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ABSTRACT 
 
The global burden of non-communicable diseases is increasing, with unhealthy diets being a key contributing factor. The Western 
diet, which is now widespread due to technology, food industry practices, and globalization, conflicts with the dietary principles 
of the World Health Organization. Consisting of high-calorie, nutrient-poor foods, it contributes to increased mortality and 
morbidity related to non-communicable diseases. This review examines the links between nutrition-related risk factors and non-
communicable diseases by searchingthe PubMed, Scopus, Web of Science, and Google Scholar, as well as the World Health 
Organization and United Nations reports. The emphasis was placed on recent, authoritative sources, with data collected from 
January 2024 to August 2025 and updated based on reviewer feedback. 
 
KEYWORDS 
Healthy dietary pattern, non-communicable diseases, nutrition, nutritional risk factors, western diet  
 
 
ÖZ 
 
Bulaşıcı olmayan hastalıkların küresel yükü giderek artmakta, sağlıksız beslenme ise bu artışın temel etkenlerinden biri olarak 
öne çıkmaktadır. Teknolojik gelişmeler, gıda endüstrisinin uygulamaları ve küreselleşme ile yaygınlaşan Batı tipi beslenme, 
Dünya Sağlık Örgütü’nün sağlıklı beslenme ilkeleriyle çelişmektedir. Yüksek enerji içerikli ancak besin değeri düşük gıdalarla 
karakterize bu beslenme biçimi, bulaşıcı olmayan hastalıklara bağlı mortalite ve morbiditeyi artırmaktadır. Bu derleme, beslenme 
ile ilişkili risk faktörleri ile bulaşıcı olmayan hastalıklar arasındaki ilişkiyi incelemektedir. Literatür taraması PubMed, Scopus, 
Web of Science ve Google Scholar kullanılarak yapılmıştır; ayrıca Dünya Sağlık Örgütü ve Birleşmiş Milletler raporları 
incelenmiştir. Güncel ve güvenilir kaynaklara öncelik verilmiştir, veriler Ocak 2024–Ağustos 2025 arasında toplanmış ve hakem 
önerileri doğrultusunda düzenlenmiştir. 
 
ANAHTAR KELİMELER 
Bulaşıcı olmayan hastalıklar, beslenme, beslenme risk faktörleri, batı tipi beslenme, sağlıklı beslenme modeli 
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on-communicable diseases (NCDs) pose a significant 
public health challenge today, with increasing mortality 
and morbidity rates (1). Various risk factors contribute to 

the development of NCDs, with nutrition being one of the most 
critical. The development and progression of many conditions, 
including cardiovascular diseases, diabetes, and cancer, are 
closely linked to nutritional behaviors (2). The aim of this 
article is to define NCDs and their context, explore the 
connection between NCDs and nutritional behavior, identify 
nutritional risk factors associated with the development of 
these diseases, and assess the current global situation with 
regard to risky behaviors. Additionally, it aims to evaluate the 
relationship between the food industry and the Western diet, 
outline healthy dietary patterns, highlight successful global 
practices from around the world, and provide 
recommendations for improving nutrition and health. 

 
Materials and Methods 

 
This review is based on scientific documents obtained 

through a literature search conducted between January 2024 
and August 2024, and was updated with additional literature 
including August 2025 during revisions in response to the 
journal reviewer’s comments. The databases used for the 
search included PubMed, Scopus, Web of Science, and Google 
Scholar. In addition to peer-reviewed journal articles, the 
review and analysis included official reports, and data from 
international organizations such as the World Health 
Organization (WHO), the United Nations (UN), and the 
Institute for Health Metrics and Evaluation (IHME). Keywords 
in both the Turkish and English languages were used with the 
primary words being ‘non-communicable disease’, ‘disease 
burden’, ‘nutrition and disease’, and ‘nutrition and non-
communicable disease’. All reports, websites, and other 
reference materials used in this review were carefully selected 
to reflect the most current and authoritative data available at 
the time of writing. Priority was given to the most recent 
versions of official documents, primarily published in 2023 and 
2024. All organizational websites consulted (e.g. WHO, UN, 
and IHME) were accessed during the literature search period 
and verified to contain up-to-date statistics, policy documents, 
and global estimates. This approach was taken to ensure that 

the review’s findings are based on the most reliable and timely 
evidence available. 
 
