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Earthquake and the Lung

Deprem ve Akciger

ABSTRACT

Natural disasters cause extensive damage to nature and impact on large numbers of people
throughout the world. Recently, earthquakes have caused a large number of death, injured,
missing, and displaced people. More than a million earthquakes occur worldwide every year,
which equates to roughly two earthquakes per minute. Lung problems in earthquakes are one
of the main causes of morbidity and mortality. Many pulmonary complications that occur after
earthquakes are a direct result of the disaster itself. Pulmonary complications such as inhalation
of dust and particulates from collapsed buildings in earthquakes, aspiration of water and
pathogens due to tsunami after earthquakes, pulmonary thromboembolism, psychological
effects caused by respiratory symptoms, infectious respiratory diseases and chest traumas such
as pneumothorax, rib fracture, hemothorax, hemopneumothorax, diaphragmatic tear can
develop after earthquakes. People in the earthquake area, search and rescue teams, and those
involved in demolition and debris removal activities are at risk for asbestos exposure. The most
effective solution against the lung effects of earthquakes is to take preventive and protective
measures. It is very important for disaster preparedness and response teams to be aware of
these problems. Respiratory problems that may arise in earthquakes were discussed in this
review.

Keywords: Earthquake; lung; respiratory.

oz

Dogal afetler, dogaya biiyiikk zarar vermekte ve diinya c¢apinda ¢ok sayida insani
etkilemektedir. Yakin zamanda, depremler ¢cok sayida can kaybina, yaraliya, kayiplara ve
insanlarin yasadiklar1 yerden ayrilmak zorunda kalmalara neden olmustur. Her yil diinya
capinda bir milyondan fazla deprem olmakta, bu da yaklasik dakikada iki depreme denk
gelmektedir. Depremlerdeki akciger sorunlari, morbidite ve mortalitenin ana nedenlerinden
biridir. Depremlerden sonra meydana gelen pek ¢ok pulmoner komplikasyon, felaketin
kendisinin dogrudan bir sonucudur. Depremlerde yikilan binalardan ¢ikan toz ve partikiillerin
solunmasi, deprem sonrasi olusan tsunamiye bagl su ve patojenlerin aspirasyonu, pulmoner
tromboemboli, solunum semptomlarinin neden oldugu psikolojik etkiler, depremlerden sonra
ortaya ¢ikan bulasict solunum yolu hastaliklari ve pndmotoraks, kaburga kirigi, hemotoraks,
hemopnomotoraks, diyafragma yirtigi gibi gogiis travmalari gibi birgok pulmoner
komplikasyon gelisebilmektedir. Deprem bolgesindeki insanlar, arama kurtarma ekipleri,
yikim ve enkaz kaldirma faaliyetlerinde bulunanlar asbeste maruz kalma riski altindadir.
Depremlerin akcigerlere olan etkilerine karsi en etkili ¢oziim dnleyici ve koruyucu tedbirlerin
alimmasidir. Afete hazirlik ve miidahale ekiplerinin bu sorunlarin farkinda olmasi ¢ok
onemlidir. Bu derlemede depremlerde ortaya ¢ikabilecek solunumsal sorunlar ele alinmigtir.
Anahtar kelimeler: Deprem; akciger; solunum.
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INTRODUCTION

Natural disasters cause extensive damage to nature and
impact on large numbers of people throughout the world.
The victims of disasters are not just those killed and
injured but those displaced by the disaster and those whose
access to health care is vastly compromised. Survivors of
disasters are at risk of very serious lung diseases. Such
risks may be directly related to the disaster or respiratory
infections caused by overcrowding after the disaster (1,2).
Earthquakes are some of the most catastrophic natural
disasters to affect mankind. Recently, earthquakes have
caused a large number of death. Also, earthquakes have
caused a large number of injured, missing, and displaced
people. More than a million earthquakes occur worldwide
every year, which equates to roughly two earthquakes per
minute (3,4). Many pulmonary complications that occur
after earthquakes are a direct result of the disaster itself.
Pulmonary complications are inhalation of dust and
particulates, aspiration of water and water-borne pathogens,
chest traumas, pulmonary thromboembolism, psychological
effects caused by respiratory symptoms, and infectious
respiratory diseases (1,5,6). Respiratory problems that
may arise in earthquakes were discussed in this review.

Inhalation of Dust and Particulates

Although particles larger than 10 um are usually filtered
by the upper respiratory tract, particles larger than this size
have been detected in the lungs of firefighters exposed to
the dust cloud after the destruction of the World Trade
Center in New York (7). It has been thought to be likely to
occur as a result of exposure to high concentrations of
particles as well as mouth breathing bypassing the nasal
filtration system of the airways (8).

Studies conducted on rescue teams after the destruction of
the World Trade Center have shown that short-term
intense exposure can cause acute and chronic health
effects. Acute bronchospasm, chronic rhinosinusitis,
chronic cough, persistent bronchial hypersensitivity, and
decreases in respiratory function test values were observed
at high levels in rescue teams (8-10).

Asbestos is a known carcinogen that can cause
mesothelioma or asbestosis. With the collapse of many
buildings because of the earthquake, it is likely to have
released asbestos fibers into the air putting disaster victims
and rescue teams at risk of inhalation. Appropriate safety
measures should be taken on how to control the risk of
clean-up in earthquake-affected areas and how to safely
dispose of asbestos waste (11,12).

Aspiration of Water and Water-Borne Pathogens

Earthquake-induced tsunamis cause mass casualties in a
very short time, often due to temporary paralysis of local
emergency response and health care services (13). Sudden
increases in water levels that occur during a tsunami,
hurricane, or flood are more likely to cause drowning,
aspiration, and traumatic injuries than predictable
increases (14). Water aspiration can lead to infection, loss
of alveolar surfactant, pulmonary edema, and acute
respiratory distress syndrome (ARDS) (15). Pulmonary
edema is more common in salt water aspirations. Vomiting
of swallowed water can also lead to aspiration of stomach
contents due to unconsciousness and inhibition of airway
protective reflexes. Significant aspiration findings are
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usually clinically detectable. Namely, if the physical
examination, arterial blood gas, and chest X-ray are
normal in patients at the admission stage and there are no
signs of aspiration, treatment is required, and the
probability of developing pulmonary edema or
pneumonia is very low (16). After the tsunami in Sri
Lanka in 2004, drowning and trauma accounted for the
majority of post-disaster morbidity (17). Aspiration
pneumonia developed in half of 37 patients who aspirated
soil-contaminated salt water, reported by a medial group
after the tsunami, and ARDS was observed in 8 patients.
Different organisms may predominate in fresh water and
salt water aspirations, but aerobic gram-negative bacteria,
including pseudomonas and pseudomonas-like species, are
the most commonly reported (15,18).

Antibiotic therapy should include those effective against
pseudomonas and locally common organisms. Antibiotics
should be started in patients with fever, pulmonary
infiltrates, and/or signs of systemic toxicity (18). The
fungal infection may be present in individuals with acute
post-aspiration pneumonia, brain abscess, or meningitis
who do not respond to antibacterial therapy. In this case, it
has been reported that both Pseudallescheria boydii and
aspergillus species were isolated as agents (18-20).
Pneumonia caused by aspirated sludge and bacteria and
contaminated salt water due to tsunami is known as
tsunami lung (21). A tsunami lung is thought to occur with
the combination of bacterial and chemical pneumonia.
Chest radiographs of two female patients, aged 88 and 37,
who developed tsunami lung in the tsunami after the Great
East Japan Earthquake, were shown in Figure 1 (22).

Chest Traumas

Trauma is an important cause of morbidity and mortality
in earthquakes and is the most common cause of
earthquake-related hospital admissions in the first 24
hours (23). The very young and the very old patients have
a higher risk of earthquake-related mortality (24).
Approximately 10% of those who applied to the hospital
during the earthquake had chest traumas (25,26).

Chest injuries are often accompanied by injury to other
organs, and multiple injuries are associated with increased
mortality. In the 1999 Marmara earthquake, in 19 patients
with chest trauma evaluated by Toker et al. (27),
pneumothorax was 37%, rib fracture 26%, hemothorax
and hemopneumothorax 11%, diaphragmatic tear 119%,
subcutaneous emphysema 11%, and cervical tracheal
damage 5%. Ozdogan et al. (25) reported that in the Diizce
and Izmit earthquakes in 1999, among the total of 356

Figure 1. Tsunami lung of different two patients (22)
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hospitalized patients, 21 (9.7%) in the izmit earthquake,
and 6 (7.6%) in the Diizce earthquake had thorax and lung
injuries. Pneumothorax and rib fractures were the two
most frequent pathologies and accounted for 50% and
33.3% of the injuries, respectively. They suggested that
approximately 10% of the casualties of a great earthquake
may be expected to have thorax and lung injuries, and
traumatic chest diseases should be considered in planning
the medical response strategies (25). In the 2011 Van
earthquakes, pneumothorax and rib fractures were
reported as the most common thoracic injuries (26). In the
1999 Marmara earthquake, the most common surgical
procedures performed by Bulut et al. (23) in patients with
chest trauma were fasciotomy (38%) and tube
thoracostomy (13%).

Pulmonary Thromboembolism

Cardiovascular events are often reported following
disasters. Among these, venous thromboembolism is
deemed serious and thus should be taken into
consideration. Indeed, its risk has been demonstrated to
increase following earthquakes, floods, burns, and
intoxications. Proper venous risk assessment and
guideline application have been determined to be
essential in disaster management, which can increase the
risk for venous thrombotic diseases (28). Dehydration,
prolonged immobility, and earthquake-related injuries are
thought to be the causes of the high prevalence of deep
vein thrombosis in evacuees from earthquakes (29).

In a study evaluating risk factors for acute pulmonary
embolism (APE) after the 2004 Mid-Niigata Prefecture
earthquake in Japan, a rate of 5% and higher for
settlements with a high post-earthquake evacuee rate, and
<5% for an area with a low evacuee rate was found. The
incidence of APE in the first month after the earthquake
was high in the evacuated area and was also higher in
women. All patients in the high evacuee area had stayed
there in their automobiles for long periods of time, but
none had done so in the low evacuee rate area (6). Also,
Watanabe et al. (30), reported the possible role of
automobile sheltering in the increased incidence of
pulmonary embolism during the 2004 Niigata earthquake.
Another study from Japan, it was confirmed that
automobile sheltering and oral contraceptives are potential
risk factors for pulmonary embolism (31).

Psychological Effects Caused by Respiratory Symptoms
Natural disasters create also great psychological stress.

Post-disaster  post-traumatic ~ stress  disorder and
depression-like symptoms may occur. Respiratory
complaints can cause anxiety syndromes. The

psychological impact can also be seen in rescue and aid
workers, victims, and survivors (32,33).

Infectious Respiratory Diseases

All infectious diseases, including those of the lung, usually
occur in the aftermath of disasters. This is due to
population displacement, unsafe water and sanitation
facilities, non-functional health services in overcrowded
and affected areas, and the poor and low immunization
status of the state (34). Having to live in an overcrowded
environment after a natural disaster is a common problem
and can facilitate the transmission of infectious diseases,
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especially respiratory and gastrointestinal diseases. Due to
the loss of housing, people are forced to live in emergency
shelters and tents with limited daily life support.
Respiratory tract infections are the main cause of
morbidity and mortality in the first 3-5 days in
populations who have to relocate after an emergency (1).
The World Health Organization reported that the victims
of the 2004 Aceh tsunami and the 2015 Pakistan
earthquake had a large number of deaths due to acute
respiratory infections (35,36).

Viral acute respiratory infections spread rapidly in
crowded populations of victims. Overcrowding is a risk for
lung infection for healthy survivors, especially children,
and the injured. This risk of infection can be avoided by
adequate ventilation to ensure good airflow and prevent
increased concentrations of respiratory particles (1,37).
Rescuers and healthcare workers may also be at increased
risk for acute respiratory infections. Kun et al. (38)
reported acute upper respiratory tract infections (13.2%)
were the most common disease in rescue teams living in
shelters in the city of Beichuan after the 2008 China
earthquake (38).

Pulmonary tuberculosis contagion also increases in
populations displaced by natural disasters. Contagion is
facilitated by the recirculation of external air, the length of
contact with the tuberculosis patient, insufficient
ultraviolet light, and malnutrition (39). Transmission rates
increase as a result of staying away from tuberculosis
treatment programs, especially due to population
movements (40). Balbay et al. (41) published a study on
whether 112 tuberculosis patients in Diizce were affected
by the consequences of the earthquake after the Marmara
earthquakes. According to this study, they reported that the
treatment and follow-up of tuberculosis patients in the
three periods before the earthquake, during the earthquake,
and after the earthquake did not differ significantly.
However, due to the small number of patients examined, it
was specifically stated that it cannot be generalized to the
entire Marmara region, which is a limitation of the study.
Acquired drug resistance may occur due to non-
compliance with treatment, inappropriate treatment
regimens, irregular drug support and use, and poor drug
quality in the periods after disasters. In these patients;
precautions should be taken to provide medication for 2
weeks or 30 days, to issue a card containing the contact
information of the personnel in charge of tuberculosis
control, to send patient lists to national tuberculosis control
units to be sent to other states, and finally to determine a
reference center (1,42).

CONCLUSION

After an earthquake, lung diseases can be seen both
directly and indirectly. Lung problems in earthquakes are
one of the main causes of morbidity and mortality. The
most effective solution against the lung effects of
earthquakes is to take preventive and protective measures.
It is very important for disaster preparedness and response
teams to be aware of these problems. Strong disaster
preparedness plans should be established and
characterized by appropriate and adequate environmental
planning and resilient health facilities. Early diagnosis,
surveillance, and control of earthquake-related lung
diseases are very important in reducing mortality.
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ABSTRACT

The earthquake has long-lasting various mental and behavioral effects on children and
adolescents. The aim of this review was to discuss the nature and extent of psychiatric
problems, management options, and the process of organizing psychological interventions
for affected children. Individuals show a range of physically, emotionally, and cognitively
healthy responses that can help them cope with the aftermath of a disaster. Psychiatric
symptoms such as acute stress reactions, post-traumatic stress disorder, depression, anxiety
disorder, increased risk of suicide, sleep disorders, substance use disorders, and psychotic
disorders may develop in some children. Comorbidities and sub-clinical syndromes are also
common. There are many risk factors and protective factors in the development of mental
disorders. Close follow-up of children at high risk and interventions for psychosocial support
may prevent the development of mental disorders. It is very important to start the intervention
at the earliest period. The psychological impacts of young disaster victims can be addressed
by skilled local volunteers, medical professionals, and educators in primary health care
programs. With the nation's overall social and economic recovery, children can recover more
quickly from traumatic experiences.

Keywords: Earthquake; disaster; child and adolescent psychiatry.

(074

Depremin gocuk ve ergenler iizerinde uzun siire devam eden cesitli zihinsel ve davranigsal
etkileri bulunmaktadir. Bu goézden gecirmenin amaci, psikiyatrik sorunlarin dogasi ve
kapsamini, yonetim segeneklerini ve etkilenen ¢ocuklar i¢in psikolojik miidahaleleri organize
etme siirecini tartismaktir. Bireyler afet sonrasinda basa ¢ikmalarina yardimei olabilecek bir
dizi fiziksel, duygusal ve bilissel olarak saglikli tepkiler gosterir. Bazi ¢ocuklarda ise travma
sonrasi akut stres reaksiyonlari, travma sonrasi stres bozuklugu, depresyon, anksiyete
bozuklugu, artmis suisid riski, uyku bozukluklari, madde kullanim bozukluklar1 ve psikotik
bozukluklar gibi psikiyatrik belirtiler gelisebilmektedir. Komorbiditeler ve sub-klinik
sendromlar da yaygindir. Ruhsal bozukluklarin gelisimde ¢ok sayida risk faktérii ve koruyucu
faktér bulunmaktadir. Yiiksek risk altindaki ¢ocuklarin yakin takibi ile psikosoyal destek
miidahalelerinde bulunulmasi ruhsal bozukluklarin gelisimini engelleyebilir. Miidahaleye en
erken donemde baslamak ¢ok onemlidir. Geng afet kurbanlarinin psikolojik etkileri, vasifll
yerel goniilliler, tip uzmanlari ve temel saglik hizmetleri programlarindaki egitmenler
tarafindan ele alinabilir. Ulusun genel sosyal ve ekonomik hizli iyilesmesi ile gocuklar
travmatik deneyimlerden daha ¢abuk kurtulabilir.

Anahtar kelimeler: Deprem,; afet; ¢ocuk ve ergen psikiyatrisi.



Giiler Aksu and Imrek

INTRODUCTION

In February 2023, a series of devastating earthquakes
occurred in an area encompassing eleven provinces of
Tirkiye and affecting more than 13.5 million people. The
magnitude of the first earthquake was measured at 7.8 Mw,
and the earthquake that followed in the afternoon of the
same day was measured at 7.7 Mw. The first one was the
second-strongest earthquake in Tiirkiye, following the
1668 North Anatolia Earthquake (1). After two major
earthquakes, unexpectedly, other significant earthquakes
occurred in different regions throughout the country.
Thousands of aftershocks continue to follow these
earthquakes.

The earthquake caused a lot of damage in a large area. A
significant portion of Tirkiye's population has been
affected and 1.5 million people have been displaced and
left homeless (2). Many buildings were damaged and some
were destroyed. Thousands of people were left under the
rubble when the buildings collapsed. Damaged roads,
winter storms, and communication disruptions hampered
rescue and relief efforts in earthquake zones. All these
were disappointing and important issues to be dealt with in
the acute period besides the earthquake. Unfortunately,
people trapped under the debris died from hypothermia in
sub-zero temperatures. During rescue efforts, body parts
were often found in the rubble. Hundreds of children who
lost their parents or could not reach their families because
the hospitals in the area became inoperative, were left
orphaned. When we consider what has happened, it is an
indisputable fact how compelling it is for the mental health
of individuals of all ages.

This earthquake is supposed to lead to material damages
amounting to at least 84 billion dollars according to the
United Nations Development Program Tirkiye Office (3).
Housing damage constitutes the majority of this loss. The
International Organization for Migration (I0M) prepared
a report titled 2023 Earthquakes Displacement’, which
stated that the disaster resulted in 2.7 million people
leaving the affected region. The lives of people who
migrated from the earthquake area have suddenly
undergone great changes. The survivors, who lost many
relatives, were unemployed in different cities, in
unfamiliar homes, and had to deal with many fears for the
future. The survivors who had to stay in the region
continue to have problems with shelter, heating, and clean
water. Another important risk is epidemic diseases.
Problems such as corpses that cannot be removed from
the rubble, insufficient toilets, and the inability of
earthquake victims to use clean water increase the risk of
epidemics (4). Meeting the basic care of all earthquake
victims in terms of both physical and mental health should
be the primary goal. Without meeting basic care, an
individual cannot attain mental well-being.

Natural disasters can cause traumatic effects on both
survivors and witnesses. To reduce mental health issues,
prompt psychosocial support is crucial after meeting basic
care, with ongoing follow-up. Delayed care-seeking after
disasters increase the risk of psychological problems,
particularly in children (5).

Tiirkiye is a developing country and has a substantial child
population with a rate of 26.9% according to the Turkish
Statistical Institute (Tiirkiye Istatistik Kurumu, TUIK)’s
2021 data. Most of the earthquake-affected provinces
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have a higher percentage of children than the national
average (6). Although Tiirkiye is prone to earthquakes and
has a significant child population, scientific research on the
developmental and psychological effects of earthquakes
on this vulnerable population is limited. Comprehensive
researches are needed to recognize the psychological
reflections and develop effective mental health programs
for early diagnosis of psychopathology in young people
affected by natural disasters.

In this context, the aim of this review was to compile the
short and long-term psychological effects of the
earthquake on children and adolescents, based on the
current literature with the goal of minimizing these effects
and reviewing protective measures. The articles in this
review were selected by searching Pubmed, Web of
Science, and Google Scholar with the keywords "child and
adolescent psychiatry, trauma, disaster, earthquake™.
Related articles referenced in the articles were also
reviewed and included.

The Psychological Impact of the Earthquake on
Children and Adolescents

The earthquake not only results in fatalities, injuries,
destruction of buildings, and loss of livelihoods and
materials but also severe and maybe permanent
psychological consequences on the people living through
the trauma. Common psychiatric problems following a
disaster include acute stress reactions, post-traumatic
stress disorder (PTSD), anxiety disorder, depression, panic
disorders, and phobias in children and adolescents (7-10).

Healthy Human Responses to Earthquake

Healthy human responses to earthquakes involve a range
of physical, emotional, and cognitive reactions that can
help individuals cope with the aftermath of the disaster.
Some of the healthy human responses to earthquakes
include seeking social support, practicing self-care,
maintaining a positive attitude, and also engaging in
problem-solving activities. These responses can help
individuals maintain a sense of control, reduce feelings of
isolation and promote resilience in the face of adversity.
Another normal reaction is to grieve. Normal grief
typically lasts a few months and survivors should be
viewed as normal people in abnormal situations. A
prolonged, intense, and disabling form of grief that
interferes with an individual’s ability to function in daily
life is called complicated grief (11). It is important to
distinguish between normal and complicated grief because
complicated grief requires specialized treatment.

Acute Stress Reactions/Disorder (ASD)

After a natural disaster, children may develop stress
reactions to cope with the event, which can differ based on
age, developmental stage, severity and duration of the
event, and family and environmental conditions (12).
Symptoms of acute stress disorder (ASD) can include
intrusive thoughts, memories, and images of the traumatic
event; avoidance of the reminders of the event; negative
changes in mood; hyperarousal and dissociative
symptoms. These symptoms typically appear within a
month of the traumatic event and last for a minimum of
three days and a maximum of one month (11).
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After the earthquake, trauma and disaster outpatient
clinics were established in various cities throughout
Tirkiye in a very short amount of time. During the first
days and weeks after the earthquake, many families
sought help for their children’s stress reactions at
polyclinics. Post-disaster psychological reactions in
children can be cognitive, emotional, behavioral, and
somatic-physiological. Symptoms can vary but typically
include anxiety, fear, and behavioral changes. Fear of
staying alone, fear of bad things happening to loved
ones, fear of recurrence of the earthquake, avoidance
behaviors, sleep disturbances, irritability, agitation,
difficulty in concentration, and psychical symptoms such
as headaches, stomachaches, and muscle tension are the
most common symptoms we encounter in the outpatient
clinic.

The most common diagnosis in children and adolescents
two weeks after the 1999 Marmara earthquake was ASD,
with a rate of 74.5% (13). A study conducted within a
month of the Wenchuan earthquake in China found that the
incidence of ASD was 54.3%. The study also showed a
significant difference between genders, with a higher rate
of 63.6% in females compared to 44.0% in males (14). We
know that girls are at a higher risk for developing ASD
than boys depending on socio-cultural, biological, and
environmental factors (14-16). Studies indicated that the
strongest predictors for ASD were being trapped or injured
under rubble, amputation of body parts, injury to parents
or relatives, and loss of home (14,15). The impact of acute
stress symptoms on duration, severity, and functionality
should be evaluated by experts, and interventions for
children in the risk group should be planned in the early
period, which may prevent the development of mental
disorders in the long term (17).

Post-Traumatic Stress Disorder (PTSD)

Post-traumatic stress disorder (PTSD) is the most
prevalent negative psychological reaction experienced by
survivors after an earthquake (18). Symptoms of PTSD
can include re-experiencing the trauma through
nightmares or flashbacks, avoidance of reminders,
negative moods like depression and anxiety, increased
arousal, irritability, and difficulty sleeping and
concentrating in children and adolescents (11).

In children, the prevalence of PTSD after an earthquake
varied a wide range between 2.5% and 60.0% depending
on age, gender, the severity of the trauma, medical
history, cultural factors, measurements, and evaluation
time (19,20). A study in Tiirkiye three years after the 1999
Marmara earthquake found 56% of children and
adolescents had severe PTSD symptoms (21). Another
study following the 2011 Van earthquake in Tiirkiye found
40.69% of participants had severe PTSD symptoms six
months after the earthquake (22).

Considering the high rates of PTSD, a question arises as to
“Why do some children and adolescents develop PTSD
after an earthquake while others do not?”.

The risk factors of developing PTSD after an earthquake
are heightened by various factors, such as the severity of
the earthquake, extensive exposure to trauma, pre-existing
mental health issues, history of trauma, loss of a family
member, inadequate social support, and limited access to
resources (19,22-24). Age, developmental stage, and
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personality characteristics such as obsessive-compulsive
traits are important factors too (25). Younger children may
have difficulty understanding what has happened and may
have a harder time expressing their feelings and emotions.
Adolescents, on the other hand, may have a greater
awareness of the event and its impact, which can lead to
feelings of helplessness and hopelessness. It is necessary
to assess each patient separately based on their
characteristics. A recent meta-analysis has indicated that
the absence of psychological support in areas affected by
trauma significantly heightens the risk of PTSD among
survivors (26). Children with a history of trauma were at a
higher risk of developing PTSD after an earthquake (27).
The exact mechanism of this process is not fully
understood. Previous trauma may lead to alterations in
brain structure and function, particularly in areas involved
in stress regulation and emotional processing. The
alterations may make individuals more susceptible to
PTSD in response to subsequent traumatic events (28).
Prior to the earthquakes, as in the whole world the
coronavirus disease 2019 (COVID-19) pandemic had
already caused trauma to children and adolescents in
Tiirkiye. The pandemic brought about the fear of
infection and death, loss of loved ones, limited
communication with peers, quarantine measures, social
isolation, disruptions to education, and ongoing exams for
high school and university admission. As the COVID-19
pandemic continues to cause psychological distress, the
recent earthquakes have become a secondary source of
trauma for these young individuals. In Tiirkiye, the youths
have been faced with numerous psychological stress
factors. These include the ongoing refugee crisis that
began in 2011, as well as past natural disasters such as
earthquakes, floods, and fires. Political instability and the
failed coup attempt of 2016 have also contributed to
feelings of insecurity and fear. Economic challenges
including high unemployment and inflation have added to
the stress. Furthermore, the highly competitive nature of
the education system and academic pressure have also
impacted the mental health of youths. We must be aware
of and follow the proper process in clinical practice, as we
anticipate encountering mental disorders that are both
frequent and severe.

Anxiety Disorders, Depression, and Suicide

Children affected by disasters may develop increased fear,
anxiety, and phobia against stimuli directly related to the
disaster (29). Common fears among those who
experienced a traumatic event include darkness, being
alone, death, and the possibility of re-experiencing the
event or new trauma. Reminders of the traumatic event can
evoke distressing thoughts or images, leading to feelings
of helplessness, hopelessness, and fear (11). Grief
reactions are seen intensely in children who suddenly lose
their homes, schools, friends, and relatives, and they
usually manifest themselves as crying, sadness,
depression, separation anxiety, and restlessness. Children,
in particular, may experience intense feelings of guilt and
shame if their traumatic event involves the death of others
and their survival (30,31).

Post-disaster depression and anxiety symptoms are
common. Three years after the Wenchuan Earthquake, a
study found that rates of PTSD, depression, and anxiety
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were correspondingly 29.6%, 44.8%, and 37.6% (32).
The prevalence of PTSD, depression, and anxiety was
found to be 13.1%, 19.8%, and 37.3%, respectively,
in the study, which included 6132 teenagers who lived
three years after the 2013 Yaan earthquake.
Participants with PTSD also had 71.5% anxiety and
49.7% depression (33).

Among subjects with PTSD, co-morbidity rates of
depression range from 21% to 94% and anxiety from 39%
to 97% (34). Moreover, substance use disorders and
psychotic-like experiences are common in post-earthquake
adolescents, although to a lesser extent than depression
and anxiety (35,36). The various prevalence rates for
mental diseases in the research may be due to a variety of
factors, including the locations, the type of disaster, the
duration of the disaster, cultural factors, and available
social support.

Researches suggests that natural disasters including
earthquakes can increase the risk of suicide in both adults
and children/adolescents. The risk of suicide can be
increased in many mental disorders including PTSD,
depression, anxiety, and hopelessness. Depression
symptoms were shown as the biggest predictor of suicidal
ideation after the earthquake (37). Suicide risk may
increase if one is exposed to a family member's death or a
friend's or family member's suicide (38). Children who are
protected from suicide by high-quality parenting before
the disaster may increase the risk of suicide if the quality
of parenting declines after the disaster (39). There are
reports of the risk of suicide in earthquake survivors
decreased (40), increased (41), and remained the same
over time (42).

Parental mental health can have a significant impact on the
mental well-being of children after an earthquake. After an
earthquake, parents with mental health conditions may
struggle to cope, creating a challenging environment for
children that negatively affects their mental health.
Children with a genetic predisposition to mental health
conditions may be more likely to develop issues. It is
crucial for healthcare providers and caregivers to monitor
children and adolescents for depression symptoms after
an earthquake and to provide appropriate support and
resources to help them cope with the aftermath of the
disaster.

Sleeping Disorders

Sleep problems are common in children and adolescents
after the earthquake. Short sleep duration, daytime
dysfunction, difficulty falling asleep, difficulty in
maintaining sleep, and recurrent nightmares after natural
disasters are common symptoms of sleep disorders in
adolescents (12). Half of the young people with mental
health problems after the earthquake experience sleep
disorders (33). Additionally, sleep problems can impact
the symptoms and severity of diseases. While sleep
disorder increases the risk of PTSD and depressive
symptoms, it also causes the symptoms to persist (14).
Insufficient sleep is associated with anxiety and
depression. Nightmares and difficulty falling asleep can
be associated with PTSD (33). Sleep disorders after the
earthquake can worsen mood and increase suicidal
ideation (15). A study revealed that short sleep duration in
children aged 4-6 and oversleeping in children aged 7-15
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years pose a higher risk for mental health (13). Adolescent
earthquake survivors often and persistently experience
sleep difficulties. The increased risk of sleep problems
may be associated with a variety of demographic,
psychological, and earthquake-related factors (12). It's
important for parents and caregivers to be aware of these
potential issues and seek help from a mental health
professional if necessary.

What about Children and Adolescents with
Developmental Disorders? How Are They Affected?
Children and adolescents with developmental disorders
are particularly vulnerable in the aftermath of earthquakes,
as they may have difficulty understanding what is
happening and communicating their needs. They may also
struggle with disruptions to their routines and
environments, which can exacerbate their existing
symptoms and cause new problems.

The earthquake experience in Central Italy, for example,
showed that individuals with autism struggled with
communication, daily living, social interaction, and motor
skills during the first few months following the
earthquake. However, with prompt and intensive
intervention, there can be some improvement in their
adaptive functioning (43). A study about the experiences
of Japanese mothers caring for children with special
needs after two earthquakes revealed that these mothers
faced negative social interactions including discrimination
and stigmatization. They also adopted various coping
behaviors (44).

Children with special needs may require specialized
medical care which can be challenging in emergency
settings where resources are limited and access to medical
professionals is restricted. Overall, it is important for
caregivers, educators, and emergency responders to have
a plan in place to address the unique needs of these
children. Schools and teachers play a significant role in
the recovery of children with disabilities after providing
tailored support can help ensure their well-being during
times of crisis.

Risk Factors and Protective Factors

Childhood and adolescence are known to be vulnerable
periods for post-disaster psychological disorders (24,33).
Risk factors for the development of PTSD in children are
female gender and older age. Further research is necessary
to examine the underlying psychosocial and biological
mechanisms of older girls at greater risk for PTSD after
earthquakes. Additionally, adults with lower levels of
education and socioeconomic status have a higher
likelihood of developing PTSD after earthquakes, while
higher education levels in children are associated with a
greater risk of PTSD. Child and adolescent psychiatrists
work with a high-risk population, so it is important for
them to know the risk and protective factors and to monitor
them during clinical assessments.

Final-year students due to their heavier academic
workload may also experience a higher level of stress,
leading to a greater prevalence of PTSD (24). Despite all
kinds of disasters, life goes on, which creates additional
stress, especially for children and families preparing for
university and high school entrance exams. This can lead
to many mental health problems, including exam anxiety,
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depression, and somatic complaints, in addition to PTSD.
At our trauma and disaster outpatient clinic, we have also
observed a significant number of complaints related to the
inability to focus on studies and prepare for exams in its
applications, which cannot be underestimated in this
regard.

There are various additional factors that can increase the
risk of developing PTSD, such as the severity of exposure
to traumatic events (34-36), the extent of family members’
loss (34), parental distress linked to trauma, short-term
proximity to traumatic events (36), experiencing multiple
stressors, previous exposure to stressful events, and
coexisting adverse circumstances (37).

Parental psychopathology has different effects on
children's psychopathology. The father’s traumatic stress
predicted the traumatic stress of earthquake survivors
while the mother’s level of depression predicted the
depression experienced by their children (38). When
fathers experience symptoms of PTSD such as
irritability and detachment after an earthquake, their
symptoms have a greater impact on their children (39).
Working with children and adolescents cannot be
separated from their family members and family
dynamics, as they are all interconnected. Therefore, it is
important to evaluate the mental health of parents who
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have experienced a disaster, review their risk factors,
closely monitor them, and collaborate with adult
psychiatrists when necessary.

Untreated adolescents who experienced severe trauma are
at risk of developing chronic PTSD and depressive
symptoms (40). Loss of either both parents or just the
father is a significant risk factor for depression, but not as
much for PTSD (41). In risky situations and following
traumatic exposures, many features of parent-child
interaction are visible as modulating the underlying
causes of anxiety disorders in children. These
characteristics, which aggravate children's nervous and
avoidant behaviors, may include the reciprocation of
avoidance reactions, parental criticism, and parental
constraint (42). Current risk factors and protective factors
are summarized in Table 1.

Intervention

Planning for disasters should include mental health
intervention training. The need of talking to children
about trauma and the importance of emotional first aid
are both topics that disaster personnel participating in
rescue and relief efforts need to be well-trained in
preparation. It is preferable to combine mental health
care with other disaster relief activities than to provide it

Table 1. Risk factors and protective factors for post-disaster mental health problems in children and adolescents

Risk Factors

Protective Factors

Older age
Female gender
Only child

Demographic variables Higher education

Rural

Low father education
Low mother education

e Male gender
e Urban
e Higher education level of parents

Physical illness
Low self-esteem
Negative life events
Prior trauma

Pre-trauma factors

e High self-esteem
e Mentally healthy parents

Parents with mental health disorders

Bereavement (Family Member)
Family member injured

Other injured/killed (e.g., friend)
Witnessed other injury/death

Objective trauma characteristics

Separated from family

Personal injury
Hospitalization/surgery/amputation
Trapped/buried

House damage

Loss of property (excluding home)

Get together with family
Good housing high standard of living

Subjective trauma characteristics

High-severity trauma
Perceived threat/fear
Negative coping
PTSD-Anxiety-Depression

Positive coping

Post-trauma environmental factors

Displacement

Poor social support

Delayed care-seeking

Family violence (e.g., corporal punishment)
Meeting basic care needs

Early return to routine life
Utilization of mental health services
Adequate social support

Family communication

Lack of basic care needs

Positive school climate
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alone (45). Young catastrophe victims can have their
psychological effects addressed by skilled local
volunteers, medical professionals, and instructors in basic
health care programs. Mental health specialists’ duties
include assisting children with complicated psychiatric
symptoms who have been sent to them, providing support
for disaster workers whose own emotions may make
recovery difficult, and training disaster workers (46).
Early detection of children's mental health issues is
crucial, as are supportive actions taken at home, at school,
and in the community (47).

Children's post-disaster treatments are divided into three
time frames: acute, short-term, and long-term. These
time frames are arranged around the psychological
responses that occur following catastrophes. It is
believed that psychological first aid is the most
successful intervention since the immediate aftermath
of a traumatic incident frequently entails uncertainty and
dread and victims exhibit high emotional reactions (48).
The fundamental aspects of post-disaster psychotherapy
for children are to listen, explain, promote attachment
connections, enable symbolic expression in play and art,
and to encourage the capacity to envisage healing (49).
A lot of kids want to express how they and their
families are experiencing. It's crucial to support kids in
finding language for their emotions and in understanding
them. It is advised to take the child's lead, refrain from
prying, just reply to the things the youngster has
introduced on their own, and encourage the containment
of intense emotions. Facilitating the child's desire to
reflect on and communicate about their deceased loved
one is necessary after a parent or other family member has
passed away (50).

Parent participation in evaluation and intervention is
crucial. The management of post-disaster mental health
sequels benefits greatly from psychoeducation of the
family members and the affected children on the
symptoms. Parents also require assistance in
comprehending and accepting the fact that their child's
puzzling and distressing emotions and actions in the
aftermath of a tragedy are "normal” for such an
"abnormal" scenario (49). Parents must be more
approachable, giving youngsters the knowledge they
require while also immediately and honestly responding
to their inquiries. Parents ought to stop watching
television and refrain from subjecting them to unending
replays of horrific pictures (51). The family should be
urged to make an effort to resume regular daily activities
and accustomed schedules as soon as feasible. In the
early aftermath of trauma, children should be near their
families since tight mother-child, family, and related
interactions are crucial to the healing process. Adopting
orphaned children by relatives or foster homes may be
very beneficial (52).

The post-acute stage consists of embracing the
occurrence, assisting with emotion awareness and
processing, acquiring coping skills that may be a source
of strength, and concentrating on future adaption (48).
To achieve these goals, school-based mental health
programs can offer accessible services to children
affected by disasters, reduce traumatic psychopathology,
and place an emphasis on normalization. These
programs are typically carried out in children's and

Duzce Med J, 2023;25(1)
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adolescents' own schools and classrooms without
interfering with their routines (53,54).

Many government institutions and non-governmental
organizations come together and carry out studies in the
field of psychosocial intervention. With the psychosocial
support tents set up in the earthquake-affected areas, an
area where children can play and spend time with
educational activities is created (55). Many children
and families with mental special needs became more
helpless after the earthquake. In this process, it can
continue to receive expert support from the experts in
tent cities and the Special Child Support System
application developed by the Ministry of Health of the
Republic of Tirkiye (56). In a variety of circumstances,
children should be referred to secondary care by mental
health specialists for psychiatric examination and
treatment. This needs to be covered in the training of
emergency personnel. Very severe symptoms of any
type, symptoms that continue despite emotional support,
suicidal thoughts or actions, psychotic symptoms,
disruptive behavior, drug abuse issues, and children
with additional life stresses or little social support are
typical referral criteria (57). In order to give children
a relaxing and encouraging setting where they can adapt
and recover more quickly, it may occasionally be
necessary to remove them from a stressful situation.
The overall social and economic recovery of the
community or nation has an impact on how quickly
children may recover from traumatic experiences. A
thorough disaster recovery program must involve public
mental health strategies, such as systematic screening and
trauma/grief-focused therapies (58).

CONCLUSION

Available information shows that children may face
many psychosocial difficulties after a disaster. It is
very important to start the intervention at the earliest
period. These interventions should be community-based,
multi-level and comprehensive, and long-term
involving  relevant institutions such as health,
education, and local and national governments. An
integrated approach using psycho-socio-educational
and clinical interventions is expected to yield better
results than any single approach. There is a need for
more  systematization and further research on
interventions to be made in post-disaster children and
adolescents.
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Merkez Deneyimi

ABSTRACT

Aim: Therapeutic plasma exchange (TPE) is a frequently discussed treatment modality in
severe coronavirus disease 2019 (COVID-19) patients. It requires an apheresis device and
experienced personnel for the application. In this study, we aimed to reveal the characteristics
and clinical outcomes of adult patients with COVID-19 who experienced TPE.

Material and Methods: Adult patients who had undergone TPE in our apheresis unit were
retrospectively analyzed and COVID-19-positive cases were included in the study. All the
medical information about the cases was obtained from the electronic database and technical
details of the procedures were gathered from apheresis unit records.

Results: A total of 80 patients with a median age of 60 (19-85) years were included in the
study. Severe pneumonia was present in 98.8% (n=79) of the cases. More than three-quarters
of the patients had lymphopenia, critically elevated C-reactive protein (CRP), and D-dimer,
and 41.0% (n=32) had high ferritin. The median length of stay in the intensive care unit was
26 (5-124) days. The mortality rate observed on the 14" and 28" days following the TPE
procedure was 51.3% (n=41) and 75.0% (n=60), respectively. High ferritin level, multiple
organ failure (MOF), and intubation were parameters found to be associated with mortality in
the multivariate analysis.

Conclusion: The mortality rate observed in patients with COVID-19 who underwent TPE in
our study was similar to the cases in the literature without the procedure, while it has been
shown that high ferritin levels, intubation, and the presence of MOF increase the risk of
mortality.

Keywords: Therapeutic plasma exchange; pneumonia; COVID-19.

0z

Amag: Terapotik plazma degisimi (TPD), agir diizey koronaviriis hastaligi 2019 (coronavirus
disease 2019, COVID-19) hastalarinda siklikla tartigilmakta olan bir tedavi seklidir.
Uygulanmas: i¢in deneyimli personele ve aferez cihazina gereksinim vardir. Bu galigmada,
TPD uygulanmis olan eriskin COVID-19 hastalarinin 6zellikleri ve klinik sonlanimlarinin
ortaya konulmasi amaglanmustir.

Gerec ve Yontemler: Aferez tinitemizde TPD uygulanmis olan eriskin hastalar geriye doniik
olarak incelenmis ve COVID-19 pozitif olan vakalar bu ¢alismaya dahil edilmistir. Olgulara
ait olan tiim tibbi bilgiler elektronik veri tabanindan alinmis ve aferez islemlerine ait teknik
detaylar ise aferez tinitesi kayitlarindan elde edilmistir.

Bulgular: Bu calismaya, ortanca yas1 60 (19-85) yil olan toplam 80 hasta dahil edildi.
Olgularm %98,8 (n=79)’inde agir pndémoni varlig1 soz konusu idi. Tiim olgularin dortte
tciinden daha fazlasinda lenfopeni, kritik dizeyde C-reaktif protein (CRP) ve D-dimer
yiiksekligi ile %41,0 (n=32)’inde ise ferritin yiiksekligi mevcuttu. Yogun bakim iinitesinde
ortanca Kalig siiresi 26 (5-124) giindii. TPD islemini takip eden 14. ve 28. giinlerde gozlenen
mortalite oranlari sirasiyla %51,3 (n=41) ve %75,0 (n=60) idi. Cok degiskenli analizlerde
ferritin yiiksekligi, coklu organ yetmezligi (multiple organ failure, MOF) varlig1 ve entiibasyon
ihtiyact mortalite ile iligkili olarak bulundu.

Sonug: Arastirmamizda TPD uygulanan COVID-19’lu hastalar igin gézlenen mortalite orani
literatiirdeki islem yapilmayan olgularla benzer bulunurken, bu hastalarda ferritin yiiksekligi,
entiibasyon ve MOF varliginin mortalite riskini artirdigi gosterilmistir.

Anahtar kelimeler: Terapotik plazma degisimi; pnémoni; COVID-19.
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INTRODUCTION

The new type of coronavirus disease 2019 (COVID-19) is
an infectious disease that first appeared in China at the end
of 2019 and quickly spread to all continents, causing it to
be declared as a global epidemic by the World Health
Organization (WHO). The causative agent of the disease
has been identified as the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which manifests
itself with respiratory symptoms such as fever, cough, and
shortness of breath (1). Since the outbreak of the
pandemic, many promising treatment options have been
tested, but only a few have proven effective to date (2,3).
Mortality rates in critically ill COVID-19 cases, on the
other hand, are still very high (4,5).

Therapeutic plasma exchange (TPE) is a treatment
modality based on separating the plasma from whole blood
extracorporeally with the help of an apheresis device and
returning the cellular blood components to the patient
together with the replacement fluid (6). It is possible to
remove the pathological substances from the body and
replace missing plasma components with this method. TPE
is a well-known treatment modality and it is currently used
for many diseases (7).

During the pandemic, TPE has frequently been discussed
for COVID-19 patients as a supportive non-drug treatment
approach, and especially in severe cases requiring
admission to the intensive care unit, it has been used as a
remedy for cytokine storm (8-10). However, the literature
on the subject is still limited and additional studies are
needed.

This study aimed to examine the adult patients with
COVID-19 who had undergone TPE in our apheresis unit
and to determine the characteristics and clinical outcomes
of these patients.

