic side effects, adherence was
similar between the two groups. When we called for control after
one month in our study, we found that the patients in our study
had higher persistence rates, but after six months of treatment, the
rates were similar. Sussman et al. (17) showed that persistence rates
decreased after an average of three months, and many patients
discontinued the treatment. In our study, it was observed that
the adherence and persistence rates decreased between 1 and 6
months.

In a study conducted by Stoéhrer et al. (16), 66 patients with
neurogenic detrusor hyperactivity who were administered
sustained release propiverine (45 mg) were called as controls to
determine the efficacy and side effects after 21 days, and they
found a persistence rate of 39%. In addition, 36% of the patients
had side effects such as dry mouth, which is similar to our study
(16). In a review article evaluating 64 studies and 46,666 patients
in total to examine the efficacy and effects of anti-cholinergic drug
therapy after mirabegron treatment, it was shown that, similar to
our study, mirabegron and anti-cholinergic treatment can be safely
used with high efficiency and a similar side effect profile in patients
who do not benefit from anti-cholinergic monotherapy (18). In
their studies with patients using anti-cholinergic monotherapy
such as solifenacin or tolterodine, Drake et al. (19) investigated
the effects of mirabegron and solifenacin or mirabegron and
tolterodine combination therapies on residual urine volume and
the risk of acute urinary retention. As with our study, they showed
that it can be safely used without increasing post-voiding residual
volumes and the risks of acute urinary retention, especially in
patients without obstructive pathologies such as benign prostatic
hypertophy (19).

In all studies that evaluated mirabegron combination therapy,
combination therapy was compared with mirabegron combined
with the same dose of anti-cholinergic monotherapy. Similarly, all
studies that evaluated high-dose sustained release propiverine
45 mg treatment were compared with low-dose propiverine
treatment (15-19). Although there are different studies evaluating
mirabegron combination therapy and high-dose sustained release
anti-cholinergic treatment in patients who do not benefit from anti-
cholinergic therapy, there is no study comparing the two treatments
in patients who do not benefit from low-dose anti-cholinergic
therapy to determine which of the mirabegron combination and
high-dose anti-cholinergic therapies should be preferred. In our
study, we compared the effectiveness and limitations of these two
treatment modalities.

Study Limitations

The limitations of our study were the insufficient number of patients
and the fact that it was not possible to completely exclude patients
who had obstructive diseases, especially older male patients,
because the study was conducted with male patients.

CONCLUSION

According to the findings we obtained in our study, in male patients
with bladder overactivity without obstructive pathologies who did
not benefit from low-dose anti-cholinergic treatment, propiverine
45 mg monotherapy or propiverine 30 mg and mirabegron

combined treatment can be safely preferred with similar efficacy
and limitations.
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ABSTRACT

Objective: Cadmium (Cd) is a well-known widespread environmental
pollutant and is not rapidly excreted by the kidneys; instead, it
accumulates and causes kidney damage. This study aimed to compare
the effects of antioxidant curcumin and resveratrol on antioxidant
defense in Cd-induced rat kidney tissue.

Methods: In the study, 36 (200-250 gr) Wistar albino rats were
divided into 6 (n=6) groups. Group 1: control; group 2: CdCI2; group
3: curcumin; group 4: CdCI2 + curcumin; group 5: resveratrol; group 6:
CdCI2 + resveratrol. At the end of the experiment, malondialdehyde
(MDA), total oxidant capacity (TOC), and total antioxidant capacity
(TAC) activities were measured in kidney tissues.

Results: In the CdCl2-treated group, oxidative stress index (OSl), TOC,
and MDA levels increased compared with the control group, and TAC
values decreased (p<0.05). In the case of resveratrol or curcumin
administered with Cd, TAC levels increased, MDA levels, and OSI values
decreased compared with the group administered only Cd (p<0.05).

Conclusion: Both resveratrol and curcumin may have protective effects
in the kidneys against CdCI2-induced oxidative damage.

Keywords: Cadmium, curcumin, resveratrol, kidney damage

0z

Amag: Kadmiyum (Cd) bilinen yaygin bir gevre kirleticidir ve bébrekler
tarafindan hizla atilmaz, birikir ve bobrek hasarina neden olur. Bu
calisma, Cd kaynakli sican bobrek dokusunda antioksidan kurkumin ve
resveratroliin antioksidan savunma lzerindeki etkilerini karsilastirmayi
amaclamaktadir.

Yontem: Galismada 42 (200-250 gr) Wistar albino rat 6 (n=6) gruba
ayrildi. Grup 1: kontrol; grup 2: CdCl2; grup 3: kurkumin; grup 4:
CdCI2 + kurkumin; grup 5: resveratrol; grup 6: CdCI2 + resveratrol
olusturuldu. Deney sonunda bobrek dokularinda malondialdehit
(MDA), toplam oksidan kapasite (TOK) ve toplam antioksidan kapasite
(TAK) aktiviteleri 6lgtldi.

Bulgular: CdCI2 verilen grupta oksidatif stres indeksi (OSI), TOK ve MDA
seviyeleri kontrol grubuna goére artti, TAK degerleri azaldi (p<0,05). Cd
ile birlikte resveratrol veya kurkumin verilmesi durumunda, sadece
Cd verilen gruba gore TAK duzeyleri ylkselmis, MDA duzeyleri ve OSI
degerleri dusmustir (p<0,05).

Sonug: Hem resveratrol hem de kurkumin bobreklerde CdCl2’nin
neden oldugu oksidatif hasara karsi koruyucu etkilere sahip olabilir.

Anahtar Sozciikler: Kadmiyum, kurkumin, resveratrol, bobrek hasari
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INTRODUCTION

Cadmium is widely used in the manufacture of paints, plastics,
nickel- cadmium batteries, and in the galvanic coating industry.
Exposure sources for living organisms are water, air, and soil. The
sources of inhalation exposure are industrial activities, the burning
of fossil fuels, and smoking (1,2). Cadmium is highly accumulated in
the kidney, liver, pancreas, and lung. Cadmium indirectly generates
reactive oxygen- nitrogen species, including superoxide, hydroxyl,
and nitric oxide radicals. The indirect role of this metal in free radical
formation is its replacement by iron and copper found in cytoplasmic
and membrane proteins. The free and weakly bound copper and
iron ion levels increase in the Fenton reaction. Copper plays a role in
the degradation of hydrogen peroxide through the Fenton reaction
and causes oxidative stress and pathological disorders in the liver,
kidney, and brain. Lipid peroxidation is the primary mechanism of
cadmium poisoning resulting from oxidative stress. Free radicals
invade the cell membrane, rendering it unstable, and disrupt the
cell membrane structure because of lipid peroxidation (3-5). The
mechanisms of acute poisoning with cadmium are in the form of
depletion of glutathione, binding to sulfhydryl groups in the protein
structure, formation of superoxide ions, and increase of reactive
oxygen species (ROS). Cadmium-mediated increased free oxygen
groups cause lipid peroxidation and subsequent DNA destruction.
Cadmium is not rapidly excreted by the kidneys, but accumulates
and causes kidney damage. It also increases the tendency for kidney
stone formation. There is a defense mechanism called an antioxidant
that prevents the harmful effects of ROS (6-8).

Curcumin is obtained from turmeric (Indian saffron), which is a
yellow spice. Curcumin has a wide spectrum of effects, including anti-
inflammatory, antioxidant, anticarcinogenic, antidiabetic, antiviral,
and neuroprotective effects. It facilitates the removal of many
reactive oxygen radicals, especially superoxide anions. In addition,
it has been reported to scavenge ROS, inhibit lipid peroxidation, and
protect cellular macromolecules from oxidative damage (9).

Resveratrol is a powerful antioxidant, and its osteogenic, anti-
inflammatory, and analgesic effects have been described. Resveratrol
prevents free radical formation. Its antioxidant activity is attributed to
the ribonucleotide, reductase inhibition ability, and cyclooxygenase
transcription ability in DNA polymerase activity. Scavenges hydroxyl
and superoxide radicals inhibit lipid peroxidation caused by hydroxyl
radicals, preventing DNA damage and LDL oxidation. Studies have
shown that resveratrol plays a regulatory role ininflammatory events,
atherosclerosis, and carcinogenesis. In addition, the antioxidant,
anti-cyclooxygenase, lipid, and lipoprotein metabolism-regulating
effects of resveratrol have also been demonstrated (10-14).

The objective of this project is to determine the protective effect
of curcumin and resveratrol, which have antioxidant properties, in
kidney tissue against cadmium-induced oxidative stress in rats. In
recent years, studies have focused on researching and developing
new drugs with antioxidant properties against cadmium toxicity. In
the literature review, no study compared the protective effect of
curcumin and resveratrol against cadmium toxicity. In this project,
we determined the protective effect of curcumin and resveratrol
against cadmium-induced oxidative stress in kidney tissue by
comparing them.
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MATERIALS AND METHODS

Chemicals

The rats received CdCI2 (Merck Millipore, Billerica, Massachusetts,
United States) intraperitoneally (I.P.) at a dose of 5 mg/kg/day (15),
curcumin (Sigma Co., MO, USA) I.P. at a dose of 200 mg/kg/day for 4
weeks (16) and Resveratrol (Tocris Bioscience, Bristol, UK) of 10 mg/
kg/day was given to the group 5 and group 6 through gavage for 4
weeks (17).

Study Design and Animals

The study procedures were conducted under the guidelines
approved by the Local Ethics Committee for animal experiments
at the University of Canakkale Onsekiz Mart Faculty of Medicine
(approval number: 2021-02-07). This work was supported by the
Canakkale Onsekiz Mart University Scientific Research Coordination
Unit (project number: THD-2021-3626). Animal housing and
experiments were conducted in accordance with the Guide for the
Care and Use of Laboratory Animals. Wistar albino rats weighing
(200+25 g) were maintained in clean plastic cages under standard
temperature and humidity conditions. The animals were fed a
standard laboratory pellet diet and sterile water. The animals were
kept at 25 °C under a 12-h light/12-h dark cycle, with free access to
water and food. Inclusion criteria in this study were (a) healthy rats
and no abnormalities, (b) 4-month-old female, and (c) weight >250
g. The exclusion criteria were (a) disability or disorder rats and (b)
the dead rats after treatment, and (c) male rats.

Sample size calculations were made using the G'Power 3.1.9.4
program, considering the studies in the literature (18). To achieve
power =0.8 and alpha =0.05 to detect this difference would require
a total of 36 animals.

There was a randomized design into six groups as follows (six rats in
each group):

- Group 1: control,
- Group 2: CdCI2 (5 mg/kg, I.P.) for 10 days,
- Group 3: Curcumin (200 mg/kg/day gavage) for 4 weeks,

- Group 4: CdCI2 (5 mg/kg, I.P.) 10 days + curcumin (200 mg/kg/day
gavage) for 4 weeks (from the day of cadmium administration),

- Group 5: Resveratrol (10 mg/kg/day gavage) for 4 weeks,

- Group 6: CdCI2 (5 mg/kg, I.P.) 10 days + resveratrol (10 mg/kg/day
gavage) for 4 weeks (from the day of cadmium administration).

All experimental procedures were performed under ketamine/
xylazine anesthesia. At the end of the treatment, rats were sacrificed
under ketamine/xylazine anesthesia (19). No animals died because
of medication.

Spectrophotometric Analysis

The kidneys were washed in ice-cold 1.15% KCl and homogenized.
The homogenate was centrifuged at 14,000 rpm for 30 min, and
assays were performed on the resultant supernatant. Protein
concentration was estimated using the method of Lowry et al. (20).
Tissue samples taken for malondialdehyde determination were
homogenized and subjected to procedures as outlined previously
(21). TAC and TOC levels were measured by a spectrophotometric
assay using commercially available kits (Rel Assay Diagnostics,
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Table 1. Spectrophotometric analysis results

Group TAC (umole H,0, Equiv./gram protein) TOC (umole H,0, Equiv./gram protein) 0osl MDA
(nmol/g)

1 3.52+0.59 10.88+0.41 0.31+0.05 1.63+0.47
2 2.68+0.48% 13.48+1.10% 0.51+0.09% 3.16+0.41%
3 3.30+0.67 12.43+0.54% 0.38+0.07 1.48+0.22
4 3.68+0.98% 12.66+1.56 0.3710.09% 2.55+0.28%
5 4.07+0.33 13.27+0.53% 0.3240.03 1.51+0.24
6 3.89+0.30° 12.02+1.53 0.30+0.06" 2.52+0.16"

Group 1: Control group, Group 2: CdCI2, Group 3: Curcumin, Group 4: CdCI2 + Curcumin, Group 5: Resveratrol, Group 6: CdCI2 + Resveratrol, OSI: [(TOC, umole H,O,
Equiv./gram protein)/(TAC, umole H,0, Equiv./gram protein)] x 100. Group comparisons: *: Group1 and group 2, "*: Group 1 and group 3, **: Group1 and group 5,
#: Group 2 and group 4, ‘Group 2 and group 6. TAC: Total antioxidant capacity, TOC: Total oxidant capacity, OSI: Oxidative stress index, MDA: Malondialdehyde.

Turkiye). OSI was defined as the ratio of the TAC level to the TOC
level.

Statistical Analysis

Values are presented as means + standard deviation. Statistical
analysis was performed using SPSS, version 19.0 (SPSS, IBM
Company). Comparison between the two groups for continuous
variables was performed using the Mann-Whitney U test. Multiple
comparisons were performed by One-Way analysis of variance
(ANOVA). P-values 0.05 were accepted as the significance level.

RESULTS

In group 2 given CdCI2, TOC, OSI, and MDA levels increased compared
with the control group, and TAC values decreased (p<0.05). TAC
levels increased, MDA levels, and OSI values decreased in group 4
and group 6 compared with group 2 (p<0.05). TOC value increased
in group 3 and group 5 compared with group 1 (p<0.05) (Table 1).

DISCUSSION

Cadmium is a heavy metal that is associated with pathological
changes in target organs, including the lung, liver, and kidney, and
causes serious health problems, even at low exposure levels. In
many studies, the toxic and carcinogenic effects of cadmium on
human health have been investigated. Heavy metals such as Cd+2
cause oxidative stress by disrupting the redox balance in cells. Many
studies have reported that Cd+2 toxicity causes damage to biological
components of the cell in humans and animals. Cd+2 reduces the
GSH content of the cell and the activities of enzymes such as SOD,
peroxidases, and CAT, causing ROS accumulation and oxidative
stress increment. In other studies, it has been stated that cadmium
causes an increase in malondialdehyde levels, which is an indicator
of lipid peroxidation, and a decrease in superoxide dismutase and
glutathione peroxidase values, which are antioxidant enzymes in
organs such as the liver and lungs (6,7,22,23). In our study, TOC,
OSl, and MDA levels increased in the Cd+2 administered group
compared with the control group, whereas the TAC value decreased.
This explains the increase in ROS formation and the inadequacy of
the antioxidant defense system among the toxic action mechanisms
of Cd+2.

In recent studies, curcumin has attracted attention for its potential
antioxidant or anti-apoptotic properties. Curcumin has many
beneficial properties, including antioxidant and anti-inflammatory
actions (24-26). In this study, it was observed that the TAC level
increased and the MDA level and OSI value decreased in the group
administered curcumin with Cd. On the basis of our results, we can
say that curcumin may benefit kidney tissue in cadmium-induced
oxidative stress.

It has been reported that resveratrol prevents oxidative stress-
induced tissue damage by preventing the oxidation of membrane
lipids and enhancing antioxidant capacity. It has been reported
that resveratrol scavenges free radicals (02-, OH.) in the cell
culture medium and prevents the peroxidation of membrane
lipids, which develops due to the radical production increased by
chromium exposure (27-29). In this study, it was observed that the
TAC level increased and the MDA level and OSI value decreased
in the group administered resveratrol with Cd. Because of the
hydroxyl groups it has, resveratrol donates a hydrogen electron
and becomes OH, and prevents peroxidation of cell membranes
by scavenging O2 radicals. According to our results, resveratrol
contributes to the cell defense system by both reducing the
increased radical production caused by Cd and increasing the
expression of antioxidant enzymes.

Study Limitations

It is important to acknowledge the limitations of the current study.
Because only female rats used in the experiments, these findings
might not apply to male rats. Further studies that include different
genders, ages, etc. are necessary. Future research should consider
this difference.

CONCLUSION

As a result, both resveratrol and curcumin support the defense
system of cells by scavenging free radicals that increase the oxidative
damage caused by Cd in the kidneys. More extensive studies are
required on this subject.
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ABSTRACT

Objective: The coronavirus disease (COVID) pandemic is still ongoing.
Computed tomography (CT) is widely used in coronavirus disease-2019
(COVID-19) patients for lung damage determination. The aim of this
study was to investigate the relationship between mortality rates and
measurements of intrathoracic anatomical structures using CT images.

Methods: This retrospective study was conducted in a single center
and included a total of 322 cases, namely, 147 deceased and 175
surviving patients. All patients were diagnosed with COVID-19 on
the basis of a positive polymerase chain reaction test. Total lung
volumes, diameters of major vascular structures, comorbidity status,
and laboratory blood tests were measured or determined. Total lung
volumes were calculated using the range of -1024 to -300 Hounsfield
Unit in the Slicer application.

Results: A decrease in total lung volume was associated with a higher
mortality rate (p<0.001). Increases in right and left pulmonary artery
diameters were associated with high mortality rate (p=0.002 and 0.001,
respectively). Increase in cardiothoracic ratio and decrease in thorax
diameter were associated with high mortality rate in female patients
(p=0.013 and p<0.001, respectively). It was found that patients with
cardiovascular disease (p=0.043), chronic lung disease (p=0.005)
and renal failure (p<0.001) had a significant mortal course. Elevated
values of white blood cell count (p=0.018), aspartate aminotransferase
(p<0.001), lactate dehydrogenase (p<0.001) and C-reactive protein
(p<0.001) were found to be associated with high mortality rates.

Conclusion: Total lung volume and intrathoracic main vascular sizes
can be obtained from CT images using computer applications, and
these measurements can provide an idea of the mortality rate in
COVID-19 patients. In addition, comorbidity status and laboratory
blood parameters can be used as prognostic markers.

Keywords: COVID-19, tomography, lung volumetry, mortality,
pulmonary arteries

0z

Amag: Koronavirts hastaligi (COVID) salgini etkilerini stirdirmektedir.
Bilgisayarli tomografi (BT), koronavirlis hastaligi-2019 (COVID-19)
hastalarinda akciger hasarinin belirlenmesinde yaygin olarak
kullanilmaktadir. Bu c¢alismanin amaci, BT goruntileri kullanilarak
intratorasik anatomik vyapilarin oGlglimleri ile mortalite oranlari
arasindaki iligkinin arastirilmasidir.

Yontemler: Bu retrospektif calisma tek merkezde gergeklestirildi ve
147’si olen, 175’i hayatta kalan toplam 322 olguyu igeriyordu. Tim
hastalara pozitif polimeraz zincir reaksiyonu testi temelinde COVID-19
tanisi konuldu. Toplam akciger hacimleri, ana damar yapilarinin
caplari, komorbidite durumu ve laboratuvar kan testleri 6lgiildi veya
belirlendi. Toplam akciger hacimleri Slicer uygulamasinda -1024 ila
-300 Hounsfield Birimi araligi kullanilarak hesaplandi.

Bulgular: Total akciger hacmindeki azalma, daha ylksek mortalite
oraniyla iliskiliydi (p<0,001). Sag ve sol pulmoner arter gaplarindaki
artis mortalite oraniyla iliskiliydi (sirasiyla p=0,002 ve 0,001). Kadin
hastalarda kardiyotorasik oranin artmasi ve toraks gapindaki azalmanin
yuksek mortalite orani ile iliskili oldugu goruldi (sirasiyla p=0,013 ve
p<0,001). Kardiyovaskiler hastaligi (p=0,043), kronik akciger hastaligi
(p=0,005) ve bobrek yetmezligi (p<0,001) olan hastalarin yiiksek
mortalite riskinin oldugu belirlendi. Beyaz kiire sayisi (p=0,018),
aspartat aminotransferaz (p<0,001), laktat dehidrojenaz (p<0,001)
ve C-reaktif protein (p<0,001) degerlerindeki artigin, yiksek o6lim
oranlariyla iligkili oldugu belirlendi.

Sonug: Bilgisayar uygulamalari kullanilarak BT goriintilerinden toplam
akciger hacmi ve intratorasik ana damar boyutlari elde edilebilmekte
ve bu o6lglimler, COVID-19 hastalarindaki 6lim orani hakkinda fikir
verebilmektedir. Ayrica komorbidite durumu ve laboratuvar kan
parametreleri de prognostik belirteg olarak kullanilabilir.

Anahtar Sozciikler: COVID-19, tomografi, akciger hacmi, mortalite,
pulmoner arterler
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INTRODUCTION

Coronaviruses are a family of viruses with two subgroups belonging
to the Nidovirales family and the Torovirina group. Coronaviruses
(CoVs) are enveloped RNA viruses with a wide disease network
that infect mammals and birds. Human pathogens generally affect
the respiratory tract. There are six known subgroups that affect
humans (1). Four of them, 229E, OC42, NL63, and HKU1, cause
common cold, whereas the remaining two types, severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2) and middle east
respiratory syndrome-coronavirus (MERS-CoV), can cause serious
and in some cases fatal infections (2). In December 2019, a new type
was identified in the Wuhan region of China, which was different
from MERS-CoV and SARS-CoV and was named SARS-CoV-2 (2). The
diagnosis of coronavirus disease-2019 (COVID-19) infection is mainly
based on the detection of the virus in respiratory samples by reverse
transcriptase polymerase chain reaction (PCR) (3). Chest computed
tomography (CT) has become a powerful method for the diagnosis
of COVID-19 (4). The aim of this study was to determine whether
there are some differences in mortality rates between deceased and
surviving patients using chest CT. In the case of obtaining meaningful
data, chest CT may be useful in determining prognosis or prompt
management such as treatment.

MATERIALS AND METHODS

Study design: This study was conducted with the approval of the
Ethics Committee of Recep Tayyip Erdogan University Faculty of
Medicine (approval number: 2021/73, date: 26.04.2021). Because
the study was conducted retrospectively, no volunteers were used.

Data sources: The study was retrospectively conducted on 147
deceased and 175 surviving patients, aged 50 and over, who visited
the adult COVID polyclinic of Recep Tayyip Erdogan University
Faculty of Medicine Training and Research Hospital between March
2020 and May 2021. Patients who were diagnosed with COVID-19
on a positive PCR test and had lung involvement on CT imaging were
included in the study. Patients with pleural effusion, pneumothorax,
intrathoracic mass, and pulmonary hypertension were not included
in the study. In addition, patients diagnosed with non-COVID
pneumonia or lacking chest CT imaging at the first admission to the
hospital were excluded. Blood parameters obtained at the time of
admission or, if hospitalized, the blood parameters within the first
24 hours were included in the study. The measured parameters
included leukocytes, neutrophils, lymphocytes, hemoglobin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), C-reactive protein (CRP), D-dimer, fibrinogen,
international normalized ratio (INR), and neutrophil-to-lymphocyte
ratio (NLR). AST in one patient, LDH in five patients, CRP in one
patient, D-dimer in 23 patients, fibrinogen in 34 patients, and INR
in 21 patients were observed to be deficient. The comorbidity status
of the cases, cardiovascular system disease, diabetes mellitus (DM),
chronic lung disease, malignancy, renal failure, and hepatic failure,
was determined and recorded (5). Patients were allocated into the
deceased and surviving groups. For the survivor group, patients with
a history of intensive care unit admission were not included.

Chest CT and quantitative analysis: The images were taken with
a 16-detector tomography device (Toshiba Alexion, Japan) in
the hospital emergency unit, in the supine position, and in deep
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inhalation. The drawing characteristics were as follows: tube current
(50-300 mA), voltage (120 kV), and cross-sections (between 0.625
and 5 mm). CT images of the patients were taken from the radiology
system as DICOM files. Later, these images were opened on the
application Slicer (ver 4.11.20210226) (6). By selecting the range of
-1024 to -300 Hounsfield unit on the slicer application, the three-
dimensional shape of the lungs was extracted, and the volume of
the lungs was calculated by deleting the large airways (Figure 1)
(6-8). Then, the images of the patients were opened through the
application called RadiAnt DICOM viewer (ver 2020.2.3), and their
vascular, tracheal, and cardiothoracic measurements were made
through this program. The diameters of the right pulmonary artery
(RPA), left pulmonary artery (LPA), ascending aorta (AA), and
pulmonary trunk (PT) were measured from the bifurcation point
of the PT (Figure 2) (9-11). The ratio of the diameter of the PT to
that of the AA was also recorded. Transversely, thoracic diameters
were measured from the widest measurable distance between the
inner walls of the thorax, and cardiac diameters were measured
from the outer surface of the heart where the widest value was
captured (Figure 3) (12). Transverse and anteroposterior diameters
of the trachea were measured along the inner lumen of the trachea

Figure 2. Vascular measurements. (A) Ascending aorta, (B) pulmonary
trunk, (C) right pulmonary artery, (D) left pulmonary artery (measurements
were made at the bifurcation level of the pulmonary artery).
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from axial sections passing 2 cm above the apex of the arcus aorta
in the sagittal images. The ratio of the transverse diameter to the
anteroposterior diameter was also recorded (Figure 4) (12,13).
Because the imaging of 13 of the cases was taken in external centers
on the same day, they could not be recorded in the computer
environment and their measurements could not be made. These
cases were evaluated using only laboratory parameters. In addition,
an error was encountered while calculating the volumes of 12
cases using DICOM images, and the Slicer application and volume
measurement could not be performed. The imaging thickness of
cross-sections: one case 0.625 mm, six cases 5 mm, and all the
remaining cases 1 mm.

Statistical Analysis

IBM SPSS Statistics 25.0 (New York, USA) program was used for
statistical calculations. For parametric tests, it was first checked
whether it showed a normal distribution using the Kolmogorov-
Smirnov test. Then, those with normal distribution were evaluated
using the independent samples t-test, whereas those without

Figure 3. Thorax and cardiac diameters. (A) Cardiac diameter, (B) Thorax
diameter, (A, B) Cardiothoracic ratio.

Table 1. Clinical features and comorbidities of patients

normal distribution were evaluated using the Mann-Whitney U
test. Non-parametric tests were evaluated using the chi-square test.
Pearson’s chi-square test or Fisher’s test was used according to the
number of cells. Normally distributed parameters are given as mean
+ standard deviation. Those that do not fit the normal distribution
are given as the median value and the 25% and 75% percentile values
in parenthese. SPSS receiver operating characteristic (ROC) curve
analysis was used to determine the cut-off value for the parameters.
Any p-value of <0.05 was considered statistically significant.

RESULTS

Patient characteristics: The characteristics, comorbidities, and
laboratory findings of the patients are listed in Tables 1, 2. A total of
322 people, 147 deceased and 175 surviving patients, were included
in the study. The age range was 51-89, with a mean of 71.07+£10.88
and a median value of 71. The age range of the deceased group
was between 53-96, with a mean of 74.39+10.24 and a median of
75, while the age range of the surviving group was 51-95, with a
mean of 68.28+10.64 and a median value of 66. The mortality rate
increased with age and was found to be statistically significant
(p<0.001). While there were 97 (66%) men and 50 (34%) women
in the deceased group, there were 93 (53.1%) men and 82 (46.9%)
women in the surviving group. There was a significant difference
in favor of males between those who died and surviving patients

Figure 4. Tracheal measurements. (A) Trachea transverse diameter, (B)
Trachea anteroposterior diameter, (C) detecting the level 2 cm above the
aortic arch, (A, B) Tracheal index.

Patients
Parameters All, (n=322) Deceased, (n=147) Survived, (n=175) p-value
Age All 71.07+10.88 74.39+10.24 68.28+10.64 <0.001*
Male 69.96+10.26 71.86+9.68 67.99+10.53 0.009*
Female 72.67+11.57 79.32+9.58 68.61+10.82 <0.001*
Gender Male 190 97 93
Female 132 50 82 0.02*
Comorbidity status Cardiovascular disease 225 (69.8%) 111 (75%) 114 (65%) 0.043*
Diabetes mellitus 108 (33.5%) 54 (26%) 53 (30%) 0.22
Chronic lung disease 39 (17.5%) 26 (17.6%) 13 (7.4%) 0.005*
Renal failure 41 (12.7%) 30 (20.4%) 11 (6.2%) <0.001*
Malignancy 32 (9.9%) 19 (12.9%) 13 (7.4%) 0.101
Hepatic failure 3(0.1%) 2 (1.3%) 1(0.6%) 0.594

*p<0.05 indicates a significant difference.
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(p=0.02). It was found that patients with cardiovascular system
disease (p=0.043), chronic lung disease (p=0.005), and renal failure
(p<0.001) had a more mortal course. No significant difference was
observed between the deceased and surviving groups for DM,
malignancy, and hepatic failure.

Laboratory findings: Increased white blood cell (p=0.018), increased
neutrophil (p<0.001), decreased lymphocyte (p<0.001), increased
NLR (p<0.001), increased AST (p<0.001), increased LDH (p<0.001),
increased CRP (p<0.001), high D-dimer (p=0.003) and high INR
(p<0.001) were found to be associated with mortality rate. There
was no significant difference between the two groups for platelet,
ALT, hemoglobin, and fibrinogen values. Details are given in Table 2.

Lung volumes and morphometric measurements: Details of the
measurements are given in Table 3. Total lung volumes were found
to be lower in deceased patients than in surviving patients in both
sexes (p<0.001). Right and LPA diameters were found to be greater
in deceased female patients than in surviving female patients
(p<0.001). In male patients, there was no significant difference in
the right and LPA diameters between the deceased and surviving
patients, unlike female patients. No significant difference was
observed between the deceased and surviving patients in terms
of PT diameter, AA diameter, ratio of PT to AA, cardiac diameter,
transverse tracheal diameter, and tracheal index values. Thorax
diameters were found to be significantly lower in the deceased
than in the surviving female patients (p<0.001). The cardiothoracic
ratio was found to be significantly higher in the deceased than in
the surviving female patients (p=0.013). All numerical parameters
considered in the study were evaluated with ROC analysis in terms of
death and survival status, and only the total lung volumes of female
patients were found as the parameter providing area under the
curve (AUC) >0.70. According to the statistical analysis, the cut-off
value was found to be 2547 mL, but the sensitivity was 70% and the
specificity was 61%. In the ROC analysis for male patients, AUC=0.69
was calculated, and the cut-off value was 3961 mL. The sensitivity

Table 2. Laboratory findings of the patients

value was 68% and the specificity was 60%. Running ROC analysis for
the remaining parameters did not yield an AUC >0.7.

DISCUSSION

The COVID-19 pandemic, which emerged toward the end of 2019,
persists at the time of writing, even after the introduction of specific
vaccines. Although the gold standard diagnosis of the disease is
based on PCR, thoracic imaging methods are frequently used to
provide an early treatment approach, especially in patients with
respiratory distress, because of their long-term observations. At
the same time, blood tests from patients are also studied, and their
clinical course is arranged accordingly.

Jin et al. (14) reported that male patients showed a worse prognosis
in their study on gender factors. Colombi et al. (5) did not find
patients with chronic lung disease to have a more mortal course,
unlike our study. Eslami et al. (12) did not find patients with
hypertension and cardiovascular system disease to have a poor
prognosis, unlike our study. Although there are differences between
studies, in general, patients with cardiovascular system disease, DM,
chronic lung disease, and renal failure have a poor prognosis. The
different interpretations of comorbidity conditions among studies
may be related to the small number of cases included.