MATERIAL AND METHODS

We retrospectively searched the records of Adana City
Training and Research Hospital’s Apheresis Unit for adult
patients aged 18 years and older who had TPE between
Aug 01, 2020, and Sep 01, 2021. Then the medical records
of these patients were examined and the cases whose
COVID-19 positivity was confirmed by polymerase chain
reaction (PCR) test were included in the study.
Demographic data, medical information, and all laboratory
results of the included patients were gathered from the
electronic database of our center, which is routinely used
for patient follow-up. However, the technical details of the
apheresis procedures were obtained from the patient files
stored in the apheresis unit.

An approval letter was obtained from the Clinical
Research Ethics Committee of Adana City Training and
Research Hospital (date: 04.07.2022, number: 109/2037),
and the Helsinki Declaration criteria were considered.
The records were searched for concomitant diabetes
mellitus, hypertension, chronic renal failure, and other
comorbid chronic diseases for all cases included in the
analysis, and the presence of sepsis/septic shock, acute
respiratory distress syndrome (ARDS), and multiple organ
failure (MOF) was noted. For every patient, the type of
hospital unit (any type of inpatient care service or intensive
care unit) where the cases were being followed on the first
day of the TPE procedure was noted. The existence of
pneumonia and the presence of pneumonia the need for
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oxygen and intubation was searched and the WHO criteria
were used for the definition and grading of COVID-19
associated pneumonia. All the treatments other than TPE
started for COVID-19 were also noted for all patients.
Patients were categorized according to the results of
laboratory tests including lymphocyte count, C-reactive
protein (CRP), ferritin, and D-dimer. According to the
guidelines published by the Turkish Ministry of Health,
exceeding certain threshold values in these tests have been
defined as poor prognostic indicators, and the thresholds
were given as follows: the absolute lymphocyte count
below 0.8x10%/uL. CRP level equal to or above 40 mg/L,
ferritin level equal to or above 500 ng/mL, and D-dimer
level equal to or above 1000 ng/mL. For all patients
included in this study, these critical tests were screened
and included in the analysis, considering the results just
before the TPE was started (on the day of the TPE
procedure or 24 h before).

In addition to demographic, clinical, and laboratory data,
the length of stay in the intensive care unit and hospital,
and the survival status of the patients who underwent the
procedure were noted for further analysis.

Statistical Analysis

SPSS v.25.0 (IBM Corp. Armonk, NY) software was used
in the analysis of the data. The compatibility of the
variables to the normal distribution was examined by
histogram graphics and the Kolmogorov-Smirnov test.
Descriptive analyzes were presented using mean and
standard deviation, median and minimum-maximum
values, numbers, and percentages. Categorical variables
were compared with the Pearson chi-square and Fisher’s
exact tests. Following univariate analyzes, the variables
which were found to be significant considering the
mortality groups at the end of the 14™ day (CRP, ferritin,
ARDS, MOF, intubation) and 28" day (D-dimer,
sepsis/septic shock, MOF, intubation) were analyzed by
including in the multivariate logistic regression (enter
method) model. A p-value less than 0.05 was considered
statistically significant.

RESULTS

A total of 80 patients who had TPE due to COVID-19 in
our apheresis unit were included in the study. The median
age of the cases was 60 (19-85) years. The ratio of male
patients was 67.5% (n=54), whereas the ratio of female
patients was 32.5% (n=26). Hypertension (37.5%, n=30)
and diabetes mellitus (23.8%, n=19) were the most
frequently noted comorbid diseases in patients who
underwent TPE (Table 1). When the procedure was
started, 98.8% (n=79) cases had severe pneumonia and
77.5% (n=62) were intubated. The ratio of patients
followed in the intensive care unit was 93.8% (n=75), and
ARDS was noted in most of them at 65.0% (n=52). The
ratio of patients with sepsis/septic shock was 82.5% (n=66),
and the ratio of patients with MOF was 38.8% (n=31).

All included patients were receiving anti-viral therapy
(favipiravir and/or hydroxychloroquine) and prophylactic
anticoagulant therapy in accordance with the algorithm
recommended by the Turkish Ministry of Health, and TPE
was started in addition to these treatments.

The results of laboratory tests performed just before the
initiation of the TPE and are known to have prognostic
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significance were summarized in Table 2. Accordingly,
the presence of lymphopenia at levels exceeding the
critical threshold was remarkable in 82.5 % (n=66) of all
cases. Similarly, more than three-quarters of the patients
had critically elevated CRP and D-dimer. Ferritin levels
above 500 ng/mL, which is considered the critical
threshold, were recorded in 41.0% (n=32) of the cases.
During the procedure, only fresh frozen plasma was used
as the replacement fluid in half of the cases 50.0% (n=40),
while fresh frozen plasma and albumin were used together
in the other half 50.0% (n=40). The number of procedures
applied to the patients ranged from 1 to 11. While only one
session of TPE was performed in 28.8% (n=23) cases, 2
sessions were performed in 22.5% (n=18) and 3 sessions
were performed in 27.5% (n=22). Only 1 case had 11
procedures performed, and the ratio of patients who had
more than 3 procedures was 21.3% (n=17).

Considering the clinical outcomes of the patients, for a
total of 75 patients followed in the intensive care unit, the
median length of stay was 26 (5-124) days. When all
patients were evaluated together, the mortality rate
observed on the 14" day following the TPE procedure was
51.3% (n=41) and it was 75.0% (n=60) on the 28" day.
Patients with different clinical features were compared for
mortality rates and the results of the univariate analysis
were summarized in Table 3. Regarding the mortality on
the 14™ day of TPE, statistically significant results were
obtained for critical elevations in CRP (p=0.039) and
ferritin levels (p=0.021), the presence of ARDS (p=0.005),
the presence of MOF (p<0.001), the presence of
intubation (p<0.001), and hospitalization at the intensive
care unit instead of inpatient care service (p=0.018). The
mortality rate on the 28™ day was worse according to
elevated D-dimer levels (p=0.013), the presence of
ARDS (p=0.001), the presence of MOF (p<0.001), the
presence of sepsis/septic shock (p=0.002), the presence of
intubation (p<0.001), and hospitalization at the intensive
care unit (p<0.001). According to statistical analysis,
mortality rates did not increase in the presence of
concomitant diseases such as hypertension, diabetes
mellitus, and chronic renal failure.

According to the results of univariate analyses, the
variables of CRP, ferritin, ARDS, MOF, and intubation
showed statistically significant differences between
mortality groups at the end of the 14" day (Table 3). These
variables that were found to be significant as a result of
univariate analyzes were included in the multivariate
logistic regression model. And, it was found that ferritin
level >500 ng/mL (OR: 3.68, 95% ClI: 1.03-13.10, p=0.044),
presence of MOF (OR: 5.07 95% CI: 1.27-20.10, p=0.021)
and intubation (OR: 12.39 95% CI: 1.13-135.24, p=0.039)
increased the mortality risk at 14" day (Table 4).

Therapeutic Plasma Exchange for COVID-19

Regarding mortality rate on the 28™ day, the variables of
D-dimer, sepsis/septic shock, MOF, and intubation showed
statistically significant differences between mortality
groups (Table 3). These variables that were found to be
significant as a result of univariate analyzes were included
in the multivariate logistic regression model and according
to the results of the multivariate logistic regression model,
it was determined that the presence of intubation during
the procedure (OR: 8.45, 95% CI: 1.64-43.35, p=0.010)
increased the risk of mortality (Table 4).

DISCUSSION

The patients who underwent TPE due to COVID-19 at our
center were examined retrospectively, and the clinical
features of these patients, their prognostic status according
to some certain blood tests considered critical during
COVID-19, and clinical outcomes such as the length of
stay in the intensive care unit and mortality rate were
displayed in our study.

It was observed for all cases that the TPE procedure was
used as a supportive therapy in addition to the treatment
algorithm recommended in the guidelines published by the
Turkish Ministry of Health for COVID-19 patients. When
the literature on the subject was examined, the predicted
mechanism of action for TPE was found to be the
reduction of auto- and allo-antibodies, inflammatory
mediators, and some other proteins in the plasma, thereby
reducing the destructive and uncontrolled cycle that
progressed in a cascade (11,12). Although some articles
have suggested that plasma exchange reduces viral load in
patients with COVID-19, no published source has been
found in the literature to date that TPE and SARS-CoV-2
load decreases.

During the application of the TPE procedure, there is a
need for a replacement fluid and it has been hypothesized
that the use of plasma instead of albumin may replace
some of the protective factors preserving microcirculation,
which are depleted during the disease (such as protein C
and ADAMTS-13: a disintegrin and metalloproteinase with

Table 1. Clinical characteristics of patients undergoing
therapeutic plasma exchange (n=80)
Comorbid diseases, n (%)

Diabetes Mellitus 19 (23.8)

Hypertension 30 (37.5)

Chronic Renal Failure 4 (5.0)
Follow-Up in the Intensive Care Unit, n (%) 75 (93.8)
Intubation, n (%) 62 (77.5)
Acute Respiratory Distress Syndrome, n (%) 52 (65.0)
Sepsis/Septic Shock, n (%) 66 (82.5)
Multiple Organ Failure, n (%) 31 (38.8)

Table 2. Laboratory values of patients before therapeutic plasma exchange

Laboratory Test (n”) Median (Min-Max)

Critical Threshold for
Poor Prognosis™

Rate of Patients over the
Critical Threshold

WBC, 10%uL (n=80)
Lymphocyte, 103/uL (n=80)
C-reactive protein, mg/L (n=79)
Ferritin, ng/mL (n=78)
D-dimer, ng/mL (n=74)

13.7 (1.0-33.7)
0.4 (0.1-18.1)
86 (2-17300)

424 (17-20880)

2320 (1-14340)

<0.8 82.5% (n=66)

>40 81.0% (n=64)
>500 41.0% (n=32)
>1000 75.7% (n=56)

*: the number of patients who have been tested, ™ poor prognosis criteria of the Turkish Ministry of Health
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Table 3. Mortality rates according to the characteristics of patients on the 14" and 28™ days of therapeutic plasma exchange

Total number

141 day mortality p*

28t day mortality p*

Gender, n (%)

Male 54 (67.5) 27 (50.0) . 39 (72.2) .

Female 26 (32.5) 14 (53.9) 0.747 21 (80.8) 0.408
Lymphocyte, n (%)

<0.8 X109/l 66 (82.5) 36 (54.6) 52 (78.8)

>0.8 X109/l 14 (17.5) 5 (35.7) 0.200° 8 (57.1) 0.089%
D-dimer, n (%)

<1000 ng/mL 18 (24.3) 8 (44.4) . 10 (55.6)

>1000 ng/mL 56 (75.6) 31 (55.4) 0.420 47 (83.9) 0.013°
CRP, n (%)

<40 mg/L 15 (18.9) 4(26.7) 10 (66.7) .

>40 mg/L 64 (81.0) 36 (56.3) 0.039° 49 (76.6) 0.428
Ferritin, n (%)

<500 ng/mL 46 (58.9) 18 (39.1) 33 (71.7)

>500 ng/mL 32 (41.0) 21 (65.6) 0.021% 25 (78.1) 0.525¢
ARDS, n (%)

No 28 (35.0) 8 (28.6) 14 (50.0)

Moderate 35 (43.7) 20 (57.1) 0.0052 30 (85.7) 0.001b

Severe 17 (21.3) 13 (76.5) 16 (94.1)
Multiple Organ Failure, n (%)

No 49 (61.2) 16 (32.7) 30 (61.2) )

Yes 31(38.8) 25 (80.7) <0.001% 30 (96.8) <0.001
Sepsis/Septic Shock, n (%)

No 14 (17.5) 4 (28.6) . 6 (42.9)

Yes 66 (82.5) 37 (56.1) 0.062 54 (81.8) 0.002%
Intubation, n (%)

No 18 (22.5) 2 (11.1) ) 5 (27.8)

Yes 62 (77.5) 39 (62.9) <0.001 55 (88.7) <0.001*
Follow-up Unit, n (%)

Inpatient Care Service 5 (6.2) 0(0.0) b 0(0.0) b

Intensive Care Unit 75 (93.7) 41 (54.7) 0.018 60 (80.0) <0.001

a: Pearson chi-square test, b: Fisher’s exact test

Table 4. Logistic regression analysis for mortality rates on
the 14" and 28™ day of therapeutic plasma exchange

141 day Mortality OR (95% CI) p

CRP (>40 mg/L) 1.22 (0.25-5.83) 0.797
Ferritin (>500 ng/mL) 3.68 (1.03-13.10) 0.044
ARDS (No) 0.945
ARDS (Moderate) 1.24 (0.25-5.97) 0.786
ARDS (Severe) 1.02 (0.14-7.44) 0.984
MOF (Yes) 5.07 (1.27-20.10) 0.021
Intubation (Yes) 12.39 (1.13-135.24)  0.039
28" day Mortality OR (95% CI) p

D-dimer (>1000 ng/mL) 3.39 (0.76-15.04) 0.107
Sepsis/septic shock (Yes) 1.01 (0.18-5.70) 0.985
MOF (Yes) 6.87 (0.71-66.01) 0.095
Intubation (Yes) 8.45 (1.64-43.35) 0.010

CRP: C-reactive protein, ARDS: acute respiratory distress syndrome,
MOF: multiple organ failure, OR: odds ratio, Cl: confidence interval

a thrombospondin type 1 motif, member 13) (9,13). In
parallel with these suggestions, we found that fresh frozen
plasma was used as the replacement fluid in half of our
patients who underwent TPE, whereas aloumin was used
together with fresh frozen plasma in the other ones.

Nearly all of the study population had severe COVID-19
related pneumonia, of which more than half developed
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ARDS and we found that the presence of intubation at the
start of TPE increased the mortality rates. Different
sources have reported ARDS and cytokine storm
syndrome as the main causes of death for patients with
COVID-19 infection (14-16). However, approximately
half of the patients presenting with cytokine storm
syndrome develop ARDS (17). Therefore, early
recognition and control of uncontrolled immune reactions
are essential in these patients. Ferritin, CRP, and D-dimer
levels are clues used to detect the severity of systemic
inflammatory responses (18). In our study population,
CRP levels in 81.0% (n=64), D-dimer in 75.7% (n=56),
and ferritin levels in 41.0% (n=32) were found to be above
the critical threshold values that predict poor prognosis
and this suggests the presence of intensive cytokine
storms during the TPE procedure in most of our
population. Additionally, our statistical analysis revealed a
relation between mortality rate and increased levels of
ferritin, which is in parallel with the previously reported
literature (19,20).

Unfortunately, we do not have a control group with whom
the included cases could be compared, who were positive
for COVID-19 and did not undergo TPE. However, the
follow-up rate in the intensive care unit of our current
study population is 93.8% (n=75), and the mortality rate
reported in the literature for patients who need follow-up
in the intensive care is around 50% (21,22). In a study
published in Turkey, on the other hand, this rate was
reported as 78% (23). The mortality rate observed for the
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patients who underwent TPE was 75.0% (n=60) on the 28
day of the procedure in our study, and this rate is similar
to the cases in which the procedure was not performed
compared to the literature. As a matter of fact, it was also
concluded in a similar observational study published in
Iran that TPE could not reduce mortality rates (24). These
findings contradict the literature reported on the
effectiveness of TPE to date and needs to be confirmed by
further observation and prospective studies (9,25,26).

In this study, most of the research population consisted of
cases with poor prognostic features according to both
clinical and laboratory characteristics. The median age of
these cases is 60 years, and when considered from the
perspective of the attending physician, there is a relatively
young patient group who have exhausted all the treatment
options. It appears that TPE is applied as a last-resort
treatment in these cases. Current literature for
recommendations on the selection of COVID-19 patients
for TPE is scant, and it is unclear which patient will be
selected at which stage of the disease. Therefore, studies
involving large case series on the subject are urgently
needed.

CONCLUSION

In this study, we found that elevated ferritin levels,
intubation, and the presence of MOF increase the risk of
mortality in TPE applied patients with COVID-19 and
severe pneumonia. However, the mortality rates did not
seem to be much different in our TPE treated patient
population considering the literature on TPE naive patients
with COVID-19.

Although the development of vaccines and new treatments
has come a long way in the pandemic process, for some
patients, COVID-19 is still a deadly disease that
progresses to the critical illness stage. Prospective studies
in which the best treatment algorithms will be developed
will primarily be led by a retrospective analysis of the
existing data and it is thought that our study and findings
will lead to larger-scale, multicenter prospective studies on
the subject and that TPE will maintain its importance as a
supportive treatment approach in critically ill patients.
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Evaluation of In Vitro Fertilization Outcomes in Women with
Hypogonadotropic Hypogonadism

Hipogonadotropik Hipogonadizmli Kadinlarda in Vitro Fertilizasyon Sonuglarinin

Degerlendirilmesi

Kiibra DILBAZ! s TRACT

0000-0002-0592-7644 Aim: Hypogonadotropic hypogonadism (HH) is a rare clinical condition resulting from gonadal
Oya ALDEMIR? insufficiency due to low pituitary gonadotropin levels. Since ovulation occurs rarely in these

0000-0002-6236-2774 patients, the probability of spontaneous pregnancy is very low. The study aimed to evaluate
Serdar DILBAZ the in vitro fertilization (IVF) treatment outcomes in patients with HH and to compare these
Bei?:g’&;ij‘;”gg results _with that of patients with_ unexplained infertility (Ul) who un_wderwent IVF treatment.

0000-0003-1137-8650 Material and Methods: In this _study, 36 cycles of 28 HH patients who underv_vent IVF
Runa OZELC? treatment ar_ld 72 cycles_ of 68 patients V\{ho underwent IVF treatment for Ul were included.

0000-0002-9267-8702 Demographic data, ovarian hyperstimulation and cycle outcomes, clinical pregnancy rates, and
Yaprak ENGIN USTUN? predictive factors for clinical pregnancy were evaluated retrospectively, and the two groups

0000-0002-1011-3848 were compared.

Results: In the HH group, clinical pregnancy, and live birth rates per cycle after IVF were
significantly higher compared with the Ul group (n=16, 44.4% vs. n=17, 23.6%, p=0.027;
and n=14, 38.9% vs. n=14, 19.4%; p=0.030, respectively). Although the number of antral
follicles (p=0.001) and retrieved oocytes (p=0.042) were significantly higher in the Ul group,

Department of Obstetrics and the number of mature oocytes and grade I-11 embryos were similar in the HH and Ul groups.
Gynecology, Etlik Ziibeyde Hanim ~ The total gonadotropin dose used and duration of stimulation in the HH group were
Women’s Health Training and significantly higher than in the Ul group (both p=0.001).

Resecarch Hospital, Ankara, Tiirkiye ~ €onclusion: HH patients responded well to IVF treatment and had better IVF outcomes
compared to women who underwent I\VF for Ul. No prognostic factor that affected pregnancy
success in HH patients was detected.

Keywords: Hypogonadotropic hypogonadism; IVF outcomes; unexplained infertility.
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Amagc: Hipogonadotropik hipogonadizm (HH), diisiik hipofizer gonadotropin diizeylerine
bagli gonadal yetmezlikten kaynaklanan nadir bir klinik durumdur. Bu hastalarda ovulasyon
nadiren gergeklestigi i¢in spontan gebelik olasiligi ¢ok diisiiktiir. Bu ¢alismanin amaci, HH
hastalarinda in vitro fertilizasyon (IVF) tedavi sonuglarini1 degerlendirmek ve bu sonuglari
aciklanamayan infertilitesi (Al) olan ve IVF tedavisi uygulanan hastalarla karsilastirmaktir.
Gerec ve Yontemler: Bu calismaya IVF tedavisi uygulanan 28 HH hastasinin 36 siklusu ve
Al nedeniyle IVF tedavisi uygulanan 68 hastanin 72 siklusu dahil edildi. Demografik veriler,
ovaryan hiperstimiilasyon ve siklus sonuglari, klinik gebelik oranlar1 ve klinik gebelik igin
prediktif faktorler geriye doniik olarak degerlendirildi ve iki grup karsilastirildi.

Bulgular: IVF sonrast siklus basmna klinik gebelik ve canli dogum oranlar1 Al grubu ile
karsilagtirildiginda HH grubunda anlamli derecede daha yiiksekti (sirasiyla, n=16, %44,4'e
kars1 n=17, %23,6; p=0,027 ve n=14, %38.,9'a kars1 n=14, %19,4; p=0,030). Antral folikiil
sayist (p=0,001) ve toplanan oosit sayis1 (p=0,042) Al grubunda anlamli olarak daha yiiksek

Corresponding Author olmasina ragmen, matiir oosit ve grade I-II embriyo sayis1 HH ve Al gruplarinda benzerdi. HH
Sorumlu Yazar grubunda kullanilan toplam gonadotropin dozu ve stimiilasyon siiresi Al grubuna gore anlamli
Oya ALDEMIR derecede daha yiiksekti (her iki p=0,001).
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INTRODUCTION

Hypogonadotropic hypogonadism (HH) is a rare clinical
syndrome caused by hypothalamic or pituitary defects that
lead to gonadal insufficiency (1). HH is classified as
group 1 ovulation disorders according to the World Health
Organization (WHO) classification (2). Depending on the
age of onset, patients experience delayed or arrested
puberty, secondary amenorrhea, and infertility.
Biochemically, it is characterized by low serum sex steroid
hormone levels, low or normal luteinizing hormone (LH),
and low follicle stimulating hormone (FSH) levels (3).
Since ovulation occurs rarely in these patients, the
probability of spontaneous pregnancy is very low.
Therefore, fertility in these patients is achieved by assisted
reproductive techniques (4).

Asitis arare disease, there are a limited number of studies
evaluating the reproductive capacity and infertility
treatment outcomes in women with HH. These patients
appear to be definite candidates for ovulation induction
with exogenous gonadotropins (5). Studies have found that
the duration of ovarian stimulation is long and the total
gonadotropin dose used is high in HH patients (5,6). In the
literature, pregnancy outcomes in patients who underwent
in vitro fertilization (IVF) for HH were compared with the
IVF outcomes of different infertility groups (5,7,8), and
the outcomes were reported to be comparable and even
better in patients with the diagnosis of HH.

In this study, we aimed to evaluate the treatment results of
patients with HH who underwent IVF treatment and to
compare these results with the results of patients who
underwent IVF for unexplained infertility (Ul).

MATERIAL AND METHODS

In this study, the records of the patients who attended to
the Etlik Ziilbeyde Hanim Women’s Health Training and
Research Hospital, Health Sciences University, Assisted
Reproductive Technologies Clinic, Ankara, Turkey
between September 2007 and July 2019 for IVF treatment
were retrospectively analyzed. A total of 36 IVF cycles of
28 patients diagnosed as HH were examined as the study
group. It was decided to recruit twice the number of study
patients as the control group and 72 IVF cycles of 68
patients determined by randomization table among the
patients with an International Statistical Classification of
Diseases and Related Health Problems (ICD) code of
N97.9 diagnosed as Ul during the time span were
evaluated. The study was approved by the institutional
ethics committee (22/07/2020, 2020/100) and was
conducted in accordance with the Declaration of Helsinki.
At the beginning of the treatment, all patients were
informed that the treatment process data could be used in
scientific research and consent had been obtained.

In the study group, patients aged 18-35 years old who were
diagnosed as HH with a basal serum FSH level <5 miU/ml
and LH level <5 mIU/ml, body mass index (BMI) below
30 kg/m?, and who received IVF treatment in our hospital
were included. Patients over 35 years of age, patients with
BMI >30 kg/m?, concomitant male factor, diminished
ovarian reserve (DOR), and/or endometriosis or
leiomyoma of the uterus were excluded. In the Ul group,
the inclusion criteria were being aged 18-35 years, having
normal ovarian reserve tests (day 3 basal serum FSH level
<10 mIU/mL and estradiol (E2) level <80 pg/ml, serum
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anti-Miillerian hormone (AMH) level >1.1 ng/ml and
antral follicle count >5), normal hysterosalpingography
and normal spermiogram values in accordance with the
WHO criteria, Patients with endometriosis, endocrine
pathology, leiomyoma were also excluded from the
control group.

In the UI group, standard gonadotropin releasing hormone
agonist (GnRH-a) or gonadotropin releasing hormone
antagonist (GnRH-ant) protocols were applied after the
patient's baseline evaluation. Ovarian hyperstimulation
was started on the 2" or 3" day of menstruation using
human menopausal gonadotropin (hMG, Menogon,
Ferring, Turkey or Merional, IBSA, Turkey) in the HH
patient group and recombinant FSH (Gonal F, Merck
Serono, Istanbul, Turkey or Puregon, Organon, Istanbul,
Turkey) and/or hMG was used in the Ul patient group. In
both groups, the dose of gonadotropins was personalized
according to the patient's age, antral follicle count, and
BMI, and necessary dose changes were made according to
the ovarian response. Patients were monitored with serial
transvaginal ultrasonography (TVUSG) for follicular
development and serum E2, LH, and progesterone level
measurements until the ovulation trigger. Recombinant
human chorionic gonadotropin (hCG) was applied when at
least 3 follicles reached a mean diameter of 18 mm. The
oocyte retrieval (oocyte pick-up, OPU) procedure was
performed 34-36 hours following hCG administration with
TVUSG-guided aspiration.

All  mature oocytes were inseminated using an
intracytoplasmic sperm injection (ICSI) procedure. The
presence of fertilization was confirmed by the appearance
of two pronuclei 18-20 hours after ICSI. Day 3 embryos
were classified in accordance with the embryo
classification system 61-65 hours after ICSI using the
number, size, and symmetry of the cells and the degree of
fragmentation (9). At the blastocyst stage, embryo scoring
was based on the equal-sized blastomere number and
presence of adhesion, visible blastocyst cavity and inner
cell mass, zona pellucida thickness, and trophectoderm
with adequate cellular continuity (10).

In the presence of an available embryo(s), embryo
transfer (ET) was performed under the guidance of
transabdominal ultrasonography.

Luteal phase support was started for all patients following
the OPU procedure with vaginal progesterone (Crinone
8% gel, Serono, Istanbul, Turkey) or vaginal progesterone
plus 100 mg intramuscular progesterone (Progestan,
Kocak, Istanbul, Turkey). The pregnancy test was
performed on the 14™ day after OPU and in case of a
positive test, BhCG measurement was repeated 2-4 days
later. Patients with sufficient elevation were called for a
follow-up 14 days later and an ultrasonographic
examination was performed. The presence of a fetal
heartbeat was considered as clinical pregnancy. Luteal
support was continued until 12 weeks of gestation.

The ET could not be performed when i) no follicular
development was observed with ovarian stimulation, ii) no
mature oocytes were retrieved, and iii) fertilization failure
or embryo development arrest was encountered.
Demographic characteristics, ovarian hyperstimulation
and OPU outcomes, embryo development, ET, and
clinical pregnancy and live birth rates of the HH patients
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undergoing IVF treatment were evaluated. The data
obtained were compared with the data of the patients who
underwent IVF with the diagnosis of Ul.

Statistical Analysis

Data analysis was done with IBM SPSS v.22.0 package.
Descriptive statistics were presented as meantstandard
deviation and median (minimum-maximum) for
continuous variables, and as numbers and percentages for
categorical variables. Whether the distribution of
continuous variables was normal was evaluated with the
Shapiro-Wilk test. In cases where normal distribution was
obtained, the groups were compared with Student's t-test,
and in cases where normal distribution was not achieved
with the Mann-Whitney U test. The Pearson chi-square or
Fisher’s exact test was used to compare the categorical
variables. For p <0.05, the results were considered
statistically significant.

RESULTS

The study included 28 patients who underwent IVF
treatment for HH and 68 patients who underwent IVF
treatment for Ul. The data from 36 cycles of 28 patients in
the HH group and 72 cycles of 68 patients in the Ul group
were evaluated. The demographic characteristics of the
patients were shown in Table 1.

The total gonadotropin dose used and the duration of
ovarian hyperstimulation in the HH group were

Table 1. The demographic characteristics of the patients

HH (n=28) Ul (n=68) p
Age (years) 30 (23-35) 32 (23-34) 0.858
Height (cm) 163.5 (146-178) 153.7 (144-179) 0.001
Weight (kg) 66 (47-80) 55 (43-94)  0.001
BMI (kg/m?) 24.7 (18.4-30.0) 23.1(18.9-31.6) 0.002
FSH (mIU/ml) 0.37(0.0-4.6)  3.85(0.7-9.8) 0.001
LH (mIU/ml) 0.20 (0.0-3.6)  4.82(1.4-12.6) 0.001
E2 (pg/ml) 145 (3.0-54.0) 56.2 (11.8-181.0) 0.001

Duration” (months) 69 (18-168) 72 (24-228) 0.315

HH: hypogonadotropic hypogonadism, Ul: unexplained infertility, BMI: body mass
index, FSH: follicle stimulating hormone, LH: luteinizing hormone, E2: estradiol,
*: duration of infertility, data presented as median (minimum-maximum)
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significantly higher than in the Ul patients (p=0.001).
However, the number of oocytes retrieved (p=0.042) and
serum progesterone level on the day of OPU (p=0.020)
were higher in the Ul group than in the HH group, and
these differences were statistically significant. On the
other hand, mature oocyte count, fertilized oocyte count,
grade I-11 embryo count, and ET rate were similar in both
groups. The cycle characteristics of the patients were
shown in Table 2.

There was no statistically significant difference between
the number of patients who underwent ET in the HH group
and in the Ul group (p=0.120). Pregnancy occurred in 17
of 36 cycles (47.2%) in the HH group and the clinical
pregnancy rate was 44.4% (n=16). In the Ul group, 20 of
72 cycles (27.8%) resulted in pregnancy. In the HH group,
the clinical pregnancy rate was 44.4% (n=16/36) per cycle
and 57.1% (n=16/28) per patient whereas, in the Ul group,
the clinical pregnancy rate was 23.6% (n=17/72) per cycle
and 25.0% (n=17/68) per patient. Clinical pregnancy rates
per cycle and per patient were significantly higher in the
HH group compared with the Ul group (p=0.027, and
p=0.003, respectively). The data on pregnancy outcomes
were compared in Table 3.

The demographic characteristics and cycle outcomes of
the HH patients with and without clinical pregnancy were
compared and no significant difference was found apart
from duration of infertility, serum E2 level on ET day, and
the number of patients who underwent ET (Table 4). The
duration of infertility was significantly longer and serum
E2 level on ET day was significantly higher in patients
who could not achieve clinical pregnancy (p=0.019, and
p=0.011, respectively).

DISCUSSION

Hypogonadotropic hypogonadism is a rare disorder
characterized with hypothalamic or pituitary defects that
lead to gonadal insufficiency (1) with a spectrum of
clinical symptoms depending on the age of onset and the
degree of FSH and LH deficiency. Fertility is reduced in
these patients as a result of anovulation, therefore assisted
reproductive technologies are provided to achieve
pregnancy (4). The infertility treatment protocol in HH

Table 2. Comparison of the in vitro fertilization cycle characteristics of the HH and Ul groups

HH (n=36) Ul (n=72) p
Total gonadotropin dose (1U) 4045+1370 19504936 0.001
Ovarian stimulation duration (days) 11.2+1.6 9.1£3.1 0.001
Antral follicle count 6.5 (0-30) 14 (2-44) 0.001
E2 level on OPU day (pg/ml) 1376.75+1015.43 1515.63+1197.44 0.552
Progesterone level on OPU day (ng/ml) 0.18+0.30 0.95+1.82 0.020
Endometrial thickness on OPU day (mm) 9.8+2.4 8.8+3.5 0.139
Number of oocytes retrieved 9 (0-35) 13 (2-43) 0.042
Number of mature oocytes 7 (1-26) 9 (0-30) 0.580
Number of fertilized oocytes 4 (0-21) 5 (0-25) 0.069
Number of good quality embryos 1(0-3) 1(0-3) 0.246
ET ratio, n (%) 29 (80.6) 66 (91.7) 0.120
Progesterone level on ET day (ng/ml) 61.57+34.42 93.594+64.69 0.077
E2 level on ET day (pg/ml) 1515.87+1287.22 1780.19+1217.49 0.154
Endometrial thickness on ET day (mm) 9.542.2 10.3£1.9 0.075

HH: hypogonadotropic hypogonadism, Ul: unexplained infertility, OPU: oocyte pick-up, E2: estradiol, ET: embryo transfer, descriptive statistics of the variables were

presented as mean+standard deviation or median (minimum-maximum)
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Table 3. Comparison of the in vitro fertilization cycle outcomes of the patients with HH and Ul

IVF Outcomes in Hypogonadotropic Hypogonadism

HH (n=36) Ul (n=72) p

Number of cycles with ET, n (%) 29 (80.6) 66 (91.7) 0.120
Implantation rate, n (%) 17 (47.2) 20 (27.8) 0.045
Clinical pregnancy rate per cycle, n (%) 16 (44.4) 17 (23.6) 0.027
Clinical pregnancy rate per patient, n (%) 16/28 (57.1) 17/68 (25.0) 0.003
Biochemical pregnancy, n (%) 1(2.8) 3(4.2) 0.999
Clinical pregnancy outcomes, n (%)

Live birth rate per cycle 14 (38.9) 14 (19.4) 0.030

Live birth rate per patient 14/28 (50.0) 14/68 (20.6) 0.004

Miscarriage rate 2 (5.6) 3(4.2) 0.999

HH: hypogonadotropic hypogonadism, Ul: unexplained infertility, ET: embryo transfer, data presented as n (%)

Table 4. Comparison of demographic characteristics and IVF cycle data in patients with HH who achieved clinical

pregnancy and who did not

Clinical Pregnancy (n=16) No Pregnancy (n=20) p
Age (years) 29.1+4.1 29.8+3.22 0.970
BMI (kg/m?) 25.1 (18.6-30.0) 23.9 (18.4-30.0) 0.626
Duration of infertility (months) 51 (18-132) 72 (36-168) 0.019
FSH (mlU/ml) 0.32 (0-4.59) 0.61 (0.01-3.70) 0.737
LH (mIU/ml) 0.10 (0-3.60) 0.25 (0.07-2.09) 0.680
E2 (pg/ml) 13.95 (3.00-54.00) 17.05 (5.00-43.72) 0.737
Total gonadotropin dose (1U) 3776+1134 4260+1528 0.300
Ovarian stimulation duration (days) 11.3£14 11.2+£1.7 0.835
Antral follicle count 7 (3-18) 5 (0-30) 0.228
E2 level on OPU day (pg/ml) 1096+795 16001131 0.142
Number of oocytes retrieved 10 (4-35) 8.5 (0-27) 0.970
Number of mature oocytes 9 (3-26) 7(1-17) 0.760
Number of good quality embryos 1(1-3) 0.5 (0-3) 0.239
E2 level on ET day (pg/ml) 987+800 21661494 0.011
Endometrial thickness on ET day (mm) 9.54+2.5 9.5+1.8 0.966

BMI: body mass index; FSH: follicle stimulating hormone; LH: luteinizing hormone; E2: estradiol, OPU: oocyte pick-up; ET: embryo transfer, descriptive statistics of the

variables were presented as meantstandard deviation or median (minimum-maximum)

patients is not clear yet. In HH patients, both FSH and LH
are required for ovarian hyperstimulation to achieve full
maturation of follicles and to obtain oocytes with
fertilization capacity. In our study, the IVF outcomes in
HH patients were investigated, and 16 clinical pregnancies
occurred in these patients with 14 live births. The rate of
achieving clinical pregnancy with IVF treatment in HH
patients was found to be 44.4% per cycle and 57.1% per
patient, and the live birth rate was 38.9% per cycle, 50%
per patient. It has been concluded that successful results
can be obtained with IVF in HH patients.

Previous studies have shown that the duration of ovarian
hyperstimulation and total gonadotropin dose used in HH
patients is higher than in patients with other infertility
etiologies (5,6). Similarly, in our study, we found that the
HH patient group required longer and higher doses of
gonadotropin administration than the patients with UI.
This can be explained by the presence of silent ovaries that
need activation before a follicular response can be
obtained. However, it has been shown that high
gonadotropin doses may have adverse effects on the
oocytes or embryos (11,12) and may impair fertilization.
The results regarding the fertilization rate in HH patients
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are conflicting. Gaffari et al. (13) concluded in their study
that the fertilization rate was higher in patients with tubal
infertility compared with the HH patient group whereas
Ulug et al. (5) found no difference in terms of fertilization
rate between patients who underwent IVF for tubal
infertility and HH. Kumbak et al. (7) on the other hand
reported a higher fertilization rate in HH patients than in
Ul patients. Despite the differences in fertilization rates
in all these studies, the number of mature oocytes and
good-quality embryos were reported to be similar (5,7,13).
In our study, the number of mature oocytes, fertilization
rate, and the number of good-quality embryos were found
to be similar in the HH group and the control group and it
was concluded that high-dose gonadotropins did not have
a negative effect.

In previous studies, the IVF outcomes of HH patients were
compared with the outcomes of patients who underwent
IVF for different etiologies. In a study similar to the
presented study performed by Kumbak et al. (7) the IVF
outcomes of 27 patients with HH and 39 patients with Ul
were compared and the pregnancy rate was found to be
59% in HH patients and 46% in patients with Ul. It was
stated that there was no significant difference in pregnancy
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rates between the two groups. Ulug et al. (5) compared
the IVF results of 58 HH patients with the results of
patients with tubal infertility. ET was performed in 53 of
58 (91.3%) HH patients. In the presented study, the ET
ratio in the HH group was slightly lower than the ratio in
the Ul group (80.6% vs 91.7% respectively) but the
difference was not statistically significant. Ulug et al. (5)
reported that 30 patients (51.7%) achieved pregnancy,
and the pregnancy rate per ET was 56.6% which was
found to be similar with the pregnancy rate of women
with tubal factor infertility. In a recent study performed
by Zhang et al. (14), the live birth rate of the first fresh
cycle was found to be higher in the control group which
included patients with tubal or male factor infertility
compared with the HH group but the difference was not
statistically significant. In our study, the clinical
pregnancy rate per cycle and per patient after IVF
treatment in HH patients was found to be significantly
higher, than that of women with Ul (44.4% per cycle and
57.1% per patient versus 23.6% per cycle and 25.0% per
patient). The reported pregnancy rates after IVF-ET
treatment in women with Ul vary between 20.7 to 45.8%
in the literature (15-17). The reason for this wide range
can be explained by the fact that the success of achieving
pregnancy with IVF in Ul patients is affected by other
factors including age, BMI, duration of infertility, and
basal gonadotropin levels.

In another study, Yilmaz et al. (2) compared the IVF
outcomes of HH patients with couples who had IVF
treatment for male factor infertility. While the pregnancy
rate was 30% (10/33) in patients with HH, this rate was
31.4% in women who underwent IVF for male factor
infertility in their study, and they stated that the IVF
treatment results were similar in both groups. In a similar
study, Yildirim et al. (8) examined the IVF outcomes in 13
women with HH and compared the results with the
outcomes of women with tubal factor infertility. In
conclusion, they reported that 4 (30%) of 13 HH patients
achieved pregnancy, and the pregnancy and live birth rates
were similar with tubal factor infertility patients.

When the prognostic factors for achieving pregnancy in
infertile patients other than the HH group basal serum
FSH, LH, E2, and serum AMH levels are found to be
associated with ovarian response to hyperstimulation and
IVF outcomes. However, these factors cannot be used in
women with HH as the basal gonadotropin levels are very
low. In our study, it was shown that the basal FSH, LH,
and E2 levels, albeit low, were not associated with IVF
treatment results in HH patients. Eroglu et al. (18) reported
that higher E2 level on hCG day, increased endometrial
thickness, and a higher number of oocytes retrieved were
the factors affecting the ongoing pregnancy rates in the HH
group. We found that the number of oocytes retrieved and
the endometrial thickness on ET day were similar in the
HH patients who achieved clinical pregnancy and who did
not, but higher E2 levels were measured on ET day in HH
patients who did not get clinical pregnancy.

CONCLUSION

In conclusion, the IVF outcomes in HH patients are quite
promising, and clinical pregnancy and live birth rates are
higher compared with the patients undergoing 1\VVF with
the diagnosis of UI.
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Beyin Gdriintiilerinin Fraktal Boyutu

ABSTRACT

Aim: The aim of the present study was to characterize age-associated changes in the spatial
configuration of cerebral hemispheres (including changes in spatial complexity and space-filling
capacity) using fractal analysis of silhouette magnetic resonance brain images.

Material and Methods: Magnetic resonance brain images of 100 (44 male, 56 female)
participants aged between 18-86 years were studied. Five magnetic resonance images were
selected from the magnetic resonance imaging dataset of each brain, including four
tomographic sections in the coronal plane and one in the axial plane. Fractal dimension values
of the cerebral hemispheres silhouettes were measured using the two-dimensional box-counting
algorithm. Morphometric parameters based on Euclidean geometry (perimeter, area, and their
derivative values) were determined as well.

Results: The average fractal dimension value of the five studied tomographic sections was
1.878+0.0009, the average value of four coronal sections was 1.868+0.0010. It was shown that
fractal dimension values of cerebral silhouettes for all studied tomographic sections and four
coronal sections significantly decrease with age (r=-0.512, p<0.001 and r=-0.491, p<0.001,
respectively). The difference in the character of age-related changes in males and females was
not statistically significant. Based on the age and the fractal dimension values of the studied
sample, the confidence intervals of the fractal dimension values of cerebral hemispheres
silhouettes were determined, which can be used as norm criteria in clinical neuroimaging.
Conclusion: The fractal analysis and obtained data can be used in neuroimaging for assessing
the degree of age-related cerebral atrophy and for differentiating between normal aging and
neurodegenerative diseases.

Keywords: Fractal; cerebrum; aging; atrophy; neuroimaging.
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Amag: Bu calismanin amaci, manyetik rezonans beyin goriintiilerinden elde edilen siliiet
gortintiilerin fraktal analizini kullanarak serebral hemisferlerin uzaysal konfigiirasyonundaki
yasa bagl degisiklikleri (uzaysal karmasiklik ve bosluk doldurma kapasitesindeki degisiklikler
dahil) tanimlamaktir.

Gerec¢ ve Yontemler: Yaslar1 18-86 yil arasinda olan 100 (44 erkek, 56 kadin) katilimcinin
manyetik rezonans beyin goriintiileri incelenmistir. Her bir beyin manyetik rezonans
goriintiilemeden, koronal diizlemde dort tomografik kesit ve aksiyal diizlemde bir kesit dahil
olmak tizere bes manyetik rezonans goriintiisii segildi. Serebral hemisfer siliietlerinin fraktal
boyut degerleri, iki boyutlu kutu sayma algoritmasi kullanilarak 6lgiildii. Oklid geometrisine
dayali morfometrik parametreler (¢evre, alan ve bunlardan tiiretilen degerler) de belirlendi.
Bulgular: Calisilan bes tomografik kesitin ortalama fraktal boyut degeri 1,878+0,0009 ve dort
koronal kesitin ortalama degeri ise 1,868+0,0010 idi. incelenen tiim tomografi kesitleri ve dort
koronal kesit i¢in serebral siliietlerin fraktal boyut degerlerinin yas ile birlikte anlamli olarak
azaldig1 gosterildi (sirastyla r=-0,512, p<0,001 ve r=-0,491, p<0,001). Erkeklerde ve kadnlarda
yasa bagl degisikliklerin karakterindeki fark istatistiksel olarak anlamli degildi. Calisilan 6rnegin
yas ve fraktal boyut degerleri esas alinarak, serebral hemisfer siliietlerinin fraktal boyut degerleri
icin klinik nérogoriintiilemede norm kriter olarak kullanilabilecek giiven araliklar: belirlendi.
Sonug: Fraktal analiz ve elde edilen veriler, yasa bagli serebral atrofi derecesini
degerlendirmek ve normal yaglanma ile nérodejeneratif hastaliklar arasinda ayrim yapmak i¢in
norogoriintillemede kullanilabilir.

Anahtar kelimeler: Fraktal; beyin; yaslanma; atrofi; ndro-goriintiileme.

Presented orally at the Ukrainian Scientific-Practical Conference: Morphogenesis and Regeneration of Human
and Animals Organs in the Norm, with Pathology and Under the Correction (April 14, 2022; Poltava, Ukraine).
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INTRODUCTION

Among the various structures and formations in the
human body, the cerebrum has one of the most
sophisticated shapes reflecting the complexity of its
morphofunctional organization (1,2). During adulthood,
morphological changes occur in different brain structures,
reflecting its development and aging (3-5). Brain aging is
accompanied by mostly atrophic changes, affecting the
shape and dimensions of brain structures (3-5).
Quantitative characterization of age-related changes in the
brain shape is an important area of clinical neuroscience
and neuro-morphology research (3-5). This is necessary
both for determining the degree of atrophy and for
differentiating changes in normal aging and in
neurodegenerative diseases (3-7).

Numerous studies aimed to characterize and quantify
brain structures using traditional morphometric methods,
including volumetric studies, measurements of gray and
white matter volumes (8-12), assessment of the cortical
thickness (11-13), sulcal depth (12,13), and gyrification
index, the ratio of the total brain surface to the
superficially exposed brain surface (11,13-15). But the
spatial configuration of the cerebral hemispheres is too
irregular and difficult to be comprehensively assessed
using morphometric methods based on Euclidean
geometry (1,2,16).

In recent decades, the cerebral cortex and its
configuration have been considered by scientists as a
natural fractal (14-16). Therefore, for a comprehensive
study of irregular structures, such as the cerebrum,
various methods and modifications of fractal analysis
were used (2,12-31). Fractal analysis is a method of
mathematical analysis that quantitatively characterizes
the structural complexity of geometric figures and their
space-filling degree (1,2). The main parameter determined
by fractal analysis is the fractal dimension (FD) which can
be described as a measure of the space-filling capacity of
the studied irregular geometric figures (1). In previous
studies, various researchers used fractal analysis to study
the cerebral cortical ribbon (14-20), the pial surface of the
cerebral cortex (19-26), the cerebral white matter (20,27-31),
including its outer surface, the linear boundary between
cortical ribbon and white matter (20,30,31). However,
despite the diversity of studies involving fractal analysis of
brain structures, the whole silhouettes of cerebral
hemispheres haven’t been studied before.

In this study, we aimed to characterize age-associated
changes in the spatial configuration of cerebral
hemispheres (including changes in spatial complexity and
space-filling capacity) using fractal analysis of silhouette
magnetic resonance (MR) brain images.

MATERIAL AND METHODS

The present study was approved by the Commission on
Ethics and Bioethics of Kharkiv National Medical
University (No.10 of Nov 7, 2018).

MR brain images obtained from 100 (44 male, 56 female)
participants with an 18-86 years age range were studied.
Thirty-one (14 male, 17 female) of which were between
18-30 years, 29 (14 male, 15 female) were between 31-45
years, 24 (8 male, 16 female) were between 46-60 years,
and 16 (8 male, 8 female) were between 61-86 years. The
mean age was 41.72+1.78 years. The mean age for male
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participants was 41.43+1.68 (range, 18-86) years and
41.95+1.51 (range, 18-72) years for female participants.
Patients of the studied sample underwent diagnostic
magnetic resonance imaging (MRI) brain scanning and
showed no apparent brain pathology upon examination.
Their MRI data were considered as relatively normal. The
exclusion criterion was the presence of pathological
structural changes in the brain and surrounding structures.
Magnetic Resonance Imaging (MRI) Protocol

MRI was performed on a 1.5 T MRI machine (Siemens
Magnetom Symphony). T2 and FLAIR sequences were
chosen. MRI parameters were T2 sequence: TE (echo
time) 130 ms, TR (repetition time) 4440 ms, and FLAIR
sequence: TE (echo time) 114 ms, TR (repetition time)
9000 ms, TI (inversion time) 2500 ms. The slice (section)
thickness for both MRI sequences was 5 mm. The
resolution of digital MR brain images was 72 dpi.
Selection of Tomographic Sections

Five MR images were selected from the MRI dataset of
each brain, including four tomographic sections in the
coronal (frontal) plane and one in the axial (horizontal)
plane. A total of 500 MR brain images were selected.
Selection criteria were: location in different parts of the
cerebral hemispheres, easy identification by anatomical
landmarks, the inclusion of brain areas where pathological
lesions are most often found in some neurodegenerative
diseases, including Alzheimer's disease (15). The 1%
coronal section (Coronal 1) was located at the level of the
anterior points of the temporal lobes, the 2™ (Coronal 2) at
the level of the mamillary bodies (corpus mamillare), the
3" (Coronal 3) at the level of the quadrigeminal plate (lamina
quadrigemina), and the 4™ (Coronal 4) at the level of
corpus callosum posterior pole (splenium corporis callosi).
The axial section was selected as an uppermost horizontal
tomographic section intercepting the thalamus (due to the
section thickness of 5 mm this section was located at the
upper part of the thalamus).

Image Pre-processing

Blank frame images were created using the Adobe
Photoshop CS5 graphics editor. The size of the frame
image was 512x400 pixels for coronal sections, and
512x800 pixels for axial. The absolute scale of the digital
images was the following: 3 pixels (voxels) =1 mm. The
fragments of digital MR images were inserted into the
blank frame images; the tomographic sections of cerebral
hemispheres were completely placed in the frames and did
not go beyond them (Figure 1, A). The structures
surrounding the sections of cerebral hemispheres were
initially removed from the images (Figure 1, B), and the
pixels in these areas were colored white (pixel intensity
value of 255) for the T2 sequence or black (pixel intensity
value of 0) for the FLAIR sequence. Preliminary (“rough”)
segmentation was provided by image thresholding. The
pixel intensity threshold value was 128 for the T2
sequence, and 65 for the FLAIR sequence. As a result of
thresholding, grayscale MR images were converted into
binary. Precise segmentation was performed to improve
the anatomical accuracy of the obtained silhouette brain
images (Figure 1, C). This was done using a manual
correction by Adobe Photoshop CS5 tools. The
preprocessing procedure was done for 500 selected
images.
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B C

Figure 1. Pre-processing of magnetic resonance brain image (37
years old female). A) magnetic resonance image of cerebral
hemispheres (Coronal 2, level of mamillary bodies), 1: mamillary
bodies, 2: lateral ventricles, 3: 3 ventricle, 4: thalamus, 5: temporal
lobe, 6: insula, 7: lateral sulcus, 8: parietal lobe, 9: longitudinal
cerebral fissure; B) non-segmented tomographic section after
background removal; C) segmented silhouette image

Fractal Analysis

Fractal analysis was carried out using the 2D box-counting
method tool of the Image J software (32). The FD values
of the silhouette images of five different (Coronal 1 to 4,
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and Axial) localizations were determined for each
participant (Figure 2). The average FD value of all five
sections and the average FD value of four coronal sections
were also calculated.

Euclidean-Based Image Morphometry

Morphometric parameters based on Euclidean geometry
were determined on two types of images. 1% type of
images-non-segmented tomographic sections (Figure 1, B),
the perimeter of which corresponds to the contour of the
superficially exposed surface of cerebral hemispheres, and
the area corresponds to the brain tissue as a whole,
including the contents of the sulci. The following parameters
were determined in these images: Po (perimeter), Ao (area),
Po/Ao (perimeter-to-area ratio), and SFo (shape factor). 2"
type of images-segmented silhouette images (Figure 1, C),
the perimeter of which corresponds to the contour of the
whole pial surface of the cerebral hemispheres (including
the pial surface contour inside the sulci), and the area
corresponds to the brain tissue as a whole (but not including
the contents of the sulci). The following parameters were
determined in these images: Ps (perimeter), As (area),
Ps/As (perimeter-to-area ratio), and SFs (shape factor). To
determine the shape factor for both types of images we
used the formula: “SF=(4nxA)/P?’ (33). The ratios of the
perimeter and the area of segmented silhouette images to
the corresponding parameters of non-segmented images
were also calculated (Ps/Po and As/Ag, respectively).
Statistical Analysis

Statistical data processing was done using Excel 2016
software. The mean, standard error of the mean, standard
deviation, coefficient of variation (CV, relative standard
deviation), median, 25" and 75" percentiles values, and
minimum-maximum values were calculated. The normality
of distribution was verified using the Shapiro-Wilk test.
The statistical significance of the difference between FD
values measured in different tomographic sections was

Figure 2. Silhouette images of cerebral hemispheres revealed after preprocessing of magnetic resonance images of different localization
(36 years old female). A) Coronal 1, level of temporal lobes anterior pole; B) Coronal 2, level of mamillary bodies; C) Coronal 3, level
of the quadrigeminal plate; D) Coronal 4, level of corpus callosum posterior pole (splenium corporis callosi); E) Axial, thalamus level
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assessed using the Kruskal-Wallis H test and post-hoc
Dunn’s test with Bonferroni adjustment for multiple
comparisons. The statistical significance of the difference
between FD values and the age of sex groups were verified
using the Mann-Whitney U test. The statistical
significance of the difference between the linear regression
equations was assessed using Fisher's F test. To
characterize the correlation, Pearson's correlation
coefficient was calculated, the significance of which was
assessed using the Student's t-test. The significance level
for all results was accepted as p <0.05.

RESULTS

Fractal Dimension Values

The statistical descriptive parameters of FD values
obtained in the present study were shown in Table 1. The
FD values of the cerebral hemispheres had low values of
the variation coefficient (0.39% to 1.01%), which indicates
low variability of the cerebral FD.

The distributions of FD values were verified for normality
and it was found that the distributions of FD values of the
sections Coronal 1 and Coronal 2 did not differ
significantly from the normal distribution (p=0.310, and
p=0.281, respectively). The distribution of FD values of
the sections Coronal 3 and Axial were significantly
different from the normal distribution (p=0.018, and
p=0.036, respectively). The difference between the
distribution of FD values of the Coronal 4 section and the
normal distribution was questionable (p=0.059). The
distributions of the average FD values of the five
sections and the average FD values of the four coronal
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sections were significantly different from the normal
distribution (p=0.001 for both values).

Since distributions of FD values of some tomographic
sections were significantly different from the normal
distribution, we chose the non-parametric Mann-Whitney
U test to assess the statistical significance of the difference
between FD values measured in male and female sex
groups (Table 1). It indicated that mean ranks of FD values
determined in female and male sex groups were not
significantly different in all studied tomographic sections,
Coronal 1 p=0.168, Coronal 2 p=0.811, Coronal 3 p=0.177,
Coronal 4 p=0.352, Axial p=0.361, average FD values of
the five sections p=0.992, average FD values of the four
coronal sections p=0.811. We also compared the age of
male and female sex groups using the Mann-Whitney U
test, which indicated that mean ranks of age in male and
female sex groups of the studied sample were not
significantly different (p=0.811). Taking into account the
absence of the difference between age and FD values of
males and females, we used a non-divided sample for a few
following analyses.

In the next stage of the study, we compared the FD values
of five tomographic sections. The highest FD values were
determined in the Axial section, and the lowest FD values
were determined in the Coronal 1 section. There was a
significant difference between the FD values of five
sections (p<0.001). The post-hoc comparison indicated
that the mean ranks of the FD values of the following
section pairs were significantly different, Coronal 1 vs
Coronal 2, Coronal 1 vs Coronal 3, Coronal 1 vs Coronal 4,
Coronal 1 vs Axial, Coronal 2 vs Axial, Coronal 3 vs Axial,

Table 1. Statistical parameters of fractal dimension values of cerebral hemispheres silhouette images

Section Sex Group Mean SE SD CV (%) Median Q1-Qs Min-Max
Both 1851  0.0016  0.016 0.84 1.852 1.841-1.862  1.809-1.885
Coronal 1 Male 1.848  0.0028  0.019 1.01 1.850  1.834-1.862  1.809-1.885
Female 1853 00017  0.012 0.67 1.854  1.846-1.862  1.825-1.880
Both 1874 00013  0.013 0.68 1874  1.866-1.882  1.840-1.900
Coronal 2 Male 1874 00018  0.012 0.65 1874  1.868-1.884  1.840-1.896
Female 1873 00018  0.013 0.71 1875  1.865-1.881  1.843-1.900
Both 1872 00014  0.014 0.75 1874  1.864-1.880  1.834-1.905
Coronal 3 Male 1873 00025  0.016 0.88 1.877 1.863-1.885  1.838-1.905
Female 1871 00016  0.012 0.64 1.873 1.865-1.878  1.834-1.898
Both 1876 00013  0.013 0.69 1.877 1.869-1.884  1.842-1.904
Coronal 4 Male 1877 00022  0.015 0.79 1880  1.868-1.885  1.842-1.904
Female 1875 00015 0011 0.60 1875  1.869-1.883  1.846-1.897
Both 1918 00009  0.009 0.47 1.919 1.913-1.924  1.889-1.936
Axial Male 1917 00013  0.009 0.44 1.919 1.913-1.922  1.893-1.933
Female 1919 00012  0.009 0.48 1.920  1.913-1.926  1.889-1.936
Both 1.878  0.0009  0.009 0.48 1.880  1873-1.884  1.852-1.894
'(A\AVIEI”’Saegcetions) Male 1.878 00016  0.011 0.58 1.879 1.874-1.885  1.852-1.893
Female 1878 00010  0.007 0.39 1.880  1.873-1.883  1.859-1.894
Both 1.868  0.0010  0.010 0.55 1870  1.862-1.875  1.840-1.888
@’g{gggl AL 1868 00019  0.012 0.66 1870 18631877  1840-1.887
Female 1.868 00011  0.008 0.45 1870  1.862-1.874  1.845-1.888

SE: standard error of the mean, SD: standard deviation, CV: coefficient of variation (relative standard deviation), Q1-Qs: 25"-75" percentile, min: minimum, max: maximum
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and Coronal 4 vs Axial (p<0.001 for all). It also indicated
that the mean ranks of the FD values of the following
section pairs were not significantly different, Coronal 2 vs
Coronal 3 (p=0.570), Coronal 2 vs Coronal 4 (p=0.378),
Coronal 3 vs Coronal 4 (p=0.147).

Correlation Analysis

Significant positive correlations were found between the
FD values of Coronal 1 and Coronal 2, Coronal 1 and
Coronal 3, Coronal 1 and Coronal 4, Coronal 2 and
Coronal 3, Coronal 2 and Coronal 4, Coronal 3 and
Coronal 4, Coronal 3 and Axial, and Coronal 4 and Axial
section pairs (Table 2). The highest correlation coefficient
values were found between the FD values of adjacent
coronal tomographic sections, Coronal 3 and Coronal 4,
and Coronal 2 and Coronal 3. No statistically significant
correlations were found between the FD values of the
Coronal 1 and Axial, and Coronal 2 and Axial section
pairs.

Correlations between the FD values and the morphometric
parameters of non-segmented tomographic sections were
analyzed (Table 3). Significant positive correlations were
found between the FD values and values of area (Ao) and
shape factor (SFg) in coronal sections. The correlations
between FD values and perimeter values (Po) were
significant only in the sections Coronal 3 and Coronal 4.
Significant negative correlations were found between the
FD values and perimeter-to-area ratio (Po/Ao) in coronal
sections.

We also analyzed correlations between the FD values and
the morphometric parameters of segmented silhouette
images (Table 3). Significant positive correlations were
found between the FD values and values of area (As) and
shape factor (SFs) in all studied sections. Significant
negative correlations were found between the FD values
and perimeter-to-area ratio (Ps/As) in all sections. The
perimeter values (Ps) didn’t have a significant correlation
with FD values in coronal sections, but there was a
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significant negative correlation between these values in the
Axial section. Significant positive correlations between
the FD values and the two-dimensional gyrification index
(ratio of perimeters, Ps/Po) were found only in the Axial
section. Also, significant correlations were found between
the FD values and the ratio of the areas (As/Ao) in all
coronal sections.

To study changes in the spatial configuration of the
cerebral hemispheres, we conducted a correlation analysis
between the FD values and age. We found negative
significant correlations between those parameters. It
indicates a tendency for FD values to decrease with age.
Figure 3 illustrates FD values distribution throughout
adulthood. The strongest correlations between age and FD
were found in the sections Coronal 2 (r=-0.511, p<0.001)
and Coronal 3 (r=-0.429, p<0.001). Weak correlations
were found in the sections Coronal 1 (r=-0.232, p<0.05),
Coronal 4 (r=-0.312, p<0.001), Axial (r=-0.313, p<0.001).
Also, we found moderate negative significant correlations
between the age and the average FD values of all five
tomographic sections (r=-0.512, p<0.001) and the average
FD values of four coronal sections (r=-0.491, p<0.001).

Table 2. Correlation of the cerebral silhouettes fractal
dimension values measured in different tomographic
sections

Section Coronal 1 Coronal 2 Coronal 3 Coronal 4
r 0.249

Coronal 2 D 0012

Coronal3 " 0.333 0.440
p <0.001 <0.001

Coronala " 0.367 0.351 0.701
p <0.001 <0.001 <0.001

Axial r 0.104 0.155 0.425 0.316
p 0.303 0.124 <0.001 0.001

Table 3. Correlation of the cerebral silhouettes fractal dimension values and values of Euclidean geometry-based

morphometric parameters of cerebral hemispheres

Type of Image Morphometric Parameter

Tomographic Section of Cerebral Hemispheres

Coronal 1 Coronal 2 Coronal 3 Coronal4  Axial
Perimeter (Po) r 0.079 0.129 0.228 0.209 0.166
0 p 0.435 0.201 0.023 0.036 0.099
Area (Ao) r 0.242 0.230 0.434 0.389 0.094
Non-segmented 0 p 0.015 0.021 <0.001 <0.001 0.352
Tomographic Sections Perimeter-to-area ratio (Po/Ao) r -0.319 -0.275 -0.478 -0.477 0.113
p 0.001 0.006 <0.001 <0.001 0.263
r 0.376 0.133 0.258 0.316 -0.035
Shape Factor (SFo) p <0.001 0.187 0.010 0.001 0.730
Perimeter (Py) r -0.029 0.009 0.072 0.039 -0.285
S p 0.775 0.929 0.477 0.700 0.004
Area (As) r 0.446 0.463 0.694 0.600 0.388
Segmented Silhouette s p <0.001 <0.001 <0.001 <0.001 <0.001
Images . . r -0.519 -0.410 -0.509 -0.503 -0.610
Perimeter-to-arearatio (PJ/As) - 9901 <0001 <0001  <0.001  <0.001
r 0.339 0.231 0.246 0.276 0.467
Shape Factor (SFs) p <0.001 0.021 0.014 0.005 <0.001
Ratio of perimeters (Ps/Po) r -0.082 -0.072 -0.050 -0.088 -0.426
o Typesof s CORIBRONIG) L p g o gen o oo
Ratio of areas (As/Ao) p <0001 <0001 <0001 <0001  0.121
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Figure 3. Fractal dimension values of cerebral silhouettes, changes throughout adulthood, confidence intervals, and linear

regression equations in different tomographic sections
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Figure 4 shows two silhouette images of the cerebral
hemispheres of young and old persons (23 and 72 years
old, respectively). We can notice the age-associated
atrophic changes in the silhouette brain image of the older
person, the widening and deepening of the sulci, and the
atrophic changes in the gyri shape. The FD values of these
images were significantly different, the FD value of the
young person was 1.88, and the FD value of the old person
was 1.85.

As we have noticed earlier, FD values determined in the
male and female groups of the studied sample were not
significantly different as well as age. Additionally, we
analyzed the relationships of FD values with age in the
male and female groups (Figure 5). Negative correlations
were found between FD values and age in both sex groups
in all studied tomographic sections: r=-0.292, p=0.054 for
males, and r=-0.174, p=0.120 for females in the Coronal 1
section; r=-0.573, p<0.001 for males, and r=-0.465, p<0.001
for females in the Coronal 2 section; r=-0.431, p=0.003 for
males, and r=-0.432, p<0.001 for females in the Coronal 3
section; r=-0.317, p=0.036 for males, and r=-0.307, p=0.021
for females in the Coronal 4 section; r=-0.502, p<0.001 for
males, and r=-0.174, p=0.120 for females in the Axial
section; r=-0.526, p<0.001 for males, and r=-0.508, p<0.001
for females for the average FD values of all five
tomographic sections; r=-0.489, p<0.001 for males, and
r=-0.505, p<0.001 for females for the average FD values
of four coronal sections. The character of correlations in
female and male groups was close to that determined in
the undivided sample. The correlation coefficients
determined in male and female groups were close to each
other almost in all studied sections (except the Axial
section, females showed no significant correlations
between FD value and age). However, in addition to the
strength and character of correlations, it is important to
compare the dynamics of age-related changes in FD in the
studied groups. We calculated linear regression equations
characterizing age dynamics of FD values (FD value was
the response variable, and age was the predictor variable)
and compared obtained equations in female and male
groups (Figure 5). The analysis showed that linear
regression equations were not significantly different in
males and females in all studied tomographic sections (p~1
for all sections).

DISCUSSION

In this study, we have described features of age-associated
changes in cerebral hemispheres using fractal analysis of
MR silhouette brain images. We have found that the FD
values of cerebral silhouettes significantly decrease with
age. Our findings are consistent with data from some
previous studies, which have shown that FD values of
different brain structures had significant negative
correlations with age (12,21,29,30).

Some studies regarding age-related changes in fractal
measurements involved the assessment of the cortical
ribbon or the cortical surface (12,21,22).

The study of Podgorski et al. (12) included the
comparative analysis of brain aging using methods of
fractal and Euclidean geometry-based morphometries. The
brain MR images of healthy volunteers were studied. The
following parameters were measured to assess the aging
changes: volumes of total gray matter, white matter and
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A B
Figure 4. Silhouette images of cerebral hemispheres (Coronal 3,
level of quadrigeminal plate) of young and old persons, A) 23
years old male with a fractal dimension value of 1.88, B) 72 years
old male with a fractal dimension value of 1.85

cerebrospinal fluid, cortical thickness, sulcal depth,
gyrification index, and FD. The authors described a
decrease in gray and white matter volumes and an increase
in cerebrospinal fluid volume. Cortical thickness and
gyrification index decreased with age, meanwhile, the
sulcal depth increased. The authors also investigated
cortical maps of the age-related distribution of FD and
found that FD was changed during aging.

The study of Madan and Kensinger (21) aimed to examine
differences in cortical complexity across the adult lifespan.
The authors used a three-dimensional box-counting
algorithm for the fractal analysis of the MR brain images.
The study revealed that the FD of the cortical ribbon
significantly decreased with age (r=-0.732) as well as the
FD of the cortical surface (r=-0.719), mean cortical
thickness (r=-0.603), and gyrification index (r=-0.494).
The authors also estimated correlation relationships and
found that values of the correlation index between FD of
the cortical ribbon and cortical thickness, FD, and
gyrification index were r=0.863 and r=0.626, respectively.
In the study of Kalmanti and Maris (22) two-dimensional
fractal analysis of the cerebral cortex was provided.
Parasagittal tomographic sections were used for the
measurements. The studied sample included 93 persons
aged from 3 months to 78 years (mainly children and
adolescents). The authors demonstrated differences in
two-dimensional FD between ages, possibly related to
brain development.

The study of Im et al. (25) involved fractal analysis of the
three-dimensional cortical surface, using the box-counting
method. The authors showed significant correlation
relationships of the FD of the cortical surface with cortical
thickness, sulcal depth, and folding area. Also, an
interesting finding of this study was the correlation of FD
with intelligence quotient and the number of education
years; the results showed that the FD of the cortical
surface had a significant relationship with intelligence
and education.

Cortex and cortical ribbon were studied in the studies
regarding the atrophic changes in neurodegenerative
diseases. In the studies of King et al. (15,19) cerebral
cortical ribbons in Alzheimer’s disease were studied by
two-dimensional and three-dimensional box-counting
algorithms of fractal analysis. The authors quantified
atrophic changes in cerebral hemispheres and described
the significant difference between FDs of the cortical
ribbon of healthy persons and patients with Alzheimer’s
disease. Fractal analysis of the cortex and cortical ribbon
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Figure 5. Fractal dimension values of cerebral silhouettes in female and male sex groups, changes throughout adulthood,
and linear regression equations in different tomographic sections
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also revealed significant changes in patients with multiple
sclerosis (17,18), schizophrenia and obsessive-compulsive
disorder (23), and auditory verbal hallucinations (24).
Other studies on age-dependent changes of the FD were
focused on the brain white matter (29,30). In the study of
Zhang et al. (29), a three-dimensional modification of the
box-counting method was applied for the fractal analysis
of MR brain images. The authors measured the FD of
white matter volume (whole white matter), surface (white
matter/gray matter boundary), and skeletonized white
matter images. There were significant differences between
FD values of white matter volume, surface, and skeleton
between young and old persons.

In the study of Farahibozorg et al. (30) cerebral white
matter was studied. The authors used a three-dimensional
box-counting method to provide fractal analysis of brain
MR images. In each brain, three FD values were measured,
general (volume, whole white matter), skeleton, and
boundaries (surface, white matter/gray matter boundary).
FDs of white matter volume and skeleton showed inverse
U-shape patterns with aging (r>=0.116 for general FD,
r?=0.202 for skeleton FD), and FD of white matter surface
was less affected by age (r?=0.040). The authors found
positive correlations between FD and white matter
volume, r=0.480 for general FD, r=0.558 for skeleton FD,
and r=0.385 for boundary FD.

Fractal analysis of cerebral white matter was also provided
in some diseases and pathological conditions, significant
changes were found in patients with multiple sclerosis (27)
and traumatic brain injury (28).

Some studies involved the assessment of both white and
gray matter. The study of Goiii et al. (20) aimed to quantify
the reliability of fractal measures within the human brain.
Authors in their study used MR brain images and
measured the FDs of the pial cortical surface, the cortical
ribbon volume, the white matter volume, and the gray
matter/white matter boundary. The three-dimensional
box-counting method was used for the fractal analysis. The
authors estimated three different FDs (the Kolmogorov
capacity dimension, the information dimension, and the
correlation dimension) and concluded that the highest
reproducibility was achieved with the correlation
dimension.

The three-dimensional box-counting algorithm is the
most commonly used fractal analysis method in recent
studies. It has its undeniable advantages, as it determines
a single FD value of the whole cortical ribbon or whole
cerebral white matter or whole surface of cerebral
hemispheres (19-21,25,29-31). Most three-dimensional
fractal analysis algorithms require the construction of
three-dimensional brain models complicating the research
algorithm (19-21,25,30). For the present study, we used a
two-dimensional box-counting algorithm which includes
fractal analysis of two-dimensional tomographic image
sections (15,22). This method has its own advantages. We
chose this method to evaluate the informativeness of a
simpler and more accessible fractal analysis algorithm
that does not require the construction of three-dimensional
brain models. In some cases, three-dimensional brain
model construction is difficult or impossible (due to too
thick tomographic sections or poor MR image quality). In
addition, sometimes it is necessary to assess only a certain
brain area (for example, one particular tomographic
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section) and compare the obtained FD value with values
measured in adjacent areas to reveal and assess the
changes in the region of interest. In such cases, it is
advisable to use a two-dimensional box-counting
algorithm. Kalmanti and Maris (22) in their study said
that “interpretation of two-dimensional pictures is
common in everyday medical practice and measurement
of two-dimensional FD can easily be used since it does not
need complicated volumetric methods and can indicate a
threshold between normal as well as pathological
changes”. In our opinion, a two-dimensional box-counting
algorithm is more accessible and convenient for routine
medical practice than a three-dimensional one.

As the object of the present study, we chose cerebral
silhouettes. The quantitative assessment of the silhouette
images makes it possible to simplify morphometric
studies of cerebral hemispheres since it does not require
the segmentation of brain tissue into constituent
components (white and gray matter) and does not require
the construction of three-dimensional brain models. The
segmentation of brain tissue into white and gray matter
usually requires special software and high-quality MR
images. In some cases, the quality of routine MRI used in
clinical practice is not good enough for this type of
segmentation. Silhouettes obtained in our study weren’t
divided into components and included both cerebral
tissue components, gray and white matter. The
segmentation used in our study is simpler and more
accessible for medical practitioners and it does not
require high-quality MR images. Thus, the morphometric
method used by us is more convenient for use in cases
where segmentation of white and gray matter is not
possible, or the thickness of the tomographic sections is
not small enough to construct and quantify three-
dimensional brain models.

Silhouettes obtained as a result of the segmentation of
MR brain images make it possible to assess the spatial
location of the brain tissues, its spatial configuration, and
the space-filling degree. Age-related atrophic changes lead
to a decrease in the volumes of white and gray matter,
which is manifested in the shape changes of the cerebral
hemispheres; the widening and deepening of the sulci, the
reduction and simplification of the gyri may be found in
the aged brain (3-5,21). These changes lead to a decrease
in the intracranial volume filled with brain structures. At
the same time, the percentage of intracranial space
corresponding to the space inside the widened and deepened
sulci (cerebrospinal fluid-filled space) increases (21).
Thus, aging changes are associated with a decrease in the
space-filling capacity of the cerebrum. In addition,
atrophic changes lead to a simplification of the shape of
the brain as a whole, which is reflected in the decrease in
the complexity of the brain spatial configuration. FD is a
parameter of fractal geometry that quantitatively
characterizes the degree of space-filling and the
complexity of the spatial configuration of the studied
structures. Therefore, the FD of silhouette brain images is
the appropriate morphometric parameter, which provides
a specific and objective assessment of age-related changes
in the shape of cerebral hemispheres.

Fractal analysis of the cerebral silhouettes of young and
old persons gave us significantly different FD values.
Thus, the FD of silhouette images proved to be a
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sufficiently sensitive indicator to quantitatively distinguish
two images, without atrophy and with age-related atrophic
changes and to quantify the degree of atrophic changes.
Based on the age and the FD values of the studied sample,
we have calculated confidence intervals of the FD values
of cerebral hemispheres silhouette images, which can be
used as norm criteria in clinical neuroimaging.

The study of Podgorski et al (12) focused on the
comparative analysis of brain aging in males and females.
The authors found that FD, volumes of total gray matter,
white matter, cerebrospinal fluid, cortical thickness, sulcal
depth, gyrification index, and FD were changed during
aging in both males and females. The study results showed
that cortical FDs were changed during aging only in a
small number of locations in males (2.0%), while that
number was significantly higher in females (2.7%).
Authors stated that male and female brains start aging at a
similar age of 45, but compared to males, in females, the
cortex is affected earlier and in a more complex pattern.
Sex differences in brain age-related FD changes were also
evaluated in the study of Farahibozorg et al. (30). This
study focused on cerebral white matter. Researchers
revealed that the interaction of age- and sex-dependent
differences were significant mainly in the hemispheric
analysis, the age-related changes were sharper in males.
The authors noticed that after adjusting for the volume
effect, age-related results remained approximately the
same, but females had higher values, specifically in the left
hemisphere and boundaries.

Our study also has revealed a decrease in FD values
during life in males and females, but there are some
differences between the present study and mentioned
studies (12,30). The fractal analysis algorithms were quite
different. In the study of Podgérski et al. (12) cortical FD
maps were obtained, the study of Farahibozorg et al. (30)
included fractal analysis of three-dimensional models of
cerebral white matter, and the present study included
analysis of two-dimensional cerebral silhouettes. Our
study has shown no significant differences in the character
of male and female brain aging. We revealed a continuous
and gradual type of FD decrease during aging in both
males and females. The character and strength of
correlations between FD and age were similar in male and
female groups. Some differences in correlation
coefficients (between age and FD in male and female
groups) can be explained by data heterogeneity and a
relatively small sample size. Taking into account the
absence of a significant difference between linear
regression equations characterizing FD dynamics
throughout life in males and females, we can conclude that
there are no significant sex differences in the character of
age-related brain changes estimated by fractal analysis of
cerebral silhouettes.

CONCLUSION

Fractal analysis of silhouette MR images of the cerebral
hemispheres has revealed and quantified age-associated
changes in the brain spatial complexity and space-filling
degree that characterize atrophic changes in normal aging.
The obtained data can be used as normal criteria for
assessing the degree of age-related cerebral atrophy and
for differentiating between normal aging and
neurodegenerative diseases.
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Korelasyonunun Degerlendirilmesi

ABSTRACT

Aim: This study aimed to evaluate the relationship between vitamin D levels and insulin
resistance parameters in children with overweight and obesity.

Material and Methods: A total of 174 children, 64.4% (n=112) female, and 35.6% (n=62)
male, aged between 6-17 years were included in the study. The participants were divided into
three groups as normal (29.9%, n=52), overweight (23.6%, n=41), and obesity (46.5%, n=81)
based on the criteria of the World Health Organization body mass index (BMI) classification.
The insulin resistance status of the participants was evaluated by homeostatic model
assessment of insulin resistance (HOMA-IR), fasting glucose to insulin ratio (FGIR), and
quantitative insulin sensitivity check index (QUICKI).

Results: HOMA-IR was found higher in the obesity group (3.242.1) compared to the
overweight (2.2+1.0) and the normal weight (1.5£1.0) groups (p<0.001). It was observed that
QUICKI values of the overweight (0.34+0.03) and the obesity (0.33+0.03) groups were lower
than the normal weight (0.3740.03) group (p<0.001). FGIR was noticed as higher in the normal
weight (16.8+£10.4) group compared to the overweight (10.6+6.0) and the obesity (8.5+5.5)
groups (p<0.001). The mean serum 25-hydroxyvitamin D [25(OH)D] levels of the children
and adolescents were 19.6+10.7 ng/mL, and no statistically significant difference was found
between the groups (p=0.153). A significant weak negative correlation between serum
25(0OH)D and HOMA-IR values was found (r=-0.170, p=0.025). Additionally, a weak positive
statistically significant correlation was found between serum 25(OH)D level and QUICKI and
FGIR values (r=0.173, p=0.022, and r=0.173, p=0.023, respectively).

Conclusion: Vitamin D levels can affect insulin resistance parameters.

Keywords: Insulin resistance; pediatric obesity; vitamin D.

0z

Amag: Bu calismada fazla kilo ve obezitesi olan ¢ocuklarda D vitamini diizeyleri ile insiilin
direnci parametreleri arasindaki iliskinin degerlendirilmesi amaglanmustir.

Gereg ve Yontemler: Calismaya 6-17 yas araliginda, %64,4% (n=112) kiz ve %35,6 (n=62)
erkek, toplam 174 cocuk dahil edilmistir. Katilimeilar, Diinya Saglik Orgiitii beden kitle
indeksi (BKI) simiflamasi kriterlerine gore normal (%29,9; n=52), fazla kilolu (%23,6; n=41)
ve obezite (%46,5; n=81) olmak iizere ii¢ gruba ayrilmustir. Katilimcilarin insiilin direnci
durumlari, insiilin direncinin homeostatik model degerlendirmesi (homeostatic model
assessment of insulin resistance, HOMA-IR), a¢lik glikozunun insiiline orani (fasting glucose
to insulin ratio, FGIR) ve kantitatif insilin duyarliligi kontrol indeksi (quantitative insulin
sensitivity check index, QUICKI) ile degerlendirilmistir.

Bulgular: HOMA-IR, fazla kilolu (2,2+1,0) ve normal Kilolu (1,5+1,0) gruplara gore obezite
grubunda (3,2+2,1) yiiksek bulunmustur (p<0,001). Fazla kilolu (0,34+0,03) ve obezite (0,33+0,03)
gruplarinin QUICKI degerlerinin normal kilolu (0,37+0,03) gruptan daha diisiik oldugu
goriilmistiir (p<0,001). FGIR, normal kilolu grupta (16,8+10,4), fazla kilolu (10,64+6,0) ve
obezite (8,5+5,5) gruplarmna gore daha yiiksek saptanmustir (p<0,001). Cocuk ve addlesanlarin
ortalama serum 25-hidroksivitamin D [25(OH)D] diizeyi 19,6+10,7 ng/mL olup, gruplar
arasinda istatistiksel olarak anlamli bir farklilik bulunmamistir (p=0,153). Serum 25(OH)D ile
HOMA-IR degerleri arasinda anlamli, zayif negatif (r=-0,170; p=0,025) bir korelasyon
bulunmustur. Buna ek olarak, serum 25(OH)D diizeyi ile QUICKI ve FGIR degerleri arasinda
zayif pozitif istatistiksel olarak anlamli (sirasiyla, r=0,173; p=0,022 ve r=0,173, p=0,023) bir
korelasyon bulunmustur.

Sonug¢: D vitamini diizeyleri insiilin direnci parametrelerini etkileyebilir.

Anahtar kelimeler: Insiilin direnci; pediatrik obezite; D vitamini.
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INTRODUCTION

Insulin resistance, one of the complications of increasing
body weight, can be seen widely in childhood, parallel
with the increase in obesity frequency (1). Insulin
resistance is a disorder that affects many organ systems
and causes significant metabolic damage (2). Multiple
factors, including various genetic, environmental, and
biochemical reasons, influence the development of insulin
resistance. Additionally, dietary patterns (especially diets
with a high saturated fatty acid, sucrose, and energy
content) increase hepatic insulin resistance and free
oxygen species formation. The risk of developing insulin
resistance reduces with preventive measures and
therapeutic interventions, so it is crucial to define
environmental factors. In this context, the most critical risk
factors are low physical activity level, weight gain,
obesity, and unhealthy nutrition habits. These factors can
impair or alter insulin sensitivity (3,4). Besides, vitamin D,
which involves in the function of insulin-sensitive tissues,
including the liver and skeletal muscle, and has potential
effects on the regulation of insulin secretion and the
survival of pancreatic beta cells, may play a role in the
pathogenesis of insulin resistance (5-7). However, the
contradictory results of the studies (8-10) necessitate the
evaluation of the relationship between vitamin D levels
and insulin resistance in childhood. Based on the study
results, a more explicit demonstration of the association
between vitamin D deficiency and insufficiency and the
risk of developing insulin resistance may be an effective
strategy to fight against insulin resistance (7,11).

This study aimed to evaluate the relationship between
insulin resistance and vitamin D levels in children and
adolescents with overweight and obesity aged 6-17.

MATERIAL AND METHODS

This cross-sectional study was conducted with 174
children and adolescents (ages 6-17) who were admitted to
the Giilhane Training and Research Hospital Pediatric
Endocrine Department between August to December
2019. Those who regularly used any nutritional
supplements (vitamin D, iron, fish oil, prebiotics,
probiotics, etc.) in the last three months, those with
perception and communication problems, those with
thinness, chronic diseases, and growth retardation, were
not included in this study.

To conduct the study, Ethics Committee Approval dated
18 July 2019 and Decision No: 12-32-19 from Ankara
University Ethics Committee and Research Permission
dated 28 August 2019 from the Giilhane Training and
Research Hospital, where the data will be collected, were
obtained. Before the data started to be collected, the
participants and their parents were informed about the
research, and the purpose was explained. Those who
agreed to participate and those with parental consent were
included in the study. Also, each participant signed the
informed volunteer consent form.

The dieticians measured height and body weight, and the
body mass index (BMI) of the participants was calculated
with the formula, weight (kg)/height?> (m?). BMI values
were evaluated according to the growth standards
determined by the WHO for 5-19 years old. BMI was
categorized as follows: -1SD>BMI<+1SD indicating
normal weight, +1SD>BMI<2SD indicating overweight,
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and BMI>2SD indicating obesity (12). WHO Antroplus
program was used to determine the BMI z-scores of the
participants (13). Some biochemical parameters, fasting
blood glucose, serum 25-hydroxyvitamin D [25(OH)D],
and fasting insulin checked in the last three months were
obtained from the patient folders and evaluated by the
pediatric endocrinologists.

The status of insulin resistance in participants was
determined using homeostatic model assessment of insulin
resistance (HOMA-IR) calculated by the formula fasting
insulin (uIU/mL) x fasting blood glucose (mg/dL) / 405,
fasting glucose to insulin ratio (FGIR), and quantitative
insulin sensitivity check index (QUICKI) (14). There is no
standard value for HOMA-IR to define insulin resistance
in children and adolescents, and different cut-off values are
referenced in different populations (15). In this study,
HOMA-IR reference values for Turkish children and
adolescents (5-18 years) were used. The HOMA-IR
reference values in the prepubertal period, >2.67 in males
and >2.22 in females; and in the pubertal period, >5.22 in
males and >3.82 in females, were defined as insulin
resistance (16). FGIR value <7 was considered insulin
resistance (17). QUICKI was calculated with the formula:
1/ [log (fasting insulin (ulU/mL)) + log (fasting glucose
(mg/dL))] (14). QUICKI value <0.34 was defined as
insulin resistance (18). Serum 25(OH)D level was
categorized as follows, deficiency: <12 ng/mL,
insufficiency: 12-20 ng/mL, and normal: >20 ng/mL (19).
Statistical Analysis

The data were evaluated with IBM SPSS v.26.0 for
Windows. Basic descriptive statistics (frequency,
percentage, mean, standard deviation, median,
interquartile range, minimum, and maximum) were used.
The chi-square test was used to compare categorical
variables. Normality was examined using the
Kolmogorov-Smirnov test. While comparing more than
two groups, the one-way analysis of variance (ANOVA)
was used under normal distribution assumptions, and the
Kruskal-Wallis test was used when not. Bonferroni test
was used to determine from which group the difference
originated for ANOV A and in case the Kruskal-Wallis test,
the Bonferroni corrected Mann-Whitney U test was
applied as a post hoc test. Pearson or Spearman correlation
analysis was used to evaluate the correlation between the
quantitative variables according to the normality
assumptions. A p value of <0.05 was considered as
statistical significance.

RESULTS

The study was conducted with 174 children (35.6% (n=62)
male, and 64.4% (n=112) female) with a mean age of
11.6+£3.17 years. In accordance with BMI z-scores,
46.5% (n=81) of the children were with obesity, while
23.6% (n=41) were overweight, and 29.9% (n=52) were
normal weight. There was no statistically significant
difference between the BMI groups in regard to general
characteristics (Table 1).

The participants' mean fasting blood glucose level was
88.2+7.79 mg/dL, and no significant difference was found
between the BMI groups (p=0.974). Participants with
normal weight had lower mean fasting insulin levels
compared to overweight and obesity groups (p<0.001).
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HOMA-IR value was found to be higher in the obesity
group compared to the overweight and the normal weight
groups (p<0.001). The QUICKI value was higher in
participants with normal weight compared to the
overweight and the obesity groups (p<0.001). Similarly,
the FGIR value was higher in children with normal weight
compared to the overweight and obesity groups (p<0.001).
The participants' mean serum 25(0OH)D level was
19.6+10.7 ng/mL. Additionally, no significant difference
was found between the BMI groups (p=0.153, Table 2).

According to the HOMA-IR classification, 5.8% (n=3) of
the participants with normal weight, 9.8% (n=4) of the
participants with overweight, and 37.0% (n=30) of the
participants with obesity had insulin resistance. Compared
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to the children with normal weight, insulin resistance
prevalence was higher in children with overweight and
obesity (p<0.001, Table 3).

Vitamin D was deficient in 22.4% (n=39) and was
insufficient in 39.1% (n=68) of children and adolescents
participating in the study. These values were 28.8% (n=15)
and 34.6% (n=18), respectively, in children with normal
weight. While the ratios of those who were deficient and
insufficient in terms of vitamin D levels in the overweight
group were 9.8% (n=4), and 48.8% (n=20), these ratios
were 24.7% (n=20) and 37.0% (n=30), respectively,
among the obesity group. No statistically significant
difference was found between the BMI groups in terms of
the distribution of 25(OH)D levels (p=0.234, Table 3).