Liao et al. (15) found platelet counts and fibrin degradation products
to predict the severity and prognosis of patients with COVID-19.
While the decrease in platelet counts was not found to be significant
regarding mortality rate in our study, there are many studies in
the literature that find the decrease to be significant. According to
the meta-analysis study of Henry et al. (16), the increase in white
blood cell counts and the decrease in platelet counts were found
to be significant. While the increase in ALT value was found to be
significant in some studies, it was found to be insignificant in our
study. It should be noted that in other studies, blood parameters
were categorized as normal, decreased, or increased. In our study,
these parameters were handled as direct numerical values, and a

Parameters Deceased Survivor Total p-value
WBC (x10%/puL) 6.77 (5.04/9.61) 6.03 (4.8/7.7) 6.26 (5.0/8.51) 0.018"
Neutrophil (x103/pL) 4.93 (3.56/7.93) 4.07 (3.2/5.61) 4.33 (3.32/6.67) <0.001"
Lymphocyte (x103/pL) 0.88 (0.62/1.42) 1.3 (0.92/1.66) 1.1 (0.76/1.6) <0.001"
NLR (%) 6 (3.24/9.38) 3.21(2.23/4.9) 4.2 (2.46/6.89) <0.001"
Platelet (x103/pL) 166 (137/224) 184 (150/235) 175 (143/231) 0.051
Hemoglobin (mg/dL) 12.94+1.94 13.21+1.49 13.09+1.71 0.153
AST (IU/L) 40 (28/58) 31 (23/39) 33 (25/51) <0.001"
ALT (IU/L) 22 (16/33) 21 (14/32) 22 (15.8/32.3) 0.252
LDH (1U/L) 361 (260/519) 275 (218/343) 300 (233/418) <0.001"
CRP (mg/L) 122.8 (59/193.6) 60.5(18.9/119.5) 81.9 (27.2/147.8) <0.001"
D-Dimer (ugFEU/mL) 0.79 (0.44/1.82) 0.67 (0.37/0.91) 0.68 (0.40/1.14) 0.003"
Fibrinogen(mg/dL) 498 (439/610) 490 (415/580) 492 (422/659) 0.176
INR 1.05 (0.97/1.15) 0.99 (0.94/1.08) 1.01 (0.95/1.12) <0.001"

WBC: White blood cell, NLR: Neutrophil-to-lymphocyte ratio, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate dehydrogenase, CRP:
C-reactive protein; INR: International normalized ratio, "p<0.05 indicates a significant difference.

152



GMJ 2024;35:149-155
Uzun et al. Mortality Predictors in Thorax Tomography Findings in COVID-19 Patients

comparison was performed between the two groups. The difference in those who needed intubation. Carvalho et al. (18) showed that

in the significance of blood parameters between our study and other the severity of the disease increased as lung volume decreased.
studies may be due to the statistical methodused. Contrary to most studies, Ippolito et al. (19) did not find the
Li et al. (17) stated that a decrease in the total lung volume indicated decrease lung volumes to be associated with poor prognosis. There
a poor prognosis, which is consistent with our study. Lanza et al.

(6) found that the total lung volumes in COVID patients were lower

may be technical differences in the three-dimensional applications
and devices used in these studies conducted at different centers.

Table 3. Measurements of the intrathoracic structures

Parameters All (n=309) Deceased (n=134) Survivor (n=175) p-value
TLV (mL) All 3177 (2467/4185) 2847 (2227/3773) 3399 (2637/4398) <0.001*
Men 3998 (3028/4820) 3408 (2771/4316) 4228 (3531/5177) <0.001*
Women 2574 (2108/3078) 2253 (1830/2668) 2775 (2304/3301) <0.001*
PT (cm) All 2.89 (2.64/3.13) 2.89 (2.68/3.11) 2.89(2.63/3.14) 0.571
Men 2.89 (2.67/3.10) 2.87 (2.64/3.1) 2.92 (2.67/3.09) 0.918
Women 2.89 (2.63/3.17) 2.93(2.73/3.13) 2.87(2.6/3.21) 0.318
RPA (cm) Al 2.01(1.81/2.23) 2.06 (1.87/2.27) 1.96 (1.76/2.19) 0.002*
Men 2.04 (1.86/2.25) 2.03 (1.87/2.27) 2.06 (1.83/2.23) 0.483
Women 1.93 (1.76/2.20) 2.08 (1.83/2.29) 1.87 (1.68/2.08) 0.001*
LPA (cm) Al 2.09 (1.91/2.29) 2.14 (2.01/2.38) 2.05 (1.89/2.23) 0.001*
Men 2.1(1.94/2.28) 2.11(1.98/2.36) 2.07 (1.94/2.24) 0.142
Women 2.1+0.34 2.23+0.32 2.03+0.33 0.001*
AA (cm) All 3.72+0.41 3.73+0.39 3.72+0.43 0.707
Men 3.76+0.41 3.74+0.41 3.79+0.41 0.460
Women 3.67+0.42 3.73+0.39 3.64+0.43 0.255
PT/AA (%) All 0.78 (0.71/0.86) 0.79 (0.72/0.86) 0.78 (0.71/0.86) 0.696
Men 0.78 (0.71/0.85) 0.78 (0.71/0.86) 0.79 (0.7/0.84) 0.440
Women 0.78 (0.73/0.88) 0.79 (0.73/0.90) 0.78 (0.73/0.87) 0.903
Cardiac diameter (cm) All 13.32+1.61 13.5+1.67 13.2+1.56 0.12
Men 13.7+1.56 13.85+1.44 13.59+1.65 0.30
Women 12.8+1.56 12.87+1.9 12.77+1.33 0.724
Thorax diameter (cm) All 25.52+2.35 25.43+2.63 25.59+2.13 0.557
Men 26.87+1.83 26.78+1.91 26.95+1.75 0.538
Women 23.63+1.59 22.92+1.79 24.05+1.31 <0.001*
CTR (%) All 0.53+0.07 0.53+0.07 0.52+0.07 0.065
Men 0.51+0.07 0.52+0.06 0.51+0.08 0.279
Women 0.54+0.06 0.56+0.07 0.53+0.06 0.013*
TTR (cm) All 1.83+0.31 1.84+0.27 1.82+0.33 0.534
Men 1.99+0.27 1.95+0.27 2.02+0.27 0.064
Women 1.61+0.21 1.65+0.2 1.59+0.22 0.139
TAP (cm) All 2.22(1.82/2.58) 2.34(1.86/2.65) 2.14 (1.8/2.53) 0.034*
Men 2.5(2.24/2.77) 2.5(2.25/2.79) 2.49 (2.17/2.75) 0.606
Women 1.84+0.31 1.87+0.36 1.82+0.28 0.350
TTR/TAP (Tl %) All 0.83 (0.74/0.93) 0.82(0.7/0.92) 0.83(0.76/0.93) 0.167
Men 0.8 (0.71/0.88) 0.8 (0.66/0.88) 0.81 (0.75/0.89) 0.179
Women 0.88 (0.76/0.98) 0.92 (0.75/1) 0.87 (0.78/0.98) 0.606

TLV: Total lung volume, PT: Pulmonary trunk, LPA: Left pulmonary artery, RPA: Right pulmonary artery, AA: Ascending aorta, CTR: Cardiothoracic ratio, TTR:

Trachea transverse diameter, TAP: Trachea anteroposterior diameter, Tl: Tracheal index, *p<0.05 indicates a significant difference.
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Lung volumes can also be affected by parameters such as height,
weight, orthopedic problems, and ethnic characteristics, which were
not included in our study. Considering that the patient population
we studied was the patient group with respiratory distress, the
patients may not have been able to inhale deeply enough during
the extraction, and this may be one of the factors that may have
affected our measurements. In the literature, different parameters
such as well-ventilated lung volume and the ratio of this volume to
the total volume have been studied, and more meaningful data may
have been obtained.

Hayama et al. (10) stated that the diameter of the PT and the PT/AA
ratio were higher in severe patients. Spagnolo et al. (9) reported that
increased PT diameter and increased PT/AA ratio were associated
with poor prognosis. Eslami et al. (12) found no significant effect
of the PT and PT/AA ratio on the mortality rate. Esposito et al. (20)
found the increases in PT, LPA, and RPA diameters to be significant
regarding mortality rate. Yildiz et al. (21) found the increase in PT
diameter to be significant, whereas the increase in the diameters of
the AA, LPA, and RPA was not found to be significant. Erdogan et al.
(22) found that increased PT diameter, AA diameter, and PT/AA ratio
were all associated with poor prognosis. Planek et al. (23) did not
find the PT/AA ratio to be clinically significant, which is similar to our
study. Spagnolo et al. (9) showed that an increase in the diameter of
the PT and PT/AA were significantly associated with death. In general,
many studies have found vascular measurements to be meaningful.
However, none focused on gender. In our study, the increase in the
diameters of the right and LPA was found to be significant regarding
mortality rate when gender factor was not considered. However, it
was found to be significant only in female cases when the gender
factor was considered.

In addition, the increase in the diameters of the PT and AA was found
to be significant in most studies, which is not similar to our study.

Eslami et al. (12) stated that an increase in CTR was significantly
associated with mortality, whereas the tracheal index was not
significant. In the study by Unli et al. (24), which classified 326
patients according to the percentage of pneumonic lunginvolvement,
a significant relationship was found between the percentage of lung
involvement and the diameter of the trachea. They stated that the
percentage of lung involvement in patients increased along with
the increase in both the transverse and anteroposterior diameters
of the trachea, and this could indicate a poor prognosis (24). Tai
et al. (25) reported that tracheal measurements were affected by
height, gender, and race. In our study, information about height
was not recorded. In our study, the thorax diameters were found to
be significantly lower in the deceased than in the surviving female
patients. There are very few studies on mortality rate in COVID-19
infection related to thorax diameter or cardiothoracic ratio in the
literature.

Study Limitations

In our study, height and weight values, which may affect our
measurements, could not be included. Adding a third group of non-
COVID-19 patients would have yielded more efficient results.
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CONCLUSION

In other studies, the mortality rate in COVID-19 patients was
associated with some blood parameters and comorbidity status,
unlike our study. Similarly, in other studies, some main intrathoracic
vascular sizes were associated with mortality rate, unlike in our
study. However, the number of cases in most of these studies was
less than that in our study. In addition, in most of these studies,
the examination according to gender has not been accomplished.
Therefore, increasing the number of cases and examining by gender
may yield new results, as in our study.
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® Oguz Yilmazl, ® Handan Yamanl, ® Berna Ozge Mutlu?, ® Dilara Bayazitl, ® Serkan Eti2, ® Hasan Demirhan3,

@ Yildirnrm Ahmet Bayazit3

listanbul Medipol University Faculty of Medicine, Department of Audiology, istanbul, Tiirkiye
2istanbul Medipol University IMU Vocational School, Department of Computer Programming, istanbul, Tiirkiye

3Medipol Mega University Hospital, Clinic of Otorhinolaryngology, istanbul, Tiirkiye

ABSTRACT

Objective: This study aimed to evaluate the effect of coronavirus
disease-2019 (COVID-19) on the perception of tinnitus in the
population.

Methods: A web-based Google survey was performed between May
and April 2020, and 1895 volunteers answered questions mainly
related to demographic data, daily lifestyle during the pandemic, aural
problems, and the presence of tinnitus. Participants with tinnitus
were further evaluated using a visual analog scale (VAS) and Tinnitus
Handicap Inventory (THI).

Results: Of 1895 participants, 184 (9.4%)hadtinnitus. Of 184 participants
with tinnitus, 64.7% had tinnitus onset before the pandemic, whereas
35.3% had tinnitus onset after the pandemic. There was no significant
difference between the parameters of the participants who had
no tinnitus and those who had tinnitus onset before and after the
pandemic (p>0.05). There was no significant difference between the
THI results of the participants with tinnitus onset before and after the
pandemic (p>0.05). The VAS scores of the participants with tinnitus
onset after the pandemic were higher than those of the participants
with tinnitus onset after the pandemic (p<0.05). The participants who
had a tinnitus onset before the pandemic described alterations in their
tinnitus perception as increased, decreased and unchanged tinnitus
perception in 28.8%, 13.4% and 57.8%, respectively.

Conclusion: Because of this study, we observed that the COVID-19
pandemic did not increase tinnitus and tinnitus-related problems.
However, because of the life-threatening risks that come with the
pandemic, people may not consider the effects of tinnitus as a primary
problem.

Keywords: COVID-19, perception, SARS-CoV-2, survey, tinnitus

Oz

Amag: Bu calisma ile toplumda koronaviriis hastaligi-2019’un
(COVID-19) tinnitus algisina etkisinin degerlendirilmesi amaglanmistir.

Yontemler: Mayis ve Nisan 2020 arasinda web tabanli bir Google anketi
yapildi ve 1895 gondlli, temel olarak demografik veriler, pandemi
sirasinda glnlik yasam tarzi ve kulak sorunlari ile kulak ¢inlamasi
varhgi ile ilgili sorulari yanitladi. Kulak ¢inlamasi olan katilimcilar visual
analog skala (VAS) ve Tinnitus Handikap Envanteri (THI) ile ayrica
degerlendirildi.

Bulgular: Bin sekiz yiiz doksan bes katiimcinin 184’iinde (%9,4) tinnitus
vardi. Tinnituslu 184 katihmcinin %64,7’sinde tinnitus pandemiden
once, %35,3’'Unde ise pandemiden sonra tinnitus baslamistir. Kulak
¢inlamasi olmayan ve pandemi 6ncesi ve sonrasinda tinnitus baslayan
katimcilarin parametreleri arasinda anlamli fark bulunmadi (p>0,05).
Pandemi 6ncesi ve sonrasi tinnitus baslangici olan katilimcilarin THI
sonuglari arasinda anlamli fark bulunmadi (p>0,05). Pandemi sonrasi
tinnitus baslayan katilimcilarin VAS skorlari, tinnitus pandemi sonrasi
baslayanlara gore daha yiksekti (p<0,05). Pandemiden 6nce tinnitus
baslangici olan katilimcilar tinnitus algisindaki degisiklikleri sirasiyla
%28,8, %13,4 ve %57,8 oraninda artmis, azalmis ve degismemis
tinnitus algisi olarak tanimladilar.

Sonug: Bu galisma sonucunda COVID-19 pandemisinin kulak ¢inlamasi
ve kulak c¢inlamasina bagl problemlerde artisa yol agmadigini
gozlemledik. Ancak pandemiile birlikte gelen hayati tehdit eden riskler
nedeniyle insanlar kulak ¢inlamasinin etkilerini birincil sorun olarak
gormeyebilirler.

Anahtar Sozciikler: COVID-19, algl, SARS-CoV-2, anket, tinnitus
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INTRODUCTION

Tinnitus can be defined as the conscious perception of an auditory
sensation in the absence of acoustic stimuli, with a prevalence of
8-15% in adults (1). Tinnitus can be associated with various conditions
such as hearing impairment, noise exposure, ototoxicity, and head
and neck trauma (2-4). Emotional factors and stress play a role in
tinnitus (5,6). Symptoms such as frustration, annoyance, irritability,
anxiety, depression, hyperacusis, insomnia, and concentration
difficulties are also associated with the perception of tinnitus (7-9).

An increased prevalence of psychological distress in the population
was reported during epidemic quarantine (10-13). Mask use is
another phenomenon that enters our life during this period. Mask
use reduces the air quality down because of the pressure on the
nose and increase of the carbon dioxide in ventilated air. Both social
shortages and mask use have negative effects on human psychology,
which may cause anxiety and depression related to tinnitus etiology.

Coronavirus disease-2019 (COVID-19) dependent tinnitus cases
and increased tinnitus perception were also defined in previous
studies (14-18). Tinnitus severity increased by 40%, remained
unchanged by 54%, and decreased by 6% because of the effects of
social distinction and loneliness experience on tinnitus perception
during the pandemic (10). It is possible that different populations
may react differently to pandemic conditions (19). Several health
guestionnaires are available to assess the effects of tinnitus. The
Tinnitus Handicap Inventory (THI) is the one that is mostly used
worldwide. It has been translated into Turkish by (20). The validity
and reliability of the study have been confirmed (Cronbach’s alpha
coefficient 0.88) (20).

In this study, we created a survey form to assess the effects of
COVID-19-related pandemic lifestyle changes on tinnitus perception.
In addition, we aimed to compare the discomfort levels of patients
with tinnitus onset before and during the COVID-19 pandemic.

MATERIALS AND METHODS

To evaluate tinnitus perception and pandemic-related changes in the
population, the study was designed as a descriptive cross-sectional
model. A Web-based Google Survey was conducted between
April and May 2020 after obtaining ethical approval from istanbul
Medipol University (approval number: 525, date: 25.06.2020).
Data from 1,337 female and 558 male patients with tinnitus were
assessed. The patients were 18-70 years of age. All volunteers read
and approved the informed consent before starting the survey. A
total of 1895 volunteers were accepted to answer questions that
were mainly related to demographic data, daily lifestyle during the
pandemic, aural problems, and the presence of tinnitus.

The “Google Survey” application was used to obtain the survey data,
and the answers of the participants were recorded. Answering the
guestions took a total of 5-7 minutes.

The flow chart is shown in Table 1. In the first part of the survey,
which consists of three main parts, the daily life activities of the
participants during the pandemic period and the presence of tinnitus
were questioned. Participants with tinnitus completed the second
and third parts of the questionnaire. For the participants without

Table 1. Survey flow chart

Demografic data
Daily activities

Presence of Tinnitus

Tinnitus (+) Tinnitus (-)
I |
Changes in Tinnitus
Emergence of tinnitus End the survey
Visual Analog Scale (Control group)

Tinnitus Handicap Inventory

tinnitus, the questionnaire ended in the first part. The participants
who had tinnitus were further evaluated with a second part of the
survey, which included questions related to changes in tinnitus
severity or the emergence of tinnitus since the beginning of the
pandemic and a visual analog scale (VAS). Six main problem areas
(discomfort level before and during pandemic, sleep disturbance,
concentration problems, general comfort and hearing problems)
for the patients evaluated with VAS. All the VAS questions were
evaluated as 0 points means no and 10 points means very severe.

The third part of the questionnaire included the THI. Participants
with tinnitus were also asked to complete the THI, which included
25 questions with a score range of 0 to 100. Accordingly, reactions
to tinnitus were graded as slight (grade 1), mild (grade 2), moderate
(grade 3), severe (grade 4), and catastrophic (grade 5) when the THI
scores ranged between (0 to 16), (18 to 36), (38 to 56), (58 to 76) and
(78 to 100), respectively (20).

Statistical Analysis

The Statistical Package for Social Sciences version 23.0 was used for
quantitative analysis. Descriptive data were evaluated. Chi-square
and Spearman correlation coefficient tests were used to assess
correlations. Paired samples t-test was used to compare the VAS
scores between “tinnitus onset before” and “tinnitus onset after” in
the evaluation of the tinnitus discomfort effect of the participants.

RESULTS

Of 1895 participants, 184 (9.4%) had tinnitus complaints. Of 184
participants with tinnitus, 64.7% had tinnitus onset before the
pandemic, whereas 35.3% had tinnitus onset after the pandemic.
There was no significant difference between the demographic,
lifestyle, and mask usage parameters of the participants who had
no tinnitus and those who had tinnitus onset before and after the
pandemic (p>0.05) (Table 2). There was no significant difference
between the THI results of the participants with tinnitus onset
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Table 2. Survey responses of participants with and without tinnitus

Questions Parameters Non-tinnitus (%) Tinnitus onset Tinnitus onset p
before the after the
pandemic (%) pandemic (%)
Age (years) 18 to 30 45.5 45.2 45.9
30 to 50 54.5 54.8 54.1
Gender Man 47.2 48.7 443
Woman 57.8 51.3 55.7
How many days did you go out in the last 2 <10 27.3 21.7 37.7
months? 10t0 20 267 296 213
21to 30 13.6 16.5 8.2
>30 324 32.2 32.8
How many hours do you go out a day? Oto2 40.3 34.8 50.8
2to4 17.6 20.9 11.5
4to6 42.0 443 37.7
>6 - - -
Do you have a known disease? COVID-19 0.6 - 1.6
Other 12.5 12.2 13.1
None 51.7 47.8 59.0
Cardiac 2.3 1.7 33
Otologic 17.0 20.9 9.8
Neurologic 2.3 35 -
Endocrine 13.6 13.9 13.1 >0.05
How many hours did you wear a mask per day in <1h 24.4 22.6 27.9
the last 2 months? lto4h 36.4 365 36.1
4to8h 17.0 18.3 14.8
>8 h 19.9 20.0 19.7
What type of mask do you wear? Surgical 69.9 71.3 67.2
Other (cloths etc.) 25.0 21.7 31.1
N95 5.1 7.0 1.6
Do you have nasal congestion? No 59.7 55.7 67.2
Bilateral 12.5 13.9 9.8
Unilateral 27.8 30.5 23
Do you have allergic rhinitis? Yes 35.8 40.0 27.9
No 64.2 60.0 72.1
Do you have a hearing loss? Bilateral 10.8 8.7 14.8
No 69.3 71.3 65.6
Unilateral 19.9 20 19.6
Do you experience pain or discharge in your ear?  Bilateral 8.5 7.8 9.8
No 82.4 86.1 75.4
Unilateral 9.1 6.1 14.8
before and after the pandemic (p>0.05) (Table 3). tinnitus in the last 2 months are shown in Figure 3.
Participants with post-pandemic tinnitus had higher VAS scores than
those vF\)/ith pre-pa:dempictinnitus (p<0.05) (Figuri 1). The participants DISCUSSION
who had a tinnitus onset before the pandemic described alterations Tinnitus was reported in 9.4% of the population in our study, and
in their tinnitus perception as increased, decreased and unchanged tinnitus onset occurred after the pandemic in one-third of them.
tinnitus perception in 28.8%, 13.4% and 57.8%, respectively (Figure These rates seem within acceptable ranges since tinnitus can
2). The tinnitus characteristics of the participants who complained of affect up to 30% of the adult population (21). Psychosocial stress
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Table 3. Tinnitus Handicap Inventory results of participants with
tinnitus onset before and after the pandemic

Grade Tinnitus onset Tinnitus onset p

before the after the

pandemic, n (%) pandemic, n (%)
1 4(3.3) 1(1.5) >0.05
2 16 (13.5) 10 (15.3)
3 78 (65.5) 41 (63)
4 7 (5.9) 3(4.6)
5 14 (11.8) 10 (15.3)
Total 119 (100) 65 (100)
“ N=184

3,64 £2.80
p<0.05

I W 493261

i

Tinnitus discomfort level before the pandemic

M Tinnitus discomfort level during the pandemic

Figure 1. Total VAS scores of participants with tinnitus onset before and
after the pandemic.

VAS: Visual analog scale.

TINNITUS COMPLAINT
BEFORE PANDEMIC

TINNITUS PERCEPTION

PRESENCE OF TINNITUS CHANGE DURING PANDEMIC

Figure 2. Tinnitus perception change in people with tinnitus onset after
pandemic.
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Figure 3. General features related to tinnitus.

can trigger tinnitus according to epidemiological studies (22,23).
We believe that although the initial period of the pandemic was a
stressful state, it was associated with the occurrence of tinnitus. Our
study covers a 2-month period after the pandemic life conditions
begin. Further studies should evaluate the long-term effects of the
pandemic on the onset of tinnitus.

Personality, different coping abilities, cognitive characteristics,
and stress may affect tinnitus perception (24,25). There is a linear
correlation between tinnitus and the duration and magnitude
of stress (23). According to a national study in the UK, tinnitus is
moderately and severely annoying in 2.8% and 1.6% of people and
severely affects daily life in 0.5% of people (26). In studies, it was
observed that there was a significant difference between VAS and
THI scores before and during the pandemic, and it was determined
that the 2019 coronavirus disease pandemic negatively affected
tinnitus perceptions and quality of life (27). These results were also
supported by other studies performed in different countries (28-
30). Hence, psychological stress increased in the population during
quarantine could increase the perception of tinnitus severity (7-
10,16). An increase in the THI scores of the participants was also
reported during the pandemic (31). It was reported that tinnitus
severity was mostly unchanged in 54% or decreased in 6% of the
people during the pandemic (10).

The primary purpose of this study was to investigate the effect of
stress on the perception of tinnitus, which occurs because of the
isolation of people during the COVID-19 pandemic. Despite this, it
has been shown that COVID-19 disease can cause tinnitus perception
depending on the effect it has on the central nervous system and
auditory mechanisms (32,33). In our study, some of the participants
may have had a perception of tinnitus after these effects; however,
due to the lack of PCR results of these patients, the patients could
not be fully evaluated in this respect. Patients in this group need to
be evaluated in more detail.

A small proportion of the participants in the study had unilateral
or bilateral earaches. Earache and discharge are often associated
with external auditory canal and middle ear pathologies. These
pathologies also can cause tinnitus. Especially during the pandemic
period, the rate of unilateral ear discharge increases up to 14.8% in
patients with tinnitus. These patients should be evaluated in terms
of external ear canal and middle ear pathologies.

Study Limitations

However, there is no such opportunity within the scope of the study,
and this appears to be a limitation of the study. According to the
results of this study, the THI scores of the participants with tinnitus
onset before and after the pandemic were similar, although an
increase in VAS scores was encountered. Accordingly, it is plausible to
say that although people could have experienced increased tinnitus
discomfort during the pandemic, that discomfort may have been
neglected because of the presence of a life-threatening condition,
COVID-19.

CONCLUSION

As a result of this study, we observed that the short-term effects
of the changes that come with the sudden change in the daily life
conditions of the people affected by the COVID-19 pandemic do
not lead to an increase in tinnitus or problems related to tinnitus.
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Because of the life-threatening risks that come with the pandemic,
people may not see the effects of tinnitus as a primary problem.
This study covers a short-term effect that needs to be supported by
studies that will show the long-term consequences.
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ABSTRACT

Objective: This study aimed to evaluate radiotherapy (RT) doses, RT
effects on neurocognitive functions, and possible factors that may
affect recurrence or death in patients with glioblastoma multiforme
(GBM).

Methods: The data of 21 patients with GBM were retrospectively
analyzed. RT treatment plans and doses and hippocampus ipsilateral
and contralateral doses were recorded. The Mini-Mental State
Examination (MMSE) is used to assess neurocognitive functions. The
time of recurrence and death, if any, of the patients was recorded.
Factors such as gender, age, patient performance status, tumor size,
tumor localization, type of surgery, and time between surgery and RT
were analyzed to determine any effect on the risk of recurrence or
death.

Results: The median planning target volume dose was 59.86 gray (Gy).
The maximum ipsilateral hippocampus dose was 51.85 Gy, and the
maximum contralateral hippocampus dose was 46.25 Gy. With the
MMSE, 3 of 4 patients had cognitive impairment. At the end of follow-
up, 16 patients had recurrence and died. The median disease-free
survival was 10 months [95% confidence interval (Cl): 5.7-14.2], and
the median overall survival was 24 months (95% Cl: 16.0-31.9). Only
poor performance status increased the risk of recurrence (hazard ratio:
4.31,95% Cl: 1.26-14.70, p=0.02).

0z

Amag: Bu calismada glioblastoma multiforme (GBM) tanili hastalarda
radyoterapi (RT) dozlari ve RT’'nin norobiligsel etkileri ile niks veya
olumu etkileyebilecek olasi faktorlerin degerlendirilmesiamaglanmistir.

Yontemler: GBM tanili 21 hastanin verilerini retrospektif olarak
inceledik. RT tedavi plan ve dozlari ile hipokampus ipsilateral ve
kontralateral dozlari kaydedildi. Norobiligsel islevleri degerlendirmek
icin Mini-Mental Durum Muayenesi (MMDM) yapildi. Hastalarin varsa
niks ve 6lim zamanlar kaydedildi. Yas, cinsiyet, hasta performans
durumu, timor boyutu, cerrahi tipi, timor lokalizasyonu ve cerrahi
ile RT arasindaki stre gibi faktorlerin niiks veya 6ltm riski Gzerindeki
etkisini belirlemek igin analiz yapildi.

Bulgular: Hastalarin medyan planlama tedavi volimi dozu 59,86
gray (Gy) idi. Maksimum ipsilateral hipokampus dozu 51,85 Gy ve
maksimum kontralateral hipokampus dozu 46,25 Gy idi. MMDM ile
4 hastanin 3’linde bilissel islev bozuklugu vardi. izlem sonunda 16
hastada niks ve 6lim saptandi. Medyan hastaliksiz sagkalim 10 aydi
[%95 guven araligi (GA): 5,7-14,2], medyan genel sagkalim 24 aydi
(%95 GA: 16,0-31,9). Sadece kotl performans durumunun niks riskini
artirdig saptandi (tehlike orani: 4,31, %95 GA: 1,26-14,70, p=0,02).
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ABSTRACT

Conclusion: Because hippocampus shielding was not performed, our
hippocampus doses were high. Hippocampal-sparing RT is essential
for the preservation of neurocognitive functions. The increased risk of
recurrence in patients with poor performance status is possibly related
to treatment dose reduction, delay, or discontinuation.

Keywords: Glioblastoma, radiotherapy, hippocampus, cognitive
dysfunction

0z

Sonug: Hipokampus korumasi yapilmadigi icin hipokampus dozlarimiz
yuksekti. Hipokampal koruyucu RT, norobilissel islevlerin korunmasi
icin gereklidir. Performans durumu kotu olan hastalarda artmis niiks
riski, muhtemelen tedavi dozunun azaltilmasi, tedavinin geciktirilmesi
veya kesilmesi ile iliskilidir.

Anahtar Sozciikler: Glioblastoma, radyoterapi, hipokampus, bilissel
bozukluk

INTRODUCTION

Primary brain tumors constitute approximately 2% of all cancers.
In adults, glioblastoma multiforme (GBM) and grade 3 anaplastic
astrocytoma (AA) are the two most common histological types
(1,2). GBM, the most common and aggressive primary malignant
intracranial tumor in adults, accounts for 50-60% of all astrocytic
tumors. The patients are usually between 45 and 70 years of age.
Diagnosis in childhood is rare. The male/female ratio is approximately
1.5/1 (3-5).

GBM is an infiltrating tumor located in the cerebral hemisphere. It is
commonly at the borders of the parietal, occipital, and frontal lobes.
They usually occupy more than one functional brain region because
of their diffuse and deep localization, which is one of the main factors
that make surgery difficult. They can also be localized outside the
cerebral hemispheres. Almost half of brainstem glial tumors exhibit
high malignancy characteristics. Furthermore, approximately 10% of
GBMs are not deeply localized and may mimic cerebral metastases
by localizing on the white-gray matter border (6-9).

The standard treatment is the Stupp protocol, which involves surgical
resection of the tumor, followed by regional radiotherapy (RT) with
concurrent temozolomide (TMZ) chemotherapy and six adjuvant
cycles of TMZ (10). A randomized phase Ill study revealed that RT
and TMZ combination prolongs survival in GBM. In this study, 573
patients were randomized to receive RT only or RT concurrent with
TMZ, followed by adjuvant TMZ. RT was administered in 30 fractions
[2 gray (Gy)/day] totaling 60 Gy. Concurrent TMZ was administered
at a dose of 75 mg/m?/day continuously during RT, including
weekends. Adjuvant TMZ was initiated 28 days after the completion
of RT and was administered for 6 cycles (150-200 mg/m?/day, on 1-5
days every 28 days). In this study, the median overall survival (OS)
was 12 months in the RT-alone arm and 15 months in the RT-TMZ
arm. The 2-year survival rates were 10% and 26%, respectively. The
median disease-free survival (DFS) was 5 months and 6.9 months.
The 1- and 2-year DFS rates were 9% and 2% in the RT-alone arm and
27% and 11% in the RT-TMZ arm (p<0.0001). In this phase Il study,
the RT-TMZ combination demonstrated a remarkable improvement
in survival (11).

In a phase Il study by Athanassiou et al. (12), among 110 patients,
RT alone (60 Gy) was compared with RT-TMZ treatment. The results
of the study favored the combined treatment arm: the median DFS
was 5.2 months vs. 10.8 months; the 1-year DFS rates were 7.7%
vs. 36.6%; the median OS was 7.7 months vs. 13.4 months; and the
1-year OS rates were 15.7% vs. 56.3%, respectively. Toxicity was
mostly hematological, and 1 patient was reported to have died due
to febrile neutropenia.

162

The hippocampus plays an important role in emotional learning
and memory consolidation (13,14). Whole-brain RT can lead to
various side effects, such as the development of cerebellar and
neurocognitive dysfunctions and impaired short-term memory
and learning ability (15,16). Interruption of neurogenesis in the
subgranular region can lead to memory impairment (17,18). The
function of the hippocampus is negatively affected by radiation.
Therefore, improving techniques to protect the hippocampus from
radiation is vital. Dosimetric studies performed with intensity-
modulated radiotherapy (IMRT) or tomotherapy in the literature
show promise.

In our study, we evaluated RT doses and hippocampal neurocognitive
effects in patients with GBM treated with the Stupp protocol. We
also evaluated treatment tolerance, disease-free and OS times, and
possible factors that may affect recurrence or death.