Table 1. Demographic characteristics of participants according to the BMI groups
Normal (n=52)  Overweight (n=41)  Obesity (n=81) p

Total (n=174)

Gender, n (%)

Male 14 (26.9) 12 (29.3) 36 (44.4) 0.750 62 (35.6)
Female 38 (73.1) 29 (70.7) 45 (55.6) : 112 (64.4)
Age groups, n (%)
6-9 years 19 (36.5) 11 (26.8) 19 (23.5) 0.256 49 (28.2)
10-17 years 33(63.5) 30 (73.2) 62 (76.5) ' 125 (71.8)
Age (year), mean+SD 11.243.2 12.4+3.4 11.6+3.0 11.6+3.2
median (IQR) [min-max] 11 (5.8) [6-17] 12 (7) [6-17] 11 (4) [6-17] 0.192 11 (5) [6-17]

BMI: body mass index, SD: standard deviation, IQR: interquartile range

Table 2. Comparison of biochemical findings, insulin resistance, and serum 25(OH)D levels

Normal (n=52) Overweight (n=41) Obesity (n=81) p Total (n=174)
88.0+8.4 88.328.0 88.2+7.4 88.2+7.8
Glucose (mg/dL) 875 (9.0)[63-111]  87.0 (7.5) [63-115]  87.0 (11.0) [73-106] 274 87.0 (9.0) [63-115]
: 7.044.22 10.2::4.20 14.4:8.8° 112475
Insulin (ulU/mL) 6.4 (4.8)[1.3-266] 10.1(6.3)[22-186] 12.2 (9.6)[2.9-48.0] 0001 9.5 (8.5) [1.3-48.0]
1.5+1.02 2.241.0° 3.242.1¢ 2.5+1.8
HOMA-IR 14(11)[03-61]  21(15)[04-49] 27(24)[0.6-11.3) <0001 2.1 (1.9) [0.3-11.3]
QUICKI 0.37+0.032 0.34+0.03° 0.330.03" <0.001 0.34+0.04
0.36 (0.05) [0.29-0.50] 0.34 (0.04) [0.30-0.44] 0.32 (0.04) [0.27-0.42] =" 0.34 (0.04) [0.27-0.50]
a b b
FGIR 16.8+10.4 10.6+6.0 8.5+5.5 <0001 115482
136 (9.9) [35-58.2] 8.9 (4.9) [4.6-36.9] 6.9 (4.9) [1.9-29.3] 9.2 (7.4) [1.9-58.2]
25(0H)D (ngimL) 19.8+13.4 21.8+10.3 18.348.8 0153 19.6+10.7

16.8 (15.4) [4.9-64.6] 18.9 (10.5) [5.9-52.2] 17.1 (10.7) [4.9-40.9] 17.6 (11.7) [4.9-64.6]

25(0OH)D: 25-hydroxyvitamin D, HOMA-IR: homeostatic model assessment of insulin resistance, QUICKI: quantitative insulin sensitivity check index, FGIR: fasting glucose
to insulin ratio, *<: each different superscript letter denotes significant differences between groups, meansstandard deviation and median (interquartile range) [min-max]

Table 3. Distribution of participants according to the insulin resistance parameters and 25(OH)D levels

Normal (n=52)  Overweight (n=41)  Obesity (n=81) p Total (n=174)

HOMA-IR, n (%)

Suboptimal 3(5.8)¢ 4 (9.8) 30 (37.0)° <0001 37 (21.3)

Optimal 49 (94.2)2 37(90.2)2 51 (63.0)° ’ 137 (78.7)
QUICKI, n (%)

<0.34 7 (13.5) 19 (46.3)° 51 (63.0)° <0.001 77 (44.3)

>0.34 45 (86.5)? 22 (53.7)° 30 (37.0)° ’ 97 (55.7)
FGIR, n (%)

<7 3(5.8)¢ 12 (29.3)° 42 (51.9)° <0001 57 (32.8)

>7 49 (94.2)? 29 (70.7)° 39 (48.1)° ’ 117 (67.2)
25(0OH)D, n (%)

Deficient 15 (28.8) 4(9.8) 20 (24.7) 39 (22.4)

Insufficient 18 (34.6) 20 (48.8) 30 (37.0) 0.234 68 (39.1)

Normal 19 (36.6) 17 (41.4) 31(38.3) 67 (38.5)

25(0OH)D: 25-hydroxyvitamin D, HOMA-IR: homeostatic model assessment of insulin resistance, QUICKI: quantitative insulin sensitivity check index, FGIR: fasting glucose
to insulin ratio, 2°: each different superscript letter denotes significant differences between groups
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Of the participants with insulin resistance according to the
HOMA-IR value, 21.6% (n=8) were vitamin D deficient,
37.8% (n=14) were insufficient, and 40.6% (n=15) were
normal. No significant difference was determined between
the distribution of 25(OH)D levels of the participants
according to insulin resistance status (p=0.960, Table 4).

A weak negative correlation was determined between
HOMA-IR and 25(0OH)D levels (r=-0.170, p=0.025). A
weak positive correlation was determined between serum
25(0OH)D and QUICKI (r=0.173, p=0.022), and between
serum 25(0OH)D and FGIR (r=0.173, p=0.023, Table 5).

DISCUSSION

Obesity is the most crucial risk factor for insulin resistance
and type 2 diabetes. Nevertheless, diabetes may not
develop in every individual with obesity and insulin
resistance. In the absence of functional impairment in the
beta cells of the pancreas, insulin resistance in individuals
with obesity without diabetes can be compensated by
increasing insulin levels. Increased insulin levels in
patients with obesity compared to normal-weight
individuals may compensate for the decreased insulin
effect, resulting in glucose levels similar to normal-weight
individuals (20). In this study, the similarity in blood
glucose levels of children with normal weight, overweight,
and obesity can be explained by the fact that they did not
have type 2 diabetes, and those with insulin resistance
were in the asymptomatic stages.

In this study, the mean fasting insulin level of participants
with normal weight was lower compared to the overweight
and obesity groups. In Diizce, a study with similar results
was also found (21). A study conducted in Denmark found
that as body weight increases, fasting insulin level also
increases (22). Various mechanisms in obesity may cause
the development of hyperinsulinemia, such as dysregulation
of lipid and glucose metabolism, hormone imbalance, and
inflammation (23). These reasons may explain the higher
insulin levels in individuals with obesity.

According to the results of this study, insulin resistance
was more common in children with obesity (37.0%)
compared to those with overweight (9.8%) and with
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normal weight (5.8%), and this result is consistent with
the literature (24,25). In other words, the HOMA-IR
value was higher in the obesity group (3.2+2.1) compared
to the overweight group (2.2+1.0) and normal weight
group (1.5+1.0). QUICKI value was higher in participants
with normal weight (0.374+0.03) compared to those with
overweight (0.34+0.03) and with obesity (0.33+0.03).
Similarly, the FGIR value was higher in the normal weight
group (16.8+£10.4) compared to the overweight (10.6+6.0)
and obesity groups (8.5+5.5). In a study conducted in
Ankara, the mean HOMA-IR value of 164 children with
overweight and obesity between the ages of 9-13 was
determined to be 4.7+2.7, and insulin resistance was found
in 62.2% of the participants (26). In another study
conducted with children with obesity in Ankara, the mean
HOMA-IR value was found 3.3+2.8, and the frequency of
insulin resistance was 44.4% (27). Changes in adipose
tissue secretions such as increased free fatty acids and
leptin levels and decreased adiponectin levels in obesity
cause insulin resistance development (20). Also, increased
secretion of pro-inflammatory cytokines (IL-6, TNF-a)
plays arole in developing insulin resistance (28). For these
reasons, the connection between obesity and insulin
resistance is not surprising. However, it should be noted
that standard methods are needed to evaluate the
prevalence of insulin resistance in children (29).
According to countries, ages, and gender, different
parameters and cut-off points can be used to diagnose
insulin resistance. Even in the same region, various cut-off
points are used in several studies (15). In this study, too,
insulin resistance was evaluated based on the HOMA-IR,
FGIR, and QUICKI index, and different results were
obtained. Therefore, it is difficult to get exact data on the
prevalence of insulin resistance in childhood and compare
it based on age, gender, body weight, and country.

The mean serum 25(OH)D levels of children and
adolescents were 19.6£10.7 ng/mL and were insufficient.
In general, vitamin D level was deficient in 22.4% of the
participants, insufficient in 39.1%, and normal in 38.5%.
No significant difference was found between normal
weight, overweight, and obesity groups in terms of serum

Table 4. Distribution of vitamin D levels of participants by the status of insulin resistance

HOMA-IR QUICKI FGIR
IR+ (n=37) IR- (n=137) IR+ (=77) IR-(n=97) " IR+ (n=57) IR- (n=117) "
25(0H)D, n (%)
Deficient 8(21.6) 31(22.6) 21(27.3) 18 (18.6) 15(26.3) 24 (20.5)
Insufficient 14 (37.8) 54 (39.4) 0.960 32(415) 36(37.1) 0.165 24 (42.1) 44 (37.6) 0.400
Normal 15 (40.6) 52 (38.0) 24 (31.2) 43 (44.3) 18 (31.6) 49 (41.9)

25(0OH)D: 25-hydroxyvitamin D, HOMA-IR: homeostatic model assessment of insulin resistance, QUICKI: quantitative insulin sensitivity check index, FGIR: fasting glucose

to insulin ratio, IR: insulin resistance

Table 5. Correlation of serum 25(OH)D level and insulin resistance parameters

Normal (n=52)

Overweight (n=41)

Obesity (n=81) Total (n=174)

I's o] r o] r o] Is P
HOMA-IR -0.178 0.206 -0.024 0.881 -0.249 0.025 -0.170 0.025
QUICKI 0.179 0.203 -0.009 0.954 0.272 0.014 0.173 0.022
FGIR 0.223 0.112 0.039 0.806 0.266 0.017 0.173 0.023

25(0OH)D: 25-hydroxyvitamin D, HOMA-IR: homeostatic model assessment of insulin resistance, QUICKI: quantitative insulin sensitivity check index, FGIR: fasting glucose

to insulin ratio, r: Pearson correlation coefficient, rs: Spearman’s rho
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25(0OH)D level distribution. A study conducted with a
large population (14473 participants) between the ages of
6-17 years in China found that the serum vitamin D levels
did not differ significantly according to the BMI
classification (30). A study in Istanbul found that 9.0% of
the children were in vitamin D deficiency, and 22.9% in
vitamin D insufficiency (31). In another study conducted
with 640 children in the 6-9 age group in Istanbul, the
frequency of vitamin D deficiency was 5.62%, and the
insufficiency was 18.6% (32). The studies conducted in
different countries also show that vitamin D deficiency is
common in children and adolescents (30,33-36). There
are a variety of reasons why vitamin D deficiency is
common. A limited number of foods such as salmon,
mackerel, eggs, and liver naturally contain vitamin D.
Inadequate consumption of foods containing vitamin D
may play a role in its deficiency. Inadequate sun
exposure, reduced outdoor activities, clothing style,
intensive use of sunscreens, air pollution, and physiological
factors such as dark skin pigmentation, malabsorption
syndromes, and hepatic/renal failure may also cause
vitamin D deficiency (37). The common prevalence of
vitamin D deficiency and insufficiency in this study may
be due to the study being conducted in a wide season
range, including autumn and winter. Because the weather
is cold and overcast, the children reduced their time
outdoors, which caused them to not benefit from sunlight,
which is the primary vitamin D synthesis source.

This study did not show a significant difference between
the distribution of 25(OH)D levels according to the insulin
resistance status. However, the decrease in vitamin D
levels was significantly associated with an increase in
HOMA-IR values and decreased QUICKI and FGIR values.
The studies conducted with children and adolescents in
different countries also support this result (38,39). Various
mechanisms play a role in the relationship between
vitamin D and insulin metabolism. Since pancreatic -cells
express the vitamin D receptor, vitamin D seems to be
required for proper insulin secretion. Increasing insulin
sensitivity, inhibiting inflammatory factors, and reducing
the chronic inflammation process of the pancreas are all
possible outcomes of combining calcitriol with the vitamin
D receptor on islet B cells. This ultimately leads to an
improvement in the function of islet B cells. Additionally,
vitamin D may reduce hyperactivity of the renin-
angiotensin system and improve the function of B-cells. In
addition to this, vitamin D may alter insulin release
mediated by calcium channel opening and closing (40,41).
This study had potential limitations. Vitamin D
insufficiency and deficiency were frequent in children in
the study may be due to the wide season period, which
includes cold and rainy months. In future studies, it is
recommended to limit the season period and evaluate the
sun exposure of the participants (such as outdoor time,
playing, and outdoor sports activities). This study did not
assess vitamin D intake via the food of participants
because of the lack of products enriched with vitamin D in
Turkey and insufficient vitamin D intake through diet (8).
Also, Tanner’s stage of puberty and sex hormones were
not assessed in the participants. In future studies, it is
recommended to consider this situation, and it will be
useful to make plans according to countries.
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CONCLUSION

In this study, the insufficiency or deficiency of serum
vitamin D levels in most children and adolescents indicates
that outdoor activities should be increased, especially in
school health programs. Additionally, finding a relation
between serum vitamin D levels and insulin resistance
parameters suggests that vitamin D may have a role in the
pathogenesis of insulin resistance. In this context, to better
understand the role of vitamin D on insulin resistance, it is
recommended to conduct comprehensive studies that take
into account the other factors that may affect vitamin D
function, for instance, the physical (season, clothing style),
and the biochemical parameters (calcium, parathyroid
hormone).
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Paternal Yasin Diisiik Oranlarina Etkisi

ABSTRACT

Aim: The aim of this study was to determine the effect of paternal age on miscarriage rates in
couples undergoing in vitro fertilization/intracytoplasmic sperm injection treatment cycles.
Material and Methods: Patients were classified into two groups. The study group consisted
of the patients whose pregnancy resulted in a miscarriage (n=73) and a control group in which
the patients had a live singleton birth (n=256). Demographic characteristics, treatment
indications, duration of infertility, menstruation day 3 follicle stimulating hormone, estradiol,
luteinizing hormone, total antral follicle count, anti-Mullerian hormone levels and controlled
ovarian stimulation parameters, day of trigger, estradiol and progesterone levels on the day of
trigger, the total number of oocytes retrieved, the number of mature oocytes, the number and
quality of the embryo, endometrial thickness on the day of trigger, oocyte pick up and embryo
transfer, the distance of embryo-fundus and the day of embryo transfer were recorded.
Results: Totally 329 women were included in the present study. The number of patients with
the diagnosis of unexplained infertility was statistically significantly higher in the study group
than in the control group (p=0.020). Maternal age was found statistically significantly higher
in the study group than in the control group (p=0.025). When maternal age increased by 1 unit,
the risk of miscarriage increased by 8.7% and those with unexplained infertility had a 75.6%
higher risk of miscarriage than those without unexplained infertility.

Conclusion: Paternal age was not associated with miscarriage whereas maternal age and
unexplained infertility had a positive correlation with miscarriage rate.

Keywords: Paternal age; miscarriage rate; unexplained infertility; maternal age; I\VF/ICSI.

0z

Amagc: Bu caligmanin amaci in vitro fertilizasyon/intrasitoplazmik sperm enjeksiyonu tedavi
sikluslari uygulanan ciftlerde paternal yasin disiik oranlari tizerindeki etkisini belirlemektir.
Gerec ve Yontemler: Hastalar iki gruba ayrildi. Gebeligi diisiikle sonuglanan hastalar (n=73)
¢alisma grubunu ve canli tekil dogum yapan hastalar (n=256) ise kontrol grubunu olusturdu.
Demografik 6zellikler, tedavi endikasyonlari, infertilite siiresi, adetin 3. giinii folikiil uyarici
hormon, dstradiol, liiteinize edici hormon, toplam antral folikiil sayis1, anti-Miillerian hormon
seviyeleri ve kontrollii ovaryan stimiilasyon parametreleri, tetikleme giinii, tetikleme giiniinde
ostradiol ve progesteron seviyeleri, toplanan toplam oosit sayisi, matur oosit sayisi, embriyo
sayisi ve kalitesi, tetikleme, oosit pick-up ve embriyo transfer giiniinde endometrial kalinlik,
embriyo-fundus mesafesi ve embriyo transfer giinii kaydedildi.

Bulgular: Bu galismaya toplam 329 kadin dahil edildi. A¢iklanamayan infertilite tanisi alan
hasta sayis1 ¢alisma grubunda kontrol grubuna gore istatistiksel olarak anlamli derecede daha
yiiksek idi (p=0,020). Anne yasinin, ¢alisma grubunda kontrol grubuna gore istatistiksel olarak
anlamli derecede daha yiiksek oldugu bulundu (p=0,025). Anne yas1 1 birim arttiginda, diisik
yapma riskinin de %8,7 oraninda arttig1 ve agiklanamayan infertilitesi olanlarin agiklanamayan
infertilitesi olmayanlara gére ise %75,6 oraninda daha yiiksek oranda diisiik yapma riskine
sahip oldugu goriildii.

Sonug: Paternal yas diisiik yapma ile iligkili olarak bulunmazken, anne yas1 ve agiklanamayan
infertilite ile diisiik oran1 arasinda pozitif bir korelasyon oldugu goriildii.

Anahtar kelimeler: Paternal yas; diisiik orani; agiklanamayan infertilite; anne yast; IVF/ICSI.
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INTRODUCTION

Pursuing higher education, increasing life expectancy and
women having an active role in business management
delayed childbearing in developed countries (1). The
detrimental effects of advanced maternal age on reproductive
outcomes have been thoroughly researched (2-4). In
contrast, there was limited information about the effects of
paternal age on reproductive outcomes and unfortunately,
the results were conflicting. Some studies have shown that
the embryo quality, implantation, and live birth rate
declined with advanced paternal age (APA), and also
reported that abnormal semen parameters, sperm DNA
fragmentations, and sperm aneuploidy rates were higher
in APA (5-7). On the other hand, other studies did not find
any correlation between implantation, miscarriage, and
live birth rates with APA (8-10).

This study aimed to determine the effect of paternal age on
miscarriage rates in couples undergoing in vitro
fertilization (1\VVF)/intracytoplasmic sperm injection (ICSI)
treatment cycles.

MATERIAL AND METHODS

This retrospective study was performed at the center of
assisted reproduction of Etlik Ziibeyde Hanim Women’s
Health Training and Research Hospital in Ankara,
Tirkiye, and a total of 329 women were included. The
study was approved by the Ethics Committee of Etlik
Ziibeyde Hanim Women’s Health Training and Research
Hospital (21.09.2022, 2022/139). Patients were classified
into two groups. The study group consisted of the
patients whose pregnancy resulted in a miscarriage (n=73)
and a control group in which the patients had a live
singleton birth (n=256).

Exclusion criteria were as follows: the history of chronic
disease, multiple embryo transfer cycles, multiple
pregnancies, natural or mild stimulation cycles, severe
male factor infertility (azoospermia or total progressive
motile sperm count was less than 1 million), and
preimplantation genetic diagnosis cycles.

Demographic characteristics (paternal and maternal age,
body mass index (BMI), gravidity, abortion, and live
birth), treatment indications (male factor, unexplained
infertility, and others), duration of infertility, menstruation
day 3 (D3) follicle stimulating hormone (FSH), D3
estradiol (E2), D3 luteinizing hormone (LH), D3 total
antral follicle count, anti-Mullerian hormone (AMH) levels,
and controlled ovarian stimulation parameters (stimulation
protocol, total gonadotropin dose (recombinant FSH,
Gonal-F® Merck, Germany, human menopausal
gonadotropin (hMG), Menopur®, Ferring Pharmaceuticals,

Effect of Paternal Age on Miscarriage Rates in IVF

Germany), day of trigger, E2 and progesterone levels on
the day of trigger, the total number of oocytes retrieved,
the number of mature oocytes, the number and quality of
embryo (11), endometrial thickness on the day of trigger,
oocyte pick up (OPU) and embryo transfer (ET), the
distance of embryo-fundus and the day of ET were
recorded. The same luteal phase support was used in both
groups.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics v.26. Frequency tables and descriptive statistics
were referred to interpret the findings. Non-parametric
methods were employed for the values that are not
normally distributed. In accordance with non-parametric
methods, two independent groups were compared through
the Mann-Whitney U test method. Pearson chi-square test
was resorted to in examining the relationships between two
qualitative variables. Binary logistic regression (Backward
LR model) was deployed whilst identifying the factors
affecting the abortion status. Receiver operating
characteristics (ROC) curve analysis was used to detect the
performance of maternal age in predicting the risk of
miscarriage. A p value of <0.05 was considered to be
statistically significant

RESULTS

Totally 329 women were included in the present study. No
significant difference was found in the male factor, tubal
factor, diminished ovarian reserve, and ovulation
induction protocol between the two groups. The number of
patients with the diagnosis of unexplained infertility was
significantly higher in the study group than in the control
group (p=0.020, Table 1).

There was no significant difference in gravidity, abortion,
live birth, BMI, paternal age, D3 E2-FSH-LH, total antral
follicle count, AMH, the number of cycles, and duration of
infertility between the two groups. Maternal age was
significantly higher in the study group than in the control
group (p=0.025, Table 2).

There was no significant difference in controlled ovarian
stimulation parameters between the two groups (Table 3).
As a result of the Backward: LR logistic regression
analysis according to the risk of miscarriage, the optimal
model is given in Table 4 using all the predictive
parameters that could have a significant effect in the
univariate analysis. In the current model, it has been
determined that maternal age and unexplained infertility
are important parameters impacting the occurrence of
miscarriage (p=0.032, and p=0.038, respectively). When

Table 1. Comparison of clinical indications and ovulation induction protocols

Miscarriage (n=73) Live Singleton Birth (n=256) p

Male factor, n (%) 18 (24.7) 75 (29.3) 0.437
Tubal factor, n (%) 5 (6.8) 20 (7.8) 0.784
Unexplained infertility, n (%) 42 (57.5) 108 (42.2) 0.020
Diminished ovarian reserve, n (%) 12 (16.4) 52 (20.3) 0.461
Ovulation induction protocol, n (%) (n=66) (n=238)

Long luteal protocol 24 (36.4) 97 (40.8)

Antagonist protocol 37 (56.1) 130 (54.6) 0.569

Luteal Estradiol + Antagonist protocol 5 (7.5) 11 (4.6)
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maternal age (year) increased by 1 unit, the risk of
miscarriage increased by 8.7% and those with unexplained
infertility had a 75.6% higher risk of miscarriage than
those without unexplained infertility.

Maternal age in relation to the risk of miscarriage was
determined as 28.5 year with a sensitivity of 67.1% and a
specificity of 50.4% (area under the curve (AUC): 0.586;
SE=0.037; 95% CI: 0.513-0.658; p=0.026, Figure 1).

DISCUSSION

In the current study, we observed that paternal age had no
major effect on the miscarriage in couples undergoing
IVF/ICSI while maternal age and the diagnosis of
unexplained infertility were associated with increased
miscarriage rate.

It was demonstrated that one of the most common causes
of miscarriage was aneuploidies (12). Vagnini et al. (13)
reported that sperm DNA damage increased with paternal
age, and Garcia-Ferreyra et al. (14) also revealed
supporting the previous study that sperm DNA damage
increased with APA and genetic screening was necessary
for patients whose paternal age is >50 years of age. The
study by Tiegs et al. (15) investigated that APA did not
affect IVF pregnancy outcomes when the euploid embryo
was transferred. In addition, APA is associated with
increased sperm DNA fragmentation that leads to impaired
implantation and increases the miscarriage rate (16).
APA predisposes to the formation of de novo mutations by

Table 4. Logistic regression analysis of factors for the
prediction of a miscarriage

OR 95% CI p
Maternal age (year) 1.087 1.007-1.172  0.032
Unexplained infertility 1756  1.032-2.988  0.038

OR: odds ratio, ClI: confidence interval, CCR=77.8%, y*#=10.330; p=0.243

ROC Curve

08

06

Sensitivity

04

02

00 0,2 04 06 08 10

1 - Specificity
Figure 1. Receiver operating characteristics curve of
maternal age for the risk of miscarriage
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increasing the replication errors in the germ line with an
increase of reactive oxygen species and decreasing in
antioxidant capacity. This situation is aggravated by the
deterioration of DNA repair mechanisms with age (17). As
opposed to the mentioned studies, a fair number of other
studies showed that there was no correlation between
miscarriage rates and APA as in agreement with the
present study (18-20).

In one study by Stone et al. (21) the sperm concentration,
the rate of normal morphology, and motility declined as
paternal age progressed. In accordance with this, 1CSI is
gaining popularity particularly in preventing the
detrimental effect of APA on pregnancy outcomes by
improving the fertilization rate (9). In the present study,
ICSI was used in all cycles hence, the detrimental effect of
sperm abnormalities on the pregnancy outcomes was
eliminated.

When the literature was reviewed, it appeared that IVF
failure can be caused by many factors, but clearly, the
fetal loss was greatly affected by advanced maternal age
and the rate of age-related aneuploidy boosted with
increasing maternal age (22,23). In the present study, the
cut-off value of maternal age for risk of miscarriage was
found as 28.5 years.

Unexplained infertility is indeed a “gordian knot” in IVF
that forms nearly a third of infertility patients (24), and the
lack of understanding of its pathogenesis has made it a
mysterious phenomenon.

In accordance with the present study, Fuchinoue et al. (25)
reported that miscarriage and unexplained infertility had
a relation with each other and determined that natural
killer 22 (NK22) cells were elevated in the peripheral
blood and endometrium of women with unexplained
infertility and women suffering from recurrent
miscarriage. In addition, Ran et al. (26) revealed that the
core gene of the unexplained infertility and recurrent
miscarriage had similar functions such as regulation of
immune cells and cellular secretion.

CONCLUSION

In conclusion, paternal age was not associated with
miscarriage whereas maternal age and unexplained
infertility had a positive correlation with miscarriage
rate. Larger studies are needed to confirm the results of
this study.

Ethics Committee Approval: The study was approved by
the Ethics Committee of Etlik Ziibeyde Hanim Women’s
Health Training and Research Hospital (21.09.2022, 139).

Conflict of Interest: None declared by the authors.
Financial Disclosure: None declared by the authors.
Acknowledgments: None declared by the authors.
Author Contributions: Idea/Concept: KE; Design: KE;
Data Collection/Processing: KE; Analysis/Interpretation:
KE, NTS, HG, SD, IK, YEU:; Literature Review: KE,

NTS, SD; Drafting/Writing: KE, NTS, HG, SD, iK, YEU;
Critical Review: KE, YEU.

48



Erdogan et al.

REFERENCES

1. O'BrienY, Wingfield MB. Reproductive ageing-turning
back the clock? Ir J Med Sci. 2019;188(1):161-7.

2. Frick AP. Advanced maternal age and adverse
pregnancy outcomes. Best Pract Res Clin Obstet
Gynaecol. 2021;70:92-100.

3. Huang Y, Li J, Zhang F, Liu Y, Xu G, Guo J, et al.
Factors affecting the live-birth rate in women with
diminished ovarian reserve undergoing IVF-ET. Arch
Gynecol Obstet. 2018;298(5):1017-27.

4. Frederiksen LE, Ernst A, Brix N, Braskhgj Lauridsen
LL, Roos L, Ramlau-Hansen CH, et al. Risk of adverse
pregnancy outcomes at advanced maternal age. Obstet
Gynecol. 2018;131(3):457-63.

5. Vogiatzi P, Pouliakis A, Sakellariou M, Athanasiou A,
Athanasiou A, Colaghis A, et al. Male age and
progressive sperm motility are critical factors affecting
embryological and clinical outcomes in oocyte donor
ICSI cycles. Reprod Sci. 2022;29(3):883-95.

6. Kaarouch I, Bouamoud N, Madkour A, Louanjli N,
Saadani B, Assou S, et al. Paternal age: Negative
impact on sperm genome decays and I\VF outcomes
after 40 years. Mol Reprod Dev. 2018;85(3):271-80.

7. Lu XM, Liu YB, Zhang DD, Cao X, Zhang TC, Liu M,
et al. Effect of advanced paternal age on reproductive
outcomes in IVF cycles of non-male-factor infertility:
a retrospective cohort study. Asian J Androl.
2022;[Epub ahead of print]. doi: 10.4103/aja202234.

8. Cito G, Coccia ME, Picone R, Cocci A, Russo Gl,
Garaffa G, et al. Impact of advanced paternal age on
the intracytoplasmic sperm injection (ICSI) outcomes
in donor egg cycles. Transl Androl Urol. 2019;8(Suppl
1):S22-S30.

9. Elbardisi H, Arafa M, Singh N, Betts B, Agrawal A,
Henkel R, et al. The effect of paternal age on
intracytoplasmic ~ sperm injection outcome in
unexplained infertility. Arab J Urol. 2021;19(3):274-80.

10. Murugesu S, Kasaven LS, Petrie A, Vaseekaran A,
Jones BP, Bracewell-Milnes T, et al. Does advanced
paternal age affect outcomes following assisted
reproductive technology? A systematic review and
meta-analysis. Reprod Biomed Online.
2022;45(2):283-331.

11. Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology. The
Istanbul consensus workshop on embryo assessment:
proceedings of an expert meeting. Hum Reprod.
2011;26(6):1270-83.

12. Carbone L, Cariati F, Sarno L, Conforti A, Bagnulo F,
Strina 1, et al. Non-invasive prenatal testing: current
perspectives and future challenges. Genes (Basel).
2020;12(1):15.

13.Vagnini L, Baruffi RL, Mauri AL, Petersen CG,
Massaro FC, Pontes A, et al. The effects of male age
on sperm DNA damage in an infertile population.
Reprod Biomed Online. 2007;15(5):514-9.

14. Garcia-Ferreyra J, Luna D, Villegas L, Romero R,
Zavala P, Hilario R, et al. High aneuploidy rates
observed in embryos derived from donated oocytes are

Duzce Med J, 2023;25(1)

Effect of Paternal Age on Miscarriage Rates in IVF

related to male aging and high percentages of sperm
DNA fragmentation. Clin Med Insights Reprod Health.
2015;9:21-7.

15.Tiegs AW, Sachdev NM, Grifo JA, McCulloh DH,
Licciardi F. Paternal age is not associated with
pregnancy outcomes after single thawed euploid
blastocyst transfer. Reprod Sci. 2017;24(9):1319-24.

16.Borges E Jr, Zanetti BF, Setti AS, Braga DPAF,
Provenza RR, laconelli A Jr. Sperm DNA
fragmentation is correlated with poor embryo
development, lower implantation rate, and higher
miscarriage rate in reproductive cycles of non-male
factor infertility. Fertil Steril. 2019;112(3):483-90.

17.du Fossé NA, van der Hoorn MP, van Lith JMM, le
Cessie S, Lashley EELO. Advanced paternal age is
associated with an increased risk of spontaneous
miscarriage: a systematic review and meta-analysis.
Hum Reprod Update. 2020;26(5):650-69.

18. Morris G, Mavrelos D, Odia R, Vifals Gonzalez X,
Cawood S, Yasmin E, et al. Paternal age over 50 years
decreases assisted reproductive technology (ART)
success: A single UK center retrospective analysis.
Acta Obstet Gynecol Scand. 2021;100(10):1858-67.

19. Luna M, Finkler E, Barritt J, Bar-Chama N, Sandler B,
Copperman AB, et al. Paternal age and assisted
reproductive technology outcome in ovum recipients.
Fertil Steril. 2009;92(5):1772-5.

20.Gu L, Zhang H, Yin L, Bu Z, Zhu G. Effect of male
age on the outcome of in vitro fertilization: oocyte
donation as a model. J Assist Reprod Genet.
2012;29(4):331-4.

21.Stone BA, Alex A, Werlin LB, Marrs RP. Age
thresholds for changes in semen parameters in men.
Fertil Steril. 2013;100(4):952-8.

22. Mikwar M, MacFarlane AJ, Marchetti F. Mechanisms
of oocyte aneuploidy associated with advanced
maternal age. Mutat Res Rev Mutat Res.
2020;785:108320.

23.Wang X, Lin Y, Liu Z, Huang X, Chen R, Huang H.
Analysis of the causes and influencing factors of fetal
loss in advanced maternal age: a nested case-control
study. BMC Pregnancy Childbirth. 2021;21(1):538.

24.Smith S, Pfeifer SM, Collins JA. Diagnosis and
management of  female infertility. JAMA.
2003;290(13):1767-70.

25. Fuchinoue K, Fukui A, Chiba H, Kamoi M, Funamizu
A, Taima A, et al. Expression of retinoid-related
orphan receptor (ROR)yt on NK22 cells in the
peripheral blood and uterine endometrium of women
with unexplained recurrent pregnancy loss and
unexplained infertility. J Obstet Gynaecol Res.
2016;42(11):1541-52.

26.Ran Y, He J, Chen R, Qin Y, Liu Z, Zhou Y, et al.

Investigation and  validation of  molecular
characteristics of endometrium in  recurrent
miscarriage and unexplained infertility from a
transcriptomic  perspective. Int J Med Sci.
2022;19(3):546-62.

49



Research Article / Arastirma Makalesi Duzce Med J, 2023;25(1):50-55
doi: 10.18678/dtfd.1202143 Diizce Tip Fak Derg, 2023;25(1):50-55

Outcomes and Pathological Features of Total Thyroidectomy in Patients with
Multifocal Papillary Thyroid Carcinoma

Multifokal Papiller Tiroid Karsinomlu Hastalarda Total Tiroidektominin Sonuglar1 ve Patolojik

Seyed Ziaeddin RASIHASHEMI!
0000-0002-0001-5670

Zahra SHILAN?
0000-0003-4578-063X

Samad FARASHI BONAB?
0000-0002-7943-4527

Ebrahim FARASHI!
0000-0003-2977-2883

!Department of Cardiothoracic
Surgery, Tabriz University of Medical
Sciences Imam Reza Hospital, Tabriz,
Iran

2Tabriz Azad University of Medical
Sciences Faculty of Medicine, Tabriz,
Iran

3Department of Immunology, Tehran

University of Medical Sciences School

of Medicine, Tehran, Iran

Corresponding Author
Sorumlu Yazar
Ebrahim FARASHI
farashi.e@gmail.com

Received / Gelis Tarihi : 15.11.2022
Accepted / Kabul Tarihi : 27.02.2023
Available Online /

Cevrimigi Yayin Tarihi : 23.03.2023

Duzce Med J, 2023;25(1)

Ozellikleri

ABSTRACT

Aim: The incidence of thyroid cancer has increased dramatically in recent decades.
Multifocality is considered a poor prognostic factor for papillary thyroid carcinoma (PTC).
Patients with multifocal PTC (MPTC) are at high risk for local recurrence, as well as lymphatic
and distal metastases. This study examined the features and outcomes of MPTC.

Material and Methods: This retrospective study was conducted on 300 patients with PTC.
Patients were classified into a multifocal group and a unifocal group. The pathological features
of the PTC and the patients’ outcomes were analyzed and compared.

Results: The multifocal group included 146 patients (48.7%), while the unifocal group
included 154 patients (51.3%). The occurrence of multifocality was higher in females than in
males (Odds ratio, OR: 2.37, 95% confidence interval, Cl: 1.20-4.67, p=0.015). Tumor size of
>1 cm in the multifocal group was larger than in the unifocal group (2.5 and 2.2 cm,
respectively, p=0.021). Moreover, in multifocal group higher moderate risk of recurrence was
detected than in the unifocal group (OR: 1.63, 95% CI: 1.01-2.60, p=0.044). At follow-up after
treatment, MPTC patients had higher lymph node metastasis (OR: 2.89, 95% CI: 1.23-6.80,
p=0.014). In addition, significantly higher thyroglobulin plasma levels (p=0.026) and
disease recurrence (OR: 2.41, 95% Cl: 1.05-5.52, p=0.037) were found in the multifocal group
compared to the unifocal group.

Conclusion: Patients with MPTC had a higher risk of disease recurrence, and multifocality
was concluded to be an independent prognostic factor for overall disease recurrence.
Keywords: Papillary thyroid carcinoma; thyroidectomy; multifocality; recurrence.

0z

Amag: Tiroid kanseri insidansi son yillarda 6nemli 6l¢iide artmistir. Multifokalite, papiller
tiroid karsinomu (papillary thyroid carcinoma, PTC) i¢in koétii bir prognostik faktor olarak
kabul edilir. Multifokal PTC (MPTC)Ii hastalar, lenfatik ve distal metastazlarin yani sira lokal
niiks agisindan yiiksek risk altindadir. Bu ¢alismada MPTC 6zellikleri ve sonuglari incelendi.
Gerec¢ ve Yontemler: Bu retrospektif calisma, 300 PTC’li hasta tizerinde yapildi. Hastalar
multifokal grup ve unifokal grup olmak iizere smiflandirildi. PTC'nin patolojik 6zellikleri ve
hastalarin sonuglar1 analiz edildi ve karsilastirildi.

Bulgular: Multifokal grupta 146 hasta (%48,7), unifokal grupta ise 154 hasta (%51,3) vardi.
Multifokalite olusumu kadinlarda erkeklerden daha yiiksekti (Odds ratio, OR: 2,37, %95 giiven
araligi, GA: 1,20-4,67; p=0,015). Multifokal gruptaki >1 cm olan tiimér boyutu, unifokal
gruptakinden daha biyiiktii (sirasiyla 2,5 ve 2,2 cm; p=0,021). Ayrica, multifokal gruptaki
orta diizeyde niiks riskinin unifokal gruba gore daha yiiksek oldugu saptandi (OR: 1,63, %95
GA: 1.01-2.60; p=0,044). Tedavi sonrasi takipte, MPTC hastalarinda daha yiiksek lenf nodu
metastazi vardi1 (OR: 2,89, %95 Cl: 1,23-6,80; p=0,014). Ek olarak, tiroglobulin plazma
seviyeleri (p=0.026) ve hastalik niiksii (OR: 2,41, %95 CI: 1,05-5,52; p=0,037), multifokal
grupta unifokal gruba gore anlamli olarak daha yiiksek bulundu.

Sonu¢: MPTC'li hastalarda hastalik niiksii riski daha yiiksekti ve multifokalitenin genel
hastalik niiksii i¢in bagimsiz bir prognostik faktér oldugu sonucuna ulasildi.

Anahtar kelimeler: Papiller tiroid karsinomu; tiroidektomi; multifokalite; niiks.
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INTRODUCTION

The incidence of papillary thyroid carcinoma (PTC) has
increased over the past years. That's about 5% in the last
decade in the United States (1,2). These tumors comprise
80 to 85% of all thyroid cancers among people living in
iodine-rich areas (3).

Multifocality is considered a poor prognostic factor for
PTC (4). The prevalence of multifocal PTC (MPTC) has
risen over the past decade (5,6). Patients with MPTC are
at high risk for local recurrence, as well as lymphatic and
distal metastases. In addition, patients with bilateral
MPTC have a worse prognosis than patients with
unilateral PTC (7). While patients with intrathyroidal
MPTC are less likely to have a recurrence (8,9), patients
with extrathyroidal MPTC have an increased risk of
lymphatic metastases (10). MPTC may present as a
microcarcinoma (<10 mm) or as large tumors in two or
more separate locations in the thyroid gland. Multifocal or
bilateral malignant nodules are often detected after surgery
in surgical specimens (11).

Fine needle aspiration biopsy (FNAB) of thyroid nodules
is commonly used to detect malignancies and has a 99%
accuracy (12,13). A preoperative diagnosis of MPTC may
help surgeons decide on the best surgical treatment. A
thyroidectomy is the standard approach to treating
patients with PTC, followed by treatment with radioactive
iodine (RAI; 1-131) and levothyroxine therapy. Choosing
an appropriate treatment can significantly reduce disease
recurrence and mortality from PTC (9).

This study aimed to evaluate outcomes and pathological
features of total thyroidectomy in patients with MPTC.

MATERIAL AND METHODS

Study Design and Patients

This retrospective cohort study involved patients with PTC
who underwent total thyroidectomy in the thoracic ward of
Imam Reza Hospital, Tabriz University of Medical
Sciences, Iran. Patients were treated from January 2014 to
July 2019. Patients with pathologically confirmed PTC
were divided into two groups, unifocal PTC group and
multifocal PTC group. The ethics committee of Tabriz
Azad University of Medical Sciences approved the study
proposal on 29.06.2021 with the ethics code
IR.IAU.TABRIZ.REC.1400.042

Inclusion Criteria and Exclusion Criteria

Patients who had been confirmed with PTC by a
pathological examination after total thyroidectomy were
included in this study. Patients who had not been
diagnosed with PTC and patients with different
pathologic types other than classical PTC (CPTC) were
excluded from this study. In addition, pregnant women and
patients who underwent a hemithyroidectomy were also
excluded.

Clinicopathological Variables and Follow-up
Demographic and medical data, including age, gender,
underlying diseases, type of surgery, radiation exposure,
family history of PTC, ultrasound (US) findings, FNAB
reports, and RAI therapy, were collected for each patient.
In addition, pathological parameters, including tumor size,
vascular invasion, capsular invasion, extrathyroidal
extension (ETE), and lymph node metastasis (LNM) were
recorded according to the tumor node metastasis (TNM)
staging system (9). The disease persistence at last visit and
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disease recurrence were evaluated according to the finding
of histopathology, imaging, and thyroglobulin (Tg) levels.
Negative finding of pathological evaluation and Tg level
indicated the disease-free condition. Determining the
response to primary treatment, disease outcome 12 months
after initial treatment, and disease recurrence during
follow-up was considered according to the 2015
American Thyroid Association (ATA) management
guidelines (9).

Patients with an excellent response defined as no clinical,
biochemical, or structural evidences of disease. Abnormal
Tg values or rising anti-Tg antibodies in the absence of
localizable disease was considered as incomplete
biochemical response to therapy. Incomplete structural
response was considered when a newly identified
locoregional or distant metastases were observed. An
indeterminate response was indicated by non-specific
biochemical and/or structural findings that were not
reliable enough to differentiate between benign or
malignant responses (9).

Statistical Analysis

All demographic information and studied data were
analyzed using IBM® SPSS® Statistics v.21.0 software.
The mean, standard deviation, and 95% confidence
interval (Cl) were calculated with the quantitative
variables for descriptive purposes. The chi-squared and
Fisher’s exact test were used for the categorical variables,
and the independent t-test was considered for continuous
variables. Qualitative variables were expressed as numbers
and percentages. In addition, continuous variables were
evaluated as mean and standard deviation or as median and
interquartile ranges. An odds ratio (OR) was used to
indicate the strength of the association between the risk
factors and clinical outcomes. A p-value <0.05 was
considered to be statistically significant.

RESULTS

Patient Characteristics

The study involved 300 patients with pathologically
confirmed PTC who underwent a total thyroidectomy: 45
patients (15%) were male, and 255 patients (85%) were
female. The demographics and characteristics of PTC
patients were shown in Table 1. The mean age of the
patients was 43.3+13.8 years. A family history of PTC was
detected in 22 patients (7.3%). LNM was found in 136
patients (45.3%) and not found in 164 patients (54.7%);
central LNM (CLNM) and lateral LNM (LLNM) were
observed in 88 patients (29.3%) and 48 patients (16%),
respectively. The FNAB examination results were
consistent with the results of the pathological
examination in 288 patients (96%). In addition, the US
examination reports showed the same results as the
pathological findings in 271 patients (90.3%). Before
surgery, the evaluation of thyroid function showed that
291 patients (97%) were euthyroid. A total
thyroidectomy was performed on 166 patients (55.3%). A
dissection of the lymph nodes to remove lymph nodes in
the neck was performed in 133 patients (44.3%). A total
of 291 patients (97.0%) received a cumulative dose of
1-131 (<30 mCi) postoperatively. The median follow-up
was 38.5 months. The Tg level of 54 patients was not
measurable. However, in 246 patients Tg level measured,
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the median Tg level was 0.2 (range, 0.16-1.2) 1U/mL.
After treatment, LNM and disease recurrent were detected
in 28 patients (9.3%).

Disease Outcome 12 Months after Primary Treatment
One year after primary treatment, 281 patients (93.7%)
showed an excellent response. However, 19 (6.3%) patients,
including 15 females (78.9%) and 4 males (21.1%), had
non-excellent responses according to the 2015 ATA
management guidelines (incomplete biochemical response,
incomplete structural response, and indeterminate
response). Variables related to the non-excellent
response after 12 months of primary treatment were

Table 1. Patients' characteristics

MPTC Outcomes and Pathological Features

shown in Table 2. These variables included the focality of
disease (multifocal and unifocal), LNM, vascular invasion,
ETE, distant metastasis, and tumor size.