MATERIALS AND METHODS

In our study, we retrospectively evaluated 21 patients treated with
a histologically confirmed diagnosis of GBM between April 2015
and October 2020. Inclusion criteria were as follows: being over 17
years of age, having Eastern Cooperative Oncology Group (ECOG)
performance score <3, and having normal bone marrow, renal,
and liver function (defined as hemoglobin 210 g/dL, thrombocyte
count >100,000/uL, absolute neutrophil count >1,500/uL; serum
creatinine level <1.5 mg/dL; alanine aminotransferase and aspartate
aminotransferase levels <2.5 times the upper limit of normal, total
bilirubin <1.5 times the upper limit of normal). Patients with poor
medical condition due to other comorbidities or infections were
excluded from the study.

The treatment protocol was TMZ concurrent RT with a median of 60
Gy (2 Gy-60 Gy) with standard 6 mV photon energy applied according
to the Stupp protocol. In RT, we used VMAT and IMRT techniques
in 30 fractions as planning target volume 1 (PTV1)=GTV+2 cm=40
Gy, PTV2=GTV+1 cm=60 Gy as standard. TMZ was administered
concurrently with RT as 75 mg/m?/day throughout RT; and it was
administered 150-200 mg/m?/day, on 1-5 days every 28 days for 6
cycles, following.

When evaluating neurocognitive functions, we first drew the
hippocampus retrospectively to determine RT doses. We further
evaluated the ipsilateral and contralateral hippocampus doses.
Subsequently, the Mini-Mental State Examination (MMSE) was
performed on 4 alive patients in the outpatient setting. The MMSE
evaluates orientation, registration (short-term memory), recall,
attention and calculation, language, and the ability to understand
and follow verbal and written commands. A score equal to or
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greater than 24 indicates normal cognition. Scores below 24 indicate
cognitive impairment (19-23 points: mild, 10-18 points: moderate,
<9 points: severe impairment). The MMSE test was obtained from
the internet (19).

Disease recurrence and death data were obtained from patient files.
DFS was defined as the length of time between the end of primary
treatment for cancer and the time of disease recurrence or death.
OS was defined as the length of time from GBM diagnosis to death.

This study was conducted in accordance with the Declaration of
Helsinki. Ethics committee approval was obtained from the Bursa
City Hospital Institutional Clinical Research Ethics Committee for
the study (approval number: 2019-KAEK-140, 2021-19/7, date:
20.10.2021).

Statistical Analysis

Statistical analysis was performed using SPSS software version 28.0
(IBM Corp., Armonk, NY, USA). The variables’ distribution is evaluated
using the Shapiro-Wilk test, and the variables are given as median
(minimum-maximum) values and frequency values. Categorical
variables were compared using the chi-square test and Fisher’s
exact test. The Kaplan-Meier test, with comparisons made with the
log-rank test, was used for survival analyses. Cox regression analysis
was used to evaluate possible factors on the risk of recurrence and
death. A p-value <0.05 is considered statistically significant.

RESULTS

Twenty-one patients were involved in the study. After the median
follow-up period of 66 months, the median DFS was 10 months
[95% confidence interval (Cl): 5.7-14.2 months] and the median OS
was 24 months (95% Cl: 16.0-31.9 months). The patients’ clinical
characteristics are given in Table 1.

We administered TMZ to 21 patients concomitantly with RT. 4
patients could not complete RT because of ECOG performance
status deterioration. Two patients died during RT. TMZ-induced
pancytopenia developed in one patient, which required treatment
delay. In the first-month control MRI after RT, 2 patients had
residual/recurrent mass images and were referred for surgery.
Adjuvant TMZ could not be administered to 5 patients because
of ECOG performance status deterioration. In 1 patient, the dose
was reduced by 10% because of grade 2 thrombocytopenia. Four
patients had recurrence on adjuvant treatment. Three of them were
referred for surgery. One patient underwent reirradiation and was
administered second-line chemotherapy following. Seventeen of 21
patients who died during the follow-up period, 4 patients remained
alive.

In the statistical analysis, we examined the factors that may alter
the risk of recurrence or death. Upon evaluation for the risk of
recurrence, being older than 50 years of age, being male, having poor
ECOG performance score, smaller tumor size, total excision, tumors
on right cerebral hemisphere or non-frontal location, and the interval
between surgery and RT being more than 4 weeks were found as
factors increasing the risk, with only poor ECOG performance score
being statistically significant (p=0.02). Factors increasing the risk of
death were the same as those for the risk of recurrence, except that
having a left cerebral tumor seemed to increase the risk of death, and
none of the factors were statistically significant. The Cox regression

analysis results are given in Tables 2, 3.

RT critical organ doses are given in Table 4. We further examined
the ipsilateral and contralateral hippocampus doses of 19 patients.
The median ipsilateral maximum hippocampus dose was 61.21 Gy
(minimum-maximum: 26.53-63.06), and the median contralateral
maximum hippocampus dose was 48.01 Gy (minimum-maximum:
16.03-62.89). The ipsilateral and contralateral hippocampus doses
are given in Table 5.

In our evaluation of 4 living patients with MMSE, we found 1 patient
with normal cognitive function, one with mild cognitive function,
one with moderate cognitive function, and one with severe cognitive
dysfunction. The MMSE is shown in Figure 1.

DISCUSSION

In high-grade astrocytomas, the 5-year survival after treatment with
surgery and RT is less than 10-20%; the median OS is 27 months in
AA and 8 months in GBM (20).

The treatment of GBM consists of surgery, followed by RT and
chemotherapy. Chemotherapy has been used in GBM treatment

Table 1. Clinical characteristics of the patients

Number (%)
Age
<50 years 5(24%)
>50 years 16 (76%)
Gender
Male 17 (81%)
Female 4 (19%)
ECOG* performance score
ECOGO, 1 12 (57%)
ECOG 2,3 9 (43%)
Location of the tumor
Temporal 3 (14%)
Frontal 6 (28%)
Parietal 5(24%)
Temporaparietal 2 (10%)
Temporooccipital 1(5%)
Frontoparietal 3 (14%)
Parietooccipital 1(5%)
Tumor size
<4 cm 6 (29%)
>4 cm 15 (71%)
Surgery
Total excision 18 (85%)
Subtotal excision 3 (15%)
Surgery-radiotherapy interval
<4 weeks 3 (14%)
>4 weeks 18 (86%)

*ECOG: Eastern Cooperative Oncology Group.
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since the 1970s. Nitrosoureas are alkylating agents and are the recent years, TMZ, a second-generation alkylating agent, has been
oldest drugs used in the treatment of central nervous system used in GBM and AA and has been found to be as effective as BCNU,
malignancies. Carmustine (BCNU) is still one of the most effective and has been included in standard post-RT treatment protocols
chemotherapeutics, with a response rate of approximately 40%. In (21,22). In a multicenter study, in 525 patients with recurrent GBM,

Table 2. Cox regression analysis of factors for recurrence

Univariate analysis

HR 95% ClI p-value
Age <50 years (R) vs. 250 years 3.11 0.82-11.72 0.09
Gender Female (R) vs. male 1.11 0.24-5.00 0.88
ECOG ECOG score 0, 1 (R) vs. ECOG score 2, 3 4.31 1.26-14.70 0.02
Tumor size <4 cm (R) vs. >4 cm 0.83 0.25-2.66 0.75
Surgery Total excision (R) vs. subtotal excision 0.70 0.15-3.18 0.65
Location of the tumor Left cerebral (R) vs. right cerebral 1.01 0.34-3.00 0.97
Location of the tumor Frontal (R) vs. others 1.36 0.48-3.83 0.55
Surgery-radiotherapy interval <4 weeks (R) vs. 24 weeks 4.34 0.56-33.10 0.15

HR: Hazard ratio, CI: Confidence interval, ECOG: Eastern Cooperative Oncology Group.

Table 3. Cox regression analysis of factors for death

Univariate analysis

HR 95% CI p-value

Age <50 years (R) vs. 250 years 1.55 0.43-5.50 0.49
Gender Female (R) vs. Male 191 0.42-8.68 0.39
ECOG ECOG score 0, 1 (R) vs. ECOG score 2, 3 382.87 0.28-512995.00 0.10
Tumor size <4 cm (R) vs. >4 cm 0.68 0.20-2.24 0.53
Surgery Total excision (R) vs. subtotal excision 0.52 0.11-2.35 0.39
Location of the tumor Left cerebral (R) vs. right cerebral 0.79 0.26-2.35 0.67
Location of the tumor Frontal (R) vs. others 1.87 0.64-5.51 0.25
Surgery-radiotherapy interval <4 weeks (R) vs. 24 weeks 2.46 0.32-18.98 0.38
HR: Hazard ratio, Cl: Confidence interval, ECOG: Eastern Cooperative Oncology Group.
Table 4. Critical organ radiation doses during radiotherapy

Median dose

(minimum-maximum) (gray)
PTV V95* dose 59.86 (57.90-60.55)
PTV** dose 60.67 (60.00-61.40)
Right lens maximum dose 3.35(1.35-8.41)
Left lens maximum dose 2.90 (0.88-6.95)
Right eye maximum dose 17.17 (5.30-55.00)
Left eye maximum dose 17.25 (1.76-49.08)
Right optic nerve maximum dose 18.28 (1.66-54.39)
Left optic nerve maximum dose 20.20(1.10-54.42)
Optic chiasm maximum dose 31.45 (1.68-54.25)
Whole brain maximum dose 62.78 (55.78-65.24)
Brain stem maximum dose 46.72 (2.55-60.87)

*PTV V95: Planning target volume enclosed by 95% isodose, **PTV: Planning target volume.
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Table 5. Ipsilateral and contralateral hippocampus radiation doses
(gray)

Mean dose Maximum dose Mean Maximum dose
ipsilateral ipsilateral contralateral contralateral
dose
60.29 62.25 29.05 39.78
52.17 56.78 32.41 34.39
40.11 56.30 19.87 32.05
47.58 61.21 26.82 46.25
56.88 61.58 36.19 54.32
58.41 61.48 42.84 62.89
45.70 50.93 30.41 48.01
58.26 61.60 33.25 40.50
44.28 60.94 30.85 58.48
49.72 62.07 20.92 35.71
60.12 62.61 38.88 53.76
11.86 26.53 8.67 20.05
60.91 63.06 36.07 49.56
15.2 47.07 15.87 48.51
6.82 42.49 3.11 16.03
19.85 49.51 16.3 36.32
60.99 62.28 40.22 57.31
57.35 62.45 29.91 55.1
51.85 60.57 29.91 55.1

Mini-Mental State Examination (MMSE)

Patient’s Name: Date:

Instructions: Ask the questions in the order listed.
Score one point for each correct response within each question or activity.

Maximum Patient’s

Score Score Questions
5 “What is the year? Season? Date? Day of the week? Month?"
5 “Where are we now: State? County? Town/city? Hospital? Floor?”

The examiner names three unrelated objects clearly and slowly, then asks the patient
3 to name all three of them.The patient’s response is used for scoring. The examiner
repeats them until patient learns all of them, if possible. Number of trials:

“I would like you to count backward from 100 by sevens.” (93,86, 79,72,65, ...) Stop
5 after five answers.
Alternative:"Spell WORLD backwards.” (D-L-R-O-W)

3 “Earlier | told you the names of three things. Can you tell me what those were?”

Show the patient two simple objects, such as a wristwatch and a pencil, and ask the
patient to name them.

1 “Repeat the phrase:'No ifs, ands, or buts.”

“Take the paper in your right hand, fold it in half. and put it on the floor.”
(The examiner gives the patient a piece of blank paper.)

1 “Please read this and do what it says.” (Written instruction is "Close your eyes.”)

“Make up and write a sentence about anything.” (This sentence must contain a noun
and a verb.)

“Please copy this picture.” (The examiner gives the patient a blank piece of paper and
asks him/her to draw the symbol below. All 10 angles must be present and two must
intersect.)

| o

30 TOTAL

Figure 1. Mini-Mental State Examination.

with TMZ, a 6-month DFS rate of 46% and a 12-month OS rate of 24%
were observed (23).

TMZ is a per oral applied, rapidly absorbed agent and shows nearly
100% bioavailability. TMZ can cross the blood— brain barrier and
reach effective concentrations in the central nervous system, with
a cerebrospinal fluid/plasma ratio of approximately 30-40% (24).
TMZ improves the quality of life and prolongs DFS and OS (25). In
older studies, the median OS was around 1-1.5 years. However, with
improvements in cancer care, some patients with GBM have an 0OS
of nearly 2 years. For example, in the GEINO 14-01 trial published in
2020, the median OS of patients who received 6 months of adjuvant
TMZ was 23.3 months (26). Similarly, in a study comparing different
RT techniques, the median OS of patients was around 18-25 months
(27). In our study, the patients’ median DFS was 10 months, and
the median OS was 24 months, which is consistent with recent
data. In contrast, isocitrate dehydrogenase 1 (IDH1) mutation and
06-methylguanine-DNA methyltransferase (MGMT) methylation
are known prognostic factors for GBM. The OS of class 1 patients
(class 1=MGMT methylated/IDH1 mutant or MGMT methylated/
IDH1 wild type/Gross Total Resection/Karnofsky Performance Status
>90) reaches 67 months (28). The mutation status of our patients is
unknown. The longer OS in our study could be the result of the high
MGMT methylated percentage of patients in the study group.

While administering RT to the patients, we tried to keep our PTV
95 (PTV enclosed by the 95% isodose) and risk organs within the
RTOG 0933 range, as shown in Table 2. However, we did not draw the
hippocampus. In recent studies, it has been reported that deficits in
learning and memory, especially in patients receiving whole-brain
RT, are associated with the radiation-affected hippocampus (29,30).
In a study using linac-based IMRT with hippocampus sparing for
whole-brain RT, Gondi et al. (31) reported that they delivered 30 Gy
to the whole brain. They determined the shape of the hippocampus
and created hippocampal avoidance zones using a volumetric
expansion of 5 mm around the hippocampus. According to their
results, the maximum dose received by the hippocampus was 15.3
Gy, whereas the mean dose was 7.8 Gy. They reported that modern
IMRT techniques provide hippocampus preservation with acceptable
target coverage and homogeneity (31). According to RTOG 0933, the
hippocampus maximum dose should be <16 Gy. Because we did not
perform hippocampus protection, our hippocampus RT doses were
high.

While it is possible to protect both hippocampi in whole brain RT, it
is difficult to protect the same side of the hippocampus in tumors to
which higher doses are administered, such as GBM. Wee et al. (32)
showed that hippocampus preservation does not increase the risk
of relapse.

Study Limitations

One of the major limitations of this study is the limited number of
patients. Statistical significance could not be reached for the factors
of disease recurrence or death. In addition, the genetic profile of
patients for prognostic changes is unknown. The retrospective design
of the study is another limitation. MMSE could not be performed
on all patients because 16 patients included had already died at the
time of evaluation.
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CONCLUSION

In our study, the Stuppe protocol for the treatment of GBM was well
tolerated. Because we did not preserve the hippocampus during
RT, our patients showed loss of neurocognitive functions. We have
thereby understood that we should pay more attention to protecting
at least the opposite hippocampus according to the tumor location.
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ABSTRACT

Objective: Sleep is a complex event involving various physiological
processes. Recent studies during the last few years have shed light on
the effects of sleep duration on health. We investigated the cardiac
effects of sleep duration on speckle-tracking echocardiography. We
divided the patients into 2 groups who slept more or less than 7 hours
and evaluated all of them with transthoracic echocardiography.

Methods: This study was a retrospective study was conducted to
investigate the cardiac effects of sleep duration. Between June 2021
and February 2022, 129 individuals who were admitted to our hospital
for routine check-up with no known chronic disease and with normal
and good quality echocardiographic examination were included in the
study. The patients who were eligible for the study design were called
by the investigator to obtain information on average sleep duration,
and two groups were defined by the self-reported sleep duration (<7
hours, >7 hours per day) and were used in the statistical analyses.

Results: A total of 129 patients [<7 hours (n=80), >7 hours (n=49) per
day] were enrolled in this study. All echocardiographic parameters
were compared with sleep duration. Among these parameters,
left ventricular (LV) global longitudinal strain (GLS) was found to be
greater in the group who slept less. (-21.5+2.6 vs. -20.3+2.2 p=0.005).
However, being within normal limits, LV end diastolic diameter and
right heart chambers were found to be more enlarged in those who
slept 7 hours or less than 7 hours. It was also observed that the right
atrial volume was higher in the less sleeper group

Conclusion: As a result, GLS, which is one of the parameters showing
LV function, was found to be less in healthy people with a sleep time
above a certain period, and we believe that this may be a hypothesis to
explain the relationship of long sleep time with cardiovascular events.

Keywords: Echocardiography, sleep, speckle-tracking imaging

0z

Amag: Uyku, cesitli fizyolojik stiregleri igeren karmasik bir olaydir. Yakin
zamanda yapilan galismalar, uyku suresinin saglk tizerindeki etkilerine
151k tutmustur. Biz de ¢alismamizda uyku siresinin kalpte speckle-
tracking ekokardiyografi bulgulari tizerine etkisini arastirdik. Hastalar
7 saatten fazla uyuyan ve az uyuyan olarak 2 gruba ayirdik ve hepsini
transtorasik ekokardiyografi ile degerlendirdik.

Yontemler: Bu ¢alisma, uyku siresinin kardiyak etkilerini arastirmak
amaciyla yapilan retrospektif bir ¢alismadir. Hastanemize Haziran
2021-Subat 2022 tarihleri arasinda kontrol amagli basvuran,
bilinen kronik bir hastaligi olmayan, normal ve goérinti kalitesi iyi
ekokardiyografiye sahip 129 kisi c¢alismaya alindi. Calismaya dahil
edilmeye uygun hastalar, ortalama uyku stiresi hakkinda bilgi almak
amaciyla bir arastirmaci tarafindan arandi ve hastalar kendilerinin sézel
olarak belirttigi uyku surelerine istatistiksel analizlerde kullanilmak
Uzere iki gruba (giinde <7 saat, >7 saat) ayrildi.

Bulgular: Bu galismaya toplam 129 hasta [glinde <7 saat (n=80), >7
saat (n= 49)] alindi. Tum ekokardiyografik parametreler uyku siresi
ile karsilastirildi. Bu parametreler arasinda sol ventrikil (LV) global
longitudinal strain (GLS) daha az uyuyan grupta daha fazla bulundu
(-21,5+2,6 vs. -20,3+2,2 p=0,005) Ayrica LV end diyastolik capi ve sag
kalp bosluklarinin gaplari 7 saat veya 7 saatten az uyuyanlarda daha
fazla genislemis olarak bulundu. Yine daha az uyuyan grupta sag atriyal
hacmin daha yiiksek oldugu gozlendi.

Sonug: Sonug olarak, LV fonksiyonunu gosteren parametrelerden
biri olan GLS degerinin, uyku siresi belirli bir slrenin Uzerinde
olan saglikh kisilerde daha az oldugunu saptadik. Bunun uzun uyku
suresinin kardiyovaskdler olaylarla iligkisini agiklamak igin bir hipotez
olabilecegini diisinmekteyiz.

Anahtar  Sozciikler:  Ekokardiyografi, uyku, speckle-tracking
gorintileme

Address for Correspondence/Yazisma Adresi: Gllsiim Bingdl MD, Memorial Bahcelievler Hospital, Clinic of

Cardiology, istanbul, Tiirkiye
E-mail / E-posta: bulut_gulsum@hotmail.com
ORCID ID: orcid.org/0000-0001-5879-7866

Received/Gelig Tarihi: 05.01.2023
Accepted/Kabul Tarihi: 04.04.2023

@@@@ 9Copyright 2024 The Author. Published by Galenos Publishing House on behalf of Gazi University Faculty of Medicine.
BY NG ND Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

©Telif Hakki 2024 Yazar. Gazi Universitesi Tip Fakiiltesi adina Galenos Yayinevi tarafindan yayimlanmaktadir.
Creative Commons Atif-GayriTicari-Tiretilemez 4.0 (CC BY-NC-ND) Uluslararasi Lisansi ile lisanslanmaktadir.

168


https://orcid.org/0000-0001-5879-7866
https://orcid.org/0000-0003-0608-595X
https://orcid.org/0000-0003-4148-4366
https://orcid.org/0000-0003-2608-7919
https://orcid.org/0000-0001-6179-8579

GMJ 2024;35:168-172
Bingol et al. A Speckle-Tracking Echocardiography Study

INTRODUCTION

Sleep is a complex event involving various physiological processes.
Recent studies during the last few years have shed light on the effects
of sleep duration on health (1). Currently, there is no evidence of
harm and long-term consequences of sleeping between 6-8 hours a
day, but there are data on the benefits of consistent sleep between 6
and 8 h per night (2). Many factors such as the variety of studies, how
sleep duration is determined, the diversity in the studied populations,
and the selection of parameters that are considered to be affected
by sleep duration affect the results, which makes it challenging to
obtain a clear result about healthy sleep duration and its effects
(2). Over recent years, there has been a good amount of evidence
suggesting that too little or too much sleep is related to adverse
health outcomes such as mortality (3,4), cardiovascular disease (5-
7), respiratory disorder (8), type 2 diabetes (9) hypertension (10,11),
and obesity (12,13). Unlike the cardiovascular adverse effects of
short sleep duration, there are no compelling hypotheses regarding
the mechanism of the relationship between long sleep and illness. In
addition, there is only little empirical data to make clear inferences.
Myocardial strain imaging can measure left ventricular (LV) global
longitudinal strain (GLS) and provides objective quantification of LV
myocardial deformation (14). In our current study, we divided the
patients into 2 groups who slept more or less than 7 h and evaluated
all of them with speckle-tracking echocardiography (STE).

MATERIALS AND METHODS

This retrospective study was conducted to investigate the cardiac
effects of sleep duration. Echocardiographic assessment was
performed by two experienced echocardiography specialists.
The study protocol was approved by the Local Ethics Committee
of Memorial Bahgelievler Hospital (approval number: 34, date:
23.03.2022). Written and verbal consent was obtained from all the
patients. Between June 2021 and February 2022, 160 individuals
who were admitted to our hospital for routine check-up with no
known chronic disease were scanned, and patients with normal
and good quality echocardiographic examination were included in
the study. Patients with poor image quality and whose images were
unsuitable for strain examination on echocardiography, who did not
answer our phone calls, who had a chronic disease such as asthma,
coronary heart disease, hypertension, diabetes, or obstructive sleep
apnea, and who were on regular medical treatment were excluded
from the study. After all patients were evaluated according to the
exclusion criteria, 129 patients were enrolled. The patients who
were eligible for the study design were called by the investigator to
obtain information on average sleep duration, and two groups were
defined by the self-reported sleep duration (<7 h, >7 h per day) and
were used in the statistical analyses.

Echocardiographic Evaluation

Transthoracic echocardiography examinations were performed
according to the recommendations of the American Society of
Echocardiography. M-mode, two-dimensional imaging, conventional,
tissue Doppler evaluation at the septal and lateral mitral annulus,
and strain imaging were obtained in all patients at rest in the left
decubitus position (15). The echocardiography machine that was

used for all patients was a “Philips Epiq 7C.” Patients without
optimal image quality to perform strain analysis were excluded from
the study. The echocardiographic images were analyzed by one
experienced cardiologist using the workstation “QLAB version 13.”

Data Analysis

STE was performed on four consecutive cardiac cycles of two-
dimensional left ventricle (LV) images from the three standard apical
views for LV and left atrium (LA); right ventricle (RV) focused apical
4 chamber according to the latest guidelines and a novel 2D strain
analytical software (AutoStrain, Philips) was used for strain analysis
(16). This software is able to define the region for tracking around
a line automatically, and it allows manual changes afterwards. In
segments with poor tracking, the border was re-adjusted manually
until the best tracking was obtained. Furthermore, RV global
longitudinal strain and RV free wall strain, components of left atrial
strain (LAS) (atrial reservoir (LAS-r), conduit (LAS-cd), and contractile
(LAS-ct) function) were examined according to the recommendations
of the European Association of Cardiovascular Imaging (16).

Statistical Analysis

Continuous variables are presented as mean * standard deviation,
and categorical data are presented as percentages or frequencies.
Continuous variables were examined by the Kolmogorov-Smirnov
test to check for normality of distribution. The patient population was
categorized on the basis of sleep duration. Baseline characteristics
were compared between groups using Student’s t-test or the x*test.
A two-tailed p-value of <0.05 was considered statistically significant.
All data were analyzed using SPSS version 23.0.

RESULTS

We included 129 individuals (71 male and 58 female). The basal
clinical characteristics of the patients are presented in Table 1. The
mean age of participants who slept 7 hours or less than 7 hours was
36.219.2, while the mean age of those who slept for more than 7
hours were 33+11.

All echocardiographic parameters were compared with sleep
duration. Among these parameters, LV-GLS was found to be greater
in the group who slept less. (-21.5+2.6 vs. -20.3+2.2 p=0.005).
However, being within normal limits, left ventricular end diastolic
diameter (LVEDD) and right heart chambers were found to be more
enlarged in those who slept 7 hours or less than 7 hours. It was also
observed that the right atrial volume was higher in the less sleeper
group. The analysis of standart echocardiographic parameters and
STE findings according to sleep duration is summarized in Table 2, 3
respectively.

DISCUSSION

In the current study, we evaluated the effects of sleep duration on
cardiac functions with STE. The main result of our study was that the
LV-GLS value was lower in people who slept more than 7 h than in
those who slept for 7 h or less. According to the statistical results,
although LV-GLS values were within normal limits in both groups,
they were significantly lower in those who slept more than 7 h.
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Table 1. Clinical and basic biochemical features of the patients

Sleep duration <7 hours (n=80) Sleep duration 27 hours (n=49) p
Age (years) 36.219.2 33111 0.078
Height (cm) 169.2+9.3 166.1+9.8 0.074
Weight (kg) 72.5+12.7 69.8+12.7 0.230
Haemoglobin (gr/dL) 14.2+1.9 13.612.3 0.097
Haematocrit (%) 43+5 42441 0.243
Creatinine (mg/dL) 0.8+0.2 0.8+0.2 0.689
ALT (U/L) 19+11.5 18.8+21.1 0.931
AST (U/L) 19.3+12.9 23+34.2 0.388
Serum fasting glucose (mg/dL) 97.4+20 100£13.7 0.419
TSH (mU/L) 2+1.2 2.2+1.1 0.478
Estimated GFR (mL/min) 109.9+19.1 107.9+18.6 0.566
ALT: Alanine aminotransferase, AST: Aspartate transaminase, TSH: Thyroid stimulant hormone, GFR: Glomerular filtration rate.
Table 2. Standard echocardiographic parameters according to sleep duration

Sleep duration <7 hour Sleep duration 27 hour p

LVEF (%) 65.1+4.1 65.5+3.9 0.677
RVEF (%) 58.716.7 58.916.9 0.870
LVEDD (cm) 4.610.4 4.5+0.4 0.039
LVESD (cm) 2.7+0.4 2.5+0.4 0.056
LVEDV (mL) 79.2+20.1 73.2£17.9 0.112
LVESV (mL) 27.5£7.9 25.616.8 0.206
LA volume (mL) 45+18.9 41.9+16.3 0.375
RA volume (mL) 39.1+12.1 33.6+£14.9 0.035
LA diameter (cm) 3.3+0.5 3.1+0.4 0.099
RVEDD (cm) 3.4+0.5 3.2+0.5 0.018
RA diameter (cm) 3.5+0.5 3.1+0.6 0.001
TAPSE (cm) 2.3+0.4 2.3+0.4 0.228
MAPSE (cm) 1.6+0.3 1.6+0.3 0.601
Mitral inflow E wave (m/sec) 0.7+0.2 0.8+0.2 0.052
Mitral inflow A wave (m/sec) 0.6+0.1 0.6£0.2 0.104
Septal e’ (m/sec) 10.3+2.1 10.7£2.6 0.404
Septal a’ (m/sec) 7.5+2 7.1+1.8 0.351
Septal s’ (m/sec) 7.1+1.2 7+1.1 0.961
Lateral e’ (m/sec) 14.143.8 14.843.9 0.365
Lateral a’ (m/sec) 7.5+1.9 7.842.3 0.521
Lateral s’ (m/sec) 9.8+2.3 9.5+2.3 0.404
IVRT (msec) 88.9+20.7 84.3+21.3 0.268
DT (msec) 128.5+37.5 136.8+36.1 0.273
TR maximum velocity (m/sec) 2.3+0.2 2.2+0.3 0.067
Estimated PAPs (mmHg) 25.8+4.4 24.4+3.9 0.107

LVEF: Left ventricular ejection fraction, RVEF: Right ventricular ejection fraction, LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ventricular end-
systolic diameter, LA: Left atrium, RA: Right atrium, RVEDD: Right ventricular end-diastolic diameter, TAPSE: Tricuspid anular plane systolic excursion, MAPSE:
Mitral anular plane systolic excursion, IVRT: Isovolumetric relaxation time, DT: Deceleration time, TR: Tricuspid regurgitation, PAPs: Systolic pulmonary artery
pressure.
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Table 3. STE components according to sleep duration

Sleep duration <7 hour Sleep duration 27 hour p
LV-GLS (%) -21.5%2.6 -20.3%2.2 0.005
LA-r (%) 49.4+15.3 50.1+16.4 0.822
LA-cd (%) -34.8+11.7 -33.3%12.1 0.488
LA-ct (%) -14.5%11 -16.8+9.6 0.242
RV-FWSL (%) -29.3#5.5 -27.8+5.7 0.121
RV-GLS (%) -25+7.3 -24.7+5 0.780

STE: Speckle-tracking echocardiography, RV-FWSL: Right ventricular free wall longitudinal strain, RV-GLS: Right ventricular global longitudinal strain, LV-GLS: Left
ventricular global longitudinal strain, LAS-R: Left atrial reservoir strain, LAS-cd: Left atrial conduit strain, LAS-ct: Left atrial contractile strain.

Although various studies have shown the effects of long sleep
duration on cardiovascular health, to the best of our knowledge,
there is no study in the literature showing its relationship with LV-
GLS. LV-GLS is a measure of LV myocardial shortening, which is a
good marker for LV dysfunction and determining cardiovascular
events in patients with various diseases and healthy people (17).

Sleep is anindispensable physiological activity for people to maintain
their lives optimally. Many studies conducted to date have shown
that sleep duration is associated with morbidity and mortality (9,18).

In our study, we found that LV-GLS was lower in people who slept
more than 7 hours compared to the people who slept 7 hours or
less. In a multicenter study by Wang et al. (18), the relationship
between sleep duration, death, and major cardiovascular events was
investigated. As a result of this study, it was observed that the risk of
death and major cardiovascular events was increased in people who
slept 6 hours or less and people who slept for more than 8 hours.
In this study, it was observed that the risk increase in people who
slept 6 h or less was less than that in those who slept 9-10 hours,
and this risk was even higher in people who slept 10 hours or more
[<6 hours hazard ratio (HR): 1.09, 9-10 hours HR: 1.17, >10 hours
HR: 1.41] (18). In a meta-analysis, Cappuccio et al. (9) investigated
the relationship between sleep duration and coronary heart disease,
cardiovascular causes, and stroke-related death. Because of this
meta-analysis, the risk of death from coronary artery disease and
stroke was found to be high in both groups, but a significant increase
in cardiovascular mortality was not found in the group with short
sleep duration, unlike long sleep duration (9). In another meta-
analysis, Yin et al. (19) compared people who slept 7 h or less with
those who slept more than 7 hours. As a result of this analysis, it
was shown that the risk of coronary heart disease, cardiovascular
disease, stroke, and total mortality increased with each hour of
decrease and/or increase in sleep time. They also found that each
hour of oversleeping increased the risk of these events by more than
one hour of less sleep (19).

As seen in the above-mentioned studies and meta-analyses, long
sleep duration increases the risk of cardiovascular morbidity and
mortality. Due to this situation, a clear mechanism has not yet
been revealed. One of the most prominent hypotheses at the
moment is that long sleep duration may be a marker of one or
more underlying diseases. In a study by Patel et al. (20), it was
observed that in conditions such as systemic lupus erythematosus
and various psychiatric pathologies such as depression, excessive
alcohol intake, and obesity, the rate of sleep for 7 hours or more was

higher. Similarly, in another study, Stranges et al. (21) showed that
people who slept for 8 hours or more had less physical activity and
worse results in the SF-36 questionnaire, which indicates physical
health. Krueger and Friedman (22), on the other hand, compared
people who sleep 9 hours or more per day with those who sleep 7
hours. Compared with the other group, the prevalence of diabetes,
cardiovascular diseases, and smoking history was higher in people
who slept a lot (22). As seen in the aforementioned studies, it should
be kept in mind that long sleep duration may not be a cause of
adverse cardiovascular events in the studies but a reflection of the
comorbidities that cause these events.