Comparison of the Unifocal and Multifocal Groups
The comparison of the multifocal and the unifocal groups
were shown in Table 3. The multifocal group included 146
patients (48.7%), while the unifocal group included 154
patients (51.3%). The mean ages in the multifocal and
unifocal groups were 43.4+13.9 and 43.3+13.7 years,
respectively (p=0.971). Multifocality occurred more often in
females than males (OR: 2.37, 95% ClI: 1.20-4.67, p=0.015).
In the tumor size >1 cm, the multifocal group had a larger

Age (years), mean+SD

Gender (female), n (%)

Gender (male), n (%)

History of radiation, n (%)

Family history, n (%)

Diabetes, n (%)

Hypothyroidism (follow-up), n (%)
Hyperthyroidism (follow-up), n (%)
Normothyroidism (follow-up), n (%)
Ultrasound findings, n (%)

FNAB, n (%)

Tumor size (cm), median (IQR) [min-max]
Tumor size (<1 cm), n (%)

Tumor size (>1 cm), n (%)

LNM (CLNM and LLNM) at diagnosis, n (%)
Multifocal disease, n (%)

Unifocal disease, n (%)

Capsule invasion, n (%)

Vascular invasion, n (%)

Extrathyroidal extension, n (%)

Distant metastasis, n (%)

Cervical LN dissection, n (%)

TT surgery, n (%)

TT + LND surgery, n (%)

TT + CND surgery, n (%)

TT + LND + CND surgery, n (%)

TNM stage I, n (%)

TNM stage 1, n (%)

TNM stage 111, n (%)

TNM stage 1V, n (%)

Treatment with 1-131 (ATA), n (%)
Transient hypocalcemia, n (%)

Vitamin D deficiency hypocalcemia, n (%)
Persistent hypocalcemia, n (%)

Tg level at follow-up (1U/ml), median (IQR) [min-max]
Low recurrence risk (ATA), n (%)
Medium recurrence risk (ATA), n (%)
High recurrence risk (ATA), n (%)

LNM (CLNM and LLNM) at follow-up, n (%)
Recurrence of the disease, n (%)

433+13.8
255 (85%)
45 (15%)
2 (0.7%)
22 (7.3%)
42 (14.0%)
8 (2.7%)
3 (1.0%)
291 (97.0%)
271 (90.3%)
288 (96.0%)
2 (1.5-3.0) [0.3-9.0]
39 (13.0%)
261 (87.0%)
136 (45.3%)
146 (48.7%)
154 (51.3%)
164 (54.7%)
160 (53.3%)
34 (11.3%)
5 (1.7%)
133 (44.3%)
166 (55.3%)
14 (4.7%)
40 (13.3)
79 (26.3%)
265 (88.3%)
22 (7.3%)
9 (3.0%)
4 (1.3%)
291 (97.0%)
16 (5.3%)
16 (5.3%)
1 (0.3%)
0.2 (0.18-0.23) [0.16-1.20]
110 (36.7%)
188 (62.7%)
6 (2.0%)
28 (9.3%)
28 (9.3%)

SD: standard deviation, IQR: interquartile range, FNAB: fine needle aspiration biopsy, LNM: lymph node metastasis, CLNM: central lymph node metastasis, LLNM: lateral
lymph node metastasis, LN; lymph node, TT: total thyroidectomy, LND: lateral node dissection, CND: central node dissection, TNM: tumor node metastasis, ATA: American

thyroid association, Tg: thyroglobulin
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Table 2. Comparison of variables between excellent response group and non-excellent response group of patients with PTC
Excellent Response (n=281)  Non-Excellent Response (n=19) p

Gender (female), n (%) 240 (85.4) 15 (78.9) 0.502
Family history, n (%) 20(7.1) 2 (10.5) 0.639
Multifocal disease, n (%) 132 (47.0) 14 (73.7) 0.032
Lymph node metastasis, n (%) 73 (26.0) 13 (68.4) <0.001
Vascular invasion, n (%) 149 (53.0) 11 (57.9) 0.813
Extrathyroidal extension, n (%) 30(10.7) 4(21.1) 0.249
Distant metastasis, n (%) 4(1.4) 1(5.3) 0.281
Tumor size (cm), median (IQR) [min-max] 2[0.3-9.0] 3.65[1.5-6.0] <0.001

PTC: papillary thyroid carcinoma, IQR: interquartile range, excellent response: no clinical, biochemical, or structural evidence of disease, non-excellent response: composed
of incomplete biochemical, structural, and indeterminate response, definition criteria was according to the 2015 American Thyroid Association thyroid cancer guidelines

Table 3. Comparison of variables between multifocal group and unifocal group of patients with PTC

Multifocal (n=146) Unifocal (n=154) p
Gender (female), n (%) 132 (90.4) 123 (79.9) 0.015
Age (years), mean+SD 43.4+13.9 43.3£13.7 0.971
Family history, n (%) 13 (8.9) 9 (5.8) 0.378
Diabetes, n (%) 20 (13.7) 22 (14.3) >0.999
Hypothyroidism, n (%) 6 (4.1) 2(13) 0.164
Hyperthyroidism, n (%) 1(0.7) 2(13) >0.999
Normothyroidism, n (%) 141 (96.6) 150 (97.4) 0.744
FNAB, n (%) 139 (95.2) 149 (96.8) 0.565
Tumor size >1cm (cm), median (IQR) [min-max] 25(1.8-3.9) [1.1-9] 2.2(1.5-3.0) [1.1-6.5] 0.021
Tumor size <1 ¢cm (cm), median (IQR) [min-max] 0.8 (0.6-1) [0.3-1.0] 1(0.93-1) [0.5-1.0] 0.003
Tumor size (<1 c¢cm), n (%) 19 (13.0) 20 (13.0) >0.999
Tumor size (=1 cm), n (%) 127 (87.0) 134 (87.0) 0.994
LNM at diagnosis, n (%) 82 (56.2) 54 (35.1) <0.001
CLNM, n (%) 53 (36.3) 35(22.7) 0.011
LLNM, n (%) 29 (19.9) 19 (12.3) 0.084
Capsule invasion, n (%) 87 (59.6) 77 (50.0) 0.095
Vascular invasion, n (%) 82 (56.2) 78 (50.6) 0.338
Extra thyroidal extension, n (%) 17 (11.6) 17 (11.0) 0.868
Distant metastasis, n (%) 4(2.7) 1(0.7) 0.193
Cervical LN dissection, n (%) 80 (54.8) 53 (34.4) <0.001
TT surgery, n (%) 66 (45.2) 100 (64.9) <0.001
TT + LND surgery, n (%) 10 (6.8) 4 (2.6) 0.102
TT + CND surgery, n (%) 25 (17.1) 15 (9.7) 0.064
TT + LND + CND surgery, n (%) 45 (30.8) 34 (22.1) 0.090
TNM I, n (%) 126 (86.3) 139 (90.3) 0.369
TNM I, n (%) 11 (7.5) 11 (7.1) >0.999
TNM 11, n (%) 6(4.1) 3(1.9) 0.325
TNM IV, n (%) 3(21) 1(0.7) 0.359
Treatment with 1131 (ATA), n (%) 137 (45.7) 154 (51.3) -
Transient hypocalcemia, n (%) 11 (7.5) 5(3.2) 0.125
Vitamin D deficiency hypocalcemia, n (%) 8 (5.5) 8(5.2) >0.999
Persistent hypocalcemia, n (%) 1(0.7) 0 (0.0) -
Tg level at follow-up (1U/ml), median (IQR) [min-max] 0.2 (0.18-0.24) [0.16-0.86] 0.19 (0.18-0.2) [0.17-1.2] 0.026
Low recurrence risk (ATA), n (%) 44 (30.1) 66 (42.9) 0.023
Medium recurrence risk (ATA), n (%) 100 (68.5) 88 (57.1) 0.044
High recurrence risk (ATA), n (%) 4(2.7) 2(1.3) 0.383
LNM (follow-up), n (%) 20 (13.7) 8(5.2) 0.014
CLNM, n (%) 9(6.2) 1(0.7) 0.007
LLNM, n (%) 11 (7.5) 7(4.5) 0.334
Recurrence of the disease, n (%) 19 (13.0) 9 (5.8) 0.037

PTC: papillary thyroid carcinoma, SD: standard deviation, IQR: interquartile range, FNAB: fine needle aspiration biopsy, LNM: lymph node metastasis, CLNM: central
lymph node metastasis, LLNM: lateral lymph node metastasis, LN: lymph node, TT: total thyroidectomy, LND: lateral node dissection, CND: central node dissection, TNM: tumor
node metastasis, ATA: American thyroid association, Tg: thyroglobulin
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mean tumor size than the unifocal group (2.5 and 2.2 cm,
respectively, p=0.021). While in tumor size <1 cm, the
unifocal group had a larger mean tumor size than the
multifocal group (1 and 0.8 cm, respectively, p=0.003).

According to the TNM scoring system, 126 patients (86.3%)
in the multifocal group and 139 patients (90.3%) in the
unifocal group had stage | PTC (p=0.369). In addition,
patients in the multifocal group had a more advanced
stage of disease (i.e., stage I1I/1V) than patients in the
unifocal group. According to the 2015 ATA guidelines,
the moderate risk of recurrence was higher for the patients
in the multifocal group than for the patients in the unifocal
group (OR: 1.63, 95% CI: 1.01-2.60, p=0.044). More
patients in the multifocal group had distant metastases than
in the unifocal group (2.7% vs. 1.3%, p=0.383). The capsular
invasion was detected in 87 patients (59.6%) of multifocal
and 77 patients (50.0%) of unifocal groups (p=0.095). The
vascular invasion was observed in 82 patients (56.2%)
and 78 patients (50.6%) in the multifocal group and
unifocal group, respectively (p=0.338). In comparing the
primary treatments between groups, patients in the
multifocal group underwent more cervical LN dissections
than in the unifocal group (54.8% and 34.4%, respectively,
OR: 2.30, 95% CI: 1.45-3.67, p<0.001). After treatment,
LNM, particularly CLNM, occurred more frequently in
patients in the multifocal group than in the unifocal
group (OR: 2.89, 95% CI: 1.23-6.80, p=0.014 for LLNM,
and OR: 10.05, 95% ClI: 1.25-80.36, p=0.007 for CLNM).
The median level of plasma Tg in the multifocal group
was meaningfully elevated compared to the unifocal
group (0.2 vs. 0.19, p=0.026). Recurrence of the disease in
the multifocal group was significantly higher than in the
unifocal group (OR: 2.41, 95% ClI: 1.05-5.52, p=0.037).

DISCUSSION

PTC is the most common type of well-differentiated
thyroid cancer. Multifocality is related to an increased risk
of recurrence of PTC. However, its prognostic value in
clinical outcomes is controversial. Choi et al. (14)
performed a retrospective study on 2,390 patients with
pathologically confirmed PTC. They found that multifocal
tumors were an independent risk factor for the recurrence
of PTC after total thyroidectomy. Geron et al. (15) studied
the data of patients with PTC from tertiary medical centers.
They analyzed the main characteristics of PTC as well as
patient outcomes in order to evaluate prognostic
implications in MPTC patients. In their study, the median
follow-up of patients was 10.1 years. MPTC was detected
more frequently than unifocal PTC, and often presented in
older patients and more frequently in males. MPTC was
also associated with higher LNM involvement, more
advanced stages (l1I/1V), a higher risk of recurrence
according to the ATA, more recurrence during follow-up,
and higher overall mortality rates. However, the
researchers concluded that multifocality was not an
independent prognostic factor for long-term outcomes. In
addition, 78.3% of all patients showed excellent response,
1 year after treatment. Patients in the unifocal group had a
higher percentage of excellent response compared to
patients in the multifocal group. After 12 months of initial
treatment, worse response to the treatment was associated
with multifocal disease, the male gender, a large tumor,
advanced TNM stage, a high risk of recurrence, ETE,
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LNM, and distant metastases. In a retrospective review on
patients with PTC who underwent thyroid surgery (10),
patients with MPTC were older, had a smaller average
tumor size, presented an advanced TNM stage and had a
higher rate of non-remission and a lower survival rate than
patients with unifocal PTC. Within a mean follow-up of
7.1+£5.3 years, 25 patients with MPTC (4%) died.

In our study, a total thyroidectomy was performed in all
patients and the median follow-up was 38.5 months.
MPTC affected more females than males. The age of most
of the patients was 43.3+13.8 years old. In addition,
patients in the multifocal group had an advanced level of
disease (stage I11/1V), a higher rate of distant metastasis,
and a higher moderated recurrence risk than patients in the
unifocal group. Furthermore, patients with a large tumor,
multifocal disease, LNM, vascular invasion, and ETE did
not have an excellent response after treatment.

The approaches for diagnosing and treating recurrent PTC
are different from the management strategies for primary
thyroid tumors. Tg is a tumor marker that is used for the
follow-up of thyroid cancers (16). Patients with tumor
recurrence after surgery are expected to have high levels
of Tg (16,17). During the follow-up of PTC patients after
surgery, we found that patients with MPTC had higher
plasma levels of Tg than patients with unifocal PTC.

Kuo et al. (6) investigated the clinical features and
therapeutic outcomes of multifocal papillary thyroid
microcarcinoma (PTMC) in patients with PTC who had
undergone a thyroidectomy at one medical center. More
patients in the multifocal PTC group had stage | than in the
non-PMTC group: 63.1% versus 56.8%. In addition,
patients with multifocal PTMC had higher postoperative
Tg levels. Patients in the non-PMTC group had larger
tumors (2.6+0.1 cm) than in the MPTC group (2.2+0.1 cm)
and showed a higher rate of postoperative disease
progression than patients with PTMC. There was no
statistical difference in disease-specific mortality and total
mortality between patients with PTMC and non-PTMC.
Gur et al. (18) reviewed the documents of patients with
PTC who underwent total or near-total thyroidectomies.
Patients were classified into multifocal or unifocal groups.
The researchers found that age, gender, the sizes of the
tumors, ETE, and capsular invasion were statistically
similar in both groups. LNM was also more common in the
multifocal group than unifocal. Our data showed
significantly high rates of LNM in patients in the
multifocal group. We also found higher rates of capsular
invasion and vascular invasion in the multifocal group
than in the unifocal group. However, differences in
capsular invasion and vascular invasion were not
statistically significant. Moreover, we detected a
significant disease recurrence in patients in the multifocal
group than in the unifocal group. In addition, the median
size of the tumor (>1 cm) in patients in the multifocal
group was larger than patients in the unifocal group.

Limitations

In this retrospective study, we had some limitations. The
first is that some patients did not meet the treatment
criteria, for example, a few patients did not receive a
postoperative dose of 1-131 for residual tumor ablation.
The second, approaches to the treatment of patients with
PTC is a dynamic process, and the classification of the
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disease stage, follow-up methods, and definitions of the
persistent or recurrent disease can be changed over time.
Furthermore, the mortality rate is low in PTC patients;
consequently, we need a more population-based study to
examine the relationship between multifocality and
mortality.

CONCLUSION

MPTC affected more females than males and most patients
with MPTC were young to middle-aged. Patients with
MPTC had larger tumors and higher rates of LNM,
capsular invasion, and vascular invasion than patients with
unifocal PTC. Patients in the multifocal group were more
likely to have recurrent disease and not to have excellent
responses to treatment. Total thyroidectomy with lymph
node dissection may be effective in reducing the rate of
postoperative disease progression in patients with MPTC.
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Basariy1 Degistirir mi?

ABSTRACT

Aim: This study aimed to evaluate the effect of transobturator tape (TOT) surgery, which is
performed in the treatment of stress urinary incontinence (SUI) in women, using the inside-out
or outside-in technique on the success of the surgery.

Material and Methods: Sixty-five women diagnosed with SUI and for whom it was decided
to perform TOT surgery were included in this prospective randomized study. Participants were
divided into two groups, 32 women underwent TOT surgery using the inside-out technique
and 33 women underwent TOT surgery using the outside-in technique. The surgical data of
patients, the 3-month incidence of complications, pre-, and postoperative scores of the
incontinence impact questionnaire (11Q-7), and the International Consultation on Incontinence
Questionnaire-Short Form (ICIQ-SF) were recorded. Objective, subjective, and inadequate
treatment rates were determined for the evaluation of the success of the treatment.

Results: When the two groups were compared, there was no statistically significant difference
in terms of age, body mass index, parity, menopause status, duration of incontinence, and
preoperative 11Q-7 and ICIQ-SF scores. There were no statistically significant differences
between surgical durations, length of hospital stay, early surgical complications, and postoperative
3@ month 11Q-7 and ICIQ-SF scores. There were no statistically significant differences
between the two groups in terms of objective, subjective, and inadequate treatment rates.
Conclusion: TOT surgery is successful with both techniques in patients with SUI. Choosing
the technique with which the surgeon is experienced and feels most confident will increase the
success of TOT surgery regardless of the technique.

Keywords: Transobturator tape; suburethral slings; urinary incontinence; stress.

(0V7

Amag: Bu ¢alismanin amaci kadinlarda stres iiriner inkontinans (SUT) tedavisinde uygulanan
transobturator bant (TOT) cerrahisinin icten disa veya distan ice teknigi kullanilarak
yapilmasinin cerrahinin basarisina etkisini degerlendirmektir.

Gere¢ ve Yontemler: Bu ileriye yonelik randomize calismaya SUI tanist alan ve TOT
ameliyati yapilmasina karar verilen 65 kadm dahil edildi. Katilimeilar iki gruba ayrildi, 32
kadina icten diga teknik kullanilarak TOT ameliyati, 33 kadina ise distan ige teknik kullanilarak
TOT ameliyati yapildi. Hastalarin cerrahi verileri, 3 aylik komplikasyon insidanslari, ameliyat
oncesi ve sonrasi idrar kagirmanin etki anketleri (incontinence impact questionnaire, 11Q-7) ve
Uluslararasi Inkontinans Degerlendirmesi Anketi-Kisa Formu (International Consultation on
Incontinence Questionnaire-Short Form, ICIQ-SF) skorlar1 kaydedildi. Tedavinin basarisinin
degerlendirilmesinde objektif, subjektif ve yetersiz tedavi oranlari belirlendi.

Bulgular: iki grup karsilastirildiginda yas, viicut kitle indeksi, parite, menopoz durumu,
inkontinans siiresi, ameliyat oncesi 11Q-7 skorlar1 ve ICIQ-SF skorlar1 agisindan istatistiksel
olarak anlamli fark yoktu. Ameliyat siireleri, hastanede kalis siireleri, erken donem cerrahi
komplikasyonlar ve ameliyat sonrasi 3. ay 1IQ-7 ve ICIQ-SF skorlar1 arasinda istatistiksel
olarak anlamli fark saptanmadi. Objektif, siibjektif ve yetersiz tedavi oranlari agisindan iki
grup arasinda istatistiksel olarak anlamli fark yoktu.

Sonugc: TOT cerrahisi SUI olan hastalarda her iki teknikle de oldukca basarilidir. Cerrahin
deneyimli oldugu ve kendini en giivende hissettigi teknigi segmesi, teknik ne olursa olsun TOT
ameliyatinin basarisini artiracaktir.

Anahtar kelimeler: Transobturator teyp; subiiretral slingler; iiriner inkontinans; Stres.

Presented as an oral presentation at Pelvic Floor and Cosmetic Gynecology Congress (September 23-25, 2022; stanbul, Tiirkiye).
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INTRODUCTION

Urinary incontinence is an important problem that reduces
a woman's quality of life considerably and can cause them
to withdraw from social life when it progresses (1,2). The
incidence of incontinence and prolapse is increasing with
the increase in the average life expectancy and the serious
increase in obesity. With the widespread use of the
internet and social media, more and more women have
learned that treatment is possible. The fact that society is
more informed about treatment options has increased the
rate of hospital admissions, making stress urinary
incontinence (SUI) a problem that we have started to see
more often in our clinic (3,4).

The gold standard in the treatment of SUI is mid-urethral
sling surgery, and when the long-term results are considered,
it has a cure rate of 70-90% (5). As an alternative to this,
to reduce bladder damage and provide wider support to the
mid urethra, transobturator tape (TOT) surgery was
described for the first time by Delorme (6) in 2001 by
placing an external-to-inside tape. In 2003, a new
technique was defined by de Leval (7), with tape
application from the inside to the outside. Both techniques
have been successfully applied in urogynecology and
urology clinics for years. The bladder, obturator nerves,
and blood vessels may be injured during the passage
through the obturator foramen during TOT surgery.
Similarly, passage through the adductor tendons and into
the skin is thought to cause postoperative groin and thigh
pain (8).

In surgical procedures, success depends on the surgeon's
compliance with the technique and the perfect application
of the technique, as much as the surgical technique itself.
For this reason, surgeons should be in search of techniques
that will make them feel safer in terms of complications
and will not have difficulty in performing them. Most of
the time, the complications that may occur are not caused
by the technique itself, but by mistakes made in the
application of the technique (9,10). Therefore, it is
important to develop surgical technigues that we know to
be successful in a way that will provide ease of application
to surgeons.

Although studies have compared these two techniques, the
results are limited. In our study, we aimed to compare
these two techniques by comparing the postoperative
objective and subjective treatment success and
complication incidences of women with SUI.

MATERIAL AND METHODS

Our study was a prospective randomized double-blind
case-control study. Before starting the study, approval was
obtained from the ethics committee of Gaziosmanpasa
Training and Research Hospital (Date: 23/11/2022,
Number: 121). All participants were included in the study
by invitation and written informed consent was obtained
from each if they agreed to participate in the study.
Sample Size

In the power analysis made before the study, it was found
appropriate to include a minimum of 16 women in each
group, a total of 32 women, to be able to observe a
difference with an effect size of 0.5 (high degree) and 80%
power and 5% type | error. The calculation was made using
the Chi-square test in G*Power 3.1.9.7 program. A total of
65 women were included in the study who were applied to
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the urogynecology outpatient clinic of Gaziosmanpasa
Training and Research Hospital.

Participants who were diagnosed as having SUI and for
whom it was decided to perform TOT surgery were
included. Detailed physical and urogynecological
examinations of all participants were performed.
Complete urinalysis, urine culture, voiding diary, Q test,
and cough test results were recorded. Before the surgery,
the patients were asked to rate their incontinence
perceptions from 1 to 10, and the scores were recorded. All
participants were asked to complete the Incontinence
Impact Questionnaire (11Q-7) (10) and the International
Consultation on Incontinence Questionnaire-Short Form
(ICIQ-SF) (11), which were validated in Turkish.

Patients diagnosed as having true SUI, confirmed by
history, physical examination, and tests, and patients
without a cystocele greater than stage 1 were included in
the study. Women who had undergone incontinence
surgery before, those with neurologic diseases that might
affect bladder functions, women with mixed-type or urge
incontinence, patients who would undergo hysterectomy
for gynecologic reasons, women with urinary system
anomalies, those who were planning a pregnancy, patients
who need additional surgery in addition to an incontinence
surgeon, those with indications for surgery, and patients
with cystocele and rectocele were excluded from the study.
All patients were undergoing their first procedure.

The patients were divided into two groups according to the
surgical technigue to be used, but the patients were blind
to which technique they would receive. Patients were
randomized to the groups by the evaluating
urogynecologist in the outpatient clinic; all patients had
surgery performed by the same urogynecologist. After the
surgery, follow-ups and evaluations were made by another
gynecologist who was blind to the surgical technique in the
early and late postoperative period.

Surgical Procedure

All surgeries were performed under spinal or epidural
anesthesia in the dorsal lithotomy position. Thirty
minutes before the surgery, prophylaxis was performed
with 2 g of cefazolin. In accordance with the surgical
technique, the anterior vaginal wall 1.5-2 cm sagittal was
incised 1.5 cm below the urethra. The tunnel reaching the
ischiopubic bone was opened using sharp and blunt
dissection in the paraurethral areas. The skin was incised 1
cm lateral to the ischiopubic ramus on the line passing
through the clitoris. In the first group, with the outside-in
technique, a technique defined by Delorme (6) in 2001,
and in the other group with the inside-out technique
defined by de Leval (7) in 2003, the mesh was placed
under the urethra with a specially curved trocar, close to
the medial part of the obturator foramen. After the tension
was adjusted, the excess mesh pieces from the skin were
cut. Vaginal mucosa was sutured. The same mesh brand
and material were used in both groups (Diizey SVT Helical
Set, 10x450 mm thickness).

Urethral tubes were removed on the 1% postoperative day.
The residual urine was measured after the first micturition.
Measurement of postvoid residual urine volume (PVR),
the amount of residual urine in the bladder after a
voluntary void, is another noninvasive screening test for
evaluating voiding dysfunction. Like uroflowmetry, PVR
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measurement helps to identify patients in need of further
evaluation and to evaluate treatment effect during the
follow-up. Threshold values delineating what constitutes
an abnormal PVR are poorly defined. However, most
urologists agree that volumes of 50 mL to 100 mL
constitute the lower threshold defining abnormal residual
urine volume (12,13). We also accepted the residual
volume of 100 ml as the limit value in our study. Patients
with >100 cc and those who developed a bladder globe
were re-catheterized. Patients whose residual urine was
<100 cc and who did not develop early complications
were discharged. All patients were called for follow-up in
the 1t week, 6™ week, and 12" week after the surgery.
Objective  treatment,  subjective  treatment, and
unsuccessful treatment criteria recorded in the follow-ups
of the patients were used to evaluate the effectiveness of
the procedure. Objective treatment was defined as a
negative cough stress pad test (CSPT) and complete
resolution of symptoms, and subjective treatment was
defined as CSPT negative on examination but persisting
intermittent symptoms. The continuation of incontinence
symptoms was considered an unsuccessful treatment. The
11Q-7 and ICIQ-SF questionnaires were completed again
at the postoperative 12"-week follow-ups. Patients were
again asked to rate their perceptions of incontinence from
1to 10.

All authors declare that the study was conducted in
accordance with the principles of the World Medical
Association Declaration of Helsinki, Ethical Principles for
Medical Research Involving Human Subjects.

Statistical Analysis

The IBM SPSS v.21 package program was used for the
statistical analysis of data. The assessment of the normality
of continuous variable distribution was performed using
the Shapiro-Wilk test. Non-parametric analysis methods
were used because the variables did not conform to normal
distribution. The Mann-Whitney U test was used to
compare the differences between each group. The
difference between the first measurement and the second
measurement was evaluated using the Wilcoxon test.
Categorical data were analyzed using the Chi-square and

Table 1. Demographic data of the patients
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Fisher’s exact test. A p value of <0.05 was considered a
statistical significance level.

RESULTS

Of the 65 women who underwent sling procedures, 32
women received the inside-out technique, and 33 women
had the outside-in technique. The demographic data of the
patients were shown in Table 1.

When the two groups were compared, they matched each
other in terms of age, parity, body mass index (BMI),
menopausal status, smoking, duration of incontinence, and
11Q-7 and ICIQ-SF scores, and no statistically significant
differences were found. Patients in all groups had at least
one vaginal delivery. The preoperative cough stress test
was performed on all patients before surgery and all were
positive. There was no prolapse greater than grade 1 in any
patient.

All patients were prepared for the surgery with the same
procedure. The perioperative and early postoperative
results of the patients were shown in Table 2.

The patients were called for follow-up in the 1% week, 6%
week, and 12" week after the surgery. The effectiveness of
the surgery was evaluated through examinations of the
patients at the 3-month follow-up. There was a
significant improvement in all scores and patient
symptoms after surgery independent of the technique.
When the two techniques were compared in this
improvement, it was observed that there was no significant
difference between the two groups in terms of 11Q-7 and
ICIS-SF scores, incontinence perception scores (Table 3),
objective treatment, subjective treatment, and inadequate
treatment rates (Table 4).

Both the preoperative incontinence perception values and
the postoperative incontinence perception values did not
differ significantly according to the groups (p=0.849, and
p=0.325, respectively). Preoperative and postoperative
incontinence perception values were different in the
inside-out TOT group (p<0.001). Preoperative and
postoperative incontinence perception values in the
outside-in TOT group were also statistically significantly
different (p<0.001).

TOT Inside-Out (n=32) TOT Outside-In (n=33) p

Age (years), mean+SD, 62.28+8.07 61.09+£8.17 05572
median (Q1-Qs) [min-max] 64 (57-66) [47-78] 61 (55-67) [46-78] '

BMI (kg/m?), mean=SD, 30.64+5.85 29.66+5.74 0.4422
median (Q1-Qs) [min-max] 30 (26-34) [21.87-44.1] 29 (24-30) [17.72-42.31] ’

Parity, mean=SD, 2.38+1.07 2.48+1.00 0.514b
median (Q1-Qs) [min-max] 2 (2-3) [1-5] 3(2-3) [1-5] '

Incontinence duration (years), mean+SD, 2.5+1.69 2.21+1.56 0.367
median (Q1-Qs) [min-max] 2 (1-3) [1-7] 2 (1-3) [1-6] '

Number of vaginal birth, mean+SD, 1.09+£2.30 1.12+£2.33 0723
median (Q1-Qs) [min-max] 1(1-2) [0-3] 1(1-2) [0-3] )

Vaginal birth, n (%) 26 (81.3) 28 (84.8) 0.699¢

Cesarean, n (%) 6 (18.8) 5(15.2) 0.740¢

Menopause, n (%) 4(12.5) 3(9.1) 0.708¢

Smoker, n (%) 2 (6.3) 3(9.1) 0.514¢

TOT: transobturator tape, SD: standard deviation, Q;-Qs: 251-75™ percentile, 2:

Duzce Med J, 2023;25(1)

Student’s t-test, ®: Mann-Whitney U test, ¢ Chi-square test, %: Fisher’s exact test
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The change in the preoperative and postoperative
incontinence perception values did not differ according to
the groups (p=0.696).

Obijective, subjective, and inadequate treatment rates were
shown in Table 4, and no significant difference was
detected between the groups.

DISCUSSION

In the current study, the effect of using the inside-out and
outside-in TOT techniques, which are two different
techniques of the same surgery, on the success of the
surgery was evaluated in patients with SUI. When the data
of our study were evaluated, no superiority of either
method over the other could be determined statistically.
Although many surgical techniques have been described in
the treatment of SUI, TOT surgery stands out because of
its minimal invasiveness, low cost, low complication rates,
and high success rates (14). There are many studies in the

Does the Technical Implementation Change the Success

literature comparing the inside-out and outside-in
techniques with each other. In a study by Liapis et al. (15),
although there was no statistically significant difference in
treatment success, they found the outside-in technique
disadvantageous in terms of vaginal mucosa perforation
and bladder damage, and showed that the inside-out
technique was disadvantageous in terms of vascular
injury and nerve damage. In our study, vaginal sulcus
perforation developed in patients during surgery, and the
mesh was corrected by retracting and repositioning during
the procedure. However, there was no significant
difference between the two techniques in terms of sulcus
perforations. This difference may be due to the difference
in the number of cases.

In a systematic review and meta-analysis examining
prospective studies conducted by Madhuvrata et al. (16)
between 1966 and 2011, these two methods were
compared and no significant difference was found in

Table 2. The per-operative and early postoperative results of the patients

TOT Inside-Out (n=32) TOT Outside-In (n=33) p
Surgical time (minutes), mean+SD, _ 22.694+4.38 22.21+4.04 0.8012
median (Q1-Qs) [min-max] 20 (20-25) [16-32] 20 (20-25) [16-32]
Hospital stay (day), mea_niSD, _ 1.09+0.30 1.12+0.33 07232
median (Q1-Qs) [min-max] 1(1-2) [1-2] 1(1-2) [1-2]
Vaginal mucosa perforation, n (%) 6 (18.8) 3(9.0) 0.303°
Groin pain, n (%) 1(3.1) 0(0.0) 0.492°
Mesh erosion, n (%) 3(9.4) 3(9.1) 0.999°
Urinary catheter (>24 hours), n (%) 3(9.4) 6 (18.2) 0.475°
De novo urge incontinence, n (%) 2 (6.3) 2(6.1) 0.9990
Transient residual urine elevation, n (%) 6 (18.8) 7(21.2) 0.804¢

TOT: transobturator tape, SD: standard deviation, Q;-Qs: 251-75™ percentile, 2: Mann-Whitney U test, ®: Fisher’s exact test, ¢ Chi-square test

Table 3. Comparison of scores before and after surgery

TOT Inside-Out (n=32) TOT Outside-In (n=33) Poroup  Pgeneral
Preop incontinence perception, mean+SD, 7.0+1.19 7.06£1.06 0.849
median (Q1-Qs) [min-max] 7 (6-8) [5-9] 7 (6-8) [5-9] ' 0.696
Postop incontinence perception, mean+SD, 1.22+0.75 1.42+0.90 0325 '
median (Q1-Q3) [min-max] 1(1-1) [0-4] 1(1-1) [0-4] '
Ptime <0.001 <0.001
Preop 11Q-7 score, mean+SD, 15.66+1.10 15.48+1.18 0.509
median (Q1-Qs) [min-max] 16 (15-16) [14-18] 15 (14-16) [14-18] ' 0.763
Postop 11Q-7 score, mean+SD, 0.91+1.01 0.94+0.97 0.654 '
median (Q1-Qs) [min-max] 1(0-1) [0-3] 1(0-1) [0-3] '
Ptime <0.001 <0.001
Preop ICIQ-SF score, mean+SD, 13.00£1.19 13.03+1.31 0.925
median (Q1-Qs) [min-max] 13 (12-14) [11-15] 13 (12-14) [11-15] ' 0.393
Postop ICIQ-SF score, mean+SD, 1.66+1.49 2.12+1.60 0.216 '
median (Q1-Qs) [min-max] 1 (0.25-2.75) [0-5] 2 (1-3) [0-5] ’
Ptime <0.001 <0.001
Pgroup: Mann-Whitney U test, piime: Wilcoxon test, pgenerai: Repeated Measures ANOVA (time-group interaction)
Table 4. Objective, subjective, and inadequate treatment rates
TOT Inside-Out (n=32) TOT Outside-In (n=33) p
Objective treatment, n (%) 31 (96.9) 31 (93.9) 0.9992
Subjective treatment, n (%) 1(3.1) 1(3.0) 0.9992
Inadequate treatment, n (%) 0 (0.0 1(3.0) 0.4922
TOT: transobturator tape, ®: Fisher’s exact test
Duzce Med J, 2023;25(1) 59
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terms of treatment success and recurrence in 12-month
follow-up. Groin and thigh pain was nonsignificantly
more common with the inside-out route. Only vaginal
angle injuries were significantly more common with the
outside-in route.

A prospective study of 100 women in France in 2006
showed that, in agreement with the literature, the two
transobturator access routes are equally safe and do not
require perioperative cystoscopic examinations (17).
Nerve damage is one of the most feared complications.
Spinosa et al. (18) argued that the inside-out technique
might damage the posterior terminal branch of the
obturator nerve, and even the dorsal nerve of the clitoris
could be affected by possible lesions but did not reveal any
anatomic evidence. In the continuation, Achtari et al. (19)
performed each technique in a study on a cadaver and
placed a tape. In their examinations, although the distance
to the nerve was the same in both methods, the inside-out
technique also passed the tape closer to the obturator canal.
The outside-in technique was found to be safer in terms of
nerve damage.

All follow-ups in this literature included one-year results.
The 9-year follow-up by Karmakar et al. (20) included the
longest follow-up period in the literature. In their study, it
was revealed that the success rate showed a significant
decrease compared with the 1-year results (71.6% vs. 80%).
However, this was a clinically insignificant reduction
compared with the 3-year results (71.6% vs. 73.1%). This
means that the failure of the surgery is higher in the first
years and tends to decrease as time progresses. The
authors emphasized that the success rate was almost
constant after 3 years.

A prospective single-blind study of 341 women conducted
by Abdel-Fattah et al. (21) in 2010 also evaluated the
independent risk factors for 1-year failure. In the study, no
statistical difference was found between the two methods
in terms of success and failure. In terms of quality of life
and sexual life, the difference before and after surgery was
not different for the two methods.

The fact that the anatomic space is entered with a blunt
needle, working very close to important anatomic areas,
and the accuracy of the placement of the tape cannot be
visualized during surgery is perhaps the most distressing
process for surgeons in terms of surgical technique. To
illuminate this process, studies were conducted on
cadavers, and the band position was tried to be confirmed
by placing radiopaque bands. One of these studies was a
study conducted by Hinoul et al. (22) on 10 freshly thawed
cadavers. After the propylene bands were made radiopaque,
they were placed by an experienced surgeon using two
different techniques, then scanned using computed
tomography and the route of placement was evaluated. As
a result, the inner angle of the tape applied from the inside
to the outside was significantly narrower compared with
the other method. This meant that the two techniques did
not place the tape in the same location, despite using the
same anatomic space and the same material.

In a study conducted by Cordeiro et al. (23), there was no
statistical difference between the technical successes of the
two methods, while the rates of de novo urge incontinence
and mesh erosion were the same in the two groups when
different materials were used during the technical
application. However, there was more erosion in
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microporous bands than in macroporous bands. When the
same study looked at surgical times, the inside-out
technique was associated with significantly shorter
surgical time. However, this may be due to their increased
experience with these methods because they perform more
inside-out techniques in their practice. In another study
conducted by Abdel-Fattah et al. (24), 238 of 341 women
were followed for 3 years and the success of both methods
was found to be the same, in line with the literature.
10-year long-term results were shared in 2018 in the study
of Serdinsek et al. (25), which is one of the newest studies.
They did not find a significant difference in terms of
objective and subjective improvement rates, and
satisfaction rates.

In the most recent study to date by Kovalev et al. (26) in
2021, the two techniques were compared in many ways.
They defined the outside-in technique as the method
performed by taking the anatomical soft tissues as a guide,
and the inside-out technique as the method in which the
bone tissue is the guide. The author, who stated that the
perineal pain may be due to the damage of the obturator
nerve branches, determined that the branch damage was
seen at 70% in the outside-in technique, while 30% was
seen in the outside-in technique. In their evaluation to
detect band placement with tomography, they also found
the inside-out technique to be disadvantageous, which may
affect the clinical results. As a result, they argued that bone
tissue is a more reliable guide than soft tissue.

CONCLUSION

Successful results are obtained with TOT procedures
performed in the treatment of SUI. The perfect application
of the technique is as important as the choice of technique
in the success of the surgery. We believe that the choice of
surgical procedure and technique should be decided after
discussing the risks related to the patient in addition to the
experience of the surgeon.
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Olgiimlerinin Kavrama Kuvvetine Etkisi

ABSTRACT

Aim: Among the hand functions, grasping is an important function for the continuity of daily
living activities. The assessment of grip strength is crucial for identifying athletic prowess,
neuromuscular illnesses, assessing potential side effects following hand surgery, and treatment
plans. It was aimed to examine whether bioimpedance analysis (BIA) and upper extremity
anthropometric measurements are effected grip strength in young adults.

Material and Methods: The study was conducted on 110 young adults, 55 males and 55
females, aged 18-25 years. Individuals with a history of trauma, musculoskeletal problems,
and cardiac, respiratory, metabolic, or systemic diseases were not included in the study.
Non-flexible tape measure, Harpenden anthropometric set, digital caliper, hand dynamometer,
and skinfold caliper were used for anthropometric measurements. Body fat percentage and lean
body mass, muscle mass, basal metabolic rate, and total body fluid parameters were
investigated by bioelectrical impedance measurement. Three measurements were taken to
reduce the error rate, and the average of these measurements was considered.

Results: Excluding arm circumference, forearm length, and wrist circumference from
anthropometric measurements, and mineral from BIA parameters; anthropometric
measurements and BIA results were found to be statistically significantly correlated with grip
strength.

Conclusion: Upper extremity anthropometric measurements and BIA were associated with
grip strength and varied according to gender. Significant correlations were found between grip
strength with most of the anthropometric parameters and BIA.

Keywords: Anthropometry; bioimpedance analysis; grip strength; upper extremity; young
adults.

0z

Amag: El fonksiyonlar1 arasinda kavrama, giinlik yasam aktivitelerinin devamlilig1 igin
onemli bir fonksiyondur. Kavrama giiciiniin degerlendirilmesi, atletik beceriyi belirlemek,
noromiiskiiler hastaliklar, el cerrahisini takiben olasi yan etkileri degerlendirmek ve tedavi
planlari i¢in ¢ok onemlidir. Geng eriskinlerde biyoempedans analizi (BIA) ve tist ekstremite
antropometrik 6l¢timlerinin kavrama giiciinii etkileyip etkilemediginin incelenmesi amagland.
Gerec¢ ve Yontemler: Calisma, yaslar1 18-25 yil arasinda olan 55 erkek ve 55 kadin olmak
tizere 110 geng yetiskin tizerinde gerceklestirildi. Travma Oykiisii, kas-iskelet sistemi sorunu
ve kalp, solunum, metabolik veya sistemik hastaligi olan kisiler ¢alismaya alinmadi.
Antropometrik Olgiimler igin esnek olmayan mezura, Harpenden antropometrik seti, dijital
kumpas, el dinamometresi ve deri kivrim kalinligi 6l¢iim cihazi kullanildi. Biyoelektrik
empedans 6l¢tiimii ile viicut yag yiizdesi ve yagsiz viicut kiitlesi, kas kiitlesi, bazal metabolizma
hiz1 ve toplam viicut sivis1 parametreleri aragtirildi. Hata oranmi diisiirmek i¢in 3 kez 6l¢tim
alind1 ve bu 6l¢iimlerin ortalamasi dikkate alindi.

Bulgular: Antropometrik 6lgiimlerden kol gevresi, 6n kol uzunlugu ve bilek gevresi, BIA
parametrelerinden ise mineral hari¢ olmak iizere; antropometrik dl¢timler ve BIA sonuglarinin
kavrama giicii ile istatistiksel olarak anlaml bir sekilde iliskili oldugu bulundu.

Sonug: Ust ekstremite antropometrik olgiimleri ve BIA kavrama kuvveti ile iliskilidir ve
cinsiyete gore farklilik gostermektedir. Kavrama kuvveti ile antropometrik parametrelerin
cogu arasinda ve BIA ile anlamli bir iligki bulunmustur.

Anahtar kelimeler: Antropometri; biyoempedans analizi; kavrama kuvveti; tist ekstremite;
geng eriskinler.
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INTRODUCTION

Various body composition analysis methods have been
developed in clinical and athletic fields to determine
optimal body composition and to identify and classify
diseases. Bioimpedance analysis (BIA) is a common
approach used in body composition measurement and
health assessment systems. BIA is a very easy-to-use and
non-invasive method (1). Varied methods are used to
interpret the data obtained by bioimpedance
measurements. There are a wide variety of bioimpedance
applications in healthcare, such as disease prognosis and
monitoring of body vitality (2).

Anthropometry is a systematic technique-based science
that measures the physical characteristics of the human
body using measurement principles. Anthropometric
measurements are made dynamically and statically.
Measurements such as height, length, circumference, and
skin thickness are static measurements. Dynamic data is
obtained by measuring the limits of bending, elongation,
and spinning/turning movements (3). Anthropometry is a
widely used, portable, cheap, simple, and useable
technique consisting of various body measurements (4).
Grip strength is an indicator of disability, morbidity,
mortality, increased dependence on activities of daily
living, and cognitive decline in adults (5). It is important
for the auxiliary diagnosis of diseases in many clinical
branches such as internal medicine, orthopedics, and
physiotherapy. Studies on this subject have shown that
grip strength is not only related to general body muscle
strength but also to upper extremity muscle strength (6).
Low grip strength is also correlated with hypertension,
coronary artery disease, peripheral artery disease, heart
failure, stroke, or chronic obstructive pulmonary disease.
Furthermore, grip strength is negatively associated with
physical frailty even after accounting for the effects of
body mass index (BMI) and arm muscle circumference (7).
Evaluation of grip strength helps to identify the risk of
micro-trauma as well as to determine both the
rehabilitation process of overuse injury and the
performance level of athletes (8,9).

We aimed to benefit these various clinical and social areas
to examine whether upper extremity anthropometric
measurements and BIA results are effected grip strength in
young adults. The present study’s results contribute to
determining the risk of future disease, with grip strength in
the young population with less health problems. The
correlation between grip strength and BIA and

The Effects on Grip Strength

anthropometric measurements is effective in determining
health problems such as obesity and metabolic syndrome.

MATERIAL AND METHODS

This study was approved by the Non-Invasive Clinical
Research Ethics Committee of Kirsehir Ahi Evran
University Faculty of Medicine (Date: 10.05.2022, Ethical
number: 2022-09/99). Volunteers were informed about the
measurements and signed an informed consent form. The
sample size of the study was determined by a priori power
analysis. When the correlation was taken as p H:=0.3,
Power (1-8)=0.85, the minimum sample size to be studied
was 110. The study was conducted on a total of 110 young
adults (55 male and 55 female) between the ages of 18-25
years, collected cross-sectionally from Kirgehir Ahi Evran
University Faculty of Medicine. Individuals without any
history of trauma, musculoskeletal problems, or cardiac,
respiratory, metabolic, or systemic diseases were included
in the study. For anthropometric measurements, an
inflexible tape measure, Harpenden anthropometric set,
digital caliper, stadiometer, hand dynamometer, pinch
meter, and skinfold caliper were used. To reduce the error
rate, the measurements were made by the researcher, three
times, and the average was taken. TANITA MC-780 is
used for BIA. Height was measured with bare feet by a
stadiometer in an anatomical position. Weight was
measured with an electronic scale while the participants
were hungry. BMI was calculated using the weight kg/m?
method.