Another result of our study was that LVEDD and the diameters of
the right heart chambers were larger in the group with a short
sleep duration. Similar to our study, Lee et al. (23) demonstrated
that LVEDD was significantly higher in people who slept for 7 h or
less compared with other groups, yet no evaluation of right heart
chambers was performed in this study. Although there is no clear
explanation for the short sleep duration and the presence of
enlargement of the heart chambers, various hypotheses can be put
forward. It was first shown in studies that short sleep duration was
associated with increased adrenergic tone (24,25) that may have
increased the release of renin in the macula densa in the kidney via
beta receptors, leading to sodium retention and consequently an
increase in intravascular volume. This may explain the increase in
the right and left ventricles, especially because of increased preload.
This can also be explained by the increase in adrenergic tone,
which may cause an increase in LV end-diastolic volume because of
increased blood pressure in patients and a consequent increase in
afterload. Therefore, we believe that more studies are needed on
this subject.

Study Limitations

Our study has several limitations. The first limitation is that the
study was a single-center study and the number of patients included
was small. Second, verbal learning of sleep duration and not using
polysomnography may have affected the results of the study. some
sleep disorders and sleep quality, particularly those detected by
polysomnography, affect cardiovascular health.

CONCLUSION

As aresult, GLS, which is one of the parameters showing LV function,
was found to be less in healthy people with a sleep time above a
certain period, and we think that this may be a hypothesis to explain
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the relationship of long sleep time with cardiovascular events. In
addition, there may be significant changes in the geometry of the left
and right heart chambers due to increased adrenergic tone during
short sleep. We think that further studies are needed to reflect this
situation in the clinic.
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ABSTRACT

Objective: Wilson’s disease (WD) is a rare autosomal recessive genetic
liver disorder with hepatic, neurological, or psychiatric manifestations
between 1 to 5" decades. WD is caused by homozygous or compound
heterozygous pathogenic variants in the ATP7B gene. In this study, we
aimed to contribute to the ATP7B gene variant spectrum in a Turkish
population of WD patients.

Methods: We investigated 49 patients from 46 families to determine
the underlying molecular etiology of WD. DNA samples were extracted
from peripheral blood. The molecular genetic diagnosis was performed
using the next-generation sequencing method.

Results: Molecular genetic analysis revealed 26 different variants,
two of which were novel ¢.1707+4A>G (IVS4+4A>G) and p.M497K in
34 patients from 31 different families. p.M769Hfs*26 was the variant
with the highest allele frequency at 11.3%, followed by the p.H1069Q
variant (8%). The classification of the variants according to the
molecular mechanism was as follows: missense 61.5%, splice site and
frameshift 15.4%, and non-sense 0.08%.

Conclusion: In this study, we aimed to contribute the variant spectrum
of the ATP7B gene in the Turkish population and the genetic profile of
WD with the obtained data.

Keywords: Wilson disease, ATP7B gene, variants

Oz

Amag: Wilson hastaligi (WH), 1. ve 5. dekatlar arasinda hepatik,
norolojik veya psikiyatrik belirtiler gosteren, otozomal resesif
gecisli, nadir gorulen bir genetik karaciger hastaligidir. WH, ATP7B
genindeki homozigot veya bilesik heterozigot patojenik varyantlardan
kaynaklanir. Bu galismada, WH hastalarinin Tirk popilasyonunda
ATP7B gen varyant spektrumuna katkida bulunmayi amagladik.

Yontemler: WH’nin altinda yatan molekiler etiyolojiyi belirlemek
icin 46 aileden 49 hastayi inceledik. DNA o6rnekleri periferik kandan
ekstrakte edildi. Molekiiler genetik tani, yeni nesil dizileme yontemi
kullanilarak gergeklestirildi.

Bulgular: Molekiiler genetik analizde, 31 farkl aileden 34 hastada
ikisi yeni olmak Ulzere c¢.1707+4A>G (IVS4+4A>G) ve M497K) 26
farkl varyant ortaya cikardik. p.M769Hfs*26 %11,3 ile en yuksek
alel frekansina sahip varyan idi ve onu p.H1069Q varyanti (%8) takip
ediyordu. Varyantlarin molekiler mekanizmaya gore siniflandirilmasi
su sekildeydi; yanlis anlamli %61,5, splays ve gerceve kaymasi %15,4,
anlamsiz %0,08.

Sonug: Bu calismada elde edilen verilerle ATP7B geninin Tirk
populasyonundaki varyant spektrumuna ve WH’nin genetik profiline
katkida bulunmayi amagladik.

Anahtar Sozciikler: Wilson hastaligi, ATP7B geni, varyantlar
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INTRODUCTION

Wilson’s disease [(WD), MIM#277900] is a rare autosomal recessive
inherited metabolic disease of copper metabolism (1). It manifests
as hepatic, neurological, or psychiatric disorders, or a combination
thereof, in individuals aged three to fifty years. The disease is
diagnosed on the basis of typical clinical and laboratory findings,
such as low ceruloplasmin concentration and high urinary copper
excretion (2). Early symptoms of WD are usually observed between
the ages of 5 and 35, but in some cases, the disease can manifest in
both infancy and old age (3,4). In most cases, clinical manifestations
are usually latent and may not be noticeable until progressive liver
failure and/or neurological dysfunction (5). Although the Kayser-
Fleischer ring is a diagnostic ophthalmologic feature, it can be seen in
a limited number of patients with WD (6). Biochemical indicators for
early diagnosis may not be helpful for WD, particularly in children (7).

The prevalence of WD is considered to be 1/30,000 to 1/100,000
live births and a carrier frequency of 1 in 90 (8). According to
some studies on the European population, the disease is observed
much more commonly than previous estimates, with an estimated
prevalence of 1:10,000 to 1:7,000 (9,10). This discrepancy probably
originates from difficulties in the clinical diagnosis of WD, the
presence of latent forms, and limitations of diagnostic methods.

WD is typically inherited in an autosomal recessive manner and is
caused by either homozygous or compound heterozygous pathogenic
variants in the ATP7B gene, which encodes a copper-transporting
ATPase. The P-type copper-transporting ATPase ensures that copper
is incorporated into ceruloplasmin and excreted into the bile via
the apical membrane of hepatocytes. ATP7B dysfunction causes
hepatocyte damage due to the failure of hepatic excretion of copper
into the bile (11). Free copper enters the bloodstream and causes
damage to many organs and tissues, predominantly in the liver,
brain, cornea, and kidney. With an early diagnosis and treatment of
WD, liver cirrhosis and other complications can be prevented before
they cause disability or death (12).

The ATP7B gene (MIM#606882) is located on chromosome 13q14.3
and is approximately 80 kb in size, consisting of 21 exons, 20
introns, and 4.3 kb open reading frames (13). It encodes a protein
called copper-transporting ATPase 2 that contains 1464 amino
acids. Copper binding sites in the NH2-terminal domain, the ATP-
binding domain that converts the energy of ATP (containing the
nucleotide binding and phosphorylation subdomains), and the six
transmembrane proteins are the domains of this protein. In WD
patients, most pathogenic variants are missense.

Although the ATP7B gene is frequently studied worldwide, there is a
lack of data from Tirkiye. In addition, the spectrum of ATP7B variants
differs significantly between populations. This study contributes to
the variant distribution of the ATP7B gene in the Turkish population.

MATERIALS AND METHODS

All procedures were performed following the tenets of the
Declaration of Helsinki. Informed consent was obtained from
the participants’ parents for molecular genetic analysis and the
publication of patient data before their enrollment in the study. This
study was approved by the Ankara City Hospital Ethics Committee
(approval number: EI/878/2020, date: 02.07.2020).
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Patients

Between 2016 and 2019, 49 index cases from 46 different families
were referred to our clinic for molecular diagnosis of WD.

The clinical diagnosis process included physical examination,
anamnesis, complete blood count, urine analysis, biochemical
analysis of blood (alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyl transferase, CE), parameters
of copper metabolism ceruloplasmin, and 24-h urine copper
excretion). The patients were evaluated as WD patients according
to clinical findings (presence of Kayser-Fleischer ring, neurological
abnormalities, abnormal liver function) and laboratory findings;
(low serum ceruloplasmin, increased urinary copper excretion). The
exclusion criteria were chronic viral hepatitis, autoimmune hepatitis,
and other metabolic liver diseases.

Genetic Analyses

Genetic analyses were performed for diagnosis using a parental
informed consent form. DNA was extracted from peripheral blood
using a QlAamp DNA Blood Midi Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. All exons of the eATP7B
(NM_000053.4) gene all exons and exon-intron boundaries were
sequenced using in-house designed primers on the MiSeq system
(llumina, San Diego, CA, USA) with next-generation sequencing
according to the manufacturer’s instructions.

In Silico Bioinformatics Analyses

The potential functional effects of novel missense variants were
predicted using Alamut” Visual 2.4 Software (SIFT, Polyphen-2, and
Variant Taster). Information about the location of AA and predicted
transmembrane domains was obtained from UniProt (http://www.
uniprot.org/). The classification of variants was made according to
the ACMG 2015 criteria (14).

RESULTS

Between 2016 and 2019, 49 patients from 46 families were referred
to our clinic for molecular genetic diagnosis of WD. In this study,
we confirmed the molecular diagnosis of WD in 34 of 49 patients
(34/49, 69%) (Figure 1). The average age of patients was 16.6.
Twenty-two of the patients were between 6 and 18 years old, 5 of
them were between 18-30, and the remaining 3 were over 30 years
old. The age information of 4 patients was not available (Figure 2). In
the molecular genetic analyses positive group, the number of male
patients was 22, and the number of female patients was 12, which
indicates male dominance (65%) (Figure 3).

24 Homozygote

/

AN 34 positive
™ results from 31 ———
families

5 Compount
heterozygote

" 4 Heterozygote

Figure 1. Classification of patients according to the results of molecular
genetic analyses.
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In this series, we found 26 unique genetic variants, two of which
were novel. In terms of variant effect, missense type was the most
common (61.5%, 16/26). The splice site and frameshift frequency
were the same at 15.4% (4/26), and non-sense was 0.08% (2/26).
While 24 of the 34 patients were homozygous, 5 were compound
heterozygous and 4 were heterozygous states. All compound
heterozygous results were confirmed by parental molecular genetic
analyses. In addition, all variants are classified as pathogenic or likely
pathogenic according to the ACMG 2015 classification criteria (Table
1).

Variants were relatively frequent in the exon 8 region. The
distribution of the variants tended to be balanced when exon 8 was
excluded (Figure 4). p.M769Hfs*26 and p.H1069Q were the most
common variants with allele frequencies of 7/62 (11.3%) and 5/62
(8%), respectively. Patients 31 and 32 were siblings and both had
€.1285+5G>T (IVS2+5G>T) alterations, which were also shared by
unrelated patient 22. Moreover, p.R778G and p.L1327V were also
shared variants by two unrelated families. Patients 7, 8 (c.1707+4>G
or IVS4+4>G) and 24, 25 (Y1384*) were affected siblings from two
different families, respectively. p.M297K and c.1707+4>G were the

Distribution of Patients By Age

25
22

20

5
5 4

I 3
: L] ]
0-18 18-30 >30 N/A
Figure 2. Distribution of admitted patients by age group All patients were

divided into three groups: 0-18, 18-30, and over 30. The age information
of 4 patients was not available.

Female/male ratio

B female ™ male

Figure 3. Female/male ratio of the patients.

only 2 novel variants in the study, and both were classified as likely
pathogenic according to ACMG criteria.

DISCUSSION

To the best of our knowledge, this is the largest study conducted
in Turkiye. A total of 26 unique variants were detected in 34 index
cases from 31 different families with a 67% (31/46) diagnostic rate,
which is much lower than that reported in previous studies reporting
variants in approximately 80% of all clinically confirmed WD (15).
The highest mutation detection rates reported in the literature are
98% and 97.35% in cohorts from the United Kingdom and Vietnam,
respectively (9,16). Higher variant detection rates may be related to
complementary techniques implemented in DNA analysis (such as
MLPA) to detect large deletions/duplications, the varying prevalence
of WD in different populations, or specific patient selection criteria
used in clinical diagnosis. Similar previous cohorts from Turkiye
reported variant detection rates of approximately 65% (30/46) and
71% (23/32) using Sanger sequencing, which is comparable to the
present study (17,18). Considering the number of patients included
in our study and other studies from Turkiye, the differences could
be interpreted as insignificant. In our study, the age of the patients
evaluated ranged 6 to 39 years at the time of molecular diagnosis.
The age range of the evaluated patients was highly variable,
consistent with other studies in the literature.

As a typical feature of WD, the common variant responsible for
the disease differs among populations. In Europe, Mediterranean
countries, and North America, the most common variant is
p.H1069Q with a prevalence varying from 10% to 40%, whereas
in Asian populations, R778L is more prevalent, with a frequency of
20% to 44% (19). Based on data from Eastern, Central, and Northern
Europe, p.H1069Q is suggested to be the most frequent variant with
an allele frequency of 30% to 70% in molecularly confirmed WD
patients (20). However, in this study, p.M769Hfs*26 was the most
frequent variant with an allele frequency of 11.3% (7/62), followed by
p.H1069Q with a frequency of %8 (5/62). p.H1069Q was previously
reported as the most common variant in other studies from Turkiye
with a 17.39% and 15.625% allele frequency (17,18). The number of
patients in our cohort was insufficient to infer common WD allele in
the Turkish community. A larger group of patients with molecularly
identified WD might reveal a higher allele frequency in favor of the
H1069Q variant. Nevertheless, we specify p.M769Hfs*26 as one of
the frequent alleles in Turkish patients with WD. The p.M769Hfs*26
variant is mentioned in the list of major causative mutations in some
other European countries (21). Our study is the first to suggest that
p.M769Hfs*26 is also a common allele in the Turkish WD population.
The other recurrent variants detected in different families included
¢.1285+5G>T, p.R778G, and p.L1327V.

According to previous studies, missense variants were observed as
a more common molecular mechanism compared with non-sense
and frameshift effects (50% vs. 16.7%) in WD (22). Similar rates were
found in our study (missense type 61.5%, splice site, and frameshift
%15.4) except for non-sense variants, which we found only twice
with a 0.08% (2/26) prevalence. WD appears to have high allelic
heterogeneity between different populations. The distributions of
variants within the gene were evaluated, and the most common
variants were seen in exon 8, which we thought could be the hot-

175



GMJ 2024;35:173-178

Bakir et al. Wilson Disease in a Turkish Population

Table 1. The entire list of index cases and all identified variants

Patient Age Gender Variants” Zygosity Classification® Variant ID™
(vear)

1 29 F c.2131G>A (p. G711R) Het P CM992817

2 13 M ¢.3007G>A (p. A1003T) /c.3207C>A (H1069Q) Comp Het P CM980180/CM930059

3 39 M c.3402delC (A1135Qfs*13) Hom P CM930912/rs137853281

4 13 F ¢.1369C>T p. Q457* Hom P CM992591

5 18 M €.3979C>G (p. L1327V) Hom P CM993113

6 19 M ¢.3979C>G (p. L1327V) Hom P CM993113

7 17 F IVS4+4>G (c.1707+4A>G) Hom LP NOVEL

8 6 M IVS4+4A>G (c.1707+4A>G) Hom LP NOVEL

9 N/A M €.2304_2305insC (p. M769Hfs*26) Hom P Cl951903

10 15 M €.3506T>C (p. M1169T) Hom P CM992826

11 6 M €.3207C>A (p. H1069Q) Hom P CMO012441

12 6 M €.2141_2142delTC (p. P714Lfs*40) Het P NOVEL

13 27 F €.2332C>G (p. R778G) Hom P CM950112/ rs137853284

14 28 M IVS13-1G>A (c.3061-1G>A) Hom P CS961487

15 11 F ¢.122A>G (p. N41S) Het P CMO040679).

16 36 M ¢.1490T>A p. M497K Hom LP NOVEL

17 18 F ¢.2304_2305insC (p. M769Hfs*26) Het P Cl951903

18 10 M €.2332C>G (p. R778G) Hom P CSM950112

19 8 F ¢.1639delC (p. G547Rfs*22) Hom P CD982472

20 16 M €.2304_2305insC (p. M769Hfs*26) Hom P Cl951903

21 11 M €.2383C>T p. L795F/c.2519C>T p. P840L Comp Het P CM970141/CM980172

22 17 F IVS2+5G>T(c.1285+5G>T) /c.2957C>T p. S986F/ Comp Het P €S982084/CM107540/CM076004
¢.3451C>T p. R1151C

23 9 M €.2621C>T (p. A874V) Hom P CM980173

24 9 F €.2141T>G p. Y1384* Hom P rs1431633756

25 18 M €.2141T>G p. Y1384* Hom P rs1431633756

26 11 F IVS2+2dupT (c.1707+2dupT) Hom P C1992786

27 11 M ¢.1639delC (p. Q547Rfs*22) Hom P CD982472

28 37 M €.2906G>A p. R969Q Hom P rs121907996

29 19 F ¢.2557C>T p. R919W Hom P CM980176

30 N/A M €.2621C>T (p. Ala874Val) /c.3809A>G (p. A1270S)  CompHet P CM980173/930060

31 N/A F IVS2+5G>T (€.1285+5G>T) / IVS13-1G>A (c.3061 Comp Het P CS982084/ CS961487
1G>A)

32 15 M IVS2+5G>T(c.1285+5G>T) /IVS13-1G>A ¢.3061- Comp Het P (S982084/CS961487
1G>A

33 6 M €.3207C>A (p. H1069Q) Hom P CMO012441???

34 N/A M €.2304_2305insC (p. M769Hfs*26) Hom P rs137853287

N/A: Not available, F: Female, M: Male, P: Pathogenic, LP: Likely pathogenic, "ACMG 2015, "ATPTB (NM_000053.4), “"Human Gene Mutation Database (HGMD"),

and dbSNP.

spot region (Figure 4). Previous studies have reported different
exons for potential hot spot regions. For example, while Coffey
et al. (9) reported exons 8, 14, and 18 as hot spot regions for the
United Kingdom population, Huong et al. (16) pointed to exon 2 as
a hot spot region for Vietnamese populations. Also, Balashova et
al. (22) considered exons 7, 8, and 17as hot spots for the Russian
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Federation. This confirms the thesis that “hotspots” of the ATP7B
gene vary significantly by geographic region. Because relatively
frequent variants were observed in exon 8 (4/26, 15.4%), this region
was thought to be a potential hot spot region for the ATP7B gene
within the Turkish population. However, this is a low rate to provide
an advantage in early molecular genetic diagnosis, and variants in
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ATP7B (NM_000053.4)
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Figure 4. The locations of the variants on the ATP7B gene and protein domains were visualized. The novel variants are shown in red.

the ATP7B gene were shown to be distributed throughout the gene
when exon 8 was excluded. Therefore, despite studies suggesting
that a certain exon of the gene should be examined first, the most
appropriate first step option for the molecular genetic diagnosis of
WD in the Turkish population could be DNA sequence analysis of the
whole gene.

Previous studies have shown that there is no significant difference
in the prevalence of the disease between the genders in WD.
Conversely, in our study, the ratio of male patients to female
patients was significantly higher (22/34, 65%) (Figure 3), which is
an unexpected situation in autosomal inherited genetic diseases
(23). When we look at the other studies from Tirkiye, we see slight
male dominance there as well (18/30, 60% and 12/23, 52%) (17,18).
This may be due to the limited number of patients evaluated in the
studies from Turkiye, but it may also be due to the different genetic
backgrounds of the Turkish population. In addition, although there
is no difference in the occurrence of the disease between the sexes,
there appears to be a significant gender difference in the clinical
presentation of WD patients. It has been reported that liver findings
in women and neuropsychiatric findings in men are more common in
WD than in the opposite sex. This situation may also be reflected in
the selected patient group in studies conducted in Turkiye.

Although WD was clinically considered, no variant was detected
in the molecular genetic analysis of 15 of 49 patients. Possible
explanations for the non-detection of variants include unknown
variants in regulatory regions such as promoters or enhancers,
deeper introns, or other DNA control regions outside the scope of
DNA sequencing, and large deletions/duplications. In addition, other
disease-related cellular factors may be responsible for the clinical
findings. On the other hand, 4 patients had only one potential

disease-causing variant. The reason for this could be a variant in the
other allele that remains undetected because of the same reasons
specified for completely normal molecular genetic analyses. RNA-
seq and large deletion/duplication analysis should be performed in
such patients. Further studies are needed to determine the cause
of WD in patients without a variant in the ATP7B gene in molecular
genetic analysis.

CONCLUSION

In most patients with WD, clinical manifestations are usually
latent and may not be noticed until progressive liver failure and/or
neurological dysfunction. Therefore, molecular genetic analysis of
the ATP7B gene is important for the early diagnosis and treatment
of clinically suspected patients. The molecular genetic spectrum of
the ATP7B gene in WD differs between populations. In this study, it
was observed that there were differences in the Turkish population.
The variants we detected will contribute to our understanding
of the molecular genetic structure of the disease in the Turkish
population. In addition, the new variants detected will be added to
the international databases of the disease. Thus, it will help to fully
reveal the genetic mechanisms underlying the disease.
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Migren Hastalarinda Profilaktik ila¢ Kullanimina Olan Uyumun Arastiriimasi
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ABSTRACT

Objective: Adherence to drug use; it is a crucial part of patient care
and clinical briefing. Non-compliance with prescribed treatment
regimens is an important and common behavioral health problem
for treating chronic diseases. In our study, we aimed to investigate
the rate of adherence to medication use in migraine patients taking
prophylactic drugs, the factors affecting it, and the reasons for
decreased compliance.

Methods: Eighty patients diagnosed with migraine and using
prophylactic treatment for migraine were included in the study.
Detailed sociodemographic and clinical histories were obtained at the
first interview. The scores obtained by applying the Beck Anxiety and
Depression Inventory were recorded for each patient. The patients
were evaluated with weekly visits for four weeks; adherence was
examined using the tablet counting method.

Results: In our study, 70% of our patients who received prophylactic
drugs for migraine were non-compliant with the treatment; it was
observed that the three most common causes were forgetting to take
medication, drug side effects, and drug expiration. It was observed that
low education level, being married, diet and exercise incompatibility,
and high sleep problems, depression, and anxiety symptoms affected
the adherence to prophylactic drug use in a statistically significant and
negative way.

Conclusion: To increase the patient’s compliance with the treatment
regimen, all potential barriers to compliance must be considered.
Measures that consider the factors under the patient’s control and
the interaction between patient and physician and patient-health
care will have the greatest impact on improving adherence. This will
lead to better clinical outcomes and decrease morbidity and health
expenditures.

Keywords: Migraine, drug, treatment, prophylactic treatment,
compliance, tablet counting method, health

Oz

Amag: ila¢ kullanimina olan baghlik; hasta bakiminin ve klinik
bilgilendirmenin ¢ok ©nemli bir pargasidir. Regete edilen tedavi
rejimlerine uyumsuzluk, kronik hastaliklarin tedavisinde 6nemli ve
yaygin bir davranissal saghk sorunudur. Calismamizda profilaktik ilag
kullanan migren hastalarinda ilaca uyum oranlari, etkileyen faktorler
ve azalan uyum nedenlerinin arastirilmasi amaglandi.

Yontemler: Calismaya migren tanisi alan ve migren igin profilaktik
tedavi kullanan 80 hasta dahil edildi. ilk gériismede detayli sosyo-
demografik ve klinik 6yki alindi. Beck Anksiyete ve Depresyon Envanteri
uygulanarak elde edilen puanlar her hasta igin kaydedildi. Hastalar dort
hafta boyunca haftalik ziyaretlerle degerlendirildi; adherans tablet
sayma yontemi ile incelendi.

Bulgular: Calismamizin sonucunda migren nedeniyle profilaktik
tedavi alan hastalarimizin %70’inin tedaviye uyumsuz oldugu; ilag
kullaniminda uyumsuzluga yol agan en sik 3 sebebin ilag almayi
unutma, ilag yan etkisi ve ilacin bitmesi oldugu gorildi. Uyuma
etki eden faktorlere bakildiginda; egitim seviyesinin disuklugu, evli
olmak, diyet ve egzersiz uyumsuzlugu ve uyku problemi, depresyon ve
anksiyete belirtilerinin fazla olmasinin profilaktik ilag kullanimina olan
uyumu istatistiksel olarak anlamli sekilde etkiledigi gorildu.

Sonug: Hastanin tedavi rejimini takip etme uyumunu artirmak igin
uyumun onlndeki tlim olasi engeller goz oniinde bulundurulmalidir.
Uyumun iyilestiriimesinde en biyuk etkiyi, hastanin kontrolinde
olan faktorleri ve hasta-hekim ve hasta-saglik hizmetleri arasindaki
etkilesimi dikkate alan 6nlemler alacaktir. Bu, daha iyi klinik sonuglara
ve morbidite ve saglk harcamalarinda azalmaya yol agacaktir.

Anahtar Soézciikler: Migren, ilag, tedavi, profilaktik tedavi, uyum, tablet
sayma yontemi, saglik
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INTRODUCTION

Migraine is a multifactorial neurovascular syndrome characterized
by headache attacks in individuals with genetic susceptibility (1).
Migraine headache, which occurs in approximately 10% of the
adult population, is the most common type of headache and ranks
first in prevalence among semi-headaches (2). Migraine is seen
approximately three times more frequently in women than in
men (3). It is most commonly encountered in the second and third
decades of life, and the age range within which the attacks are most
common is 35-45 years. While the disease usually progresses in
attacks, migraines become chronic in approximately 4% of patients
(4). Migraine affects people in the most productive period of their
lives and therefore causes significant loss of the workforce (5).
According to data from the World Health Organization (WHO),
migraine is among the top 20 diseases that cause severe loss of work
force in the world (6). Migraine imposes heavy financial obligations
for countries because of both the loss of workforce and the high cost
of treatment. Patients with migraine describe pain attacks of varying
severity and frequency. Various treatments, including antihypertensive
beta-blockers, antidepressants, anti-epileptic drugs, and anti-CGRP
monoclonal antibodies, can be administered for prophylaxis. There
is no universally accepted guideline for prophylactic treatment,
but patients with 3 attacks per month are generally candidates
for prophylactic treatment (4,7). Patient tolerance is an important
component of prophylactic treatment success.

Compliance or adherence refers to the course of a patient’s
prescribed and planned treatment in terms of time, dose, and
frequency. Compliance with drug use in chronic treatments has been
investigated for many chronic diseases, and poor compliance (<80%
of the recommended treatment) has been associated with poor
prognosis in many disease groups (8). Treatment compliance is a
crucial part of patient care and is indispensable for achieving clinical
goals. In a 2003 report on drug compliance published by the WHO,
it was concluded that increasing the effectiveness of compliance has
positive effects on health and may have a greater impact than specific
medical treatments (10). Non-adherence to prophylactic treatments
and behavioral lifestyle changes complicate treatment plans and are
known barriers to successful treatment responses (11). Adherence
or compliance is determined by the proportion of doses received
in the schedule, often compared with the drug doses prescribed in
a specific period. This rate is observed in observational studies and
can be determined by researchers recording the number of drug
doses taken by patients or by monitoring systems that determine
drug intake. Drug counting by comparing the doses of drugs taken

Table 1. Factors affecting adherence to treatment

by patients with the amount of drugs prescribed in a given period
contributes to accurate measurement of compliance (9). Treatment
compliance is important for the success of the treatment of migraine
and other headaches, but studies of compliance in cases of migraine
and other headaches are insufficient. Research conducted to
date has shown that the rates of compliance with both acute and
prophylactic migraine treatment are low (12).

According to the WHO, there are many factors that lead to poor
treatment compliance and they can be grouped into 5 categories:
socio-economic factors, treatment-related factors, patient-related
factors, health system- and healthcare-related factors, and disease-
related factors (10) (Table 1).

It is difficult to objectively determine the compliance with drug
therapy. In defining compliance, direct and indirect methods are
used, each with different advantages and disadvantages. Direct
methods include the evaluation of blood pressure levels, urinary
wastes and breakdown products, drug metabolites, and various
other markers, whereas indirect methods include the review of
treatment outcome, patient notification, records of the number of
drug doses or compliance with appointments, prescription follow-
up, and the physician’s opinion (13,14).

In the present study, to evaluate the compliance of patients receiving
prophylactic migraine treatment, drug counting (number of tablets
consumed) was used as an indirect and objective method. This
approach makes it possible to cooperate more closely with patients,
and if a decrease in compliance was observed upon monitoring drug
intake, the reasons for non-compliance were sought.

MATERIALS AND METHODS

Our study was evaluated by the Gazi University Faculty of Medicine
Clinical Research Ethics Committee, and ethics committee approval
was obtained (approval number: 207, date: 11.04.2016).

Among patients aged 18 years who presented to the General
Neurology Outpatient Clinic and Headache Outpatient Clinic of
the Gazi University Faculty of Medicine’s Neurology Department
between 2016 and 2017, 80 patients who were diagnosed with
migraine according to the ICHD-IIl beta diagnostic criteria and
received prophylactic treatment for migraine were included in
the study. Patients who did not require prophylactic treatment for
migraine headaches and received only acute treatment were not
included in the study. Patients with secondary headaches who could
not attend follow-up appointments or could not be contacted at
specified times during the study period were also excluded.

Categories Factors
Demographics features

Disease

Age, race, gender, occupation, educational status, and health information

Disease type, duration and severity, presence of complications, frequency of hospital use,

satisfaction with healthcare providers, and quality of care

Treatment

Dose, type of drug, presence of other drugs, drug supply, diet required by the treatment,

and presence of side effects

Behaviour

Doctor- patient interaction, patient’s level of knowledge, iliness, and treatment

beliefs, caregiver knowledge, and beliefs

Economic features

Economic situation, health insurance and insurance type, and treatment and drug prices
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Eighty patients diagnosed with migraine who met the inclusion
criteria were included in the study. Informed consent was first
obtained in writing from the patients who agreed to be included
in the study, and detailed clinical information was obtained. In the
first appointment, patients were interviewed according to this form,
which included questions about age, gender, educational status,
marital status, duration of illness, frequency of migraine attacks,
presence of chronic migraine, duration of headaches, factors that
trigger or alleviate headaches, presence of aura and/or prodrome,
presence of concomitant diseases, sleep patterns, previous surgery
or serious illnesses, smoking, compliance with exercise and healthy
diet, total number of drugs used daily, migraine drugs used, and
total doses for all drugs for 1 week. Neurological examinations of
the patients were performed, and any abnormal findings were
recorded. At the same time, the presence of the greater occipital
nerve (GON) and trigger point tenderness were examined for each
patient. Scores obtained from applications of the Beck Anxiety Scale
and Beck Depression Scale were recorded for all patients in the
same interviews. One week after the first meeting, patients were
interviewed again and the number of drug dosages remaining in
their pill boxes or bottles was determined. The same interviews were
repeated three additional times at 1-week intervals, and patients
were asked the number of remaining drug doses each time. If there
were any variations in the patients remaining drug doses during this
period, the reasons for the variations were learned and recorded.
These reasons included forgetting to take one’s medicine, leaving
home without drugs, not taking drugs due to side effects, running
out of drugs, misunderstanding directions, difficulty in swallowing
medicine, doubting the necessity of the drugs, difficult drug use, and
dislike of taking medicine. The weekly doses of the drugs used by the
patients for migraine headache were calculated and recorded.

Statistical Analysis

Statistical evaluation of the data was performed using IBM SPSS
Statistics 23.0. Descriptive and frequency assessments were used
to evaluate the patients’ demographic data. For age, gender,
occupation, marital status, educational status, duration of illness,
total number of drugs used daily, number of migraine drugs used
daily, types of migraine drugs used, headache duration, and monthly
frequency of headache attack, Pearson’s chi-square test, Yates’
corrected chi-square test, and Fisher’s chi-square test were used
to compare relationships with migraine type, reasons for dose
adjustment, comorbidities, causes of headache relief, exercise
and diet compliance, and smoking. The conformity of continuous
variables to normal distribution was evaluated using visual
methods (histogram and probability graphs) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk tests). While statistical analysis
of patient groups with and without treatment compliance was
performed according to Beck Depression Scale scores, Beck Anxiety
Scale scores, and total number of drugs used daily, the Mann-
Whitney U test, a non-parametric test, was used for variables that
did not show normal distribution. Statistical significance was set at
p<0.05.