Triceps skinfold thickness, biceps skinfold thickness, arm
circumference, forearm circumference, wrist
circumference, upper extremity length, arm length,
forearm length, hand length, palm length, third finger
length, hand width, wrist medio-lateral diameter, wrist
dorso-volar diameter, grip strength, tip pinch, key pinch,
palmar pinch, weight (kg), height (cm) were measured. As
the BIA measurements were taken such as BMI (kg/m?),
lean mass (%), muscle (%), fat mass (%), total body fluid (It),
intracellular fluid (kg), extracellular fluid (kg), protein (%),
mineral (%), basal metabolic rate (kcal), obesity degree (%),
waist/hip ratio, waist/height ratio, phase angle (provides
information about cellular health and integrity).

Triceps and biceps skinfold thickness were measured by
skinfold caliper from the dominant upper extremities of
individuals (Figure 1A and Figure 1B). Grip strength was
measured by hand dynamometer (Figure 1C).

Duzce Med J, 2023;25(1)
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Arm circumference (the criterion point is taken as the
medial epicondyle of the humerus and is made by taking
10-15 cm above this point or the most swollen part of the
muscle), forearm circumference (the distance between the
olecranon and styloid proccess of radius) and wrist
circumference were measured by inflexible tape measure.
Upper extremity length (distance between the acromion
and the most distal part of the third finger), arm length, and
forearm length were measured by the Harpenden
anthropometric set (Figure 2).

Hand length, palm length and third finger length, hand
width, wrist medio-lateral diameter (wrist line level, from
the medial and lateral points), and wrist dorso-volar
diameter (anterior-posterior thickness was measured at
the wrist crease line level) were measured by a digital
caliper (Figure 3).

Tip pinch, key pinch, and palmar pinch were measured by
pinch meter (Figure 4).

Weight, lean mass, muscle mass, fat mass, total body fluid,
intracellular fluid, extracellular fluid, protein, mineral,
basal metabolic rate, obesity degree, waist/hip ratio,
waist/height ratio, and phase angle were measured by BIA
device. Participants were asked to stand barefoot on the
electrode panel and hold the electrodes in their anatomical
position by contacting the fingers and palms of both hands.
Statistical Analysis

The conformity of the data to the normal distribution was
evaluated with the Kolmogorov-Smirnov and Shapiro-Wilk
tests. Independent t-test and Mann-Whitney U tests were
used for univariate analyzes according to the availability
of assumptions. The correlation between variables was
calculated by Pearson correlation analysis. Data analysis
was performed using Statistical Package for Social
Sciences for windows (IBM SPSS version 28.0, Armonk,
NY, USA). The significance level was accepted as p<0.05.

The Effects on Grip Strength

Figure 2. A) Arm length, B) Forearm length

Figure 3. A) Hand length, B) Palm length, C) Third finger
length, D) Hand width

Figure 4. A) Tip pinch, B) Key pinch, C) Palmar pinch

RESULTS

Descriptive statistics and group comparisons of the
variables that are the subject of the study were given in
Table 1. The mean age of individuals was calculated as
19.07+1.16 years. Height and weight were calculated to be
higher in males than in females. A statistically significant
difference was found between the genders in terms of all

Duzce Med J, 2023;25(1)

variables (p<0.001) except arm circumference and forearm
length. Arm circumference, forearm circumference, wrist
circumference, upper extremity length, arm length,
forearm length, hand length, third finger length, palm
length, hand width, wrist medio-lateral diameter, wrist
dorso-volar diameter, tip pinch, key pinch, palmar pinch,
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weight, height, BMI, lean mass, muscle mass, total body
fluid, intracellular fluid, extracellular fluid, basal
metabolic rate, protein, mineral, obesity degree,
waist/height ratio, waist/hip ratio, phase angle, grip
strength of males was higher than females. Even though
arm circumference and forearm length are higher in males,
these were found to be statistically insignificant (p=0.070,
and p=0.501, respectively). Triceps skinfold thickness,
biceps skinfold thickness, and fat mass (%) were found
higher in females (p<0.001).

Arm length, hand length, palm length, hand width, wrist
medio-lateral diameter, wrist dorso-volar diameter, BMI,
lean mass, muscle mass, total body fluid, basal metabolic
rate, waist/hip ratio, forearm circumference, upper
extremity length, third finger length, tip pinch, key pinch,
palmar pinch, weight, height, intracellular fluid,
extracellular fluid, protein, obesity degree, waist/height
ratio were found to be statistically significantly positively
correlated with grip strength. There is a negative
significant correlation with biceps skinfold thickness.
Triceps skinfold thickness, fat mass, and phase angle were

The Effects on Grip Strength

found to be statistically significantly negatively correlated
with grip strength (Table 2). It was determined that the
correlation between grip strength and arm circumference,
forearm length, and wrist circumference with mineral was
not statistically significant.

DISCUSSION

Grip strength is very important for performing many
activities of daily living. Studies in the literature have
reported the effects of factors such as anthropometric
parameters (forearm length, forearm circumference
measurement), gender, hand dominance, height, BMI, and
age on hand grip and finger grip strength (10-12). In a
study by Stegink et al. (12), hand grip strength and finger
grip strength, and anthropometric measurements were
found to be positively related to the arm-forearm
circumference measurements.

According to the study of Anakwe et al. (13), a significant
correlation was found between forearm circumference and
grip strength. Our study showed that there is a significant
correlation between grip strength with upper extremity

Table 1. Anthropometric measurement and bioimpedance analysis results of young adults

Male (n=55) Female (n=55) p
Triceps Skinfold Thickness (mm) 7.44+2 .97 12.84+6.15 <0.001
Biceps Skinfold Thickness (mm) 4.5 (3.5-7.5) 8.1(5.0-12.0) <0.001
Arm Circumference (mm) 183.07+132.44 140.68+109.04 0.070
Forearm Circumference (mm) 28.00 (26.90-29.00) 23.00 (22.00-24.00) <0.001
Wrist Circumference (mm) 18.00 (17.50-19.00) 15.90 (15.00-16.00) <0.001
Upper Extremity Length (mm) 759.10+38.88 714.51+33.84 <0.001
Arm Length (mm) 361.00 (354.50-376.50) 337.00 (324.00-349.00) <0.001
Forearm Length (mm) 278.71+36.65 273.98+36.82 0.501
Hand Length (mm) 182.00 (176.50-188.24) 166.00 (159.00-172.28) <0.001
Third Finger Length (mm) 77.03 (73.68-82.17) 73.59 (70.27-76.69) <0.001
Palm Length (mm) 108.57+14.28 97.05+8.52 <0.001
Hand Width (mm) 87.62+11.14 76.17+4.01 <0.001
Wrist Medio-lateral Diameter (mm) 60.51+4.60 53.00+5.34 <0.001
Wrist Dorso-volar Diameter (mm) 40.47 (37.31-43.70) 32.70 (29.02-34.41) <0.001
Tip Pinch (kg) 5.03 (3.81-5.99) 3.36 (2.86-3.90) <0.001
Key Pinch (kg) 8.85 (7.44-10.16) 5.13 (3.99-5.81) <0.001
Palmar Pinch (kg) 6.34+1.67 4.93+1.32 <0.001
Weight (kg) 74.40 (65.90-83.90) 54.60 (51.20-63.50) <0.001
Height (cm) 178.00 (173.00-181.00) 167.00 (162.00-170.00) <0.001
Body Mass Index (kg/m?) 23.93+3.87 20.83+4.03 <0.001
Lean Mass (%) 83.59 (77.59-88.24) 78.64 (72.68-80.68) <0.001
Muscle Mass (%) 79.46 (73.72-83.79) 74.67 (68.96-76.54) <0.001
Fat Mass (%) 16.41 (11.44-22.42) 21.36 (19.33-27.33) <0.001
Total Body Fluid (It) 60.91 (55.73-64.56) 56.71 (52.60-58.78) <0.001
Intracellular Fluid (kg) 26.90 (24.80-28.70) 18.20 (17.20-19.90) <0.001
Extracellular Fluid (kg) 18.00 (16.60-19.00) 12.70 (12.00-14.10) <0.001
Basal Metabolic Rate (kcal) 1855.38+199.04 1362.64+138.78 <0.001
Protein (%) 16.66 (16.06-17.56) 15.94 (14.56-16.62) <0.001
Mineral (%) 6.09 (5.60-6.48) 5.64 (5.18-5.89) <0.001
Obesity Degree (%) 9.01 (-3.26-22.74) -5.24 (-14.87-7.93) <0.001
Waist/Height ratio 0.48 (0.44-0.53) 0.42 (0.39-0.47) <0.001
Waist/Hip ratio 0.88+0.05 0.76+0.06 <0.001
Phase Angle 6.38+0.52 5.30+0.77 <0.001
Grip Strength (kg) 41.62+8.67 25.31+5.67 <0.001

Duzce Med J, 2023;25(1)

65



Kamasgak et al.

Table 2. Correlation results between grip strength and
anthropometric measurements with BIA of young adults

r p
Triceps Skinfold Thickness -0.323 0.001
Biceps Skinfold Thickness -0.194 0.042
Arm Circumference 0.096 0.317
Forearm Circumference 0.680 <0.001
Wrist Circumference 0.016 0.870
Upper Extremity Length 0.349 <0.001
Arm Length 0.416 <0.001
Forearm Length 0.095 0.322
Hand Length 0.460 <0.001
Third Finger Length 0.235 0.013
Palm Length 0.415 <0.001
Hand Width 0.452 <0.001
Wrist Medio-lateral Diameter 0.487 <0.001
Wrist Dorso-volar Diameter 0.438 <0.001
Tip Pinch 0.579 <0.001
Key Pinch 0.728 <0.001
Palmar pinch 0.604 <0.001
Weight 0.520 <0.001
Height 0.225 0.018
Body Mass Index 0.327 <0.001
Lean Mass 0.348 <0.001
Muscle Mass 0.346 <0.001
Fat Mass -0.351 <0.001
Total Body Fluid 0.357 <0.001
Intracellular Fluid 0.733 <0.001
Extracellular Fluid 0.675 <0.001
Basal Metabolic Rate 0.687 <0.001
Protein 0.197 0.039
Mineral 0.039 0.686
Obesity Degree 0.345 <0.001
Waist/Height ratio 0.283 0.003
Waist/Hip ratio 0.535 <0.001
Phase Angle -0.555 <0.001

anthropometric measurements and BIA. Also, we found a
significant correlation between muscle mass and grip
strength, which was higher in males (r=0.346).

As a result of the study by Seethamma et al. (14), it was
found that grip strength was directly related to the
anthropometric measurement of hand length and forearm
circumference, and therefore grip strength was associated
with hand length and forearm circumference regardless of
age and gender. While we obtained similar results to
Seethamma et al. (14), contrary to the results of our study,
Nefesoglu et al. (15) reported that grip strength was
associated with forearm length, arm circumference, and
wrist circumference.

Contrary to our results, Narin et al. (6) reported that grip
and finger grip strength were higher in individuals with
longer forearms and more circumference measurements.
In our research, a significant result was found between the
palm length and grip strength, as in Narin et al. (6). In the
analysis performed by Oktem et al. (11), no significant
correlation was found between the arm length measured in
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both arms and the grip strength. However, a highly
significant correlation was found in our study (r=0.416).
The study of Fallahi et al. (16) on grip strength, found that
individuals for all age groups with larger hand
circumference or longer palm length had stronger grip
strength. In our research, a significant result was found the
palm length and hand width with grip strength, as in this
study. Our study is the first, conducted to examine the
dorso-volar and medio-lateral diameter of the wrist and its
effect on grip strength in both genders among sedentary
young adults (0.438, and 0.487, respectively).

In another study on young adults, forearm circumference,
third finger length, and height showed a significant
positive correlation with grip strength (17). Similarly, we
found that forearm circumference, height, third finger, and
palm length are positively correlated with grip strength. In
numerous studies, the effect of many anthropometric
parameters on grip strength was investigated, but none of
them searched the effect of pinches strength. Tip, key and
palmar pinches are positively correlated with grip strength
in our study (r=0.579, r=0.728, and r=0.604, respectively).
In the current study, there is a significant and positive
correlation between waist/hip ratio with grip strength,
contrary to Hutasuhut et al.’s (18) study. Also, a significant
and negative correlation was found between waist-height
ratio and BMI with grip strength (19). Contrary to this
study, we found a positive correlation between BMI and
waist/height ratio with grip strength.

In a study conducted in prepubertal children, triceps and
biceps skinfold thickness was found to be significantly
higher in females (20). Our triceps and biceps skinfold
thickness outcomes are also similar to results in the
literature (r=-0.323, and r=-0.194, respectively).
Stenholm et al. (21) reported that long-term exposure to
obesity was associated with poor grip strength in
adulthood. In the group we studied in this study, a negative
significant correlation was found between BMI and
obesity degree with grip strength.

In another study, lean body mass was associated with
stronger grip strength in both genders, but mainly in males,
while the fat mass index was associated with weaker grip
strength as in our study (22).

In a study by Bittencourt et al. (23) examining the
correlation between phase angle and functionality in the
elderly female population, a significant correlation was
found between phase angle and grip strength (r=0.177).
We obtained a more significant correlation (r=-0.555) in
our study than in Bittencourt et al. (23).

According to our results, adipose parameters such as
skinfold thickness and fat mass were found to be higher in
females. This may be due to hormonal reasons and a
sedentary lifestyle or less physical activity. Obesity is
becoming a global problem in young adults as well as
adults. In order to prevent this, routine examinations
including grip strength can be developed in the early
control of obesity based on the highly significant values in
our study. Nutritional content may be one of the reasons
for the positive and significant association between grip
strength with protein and mineral ratio in our study. The
total body fluid, intracellular and extracellular fluid had a
positive and significant correlation with grip strength in
the current study. These fluid parameters can contribute to
the treatment of edema.
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CONCLUSION

In conclusion, we believe that the data we collect as a
result of the current study will be beneficial in many areas,
especially in the early diagnosis and treatment of diseases.
Furthermore, this study can be helpful for rehabilitation
and sports branches. The assessment of grip strength is
crucial for identifying artistic and athletic prowess,
monitoring neuromuscular illnesses, assessing potential
side effects following hand surgery, and formulating
treatment plans.
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ABSTRACT

Aim: The immature reticulocyte fraction (IRF) is a new parameter for the reticulocyte maturity
index, representing an independent parameter of erythropoiesis that may be useful to better
assess erythropoietic activity in neonates. In this study, the relationship between IRF values
and clinical features in newborns was investigated and reference values were obtained.
Material and Methods: Newborns between 28-40 weeks of gestation were included in this
prospective study. At birth, maternal venous and cord blood samples were obtained for
measurements of complete blood count (CBC), blood gases, and plasma concentrations of
various biochemical parameters.

Results: A total of 123 newborns, 99 term and 24 preterm, were included in the study. When
the laboratory characteristics of the premature and term babies were compared according to
their gestational weeks, while the median IRF value of cord blood was higher in term babies
than in premature babies (p=0.039), other laboratory findings did not differ significantly. The
median IRF value was 0.52 (range, 0.15-1.00) in term infants and 0.34 (range, 0.16-0.76) in
preterm infants. IRF reference values for the term and preterm newborns were determined in
cord blood. Moderately positive correlations were observed between the IRF levels and both
the RDW (r=0.423, p<0.001) and the CRP (r=0.389, p<0.001) levels.

Conclusion: The results of this study showed that newborns' IRF values were not affected by
maternal variables and changed with the week of birth. The results of this study might be
considered a guide for future studies using IRF value in newborns.

Keywords: Cord blood; newborn; immature reticulocyte fraction.

0z

Amagc: Olgunlasmamis retikiilosit fraksiyonu (immature reticulocyte fraction, IRF), retikiilosit
olgunluk indeksini gosteren yeni bir parametredir ve yenidoganlarda eritropoietik aktiviteyi
daha iyi degerlendirmek i¢in yararli olabilecek bagimsiz bir eritropoez parametresini temsil
eder. Bu galigmada yenidoganlarda IRF degerleri ile klinik 6zellikler arasindaki iliski
arastirilmis ve referans degerler elde edilmistir.

Gere¢ ve Yontemler: Bu prospektif calismaya 28-40 gebelik haftalart arasinda olan
yenidoganlar dahil edildi. Dogumda, tam kan sayimi (complete blood count, CBC), kan gazlar1
ve cesitli biyokimyasal parametrelerin plazma konsantrasyonlarmin dl¢timleri i¢in maternal
vendz ve umbilikal kord kan ornekleri alindi.

Bulgular: Calismaya 99 term ve 24 preterm olmak tizere toplam 123 yenidogan dahil edildi.
Prematiire ve term bebeklerin gebelik haftalarina gore laboratuvar dzellikleri karsilagtirildiginda,
kordon kani ortanca IRF degeri term bebeklerde prematiire bebeklere gore daha yiiksek
bulunurken (p=0.039), diger laboratuvar bulgular1 anlamli farklilik géstermedi. Ortanca IRF
degeri term bebeklerde 0,52 (aralik, 0,15-1,00) ve prematiire bebeklerde 0,34 (aralik, 0,16-0,76)
idi. Term ve preterm yenidoganlar i¢in kordon kaninda IRF referans degerleri belirlendi. IRF
diizeyleri ile hem RDW (1=0,423, p<0,001) hem de CRP (1=0,389, p<0,001) diizeyleri arasinda
orta diizeyde pozitif korelasyonlar gézlendi.

Sonug¢: Bu galismanin sonuglari, yenidoganlarin IRF degerlerinin maternal degiskenlerden
etkilenmedigini ve dogum haftasi ile degistigini gostermistir. Bu sonuglar yenidoganlarda IRF
degerini kullanarak yapilacak olan sonraki ¢aligmalar i¢in bir rehber olarak kabul edilebilir.
Anahtar kelimeler: Kordon kani; yenidogan; immatiir retikiilosit fraksiyonu.

Presented as a poster at the 24. National Neonatology Congress (April 17-20, 2016; Antalya, Tiirkiye)
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INTRODUCTION

Erythropoiesis in newborns can differ compared to older
children and adults. The commonly used forms of
erythrocyte series in the clinic are reticulocytes and mature
erythrocytes. The reticulocyte or non-nucleated
erythrocyte counts that contain immature RNA provide
useful information about erythrocyte synthesis and
circulating capacity in response to the ability of bone
marrow to respond to a physiological condition, such as
anemia. With the latest technological advances, the newest
measurement parameter is the immature reticulocyte
fraction (IRF) which can be useful in the evaluation of
erythropoietic activity in newborns. IRF may be an
economical alternative to the measurement of plasma
transferrin receptor and serum erythropoietin levels. We
also investigated the place of IRF in the early diagnosis of
sepsis. There are only a few studies available about IRF
because it is a new parameter and there are no
international standards, like for other complete blood
count parameters (1-2).

The aims of this study were to assess the relationship
between the cord blood IRF values and the clinical
characteristics of newborns and to obtain reference values
for IRF from the cord blood samples.

MATERIAL AND METHODS

In this prospective study, 123 newborns who were born
with normal or cesarean section in Kirikkale University
Medical Faculty Hospital between February 2015 and June
2015 with antenatal follow-up and over 28 weeks of
gestation were enrolled. Babies with a gestational age of
less than 28 weeks, a major congenital anomaly, and
hydrops fetalis were excluded from the study.

Umbilical cord blood samples of the infants were studied
prospectively. Maternal age, chronic illnesses, obstetric
complications, maternal drug abuse, the number of
previous pregnancies and deliveries for the mother,
maternal blood group, type of delivery, gestational age of
the baby, resuscitation, Apgar scores, birthweights, and
gender were recorded.

In the delivery room, umbilical cord blood samples were
taken by the pediatrician immediately after umbilical cord
clamping. Then, 2 ml of cord blood was taken up in tubes
containing K3 EDTA for a sample of the complete blood
count. The complete blood count, reticulocytes, and IRF
measurements were automatically performed on the
Beckman Coulter LH 780 device. Additionally, 1 ml of
heparinized injectors was prepared for blood gas
measurements. The Siemens RaPIDLab 348 instrument
was used to determine the blood gas parameters. Blood for
the CRP (2 ml) was centrifuged for five minutes at 3,500
rpm, and the serum was separated. In a Beckman Coulter
AU 480-680, the CRP levels were quantitatively
determined using an immuno-nephelometric method with
the appropriate kit.

Local ethics committee approval was obtained before the
study (Clinical Research Ethics Committee of Kirikkale
University (23.02.2015, 04/02).

Statistical Analysis

Statistical analyses were performed with the SPSS v.15.0
statistical program (SPSS, Inc., Chicago, IL, USA). For
categorical variables, frequencies and percentages were
used for descriptive statistics, and the chi-square and
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Fisher’s exact tests were used for comparing groups. The
distributions of the measured data were analyzed by
Kolmogorov-Smirnov and Shapiro-Wilk tests and were
confirmed using histograms. The mean and standard
deviation were provided for normally distributed
variables, and the median and minimum-maximum values
were provided for not normally distributed variables. The
IRF reference values were created using the 2.5 and 97.5
percentiles. The significance of the inter-group differences
was tested using the Independent samples t-test and
Mann-Whitney U test. Correlations between the variables
were analyzed using Pearson or Spearman correlations,
respectively, according to whether they were distributed
normally or not. The statistical significance level for all
tests was set to <0.05.

RESULTS

The study group consisted of 99 term and 24 preterm
infants. The demographic characteristics of the infants
were shown in Table 1. In comparing the laboratory
characteristics of the infants according to gestational week,
the umbilical cord blood median IRF value in term infants
was higher than for preterm infants (p=0.039). The other
laboratory findings were not significantly different
between preterm and term infants (Table 2).

When the IRF value of umbilical cord blood was
analyzed according to the individual variables for both
the term and preterm infants, there was no significant
relationship between gender, birth percentiles, mode of
delivery, the need for resuscitation, hospitalization,
gestational complication, antenatal steroid, and multiple
pregnancies (Table 3).

The IRF reference values for the term infants have a lower
limit (2.5 percentile) of 0.17, an upper limit (97.5
percentile) of 0.89, and a median of 0.52. For the
preterm infants, the lower limit (2.5 percentile) was found
to be 0.16, the upper limit (97.5 percentile) to be 0.73, and
the median to be 0.34 (Figure 1).

Table 1. Distribution of infant and mother characteristics
in the study group by gestational week

Term (n=99) Preterm (n=24)

Gender, n (%)

Female 48 (48.5) 11 (45.8)

Male 51 (51.5) 13 (54.2)
Birth percentile, n (%)

SGA 15 (15.2) 4 (16.7)

AGA 78 (78.8) 20 (83.3)

LGA 6 (6.1) 0(0.0)
Type of delivery, n (%)

Vaginal delivery 27 (27.3) 5(20.8)

Cesarean section 72 (72.7) 19 (79.2)
Resuscitation, n (%) 5(5.1) 3(12.5)
Hospitalization, n (%) 45 (45.5) 11 (45.8)
Maternal preeclampsia, n (%) 7(7.1) 3 (12.5)
Maternal diabetes, n (%) 6 (6.1) 1(4.2)
Multiple pregnancies, n (%) 1(1.0) 3(12.5)
Antenatal steroid, n (%) 0(0.0) 2(8.3)
Mother’s smoke, n (%) 13 (13.1) 1(4.2)

SGA: small for gestational age, AGA: appropriate for gestational age, LGA: large for gestational age
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Table 2. Laboratory findings from cord blood samples for both term and preterm infants

Cord Blood Immature Reticulocyte Fraction Values

Term (n=99) Preterm (n=24) p
RBC (x10® uL) 4.48+0.65 4.59+0.73 0.459
HGB (g/dI) 15.742.1 15.942.5 0.647
HCT (%) 47.0 (9.0) [34-67] 48.5 (12.0) [33-69] 0.638
MCV (fl) 107.344.9 108.9+4.4 0.511
MCHC (g/dI) 32.0 (3.0) [30-36] 31.0 (3.0) [28-35] 0.315
RDW (%) 17.0 (2.0) [13-22] 17.0 (2.8) [13-20] 0.805
WBC (x10% uL) 12100 (4600) [6000-27500] 12600 (5250) [5900-25100] 0.898
PLT (x10%uL) 230.86+58.84 216.67£51.73 0.281
RTC (%) 3.71 (0.73) [2.32-6.68] 3.50 (1.02) [2.23-5.98] 0.098
IRF 0.52 (0.30) [0.15-1.00] 0.34 (0.28) [0.16-0.76] 0.039
pH 7.26 (0.11) [6.83-7.49] 7.26 (0.13) [7.10-7.41] 0.783
BE (mmol/L) -4.7 (2.7) [-20-1.4] -4.8 (4.1) [-8.9- -1.1] 0.568
HCOs (mmol/L) 21.243.0 21.3+2.0 0.814
PCO; (mmHg) 46.8+10.3 45.8+11.5 0.667
PO2 (mmHg) 23.0 (9.0) [16-62] 24.5 (9.3) [16-55] 1.246
CRP (mg/L) 0.65 (1.15) [0-4] 1.07 (1.21) [0.01-3.8] 0.213

RBC: red blood cell, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell distribution width,
WABC: white blood cell, PLT: platelet, RTC: reticulocyte count, IRF: immature reticulocyte fraction, pH: potential hydrogen, HCOs: bicarbonate, PCO: partial pressure of carbon dioxide,
PO2: partial pressure of oxygen, CRP: C-reactive protein, descriptive statistics were presented as meandtstandard deviation or median (interquartile range) [minimum-maximum]

Table 3. Cord blood immature reticulocyte fraction values according to the other variables in term and preterm infants

Term p Preterm p

Gender

LODOLIT s

Male 0.51 (0.29) [0.15-1.00] ' ' ' ’ ’ ’
Birth percentile

SGA 0.42 (0.32) [0.21-0.86] 0.45 (0.40) [0.31-0.76]

AGA 0.53 (0.31) [0.15-1.00] 0.859 0.33(0.28) [0.16-0.62] 0.176

LGA 0.52 (0.24) [0.30-0.67] -
Cesarean section 0.52 (0.29) [0.17-0.92] 0.753 0.36 (0.10) [0.16-0.76] 0.114
Resuscitation 0.43 (0.29) [0.26-0.58] 0.492 0.30 (-) [0.25-0.31] 0.558
Hospitalization 0.46 (0.30) [0.17-0.92] 0.947 0.35 (0.26) [0.25-0.76] 0.090
Maternal preeclampsia 0.43 (0.25) [0.31-0.86] 0.929 0.31 (-) [0.25-0.62] 0.972
Maternal diabetes 0.41 (0.28) [0.30-0.59] 0.628 0.30 (-) [0.30-0.30] 0.595
Multiple pregnancies 0.71 (-) [0.71-0.71] 0.121 0.33 (-) [0.30-0.58] 0.887
Antenatal steroid 0.50 (0.33) [0.26-0.86] 0.780 0.53 (-) [0.31-0.76] 0.209
Mother’s smoker 0.58 (0.35) [0.17-0.92] 0.265 0.42 (-) [0.42-0.42] 0.860

SGA: small for gestational age, AGA: appropriate for gestational age, LGA: large for gestational age, descriptive statistics were presented as median (interquartile range) [minimum-maximum]
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Figure 1. Immature reticulocyte fraction values in term and preterm groups

Duzce Med J, 2023;25(1)

1,004

80

60+

Kl

204

00+

T T
Term Preterm

70



Dursun et al.

There were strong positive correlations between the IRF
levels and MCHC values in the preterm and also in the
term infants (r=0.775, p<0.001, and r=0.674, p<0.001,
respectively). In addition, moderately strong positive
correlations were observed between the IRF levels and
both the RDW (r=0.423, p<0.001) and the CRP (r=0.389,
p<0.001) levels (Table 4).

DISCUSSION

In our study, the median IRF value was 0.52 for term
infants and 0.34 for preterm infants, as taken from a cord
blood sample. The IRF values for the preterm infants were
lower than for the term infants, however, there was no
difference in the reticulocyte count between preterm and
term babies.

There are a few studies in which different study protocols
were applied and different results were obtained in
newborns with IRF. However, peripheral venous blood
samples were used in the majority of these studies.
Maconi et al. (3) found that the median IRF value for a
sample of 98 newborns was 27.45, and the 2.5 and 97.5
percentiles were 7.64 and 41.21, respectively. There was
no difference between term and preterm infants in terms of
IRF values in that study. However, a different device was
used for the analysis of the IRF. lanni et al. (4) reported
the reticulocyte index for a normal healthy term newborn
at 24 hours of life. They found that the median IRF value
for a sample of 120 was 44.7, and the 2.5 and 97.5
percentiles were 35.9 and 52.8, respectively. In a different
study by Makela et al. (5), preterm infants were followed
up to their 16™ week with consecutive measurements from
birth. In the study, the median IRF value was 0.36, and the
reference values were 0.13 and 0.59 in the first
measurements after birth. The reference range found in that
study is similar to the reference range of our study, which

Table 4. The correlations between the cord blood immature
reticulocyte fraction levels and hematological indices

Term Preterm
r p r p
RBC 0.077 0.448 -0.218 0.306
HGB 0.192 0.057 0.004 0.983
HCT -0.025 0.856 -0.249 0.240
MCV -0.246 0.014 -0.177 0.407
MCHC 0.674 <0.001 0.775 <0.001
RDW 0.423 <0.001 0.309 0.142
WBC 0.067 0.511 -0.164 0.444
PLT -0.107 0.292 0.353 0.091
RTC 0.280 0.005 0.318 0.130
pH 0.251 0.012 0.278 0.188
BE 0.279 0.005 0.174 0.417
HCOs 0.016 0.879 0.051 0.814
PCO:2 -0.096 0.347 -0.267 0.207
PO2 -0.198 0.050 -0.306 0.146
CRP 0.389 <0.001 0.235 0.269

RBC: red blood cell, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular
volume, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell
distribution width, WBC: white blood cell, PLT: platelet, RTC: reticulocyte count,
pH: potential hydrogen, HCOs: bicarbonate, PCO2: partial pressure of carbon
dioxide, POa: partial pressure of oxygen, CRP: C-reactive protein
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could be due to the similar gestational age. In the study by
Schiza et al. (6), the reticulocyte indices of late preterm
infants were examined, and the role of the IRF value in
erythropoiesis was investigated. They found that the IRF
values were inversely proportional to the postnatal age while
directly proportional to the gestational age. Additionally,
Ringoringo et al. (7) demonstrated the reference range of
IRF for born-term babies aged 1-4 months. Although IRF
5-95 percentile level was 5.95-22.35 in the first month; it
diminished to 2.94-12.87 in the fourth month.

Christensen et al. (8) examined the reticulocyte parameters
in a large population and showed that the IRF value may
be an early and sensitive marker for bone marrow
erythropoietic activity. In that study, the IRF values were
lower in preterm infants than in term infants, like our
results, though in that study, peripheral blood specimens
were used, and the IRF values had been studied during the
postnatal period.

The results of that study showed that the cord blood IRF
levels were not affected by maternal variables, though
changed with gestational age. In our study, the IRF values
were higher in the term infants than in the preterm infants
when only the resuscitation rates were different.
Predictably, the preterm group had a higher rate of
resuscitation. Nucleated erythrocytes were measured as an
indicator of both acute and chronic hypoxia, and the
increase in the immature erythrocyte count is reported to
be an indirect indicator of hypoxemia (9-11).

However, we found that the IRF values were lower in
preterm infants in our study, which is contrary to the
hypothesis that these changes result from hypoxia. In
addition, the fact that there were no significant differences
between the groups in terms of Apgar scores and blood
gases also supports the theory that the difference observed
between the groups was not related to hypoxia.

Sepsis is one of the causes of morbidity and mortality in
newborns. Tirkmen et al. (12) compare the critical patients
of pediatric age with the healthy control group, IRF level
was reported higher in the critical and septic patient
groups. In our study, we studied CRP in order to
investigate whether the IRF of cord blood has a place in
the early diagnosis of sepsis. In addition, moderately
strong positive correlations were observed between the
IRF levels and the CRP values.

In our study, we think that lower IRF values in preterm
infants compared to term infants may be related to low
EPO levels in preterm infants. This speculation was based
on the strong correlation observed between IRF and
MCHC values in term and preterm infants. In the preterm
infants, besides the lower IRF levels, the association
between the IRF levels and the MCHC values was
assumed to be the result of lower IRF levels associated
with lower EPO concentrations. However, the lack of
similarity between the groups in terms of reticulocyte
counts suggests that the IRF values are much more
sensitive markers compared with reticulocyte counts. A
study to support this assumption was conducted in Japan
by Butthep et al. (13). In this study, patients with o and 3
thalassemia were compared with carriers and healthy
subjects, and it was found that EPO levels were positively
correlated with the immature reticulocyte fraction. In the
USA, in the study by Warwood et al. (14), the IRF was
examined in infants with anemia who were born younger
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than 32 weeks and weighing less than 1500 grams and
were followed up in the neonatal intensive care unit, and it
was observed that the IRF value increased after
darbepoetin administration, and a greater increase was
observed at higher doses. In a study from Finland, a
correlation between the IRF levels and the MCHC and
MCYV values in cord blood was reported, which is similar
to the results found in our study (15). In our study, it can
be speculated that the higher IRF values in term babies
may be related to EPO. The absence of this difference
between reticulocyte values suggests that IRF value is a
much more sensitive marker than reticulocyte. However,
the fact that EPO levels were not studied in our study is
one of the limiting factors. Evaluation of EPO levels in
future studies will be useful in demonstrating this
relationship.

The study has several limitations. The first limitation of
our study is that the EPO levels of the newborns were not
studied. The other limitation is the small sample size and
the relationship between IRF value and anemia in neonatal
follow-up and the lack of follow-up on whether there is a
need for transfusion or not. Therefore, there is a need for
new studies by increasing the sample size, studying EPO
levels, and examining the relationship between IRF value
and neonatal anemia and transfusion need.

CONCLUSION

IRF values are significantly higher in term infants than in
preterm infants, and the reference IRF values in the cord
blood have been established for term and preterm
newborns. We suggest that the results of this study can be
a guide for the next new research into using IRF values in
newborns.
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ABSTRACT

Aim: This study was aimed to evaluate the effect of radial inclination (RI) angle, assessed with
radiological measurement, on the clinical outcomes of intra-articular fractures of the distal
radius (IFDR) treated with closed reduction and penning type dynamic wrist fixator.
Material and Methods: A total of 120 patients who underwent closed reduction and dynamic
wrist fixation due to IFDR between 2012 and 2020 were retrospectively reviewed. The effects
of the changes in RI on clinical outcomes according to Mayo wrist scoring (MWS) criteria
were investigated by measuring the RI angles in anteroposterior wrist radiographs of the
patients at postoperative 2", 61 and 10t weeks.

Results: According to the AO fracture classification, 77 (64.2%) of the patients had type C1
and 43 (35.8%) of the patients had type C2 fracture. The patients comprised 69 (57.7%)
females and 51 (42.3%) males, and the mean age was 50.08+15.36 years. Fixators were
removed at six weeks. RI angles measured at post-op week 10 were 20°-30° in 83 (69.1%)
patients, 10°-19° in 32 (26.6%) patients, and 0°-9° in 5 (4.3%) patients. According to MWS,
39 (32.5%) patients were evaluated as excellent, 76 (63.3%) patients as good, and 5 (4.2%)
patients as moderate. A statistically significant positive correlation was observed between RI
values and MWS (r=0.369, p<0.001).

Conclusion: Dynamic wrist fixation with closed reduction is a simple and minimally invasive
method, and provides successful clinical and functional results in the treatment of IFDR. We
consider that optimal RI angles are effective in clinical and functional outcomes.

Keywords: Radius; external fixation; intra-articular fractures; orthopedic surgery.

0z

Amag: Bu calismada kapali repozisyon ve penning tipi dinamik el bilek fiksatori ile tedavi
edilen radiusun distal intra-artikiiler kiriklar1 (RDIK)’nda radyolojik 6l¢iim ile degerlendirilen
radial inklinasyon (RI) agisinin klinik sonuglara olan etkisinin degerlendirilmesi amaglandi.
Gereg¢ ve Yontemler: 2012 ve 2020 yillar1 arasinda RDIK nedeniyle kapali rediiksiyon ve
dinamik el bilek fiksatorii uygulanan 120 hastanin dosyalari geriye doniik olarak incelendi.
Hastalarmn post operatif 2., 6. ve 10. haftalarda radyolojik olarak el bilegi on/arka grafilerinden
RI agilart odlgiilerek, agisal degerlerdeki farkliliklarin, Mayo el bilek skorlamasi (MEBS)
kriterlerine gore klinik sonuglara olan etkisi arastirildi.

Bulgular: AO kirik siniflamasina gore, 77 (%64,2) hastanin tip C1, 43 (%35,8) hastanin ise
tip C2 kirig1 vardi. Hastalarin 69 (%57,7)’u kadin ve 51 (%42,3)’i erkek olup ortalama yas
50,08+15,36 yildi. Fiksatorler altinci haftada gikarildi. Post op 10. haftada 6lgiilen RI agilari,
83 (%69,1) hastada 20°-30°, 32 (%26,6) hastada 10°-19° ve 5 (%4,3) hastada ise 0°-9° idi.
MEBS’e gore, 39 (%32,5) hasta mitkkemmel, 76 (%63,3) hasta iyi ve 5 (%4,2) hasta ise orta
olarak degerlendirildi. RI degerleri ile MEBS arasinda pozitif yonde istatistiksel olarak anlamli
bir korelasyon gozlendi (r=0,369; p<0,001).

Sonug: Kapali rediiksiyon ile dinamik bilek fiksator uygulamasi basit ve minimal invaziv bir
yontemdir ve IFDR tedavisinde basarili klinik ve fonksiyonel sonuglar saglar. Optimal RI
acilariin klinik ve fonksiyonel sonuglarda etkili oldugunu diisiiniiyoruz.

Anahtar kelimeler: Radius; eksternal fiksator; eklem i¢i kiriklar; ortopedik cerrahi.
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INTRODUCTION

Intra-articular fractures of the distal radius (IFDR) are
commonly encountered traumas in orthopedics. These
fractures are caused by low-energy trauma most often
attributed to underlying osteoporosis in elderly
individuals, and due to high-energy trauma in young and
active individuals (1,2). IFDR occurs as a result of falling
on the open hand while the elbow is in extension and the
wrist is in dorsiflexion (3). Treatment of intra-articular
fractures is much more difficult and complex than extra-
articular fractures. These types of fractures have a poor
prognosis as they are unstable and pave the way for the
development of arthrosis and are unstable. The aim of
treatment is to achieve painless wrist and hand functions
by providing anatomical reduction of the joint surfaces as
much as possible (4,5). Many conservative and surgical
methods are used in the treatment of IFDR. The main
purpose of wrist fixator applications is to bring together
fractures fragments and to bring the joint cartilage, palmar
inclination, and radial height to an acceptable anatomical
level by providing the appropriate tension of structures
such as tendons and ligaments around the wrist with the
effect of ligamentotaxis (6). Closed repositioning and
external fixation applications yield very successful results
as adequate cartilage restoration can be achieved with
appropriate reduction without opening the fracture line or
disturbing the blood supply of the fracture fragments.

The aim of this study was to evaluate the effects of radial
inclination values, obtained with 10-week postoperative
radiographic measurements, on hand-wrist scores in
patients who underwent closed reduction and external
fixation for IFDR.

MATERIAL AND METHODS

Patients

A total of 162 patients who applied to our clinic due to
IFDR underwent closed reduction followed by dynamic
wrist fixator (penning tip) application between March
2012 and April 2020. Non-invasive ethics committee
approval was obtained from Sakarya University Faculty of
Medicine on 16.04.2021 with document number 257. 42 of
the patients who did not regularly attend follow-ups and
patients with additional trauma and open fracture lines
were excluded from the study. Accordingly, 120 patients
were included in this study. All patients were operated on
and followed up in the orthopedics and traumatology clinic
of Sakarya Yenikent State Hospital by a single orthopedic
surgeon.

Surgical Procedure

All patients underwent operations under the axillary block
and 1 gr IV cephazolin sodium was administered to the
patients before the operation. Tourniquets were not
applied. In regards to surgical technique, traction was
applied to the fracture site for 3-5 minutes while the
patients were lying in the supine position. Then, the
fracture was reduced by adapting the dynamic wrist fixator
under fluoroscopy with the placement of two Schanz
screws in the proximal base of the second metacarpal and
two in the radius diaphysis. The wrist fixator system was
locked by applying 20 degrees of ulnar deviation and
semiflexion to the wrist. The distraction of the wrist fixator
was performed to provide the effect of ligamentotaxis. The
patients were checked with fluoroscopy and the bases of
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screws were applied with dressing and then wrapped with
an elastic bandage.

Follow-up

Radial inclination angles were measured from the
anteroposterior (AP) wrist radiographs of the patients
taken at post-op 2, 6, and 10 weeks. All patients were
evaluated with Mayo wrist score (MWS) at post-op week
10. The effects of radial inclination angles on the wrist
score were evaluated.

Statistical Analysis

In this study, statistical analyzes were performed with
Number Cruncher Statistical System (NCSS) 2007
Statistical Software (Utah, USA) package program. In
addition to descriptive statistical methods (mean, standard
deviation, frequency, percentage), the distribution of the
variables was examined with the Shapiro-Wilk normality
test. One-way analysis of variance was used to assess
intergroup comparisons of the normally distributed
variables and the Tukey multiple comparison test in the
subgroup comparisons. The chi-square test in the
comparisons of qualitative data, categorical variables were
also analyzed with the Fisher-Freemann-Halton test, and
the Pearson correlation test was used to determine the
relations of variables between each other. The results were
evaluated at a significance level of p<0.05.

RESULTS

A total of 120 patients were included in the study and the
mean age was 50.08+15.36 years. The patients consisted
of 69 (57.7%) females and 51 (42.3%) males. Fracture
types were evaluated as C1 in 77 (64.2%) patients and C2
in 43 (35.8) patients according to the Arbeitsgemeinschaft
fiir Osteosynthesefragen (AQO) classification. The
operation was performed on the left side in 64 (53.3%),
and on the right side in 56 (46.7%) patients. The mean time
between hospitalization and operation was 16.5+4.2 hours.
The mean operating time was 14.0+3.7 minutes. The mean
follow-up period was 4.3+2.1 months. Post-op mean
hospital stay was 2.7+1.3 days. The fixators were removed
at the end of the post-op 6" week at the latest, and passive
and then active physical therapy exercises were initiated in
patients (Figure 1 and Figure 2). The complete union was
observed in all cases included in the study. Delayed union
or nonunion was not observed. The mean union time was
6.7+2.4 weeks. Complications of superficial pin tract
infection were observed in eight patients, and
complications of loosening of Schanz screws were
observed in four patients. These complications did not
affect stability and improved with appropriate treatments.
In total, the mean radial inclination (RI) was 20.32+4.51
and the mean MWS was 91.12+5.20 (Table 1).
Comparison of the MWS in the RI groups for ages of <50,
>50, and all study groups were presented in Table 2.

In the <50 age group, a statistically significant difference
was observed between the mean MWS of the RI 0°-9°,
10°-29°, and 20°-30° groups (p<0.001). The mean MWS
of the RI 0°-9° group was found to be statistically
significantly lower than the mean MWS of the RI 10°-29°
and 20°-30° groups (p=0.001, p<0.001), Mean MWS of
RI 10°-29° group was found to be statistically
significantly lower than the mean MWS of the RI 20°-30°
group (p=0.018).
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In the >50 age group, a statistically significant difference
was observed between the mean MWS of the RI 0°-9°,
10°-29° and 20°-30° groups (p<0.001). The mean MWS of
the RI 0°-9° group was significantly lower than the mean
MWS of the 10°-29° and 20°-30° groups (p=0.001,
p<0.001). No statistically significant difference was
observed between the mean MWS of the RI 10°-29° and
RI 20°-30° groups (p=0.981).