RESULTS

Descriptive Findings

Eighty patients, including 69 women (86.2%) and 11 men (13.8%)
aged 20-66 years were included in our study. In terms of occupation,
52.5% of the patients were housewives, 32.5% were employed,
12.5% were students, and 2.5% were retired. Furthermore, 71.2%
of the patients were married and 28.8% were single, and 48.7% of
the patients were primary school graduates, 20% were high school
graduates, and 31.3% were higher education graduates. While
55% of the patients had migraine headaches for <10 years, 22.5%
had experienced migraines for 11-19 years and 22.5% for 20 years
or more. Furthermore, 77.5% of the patients reported migraines
without auras and 22.5% had migraines with auras. While migraine
headaches progressed as attacks in 90% of the patients, they were
continuous in 10%. Prophylactic migraine medication was used
by 57.5% of the patients as a single medication per day, and the
remaining patients were using additional drugs due to comorbid
diseases in addition to preventive migraine medication. In the first
clinical interview, 73.8% of the patients who underwent neurological
examinations had tenderness in the GON region and many trigger
points. It was determined that 48.8% of the patients did not comply
with their diets and 51.3% did not exercise. The smoking prevalence
was 16.2%. Sleep problems were reported by 56.2% of the patients;
most these problems were difficulty in falling asleep, waking up
early in the morning, and frequent interruption of sleep during the
night. Another comorbid condition accompanied migraines in 37.5%
of the patients. Beck Depression Scale scores indicated high-level
depressive symptoms for 17.5% of the patients, moderate-level
symptoms for 10%, and low-level symptoms for 30%. While 55%
of the patients had low anxiety scores, high anxiety scores were
obtained for 28.7% and moderate anxiety scores for 16.3%. Among
patients using preventive migraine treatment, the most commonly
used medication was amitriptyline at a rate of 29.1%, whereas 21.5%
of the patients used topiramate, 19.3% used duloxetine, 16.1% used
propranolol, and 7.5% used sodium valproate.

Patients were followed for 4 weeks, and it was observed that 30%
of the patients had some remaining drug dosages in their pill boxes
on a weekly basis that was compatible with appropriate drug use
for 4 weeks. The remaining 70% were considered to have had
non-compliance with their treatment because they took fewer
drug dosages than they should have on a weekly basis (Table 2).
During the 4-week follow-up period, patients with treatment non-
compliance were asked about the reasons for the fluctuations in
their drug dosages. Forgetting to take the medication was the most
common reason at a rate of 55.8%. This was followed by drug side
effects at a rate of 14.7%, the drug having ended at a rate of 11.3%,
leaving home without the medication at a rate of 9%, and dislike of
taking medication at a rate of 5.6% (Table 3).

Comparative Statistics

The gender, age, occupation, disease duration, presence of aura,
monthly attack frequency, duration of attacks, presence of chronic
migraine, smoking, presence of concomitant diseases, presence
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Table 2. Distribution of adherence to drug use by individuals participating in the study

Number (%)
Compliance with drug use (n=80)

Non-adherens 56 70.0
Adherens 24 30.0
Table 3. Distribution of reasons for changes in drug dose among individuals participating in the study

Reasons for dose change Number (%)
Forget 50 56.8
Side effects 13 14.7
End of the drug 10 11.3
Leaving the house without medication 8 9
Unlike taking medication 5 5.6
Misunderstanding directives 1 1.1
Doubts about the necessity of the drug 1 1.1
Total 88 100

of additional drugs used, and presence of GON and/or trigger
point sensitivity were compared between the compliant and non-
compliant patient groups. No statistically significant differences
were found for any of these variables (p>0.05).

When the compliance statuses of the patients were compared
according to marital status, 77.2% of married patients and 52.2% of
single patients were found to be non-compliant with the proper usage
of medication. Thus, single patients had a higher rate of treatment
compliance, and marital status had a statistically significant effect
on compliance (p=0.030). Comparing the level of education and
compliance with treatment, it was found that 82.1% of primary
school graduates and 44% of higher education graduates were
non-compliant. The relationship between educational status and
compliance was statistically significant, and treatment compliance
increased as the level of education increased (p=0.003). While
82.2% of the patients who reported that they had sleep problems
were non-compliant with the proper use of medication, 54.3% of the
patients without sleep problems were found to be non-compliant,
and the relationship between sleep patterns and compliance with
preventive drug use was statistically significant (p=0.007). When
the compliance statuses of the patients were evaluated according
to their diet and exercise habits, 84.6% of the patients who did not
pay attention to their diets were found to be non-compliant, and
this difference was statistically significant (p=0.021). Similarly, 85.4%
of migraine patients who did not exercise were non-compliant
with the appropriate use of preventive medication, and there
was a statistically significant difference when these patients were
compared with those who exercised (p=0.009) (Table 4).

DISCUSSION

In this study, patients who required prophylactic treatment
for migraine headaches were evaluated in terms of treatment
compliance. We determined compliance with drug use in these
patients, the factors affecting compliance, and the reasons for non-
compliance. Therefore, we applied the tablet counting method
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to the drug dosages of migraine patients receiving prophylactic
treatment. Because of the evaluations performed for 4 weeks, it was
determined that 70% of our patients were non-compliant with their
treatments.

We concluded that the education levels of the patients affected
compliance in a statistically significant way. As the level of education
increased, treatment compliance also increased (p=0.003). Our
findings are in agreement with the results of many other studies.
In most previous studies, it was reported that education level
affected adherence to medication schedules. In a study conducted
by Leopold et al. (15) with patients with Parkinson’s disease, many
sociodemographic and disease-related factors were examined, as
in our study, and it was reported that only gender and education
level had significant effects on compliance. As the level of education
increased, compliance with appropriate drug dosages also increased
(15).

When our patients were evaluated in terms of compliance
according to marital status, it was observed that single patients
were statistically significantly more compliant with appropriate
drug dosages than married patients (p=0.03). We know of no similar
study in the literature to date addressing the effect of marital status
on treatment compliance.

We also evaluated our patients in terms of the presence of sleep
problems, exercise, and dietary habits. In accordance with the
literature, the presence of sleep problems, low levels of exercise,
and failure to maintain healthy dietary habits decreased treatment
compliance among our patients. These findings were statistically
significant for sleep problems, exercise, and diet (p=0.007, p=0.009,
and p=0.021, respectively). Sleep disorders are common among
individuals with migraines and have been found to increase the
frequency of migraine attacks. Various sleep problems are frequently
reported, particularly in patients with chronic migraine (16).
Furthermore, one of the most common modifiable risk factors among
migraine patients is obesity, which has been associated with the risk



GMJ 2024;35:179-185

Can and Tung. Adherence in Migraine Prophylactic Treatment

Table 4. Comparison of patient groups who are compatible and non-compliant with drug use according to educational status, marital status, sleep

patterns, and exercise and diet

Educational status (n=80)
Primary school graduate
High school graduate
High education

p=0.003

Marital status (n=80)
Married

Single

p=0.030

Sleep pattern (n=80)

No problem

Problem

p=0.007

Diet compliance status (n=80)
Not attention

Partially

Attentive

p=0.021

Exercise status (n=80)
Not attention

Partially

Attentive

p=0.009

of chronic migraine, especially in women of reproductive age. There
are data supporting the argument that obesity leads to migraine
chronicity by causing systemic inflammation and insulin resistance
(17). Because obesity is also related to exercise habits, a sedentary
lifestyle poses an indirect risk of migraines. Risk factors such as
obesity, sedentary lifestyle, and sleep disturbances that complicate
migraine control should be recognized and managed immediately
to break the vicious cycle that accelerates the recurrence of these
headaches. This is even more important considering the low levels
of adherence to acute and/or preventive treatment among many
migraine patients (18). Cognitive and behavioral interventions can
improve patients’ quality of life by promoting treatment compliance.
In a study by Hepp et al. (19), regardless of the prophylactic agent
prescribed for patients with chronic migraine, poor adherence to
treatment was reported. At the end of 1 year, the patients’ rate
of compliance with treatment was found to be between 17% and
20%. Compared with previous studies evaluating compliance among
patients with episodic migraines, compliance appeared to be lower
among those with chronic migraines (19). Poor habits in terms of
diet and exercise and the consequences of those habits increase
susceptibility to chronic migraines, as do sleep disturbances, and

Compliance with drug use

Non-adherence Adherence

Number % Number %
32 82.1 7 17.9
13 81.3 3 18.7
11 44.0 14 56.0
44 77.2 13 22.8
12 52.2 11 47.8
19 54.3 16 45.7
37 82.2 8 17.8
33 84.6 6 15.4
18 56.3 14 43.8
5 55.6 4 44.4
35 85.4 6 14.6
17 54.8 14 45.2
4 50.0 4 50.0

make it more difficult for patients to comply with treatment. Overall,
the results obtained in this study were compatible with those
reported in the literature. Although most our patients had episodic
migraines, the high levels of risk factors among our patients seemed
to worsen compliance.

Compliance with prophylactic treatment was lower among patients
with anxiety and depressive symptoms. The Beck Anxiety Scale
and Beck Depression Scale scores of non-compliant patients were
higher than those of compliant patients, and the differences were
statistically significant (p=0.01 for both). Our findings are consistent
with the data of many previous studies. Anxiety and depression
adversely affect health and complicate the treatment of different
illnesses. Mood disorders that impair an individual’s energy,
motivation, and cognitive functions may adversely affect the desire
to be treated, the ability to continue treatment, and treatment
compliance (20). Therefore, cognitive and behavioral interventions
may improve treatment compliance and quality of life by improving
patients’ strategies for coping with psychosocial stress factors (18).

In our study, the reasons for non-compliance with prophylactic
treatment among migraine patients were also investigated. The
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most common reason for non-compliance was forgetting to take
one’s medication, as reported by 56.8% of our patients. This was
followed by aversion to the drug’s side effects, reported by 14.7%,
and expiration of the drug, reported by 11.3%. In a previous survey
study, reasons for non-compliance with the appropriate use of drugs
in general were questioned and results similar to ours were obtained.
The most common reason for non-compliance was forgetting to take
the medication (30%), and other reasons were the existence of other
priorities (16%), knowingly skipping a dose (11%), lack of knowledge
(9%), and emotional factors (7%) (21). In addition, the prescription
of complex treatment regimens, insufficient information about side
effects and benefits, patient lifestyle, and drug cost have been cited
as reasons for non-compliance (22).

Study Limitations

Although the patients included in the present study showed typical
demographic and clinical features of migraine patients and thus
represented the target population well, the small sample size is a
limitation of the study. Another limitation of this study is the tablet
counting method used to measure compliance. Regardless of the
measurement method chosen, no effort to monitor patients’ drug
usage at home perfect. Surveys may not accurately capture missed
drug dosages or identify dosages taken at inappropriate times.
Compliance measurements performed by counting the number of
tablets, as we did in the present study, will indicate missed dosages
but do not reflect the timing of the dosages (15). In future studies,
the use of a combination of measurement methods would help
reduce the effect of this limitation.

CONCLUSION

Appropriate compliance with prescribed medications is a crucial
part of patient care and an indispensable point in achieving clinical
goals because non-compliance leads to inferior clinical outcomes,
increased morbidity and mortality rates, and unnecessary health
expenditures. In our study, the tablet counting method, which
is an indirect and objective measurement method, was used to
evaluate the compliance of migraine patients with prophylactic drug
treatment. Approximately 25-50% of adult patients with headaches
does not comply with preventive treatment. In this study, non-
compliance was observed in 70% of migraine patients receiving
prophylactic treatment. The higher rate of non-compliance obtained
in this study in comparison with the literature may be attributed to
the low level of education of most of our patients.

All potential barriers to compliance must be considered to
increase the patient’s ability to follow the prescribed treatment
regimen. Interventions that take into account factors under the
patient’s control and interactions among the patient, physician,
and healthcare system will have the greatest impact on improved
compliance. This will lead to better clinical outcomes and decrease
mortality, morbidity, and unnecessary health expenditures.
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ABSTRACT

Objective: In recent advancements in artificial intelligence, ChatGPT
by OpenAl has emerged as a versatile tool capable of performing
various tasks; however, its application in medicine is challenged by
complexities and limitations in accuracy. This article aims to compare
ChatGPT’s performance with orthopedic residents at Gazi University in
a multiple-choice exam to assess its applicability and reliability in the
field of orthopedics.

Methods: In this observational study conducted at Gazi University, 31
orthopedic residents were stratified by experience level and assessed
using a 50-question multiple-choice test on various orthopedic
topics. The study also evaluated ChatGPT 3.5’s responses to the same
questions, focusing on both the correctness and reasoning behind the
answers.

Results: Orthopedic residents tested, ranging from 6 months to 5
years in experience, scored between 23 and 40 out of 50 in a multiple-
choice exam, with a mean score of 30.81, varying by seniority.
ChatGPT provided correct answers for 25 out of 50 questions, showing
consistency in different languages and times, but also exhibited
limitations by giving incorrect responses or stating that the correct
answer was not among the choices for some questions.

Conclusion: While ChatGPT can accurately answer some theoretical
questions, its effectiveness is limited in interpretive scenarios and in
situations with multiple variables, although its accuracy may improve
with updates over time.

Keywords: ChatGPT, artificial intelligence, orthopedics, traumatology

6z

Amag: Yapay zeka alanindaki son gelismelerde, OpenAl tarafindan
gelistirilen ChatGPT gesitli gérevleriyerine getirebilen ¢ok yonl bir arag
olarak ortaya ¢ikmistir, ancak tip alanindaki uygulamasi karmasikhklar
ve dogruluk sinirlamalari nedeniyle zorlanmaktadir. Bu makale,
ChatGPT’nin performansini Gazi Universitesi'ndeki ortopedi asistanlari
ile ¢oktan seg¢meli bir sinavda karsilastirarak ortopedi alaninda
uygulanabilirligini ve gtivenilirligini degerlendirmeyi amaglamaktadir.

Yontemler: Gazi Universitesi’nde yapilan bu gézlemsel calismada,
31 ortopedi asistani deneyim diizeyine gore siniflandiriimis ve gesitli
ortopedik konularda 50 soruluk coktan segmeli bir test kullanilarak
degerlendirilmistir. Calismada ayrica ChatGPT 3.5’in ayni sorulara
verdigi yanitlar, yanitlarin hem dogruluguna hem de arkasindaki
mantiga odaklanilimistir.

Bulgular: Deneyimleri6 ayile 5 yil arasinda degisen ortopedi asistanlari,
coktan se¢meli bir sinavda 50 lizerinden 23 ile 40 arasinda puan aldi ve
kideme gore degismekle birlikte ortalama puan 30,81 oldu. ChatGPT,
farkli dillerde ve zamanlarda tutarlilik géstererek 50 sorudan 25’ine
dogru yanit vermis, ancak yanlis yanitlar vererek veya bazi sorular igin
dogru yanitin segenekler arasinda olmadigini belirterek sinirlamalar da
sergilemistir.

Sonug: Calisma, ChatGPT’nin bazi teorik sorulari dogru bir sekilde
yanitlayabilse de, yorumlayici senaryolarda ve ¢ok degiskenli
durumlarda etkinliginin  sinirl oldugu, ancak zaman iginde
kisisellestirilmis glincellemelerle dogrulugunun artabilecegi sonucuna
varmaktadir.

Anahtar Sozciikler: ChatGPT, yapay zeka, ortopedi, travmatoloji
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INTRODUCTION

In recent years, advancements in the field of artificial intelligence
have experienced an upsurge in the scientific community. Of
particular note, Chat Generative Pre-trained Transformer (ChatGPT)
developed by OpenAl and endowed with a chabot capability has
been described as a groundbreaking development in this domain.
Launched in November 2022, ChatGPT, unlike other chatbots, can
respond to questions very quickly and can be used for different
purposes (1). For example, it can write code for computer software,
create a film script or a story, and answer multiple-choice questions
in written form (2). However, despite all these impressive features,
the use of artificial intelligence programs in the field of medicine
can be limited compared with other areas because of the large
number of variables involved. The impact of these developments on
academic life is still a topic of study that has not yet been clearly
defined.

In some journals, publications have begun to emerge where ChatGPT
is recognized as a co-author (3,4). In contrast to the journals that have
recognized ChatGPT as a co-author, some publications have raised
concerns over the ethical implications of attributing authorship to
an Al language model such as ChatGPT (5).

Despite its many impressive capabilities, ChatGPT has certain
limitations and undesirable features. According to information
provided by OpenAl, the company that developed the program,
ChatGPT is capable of citing non-existent articles and processing
non-existent data. Given the risk of introducing not only erroneous
information but also plagiarism into academic publications, this
raises concerns over the reliability of scientific records. In addition,
it should be noted that ChatGPT’s responses to questions may be
incorrect, yet presented in a coherent manner, potentially creating
a dangerous situation for non-healthcare professionals reliant on
the program’s output. The provision of inaccurate data by ChatGPT
could lead to negative outcomes in future research or healthcare
decisions.

The use of artificial intelligence programs to search internet data
and find answers to many questions is increasing daily. As evidenced
by publications related to ChatGPT in 2023, studies across various
scientific fields, including public health and orthopedic surgery, have
been conducted (6). It is still a matter of debate whether passing
grades can be obtained in some written exams using this program
(7,8). This situation has led to restrictions on the use of the program
in some countries and universities.

The aim of this study was to demonstrate the level of success of
ChatGPT, which has recently become a popular topic and is gaining
popularity in academic circles, in a multiple-choice orthopedic exam
by comparing it with the answers of orthopedic residents.

MATERIALS AND METHODS

Study Design

This observational study is planned to be conducted at a tertiary
hospital that is actively involved in resident training. The study
participants comprised 31 orthopedic residents from the
Department of Orthopedics and Traumatology. These residents

were selected based on voluntary participation and were stratified
into five groups according to their level of experience: 6 months to 1
year, 1-2 years, 2-3 years, 3-4 years, and 4-5 years. This stratification
ensured a diverse range of expertise and perspectives within the
field of orthopedics.

Test Design

A comprehensive test consisting of 50 multiple-choice questions was
designed to assess knowledge in various domains of orthopedics,
including basic orthopedics, trauma, spine, orthopedic tumors,
arthroplasty, and pediatric orthopedics. The questions, each with
only one correct answer, were meticulously crafted by a working
group of senior orthopedic professors, ensuring the validity and
relevance of the content. Some examples of the questions asked to
ChatGPT are presented in Figures 1-3.

Data Collection: Residents

The test was conducted by the residents under fair, controlled
conditions to maintain the integrity of the responses. The time
allocated, environment, and mode of answer submission were
standardized for all participants. Responses were collected and
anonymized for further analysis.

Data collection - ChatGPT

The same set of questions was presented to the ChatGPT 3.5
program, developed by OpenAl, at two different times to evaluate
consistency in responses. For scenario-based questions, we used the
same ChatGPT session to benefit from the Al's memory retention
capabilities. For independent questions, a new session was initiated
for each question to simulate a fresh interaction, mimicking a real-
world clinical query scenario.

Ethics

The study received ethical approval from the Ethical Committee of
Gazi University (approval number: E-77082166-604.01.02-643268,
date: 27.04.2023). The research team ensured that all aspects of the
study were conducted in accordance with the highest standards of
academic integrity and ethical research practice.

Statistical Analysis

Data from both the residents’ exams and ChatGPT responses
were collated and coded for analysis. Responses were categorized
as “correct”, “incorrect”, or “invalid/no answer”. For ChatGPT,
additional categorization was done for “consistent response” and
“different explanations.”

Statistical analysis was conducted using IBM SPSS (IBM Corp.
Released 2020. IBM SPSS Statistics for Macintosh, Version 27.0.
Armonk, NY: IBM Corp. Descriptive statistics were generated to
summarize the basic features of the data. This included computation
of means, standard deviations, and ranges for the number of correct
answers. A comparison was then made between the answers
provided by the Al and those given by the orthopedic residents. This
comparison focused on not only the correctness of the answers but
also the reasoning and explanation provided, especially for complex
or scenario-based questions.
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Which name is given to the fracture that generally occurs in both ramus of the pubis?
A. Duvorney fracture
B. Straddle fracture
C. Malgaigne fracture
D. Pot fracture
E. Cotton fracture

The name given to the fracture that generally occurs in both ramus of the pubis is B.
Straddle fracture. This type of fracture is typically caused by a direct blow to the
perineum, such as falling onto a hard object or being struck in the groin area. It is most
commonly seen in athletes who engage in sports that involve contact or collisions, such
as football or hockey. The fracture can result in significant pain, swelling, and difficulty
walking, and may require surgery to repair.

' Regenerate response

Send a message...

ChatGPT Mar 14 Version. Free Research Preview. Our goal is to make Al systems more natural and safe to interact with. Your feedback will help us improve

Figure 1. Example question that ChatGPT answered correctly.

ChatGPT: Chat Generative Pre-trained Transformer.

The bone tumor that can present with symptoms such as extreme tenderness, swelling,
redness, along with leukocytosis, elevated sedi ion rate, and CRP and can be confused
with osteomyelitis is:

a) Chondrosarcoma
b) Osteochondroma
c) Giant cell tumor
d) Ewing sarcoma

e)H y

The bone tumor that can present with symptoms such as extreme tenderness, swelling,
redness, along with leukocytosis, elevated rate, and CRP and can be confused

with osteomyelitis is Ewing sarcoma. Ewing sarcoma is a rare type of cancer that typically
affects children and young adults and can arise in any bone but most commonly in the
pelvis, thigh bone, or shinbone. The symp of Ewing canbe for those

of is, which is an infection of the bone. However, Ewing sarcoma is not an

infection, but rather a type of bone cancer that can cause similar symptoms due to its effects
on the bone and surrounding tissues.

‘G Regenerate response

bend amessage.

Free Research Preview. ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT Mar 23 Version

Figure 2. An English question example that ChatGPT answered correctly.

ChatGPT: Chat Generative Pre-trained Transformer.
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Which statement is incorrect about the characteristics of infantile idiopathic scoliosis?
A) The likelihood of occurrence in males is higher than in females.

B) Diagnosis is made in the majority of cases within the first 6 months of life.

C) The majority of curvatures are in the form of left thoracic curvature.

D) There is a possibility of neural axis anomalies in some cases.

E) The majority of curvatures are progressive and resistant to treatment.

B) Diagnosis is made in the majority of cases within the first 6 months of life is incorrect.

Infantile idiopathic scoliosis (IIS) is a rare form of scoliosis that occurs in children less than
three years of age. The cause of IIS is unknown, and the majority of cases are diagnosed
between the ages of 6 and 12 months.

The other statements are generally correct. A) The likelihood of occurrence in males is
higher than in females. B) The majority of curvatures are in the form of left thoracic
curvature. C) There is a possibility of neural axis anomalies in some cases. D) The majority
of curvatures are progressive and resistant to treatment are characteristics of IIS.

‘G Regenerate response

Send a message

Figure 3. Example question that ChatGPT answered incorrectly.

ChatGPT: Chat Generative Pre-trained Transformer.

RESULTS

The exam results of 31 orthopedic resident doctors with a seniority
ranging from 6 months to 5 years were included. Among the 31
orthopedic residents, 7 of them (22.6%) had seniority between 6
months and 1 year, 6 of them (19.35%) had seniority between 1 and
2 years, 6 of them (19.35%) had seniority between 2 and 3 years,
6 of them (19.35%) had seniority between 3 and 4 years, and the
remaining 6 of them (19.35%) had seniority between 4 and 5 years
(Figure 4).

The number of correct answers obtained by 31 orthopedic resident
doctors who took the exam was calculated to have a minimum of 23
and a maximum of 40 out of 50, with a mean of 30.81. The mean
score of orthopedic residents with seniority between 6 months and
1 year was calculated to be 25.86 (+2.26) correct out of 50 multiple-
choice questions. The mean score of residents with seniority
between 1 and 2 years was also determined to be 25.33 (+3.67).
The mean of correct answers for residents with a seniority between
2 and 3 years was 29.89 (+5.49). The mean of correct answers for
residents with a seniority between 3 and 4 years was 35.5 (+2.42).
The mean number of correct responses for the most experienced
orthopedic residents with a seniority of 4 to 5 years was computed
as 38.33 (+1.5).

The ChatGPT was asked 50 multiple-choice orthopedic questions
via the chabot link https://chat.openai.com/chat in both Turkish
and English at different times. Consistent answers were provided

Number of Residents

6
5
4
3
2
o
0

6 months- 1 year 1-2 years 2-3 years 3-4 years 4-5 years

= Number of Residents

Figure 4. Number of residents.

by the program regardless of the language or time of questioning.
However, the program provided different explanations for the same
answer when the questions were asked at different times. The
program’s answers were internally consistent in different languages
and at different times. ChatGPT provided the correct answer for 25
of the 50 multiple-choice questions. It indicated that two questions
were incorrect, stating that the correct answer was not among the
choices. It gave incorrect answers to 23 questions (Figure 5).
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Figure 5. Comparison of residents’ and ChatGPT’s correct answers.

ChatGPT: Chat Generative Pre-trained Transformer.

DISCUSSION

Our study adds to the growing body of research evaluating the
capabilities of Al, specifically ChatGPT, in the medical field. In our
analysis, ChatGPT demonstrated a level of knowledge comparable to
that of orthopedic residents with 6 months to 2 years of experience,
correctly answering 50% of the questions. However, it showed
limitations in questions requiring interpretation or inference, and
there were concerns about the accuracy and reliability of its sources.

A study highlighted that ChatGPT 3.5, along with ChatGPT 4, was
prone to generate fabricated bibliographic citations, a phenomenon
categorized as a type of “hallucination” (9). This issue was obvious
in our study as well, where ChatGPT provided false information with
fabricated sources. This phenomenon poses significant concerns for
the use of Al in academic and clinical settings where the accuracy of
sources is paramount.

Upon examination of its responses, it can be considered a potential
danger that ChatGPT presents false information in a fluent and well-
formed manner, even when it is incorrect. In addition, ChatGPT’s
success rate in a multiple-choice orthopedic exam was found to
be inadequate. Upon reviewing the literature, it is possible for the
ChatGPT artificial intelligence program to achieve near-passing
grades in certain exams.

In the study conducted by Fijacko et al. (7), the questions from two
distinct exams developed by the American Heart Association were
directed to ChatGPT for analysis. ChatGPT answered 68.4% and 76%
of the questions correctly in these exams. In this study, ChatGPT
could not answer a few questions correctly, exceeding the passing
threshold of the exams. In our study, ChatGPT answered 50% of the
questions correctly.

In another research study, the “United States Medical Licensing
Exam” questions consisting of three stages were presented to
ChatGPT, and ChatGPT approached the passing score in almost
all stages (8). In a research conducted in a non-medical domain,
ChatGPT was exposed to four distinct final exam questions from a
law faculty, and it successfully achieved a passing grade for all of
the exams (10). In our study, ChatGPT answered a similar number of
questions correctly as the first-year resident. This may indicate that
ChatGPT has more knowledge in certain areas.
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Sahin et al. (11) reported that ChatGPT is a successful study assistant;
however, the way the questions are asked is important in the success
of ChatGPT. Yapar et al. (12) mentioned in their study that ChatGPT
can provide strong support for patients in home care in the early
period after orthopedic procedures.

In another study evaluating the success of ChatGPT-3.5, ChatGPT-4,
and orthopedic residents, it was shown that orthopedic residents
were more successful than ChatGPT and ChatGPT-4 was more
successful than ChatGPT-3.5 (13). This was similar to the result in
our study.

A study in orthopedics showed that the ChatGPT answered
approximately 65% of the questions about anterior cruciate ligament
surgery correctly (14). However, although ChatGPT provides
guidance and effectively adapts to different target audiences, it
cannot replace the expertise of orthopedic surgeons in diagnosis and
treatment planning because of its limited knowledge in orthopedics
and potential for inaccurate answers.

Analyzing these studies, it can be concluded that ChatGPT can
produce more positive results in non-medical fields, but it may
not provide sufficient results due to the large number of variables
involved in medical subjects. Considering the results of our study,
the performance of ChatGPT is limited, and although it seems to be
helpful in solving some exam questions, it is not sufficient to provide
accurate information. Despite its potential to produce different
answers to the same questions at different times with different
explanations, it should not be overlooked that ChatGPT can be usedin
academic settings and multiple-choice exams, albeit in a limited way.
Although its current medical use appears to be limited, the accuracy
of the information provided by the program may increase over time
with further research and development. However, it should also be
noted that there is a risk that both positive and negative practices
may increase as the program improves, raising ethical concerns.

Study Limitations

Our study was limited by the sample size and scope of the questions.
Future studies could utilize a larger pool of participants and questions
from standardized exams such as the orthopedic board exam for a
more comprehensive evaluation.

CONCLUSION

ChatGPT was found to have entry-level knowledge compared
with orthopedic residents. It may provide accurate information in
answering certain theoretical questions, but the information it
provides for questions requiring interpretation and inference may
not be at the desired level. However, the accuracy of the theoretical
knowledge may increase with updates developed over time.
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Kyphoplasty is not Superior to Vertebroplasty in Restoring Vertebral Height in the

Long Term

Kifoplasti, Uzun Dénemde Vertebral Yiiksekligi Geri Kazandirmada Vertebroplastiye Ustiin Degildir

® Alim Can Baymurat, ® Ferid Abdulaliyev, ® Asim Ahmadov, ® Muhammed Furkan Tosun, ® Mustafa Melik Can,

® Cem ismail Giingér, ® Alpaslan Senkdylii

Gazi University Faculty of Medicine, Department of Orthopaedics and Traumatology, Ankara, Turkiye

ABSTRACT

Objective: The aim of this study was to evaluate whether kyphoplasty
(KP) is superior to vertebroplasty (VP) in restoring spinal height in the
long term.

Methods: The study encompassed a cohort of 33 patients aged
between 42 and 90 years, with a follow-up period of at least 5 years,
who had undergone either KP (n=16) or VP (n=17) for the diagnosis of
osteoporotic vertebral fractures at our institution. Clinical comparisons
were conducted on the basis of Oswestry scores, EuroQol-5 Dimension
(EQ-5D), and visual analog scale (VAS) scores, while radiological
assessments were performed considering fractured vertebral height
and local kyphosis angle values. Evaluations were conducted across
preoperative, postoperative, and last control radiographs.

Results: In both cohorts, the mean age was comparable, and there
was no significant difference in the follow-up duration (p=0.126).
Regarding radiological assessments during the early postoperative
phase, KP patients exhibited a noteworthy enhancement in the
anterior vertebral column height (mean, from 1.3471 mm to 2.0941
mm), middle vertebral column height (mean, from 1.3375 mm to
1.6437 mm), and local kyphosis angle improvement (mean, from
17.88° to 7.81°). However, the last control values demonstrated similar
outcomes in both groups (KP patients: 1.4412 mm, 1.4063 mm, 13.69°;
VP patients: 1.2813 mm, 1.3176 mm, 17.18°). In addition, there were
no statistically significant differences in Oswestry scores, EQ-5D index,
and VAS scores between the two groups.

Conclusion: According to our study, KP appears to be an effective
method in the early treatment of painful collapsed vertebral fractures,
but it was not observed to be superior to VP in the long term.

Keywords: Osteoporotic  vertebral  fracture, kyphoplasty,
vertebroplasty, vertebral column height, local kyphotic angle

6z

Amag: Bu calismanin amaci, kifoplastinin (KP) uzun d6énemde
omurga ytiksekligini geri kazanmada vertebroplastiye (VP) Ustiin olup
olmadigini degerlendirmektir.

Yontemler: Calisma, kurumumuzda osteoporotik vertebra kirig
tanisiyla KP (n=16) veya VP (n=17) uygulanan, takip stiresi en az 5 yil
olan, yaslari 40 ile 90 arasinda degisen 33 hastadan olusan bir kohortu
kapsamaktadir. Klinik karsilastirmalar Oswestry skorlari, EuroQol-5
Dimension (EQ-5D) ve VAS skorlarina gore yapilirken, radyolojik
degerlendirmeler kirik vertebra yiksekligi ve lokal kifoz agisi degerleri
dikkate alinarak yapildi. Bu degerlendirmeler ameliyat 6ncesi, ameliyat
sonrasi ve son kontrol radyografileri tizerinden yapildi.