In all patients, a statistically significant difference was
observed between the mean MWS of the RI 0°-9°, 10°-29°
and 20°-30° groups (p<0.001). The mean MWS of the
RI 0°-9° group was significantly lower than the mean
MWS of the 10°-29° and 20°-30° groups (both p<0.001).
No statistically significant difference was observed
between the mean MWS of the RI 10°-29° and 20°-30°
groups (p=0.194, Table 2).

In the study group, there was a statistically significant
difference between the MWS distributions of the RI
groups (p<0.001). Excellent MWS was not observed in the
RI 0°-9° group, while the rate of excellent MWS was high
in the R120°-30° group (Table 3).

DISCUSSION

Since intra-articular fractures cause degenerative disorders
in the joints, they are usually complicated fractures (6,7).
Anatomical restoration of the joint is significant in these
types of fractures. The aim of IFDR treatment is to
achieve a functional hand and wrist after union by providing

Table 1. Descriptive characteristics of the patients

Age, n (%)

<50 Age 60 (50.00)

>50 Age 60 (50.00)
Gender, n (%)

Male 51 (42.50)

Female 69 (57.50)
Side, n (%)

Right 56 (46.67)

Left 64 (53.33)
Radial inclination, n (%)

0°-9° 5(4.17)

10°-29° 32 (26.67)

20°-30° 83 (69.17)
Mayo wrist scoring, n (%)

Medium 5 (4.17)

Good 76 (63.33)

Excellent 39 (32.50)
AO classification, n (%)

C1 77 (64.17)

C2 43 (35.83)

AO: Arbeitsgemeinschaft fiir Osteosynthesefragen

Treatment of Distal Radius Fractures

anatomical restoration. Many methods, ranging from
conservative to surgical, are used in the treatment of these
fractures (7,8). The closed reduction and external fixation
technique helps in reduction as it stabilizes the carpal
ligaments with the effect of ligamentotaxis without
opening the fracture line. Although the effect of
ligamentotaxis is effective in providing height and
inclination, may be insufficient in the anatomical restoration
of joint surfaces (9). However, closed wrist fixators minimize
the damage of intra-articular fractures by reducing the
load on the bones and joints, even if anatomical
repositioning cannot be achieved in the joint (9,10). Dynamic

Figure 2. Wrist fixator application, pre-op and post-op images

Table 2. Comparison of Mayo wrist score according to the radial inclination in age groups

Age group 0°-9° (n=2) 10°-29° (n=18) 20°-30° (n=40) p

<50 years 77.50+3.54 (45.73-109.27) 89.17+4.93 (86.72-91.62) 92.38+3.58 (91.23-93.52) <0.001
Age group 0°-9° (n=3) 10°-29° (n=14) 20°-30° (n=43) p

>50 years 80.00+10.00 (55.16-104.84) 92.14+3.78 (89.96-94.33) 91.86+4.88 (90.36-93.36) 0.001
Age group 0°-9° (n=5) 10°-29° (n=32) 20°-30° (n=83) p
Whole Group 79.00+7.42 (69.79-88.21) 90.47+4.64 (88.80-92.14) 92.11+4.29 (91.17-93.04) <0.001
descriptive statistics were reported as mean+standard deviation (95% confidence interval)
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Table 3. Comparison of the distribution of Mayo wrist score in radial inclination groups

Age group 0°-9° (n=2) 10°-29° (n=18) 20°-30° (n=40) p
Mayo wrist score, n (%)
Medium 2 (100) 1 (5.56) 0 (0.00)
<50 years Good 0 (0.00) 15 (83.33) 22 (55.00) <0.001
Excellent 0 (0.00) 2 (11.11) 18 (45.00)
Age group 0°-9° (n=3) 10°-29° (n=14) 20°-30° (n=43) p
Mayo wrist score, n (%)
Medium 2 (66.67) 0 (0.00) 0 (0.00)
>50 years Good 1(33.33) 10 (71.43) 28 (65.12) 0.001
Excellent 0 (0.00) 4 (28.57) 15 (34.88)
Age group 0°-9° (n=5) 10°-29° (n=32) 20°-30° (n=83) p
Mayo wrist score, n (%)
Medium 4 (80.00) 1(3.13) 0 (0.00)
Whole Group 4 1(20.00) 25 (78.13) 50 (60.24) <0.001
Excellent 0 (0.00) 6 (18.75) 33 (39.76)

wrist fixators are an effective treatment method for rapid
healing of the fracture and for the clinical and functional
recovery of wrist activity, due to ease of application,
shorter operating time, and minimal invasiveness (11). In
our study, we observed a correlation between RI angles
and clinical and functional results in IFDR treatment;
clinical and functional results were inadequate in patients
with inclination angles below 10°, and clinical and
functional results were adequate or even excellent in cases
with RI above 10°.

Giiler et al. (12) reported that radiological results and
clinical results may not always be consistent in the
treatment of IFDR, but the general standpoint is that
patients with good radiological findings will achieve good
clinical and functional results. Seyfettinoglu et al. (13)
reported that volar plate applications yield successful
results in distal radius fractures, but this method may
cause some complications and adversely affect the results.
Dario et al. (14) conducted a study of 51 patients who were
treated with a volar plate and reported that the most
important radiographic parameters to be restored were
volar tilt and ulnar variance, and that Rl angle did not
affect the results. Thuysbaert et al. (15) stated that the two
most important radiographic parameters in the evaluation
of clinical and functional success in IFDR treatment are
ulnar variance and RI angles. Unal et al. (16) reported that
volar plate applications yielded satisfactory mid-term
results, despite longer operating time and hospital stay
compared to external fixation. Ozden et al. (17) stated that
intra-articular fractures can be evaluated and by
arthroscopic methods and corrected. Stirling et al. (18)
stated that the RI angle is one of the most important
parameters in the evaluation of bone displacement in distal
radius fractures. Gereli et al. (19) stated that volar plates
are superior to EFin IFDR, but there is no difference in
terms of clinical and functional results in the midterm and
long term. Sun et al. (20) reported that radial length and RI
angle had no effect on correction in 85 patients with IFDR
who were treated with EF, while volar tilt was effective in
correction, and EF had no chance of treatment success in
multi-fragmented fractures. In our study, we achieved the
opposite of this result, and we obtained satisfactory results
in regard to clinical and functional aspects of the
treatment of IFDR. In their study consisting of 46 patients,
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Copuroglu et al. (21) used external fixators to treat IFDR
by providing mild flexion and reduction in ulnar deviation,
avoiding excessive distraction; they reported that they
achieved complete radiological and clinical union in all
patients at the end of postop 7 weeks.

Our study had some limitations. Due to the wide age
distribution of the patients, elderly patients with porotic
bones and young patients were examined in the same
study. In addition, factors affecting the accuracy of the
results such as comorbidities, smoking, and additional
drug use were not evaluated in the study. The absence of a
randomized control group was another limitation of our
study.

CONCLUSION

EF application with closed reduction is an effective
surgical method in the treatment of IFDR and achieves
successful clinical and functional results by providing
restoration close to anatomical repositioning on displaced
joint surfaces due to the effect of ligamentotaxis. Optimal
Rl angles in the postoperative period are directly
correlated with clinical and functional outcomes.
Achieving normal RI angles is critical for clinical and
functional success. Considering that this study will shed
light on future studies, we believe that more
comprehensive studies are needed.
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the Ethics Committee of Sakarya University Faculty of
Medicine (16.04.2021, 257).

Conflict of Interest: None declared by the authors.
Financial Disclosure: None declared by the authors.
Acknowledgments: None declared by the authors.
Author Contributions: Idea/Concept: BA; Design:
MOY; Data Collection/Processing: BA, MOQOY;

Analysis/Interpretation: BA; Literature Review: BA,
MOY: ; Drafting/Writing: BA, Critical Review: BA, MOY.

76



Akar and Yiicel

REFERENCES

1.

10.

11.

12

Bessho Y, Nakamura T, Nishiwaki M, Nagura T,
Matsumoto M, Nakamura M, et al. Effect of decrease
in radial inclination of distal radius fractures on distal
radioulnar joint stability: A biomechanical study. J
Hand Surg Eur Vol. 2018;43(9):967-73.

Kwak JM, Jung GH. Biologic plating of unstable distal
radial fractures. BMC Musculoskelet Disord.
2018;19(1):117.

Hoffmann JD, Stewart J, Kusnezov N, Dunn J, Pirela
CM. Radial plate fixation: A novel technique for distal
radius fractures. Hand (NY). 2017;12(5):471-5.

Roth KM, Blazar PE, Earp BE, Han R, Leung A.
Incidence of displacement after nondisplaced distal
radial fractures in adults. J Bone Joint Surg Am.
2013;95(15):1398-402.

Moradi A, Ebrahimzadeh MH, Jupiter JB. Intra-
articular fractures of the distal radius: bridging external
fixation in slight flexion and ulnar deviation along
articular surface instead of radial shaft. Tech Hand Up
Extrem Surg. 2014;18(1):41-50.

Liu Y, Bai YM. Efficacy of non-bridging external
fixation in treating distal radius fractures. Orthop Surg.
2020;12(3):776-83.

Omokawa S, Abe Y, Imatani J, Moritomo H, Suzuki
D, Onishi T. Treatment of intra-articular distal radius
fractures. Hand Clin. 2017;33(3):529-43.

Nydick JA, Streufert BD, Stone JD. Intraarticular distal
radius fracture open reduction internal fixation. J
Orthop Trauma. 2017;31(Suppl 3):S45-6.

Zhang X, Zhang Y, Fan J, Yuan F, Tang Q, Xian CJ.
Analyses of fracture line distribution in intra-articular
distal radius fractures. Radiol Med. 2019;124(7):613-9.
Tornetta P 3rd. Intraarticular distal radius fracture. J
Orthop Trauma. 2001;15(6):453-4.

Maclntyre NJ, Dewan N. Epidemiology of distal radius
fractures and factors predicting risk and prognosis. J
Hand Ther. 2016;29(2):136-45.

. Giiler O, Mutlu S, Uygur E, Mutlu H, Mutlu B. Clinical

results of intraarticular distal radius fractures treated by

Duzce Med J, 2023;25(1)

13.

14,

15.

16.

17.

18.

19.

20.

21.

Treatment of Distal Radius Fractures

us with external fixators. Med J.
2014;29(1):27-31. Turkish.

Seyfettinoglu F, Ogur HU, Tuhanioglu U, Ciloglu O,
Cigek H. Treatment of AO type C distal radius
fractures with the use of volar locked plate. Cukurova
Med J. 2018;43(1):49-55.

Dario P, Matteo G, Carolina C, Marco G, Cristina D,
Daniele F, et al. Is it really necessary to restore radial
anatomic parameters after distal radius fractures?
Injury. 2014;45(Suppl 6):S21-6.

Thuysbaert G, Ringburg A, Petronilia S, Vanden
Berghe A, Hollevoet N. Measurement of ulnar variance
and radial inclination on X-rays of healed distal radius
fractures. With the axis of the distal radius or ulna?
Acta Orthop Belg. 2015;81(2):308-14.

Unal OK, Dagtas MK. Comparison of the mild-term
results of patients who underwent wrist fixators and
open reduction plate screw in radius distal
intraarticular fractures. F U Med J Health Sci.
2021;35(2):127-33. Turkish.

Ozden E, Giirbiiz H, Oztiirk K, Pehlivan AT, Dedeoglu
SS. Artroscopically assisted osteosynthesis of distal
radius intraarticuler fractures. JAREM. 2019;9(2):71-
9. Turkish.

Stirling E, Jeffery J, Johnson N, Dias J. Are
radiographic measurements of the displacement of a
distal radial fracture reliable and reproducible? Bone
Joint J. 2016;98-B(8):1069-73.

Gereli A, Nalbantoglu U, Kocaoglu B, Tiirkmen M.
Comparison of palmar locking plate and Kwire
augmented external fixation for intraarticular and
comminuted distal radius fractures. Acta Orthop
Traumatol Turc. 2010;44(3):212-9.

Sun JS, Chang CH, Wu CC, Hou SM, Hang YS. Extra-
articular deformity in distal radius fractures treated
with external fixation. Can J Surg. 2001;44(4):289-94.
Copuroglu C, Eskin D, Balik MS, Ozcan M. Treatment
of intrarticular distal radius fractures with external
fixation. Med J Bakirkoy. 2010;6(2):55-8. Turkish.

Goztepe

77



Research Article / Arastirma Makalesi Duzce Med J, 2023;25(1):78-84
doi: 10.18678/dtfd.1218573 Diizce Tip Fak Derg, 2023;25(1):78-84

Effect of Percutaneous Endobiliary Radiofrequency Ablation

in Malignant Bile Stenosis

Malign Safra Yolu Darliklarinda Perkiitan Endobiliyer Radyofrekans Ablasyonun Etkisi

Hamza OZER!
0000-0003-3210-4544

Bige SAYIN?2
0000-0003-2824-5942

Ilkay AKMANGIT?
0000-0002-6553-3639

ABSTRACT

Aim: This study aimed to demonstrate the feasibility of the percutaneous endobiliary
radiofrequency ablation (ERFA) method, which is used to increase stent patency in malignant
biliary strictures.

Material and Methods: A total of 25 patients, 9 (36%) female and 16 (64%) male, who
developed malignant biliary stenosis secondary to various advanced tumors and underwent
ERFA and metallic stenting after percutaneous biliary drainage were retrospectively evaluated.
The types of malignancies causing obstruction and the follow-up after the procedure were
evaluated to demonstrate the median survival and stent patency values of the patients. Stent
patency and survival rates were calculated using the Kaplan-Meier method.

Results: The results of the study demonstrated that 17 (68%) out of these 25 patients displayed
a significant decrease in their first-week postoperative bilirubin values, with a reduction of
greater than 50% compared to the pre-biliary drainage values. The study determined that this
treatment approach's overall clinical success rate was 68%. Stent occlusion developed within
180 days in 8 (32%) out of the 25 patients who underwent ERFA and metallic stenting.
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Izzet Baysal University Faculty of
Medicine, Bolu, Tiirkiye
2Department of Radiology, Ankara
City Hospital, Ankara, Tiirkiye

Corresponding Author
Sorumlu Yazar

Hamza OZER
hozermd@gmail.com

Received / Gelis Tarihi : 13.12.2022
Accepted / Kabul Tarihi : 29.03.2023
Available Online /

Cevrimigi Yayin Tarihi : 15.04.2023

Duzce Med J, 2023;25(1)

at post-treatment 30 and 180 days were determined to be 24% and 72%, respectively. The
median survival and stent patency times were 65 and 70 days, respectively.

Conclusion: Percutaneous ERFA and metallic stenting have the potential to improve survival
and stent patency, especially in selected patient groups with distal biliary stenosis. Randomized
controlled studies are needed to confirm these results.

Keywords: Malignant biliary obstruction; percutaneous endobiliary radiofrequency ablation;
biliary drainage; biliary stenting.

0z

Amag: Bu calismanin amaci, malign biliyer darliklarda stent agikligini artirmak i¢in kullanilan
perkiitan endobiliyer radyofrekans ablasyon (endobiliary radiofrequency ablation, ERFA)
yonteminin uygulanabilirligini ortaya koymaktir.

Gerec ve Yontemler: Cesitli ilerlemis tiimorlere sekonder malign biliyer stenoz gelisen ve
perkiitan biliyer drenaj sonrasi ERFA ve metalik stent uygulanan 9 (36%) kadin ve 16 (64%)
erkek olmak tizere toplam 25 hasta geriye donilk olarak degerlendirildi. Hastalarin ortanca
sagkalim ve stent acikligi degerlerinin gosterilmesi i¢in obstruksiyona sebep olan
malignitelerin tiirleri ile islem sonrasi takipleri degerlendirildi. Stent aciklig1 ve sagkalim
oranlar1 Kaplan-Meier yontemi kullanilarak hesaplandi.

Bulgular: Bu galismaya dahil edilen 25 hastadan 17'si (%68) islem sonrasi ilk hafta bilirubin
degerlerinde pre-biliyer drenaj degerlerine gore %50'den fazla azalma ile anlaml bir diisiis
gosterdi. Bu tedavi yaklasimimin genel klinik basar1 oran1 %68 olarak tespit edildi. ERFA ve
metalik stent uygulanan 25 hastanin 8'inde (%32) 180 giin icinde stent tikanikligi gelisti.
Ayrica 18 (%72) hasta malignite progresyonu sonucu hayatini kaybetti. Tedavi sonrast 30 ve
180 giindeki 6liim oranlar sirastyla %24 ve %72 olarak belirlendi. Ortanca hayatta kalma ve
stent agik kalma siireleri sirastyla 65 ve 70 giindii.

Sonug: Perkiitan ERFA ve metalik stentleme, 6zellikle distal biliyer stenozu olan secilmis
hasta gruplarinda sagkalimi ve stent agikligini iyilestirme potansiyeline sahiptir. Bu sonuglari
dogrulamak i¢in randomize kontrollii ¢aligmalara ihtiya¢ vardir.

Anahtar kelimeler: Malign biliyer darlik; perkiitan endobiliyer radyofrekans ablasyon; biliyer
drenaj; biliyer stent.
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INTRODUCTION

Malignant biliary obstruction may result from a primary
tumor of the bile duct epithelium and from metastatic
tumors invading these ducts. Palliation is provided through
biliary stenting in this patient group with a life expectancy
of less than 6-12 months (1). Stenting via percutaneous
biliary drainage is an effective and safe treatment method,
especially in the patient group where endoscopic access is
not possible (2). Metallic stents are more cost-effective and
are associated with shorter hospital stays and fewer
reinterventions. The most critical factor limiting the
effectiveness of stent therapy is stent occlusion due to
tumor growth (3). Covered stents have been developed to
prevent this complication, but migration problems have
developed in these stents, and as a result, sufficient
efficacy has not been achieved (4).

The use of endobiliary radiofrequency ablation (ERFA)
has recently become more common as a supplemental
treatment for alleviating symptoms associated with
malignant biliary obstructions. By utilizing radiofrequency
energy to generate heat and cause cellular damage, this
technique can be carried out through either an endoscopic
or a transhepatic method and has the potential to delay
stent blockages by reducing tumor load along the
obstructed bile duct (5). Recent endoscopic and percutaneous
studies have shown that ERFA can be used safely in the
biliary system with low complication rates (6-8).

In this study, we reported our single-center experience and
aimed to demonstrate the feasibility, safety, and
effectiveness of the percutaneous ERFA method and
stenting procedure in the palliative treatment of malignant
biliary obstructions.

MATERIAL AND METHODS

Study Design and Patient Selection

This retrospective study obtained approval from the local
ethics committee (Clinical Research Ethics Committee of
Ankara Numune Training and Research Hospital, date:
01.11.2018, number: E-18-2297). Patients who were
considered inoperable due to malignant biliary obstruction
in general surgery and medical oncology clinics and
referred to the interventional radiology clinic for palliative
treatment and treated with percutaneous transhepatic
ERFA and metallic stenting between April 2017 and April
2018 were included in the study. Between these dates, a
total of 28 patients were treated with percutaneous
transhepatic ERFA and stenting in our interventional
radiology clinic. All patients had hyperbilirubinemia,
biliary obstruction symptoms, and pathological diagnoses
at admission. None of the patients received radiotherapy.
None of the patients had contraindications to the procedure
such as irreversible coagulopathy, systemic infection,
sepsis, or pregnancy. The follow-ups of two patients could
not be accessed, and one patient was excluded from the
study due to a Whipple operation in the second month
after the procedure. As a result, 25 patients were included
in the study.

Patient Demographics

Twenty-five patients with the age range of 44 to 83 (mean
65.0+10.8) years, comprising 9 (36%) females, and 16 (64%)
males were evaluated. Etiologies of malignant biliary
obstruction  were  detected  radiologically  and
histopathologically.  Evaluation  of  percutaneous
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transhepatic cholangiography (PTC) images before the
procedure revealed total and near-total stenosis in all of
the 25 patients, and the diameter was defined as 0 mm.
Patient demographics and tumor characteristics are
summarized in Table 1.

Technique

Assessments of complete blood count and biochemical and
blood coagulation parameters were performed prior to
each procedure. All patients were informed about the
details and possible complications of the percutaneous
transhepatic ERFA and stenting procedure, and their
informed consent was obtained. Operations were planned
according to ultrasonographic evaluation. Patients fasted
for 8-12 hours before the procedure. Broad-spectrum
antibiotics (IV 1 gr 3rd generation cephalosporin)
prophylaxis were administered to all patients before the
procedure.

Procedures were performed in an angiographic suite with
a flat-panel detector-based system (Innova 4100, General
Electric Medical Systems, USA). The procedure was
performed under standard sterile conditions with the
anesthesia team providing sedoanalgesia. ELRA™
(STARmed, Korea) bipolar radiofrequency catheter and
radiofrequency generator VIVA Combo™ (STARmed,
Korea) were used for the ERFA procedure. The ELRA™
catheter is a disposable catheter with a probe diameter of
7Fr (2.31 mm) and a catheter length of 40 cm for the
percutaneous procedure, which can be advanced over a
0.035" guidewire. Four annular electrodes of 3 mm in
length with a distance of 2 mm between them after a 7 mm
gap at the distal end were placed on the catheter. This RFA
catheter can ablate tissue of a length of 18+3 mm and a
radius of 2.1+0.3 mm with 7W power and 120 seconds of
bipolar activation. In addition, the catheter has a
temperature sensor that keeps the tissue at the target
temperature (75-80 °C) and provides ablation without
carbonization (7).

Table 1. Demographic data and tumor characteristics of
the patients

Age (years), mean+SD
Gender, n (%)

65+10.8 (44-83)

Female 9 (36%)
Male 16 (64%)
Primary tumor, n (%)
Pancreatic carcinoma 11 (44%)
Cholangiocarcinoma 6 (24%)
*Type 1 1
*Type 2 1
*Type 4 4
Ampulla of Vater tumors 2 (8%)
Gallbladder carcinoma 1 (4%)
Metastases 5 (20%)
Histopathological subtype, n (%)
Adenocarcinoma 24 (96%)
Squamous cell carcinoma 1 (4%)
Infiltrated bile duct segment, n (%)
Proximal 9 (36%)
Distal 16 (64%)
Malignant stricture diameter (mm) 0
Malignant stricture length (mm), mean+SD 36.3+11.0

SD: standard deviation
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ERFA was performed in a separate session in all patients
after internal/external biliary decompression was achieved
with the appropriate technique. A hydrophilic 0.035"
Amplatz Super Stiff™ (Boston Scientific, USA) guidewire
was advanced through the internal/external drainage
catheter and fixed, and the catheter was removed. A 7F
vascular sheath was placed over the guidewire to facilitate
balloon and stent interventions. The level and length of the
stenosis segment were determined with cholangiograms
obtained by sending contrast material from the side of the
vascular sheath. The ELRA™ catheter was placed over the
guidewire under the guidance of fluoroscopy. The VIVA
Combo™ RF generator was activated by setting it to 7W
power and the target ablation temperature value to 80 °C.
After every 120 seconds of activation, 60 seconds waited,
and washing was done from the vascular sheath. Then,
ablation was achieved by moving it proximally to cover
the entire stenosis segment. After ablation was completed,
a cholangiogram was taken for leakage control and the
ERFA catheter was removed. A self-expandable metallic
stent was placed over the guidewire to cover the stenosis
segment 1-2 cm proximally and distally. Balloon dilatation
was performed in cases when the stent patency was
insufficient. A follow-up cholangiogram was repeated to
evaluate stent placement and biliary drainage. If patency
was achieved after the follow-ups, the guidewire and
vascular sheath were removed. However, if adequate
patency was not achieved, the follow-up catheter was left
in place. The catheter was removed after normal bile flow
was observed in the follow-up cholangiograms performed
a few days after the procedure (Figure 1).

After the procedure, patients’ pain medication was
arranged, and their follow-up was provided in the relevant
clinic. After discharge, the patient's clinic, biochemistry,
and imaging were performed at regular intervals according
to the oncology protocol. These results were evaluated
through the hospital information management system.
Evaluation of Treatment

Observation of easy transition of the contrast agent into the
duodenum after percutaneous ERFA and metallic stent
application was interpreted as technically successful. One
week after percutaneous ERFA and metallic stenting, a
decrease of more than 50% in total bilirubin level
compared to before biliary drainage was interpreted as
clinically successful. Complications that developed in the
first 30 days after the percutaneous ERFA procedure were
classified as early complications and those that developed
30 days after the procedure were classified as late
complications. The time until death from the percutaneous
ERFA procedure was defined as survival. Recurrence of
jaundice and a total bilirubin value above 2 mg/dL after
percutaneous ERFA procedure were defined as stent
occlusion and the elapsed time was determined as stent
patency.

Statistical Analysis

Analyzes were performed using the IBM SPSS Statistics
v.22.0 (SPSS Inc. USA) statistical analysis program. The
Shapiro-Wilk test was used to evaluate the conformity of
the data with normal distribution. Normally distributed
data were expressed as meantstandard deviation, while
data that did not conform to normal distribution were
expressed as median (minimum-maximum). Frequencies
were presented with percentages. The period between the
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Figure 1. Pancreatic adenocarcinoma. A, B) Axial and coronal
CT scans show a pancreatic mass surrounding the SMA and SMV
in a 77-year-old female patient C) The level of stenosis was
detected in the PTC obtained with the right approach D) ERFA
was applied in the next session. E) A metallic stent was then
applied F) The stent was opened in the follow-up cholangiogram

radiofrequency ablation application time and time of death
was recorded in days, and the Kaplan-Meier method was
used for survival analysis. The Kaplan-Meier curve was
used to determine the relationship between stent patency
and survival. Log-rank test was used to compare the
survival curves between groups. For both tests, p<0.05 was
considered statistically significant.

RESULTS

All 25 patients were treated in two separate sessions in our
interventional radiology clinic. Percutaneous biliary
drainage was applied in the first session, while ERFA and
metallic stenting were performed in the second session.
The median time between the two sessions was 5 (range,
1-50) days. ERFA and metallic stenting were performed in
4 (16%) of the 25 patients. Balloon dilatation was
performed in 21 (84%) patients who did not achieve
adequate stent patency. Evaluation of PTC images before
ablation revealed nearly complete stenosis in all 25
patients. After ablation, the open bile duct diameter was
measured as 5.3£0.7 mm. Follow-up cholangiogram
demonstrated the transition of the contrast agent into the
duodenum in all 25 patients who underwent ERFA and
stenting and the technical success was found to be 100%.
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In the 6-month follow-up after the ERFA application, a
progressive decrease was detected in patients’ total and
direct bilirubin values (Figure 2). The slight increase in the
second month after the stent procedure observed in the
graph was interpreted as the development of stent
occlusions. Bilirubin values decreased below 50% of the
baseline value before biliary drainage in 17 (%68) of 25
patients one week after ERFA and metallic stenting.
Clinical success was determined as 68% (Table 2).

Six (%24) patients died at the end of the first month due
to disease progression. The mortality rate in the first 30
days after the procedure was 24%. Bilirubin value
decreased below 2 mg/dL in 11 (57.9%) of the remaining
19 patients.

Stent occlusion developed in 1 (%4) patient in the early
period (first 30 days) after ERFA and metallic stenting,
and the hepatic abscess was observed in also 1 (%4)
patient. In the late period (30 days - 6 months following
the procedure), stent occlusion developed in 7 (%28)
patients, and the hepatic abscess was observed in 2 (%8)
patients (Table 3).

As of April 2019, 24 (%96) of the 25 patients included in
the study died, accordingly, the median survival time was
65 (95% CI: 32.59-97.40) days (Figure 3). Looking at the
stent patency, the median value of stent patency time was
70 (95% CI: 0.27-139.72) days (Figure 4).

Table 2. ERFA success and bilirubin values

Ablation energy (watts) 7-10
Duration of ablation (sec) 90-120
Malignant stricture diameter (mm)

Before 0

After 5.3£0.7
Technical success, n (%) 25 (100%)
Total/Direct mean bilirubin levels (mg/dL)
Before PBD

Total 16.21

Direct 14.07
Before ERFA Day 1

Total 10.92

Direct 9.48
After ERFA Day 1

Total 10.27

Direct 8.65
After ERFA Week 1

Total 7.86

Direct 6.89
After ERFA 1-month

Total 4.67

Direct 3.97
Clinical success, n (%) 17 (68%)

ERFA: endobiliary radiofrequency ablation, PBD: percutaneous biliary drainage

Table 3. Complications after the procedure, n (%)
Early (0-30 days), n (%)

Stent occlusion 1 (%4)

Abscess 1 (%4)
Delayed (30 days-6 months), n (%)

Stent occlusion 7 (%28)

Abscess 2 (%8)

ERFA: endobiliary radiofrequency ablation
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Figure 2. Total and direct bilirubin values after ERFA
application in a 6-month period
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Figure 4. Kaplan-Meier stent patency curve of the patients
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There was no statistically significant effect of the gender
variable on overall survival (p=0.556). The median
survival  time  of  patients  diagnosed  with
cholangiocarcinoma, one of the histopathological
variables, was statistically significantly higher than
patients with other histopathological diagnoses (p=0.035).

DISCUSSION

In our study, we successfully catheterized 25 patients and
performed ERFA followed by metallic stenting. There was
an early regression in bilirubin levels. In the first week
after ERFA and stenting, total bilirubin regressed to below
50% of the pre-procedural value in 17 of the 25 patients,
and clinical success was determined as 68%. In addition,
the total bilirubin value decreased below 2 mg/dl in 11 of
the 19 patients who were alive and could be followed up
in the first month, and our success in the first month was
57.9%. When we look at the literature, nearly 100% of
first-month success is observed, and it was found to be
significantly lower in our study (6,9). We thought that this
was due to inadequate bile duct drainage despite
intervention due to complete obstruction of the lumen at
the level of the stenosis by advanced tumor invasion.

The mean diameter of the stenosis before the procedure
was measured as 1.47+0.17 mm in a study by Acu et al. (9)
and as 1.354+0.63 mm in a study by Wu et al. (10), which
differs from our study. In our study, the evaluation
made with PTC before the procedure revealed almost
complete occlusion in the lumen in all patients. The mean
diameter of the open lumen after the procedure was
5.23+1.50 mm in Acu et al.’s (9) study and 6.69+2.48 mm
in Wu et al’s (10) study, which is similar to our present
study (5.3+0.73 mm).

The literature demonstrates that two separate sessions are
conducted, in which biliary drainage is performed in the
first session, followed by ERFA and stenting in the
second session (9). Thus, it aims to increase the
procedure's success by providing biliary decompression.
This method was applied in all cases in our study. After
ERFA, self-expanding metallic stents of different sizes
were placed, and the transfer of contrast material to the
duodenum was evaluated. Technical success was found to
be 100%, similar to other studies, and was found to be
compatible with the literature.

There are case reports in the literature stating that the
biliary perforation develops in the early period after
ERFA, and stenting is recommended in the early period of
treatment (11). A study by Lee et al. (7) reported that the
procedure was performed safely in 30 patients without bile
leakage or vascular injury, with the target temperature
controlled by an ELRA™ catheter. With this technique,
overheating and carbonization are prevented, and thus
significant vascular structure or biliary tract injury is
avoided. With the ELRA™ catheter, which we also used
in our study, no bile leakage or vascular damage was
detected after ERFA.

In a study by Akinci et al. (12), balloon dilation was
applied after the ERFA procedure in refractory bilioenteric
anastomosis strictures. Although metallic stent was not
used in this study, it demonstrated that balloon dilation can
be performed safely after RFA. In our study, 24 of 25
patients underwent ERFA and balloon dilation after
stenting.
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In a study conducted by Acu et al. (9), stent occlusion
developed in 3 patients and hepatic abscess in 1 patient
within six months out of 20 patients they followed. Our
present study observed that 8 out of 25 patients developed
stent occlusion, and 3 patients developed a hepatic abscess
in a six-month period.

Few publications in the literature have compared ERFA
with bare metallic stenting (13-17). Cui et al. (15) reported
that stenting with ERFA provides a therapeutic benefit in
stent patency compared to stent placement alone,
especially in patients with cholangiocarcinoma. The
author suggests that cholangiocarcinoma inherently
responds better to ERFA because of its intraluminal
spread. Similarly, in our study, the median survival time in
patients diagnosed with cholangiocarcinoma was
statistically significantly higher than the median survival
time of patients with other histopathological diagnoses.
Cui et al. (15) stated that ERFA and stenting prolong the
stent patency. However, no advantage over overall
survival has been demonstrated. In studies with control
groups conducted by Uyanik et al. (14) and Kallis et al. (16),
significant prolongation was observed in stent patency and
overall survival.

In the study by Acu et al. (9), the median total survival time
was 76 days, and the median stent patency time was 133
days. In the study by Mizandari et al. (6), the median
survival was 89.5 days, and the median stent patency was
84.5 days. Wu et al. (10) reported a median survival of 181
days, and median stent patency was 149 days. The patient
groups in these studies were mixed, like ours, but the
Habib™ was used as the ERFA catheter. In a controlled
study by Kallis et al. (16), the Habib™ catheter was used
in a selected patient group consisting of only pancreatic
carcinomas and it was reported the median survival was
472 days and stent patency was 226 days. Lee et al. (7)
conducted a study in a selected group of patients who
developed extrahepatic malignant biliary stenosis located
2 cm from the hilum. In the aforementioned study, the
median survival was 383 days, and the median stent
patency was 236 days. In the study by Uyanik et al. (14),
the distribution of patients was mixed, with a median
survival of 246 days and median stent patency of 223 days.
In these two studies, ELRA™ was used as the ERFA
catheter, as in our study. In our study, the median total
survival time was 65 days, and the median duration of stent
patency was 70 days. In our comparison with the literature,
we are significantly behind in stent patency and survival.
Although many reports in the literature show that
radiofrequency ablation improves stent patency and
survival, few studies show that it is ineffective. The study
by Oh et al. (18) showed that it did not increase survival
and patency.

Evaluation of the results of our present study in the context
of the literature, clinical success, stent patency, and
survival values were found to be significantly lower.
Complete obliteration of the lumen at the level of stenosis
and a significantly higher level of total bilirubin before
biliary drainage in our patients compared to the literature
are thought to affect our results (Table 4). In the context of
the literature, we see that the results of ERFA applied in
malignancies involving the distal bile ducts are better
compared to a mixed patient group, as in our study (7,16).
Finally, palliative percutaneous biliary drainage solutions
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Table 4. Overview of the available literature on ERFA

ERFA in Malignant Biliary Strictures

Study Method Year n Catheter Etiology Me;jfli?:nat/ent SI\S ?3;3; Péﬁﬁ;ﬁ%elgu(ﬁé/-gff :
Mizandari et al. (6) Percutaneous 2013 39  Habib™  Mixed 84.5 89.5 7.54+3.6
Wau et al. (10) Percutaneous 2015 47  Habib™  Mixed 149 181 14.03+5.8
Kallis et al. (16) ERCP 2015 23  Habib™ Pancreas 472 226 14.27+2.83
Acu et al. (9) Percutaneous 2018 21  Habib™  Mixed 133 76 15.09+8.59
Leeetal. (7) ERCP 2019 30 ELRA™  Distal 236 383 Not reported
Uyanik et al. (14) Percutaneous 2021 30 ELRA™  Mixed 223 246 9.3+2.8
Oh et al. (18) ERCP 2022 28 ELRA™  Mixed 140 311 Not reported
Current Study Percutaneous 2019 25 ELRA™ Mixed 70 65 16.2+8.5
ERFA: endobiliary radiofrequency ablation, ERCP: endoscopic retrograde cholangiopancreatograpy
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ABSTRACT

Oral lichen planus is a chronic inflammatory disease that targets adults. Over the years, few
reports documented solitary cases of children being affected by oral lichen planus. In this
report, a case of an 8-year-old, medically uncompromised boy who complained of a severe
burning sensation in the tongue with a history of one year of remission and exacerbation was
presented. When examined, the tongue showed a large irregular superficial non-indurated ulcer
occupying the whole anterior 2/3 of the tongue sparing the tip and was surrounded by white
radiating lines. The ulcerative lesion showed a peculiar butterfly pattern. Histopathological
examination of the incisional biopsy showed intraepithelial civatte bodies and dense
subepithelial lymphocytic infiltrate arranged in a pseudo-lymphomatous shape. Although the
clinical and histological pictures suggest lichen planus, the atypical arrangement of
lymphocytes brought up a question mark. This report demonstrates a peculiar clinical picture
of a rare disease combined with a unique histopathologic finding.

Keywords: Civatte bodies; juvenile oral lichen planus; oral lichenoid lesions; tertiary
lymphoid follicle.

0z

Oral liken planus yetigkinleri hedef alan kronik inflamatuar bir hastaliktir. Yillar boyunca, oral
liken planustan etkilenen tekil gocuk vakalari az sayida raporla belgelenmistir. Bu raporda, 8
yasinda, medikal acidan herhangi bir sorunu olmayan, dilde siddetli yanma sikayeti ile
bagvuran, bir y1ldir remisyon ve alevlenme 6ykiisii olan bir erkek ¢cocuk olgusunu sunulmustur.
Dil muayenesinde dil ucu hari¢ anterior 2/3'lik boliimiin tamamini kaplayan, etrafi beyaz
yayilan cizgilerle gevrili, biiyiik, diizensiz, yiizeyel, sertlesmemis iilser saptandi. Ulseratif
lezyon tuhaf bir kelebek paterni gosterdi. Insizyonel biyopsinin histopatolojik incelemesinde
intraepitelyal civatte cisimcikleri ve psddo-lenfomatoz bir sekilde diizenlenmis yogun
subepitelyal lenfositik infiltrat goriildii. Klinik ve histolojik tablo liken planusu diisiindiirse de,
lenfositlerin atipik dizilimi bir soru isareti yaratmistir. Bu rapor, benzersiz bir histopatolojik
bulguya sahip nadir bir hastaligin kendine 6zgii klinik tablosunu gostermektedir.

Anahtar kelimeler: Civatte cisimcikleri; juvenil oral liken planus; oral likenoid lezyonlar;
tgtinciil lenfoid folikiil.

INTRODUCTION

Lichen planus (LP) is a chronic inflammatory disease that affects the skin, nails, and
mucous membranes. Oral lichen planus (OLP) generally affects patients of middle
age or older (1). However, it has rarely been detected in pediatric patients (1-9).
Like adult OLP, OLP in childhood (OLPc) is diagnosed clinically and
histopathologically -but in individuals <20 years old-; after excluding oral lichenoid
reaction through evidence negating mucosal contact with dental restorative materials
or exposure to medications that are known to induce oral lichenoid reactions (10).
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Although OLP is relatively rare in childhood, it often
presents in asymptomatic forms. This suggests that cases
of OLPc are commonly unnoticed and thus, pass
undiagnosed; and if symptomatic, it is suggested to be
misdiagnosed (11). Consequently, OLPc is believed to
have a higher prevalence but is under-reported for the
aforementioned causes. Such few reports hinder drawing
sound conclusions about OLPc regarding its demographic
preference of age, sex, race, predisposing factors, clinical
picture, treatment, and prognosis (12). In this report, a case
of a child affected by OLP with a characteristic clinical
picture and a unique histopathological presentation was
presented.

CASE REPORT

An 8-year-old Caucasian boy presented with a severe
burning sensation in the tongue that progressed gradually
through the past year, with a course of remission and
exacerbation. The pain was precipitated by eating salty and
spicy food but nothing relieved it. Other than the oral
complaint, the child had no significant medical, family, or
dental history. However, he adopted poor nutritional habits
of depending on candies and chips only.

Extraoral clinical examination revealed multiple small
round pigmentations on the forearms marking for healed
lesions that the patient reported were itchy (Figure 1).
Intraorally, a large butterfly-shaped superficial non-indurated

Figure 1. Discolored skin lesions on the forearms
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ulcer was detected, occupying the whole anterior 2/3 of the
tongue sparing the tip, and extending to the lateral borders
of the tongue bilaterally. The ulcer was covered by a
pseudomembrane and surrounded by a depapillated tongue
that appeared as an erythematous atrophic area covered by
white radiating lines. Besides, the buccal mucosa showed
linear melanotic pigmentation bilaterally along the
occlusal plan (Figure 2).

The differential diagnosis list included oral lichenoid
reaction to preservatives in candies, OLP, and systemic
lupus erythematosus. Therefore, further investigations
were performed; showing mild normocytic normochromic
anemia and a normal level of C-reactive protein (CRP).
On the other hand, histopathological examination of the
incisional biopsy taken from the tongue dorsum revealed
severe atrophy of the epithelium, intraepithelial civatte
bodies, subepithelial clefting, and very dense subepithelial
lymphocytic  infiltrate  with  pseudo-lymphomatous
arrangements giving the shape of a lymphoid germinal
center (Figure 3).

The clinical and histopathologic pictures were more
consistent with OLPc. The parents and patient were
instructed that they should start a healthier diet and also
refrain from consuming candies. Besides, a topical
antifungal (Miconazole 20 mg/g) was prescribed for one
week to clear away candidal superimposition. Afterward,
topical steroids (Triamcinolone acetonide 0.1%) were

Figure 2. The clinical picture of the lesions appearing on
the A) dorsal surface of the tongue, B) right lateral
border of the tongue, C) left lateral border of the tongue,
and D) buccal mucosa

magnification of A) x100 showing the tertiary lymphoid
follicle, and B) x200 showing the intraepithelial changes
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prescribed to be used 4 times daily, after meals and at
bedtime; just in the same regimen as the topical
antifungal. Unfortunately, the parent and the patient did
not comply with the diet instructions. However, after
one month of applying topical steroids, the pain was
relieved. Consequently, the father did not show up at
follow-up appointments as long as his son was not
complaining. He only then came seeking treatment
through the subsequent periods of exacerbation. This
pattern extended for 7 months, where the father only
showed at the peaks of the exacerbation (at 1, 3, and 7
months); while refraining from following up during the
healing or remission periods. Afterward, the patient was
lost to follow-up.

DISCUSSION

The occurrence of OLP in children is rare; where the total
prevalence of OLP ranges between 0.1 and 1.2%; yet the
prevalence of OLPc counts only as 0.03% (1). This case
report presented an 8-year-old child with a peculiar
ulcerative form of OLPc that -histopathologically- shows
a lymphoid follicle-like structure.

The complaint of the presented patient started at 7 years of
age; which falls within the target age range of OLPc
between 6 and 17 years (1).

Just like OLP, the exact etiology of OLPc is unknown; but
other autoimmune diseases and positive family history
are frequently associated with the incidence of OLPc (3).
However, in the presented case, there was no history of
OLP in any of the family members, nor was there a
history of autoimmune diseases or allergy to any type of
drug or food.

Clinically, most commonly (70.5%) the juvenile OLP
manifests as reticular lesions and least commonly (5.8%)
in the ulcerative form (1). Moreover, skin lesions are
reported in only 12.6% of cases of OLPc (1). In the
presented case, extraoral lesions were detected on the
flexor surfaces of the arms; besides the ulcerative form of
the intraoral lesion. Such a picture highlights the
uncommon presentation of the herein-reported case.
Intraorally, a typical clinical picture of the presented
case (extensive butterfly-shaped ulcer affecting the
tongue dorsum and its lateral borders sparing the tip)
has been previously reported only twice (1,13). The
two affected children were females, 3 and 9 years old.
The 3-year-old child had no significant medical history

nor had she any extraoral manifestations (13).
Similarly, the 9-year-old child had no extraoral
symptoms. However, she had a history of

autoimmune polyendocrinopathy candidosis ectodermal
dystrophy (APECED) (1). In the presented case in this
report, other than having extraoral lesions, the boy did
not have any symptoms of endocrinal abnormalities or
ectodermal dystrophy.

Another similar ulcerative lesion was also reported but
affecting only the mid-dorsum of the tongue of an
otherwise healthy 12-year-old boy; with no other intra- or
extraoral manifestations (14).