Bulgular: Her iki grupta yas ortalamasi benzerdi ve takip siresinde
anlaml bir fark yoktu (p=0,126). Ameliyat sonrasi erken dénemdeki
radyolojik degerlendirmelerle ilgili olarak, KP hastalari 6n vertebral
kolon yiksekliginde (ortalama 1,3471 mm’den 2,0941 mm’ye), orta
vertebral kolon ylksekliginde (ortalama 1,3375 mm’den 1,6437
mm’ye) ve lokal kifoz agisinda (ortalama 17,88”den 7,81°"ye) kayda
deger bir iyilesme sergilemistir. Bununla birlikte, son kontrol degerleri
her iki grupta da benzer sonuglar gostermistir (KP hastalari: 1,4412
mm, 1,4063 mm, 13,69°; VP hastalari: 1,2813 mm, 1,3176 mm, 17,18°).
Ayrica, Oswestry skorlari, EQ-5D indeksi ve VAS skorlari agisindan iki
grup arasinda istatistiksel olarak anlamli bir fark bulunmadi.

Sonug: Calismamiza gore, KP agrili ¢okmis vertebra kiriklarinin erken
tedavisinde etkili bir yontem gibi gériinmektedir, ancak uzun vadede
vertebroplastiye Ustiinligi gézlenmemistir.

Anahtar Sozciikler:  Osteoporotik vertebra kinigi,  kifoplasti,
vertebroplasti, vertebral kolon yiiksekligi, lokal kifotik agi
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INTRODUCTION

Osteoporotic vertebral compression fractures are a significant
healthcare concern, affecting a substantial portion of the elderly
population. These fractures often lead to chronic pain, decreased
mobility, and diminished quality of life. Kyphoplasty (KP) and
vertebroplasty (VP) are two minimally invasive surgical techniques
widely employed for stabilizing these fractures and alleviating
associated symptoms (1). Although both procedures have
demonstrated efficacy in pain relief and fracture stabilization, there
remains a debate regarding their comparative effectiveness. Some
studies suggest that KP may be superior in reducing cement leakage
and improving postoperative vertebral body height, although it is
more expensive and time-consuming than VP (2). Other research
indicates no significant differences in long-term pain and disability
outcomes between the two methods, highlighting the need for
further comparative studies (3).

Recent advancements in materials and techniques, including the
use of alternative cements to polymethylmethacrylate (PMMA),
have opened new avenues for improving the safety and efficacy of
these procedures (4). Both methods are effective in controlling pain
in patients with osteoporotic vertebral fractures. Although KP is a
more effective method for restoring collapsed vertebral fractures, its
long-term results are controversial.

In this study, we compared the long-term clinical and radiological
outcomes of patients with osteoporotic vertebral fractures who
underwent KP and VP and specifically evaluated whether KP was
superior to VP in terms of long-term vertebral height restoration.

MATERIALS AND METHODS

Study Design and Population

Ethics committee approval was obtained from the Ethics
Committee of Gazi University for this retrospective study (approval
number: E-77082166-604.01.02-830153, date: 19.12.2023). This
retrospective study encompassed 66 patients who underwent
either KP or VP for vertebral compression fractures at Gazi University
Hospital, Ankara, of whom 33 were excluded because of the lack of

/

pre- and postoperative clinical and radiological data. The final cohort
comprised 33 patients who underwent both preoperative and
postoperative assessments and maintained a follow-up period of
at least 24 months. Patients with metastatic spinal fractures, those
undergoing surgery for fractures and/or degenerative causes of the
spine, and those with instrumentation in the spine were excluded
from the study.

The 33 patients included in the study were divided into two groups
according to the surgical procedure performed: KP (n=16) and VP
(n=17).

Data Collection

Clinical assessments were performed using the Oswestry Disability
Score, visual analog scale (VAS), and EuroQol- 5 Dimension (EQ-5D)
scores. Radiological evaluations encompassed the measurement
of anterior and middle column height, along with the assessment
of the kyphotic angle of the fractured vertebrae. All radiological
evaluations were performed on plain radiographs of the spine taken
in the standing position. The local kyphosis angle was obtained by
measuring the Cobb angle between the inferior endplate of the
vertebra above the fractured vertebra and the inferior endplate
of the fractured vertebra. These evaluations were conducted at
preoperative, early postoperative, and final follow-up visits (Figure
1-3). These measurements were obtained using the hospital’s PACS
system (ExtremePACS 2015 version 4.3).

The Oswestry Disability Index (ODI) is a scale used to assess disability
in relation to back pain and quality of life. It consists of 10 questions.
Each question has five possible answers, and a percentage of the
answers is calculated. Patients with a score of 0-20 have mild back
problems, whereas patients with a score of 80-100 have severe
back problems and are bedridden. The EQ-5D is a preference-
based measure of health-related quality of life that includes one
question for each of 5 dimensions, including mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. The EQ-
5D questionnaire also includes a Visual Analogue Scale (VAS), which
allows respondents to report their perceived health on a scale from
0 (worst possible health) to 100 (best possible health) (5).

Figure 1. Radiological evaluation of the kyphoplasty patient (a) preoperative; (b) early postoperative; (c) last control.
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Subsequent to data collection, rigorous statistical analyses were
performed to draw meaningful conclusions. Comparative analyses
were specifically conducted between the results obtained from the
KP and VP patient groups.

Surgical Techniques

In KP, patients were positioned prone under general anesthesia.

The procedures were conducted under fluoroscopic guidance. For
each targeted vertebra, a 1 cm skin and subcutaneous incision was
made approximately 1.5-2 cm lateral to the pedicle. A trocar was
inserted between the center and edge of the pedicle (between 1-3
o’clock on the right side pedicle and 9-11 o’clock on the left side
pedicle). Under posteroanterior (PA) fluoroscopic guidance, the
trocar was advanced approximately 2-3 cm, ensuring that it did not
cross the medial line of the pedicle. Lateral fluoroscopic images of
the vertebral column were obtained. Once it was confirmed that
the tip of the trocar had passed the posterior wall of the vertebral
corpus and was inside the corpus, the trocar was further advanced.

Upon reaching approximately one-fourth of the anterior part of the
vertebral corpus, the trocar was removed, and its position within the
corpus was confirmed using a probe. A working cannula was then
placed in the trocar position. KP balloon instruments were inserted
through the working cannula and inflated with contrast material. The
expansion of the kyphotic vertebra was monitored by fluoroscopy.
This procedure was performed bilaterally. After sufficient correction
of the vertebra was observed, the KP balloon was deflated and
removed. Before injection of PMMA cement, a contrast material
was used to check for vascular leakage. Then, PMMA cement was
slowly injected, ensuring that its consistency was not too fluid.
Approximately 3-4 cc of PMMA cement was used in the thoracic
region and 5-6 cc in the lumbar region. During the injection, both
lateral and PA images were taken to ensure that the PMMA cement
did not leak outside the corpus, especially into the spinal canal.

VP was performed similarly to KP under general anesthesia in the
prone position and guided by fluoroscopy. Following the placement
of the working cannula into the vertebral corpus, PMMA cement

/,M]. mm
27.5 i r/ Ry

Figure 2. Radiological evaluation of vertebroplasty patient (a) preoperative; (b) early postoperative; (c) last control.

Figure 3. Radiological evaluation of the local kyphosis angle (a) preoperative; (b) early postoperative; (c) last control.
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was directly injected without balloon KP. Care was taken to ensure
that the PMMA cement did not leak, especially into the spinal canal,
during fluoroscopic monitoring.

To prevent possible complications, we evaluated venous
extravasation by injecting contrast material before VP and KP. We
also check the fluidity of PMMA and inject PMMA after it has a
consistency similar to toothpaste.

Both KP and VP patients were mobilized at the 4" hour after surgery.
None of the patients required the use of a brace.

Statistical Analysis

The analysis was conducted using SPSS version 27. Descriptive
statistics were computed, and the Shapiro-Wilk test was used to
evaluate the normality of distributions. Pearson’s and Spearman’s
correlation analyses were performed as appropriate. The
Wilcoxon signed-rank test assessed differences in vertebral height
measurements preoperatively and postoperatively. The Mann-
Whitney U test was used to compare the KP and VP groups in terms
of measurements and scores.

RESULTS

The KP patients ranged in age from 43 to 84 years with a mean age of
62.81 [standard deviation (SD)=20.06] years and a mean follow-up of
95.65 (SD=39.80) months. The VP group ranged in age from 42 to 90
years with a mean age of 68.29 (SD=18.06) years and a mean follow-
up of 89.72 (SD=43.75) months. There were no significant differences
in the mean age and follow-up between KP and VP patients (Table 1).
Fracture levels were generally located in the thoracolumbar region
(Table 2).

Table 1. Demographic characteristics and basic information of patients

KP VP p
(mean = SD) (mean = SD)

Number of patients (n) 16 17 0.596

Age (years) 62.81+20.06  68.29+18.06  0.407

Gender F/M 7/9 9/8 0.336

Follow-up period (month)  95.65+39.80  89.72%43.75 0.126

KP: Kyphoplasty, VP: Vertebroplasty, SD: Standard deviation, F: Female,
M: Male.

Table 2. Fracture levels of the vertebrae

n %
T6 1 3.0
T8 1 3.0
T9 1 3.0
T10 4 121
T11 5 15.2
T12 7 21.2
L1 6 18.2
L2 4 12.1
L3 1 3.0
L4 3 9.1

The mean functional status of the patients in the KP group as
measured by the ODI was 26.88 (SD=13.31), indicating moderate
disability. The quality of life, as assessed by the EQ-5D index, had
a mean value of 0.865 (SD=0.099). Preoperative vertebral anterior
column height measurements averaged 1.15 cm (SD=0.61), early
postoperative measurements averaged 1.89 cm (SD=0.36) and at
the last follow-up, 1.44 cm (SD=0.415). The vertebral mid-column
height was 1.33 cm (SD=0.381) preoperatively, 1.91 cm (SD=0.322)
early postoperatively, and 1.40 cm (SD=0.312) at the last follow-up
(Table 3).

In the VP group, the ODI indicated a higher level of disability with
a mean score of 31.53 (SD=21.02), whereas the EQ-5D index was
comparable to the KP group with a mean score of 0.871 (SD=0.100).
The preoperative vertebral measurements in this group averaged
1.25 cm (SD=0.55), the early postoperative measurements
demonstrated a significant increase, averaging 1.27 cm (SD=0.362)
and at the last control 1.28 cm (SD=0.34). The vertebral mid-column
height was 1.41 cm (SD=0.478) preoperatively, 1.61 cm (SD=0.488)
early postoperatively, and 1.41 cm (SD=0.483) at the last control
(Table 3).

There was no significant change in vertebral posterior column height
in either group preoperatively, early postoperatively, or at final
follow-up.

For both groups, the collected scores and measurements displayed
a range of distributions, with some variables exhibiting non-normal
distribution characteristics, as indicated by their skewness and
kurtosis values. This data variability underscores the heterogeneity
within the patient population and the outcomes of the surgical
procedures.

Normality of the Data

Shapiro-Wilk tests showed that most variables in the KP and VP
groups did not deviate significantly from a normal distribution.
However, certain variables in each group, such as age distribution
and specific preoperative and postoperative measurements, showed
significant deviations from normality (Table 4).

Correlation Analysis

Pearson correlation analyses within the KP group indicated significant
negative correlations between age and specific postoperative
measurements and strong relationships between disability, quality
of life, and pain levels. The VP group showed similar patterns,
with age negatively correlated with certain preoperative and
postoperative measurements and significant interrelations among
disability, quality of life, and pain scores.

Wilcoxon Signed-Rank Tests

In the KP group (n=16), a Wilcoxon signed-rank test revealed
significant changes in vertebral measurements from the preoperative
to postoperative stages. There was a significant increase in early
postoperative vertebral anterior column height measurement (Z=-
2.699, p=0.007) and vertebral mid-column height measurement
(2=-3.319, p=0.001), but no significant change in vertebral posterior
column height measurement (Z=-0.586, p=0.558). A significant
decrease was observed in the postoperative local kyphosis angle
measurement (Z=-3.527, p<0.001) (Table 5).
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Table 3. Descriptive statistics were computed separately for patients who underwent kyphoplasty and vertebroplasty

Minimum Maximum Mean SD

KP Oswestry 10 54 26.88 13.306
EQ-5D index 0.703 1.000 0.86463 0.098828
VAS 50 90 73.75 12.042
Preop VACH 0.40 1.30 1.1471 0.61842
Postop VACH 0.50 1.70 1.8941 0.36423
Last Control VACH 0.70 1.60 1.4412 0.41508
Preop VMCH 0.60 1.80 1.3375 0.38101
Postop VMCH 0.70 2.30 1.9137 0.32243
Last control VMCH (mm) 0.70 1.80 1.4063 0.31298
Preop VPCH 2.50 3.30 2.9750 0.25690
Postop VPCH 2.50 3.40 2.9938 0.23514
Last control VPCH 25 33 2.919 0.2287
Preop LKA 11 22 17.88 2.872
Postop LKA 5 12 7.81 2.257
Last control LKA 8 20 13.69 3.027

VP Oswestry 10 78 31.53 21.018
EQ-5D index 0.699 1.000 0.87065 0.100091
VAS 30 100 69.41 17.843
Preop VACH 0.60 1.40 1.2500 0.55466
Postop VACH 0.70 1.50 1.2750 0.36231
Last control VACH 0.60 1.40 1.2813 0.34294
Preop VMCH 0.30 1.60 1.4118 0.47812
Postop VMCH 0.70 1.70 1.6188 0.48870
Last control VMCH 0.50 1.60 1.4176 0.48378
Preop VPCH 2.20 3.40 2.9647 0.29779
Postop VPCH 2.20 3.50 2.9471 0.33563
Last control VPCH 2.0 34 2.824 0.3270
Preop LKA 8 29 17.82 5.480
Postop LKA 7 25 16.76 4.893
Last control LKA 6 26 17.18 5.637

VACH: Vertebral anterior column height (cm), VMCH: Vertebral mid-column height (cm), VPCH: Vertebral posterior column height (cm), LKA: Local kyphosis angle
(°), VAS: Visual analog scale, KP: Kyphoplasty, VP: Vertebroplasty, SD: Standard deviation, Preop: Preoperative, Postop: Postoperative.

In the VP group (n=17), the test also indicated significant changes.
There was a significant increase in the postoperative vertebral
anterior column height measurement (Z=-3.461, p=0.001) and
vertebral mid-column height measurement (Z=-2.126, p=0.033),
whereas no significant change was observed in the vertebral
posterior column height measurement (Z=-0.577, p=0.564). A
significant decrease was noted in the postoperative local kyphosis
angle measurement (Z=-2.812, p=0.005) (Table 6).

Mann-Whitney U Test Findings

The Mann-Whitney U test demonstrated significant differences
between the KP and VP groups in terms of ODI scores, postoperative
anterior column, mid-column height, and local kyphosis angle. No
significant differences were found between the groups in other

196

variables, including age, EQ-5D index, VAS, and various preoperative
and postoperative measurements (Table 7).

DISCUSSION

Our study compared the outcomes of KP and VP in terms of restored
vertebral height, quality of life, disability, and pain scores. The
findings indicate that both procedures are effective in managing
vertebral compression fractures although there are nuanced
differences between them.

Comparative Efficacy in Pain and Disability Management

The results of our study align with those found in previous research. A
systematic review and meta-analysis included 29 studies with 2,838
patients, and found no significant differences in mean pain scores
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Table 4. Normality analysis of vertebroplasty and kyphoplasty was postoperatively and at 12 months between the KP and VP groups.

performed separately using the Shapiro-Wilk test This study also reported similar disability scores postoperatively
KP VP and at 12 months for both groups (3). These findings suggest that
Stat. df p Stat. df p both KP and VP are equally effective in managing pain and disability
Age 0.817 16 0.005 0.824 17 0.004 associated with vertebral compression fractures. In another study
Oswestry 0.935 16 0287 0963 17 0.681 from Tirkiye, both KP and VP were found to be effective in improving
EQ-5D index 0929 16 0239 0915 17 0.122 functional recovery and pain relief in patients with osteoporotic
VAS 0922 16 0180 0946 17  0.399 vertebral fractures. While KP showed slightly better radiological
Preop VACH 0478 16 0000 0917 17 0132 outcomes, this difference was not clinically significant, leading the
Postop VACH 0.872 16 0029 0398 17  <0.001 authors to recommend VP for its simpler management (6).
Last control VACH 0.907 16 0.104 0.400 17 <0.001 A study examining long-term outcomes over a 5-year period showed
Preop VMCH 0.876 16 0.033 0.946 17 0.395 only subtle differences between KP and VP, suggesting the use of VP
Postop VMCH 0.877 16 0.035 0.929 17 0.211 over KP considering treatment costs (7). Another study assessing KP
Last control VMCH 0.900 16 0.081 0.943 17 0.354 outcomes over 3 years found significant improvements in pain and
Preop VPCH 0.916 16 0.147 0.907 17 0.089 mobility compared with controls, as well as a reduced risk of new
Postop VPCH 0.943 16 0.387 0963 17 0.682 vertebral fractures (8). Additionally, a study evaluating VP outcomes
Last control VPCH 0.897 16 0.071 0902 17 0.075 over a 29-month period reported significant reductions in pain and
Preop LKA 0.946 16 0.426 0983 17 0.978 disability scores, with less intense analgesic use compared with
Postop LKA 0.899 16 0077 0962 17 0.674 conservative therapy (9). In our study, the mean follow-up time was
Last control LKA 0946 16 0427 0959 17  0.620 96 (SD=39.80) months, which is consistent with the results of other
VACH: Vertebral anterior column height (cm), VMCH: Vertebral mid- long-term studies. Our findings show that there were no significant
column height (cm), VPCH: Vertebral posterior column height (cm), LKA: differences in pain and quality of life scores between patients
Local kyphosis angle (°), VAS: Visual analog scale, KP: Kyphoplasty, VP: undergoing both KP and VP procedures.

Vertebroplasty, Preop: Preoperative; Postop: Postoperative, p-value of
significance, Stat.: Shapiro-Wilk test statistical value, df: Degrees of freedom.

Table 5. Wilcoxon signed-rank test results for the kyphoplasty group

Preop/Postop VACH Preop/Postop VAMH Preop/Postop VPCH Preop/Postop LKA
z -2.699¢ -3.319¢ -0.586°¢ -3.527¢
p 0.007 0.001 0.558 <0.001

‘Based on negative ranks. “Based on positive ranks. p: Asymptotic significance, Z: Wilcoxon test statistics, Preop: Preoperative, Postop: Postoperative, VACH:
Vertebral anterior column height, VMCH: Vertebral mid-column height, VPCH: Vertebral posterior column height, LKA: Local kyphosis angle.

Table 6. Wilcoxon signed-rank test results for the vertebroplasty group

Preop/Postop VACH Preop/Postop VAMH Preop/Postop VPCH Preop/Postop LKA
z -3.461° -2.126°¢ -0.577¢ -2.812¢
p 0.001 0.033 0.564 0.005

‘Based on negative ranks. “Based on positive ranks. p: Asymptotic significance, Z: Wilcoxon test statistics, Preop: Preoperative, Postop: Postoperative, VACH:
Vertebral anterior column height, VMCH: Vertebral mid-column height, VPCH: Vertebral posterior column height, LKA: local kyphosis angle.

Table 7. Mann-Whitney U tests showing differences between the kyphoplasty and vertebroplasty groups

Age Oswestry EQ-5D index VAS Preop VACH Postop VACH Last control VACH
Mann-Whitney U~ 113.000 80.000 133.500 118.000 118.000 126.000 135.500
z -0.829 -2.019 -0.090 -0.665 -0.650 -0.362 -0.018
p 0.407 0.123 0.928 0.506 0.515 0.018 0.986

Preop VMCH Postop VMCH Last control Preop Postop Last control Preop LKA Postop  Last control

VMCH VPCH VPCH VPCH LKA LKA

Mann-Whitney U~ 119.000 122.000 121.500 132.500 129.000 111.000 132.000 17.500  73.500
z -0.618 -0.508 -0.527 -0.128 -0.256 -0.931 -0.145 -4.288 -2.259
p 0.536 0.011 0.598 0.898 0.798 0.352 0.885 0.000 0.064

p: Asymptotic significance, Z: test statistics (measure of the magnitude of difference between two groups), Preop: Preoperative, Postop: Postoperative, VACH:
Vertebral anterior column height, VMCH: Vertebral mid-column height, VPCH: Vertebral posterior column height, LKA: Local kyphosis angle.
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Vertebral Height Restoration and Kyphosis Reduction

Our findings on vertebral height restoration are particularly
noteworthy. We observed significant changes in both vertebral
height measurements and local kyphosis angle in the early
postoperative period in the KP group. This is consistent with another
study, which found that KP was superior to VP in terms of increasing
postoperative vertebral body height (2,10). Although the final follow-
up radiographs of KP patients showed better results in terms of both
vertebral height and local kyphosis angle, there was a significant
loss of both vertebral height and local kyphosis angle in KP patients
compared with early postoperative values. Biomechanical studies
also support the initial superiority of KP in increasing vertebral body
height and reducing kyphosis although these gains may diminish
with repetitive loading (11).

Complications and Cost-Effectiveness

There were no serious intraoperative or early postoperative
complications in either group of patients. Two patients who
underwent KP had adjacent vertebral fractures at 3 and 6 months
postoperatively. Three patients who underwent VP had adjacent
vertebral fractures at 8 and 13 months of age. None of the patients
underwent surgery for an adjacent vertebral fracture. The fractures
healed conservatively during follow-up. With the exception of
adjacent vertebral fractures, no complications were observed in the
patients included in this study.

While KP has advantages in vertebral height restoration, it is
important to consider the balance of benefits and risks. KP is
associated with lower odds of new fractures and less extraosseous
cement leakage than VP. However, the more complex nature of KP,
including its higher cost and longer operative time, raises questions
about its cost-effectiveness, especially when the differences in pain
and disability outcomes between the two procedures are statistically
insignificant (2,3). Complications related to cement extravasation,
such as compression of neural elements and venous embolism,
are rare but more common with VP (11). In our study, no serious
complications related to PMMA cement leakage were observed.
Cement leakage into the intervertebral disk space occurred in one
patient who underwent KP and in three patients who underwent VP.
However, because these patients did not exhibit any clinical problems
during follow-up, no additional procedures were necessary. This
finding highlights the relative safety of both procedures in terms
of cement leakage, with clinical outcomes remaining unaffected
despite this occurrence.

Study Limitations

One of the main limitations of our study is that it was retrospective
and the number of patients included in the study was relatively
small. The lack of data on patients’ body mass index, comorbidities,
and bone mineral density are also limitations of the study. In
addition, the wide age range of the patients included in the study
and the inability to classify them according to age are also important
limitations of our study.
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CONCLUSION

In conclusion, our study contributes to the ongoing debate on
the comparative efficacy of KP and VP. While both procedures are
effective in managing pain and disability, KP appears to offer better
outcomes in terms of vertebral height restoration and reduced
complications related to cement leakage. However, its higher cost
and longer operative time necessitate further research to establish
its cost-effectiveness. Future studies should focus on long-term
outcomes and identify specific patient subgroups that may benefit
more from one procedure than the other. This would enable more
personalized treatment approaches and optimize outcomes for
patients suffering from vertebral compression fractures.
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Routine Histopathological Evaluation of Benign Anorectal Interventions: Essentiality

or Excess?

Benign Anorektal Girisimlerde Rutin Histopatolojik Degerlendirme: Gereklilik mi, Fazlalik mi?

® Ramazan Kozan, ® Enes Aksu, ® Kiirsat Dikmen

Gazi University Faculty of Medicine, Department of General Surgery, Ankara, Turkiye

ABSTRACT

Objective: To evaluate the necessity of routine histopathological
examination in benign anorectal surgeries and to explore the potential
for a selective approach based on patient characteristics.

Methods: Retrospective analysis of patients who underwent surgery
for benign anorectal diseases between January 2013 and December
2023. Demographic data, surgical procedures, and histopathological
findings were assessed.

Results: Among 830 patients, 482 underwent histopathological
examination. No malignancy was detected. However, human papilloma
virus (HPV)-related lesions were diagnosed in 2.1% of patients. A
retrospective design and limited patient population were identified as
major limitations.

Conclusion: Routine histopathological examination may be
unnecessary for benign anorectal surgeries in patients without
HPV-related risk factors. Further large-scale studies are required to
determine the criteria for selective examination, optimizing resource
usage in clinical practice.

Keywords: Anal fistula, anal fissure, hemorrhoid, human papilloma
virus, pathology, routine histopathologic examination

6z

Amag: Benign anorektal cerrahilerde rutin histopatolojik incelemenin
gerekliligini degerlendirmek ve hasta ozelliklerine gore segici bir
yaklasim potansiyelini arastirmaktir.

Yontemler: Ocak 2013 ile Aralik 2023 tarihleri arasinda benign
anorektal hastaliklar nedeniyle ameliyat edilen hastalarin verileri
retrospektif analiz edildi. Demografik veriler, cerrahi prosedirler ve
histopatoloji bulgulari degerlendirildi.

Bulgular: Sekiz yiiz otuz hastanin 482’sine histopatolojik inceleme
yapildi. Malignite tespit edilmedi. Ancak hastalarin %2,1’inde human
papilloma virtis (HPV) ile iliskili lezyonlar teshis edildi. Retrospektif
dizayn ve sinirh hasta populasyonu c¢alismanin énemli sinirlamalar
olarak tanimlandi.

Sonug: HPV ile iligkili risk faktorleri olmayan hastalarda benign
anorektal cerrahi sonrasi rutin histopatolojik inceleme gereksiz olabilir.
Segici inceleme kriterlerini belirlemek ve klinik uygulamada kaynak
kullanimini optimize etmek i¢in daha blyik olgekli galismalara ihtiyag
vardr.

Anahtar Sozciikler: Anal fistdl, anal fisslir, hemoroid, human papilloma
virlisti, patoloji, rutin histopatolojik inceleme
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INTRODUCTION

Histopathological examination is indispensable in all surgical
resections performed when there is suspicion of malignancy or when
the diagnosis is unclear (1). When evaluated in terms of cost, routine
histopathological examination constitutes a significant financial
burden for many procedures. Additionally, it holds an important
place in healthcare practices in terms of time and workforce (1).
The growing world population, increasing life expectancy, and the
rising number of surgical interventions each year justify examining
measures to reduce the financial burdens on the healthcare system
(2). The rationale against routine histopathology includes the rarity
of malignancy in benign lesions, low clinical significance of these
malignancies, and high procedural costs (3).

In clinical practice, histopathological examination is routine for
patients undergoing surgery for benign anorectal diseases; however,
itsvalue and necessity are not fully understood. From this perspective,
it is inevitable to question the necessity of routine histopathological
examination in surgical procedures for benign anorectal diseases,
which generally fall within the definition of ambulatory surgery and
constitute a significant portion of our clinical practice, is inevitable.
This study aimed to examine the histopathological results in
patients undergoing surgical excision for hemorrhoidal disease, anal
fistula, and anal fissure, determine the incidence of malignancy or
premalignant lesions, and evaluate the results in terms of a selective
approach that could replace routine examination.

MATERIALS AND METHODS

Data of patients who underwent surgery with a diagnosis of benign
anorectal disease between January 2013 and December 2023 in the
Department of General Surgery, Gazi University Faculty of Medicine,
were retrospectively screened using the hospital computer operating
system and patient file archives. The inclusion criteria for the study
were as follows: 1) preoperative diagnosis of benign anorectal
disease, 2) age 18 and older, and 3) postoperative histopathological
examination. The exclusion criteria for the study were as follows: 1)
incomplete patient archive data. The demographic characteristics
(age and gender), surgical
fissurectomy, fistulectomy), and histopathological results (benign,
malignant, or infectious) of patients meeting the study criteria were
evaluated.

procedures (hemorrhoidectomy,

All procedures performed in this study are in accordance with
the ethical standards of the institutional and/or national research
committee and the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. This study was
approved by the Gazi University Local Ethics Committee (approval
number: E-77082166-604.01.02-839857, date: 02.01.2024).

Statistical Analysis

All data were transferred to a computer environment, and SPSS
20.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Relevant variables were analyzed using descriptive
statistics. Categorical measurements were reported as numbers and
percentages, whereas continuous measurements were reported as
mean * standard deviation and range.

RESULTS

A total of 830 patients underwent surgery for benign anorectal
diseases. Among them, 482 patients met the study criteria and
constituted the final analysis study group (Figure 1). Of these
patients, 329 (68.3%) were male and 153 (31.7%) were female. The
median age was 48 with a mean age of 48.8 years (range, 18-84).
Upon examination of the surgical procedures, fissurectomy was
performed in 58 patients (12%), hemorrhoidectomy in 230 patients
(47.7%), and fistulectomy in 194 patients (40.2%). Histopathological
examination revealed benign findings in all patients. No malignancy
was detected in any patient; however, human papilloma virus (HPV)-
related lesions were diagnosed in 10 patients (2.1%) (Table 1). Of the
patients with HPV-related lesions, 3 were males and 7 were females.

DISCUSSION

Advancements in medical science and healthcare services have led
to a global increase in life expectancy. As a natural consequence,
there is a demographic shift toward an aging population, and
epidemiologically, the types of diseases and causes of death are
also changing. In addition to these developments, healthcare
expenditures in all countries are increasing at a faster rate than per
capita national income growth, prompting policymakers to seek

Benign anorectal surgeries between

Identification January 2013 and December 2023

(n=830)

Patients aged > 18 years

Enrollment Histopathological examination (+)

(n=501)

Excluded (n =19)
- Incomplete archive
data

Final study population

Analysis

(n=482)

Figure 1. Sample collection scheme.

Table 1. Demographics, surgical procedure, and histopathological
results

Characteristics

Age (year) Median 48, mean
48.8+13.1 (range, 18-84)

Gender

Female 329 (68.3%)

Male 153 (31.7%)

Surgical procedure
Fissurectomy 58 (12%)
194 (40.2%)

230 (47.7%)

Fistulectomy
Hemorrhoidectomy

Histopathology

Benign 482 (100%)
HPV-related lesion* 10 (2.1%)
Malign 0

*HPV: Human papilloma virus.
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ways to control healthcare spending (2). In contemporary times,
controlling costs in healthcare services is particularly emphasized,
especially in terms of ensuring the effective utilization of healthcare
expenditures (1). While research has consistently revealed that a
significant percentage, varying between 25% and 40%, of laboratory
tests are deemed unnecessary, the demand for such tests continues
to rise. This increase can be attributed to various factors, including
the desire for thorough diagnostic evaluations, peer and commercial
pressures, patient expectations, and apprehensions regarding legal
consequences (4).

It is noteworthy that a significant portion of the cost of routine
histopathological examination is attributed to the most commonly
submitted specimens (1). Therefore, there are studies in the
literature questioning the routine pathological examination in
common surgical procedures in general surgery, such as hernia
repair, appendectomy, and cholecystectomy (1,3-6). In a study
conducted by the Royal College of Pathologists in the United
Kingdom, the workload associated with gastrointestinal specimens
lacking clinical value or having limited value was investigated, and
a list of diseases for which histopathological examination is not
recommended was provided (4). Another study examining the
effectiveness of routine histopathology following appendectomy,
cholecystectomy, and hemorrhoidectomy concluded that routine
examination of hemorrhoidectomy specimens is unnecessary,
whereas examination limited to cases over 60 years old and cases
with empyema is sufficient for the gallbladder and appendix (5).
However, there are also studies advocating for the continued routine
examination of cholecystectomy specimens, albeit at a low level,
because of their potential to provide diagnoses of invasive cancer
and other conditions that may impact postoperative monitoring (6).

A significant portion of our clinical practice comprises surgeries
for benign anorectal diseases. Among proctologic surgeries,
hemorrhoidectomy, anal fistula, and fissure surgeries are the
most common. Given that these procedures are often performed
as outpatient or office-based procedures to reduce costs, the
necessity of histopathological examination is being questioned.
There is no clarity or consensus on this issue in the literature. In a
study examining 914 hemorrhoidectomy specimens, it was reported
that histopathological examination for hemorrhoidal disease is
unnecessary (5). However, in a large series involving 10,532 cases of
hemorrhoidectomy and anal fistula excision, unexpected pathologic
malignancy was detected at a rate of 0.16%. This study particularly
emphasizes that being aged 60 years is a risk factor. The fourfold
increase in the frequency of incidental malignancy in individuals
aged 60 years is remarkable (7). One of the largest series in the
literature, based on a retrospective analysis of 21,257 cases of
hemorrhoidectomy, reported an unexpected malignancy in only one
patient. This result emerges as a significant argument in favor of
selective histopathological examination instead of routine practice.
In our literature review, no cases of unexpected malignancy were
encountered following anal fissure surgery. In our study, none of the
patients were diagnosed with an unexpected malignancy. Therefore,
we cannot identify a specific patient group for whom selective
examination might be recommended instead of routine examination.
We do not support routine examination in surgeries performed with
a preoperative diagnosis of benign anorectal disease; however, we
cannot ignore the necessity of a selective approach. It is evident
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that extensive studies are needed to determine which age group
or characteristics of patients would benefit from the selective
approach.