Therefore, differential diagnosis of the case included
OLPc, oral lichenoid lesion (OLL), and lupus
erythematosus. Normal levels of CRP, together with the
absence of other symptoms, excluded lupus erythematosus
from the list.
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Despite the clinical differences between childhood and
adult forms of OLP, they both have the same
histopathologic picture. They are seen as basal cell
degeneration and band-like sub-epithelial lymphocytic
infiltration (6,15). In the presented case, an extra
finding was added to the list; namely the presence of a
lymphoid-follicle-like structure.

Such benign lymphoid hyperplasia forming extranodal
lymphoid lesions in a site that normally lacks secondary
lymphoid tissues is referred to as pseudolymphomas. If
detected, it is considered a “tertiary” lymphoid follicle.
These follicles represent an aggregation of lymphocytes
and dendritic cells where B-cells undergo maturation and
immunoglobulin isotype switching (16).

In case of OLLs, T-lymphocyte aggregates may organize
forming an extrafollicular T-cell zone where B-cells
become activated, together with antigen-specific T-cells.
This finding draws attention to the presence of the
antigen in close proximity as it is frequently reported by
oral lichenoid contact lesions related to amalgam
restorations (16).

Leaving OLPc and OLL in the differential diagnosis list,
candies and their preservatives were suspected to have a
role in the disease. This suspicion was corroborated by a
previous report which stated that allergy to flouring agents
and preservatives may induce lichenoid reaction (17). In
the presented case, the presence of skin lesions together
with the widespread oral lesions on the tongue and buccal
mucosae were not pointing to support the diagnosis of
lichenoid reaction.

Therefore, the case was diagnosed as OLPc, and
treatment was planned using topical steroids. Like
adult OLP, symptomatic OLPc is primarily treated by
topical corticosteroids. Other topical treatments have
provided successful results as well including topical
tacrolimus, tretinoin, and cyclosporin. However, the
safety of the long-term use of these topical medications
was not evaluated in pediatrics. On the other hand,
systemic steroids are not favorably used due to their
significant effect on the growth and metabolism of
children (1,15).

Using topical steroids, luckily, OLPc was reported to
resolve completely after the treatment in 38.2% of the
cases (1). However, this conclusion is believed to be
reached based on reports that lack long-term follow-up. In
the presented case, OLPc followed a chronic clinical
course similar to OLP with periods of remission and
exacerbation.

The good news about OLPc is the absence of reports -to
date- indicating malignant transformation  (1).
Nevertheless, in the presented case, the parents were
instructed to perform regular follow-ups as long as the
lesion persists. This was planned in accordance with
recommendations suggesting one or two visits per year for
persistent lesions and even more frequent visits for
symptomatic OLPc (1,12,14).

CONCLUSION

Although information lacks about its real prevalence,
sporadic reports are accumulating to document OLPc
cases. The diagnosis of OLPc should not be overlooked in
suspicious lesions under the preconception of being a rare
disease in childhood.
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ABSTRACT

Endoscopic ultrasound (EUS)-guided biliary drainage is a therapeutic alternative method in
patients with cholestasis where the ampulla of Vater cannot be reached because several
reasons. An unfortunate complication during EUS-guided biliary drainage was presented in
this report. A 53-year-old male patient presented with jaundice and pruritus. He had a history
of total gastrectomy due to gastric cancer. An abdominal tomography scan detected a tumoral
mass in the common bile duct due to the recurrence of gastric cancer. We decided to perform
EUS-guided hepaticojejunostomy because biliary drainage cannot be obtained by conventional
methods and percutaneous drainage impairs patient comfort. A double pigtail plastic stent was
placed from the jejunum into the segment-3 bile duct towards the hilus. After that
echoduodenoscope was removed to the outside gently. We noticed that the stent was stuck in
the echoduedonoscope elevator. We reached into the bile duct again and placed a double-
pigtail plastic stent successfully.

Keywords: Cholestasis; extrahepatic cholestasis; endoscopic ultrasound; EUS.
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Kolestaz1 olan hastalarda ampulla Vateri’ye ¢esitli nedenlerde erisilemedigi durumlarda
endoskopik ultrason (EUS) kilavuzlugunda biliyer drenaj alternatif bir terapotik yontemdir. Bu
raporda, EUS kilavuzlugunda biliyer drenaj sirasinda talihsiz bir komplikasyonun
bildirilmektedir. 53 yasinda erkek hasta sarilik ve kasint1 sikayeti ile bagvurdu. Mide kanseri
nedeniyle total gastrektomi 6ykiisii mevcuttu. Abdomen tomografisinde mide kanseri niiksiine
bagli gelisen peritoneal karsinamoza bagli koledokta tiiméral kitle saptandi. Biliyer drenajin
konvansiyonel yontemlerle saglanamamasi ve perkiitan drenajin hasta konforunu bozmasi
nedeniyle EUS esliginde hepatikojejunostomi yapilmasina karar verildi. Jejunumdan segment-
3 safra yoluna hilusa uzanacak sekilde double pigtail plastik stent yerlestirildi. Ardindan
ekoduedonoskop yavasca digariya ¢ikarildi. Stentin ekoduedonoskopun kaldiracia takildigi
fark edildi. Safra kanalina tekrar ulasildi ve bir double-pigtail plastik stent basariyla
yerlestirildi.

Anahtar kelimeler: Kolestaz; ekstrahepatik kolestaz; endoskopik ultrason; EUS.

INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous
transhepatic cholangiography (PTC) guided implantation of a biliary stent has been
established as the procedures of choice for the treatment of biliary obstructions and
cholestasis (1,2). However, under some circumstances, both approaches fail to
obtain cholangiodrainage. Endoscopic ultrasound (EUS)-guided biliary drainage was
an alternative method for patients who have failed ERCP or surgically altered
anatomy (3,4). In this case report, we wanted to share the unexpected situation
experienced while performing a EUS-guided hepaticojejunostomy.
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CASE REPORT

A 53-year-old man was referred to our hospital with 6
weeks history of jaundice and pruritis. He had a history of
total gastrectomy with the Roux-en-Y procedure due to
gastric cancer 1 year ago. He had no drug use, herbal
medicine, or alcohol. Marked jaundice, cachexia, and right
upper quadrant tenderness to deep palpation were detected
on physical examination. Laboratory findings were
increased total bilirubin level of 29 mg/dl, elevated liver
tests with aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) levels of 325/374 U/L, alkaline
phosphatase (ALP) level of 496 U/L, gamaglutamin
transferase (GGT) level of 856 U/L; reduced proteins with
the total level of 5.2 g/dL, albumin level of 2.9g/dL. The
international normalized ratio (INR) was 1.56. The
abdominal US revealed that intrahepatic bile ducts and
common bile ducts were greatly enlarged. A contrast-
enhanced abdominal tomography scan detected a tumoral
mass measuring 33x36x42 mm in the proximal part of the
common bile duct. We agreed that malign obstructive
jaundice occurred due to the recurrence of gastric cancer
with peritoneal carcinomatosis. A magnetic resonance
cholangiopancreatography (MRCP) revealed enlargement
of the intrahepatic bile ducts and marked narrowing of the
proximal choledochus.

Percutaneous biliary drainage and surgical bypass were
traditional options for treatment. Surgical
hepaticojejunostomy was not suitable for him because of
previous total gastrectomy with Roux-en-Y anastomosis.
We decided to undergo a EUS-guided hepaticojejunostomy
because the patient did not accept percutaneous drainage
because of its impairment in quality of life.

The procedure was performed using a standard linear
echoendoscope (Pentax-Hitachi Corporation, Japan) in a
supine position under the general anesthesia. We reached
to efferent jejunum limb by passing through the
esophagus. An enlarged left intrahepatic bile duct was
selected (Figure 1). The transjejunal puncture was
performed by using a 19-gauge needle (EZ Shot 3,
Olympus Corporation, Japan) then some bile was
aspirated and a contrast agent was injected within the bile
duct for confirmation (Figure 2-3). After the 0.35 mm
diameter guidewire (visiglide 2, Olympus Corporation,
Japan) was sent to the bile duct, the tract was expanded
using needle knife sphincterotome and 7 french biliary
bougie (Soehendra, Cook Medical, US) over the guidewire.
A 7 french 10 cm double pigtail plastic stent (Advenix,
Boston Scientific, US) was placed from the jejunum into
segment-3 bile duct towards the hilus (Figure 4).
Satisfactory ~ bile  flow was observed. Then
echoduodenoscope was removed to the outside gently. We
noticed that the stent was stuck in the echoendoscope
elevator (Figure 5). After the stent was separated, we went
into an efferent loop again. Ultrasound image quality
decreased as expected because some air escaped into the
peritoneum and biliary tract. After a lot of effort, we
reached and inserted the guide wire into the bile duct
again. A single double pigtail plastic stent was placed.
The patient was followed closely and discharged two
days later. After three weeks, laboratory parameters
gradually regressed as follows: AST/ALT levels of
51/54 UJ/L, total bilirubin level of 4.8 mg/dl, and
ALP/GGT level of 134/148 U/L.
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Figure 4. Pigtail stent extends from segment 3 to hilus
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Figure 5. DouI pigtail stent stuck in echoduodenoscope elevator

DISCUSSION

For a long time, hepaticojejunostomy has been the main
procedure in the palliation of obstructive jaundice in
patients with failed ERCP. However, high rates of
morbidity and mortality led to the development of
nonsurgical methods for palliative biliary drainage (5).
PTC is another choice for biliary drainage. However, some
patients require long-term external biliary drains, which
poorly affect the quality of life (6).

EUS-guided hepaticogastrostomy was first described in
2003 by Burmester et al. (7) in 4 patients with malignant
biliary obstruction who had failed standard ERCP. In case
of surgically altered anatomy or inaccessible ampulla of
Vater, EUS-hepaticoenterostomy (EUS-HE) is useful as
an access point for the treatment of obstructive biliary
disease (8). EUS-guided biliary drainage is feasible and
effective for patients with malign biliary obstructions (9).
When performed by experienced endoscopists, EUS-HE
has technical and clinical success rates of 75-100% and
65-92%, respectively (8,10-11). In this case, we punctured
a branch of the left intrahepatic duct transmurally from the
jejunum and placed a stent in the intrahepatic biliary
system. The procedure has been successful so far. We had
a bad experience because we withdrew the scope without
seeing the stent completely separated from the
duodenoscope. After stent placement in therapeutic EUS
procedures, it should be carefully checked for separation
from the scope.
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Pulmonary Parasitic Embolization Caused by Micro Ruptured Hydatid Cyst:

An Autopsy Case

Mikrortiptiire Kist Hidatik Kaynakli Pulmoner Parazitik Embolizasyon: Bir Otopsi Olgusu
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ABSTRACT

Echinococcosis generally remains asymptomatic for many years, but it can also be fatal if
complications like cyst rupture or superinfection occur. It is highly uncommon for a
macroscopically non-ruptured cyst to cause death, and its exact mechanism is unknown. In the
literature, there are several cases with identical characteristics diagnosed by autopsy. This
autopsy case has illustrated the death due to a micro ruptured hydatid cyst. The deceased's lung
underwent microscopic inspection, and it revealed broad intraalveolar hemorrhage, edema,
severe hyperemia, neutrophil stasis in the interstitial capillary lumens, and a large number of
parasites in the capillary lumen. Anaphylaxis against cyst contents that leaked into the
bloodstream from liver cysts and non-thrombotic pulmonary embolization were shown to be
the causes of mortality. In countries where echinococcosis is endemic, echinococcosis should
be considered in all cases of anaphylaxis and sudden death.

Keywords: Anaphylaxis; echinococcus; liver; parasitemia; sudden death.
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Ekinokokkoz genellikle uzun yillar boyunca asemptomatik kalmakla birlikte kist riiptiirii,
siiperenfeksiyon gibi komplikasyonlar nedeniyle 6liime de neden olabilmektedir. Makroskobik
olarak non-riiptiire kiste bagli oOlim olduk¢a nadir olup mekanizmasi tam olarak
bilinmemektedir. Literatiirde otopsi ile tani konulan benzer o&zellikte birkag olgu
bildirilmektedir. Bu otopsi olgusunda hidatik kist mikroriiptiiriine bagli oldugu degerlendirilen
oliim sunulmaktadir. Karacigerinde riiptiire olmayan kist saptanan cesetin akcigerinin
mikroskopik incelemesinde yaygin intraalveolar kanama, 6dem, agir hiperemi, interstisyel
kapiller liimenlerinde notrofil stazi, kapiller limeninde ¢ok sayida parazit varligi saptandi.
Oliim nedeninin intakt karaciger kistlerinden kan dolagimina sizan kist icerigine kars: gelisen
anaflaksi ve nontrombotik akciger embolizasyonu sonucu gelistigi dusiiniilmiistiir.
Ekinokokkozun endemik oldugu iilkelerde tiim anaflaksi ve ani 6liim olgularinda ayirict tanida
ekinokokkoz diisiiniilmesi gerekmektedir.

Anahtar kelimeler: Anafilaksi; ekinokokkoz; karaciger; parazitemi; ani 6liim.

INTRODUCTION

A serious global problem, cystic echinococcosis (CE), which is brought on by the
genus Echinococcus, is endemic in the Middle East, Central Asia, South America,
North and East Africa (1). It is transmitted either directly through contact with dogs
and dog feces or indirectly through contaminated foods; it also causes disease in
people over the years. It can be located almost everywhere in the human body. The
liver is where it is most frequently found, followed by the lung. Although it is usually

Presented orally at 10 EKMUD International Scientific Congress (May 25-29, 2022; Antalya, Tiirkiye).
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asymptomatic, depending on the location and size of the
cyst in the body, it might result in symptoms such as
coughing, fever, chest pain, dyspnea, abdominal masses,
ascites, hepatomegaly, and splenomegaly; in severe
circumstances, it may even be a fatal condition (1-3).

The clinical picture of the hydatid pulmonary embolism is
nonspecific and it can range from asymptomatic or general
clinical indications of a pulmonary embolism due to
obstruction of pulmonary artery branches (4). Hydatid
pulmonary embolism is a rare but potentially life-threatening
complication due to the risk of acute fatal complications
such as anaphylactic shock (5).

It is reported that the incidence of sudden death due to
hydatid cyst is around 1.1-1.3% (6,7). It is difficult to
explain the involvement of a hydatid cyst in the death
mechanism, particularly if it is seen intact and discovered
at autopsy (8).

The presented case shares traits with those of patients who
died from parasite pulmonary embolization and
anaphylaxis from a ruptured hydatid cyst in the liver.
However, it differs in that no macroscopically ruptured
cysts have been observed. This case seeks to critically
discuss postmortem approaches and causes of death for the
evaluation of cases with hydatid cyst during an autopsy, in
the light of the literature.

CASE REPORT

The following sequence of events was described in the
account provided by witnesses to the 20-year-old male
case who was 180 cm tall and weighed 95 kg before the
incident: jogging uphill after overeating, followed by a
sudden fainting spell, followed by uncontrollable
contractions on the floor that resembled epilepsy, which
ultimately resulted in death. There was no trauma story.
Since the relatives of the deceased were unreachable, his
medical history was unknown. Since the cause of sudden
death was undetermined, a forensic autopsy was
performed by a specialized medical doctor. The
postmortem computerized tomography (CT) examination
of the case provides the following overview: according to
the GHARBI Liver Hydatid Cyst Classification, Type IV
cysts measuring 7.93x11.64 cm (Figure 1) and Type Il
cysts measuring 5.52x5.09 cm (Figure 2) were found in the
liver segment 7 and segment 6, respectively. In the
abdomen, there was no free fluid to be seen. No significant
rupture was observed in the cysts. Contrast-enhanced
postmortem CT examination could not be performed.
During the case's external examination, it was noted that
the auricles and nail bed were cyanosed in addition to the
fact that bloody fluid was leaking from the nose. As far as
the macroscopic findings of the internal examination are
concerned; petechiae under the scalp, bloody foamy fluid
in the form of smearing in the trachea and both main
bronchi, mild edema, and hyperemia (Figure 3) in the
larynx were all noticed.

The liver weighed 1510 g. Loose, fluid-filled cysts in the
superior posterior of the right lobe and white, spherial,
harder cysts in the inferior of the right lobe were detected.
The cyst walls were macroscopically intact (Figure 4). The
right lung weighed 350 g and the left lung 300 g. Mild
congestion was noticed in the lungs. A macroscopic
embolism was not observed in the main pulmonary
arteries. Manual palpation revealed that the main bronchi

Duzce Med J, 2023;25(1)
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Figure 1. Type IV cyst (7.93x11.64 cm) in liver segment 7

Figure 4. A cystic structure in the liver's right lobe
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of the lung were emitting a bloody and foamy discharge.
In the heart, brain, and other organs, macroscopically
abnormal characteristics were not found, with the
exception of hyperemic appearance. Any macroscopic
pathological feature was not observed in the examination
of the other systems. A toxic substance was not found in
the toxicological analysis.

Samples of tissue were collected from the brain, spleen,
kidney, lung, and liver. On the histopathological
examination of liver tissue; the wall of an echinococcal
cyst, germinative membrane, and multiple daughter sacs
were detected. On the histopathological examination of
lung tissue; diffuse intraalveolar hemorrhage, edema,
severe hyperemia, neutrophil stasis in interstitial capillary
lumens, and the presence of many parasites (presence of
Echinococcosis) in capillary lumens were detected. As a
result, it was determined that the person’s death occurred
due to parasitemia brought on by micro rupture in the
echinococcal cyst located in the liver, along with a
potential concomitant anaphylactic reaction.

DISCUSSION

Echinococcosis typically goes unnoticed for many years,
but occasionally, it manifests itself at autopsy as a sudden,
unexpected death brought on by an undiagnosed hydatid
cyst (9). According to Ben Jomaa et al. (8), hydatid cysts
were reportedly found in 0.33% (n=26) of the 7808 autopsy
cases, and only 15 of these 26 instances had hydatid cysts
as a contributing factor to mortality (12 anaphylaxis, 1
hydatid pulmonary embolism, 1 cardiac arrhythmia, and 1
hemothorax). The main causes of death are either
complications of hepatic and pulmonary echinococcosis or
cardiac hydatid cyst disease. Anaphylaxis, cardiac outflow
blockage, pulmonary and cerebral embolism, pulmonary
hypertension, and peritonitis are a few of the causes
connected to sudden death (9).

Pulmonary artery involvement develops primarily due to
the rupture of the right heart cysts. A cyst's contents
draining into the venous or arterial system can lead to
pulmonary or systemic embolism, chronic pulmonary
hypertension, anaphylaxis, or sudden death. The rupture of
the cyst inside of the hepatic vein or vena cava related to
hepatic focus is among the rare causes of pulmonary
embolism (2,10,11). This case fits the definition of an
embolism since the cyst's contents travel down the vena
cava to the right side of the heart and the pulmonary artery.
An important observation for understanding how this
process works is the presence of ruptured cyst content in
hepatic vascular structures. The most dangerous
complication in cases of hydatid cysts in the liver is the
opening of the cyst to the blood vessels, which can cause
anaphylactic shock and death. Rupture of the cyst and
discharge into the bile duct is also a frequent complication.
It is also stated that anaphylactic shock, which develops
due to the intravascular spread of the cyst content due to
minor abdominal trauma, can cause death without a
macroscopically visible cyst rupture (3).

According to their examination, Sahpaz et al. (12)
concluded that in cases of non-thrombotic pulmonary
embolism due to liver hydatic cyst, the cyst was
macroscopically well-defined but ruptured due to fresh
hemorrhage around the cyst wall and the daughter vesicles
inside the hepatic vascular structures. It is highly likely
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that micro ruptures have occurred in an unruptured cyst if
its contents mix with blood and move to the lung.
Especially, when no other cause of death can be noticed, it
is suggested that CE plays a part in the etiology and is
acknowledged as the mechanism of death (8).

Although anaphylactic reactions often occur due to
post-traumatic cyst rupture, recurrent anaphylaxis cases
due to unruptured cysts are also rarely reported (13,14).
There are very few case reports of patients with an intact
hepatic hydatid cyst dying suddenly from anaphylactic
shock (3,15). Concerning these cases, researchers have
most often pointed to the leakage of intense antigenic
cyst content into the blood circulation. While the cyst
wall is intact, the cause of this leakage is considered
high-intracystic pressure (15,16). According to the
literature, a hydatic cyst-induced pulmonary embolism can
occur in two ways: either by rupturing in the right atrium
or ventricle or by hematogenous dissemination originating
from a hepatic focal point. The suggested mechanism
behind the latter is the micro rupturing of the cyst inside
the inferior vena cava and the subsequent content
dissemination into the pulmonary arteries. The research
phase for postmortem contrast-enhanced CT examination
is now underway. While not being utilized much in practice,
it seems to be reliable for identifying cardiovascular causes
of death (17). When cysts are not macroscopically
ruptured, it can be helpful to demonstrate micro ruptures.

In our case, we concluded that parasite embolization from
the intact liver cyst to the lungs and anaphylactic reaction
were the causes of death. Especially, exercise and
overeating, which will increase intra-abdominal pressure
in the patient's history, may account for the formation of
micro ruptures due to mechanical effects on the cyst wall.
The most common autopsy findings related to anaphylaxis
due to cyst hydatid constitute pulmonary congestion,
alveolar hemorrhage, bronchial hypersecretion, and
laryngeal and/or pharyngeal edema (9). Anaphylaxis is a
macroscopically difficult diagnosis to make at autopsy.
The most typical signs of anaphylaxis at autopsy are
pulmonary congestion, alveolar hemorrhage, upper airway
edema, bronchial hypersecretion, and laryngeal and/or
pharyngeal edema. As in all cases of suspected fatal
anaphylaxis, measurements of serum-specific IgE, serum
tryptase and chymase levels can be helpful in cases of
suspected anaphylaxis due to cyst rupture (9,18,19). In our
autopsy case, serum-specific IgE, serum tryptase and
chymase measurements could not be performed. In our
case, every additional anaphylaxis-related finding that
may be seen during an autopsy was present. Premortem
epilepsy-like involuntary contractions expressed by the
witnesses of our case could be related to abruptly
decreased cerebral blood flow secondary to anaphylaxis as
reported by Meyer et al. (20).

CONCLUSION

To conclude, undiagnosed hydatid cysts should be
considered in the differential diagnosis in all cases of
anaphylaxis and sudden death in regions where
echinococcosis is endemic. In cases where cysts are
incidentally noticed in any organ, if there is no pathology
to explain death macroscopically at autopsy, anaphylaxis,
and systemic embolism due to echinococcosis should be
considered the causes of death.
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ABSTRACT

Ovarian cancer is the most mortal gynecological malignancy among women worldwide. The
appropriate treatment protocol is cytoreductive surgery and the main aim is to remove all
primary carcinoma focus and all metastatic lesions. A 37 years old woman (gravida 5, para 3)
presented with complaints of abdominal distension. During the gynecological examination,
bilateral adnexal masses in the solid structure were observed. Staging surgery was performed
and 8 cycles of adjuvant chemotherapy regimen were given. A pathological axillary lymph
node was detected in the positron emission tomography-computed tomography (PET/CT)
imaging at the follow-up 6 months after the end of the chemotherapy regimen. The biopsy
result from the axillary lymph node was reported as serous carcinoma metastasis. Metastasis
of ovarian carcinoma to the axillary lymph node is uncommon and has a poor prognosis.
High-grade ovarian serous carcinoma with axillary lymph node metastasis was presented in
this case report.

Keywords: Ovarian neoplasms, cystadenocarcinoma serous, neoplasm metastasis.

0z

Over kanseri, diinya ¢apinda kadinlar arasinda en dlimciil seyreden jinekolojik malignitedir.
Uygun tedavi protokolii sitorediiktif cerrahidir ve asil amag tiim primer karsinom odagini ve
tiim metastatik lezyonlar ¢ikarmaktir. 37 yasinda kadin hasta (gravida 5, para 3) karm sisligi
nedeniyle bagvurdu. Jinekolojik muayenede bilateral solid yapidaki adneksiyal kitleler izlendi.
Hastaya evreleme cerrahisi yapildi ve 8 kiir adjuvan kemoterapi rejimi verildi. Kemoterapi
rejimi bitiminden sonraki 6. ay kontroliinde, pozitron emisyon tomografi-bilgisayarl
tomografi (positron emission tomography and computed tomography, PET/CT)
goriintiilemesinde patolojik goriiniimde aksiller lenf nodu saptandi. Aksiller lenf nodundan
alman biyopsi sonucu serdz karsinom metastazi olarak raporlandi. Over karsinomunum
aksiller lenf nodu metastazi olduk¢a nadirdir ve kotii prognostik bir isaret olarak kabul edilir.
Bu vaka raporunda aksiller lenf nodu metastazi olan yiiksek dereceli over ser6z karsinomu
sunulmustur.

Anahtar kelimeler: Over tiimorleri; kistadenokarsinom ser6z; timor metastazi.

INTRODUCTION

Ovarian cancer is the most mortal gynecological malignancy and the third most
common gynecological malignancy after endometrial and cervical cancer (1). Cases
are frequently detected in stage I11-1V due to their quiet course and late onset of
symptoms. The standard treatment is surgical staging and cytoreductive surgery with
adjuvant chemotherapy. Distant metastasis is not expended after treatment is
completed. Ovarian cancer metastasizes mainly through direct extension and cancer
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cells spread to the abdomen. Transcoelomic spread is
followed by lymphatic dissemination (2-4). Axillary lymph
node metastasis from ovarian cancer is rare, it is reported
to have a poor prognosis. There are few case reports of
axillary metastasis of ovarian carcinoma (5,6).

In this case, we presented an ovarian carcinoma with
metastasis to the axillary lymph node.

CASE REPORT

A 37 years old woman (gravida 5, para 3) presented with
abdominal pain and distension. The patient did not smoke
and did not have any diseases. Nobody in the family has
breast cancer or ovarian cancer. In the gynecological
examination performed, bilateral adnexal masses in a solid
structure were observed. Diffuse acid fluid was seen
during the ultrasonographic examination, which indicated
solid masses of 82*73 mm in the left and 85*67 mm in the
right adnexa. The patient underwent magnetic resonance
imaging (MRI) as an advanced imaging method. MRI
showed that the mass in the right adnexa was adjoining to
the sigmoid colon and descending colon (Figure 1). Then
the patient underwent a colonoscopy to assess the
location of the tumor in the colon. As a result of the
colonoscopy, no finding suggesting colonic invasion was
found. The Cal25 level was 7418 U/ml.

Ovarian cancer was identified, necessitating staging
surgery. In exploration, the mass originating from the right
adnexa was observed to be attached to the posterior uterine
wall it was approximately 10 cm in size. A heterogeneous
mass of 8 cm in the size was observed in the left adnexa.
There were extensive tumoral implants in the peritoneum
and a 4 cm mass invading the rectum was observed. There
was a 1-liter discharge of acidic fluid and send for
cytological examination. Cytology result was reported as
an acid fluid containing malignant epithelial cell groups.
The patient had a total abdominal hysterectomy, bilateral
salpingo-oopherectomy, omentectomy, appendectomy,
and pelvic-paraaortic lymph node dissection as part of the
staging procedure. Low anterior resection was used to
remove the colonic mass. Implants in the peritoneum could
not be removed completely because they were too much.

Ovarian Carcinoma and Axillary Lymph Node Recurrence

As a result of pathology, high-grade serous carcinoma was
observed in both adnexa. High-grade serous carcinoma
infiltrates in the uterine serosa and bilateral parametrium,
detected in the pelvic, paraaortic lymph nodes, and colon.
No tumor infiltration was observed in the appendix and
omentum. No pathogenic mutation was detected in the
genetic tests performed on the patient.

Postoperatively, 8 cycles of carboplatin and paclitaxel
chemotherapy regimen were given. There was no
pathological finding in the computed tomography (CT)
imaging taken at the end of the chemotherapy regimen and
the Cal25 value was 11.7 U/ml. 6 months later, in the
positron emission tomography-CT (PET/CT) examination,
a pathological lymph node with a size of 1 cm was detected
in the left axillary region (Figure 2). Biopsy was taken
from the axillary lymph node, and the pathology result was
reported as high-grade serous carcinoma metastasis.
Immunohistochemistry markers of the left axillary node
biopsy specimen resulted in positive for P16, P53, and
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PAX-8, and negative for vimentin and GATAS3. This result
supported that the tumor originated from the ovary. Serum
Cal25 was slightly elevated (26.7 U/ml), the previous
value was 6.1 U/ml. Chest and abdominopelvic CT
imaging was taken and no lesion was observed.
Carboplatin and paclitaxel chemotherapy regimen was
started.

DISCUSSION

The peritoneal cavity is where ovarian cancer cells often
proliferate, however, they can metastasize to the
supraclavicular lymph nodes through the retroperitoneal
and diaphragmatic lymphatic systems. Two theories have
been put out in an attempt to explain how ovarian cancer
spreads to the axillary lymph nodes. Firstly, the cancer
cells could travel through the diaphragm via superior
diaphragmatic lymph nodes to the internal jugular vein,
subclavian vein, or subclavian lymph trunk, and finally to
the axilla. The second course is via the deep lymphatic
vessels inferior to the diaphragm and the superficial
lymphatic vessels inferior to the level of the umbilicus, to
the thoracic duct, and finally to the junction of the left
subclavian and internal jugular vein (7).

Stage IV tumors indicate distant metastases in ovarian
cancer, and these cases typically have poor prognoses.
Lymph node metastasis occurs in approximately 14-70%
of patients with ovarian cancer and is mainly seen in the
pelvic and paraaortic lymph nodes. It has been reported
that ovarian cancer metastasizes to axillary lymph nodes
with a frequency of approximately 0.03-0.6% (5).
Immunohistochemistry markers can help to identify the
axillary lymph node's main. PAX8 is expressed in
approximately 90% of malignant ovarian carcinomas,
therefore it is an important marker for epithelial ovarian
cancers (8). PAX-8 positivity in the axillary lymph node
biopsy taken from our patient and the history of advanced
ovarian cancer confirms that the metastasis originates from
the axillary lymph node.

Secondary cytoreductive surgery is one of the treatment
modalities in recurrent ovarian cancer cases (9). However,
data on the management of isolated cases of axillary lymph
node metastases are limited and the benefit of surgical
treatment is uncertain.

It is shown that patients with distant metastases were
initially diagnosed with stage Il and 1V cancer, had
high-grade carcinoma, and the median time to metastasis
was 20 months (10). It is stated that the time between the
diagnosis of ovarian cancer and the documentation of
distant metastasis is the most important prognostic factor
associated with survival, and the longer this period, the
longer the survival time. Especially in ovarian cancer
patients with single axillary metastases, survival is better
in case of recurrence after a minimum of 26 months after
the end of primary treatment (11).

CONCLUSION

Axillary lymph nodes are not a site where ovarian cancer
often metastasizes. Cancers that metastasize to axillary
lymph nodes more frequently. In particular, the diagnosis
of Dbreast cancer should be excluded first.
Immunohistochemistrical markers are useful in excluding
breast cancer or other primaries, in demonstrating that the
tumor originates from the ovary.
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ABSTRACT

Human anatomy is a variable structure. There are various rare muscle-specific accessory
structures. The accessory soleus muscle (ASM) is one of them and was studied in this case
report. ASM was seen during routine learning and teaching dissection lessons while dissecting
the right leg of a male body. When this muscle was examined, a thick beginning with fascial
connections from the soleus muscle, medially in the lower 1/3 of the leg was seen. This
unipennate-shaped super numeric muscle had a 3.95 cm width, 25.82 cm length, and 0.82 cm
thickness. This muscle, which is seen on radiological images, may often be confused with soft
tissue tumors such as ganglion, lipoma, hemangioma, synovioma, and sarcoma, and on the
pathology of the muscle may cause pain and tarsal tunnel syndrome-like effects.

Keywords: Accessory soleus muscle; anatomic variation; ankle.

0z

Insan anatomisi degisken bir yapiya sahiptir. Kasa 6zgii cesitli ve nadir yardimci yapilar
goriilebilmektedir. Aksesuar soleus kasi (accessory soleus muscle, ASM) bunlardan biridir ve
bu olgu sunumunda incelenmistir. ASM, bir erkek kadavranin sag bacagini rutin 6grenme ve
diseksiyon derslerini 6gretme sirasinda diseke edilirken goriildi. Bu kas incelendiginde
bacagin alt 1/3'inde medialde soleus kasindan fasiyal baglantilarla baslayan kalin bir yap1
goriildii. Bu unipennate sekilli siiper numerik kas 3,95 cm genislige, 25,82 cm uzunluga ve
0,82 cm kalinliga sahipti. Radyolojik goriintiilerde goriilmekte olan bu kas siklikla ganglion,
lipom, hemanjiyom, sinovioma ve sarkom gibi yumusak doku tiimérleri ile karisabilmektedir
ve kasin patolojisinde agri ve tarsal tiinel sendromu benzeri etkilere neden olabilmektedir.
Anahtar kelimeler: Musculus soleus accessorius; anatomik varyasyon; ayak bilegi.

INTRODUCTION

Anatomical variations such as the absence of a muscle, the abnormal presence of
extra muscle tissue, abnormal location of a muscle or an unusual course of a muscle
are frequently encountered. Accessory muscles are the name given to anatomical
variations that represent additional different muscles encountered with the normal
complement of muscles. In the literature, most of the data on accessory muscles are
based on findings obtained during anatomical dissection, surgical procedures, or
clinical examination methods. However, the widespread use of modern cross-sectional
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imaging techniques such as ultrasonography (US),
computed tomography (CT) and magnetic resonance (MR)
imaging has led to more frequent encounters with accessory
muscles and their more accurate identification (1). Accessory
muscles are usually asymptomatic and overlooked, but may
occasionally present with symptoms (1-3). These symptoms
are usually palpable swelling caused by the muscle mass
in the patient, symptoms that occur with the compression
of the neighboring structures (3,4). Cross-sectional
imaging can accurately display accessory muscles and
help distinguish them from other soft tissue masses (1).
Accessory soleus muscle (ASM), first described by Jean
Cruveilhier in his anatomy book titled “Traité d'anatomie
descriptive”, is a rare anatomical variation in the
posteromedial ankle (5). The incidence of this congenital
variation varies between 0.7 and 5.5 on average (4). It has
been suggested that ASM is formed by the splitting of the
soleus muscle (MS) muscle in the early stages of
development (6). The ASM originates from the anterior
surface of the MS, the fibula, or the linea solei musculi in
the tibia (7). According to the insertion point, it has been
described that there are 5 types (8). Its innervation is
provided by the tibial nerve, and its nutrition is provided
by the posterior tibial artery (8,9). The presence of ASM is
usually asymptomatic (1-3). With exercises, excessive
activities, and the increase in the size of the muscle, the
structures in the region may be under pressure, so there
may be symptoms such as pain and numbness mimicking
tarsal tunnel syndrome (4,10). Sometimes they can be
confused with soft tissue (ganglion, lipoma, hemangioma,
synovioma, and sarcoma) tumors (11).

CASE REPORT

This case was found during routine learning and teaching
dissections on a cadaver used for anatomy practice at the
University of Health Sciences, Hamidiye Faculty of
Medicine, Department of Anatomy in 2022. The male
cadaver’s clinical history, family history, and other details
were unknown. The cadaver was fixed using 10%
formaldehyde. In order to examine the ankle structures, a
tendon that terminates in the calcaneus was detected in the
posteromedial of the right ankle in the dissected cadaver in
accordance with the dissection techniques. When this
muscle was examined, a thick beginning with fascial
connections from the soleus muscle, medially in the lower
1/3 of the leg has been seen. It ended by attaching to the
posteromedial of the calcaneus with a thin tendon at the
attachment site (Figure 1). This unipennate-shaped super
numeric muscle has a 3.95 cm width, 25.82 cm length, and
0.82 cm thickness. Innervation with the tibial nerve,
supply it was through the posterior tibial artery.

DISCUSSION

Various anatomical variations of the posterior leg region
have been described in the literature. Anatomic variations
have been detected in musculature during anatomical
dissection, clinical evaluations, or surgical procedures (12).
Variations in the muscles of the posterior leg region can
lead to chronic painful conditions of the ankle. ASM is a
condition that manifests itself with the increase in clinical
problems caused by advanced age (13-17). ASM, whose
incidence was reported as 0.7%-5.5% in cadaver studies,
is usually unilateral and it has been reported to be more
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Figure 1.
A) Posteromedial and
B) medial view of the
accessory soleus
muscle (ASM)

AT: achilles tendon,
SM: soleus muscle,
TC: tuber calcanei,
MM: medial
malleolus, T: tibia

common in males (4,18,19). Reported that the presence of
ASM causes nerve compression at a rate of 7-8% in tibial
nerve compressions (13).
The soleus muscle (SM) is located deep in the
gastrocnemius and the head of the fibula originates from
the upper part of the posterior surface of the fibula and the
middle part of the posterior aspect of the tibia, forming a
short tendon structure and unites with the Achilles tendon.
There is a fibrous band between the parts originating from
the tibia and fibula. ASM originates from the deep surface
of the SM and the line joining the parts of the SM that starts
from the two bones. Types starting from the linea musculi
solei or fibula in the tibia have also been reported (20). The
muscle then runs downward and terminates
posteromedially of the calcaneus (1). At the endpoint, the
muscle or tendon structure can be seen. Lorentzon and
Wirell (21) categorized the endings of the ASM, and Yu
and Resnick (8) added a fifth shape to this classification:
1. Insertion along the Achilles tendon
2. Tendinous insertion on its upper surface
3. With muscle tissue on the upper surface of the
calcaneus insertion
4. Insertion with muscle tissue on the medial surface of
the calcaneus
5. Tendinous insertion on the medial surface of the
calcaneus
In another study, they divided attachment sites of ASM
into 3 types (22):
A. Proximal attachment to the soleus and distal attachment
to the medial surface of the calcaneus by a separate tendon.
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B. Proximal attachment to the soleus and distal tendinous
attachment to the calcaneal tendon.

C. Proximal attachment to the soleus and distal fleshy
attachment to the medial surface of the calcaneus.
According to the division of Hatzantonis et al. (22), this
case report fits type A, while according to Yu and
Resnick (8), this case reports defines as the 5 type.

In Hatzantonis et al. (22)’s study, six specimens were
investigated for ASM attachments, and all six fit type A.
In their study, it is indicated that in clinical literature
26.1% of specimens had type A attachments. In unilateral
type A attachment of ASM, the accessory muscle
measured 3.7 cm in width and 13.5 cm in length (22). In
our case report, ASM has been measured at 3.95 cm
width and 25.92 cm length. For males, 46.4% of ASM
cases are on the right leg, 43.5% left leg, and 10.1% are
bilaterally (22). In our case report ASM is seen unilaterally
on the right leg of a male body. If the Achilles tendon and
ASM are separately attached to the calcaneus, it is
generally stated that the ASM is attached to the anterior
side of the Achilles tendon. The muscle is usually
innervated by the tibial nerve and supplied its oxygenated
blood posteriorly to the tibial artery (23). In the presence
of ASM, pain especially on exertion has been described.
Pain occurs in the later stages of life. The reason for this
was shown as the increase in muscle mass in the later
periods (4). Itis claimed that it is detected more in athletes
based on the same reason (8). The mechanisms that will
cause pain in the presence of ASM are listed as follows:
Increased pressure in the fascia of the muscle, insufficient
blood flow to the muscle, and excessive development of
the tibial nerve posteriorly (4,8). Even though it does not
pass through the tarsal tunnel, there have been researchers
who have associated it with tarsal tunnel syndrome (24).
In their statement, the researchers suggested that
compression of the ASM triggers tarsal tunnel syndrome.
On clinical examination, swelling may be detected in the
posterior part of the wrist.

In addition to radiography US, CT, and MR imaging
methods were used to detect the presence of ASM (3,8,21).
In the radiographic imaging method, the image of the
Kager fat pad is not formed and is shadowed by the ASM.
With these imaging methods, ASM is usually detected in
front of the Achilles tendon, superficial to the Flexor
retinaculum, between the medial edge of the Achilles
tendon and the medial malleolus (1).

In the presence of ASM, in symptomatic cases, it has been
reported that treatment methods such as fasciotomy,
tendon release, ligation of the artery feeding the muscle,
and botulinum toxin injection are applied (25,26). While
success was achieved in the short term, the return of
symptoms in the long term suggested that surgical excision
is the definitive treatment method (1).

CONCLUSION

Painful conditions of the posterior inner region of the ankle
should be investigated considering the presence of ASM
even if no swelling is detected. MRI examinations applied
to patients presenting with such a complaint should be
performed by keeping in mind that the muscle may exist.
Particularly in the cases with painful conditions that
decrease at rest and increase with effort may be associated
with ASM.
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e  Terim ilk kullanldig1 yerde parantez i¢inde kisaltmayla birlikte agik olarak yazilmali ve tiim metin boyunca ayni kisaltma kullanilmalidir.
o  Uluslararasi kullanilan kisaltmalar Bilimsel Yazim Kurallarina uygun sekilde kullanilmalidir.

TABLOLAR VE SEKILLER

e Metinde ilgili ciimlenin sonunda (Tablo 1) ve/veya (Sekil 1) seklinde belirtilmelidir.

e Tablolar (basliklariyla birlikte) ve sekiller (agiklamalariyla birlikte) kaynaklardan sonra ve her biri ayr1 bir sayfada olacak sekilde metnin sonuna
eklenmelidir.

e Tablo basliklar1 tablo iistiinde (Tablo 1. Tablo bashgr), sekil agiklamalart ise seklin altinda (Sekil 1. Sekil agiklamasi), ilk harfleri biiyiik olacak

sekilde yazilmalidir.

Tablolarda ve sekillerde kisaltma veya sembol kullanilmis ise altinda dipnot olarak agiklanmalidir.

Sekiller ve fotograflar, .png, .jpg vb. formatta ve en az 300 dpi ¢oziiniirliikte ayr1 dosyalar halinde yiiklenmelidir.

Sekil ve fotograf alt yazilari, son tablonun oldugu sayfadan sonra, ayr1 bir sayfada sirasiyla verilmelidir.

Daha 6nce basilmis sekil, resim, tablo, grafik vb. kullanilmis ise yazili izin alinmali ve bu durum sekil, resim, tablo veya grafik agiklamasinda

belirtilmelidir. Bu konudaki hukuki sorumluluk yazarlara aittir.

TESEKKUR
e Eger cikar catigmasi, finansal destek, bagis ve diger biitiin editoryal (ingilizce/Tiirkge degerlendirme) ve/veya teknik yardim varsa, bu boliimde,
KAYNAKLAR boliimiinden once belirtilmelidir.

KAYNAKLAR

e Kaynaklar, kullanim sirasina gére numaralandirilmali ve metin i¢inde ilgili climlenin sonunda parantez i¢inde numaralarla (1) veya (1,2) veya (3-
5) seklinde verilmelidir.

Kaynaklar dizini, metin iginde kaynaklarin kullanildig: siraya gore olusturulmalidir.

Yazar sayis1 6 veya daha az ise tiim yazarlar belirtilmeli, 7 veya daha fazla ise ilk 6 yazar belirtildikten sonra “et al.” eklenmelidir.

Kongre bildirileri, kisisel deneyimler, basiimamis yayinlar, tezler ve internet adresleri kaynak olarak gosterilmemelidir.

DOI tek kabul edilebilir online referanstir.

Makale:
Al-Habian A, Harikumar PE, Stocker CJ, Langlands K, Selway JL. Histochemical and immunohistochemical evaluation of mouse skin histology:
comparison of fixation with neutral buffered formalin and alcoholic formalin. J Histotechnol. 2014;37(4):115-24.

Aho M, Irshad B, Ackerman SJ, Lewis M, Leddy R, Pope T, et al. Correlation of sonographic features of invasive ductal mammary carcinoma
with age, tumor grade, and hormone-receptor status. J Clin Ultrasound. 2013;41(1):10-7.

Kitap:
Buckingham L. Molecular diagnostics: fundamentals, methods and clinical applications. 2nd ed. Philadelphia: F.A. Davis; 2012.

Kitap Boliimii:
Altobelli N. Airway management. In: Kacmarek R, Stoller JK, Heuer AJ, editors. Egan’s fundamentals of respiratory care. 10th ed. St. Louis:
Saunders Mosby; 2013. p.732-86.









	Boş Sayfa