An interesting finding of our study was the diagnosis of HPV-related
lesions in 10 patients (2.1%). None of these patients had suspicion
of anal intraepithelial neoplasia (AIN) or HPV-related lesions during
preoperative clinical evaluation. Of the patients with HPV-related
lesions, 3 were males and 7 were females. However, due to the
retrospective nature of our study, we did not have access to the
clinical histories of these patients to determine their association
with HPV. In a prospective study examining the prevalence of AIN
in macroscopically normal hemorrhoidectomy and fissurectomy
specimens, a rate of 3.2% AIN was reported. This study, encompassing
2997 procedures, demonstrated that the prevalence of subclinical
AIN in macroscopically normal hemorrhoidectomy and fissurectomy
specimens is significant (3.2% overall, 2.5% high-grade disease). Our
findings are similar to and supportive of the findings of this study.
AIN is a premalignant lesion of squamous cell carcinoma. Screening
tests for AIN and human papillomavirus vaccine are important
for high-risk patients, including those who are positive for human
immunodeficiency virus and men who have sex with men (9). It
seems imperative not to compromise on routine histopathological
examination for these two high-risk groups.

Study Limitations

The most significant limitation of our study is its retrospective design
and the restricted nature of the patient population. The formation of
a final population with histopathological examination conducted in
482 out of 830 patients from the initial population actually indicates
that surgeons did not request histopathological examination for
every patient. Here, it appears that a selective or perhaps even
random approach was adopted without an objective selection
criterion.

CONCLUSION

In conclusion, routine histopathological examination after benign
anorectal surgeries may not be necessary for patients without a
history of HPV-related risk factors. However, standardized and large-
scale studies are needed to identify the patient population suitable
for a selective approach. These studies can help establish clear
criteria for which patients should undergo routine histopathological
examination, contributing to more efficient resource usage in clinical
practice.
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Surgical Treatment of the Oroantral Fistula in a Patient with Myasthenia Gravis:
Clinical Considerations and Anesthetical Management

Miyastenia Gravisli Bir Hastada Oroantral Fistiilin Cerrahi Tedavisi: Klinik ve Anestezi Yonetimi

@ Elif Betil Yildirim, @ Turan Kazan, @ Yeliz Kiling, ® Necmiye Sengel

Gazi University Faculty of Dentistry, Department of Oral and Maxillofacial Surgery, Ankara, Turkiye

ABSTRACT

Myasthenia gravis (MG) is an autoimmune neuromuscular disease
characterized by muscle weakness and fatigue. MG affects
neuromuscular junctions and is characterized by the development
of antibodies immunoglobulin G against postsynaptic acetylcholine
receptors cause disease. Definitive diagnosis is made by
electromyogram. Women are more affected than men. Fluctuating
weakness and easy fatigability of skeletal muscles are observed
when the limbs are involved. The weakness may involve a single
muscle group or may be generalized. The muscle group is the ocular
muscles and often causes diplopia and ptosis. On this rare occasion,
careful perioperative anesthetic management is required to avoid life-
threatening complications in both intraoperative and postoperative
periods. In this case report, a 47-year-old female patient with
MG requiring oroantral fistula treatment is described. Anesthetic
management was performed under local anesthesia using appropriate
doses, and the postoperative patient follow-up was uneventful.

Keywords: Anesthesia, dental treatment, myasthenia gravis

0z

Miyastenia gravis (MG), kas zayifligi ve yorgunlugu ile karakterize
otoimmiin  noéromuskiler bir hastaliktinr MG, noromuskiler
kavsagl etkiler ve postsinaptik asetilkolin reseptorlerine karsi
antikorlarin immdinoglobulin G gelismesiyle karakterizedir. Kesin tani
elektromiyogram ile konur. Kadinlar erkeklerden daha fazla etkilenir.
Uzuvlar tutuldugu zaman iskelet kaslarinda zayiflik ve kolay yorulma
gozlenir. Kaslardaki zayiflik, tek bir kas grubunu igerebilir veya
generalize olabilir. Gz kaslari etkilendiginde siklikla diplopi ve pitozise
neden olur. MG nadir goérilen bir durumdur, hem intraoperatif hem
de postoperatif donemlerde hayati tehdit eden komplikasyonlardan
kaginmak i¢cin dikkatli perioperatif anestezi degerlendirilmesi
yapilmalidir. Bu olgu sunumunda MG’li 47 yasinda bir kadin hastanin
oroantral fistil tedavisi anlatilmaktadir. Anestezi yonetimi uygun dozda
lokal anestezi altinda yapildi ve postoperatif hasta takibi sorunsuz bir
sekilde gergeklestirildi.

Anahtar Sozciikler: Anestezi, dis tedavisi, miyastenia gravis
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INTRODUCTION

Myasthenia gravis (MG) is a chronic autoimmune neuromuscular
disorder characterized by a decrease in the nicotinic acetylcholine
receptor of the post-synaptic membrane of the neuromuscular
junction, leading to muscle fatigue and weakness (1). Oropharyngeal
and facial muscle weakness is frequent at the onset of the disease;
therefore, dentists are often the first healthcare workers to
encounter patients with MG (2).

Management of MG is a challenging issue for oral and maxillofacial
surgeons. In dentistry, routine dental procedures for MG patients
are difficult and special considerations are required (3).

In the present case report, the surgical management of an oroantral
fistulain a 47-year-old female patient with MG under local anesthesia
is described. The clinical features and treatment of MG have also
been discussed along with the use of medications, perioperative
considerations, and anesthetic management (4).

CASE REPORT

A 47-year-old female patient was referred to the oral and maxillofacial
surgery department for an oroantral fistula in the left maxillary
molar region. Her medical history included MG and thymectomy.
The medications included azathioprine and pyridostigmine. During
pre-operative examination, the patient had muscular weakness
such as ptosis, diplopia, dysphagia, decreased ability to swallow,
and fatigue. During clinical examination, an oroantral fistula in the
left maxillary molar region was observed. Radiological examination

vvl....."
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Figure 1. CBCT imaging showing the oroantral fistula and sinus pathology.
CBCT: Cone-beam computed tomography.

with panoramic radiography and cone beam computed tomography
revealed perforation of the floor of the left maxillary sinus. Based on
the clinical and radiographic findings, a diagnosis of oroantral fistula
was made (Figure 1). The treatment plan included double-layered
closure of the oroantral fistula with a buccal fat pad and oral mucosa.

a. Anesthetical Management

Anesthetic and postoperative medical management were planned
according to the consultation with the patient’s neurologist. The
operation was performed under local anesthesia. The patient was
ordered to take her medications 1.5 h before surgery. Non-invasive
blood pressure, heart rate, and peripheral oxygen saturation were
monitored and recorded 5 min apart.

Posterior superior alveolar anesthesia and local infiltration
anesthesia were performed using 2 carpules containing 2% lidocaine
buffered with 1:100,000 epinephrine.

b. Surgical Management

A trapezoidal mucoperiosteal flap was created using a sulcular
incision along the alveolar ridge. The oroantral fistula was explored,
and debridement of the maxillary sinus was performed by cadwell
luc approach (Figure 2) Considering the anatomical position of the
papilla parotidea, a 1 cm vertical incision was made posterior to the
zygomatic buttress. Buccal extension of Bichat’s fat pad was explored
by blunt dissection through the buccinator muscle. The necessary
amount of Bichat’s fat pad was mobilized with light pressure to
completely cover the oroantral fistula entirely (Figure 3) (5,6). The
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Figure 3. Bichat adipose tissue was used to close the entire defect.

mucoperiosteal flap was sutured with 4.0 resorbable suture without
tension (Figure 4).

Amoxicillin 500 mg (Devamox, Deva, istanbul, Tirkiye) and
paracetamol 500 mg (Parol, Atabay, istanbul, Tiirkiye) were prescribed
twice daily for 7 days. During the postoperative period, the patient
was followed up in the recovery room, and blood pressure, oxygen
saturation, and heart rate were monitored for 2 h. The postoperative
recovery period was uneventful, and no anesthetic complications
were observed.

DISCUSSION

MG is an autoimmune disorder characterized by skeletal muscle
weakness and fatigue (3). Antibody-mediated autoimmune attack
directed toward the acetylcholine receptors may cause muscular
weakness and fatigue (7). The disease is most frequently observed
in the muscles of the eyes, face, neck, and shoulders (3). The first
peak for women occurs in the second and third decades, whereas
the peak in men is observed in the fifth and sixth decades (7).
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Figure 4. The mucoperiosteal flap was sutured without tension.

Myasthenic crisis is a result of severe involvement of the respiratory
muscles and may lead to a life-threatening respiratory collapse,
which may necessitate mechanical ventilation (3). Infections,
surgical procedures, and emotional stress may be the precipitants
of myasthenic crisis (1). In case of elective surgery, the time period
when the patient is on minimal medication and in a stable phase
should be selected (8). In this case, the medical history revealed that
the patient had been stable for 4 years.

Dental treatment is a stressful procedure because of the fear of
pain, local anesthesia, and the dental setting. Stress may trigger a
myasthenic crisis and should be taken into consideration before the
surgical procedures (7). Morning appointments with a short duration
should be preferred to minimize muscle weakness (9). Patients
with MG also have greater muscular strength in the morning. Oral
anticholinesterase agents should be administered 1.5 h before
the surgical operation. Therefore, theeffect of medications can be
maximized during the treatment session (7,9). In this case report,
the patient was recommended to take her medications 1.5 h before
the procedure and scheduled for the morning appointment.

The commonly prescribed drugs and anesthetics used for dental
procedures have a potential risk of inducing muscle weakness and
fatigue, thereby leading to respiratory (8). Dental treatments may be
performed under local anesthesia (9). Ester-type local anesthetics
are contraindicated, whereas amide local anesthetics can be safely
applied (4,9). Ester-type local anesthetics are primarily inactivated
by plasma cholinesterases and have decreased efficacy in MG
patients on AChE treatment (10). Lidocaine, including 1:100,000
epinephrine, is advantageous for maximizing anesthesia efficiency
at the surgical site, while minimizing the total anesthetic dose (4).
Local infiltration, intraligamentary, and intrapulpal injections may
help to reduce the doses of local anesthetics in comparison with
regional blocks (3). Bilateral inferior alveolar nerve blocks may
cause swallowing difficulties and must be avoided in MG patients
(3). General anesthesia is also preferred for specific conditions.
Local anesthesia (using amide local analgesics in minimal dosage)
is preferred to general anesthesia (9). Anti-cholinesterase agents
may increase the effect of succinylcholine and inhibit the effect of
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non-depolarizing neuromuscular blocking drugs (11). Sensitivity to
non-depolarizing agents has been reported in patients with minimal
effected patients. Intermediate and short-acting non-depolarizing
agents should be preferentially (12). Volatile anesthetics enhance
the effects of non-depolarizing agents; therefore, it is important to
be aware of their impact on patients with MG (13). In patients with
MG, barbiturates and propofol can be used for general anesthesia
without unwanted effects. Opioid analgesics in therapeutic
concentrations do not interfere with neuromuscular transmission;
however, central respiratory depression may appear when opioids
are (12). Considering these factors, we preferred to perform
the surgical treatment under local anesthesia instead of general
anesthesia.

The oroantral communication is an unnatural ostium-mucosal
connection between the maxillary sinus and oral cavity (5). In the
literature, the technique of closing the oroantral fistula with a Bichat
fat pad has been described as a successful technique (5,6). The
advantages of using a buccal fat pad include easy access, minimal
dissection, excellent blood supply, reduced donor site morbidity, low
risk of infection, short operation time, and minimal scar formation
(6). Based on these advantages, Bichat’s fat pad was preferred for
the treatment of the oroantral fistula in a patient with MG.

MG is a rare autoimmune disorder that presents challenges for oral
and maxillofacial surgeons. Therefore, close monitoring of vital signs
increases the chance of early diagnosis of complications that may
occur in the patient. Moreover, to avoid complications that may be
caused by the disease, it is essential to understand the nature of the
disease and make the right choice of medication.
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A Rare Prenatal Case: Greig Cephalopolysyndactyly Syndrome
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ABSTRACT

Greig cephalopolysyndactyly syndrome (GCPS) is a rare genetic
disorder characterized by macrocephaly, prominent forehead,
hypertelorism, preaxial and/or postaxial polydactyly, and cutaneous
syndactyly. Mutations that cause haploinsufficiency in the zinc finger
protein family member 3 (GL/3) gene, which is located on the short (p)
arm p1l4 region of chromosome 7 (Chr.7), have been associated with
this syndrome. Here, a case of prenatal GCPS with haploinsufficiency
of the GLI3 gene is presented. A 32-year-old woman, in her 21 week
of the first pregnancy, was referred to our center for cytogenetic
analysis of amniotic fluid because of the detection of polyhydramnios,
polydactyly, aortic stenosis, and the absence of vesica biliaris
visualization on fetal ultrasound. Chromosome analysis was terminated
with an interstitial short arm (p12-p15.1) deletion of chromosome 7
consisting of the GLI3 gene region (7p14). The presence of the short
arm terminal region of the relevant chromosome was confirmed by
fluorescence in situ hybridization analysis. Array comparative genomic
hybridization technique verified the breakpoint regions and revealed
a 17.4 Mb deletion covering the GLI3 gene. To date, reported prenatal
cases with GCPS syndrome are very rare. Here we present a case of
GCPS syndrome diagnosed in the prenatal period due to a de novo
unbalanced chromosomal rearrangement.

Keywords: Chromosome 7, GLI3 gene, greig cephalopolysyndactyly
syndrome, deletion, polydactyly, prenatal

0z

Nadir bir genetik hastalik olan greig sefalopolisindaktili sendromu
(GCPS) makrosefali, belirgin alin, hipertelorizm, preaksiyel ve/veya
postaksiyel polidaktili ve kutanéz sindaktili ile karakterizedir. Bu
sendrom 7. kromozomun kisa kolunda (7p14 bolgesinde) yer alan
ginko parmak gen ailesi 3 (GLI3) geninin haplo yetersizligine neden
olan mutasyonlari ile iliskilidir. Burada GLI3 geninin haployetersizligi ile
iliskili bir prenatal GCPS olgusu sunulmaktadir. Fetal ultrasonografide
polihidroamniydz, polidaktili ve aort stenozu saptanmasi ve safra
kesesinin izlenmemesi nedeniyle 32 yasindaki kadinin 21 haftalik ilk
gebeligine ait amniyon mayi sitogenetik analiz icin merkezimize refere
edilmistir. Kromozom analizi 7. kromozomun GLI3 gen bdlgesini de
(p14) iceren kisa kolunun (p12-p15.1) interstisyel delesyonu olarak
sonuglanmistir. Floresan in situ hibridizasyon analizi, ilgili kromozomun
kisa kol telomer bolgesinin korundugunu gostermistir. Karsilastirmal
genomik hibridizasyon teknigi detayli olarak kirik bolgelerini ve GLI3
genini de iceren 17,4 mb’lik delesyonu teyit etmistir. Bugline kadar
GCPS sendromlu prenatal olgu literatiirde olduk¢a nadirdir. Burada
de novo dengesiz kromozomal yeniden diizenlenmeye bagli prenatal
donemde GCPS sendromu tanisi almig bir olgu sunulmaktadir.

Keywords: GLI3 geni, greig sefalopolisindaktili sendromu, delesyon,
kromozom 7, polidaktili, prenatal
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INTRODUCTION

Greig cephalopolysyndactyly syndrome [(GCPS), MIM #175700] is a
disorder caused by mutations in the zinc finger gene family 3 (GL/3
gene), which is crucial for limb, brain, and craniofacial development.
It follows an autosomal dominant inheritance pattern. The
prevalence of this syndrome is approximately 1-9/1,000,000 (1). The
GLI3 gene is located on the short arm of chromosome 7 (Chr.7-p14
band). The prominent clinical findings are macrocephaly, prominent
forehead, hypertelorism, preaxial and/or postaxial polydactyly, and
cutaneous syndactyly. In cases with multiple congenital anomalies, it
is often assessed as a sequential gene syndrome (2,3).

The GLI3 gene encodes a pivotal transcription factor essential for
embryonic development. It also controls downstream targets of
the sonic hedgehog pathway, which regulates cell proliferation
and differentiation (4). Approximately 80% of GCPS cases linked to
GLI3 gene haploinsufficiency result from single nucleotide changes,
whereas approximately 20% stem from copy number alterations (5).

The vast majority of the reported cases are postnatal with variable
expression. Here, the presented case is a rare case of prenatal
GCPS due to a de novo unbalanced chromosomal rearrangement
belonging to the interstitial deletion of chromosome 7, covering the
GLI3 gene region.

CASE REPORT

At 32 years of age, a primigravida at 21-week of gestation underwent
amniocentesis because of abnormal ultrasonographic (USG) findings.
USG revealed polydactyly in the feet, polyhydramnios, and aortic
valve stenosis, whereas the vesica biliaris could not be visualized.

The parents are non-consanguineous.
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Figure 1. Comprehensive analysis of the fetus; partial karyotype, metaphase FIS

Interphase fluorescent in situ hybridization (I-FISH) analysis for
common euploidies (Chr.13, 18, 21, and gonosomes) of uncultured
amniocytes showed a normal hybridization pattern. Cytogenetic
analysis from long-term tissue cultures revealed an interstitial
deletion on the short arm of Chr.7, and metaphase FISH analysis
confirmed the presence of telomeric regions [(46,XX,del(7)
(7pter>7p15.1::7p12>7qter)] (Figure 1a, b).

Array comparative genomic hybridization (array-CGH) (Human
Genome G3 SurePrint 8x60K ISCA Array; Agilent Technologies,
Santa Clara, California) verified the deletion [17.4 megabase (Mb)
deletion], including the GLI3 gene located on the 7p12.3-14.3
(hg19:7:30307418-47765428) (Figure 1c). Cytogenetic analysis
was also carried out on the parents, and their karyotypes were
normal. The detected unbalanced chromosomal rearrangement was
considered a de novo.

After unbiased genetic counseling was given in terms of GCPS,
the family decided to continue the pregnancy. Because of fetal
cardiac arrest, the mother had a stillbirth at 25 weeks of gestation.
Prominent forehead, biparietal narrowing, hypertelorism, flat and
wide nasal bridge, broad thumbs in the hands and feet, and preaxial
polydactyly in the foot were observed in the clinical examination of
the exitus fetus, all consistent with GCPS (Figure 2). Written consent
was obtained from the family.

DISCUSSION

GCPS is primarily caused by single nucleotide or copy number
changes in the GLI3 gene. Rarely, chromosomal alteration within
the deletion of related genes can cause GCPS syndrome, as in the
present case. Considering other allelic disorders of the GLI3 gene,
such as Pallister Hall syndrome (midaxial/postaxial polydactyly,

ot
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H image, and array-CGH image. (a) Partial karyotypes of deleted Chr.7 (left

side) and normal Chr.7 (right side). (b) Metaphase FISH images displaying Chr.7 pter and gter regions (green and red signals respectively). (c) Array-CGH
image showing the breakpoint region 7p12.3-14.3, revealing a 17.4 Mb deletion on chromosome 7 (Human Genome G3 SurePrint 8x60K ISCA array).

FISH: Fluorescent in situ hybridization, CGH: Comparative genomic hybridization.
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Figure 2. Clinical findings of the exitus fetus were a prominent forehead, biparietal narrowing, hypertelorism, flat and wide nasal bridge, broad thumbs in

the hands and feet, and preaxial polydactyly in the foot.

asymptomatic bifid epiglottis, imperforate anus, and hypothalamic
hamartoma), evaluation of the individual’s genetic and phenotypic
characteristics pattern is essential (6). Fortunately, genetic and
phenotypic correlations are well documented and can be used to
diagnose each condition more accurately (5,7,8). Similar to the
present case, large deletions of the GLI3 gene are more commonly
associated with GCPS than with Pallister Hall syndrome.

Array-CGH analysis of this case revealed a 17.4-Mb deletion,
resulting in the loss of genes such as POU6F2, GCK, TBX20, CDK13,
CAMK2B, and GARS, besides the GLI3 gene. POU6F2 gene deletion
may increase the risk of Wilms tumor, whereas the deletion of the
GCK gene may lead to MODY (9,10). The family was informed that
intellectual influence was unpredictable because of the involvement
of other genes. The deletion interval of the fetus was interpreted
on the DECIPHER database, and most of the dysmorphic signs were
common, except for the absence of vesica biliaris.

During pregnancy, polydactyly can be diagnosed earlier, whereas
macrocephaly and hypertelorism can mainly be detected in the third
trimester. Fetal USG plus genetic testing make prenatal diagnosis
feasible, allowing early diagnosis and appropriate management
of the newborn (8). It allows the potential medical and surgical
interventions that the newborn may need to follow birth. Beyond
that, diagnosis is also essential for the family’s subsequent
pregnancies. If chromosomal alteration is familial, counseling
should be given regarding preimplantation genetic diagnosis and
invasive prenatal testing. Even if the parental karyotype analysis
is normal and considered de novo, the risk of recurrence exists,
albeit low, because of possible changes that cannot be detected by
conventional cytogenetic analysis, such as gonadal mosaicism and
familial micro-inversions.

In sum, this case holds significance as it was prenatally diagnosed on
the basis of suspicious fetal ultrasound findings and subsequently
confirmed through genetic testing. GCPS syndrome can be
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challenging to diagnose prenatally (11). As in this case, families
should be briefed on the condition, its potential causes, and prenatal
diagnosis and management options.
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ABSTRACT

Liver injury is commonly seen in the population depending on the
drug and chemical usage. Different groups of drugs and chemicals
lead to different pathogeneses in the liver, such as necrosis, fibrosis,
or inflammation. Although the liver has a high regenerative capability,
drug- and chemical-induced liver injury may result in organ failure.
Because of the limitations of liver transplantation, therapy methods
alternative to organ transplantation still need to be studied. Owing to
their differentiation and regeneration abilities, mesenchymal stem cells
(MSCs) have recently drawn attention as potential therapeutic agents.
In this review, we focused on the effects of human MSCs derived from
adipose tissue, bone marrow, umbilical cord, placenta, and amniotic
membrane on drug- and chemical-induced liver injury models. Recent
studies have reported recovery by the application of human MSCs
from different sources. Although MSC therapy leads to amelioration
in liver function, researchers still try to improve therapeutic efficacy.
To this end, different modifications and application modalities of MSCs
were investigated in drug-induced liver injury models. To understand
the molecular mechanisms of MSCs’ effects on liver injury, animal
studies are required to drive research perspectives for future progress.

Keywords: Drugs and chemicals, liver injury, liver regeneration,
mesenchymal stem cells

6z

ilagve kimyasal kullaniminabagliolarak toplumdakaracigerhasariyaygin
olarak gortlmektedir. Farkliilag ve kimyasal gruplari karacigerde nekroz,
fibrozis veya enflamasyon gibi farkli patogenezlere yol agmaktadir.
Karaciger yuksek bir yenilenme kapasitesine sahip olmasina ragmen
ilag ve kimyasallarin neden oldugu karaciger hasari organ yetmezligi
ile sonuglanabilmektedir. Karaciger naklinde karsilasilan zorluklar
nedeniyle organ nakline alternatif tedavi yontemlerinin daha fazla
arastirilmasi gerekmektedir. Farklilasma ve rejenerasyon kapasiteleri
nedeniyle mezenkimal kék hiicreler (MKH) son zamanlarda potansiyel
terapotik ajanlar olarak dikkat cekmektedir. Bu derlemede, yag dokusu,
kemik iligi, gébek kordonu, plasenta ve amniyotik membrandan elde
edilen insan MKH’lerin ilag ve kimyasal kaynaklh karaciger hasari
modelleri lizerindeki etkilerine odaklaniimistir. Gilincel galismalar,
farkli dokulardan elde edilen insan MKH’lerinin uygulanmasiyla
iyilesmenin goruldigini bildirmektedir. MKH tedavisi, karaciger
fonksiyonlarinda iyilesme saglasa da, arastirmacilar hala MKH’lerin
terapotik etkinliklerini artirmaya yonelik ¢alismalarini sirdirmektedir.
Bu amagla ilaca bagli karaciger hasari modellerinde MKH’lerin farkli
modifikasyonlari ve uygulama yontemleri arastirilmisti.. MKH’lerin
karaciger hasari Uzerindeki etkilerinin molekller mekanizmalarini
anlamak ve gelecekteki ¢alismalara yonelik arastirma perspektifine
yon vermek amaciyla hayvan galismalari gerekmektedir.
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INTRODUCTION

The liver is an organ prone to drug- and chemical-induced damage
because it metabolizes many xenobiotics. Drug-induced liver
injury may be categorized as either idiosyncratic or intrinsic
depending on individual factors or the dose of drug, respectively
(1). Mitochondrial damage, protein adducts formed by reactive
metabolites, endoplasmic reticulum stress, and apoptosis contribute
to the pathological molecular basis of drug-induced liver injury (2).
Different types of drugs may cause acute hepatotoxicity. Use of drugs
such as rifampicin, sulfonamide, isoniazid, and disulfiram may lead
to acute hepatic damage characterized by hepatocyte degeneration,
apoptotic bodies, and small necrotic foci in all zones. Drugs such as
diphenylhydantoin and diaminodiphenyl-sulfone induce lymphocyte
and eosinophil infiltration, and cause necrosis in the portal area of
the liver. Although drugs such as halothane, acetaminophen (APAP),
and ketoconazole cause hepatocyte necrosis and also disruption
of microcirculation specifically in the centrilobular area (zone 3),
hepatocyte necrosis may become more severe in some cases and
may be seen also in periportal area (zone 1). Fibrosis may be mild
or absent in the histopathology of hepatotoxicity induced by such

drugs. In addition, these drugs can cause hepatocyte loss, resulting
in liver damage characterized by extensive necrosis (3). Although the
liver is an organ with a high regeneration capacity, there are many
conditions leading to liver failure due to necrosis and fibrosis in
acute or chronic processes. These conditions include infections such
as viral hepatitis and chemical or biological factors such as drugs and
toxic substances. Liver transplantation, the most effective treatment
for liver failure, is a challenging approach because of transplant
rejection, limited number of donors (4), and side effects resulting
from immunosuppression (5). Therefore, experimental and clinical
studies reviewing regenerative therapeutic approaches provide new
insights into treatment strategies alternative to transplantation.
In this paper, we reviewed experimental studies investigating the
effects of human MSCs obtained from different sources, including
adipose tissue, bone marrow, umbilical cord, placenta, and amniotic
membrane, on drug- and chemical-induced liver injury (Figure 1,
Table 1). We limited our literature review to the key words “drug-
induced liver injury” and the name of the mesenchymal stem cell
(MSC) types and looked into the Web of Science and PubMed
databases.

Table 1. Effects of hMSCs and their derivatives on drug- and chemical-induced liver injury

MSCs/source Drug/chemical Action principle Outputs
agent
Human adipose Human adipose-derived CCla Paracrine signaling - Decreased ALT levels

tissue-derived MSCs (6)
mesenchymal stem
cells
Fox2-overexpressing hAD- TAA

MSCs (7)

Lipid-conjugated heparin- APAP

coated hAD-MSCs (8)

HLC with 3D-AHAM scaffold ~ CCl4
(9)

Secretome (10) AMI

Paracrine signaling

Greater engraftment with
coating

Long-term and improved
incorporation

Paracrine signaling

- Increased PCNA expression

- Improvement in histopathological alterations
- No change in ALT and AST levels

- Improvement in necrosis

- Recovery in ALB and BIL levels

- Reduction in ALT and AST levels

- Decreased CYP2E1 expression

- Increased HGF expression

- Reduction in the ALT level

- Improvement in histopathological alterations
- Reduced necrosis

- Improved inflammation

- Decreased aSMA expression and apoptosis

- Enhanced proliferation

Human placenta- Human placenta-derived CCl4
derived mesenchymal MSCs (11)
stem cells
Human placenta-derived TAA
MSCs (12)
Human placenta-derived CCl4
MSCs (13)
Human Amniotic- Hepatocyte progenitor-like CCla
derived Mesenchymal cells (14)
Stem Cells
CD34* and CD34 hAM-MSCs  TAA

(15)

Anti-fibrotic effect

Anti-inflammatory and
antioxidant effects

Autophagy-related
signaling pathways

Paracrine effect
and hepatogenic
differentiation

Anti-fibrotic effect

- Improvement in the biochemical parameters
- Decreased Col | and aSMA expressions

- Decreased TNFa and IL6 levels

- Increased HO1 expression and SOD1 and CAT
activities

- Increased Beclinl, LC3 II, ATG7, Cyc A, and Cyc
E expressions

- Decreased ALT and AST levels

- Reduced TNFa and IL2 levels

- Increased IL-10 level

- Decreased ALT and AST levels

- Reduced col I, aSMA and TGFp expressions
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Table 1. Continued

MSCs/source

Drug/chemical
agent

Action principle

Outputs

Hepatogenic
differentiation

Antioxidant and anti-
inflammatory effects of
GPX1

Anti-inflammatory effect

- Decreased ALT and AST levels
- Reduced apoptosis
- Increased proliferation

- Decreased 8-OHdgG expression

- Reduced apoptosis and oxidative stress

- Decreased ALT and AST levels

Human umbilical Human umbilical cord- CCla

cord-derived derived MSCs (16)

mesenchymal stem

cells
Exosomes (17) CcCla
MSC-derived miR-455-3p- CcCla
enriched exosomes (18)
Preconditioning of MSCs CcCla
(19)

Human bone marrow- Human bone marrow- CCl4a

derived mesenchymal derived MSCs (20)

stem cells Human bone marrow- CCla

derived MSCs (21)

Anti-inflammatory effect

Paracrine effect

Anti-mutagenic effect

- Reduced G-CSF, IL6, IL17, MCP-1, and IP-10
levels

- Improvement in histopathological alterations

- Decreased MCP-1, TNF-q, IL-6, and CXCL1
levels

- Reduced necrosis and fibrosis

- Decreased chromosomal aberrations and DNA
fragmentation

8-OHdgG: 8-hydroxy-2’-deoxyguanosine, aSMA: a smooth muscle actin, ALB: Albumin, ALT: Alanine aminotransferase, AMI: Amiodarone, APAP: Acetaminophen,
AST: Aspartate aminotransferase, BIL: Bilirubin, CCl4: Carbon tetrachloride, Col I: Collagen I, CYP2E1: Cytochrome 2E1, G-CSF: Granulocyte colony stimulating
factor, HGF: Hepatocyte growth factor, HO1: Heme oxygenase-1, IL: Interleukin, IP-10: Interferon gamma-induced protein 10, MCP-1: Monocyte chemoattractant
protein-1, MSCs: Mesenchymal stem cells, PCNA: Proliferating cell nuclear antigen, TAA: Thioacetamide, TGFf: Transforming growth factor beta.

2. Possible Therapeutic Use of Human MSCs in Drug- and
Chemical-Induced Hepatic Injury

Animals used to establish liver injury models in studies investigating
cellulartreatmentsinclude mice, rats, guinea pigs, and cats (22). APAP,
carbon tetrachloride (CCl4), thioacetamide (TAA), acetylsalicylic acid,
cocaine, chemotherapy, amoxicillin-clavulanate, cephalosporins,
isoniazid, and bromobenzene are the common agents used to form
drug- and chemical-induced liver injury models (22-24).

Different perinatal and adult tissue sources such as amniotic fluid,
amniotic membrane, umbilical cord blood and stroma, placenta,
bone marrow, and adipose tissue serve as MSC sources (25). MSCs,
resembling fibroblasts morphologically, express CD105, CD73,
and CD90 surface markers, whereas they lack CD14, CD34, CDA45,
CD11B, CD79a, CD19, and human leukocyte antigen-DR isotype
(HLA-DR) (26). In addition to in vitro differentiation into adipocytes,
osteoblasts, and chondrocytes, studies have revealed that MSCs are
able to differentiate into various cell lineages including endothelial
cells, smooth muscle cells, cardiomyocyte, hepatocytes, pancreatic
B-cells and neuronal cells, and in vitro differentiation of MSCs
requires different culture conditions in accordance with their tissue
of origin (27-28). Furthermore, it was revealed that MSCs, which
can differentiate into endoderm-derived hepatocytes in vitro,
exhibit hepatocyte-specific protein expression as well as hepatocyte
functions such as glucose production and storage (29,30).

One of the reasons underlying the use of MSCs in cellular therapy
for tissue damage is that when they are administered through
blood circulation, these cells tend to migrate to the injured area
and contribute to the healing process by different mechanisms (31).
Owing to their high proliferative capacity and multipotency, MSCs
are frequently used in studies on tissue regeneration because they
can directly differentiate into the parenchymal cells of the tissue to
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be transplanted and transform into stromal components to support
the parenchyma (32). For instance, in cases of liver injury, some
transplanted MSCs turn into hepatocytes, whereas others contribute
to liver regeneration by providing revascularization through vascular
endothelial growth factor (VEGF) regulation (33). Studies have
shown that the contribution of these cells to the healing process is
not limited to the differentiation into tissue components; they also
display paracrine effects through the substances they secrete (7,34).
MSCs participateinregeneration by secreting soluble proteins, nucleic
acids, lipids, and exosomes. Notably, exosomes are of particular
importance for research on cell-free treatment approaches (35).
MSCs secrete various paracrine substances, including proangiogenic
and immunoregulatory factors, factors regulating the extracellular
matrix, and factors that induce the migration and proliferation of
MSCs (36). Hence, in case of tissue injury, MSCs are able to regulate
angiogenesis and support regeneration with paracrine effects with
chemokines that they secrete, such as fibroblast growth factor,
insulin-like growth factor, hepatocyte growth factor (HGF), and
VEGF (31). Regulation of angiogenesis, attenuation of fibrosis with
factors they excrete (11,26), prevention of the resident cells from
undergoing apoptosis, and regulation of the pro-inflammatory and
anti-inflammatory cell balance (37) are some of their regulatory
actions contributing to the tissue regeneration process (38).

2.1. Adipose Tissue-Derived MSCs in Drug- and Chemical-
Induced Hepatic Injury Models

Besides medical treatments and organ transplantation, there are
also MSC therapy approaches in drugs or chemical-induced liver
injury in clinical practice (31,39), and experimental studies are
needed to bring new insights into clinical research. In one of the
experimental studies, Gad et al. (40) revealed a recovery by the
administration of an adipose tissue-derived MSC (AD-MSC) acute
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Figure 1. Schematic representation of mesenchymal stem cells and their products or different modification strategies used for treating drug- and chemical-

induced liver injury.

AMI: Amiodarone, APAP: Acetaminophen, CCl4: Carbon tetrachloride, TAA: Thioacetamide, MSCs: Mesenchymal stem cells.

hepatotoxicity model. In addition, Saidi et al. (6) compared the
effects of different doses of AD-MSC on liver regeneration in which
they administered either 1x10° and 2x10° human AD-MSC (hAD-
MSC) to mice with CCl4-induced acute liver failure. A significant
decrease in alanine aminotransferase (ALT) levels, attenuation in
congestion, vacuolization, and necrosis, and enhancement in PCNA
expression were reported at both doses. Although it was suggested
that hAD-MSC transplantation has a therapeutic effect by supporting
regeneration and preventing necrosis, it was also pointed out that
the recovery was more prominent in the animals given 2x10° of cells
(6).

Further experimental research is also conducted to improve
the therapeutic outcomes and to overcome the limitations.
Thus, substances obtained from cells and manipulations such
as preconditioning were also investigated. In a study, Chae et al.
(7) analyzed the differences that may occur as a result of gene
overexpression in MSCs. When they examined both the in vitro and
in vivo differentiation of hAD-MSCs into hepatogenic cells, markers
indicating hepatic differentiation, such as alpha fetoprotein (AFP),
cytokeratin 18 (CK18), dipeptidyl peptidase 4 (CD26), connexin 32
mRNA levels, and cytochrome 450 (CYP450) expression, were shown
to be elevated in cells that highly express forkhead box protein a2
(Foxa2), a major transcription factor for liver trans-differentiation.
Furthermore, when the hAD-MSCs overexpressing Foxa2 were
subcutaneously transplanted into nude mice with liver injury, there

was a decrease in hepatic necrosis and an improvement in albumin
(ALB) and bilirubin (BIL) levels, whereas there was no change in ALT
and aspartate aminotransferase (AST) values. In accordance with
the conditioned medium (CM) analysis, researchers suggested that
cells overexpressing Foxa2 displayed their therapeutic effects with
paracrine signaling (7).

In another study, the effects of culture medium-related conditions
on cell transformation were investigated. Yin et al. (41) examined
the therapeutic effects and in vitro and in vivo differentiation of
hAD-MSCs into hepatocytes. As a result, they demonstrated that
AD-MSCs incubated with serum-medium much notably exhibited
hepatocyte-specific features such as polygonal morphology and
glycogen accumulation. When evaluated functionally, these
cells were revealed to exhibit an appropriate morphological
transformation in serum-free medium, also expressed ALB and
AFP, and could store glycogen. They observed that the addition
of trichostatin A (TSA), a histone deacetylase inhibitor, to the
differentiation protocol stimulated hepatocyte maturation of these
cells, resulting in an increase in ALB synthesis and a gradual decrease
in AFP synthesis. Moreover, while LDL uptake was not carried out
by the cells that were not exposed to TSA, the emergence of this
function by TSA application manifested the effectiveness of TSA in
inducing differentiation. In the continuation of the study, they stated
that hAD-MSC application improved liver function by decreasing
serum levels of ALT, AST, and direct BIL during the acute phase of
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CCl4-induced liver injury; however, it did not produce a difference
in histopathological evaluation. Liver sections labeled with a
human-specific ALB antibody demonstrated that the transplanted
cells were engrafted and functional; however, they did not exhibit
hepatocyte morphology (41). Although the contribution of hAD-
MSCs to the regeneration of injured liver through paracrine effects
or direct transformation into hepatocytes is not yet clear, Yin et al.
(41) demonstrated the potential of these cells to differentiate into
mature hepatocyte-like cells (HLC) in vivo and in vitro.

In a study, lipid-conjugated heparin coating for the liver-targeted
delivery of MSCs was used to enhance the outcomes. Hwang et al.
(8) analyzed the therapeutic efficacy of hAD-MSC coated with lipid-
conjugated heparin in @ mice model of acute liver failure induced
by APAP administration. Hepatoma (HepG2) cells were exposed to
APAP and then cultured with either hAD-MSC-CM or CM harvested
from lipid-conjugated heparin-coated hAD-MSC culture (Lip-hep/
hAD-MSC-CM). They obtained the result demonstrating that both
CMs improved the viability and functionality of injured HepG2
cells compared to the regular medium. In the next step of this
investigation, Hwang et al. (8) administered hAD-MSC and Lip-hep/
hAD-MSC to mice with liver injury induced by APAP. They achieved
better outcomes by Lip-hep/hAD-MSC administration compared to
hAD-MSC only administration, that a better recovery at ALT and AST
levels were accompanied by an increment in HGF expression and a
reduction in the level of CYP2E1. Moreover, they observed that cells
coated with lipid-conjugated heparin displayed a greater degree of
engraftment into the injured liver (8).

MSC transplantation is a therapeutic approach that is advantageous
from many aspects; however, insufficient engraftment of
transplanted cellsremains animportantissue that reducesits efficacy.
To overcome this point, Yuan et al. (9) constructed a graft that was
a combination of acellular human amniotic membrane (AhAM) and
HLCs derived from hAD-MSCs (hAD-MSC-HLCs). They attempted to
explore the effects of this graft on the fate of transplanted cells. hAD-
MSC-HLCs cultured either on two-dimensional-AHAM (2D-AHAM) or
on Col | were compared with freshly differentiated hAD-MSC-HLCs
with respect to in vitro differentiation both morphologically and
functionally. Morphology and CYP and ALB expressions were found
to be better with the use of hAD-MSC-HLCs cultured on 2D-AHAM,
rather than with the use of Col | or freshly differentiated hAD-MSC-
HLCs. Furthermore, when three-dimensional AHAM (3D-AHAM)
was examined, the best results were achieved among all these
modalities. 3D-AHAM yielded higher ALB and urea concentrations
and greater CYP activities than 2D-AHAM and freshly differentiated
hAD-MSC-HLCs. In the next step, researchers evaluated the in vivo
fate of 3D-AHAM application with and without hAD-MSC-HLCs
in CCl4-induced damage. They observed a decrease in areas of
inflammation, congestion, and hemorrhage and an improvement
in serum ALT levels in animals transplanted with hAD-MSC-HLC-3D-
AHAM compared with animals transplanted with only 3D-AHAM.
They revealed that combination with 3D-AHAM may provide
complete and long-term integration of transplanted hAD-MSC-HLC
to the host liver (9).

Along with approaches involving modifications, preconditioning, or
pretreatments of cells to be transplanted, the effects of other cellular
components of the host on the engraftment and differentiation
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of transplanted cells became a considerable point to investigate.
In this regard, Hong et al. (42) analyzed the effects of Kupffer cell
activity on liver damage. First, they established a liver injury model
using 2-acetylaminofluorene, and they treated the injured animals
with glycine in order to prevent the resident macrophages, the
Kupffer cells, to generate an inflammatory reaction. When they
administered glycine alone, they suppressed the secretion of tumor
necrosis factor-alpha (TNF-a) without any alteration in the number of
Kupffer cells. They significantly reduced both the levels of TNF-a and
the number of Kupffer cells with the combined delivery of glycine
and hAD-MSCs, without having any toxic side effects. Kupffer cell
inhibition by means of glycine application yielded an enhancement
in both engraftment of transplanted cells and transdifferentiation of
them into hepatocytes (42).

Huang et al. (10) evaluated the effects of the secretome of hAD-
MSCs on drug-induced liver injury by two different drugs, tamoxifen
and amiodarone (AMI). Two different hepatocyte cell lines (HEPG2
and HepaRG) with different expression levels of CYP enzymes were
examined in the in vitro part of the study. Treatment with the
secretome of hAD-MSCs increased proliferation and a decrease in
apoptosis compared with non-secretome-treated cells. While the
ROS (reactive oxygen species) production decreased by hAD-MSC
secretome treatment in both cell lines, it was shown that TNF-q,
interleukin-6 (IL-6), and iNOS expressions increased in only the
HepaRG cell line due to its higher levels of CYP enzyme expression
compared to HEPG2 cells. In vivo protective effects of the secretome
of hAD-MSCs were examined in a high-fat diet mouse model with AMI-
induced liver injury, since mice with normal diet were not affected
by AMI. hAD-MSC secretome administration alleviated injury by
decreasing steatosis, necrosis, and infiltration of T-lymphocytes and
macrophages. Moreover, secretome treatment reversed the damage
by decreasing fibrosis and apoptosis and increasing proliferation, as
indicated by PCNA expression in AMI-induced liver injury (10).

2.2. Placenta-Derived MSCs in Drug- and Chemical-Induced
Hepatic Injury Models

MSCs of fetal origin display differentiation potency on a scale
between embryonic and adult MSCs. They have more advantageous
than adult MSCs in terms of their wider range of differentiation
potency and lower immunogenicity. Although their differentiation
potency remains lower than that of embryonic stem cells, they do
not lead to tumors as in embryonic stem cells. As one of the MSCs
of fetal origin, placenta-derived MSCs have been examined in many
studies, including those on liver injury and regeneration (43). Lee
et al. (11) examined the effects of chorionic plate-derived MSC (CP-
MSC) obtained from term placenta on CCl4-induced liver injury in
rats. Homing of transplanted CP-MSCs and their transdifferentiation
into hepatocytes were verified by the expression of human-specific
nuclei and CK18 and CK19 hepatocyte markers. In addition, the
reduction of CCl4-induced fibrosis in the CP-MSC-transplanted
animals was demonstrated by the decrease in Col | and aSMA
expressions, in addition to Masson’s trichrome staining. In addition
to morphological regeneration, improvement in hepatic functions
in the transplanted animals was also revealed by biochemical
parameters, including blood levels of glutamate-oxaloacetate
transaminase, glutamate-pyruvate transaminase, and total BIL.
Thus, it has been suggested that CP-MSC transplantation, owing to



GMIJ 2024;35:212-221

Ceyhan et al. A General Overview of Mesenchymal Stem Cell Therapies in Drug

its anti-fibrotic effect, is a new treatment alternative in cases of liver
injury (11). The anti-inflammatory effect of CP-MSC transplantation
in addition to anti-fibrotic effect was also demonstrated in one of the
current studies, in which Na et al. (12) generated a liver injury model
by the administration of TAA. CP-MSC transplantation resulted
in a decrease in pro-inflammatory factors such as IL-6 and TNF-q,
whereas an increase in IL-10 levels was found. Antioxidant effects of
CP-MSCs were also introduced in this study; CP-MSC transplantation
led to anincrease in the expression of heme oxygenase-1, superoxide
dismutase 1, and catalase. In addition, CP-MSC transplantation
resulted in increased regenerative capacity, as revealed by elevated
ALB and nicotinamide adenine dinucleotide phosphatase (NADPH)
oxidase 4 (NOX4) expression (12).

In a similar study, Jung et al. (13) revealed the pathways involved
in the regenerative effects of CP-MSC transplantation in liver injury.
The anti-inflammatory effect of CP-MSCs was demonstrated by
decreased leukocyte infiltration and elevated IL-10 expression.
Additionally, it was underlined that hypoxia-inducible factor 1-a
expression, which is involved in survival-related signal transmission,
and its transition to the nucleus was higher in the CP-MSC-
transplanted animals. B-cell lymphoma 2 (Bcl2) and Bax (Bcl-2-
associated X protein) expressions were found to be higher in the CP-
MSC-transplanted animals, whereas cleaved PARP [poly (ADP-ribose)
polymerase] and caspase 3/7 activities were lower than that of the
non-transplanted animals, indicating the regulatory effects of CP-
MSCs on apoptosis. In addition, it has been shown that autophagy-
related factors (such as PI3K class lll, Beclinl, ATG7, ATG5-12 and
LC3 1) and proteins involved in proliferation (such as PI3Kp110a,
Smad2/3, cyclin A, cyclin E, and PTTG1) were overexpressed because
of CP-MSC administration in cases of CCl4-induced liver damage.
Furthermore, Ki67 (+) cell number and protein levels related to
liver regeneration (such as IL-6, gp130, SCF, ABCG1, ABCG2) were
elevated in the animals transplanted with CP-MSC. As a result, CP-
MSC transplantation appears to contribute to liver regeneration
through autophagy- related pathways (13).

2.3. Amniotic Membrane- and Fluid-Derived MSCs in Drug-
and Chemical-Induced Hepatic Injury Models

Similar to other MSCs of fetal origin, MSCs derived from the amniotic
fluid or amniotic membrane display superiority to adult MSCs in
terms of potency and do not stimulate a rejection response owing to
their low immunogenicity, that they do not express HLA-DR (44-46).

Zagoura et al. (14) examined the therapeutic efficacy of human
amniotic fluid-derived MSCs (hAF-MSCs) and their derivatives at
different differentiation states on CCL4-induced hepatic injury.
Although in vitro studies showed that HLCs differentiated from
hAF-MSCs tended to resemble liver cells with respect to their
morphology, functions, and cell markers, they failed to engraft
injured liver and improve its function. Therefore, only hAF-MSCs
and hepatocyte progenitor-like cells differentiated from hAF-
MSCs (HPLC) were preferred to be compared in terms of their
therapeutic effects. HPLC significantly decreased AST and ALT
levels compared with undifferentiated hAF-MSCs, whereas their
effects on the improvement of ALB secretion and the survival of
the injured animals were comparable. As for the modulatory effects
on inflammation, HPLC was revealed to display more prominent

effects on the modulation of the inflammatory response, that HPLC
apparently elevated IL-10 levels while decreasing the TNF-a and IL-
2. Results of CM analysis, and moreover the improvement provided
by the intrahepatic administration of these CMs suggest that the
therapeutic effects of cell transplantation are due to not only in situ
differentiation but also to the paracrine effects of these cells and the
substances they secrete (14).

A previous study by Lee et al. (15) presented the effects of CD34(+)
and CD34(-) human amniotic membrane-derived MSCs (hAM-
MSCs) on TAA-induced liver injury. In vitro experiments indicated
that CD34(+) hAM-MSCs exhibited much more potential in terms
of differentiation into neurogenic, cardiomyogenic, and hepatic
lineages in comparison to CD34(-) hAM-MSCs. In the TAA-induced
injury model, both CD34(+) and CD34(-) hAM-MSCs led to a better
reduction in fibrosis than AD-MSCs, as demonstrated by collagen
deposition and the amount of hydroxyproline. In addition, the
expression of genes related to fibrosis [e.g. col I, aSMA, transforming
growth factor beta (TGF-B)] reduced in hAM-MSC- transplanted
animals in contrast to the AD-MSC-administered group. Both
CD34(+) and CD34(-) hAM-MSCs decreased the ALT and AST levels
significantly; however, only CD34(+) hAM-MSC transplantation
resulted in a drastic increase in ALB amount. After 3 weeks of
transplantation, they observed the PKH26-labelled cells, indicating
the engraftment of hAM-MSCs, near the portal tract and fibrotic
regions in the injured liver. Because of the study, they suggested that
CD34(+) hAM-MSCs provided recovery in TAA-induced liver injury in
comparison to CD34(-) hAM-MSCs. In addition, they disclosed that
the reason for the insufficient recovery effects of AD-MSC could be
related to its administration route (15).

2.4. Umbilical Cord-Derived MSCs in Drug- and Chemical-
Induced Hepatic Injury Models

Similar to other fetal MSCs, human umbilical cord MSCs (hUC-
MSCs) are harvested from a type of tissue that is routinely discarded
during delivery; thus, they do not require an invasive procedure to
be harvested. Therefore, UC-MSCs serve as a reasonable and safe
MSC source for autogenic and allogenic transplantation because
of their differentiation potency and low immunogenicity. Yan et al.
(16) transplanted hUC-MSCs to rats injured by CCI4 and revealed an
improvement in histopathology and biochemical parameters (ALT
and AST) in a time-dependent manner. Moreover, transplantation
of hUC-MSCs induced proliferation and decreased apoptosis in
CCl4-induced liver injury compared with non-transplanted animals.
They demonstrated that transplanted cells were sequestrated
in both kidney and lung but also successfully engrafted into the
liver, revealed using human 17a gene expression. In addition, the
cells engrafted into the liver started to express AFP and CK18,
indicating hepatogenic differentiation (16). To reveal the effects of
the microenvironment on cell differentiation and functionality, Xue
et al. (47) investigated the changes in hUC-MSC culture exposed
to liver homogenate supernatant. They reported that cultured
cells started to express the hepatocyte markers AFP, CK18, and
tryptophan 2,3-dioxygenase (TPH2). Furthermore, it was revealed
that these cells released ALB and urea and CYP3A activity. The
number of PKH26-labeled hUC-MSCs was increased in CCl4-induced
liver injury compared with the control, which may indicate homing
and the potential of pathotropic migratory properties of hUC-MSCs.
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Results indicated a time-dependent increase in the expression of
AFP, CK18, TPH2, and ALB in the liver of rats administered hUC-
MSCs following CCl4-induced injury. In addition, they showed the
improving effects of directly administered hUC-MSCs on biochemical
and histopathological alterations (47).

Yan et al. (17) compared the different administration routes and
dose-dependent efficiency of exosomes derived from hUC-MSC
(hUC-MSC-Ex). They administered hUC-MSC-Ex through either
the tail vein or oral gavage at determined doses of 8, 16, 32 mg/
kg. Although there was not a significant difference between the
efficiency with respect to routes, there was a significant difference
between the survival rate in terms of different doses, with the
best one achieved at 32 mg/kg. They revealed that all tried doses
led to improvement in biochemical analysis; however, recovery in
terms of histology was achieved at both 16 and 32 mg/kg doses,
indicating the poor effect of 8 mg/kg application. To demonstrate
the effects of hUC-MSC-Ex on antioxidant and apoptotic processes,
they performed 2’-7’-dichlorofluorescein diacetate (DCF-DA),
8-hydroxy-2’-deoxyguanosine (8-OHdgG), malondialdehyde, and
terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling
(TUNEL) assays. The results showed that oxidative stress and
proinflammatory cytokines were decreased by hUC-MSC-Ex therapy.
In addition, TUNEL assay results revealed a decreased apoptotic
rate of hepatocytes in hUC-MSC-Ex-administered animals. Because
of further in vitro studies of the research in question, they showed
that hUC-MSC-Ex reduced apoptosis by increasing Bcl2 expression
and decreasing cleaved Caspase3 expression, as well as Annexin V
and Hoechst 33342 staining. To determine the molecular basis of the
effects of hUC-MSC-Ex, they investigated the glutathione peroxidase
1 (GPX1) activity in CCl4-injured LO2 cells treated with hUC-MSC-Ex.
They found that the activity levels of GPX1 in injured cells treated
with hUC-MSC-Ex increased compared with injured cells treated
with human lung fibroblast (HFL-1)-derived exosomes (HFL-Ex).
Knockdown of GPX1 resulted in the reversal of all the in vitro and in
vivo therapeutic effects of hUC-MSC-Ex, proving that the therapeutic
mechanisms were under the control of the GPX1 enzyme (17).

In one of their previous studies in which they induced liver injury
by toxins (LPS and a-amatoxin), Guo et al. (48) suggested that
MSCs reduce injury by suppressing cytokine storm through IL-6
reduction. Based on this conclusion, Shao et al. (18) hypothesized
that exosomes derived from IL-6-preconditioned hUC-MSCs may
attenuate liver injury. Exposure to IL-6 resulted in both an increase
in concentration and a change in the composition of exosomes.
According to sequencing results, Mir-455-3p, which is related to IL-6
signaling pathways, was upregulated within the exosomes after IL-6
preconditioning. TargetScan and miRanda analyses revealed that
a possible target of Mir-455-3p was the PIK3rl gene. Transfection
of macrophages with Mir-455-3p decreased PIK3rl expression;
therefore, they suggested that Mir-455-3p interrupted macrophage
activation in a PIK3r1-dependent manner. When they injected Mir-
455-3p into animals with either endotoxin or chemically induced
liver injury, they found that Mir-455-3p delivery decreased the
levels of inflammatory cytokines and improved liver function in both
models (18).

De Witte et al. (19) proposed that preconditioning of hUC-MSCs with
cytokines, growth factors, and cell culture conditions enhanced their
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immunosuppressive potential and decreased their immunogenicity.
For this purpose, hUC-MSCs were treated with inflammatory factors
[interferon gamma (IFN-y), IFN-B, TGF-B, TNF-a], vitamins (vitamin
D3, vitamin B6, retinoic acid), and serum starvation. The in vitro
results of experiments revealed that pretreatment of hUC-MSCs
with IFN-y and multiple cytokine cocktail (MC) led to hUC-MSCs
decreasing T-cell proliferation. In addition, IFN-y, MC, and TGF-R
treatment inhibited natural killer cell lysis. When pretreated hUC-
MSCs were intravenously administered to mice with CCl4-induced
liver injury, no differences were observed between the experimental
groups with respect to the immunomodulatory effects of hUC-
MSCs or ALT levels. They suggested that the reason for failure was
the distribution of hUC-MSCs because most of the hUC-MSCs were
entrapped in the lung. Therefore, in the following step, the effect of
pretreated hUC-MSCs on inflammation was analyzed in an ex vivo
liver tissue model established by LPS exposure. Ex vivo experiment
results showed that MC pretreatment decreased the expression
of inflammatory genes, including monocyte chemoattractant
protein-1, TNF-a and interferon gamma-induced protein 10. Based
on these findings, they suggested that intrahepatic delivery of hUC-
MSCs pretreated with multiple cytokine combinations would be
advantageous in ameliorating liver injury (19).

2.5. Bone Marrow-Derived MSCs in Drug- and Chemical-
Induced Hepatic Injury Models

Miryounesi et al. (20) compared the therapeutic effects of single-
dose and repeated administration of human bone marrow-derived
MSCs (hBM-MSCs). The same total number of cells (3x10° cells)
was transplanted to mice with CCl4-induced liver injury, either
as a single dose or as dividing in three equal doses at intervals of
one week. Repeated delivery of the cells yielded more effective
engraftment of the cells. Animals with repeated administration
displayed significantly less liver fibrosis than those with single dose
administration. When transdifferentiation of the implanted cells
was investigated with the demonstration of human-specific ALB
expression, no positivity was observed. Therefore, recovery in the
injured liver is attributed to the paracrine effects of engrafted cells
rather than their direct transdifferentiation into liver cells (20).

Inanotherstudy, Aithaletal.(21) combined hBM-MSCtransplantation
with silymarin, which is known to display hepatoprotective effects,
and compared the efficacy with their individual effects on liver
injury induced by CCl4. Better results were achieved with either
single high-dose hBM-MSCs or combined therapy in terms of plasma
HGF levels. High-dose hBM-MSC application showed a significant
antimutagenic effect, which was further amplified with the addition
of silymarin, as revealed by chromosomal aberration assay. The
pathways related to the antimutagenic effects of hBM-MSCs were
not still fully understood but might be related to their antioxidant
abilities (21).

CONCLUSION

Over the years, MSCs have been the subject of hundreds of
investigations. In preclinical research, MSCs have been investigated
to treat different pathological conditions such as cancer,
cardiovascular, and neurodegenerative diseases (25,49-51). In the
earlier periods of these investigations, basic issues such as the type
of MSCs, optimal cell doses and delivery routes, engraftment, and
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use of cell-itself or its in vitro transdifferentiate derivatives were
assessed. Later, researchers focused on the microenvironment that
actually predominated the in vivo behavioral pattern of the cells.
Therefore, many preconditioning methods have been attempted to
enhance the in vivo transdifferentiation of transplanted cells. Among
the research on drug- and chemical-induced liver injury, many
preconditioning methods and modalities for targeted delivery or
graft construction have been investigated to overcome inadequate
engraftment and enhance the in vivo transdifferentiation of
transplanted cells. Further studies may be conducted to compare
the efficiency of these methods in combination with different MSC
types.

Many studies have revealed that MSCs reduce fibrosis, regulate
inflammation, and decrease the apoptosis of host cells, rather than
contributing to the healing process by direct transdifferentiation.
Thus, the paracrine effects of MSCs in addition to their differentiation
potency became the center of research interest. In this regard, cell
products such as exosomes or secretes harvested from MSCs were
investigated in terms of their effects on injury. There are also studies
demonstrating the paracrine effects of MSCs on drug-induced liver
injury models (52,53). Among the MSC types, hCP-MSCs were directly
applied to animals without any modifications. Different studies have
emphasized the anti-inflammatory and antioxidant effects of hCP-
MSCs; however, little is known about the secretory or exosome
derived from these cells to show the paracrine effects. In contrast to
hCP-MSCs, hUC-MSCs and their exosomes and preconditioned hUC-
MSCs with cytokines or vitamins were analyzed in a study. The results
revealed that these modifications of hUC-MSCs increased potential
therapeutic effects compared with cell-only administration. In
addition, umbilical cord-derived MSCs have a higher proliferation
rate and a greater diversity of paracrine secretions than other MSCs
of fetal origin (54). This may explain why researchers are interested
in hUC-MSCs.

There are limited number of experimental studies using hBM-
MSCs. This approach may depend on many factors such as the
invasiveness of MSC isolation and rejection response in allogeneic
transplantation. Thus, most experimental studies utilize animal BM-
MSCs. Because we focused on the use of only human-derived MSCs,
critical inference was made throughout the limited studies reviewed
in this paper.

Animal models play a crucial role in pre-clinical studies. Prior to
clinical application, it is essential to have information about the
physiopathological mechanisms underlying liver injury. We observed
that mostly CCl4, TAA, APAP, and AMI were used to mimic drug-
and chemical-induced liver injury. However, different drugs may
induce liver injury through different molecular mechanisms, such as
inducing immune system activation (55). Considering this, there are
still few studies exploring the effects of MSCs in damage induced by
different drugs such as chemotherapeutics. Because adverse effects
of chemotherapy are crucial in clinical practice, studies on the effects
of MSCs in chemotherapy-induced liver injury may reveal whether
MSCs, which are known for their immunomodulatory effects, can be
used as a supportive treatment to the chemotherapeutic agent (25).
Therefore, the effects of MSC cells on chemotherapeutic-induced
liver injury must be investigated in vivo, as well.

In conclusion, to increase the efficacy of stem cell-based therapies
and to find new modalities alternative to liver transplantation in
clinical practice, treatment strategies based on detailed analyses of
products derived from MSCs are required.
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Rare Old Distal Carpal Row Dislocation: Wait, do not Reduce, or Operate

Nadir Eski Distal Karpal Sira Cikigi: Bekleyin, Azaltmayin veya Calistirmayin

® Muath Mamdouh Mahmod Al-Chalabil, ® Abdul Nawfar Sadagatullah2, ® Wan Azman Wan Sulaiman?
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ABSTRACT

Carpal dislocations most frequently result from high-energy axial
loading of the forearm with the wrist extended and can easily be
overlooked. In this case, we conclude that stable, chronic dislocations
with patient adaptation did not require any reduction or operation.

Keywords: Distal carpal row dislocation, carpal bones

Post-traumatic carpal dislocations are rare entities that most
frequently result from high-energy axial loading of the forearm
with the wrist extended and can easily be overlooked (1,2). Several
variants of carpal dislocations exist. The most commonly observed
cases involve lunate wrist trauma (3). If clinicians do not employ
a high index of suspicion, they readily miss the diagnosis of carpal
dislocations in the emergency department. These injuries can result
in persistent pain and stiffness if left untreated. X-rays are the imaging
modality of choice in early post-traumatic situations, where carpal
dislocations frequently appear with only mild anomalies. If there is
a difference between clinical and radiological findings, a computed
tomography (CT) scan should be used as a problem-solving tool. The
eight carpal bones form a complex structure (two horizontal rows)
that enables the wrist to move in three dimensions. To maintain wrist
stability, the proximal row is an intercalated section between the
radius and the distal carpal row (trapezium, trapezoid, capitate, and
hamate) (4). Treatment in the acute setting should always include
closure reduction and immobilization to relieve pressure on nearby
structures. K-wire may be used in conjunction with immobilization
to provide the wrist with more stability after reduction. This was the
previously recommended treatment. However, new research has

Oz

Karpal gikiklar ¢ogunlukla el bilegi ekstansiyondayken énkolun yiiksek
enerijili aksiyal yiklenmesinden kaynaklanir ve kolayca gézden kagabilir.
Bu durumda stabil, kronik, hasta adaptasyonu ile ortaya gikan gikiklarin
herhangi bir rediksiyon veya operasyon gerektirmedigi sonucuna
vardik.

Anahtar Sozciikler: Distal karpal sira ¢ikigl, karpal kemikler

revealed a high incidence of recurrent instability and arthritis. Open
reduction is now the accepted standard approach because it has
produced superior results for most injuries compared with closed
reduction (2).

We report a case of complex carpal injury in a 46-year-old policeman
involving dislocation of the entire distal carpal row. He presented to
the emergency department with a complaint of tolerable right wrist
pain. He allegedly fell on his extended right hand while trying to
catch a thief, at which point he started feeling mildly tolerable pain
at the wrist joint. What brought him to the emergency department
was not pain, but he recalls that the exact mechanism of trauma
happened ten years ago while he tried to catch a thief. At that time,
he complained of mild pain but never sought medical advice. After a
recent trauma, he decided to get a doctor’s opinion regarding both
traumas. On examination, the right hand showed a bit of extension
limitation with mild bulging during hand extension and a pain score
of 3/10. A right-hand X-ray was requested and revealed overlapped
carpal bones, as shown in Figure 1. A CT scan was requested to obtain
more details regarding the carpal bones. Figure 2 shows a CT scan
that confirmed total distal carpal row dislocation. Both carpal bone
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Figure 1. Right dorsal view X-ray showing carpal bones with abnormal
anatomical alignment.

Figure 2. Right hand 3D volar view CT showing overlapped proximal and
distal carpal bones.

CT: Computed tomography.

Figure 3. Cross-sectional CT at the level of the right carpal bones clearly
showing overlapping.

CT: Computed tomography.

rows were shown to be on top of each other in cross-sectional CT at
the carpal bone level, representing the distal row, which overlapped
the proximal row, as shown in Figure 3.

In this case, we can emphasize that stable, chronic dislocations with
patient adaptation did not require any reduction or operation and
were not considered emergencies that required urgent reduction
or manipulation. In conclusion, even if the patient presented to the
emergency department with a trauma of the exact mechanism without
new findings, we may choose to wait rather than reduce or operate.
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