Noncommunicable diseases: conceptual framework 

For centuries, infectious diseases have been the 
leading cause of death worldwide. Due to uncontrolled 
epidemics, life expectancy at birth has historically remained 
low. However, after World War II, significant advancements in 
vaccination practices, the use of antibiotics, and improvements 
in living conditions led to a successful battle against infectious 
diseases. Consequently, the burden of non-communicable 
diseases (NCDs), which remains a critical public health issue 
today, has come to the fore (3). NCDs are defined as conditions 
that are not caused by acute infections, lead to long-term health 
effects, and requiring prolonged treatment and care (4). 
Another definition suggests that NCDs are diseases that are 
typically non-contagious and not transmitted from the affected 
person to others (5). Although there is no universally accepted 
definition of NCDs, the term is often preferred to "chronic 
diseases." The latter primarily describes the long-term nature 
of a condition, regardless of whether it is contagious. Some 
sources also use the term "lifestyle-related diseases". 
Nevertheless, "NCDs" is the terminology favored by the World 
Health Organization and it is the term most commonly 
encountered in current literature (6,7). The non-communicable 
diseases with the highest mortality and morbidity rates include 
cardiovascular diseases (such as heart attacks and strokes), 
cancer, chronic respiratory diseases (such as chronic 
obstructive pulmonary disease and asthma), and diabetes 
mellitus (1). As communicable diseases have become less 
prevalent, these four categories have emerged as a significant 
burden on health systems, particularly in developed countries. 
Initially, NCDs were associated with wealth and described as 
"diseases of the rich." However, since the early 2000s, their 
prevalence has increased globally, particularly in developing 
countries. This trend can be explained by the epidemiological 
transition theory (3). For instance, economic development and 
industrialization lead to greater access to food and subsequent 
changes in dietary behaviors. These dietary changes, coupled 
with a more sedentary lifestyle, have resulted in adverse health 
outcomes (8). Consequently, in the early 2000s, developing 
countries began facing a dual burden of both communicable 
and NCDs (9). 

N 
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Today, an increasing number of deaths result from 
NCDs. Approximately 41 million deaths occur each year due 
to NCDs, accounting for 74% of all global deaths. Around 17 
million individuals die from NCDs before the age of 70 each 
year, and 86% of these premature deaths occur in low- and 
middle-income countries. These regions account for 77% of all 
NCD-attributable deaths (1). NCDs not only cause premature 
deaths but also contribute to increased healthcare expenditures 
and significant economic losses due to their complexity and the 
chronic nature of care required. It is estimated that the cost of 
NCDs in low- and middle-income countries will exceed 7 
trillion USD between 2011 and 2025 (10). Examining country 
classifications based on income reveals that the percentage of 
deaths due to NCDs increases with income levels. However, it 
is essential to recognize that the regions with the highest 
number of NCD-related deaths remain low- and middle-
income countries (11). Cardiovascular diseases alone cause 17.9 
million deaths annually worldwide, making them the leading 
cause of NCD deaths, followed by cancers (9.3 million), chronic 
respiratory diseases (4.1 million), and diabetes (which includes 
2.0 million deaths from kidney disease caused by diabetes) (1). 
NCDs lead not only premature death but also limit the number 
of healthy life years in populations. The burden of NCDs on 
disability-adjusted life years (DALYs) has increased over time. 
Between 2000 and 2019, the number of DALYs from infectious 
diseases like HIV/AIDS and diarrheal diseases decreased by 
50%. In contrast, DALYs from diabetes increased by over 80%, 
and those from Alzheimer's disease doubled (12,13). In 2019, 
NCDs accounted for 63% of DALYs worldwide, with the rate 
in the WHO European region reaching 84% (14). 
Cardiovascular diseases make the highest global contribution 
to disability-adjusted life years (DALYs), representing 15.52% 
of the total. The next highest contributors are cancers, neonatal 
diseases, musculoskeletal disorders, respiratory tract 
infections, and mental illnesses. 

Table 1 shows the Human Development Index (HDI) 
for different countries, along with their life expectancy at birth, 
gross national product (GNP), and the frequency of factors 
contributing to DALYs in these countries. Analysis of life 
expectancy and GNP reveals that these values tend to decrease 
as the level of human development declines. In developed 
countries, non-communicable diseases (NCDs) are expected to 
contribute more significantly to DALYs compared to other 

factors. For example, NCDs account for 86.32% of DALYs in 
Switzerland, which has a very high level of human 
development, and 88.69% in Bulgaria, which is classified as 
having a high level of human development. By contrast, the 
contribution of NCDs in Venezuela, categorized as having a 
medium HDI, is 69.44%, while in Nigeria, classified as having 
low HDI, it reaches only 26.78%. The difference between these 
countries provides insight into the varying impacts of NCDs in 
countries with different levels of human development (15,16).  

Figure 1 illustrates the data presented in Table 1, 
showing the average percentage contribution of NCDs to 
DALYs for each development category. It is evident that the 
contribution of NCDs to DALYs decreases as the level of 
human development declines. 
Non-communicable diseases; risk factors 

Risk factors are defined as any characteristic or 
exposure that increases an individual’s likelihood of 
contracting a disease or sustaining an injury (17). According to 
the World Health Organization, the risk factors that increase 
the frequency of NCDs are categorized into three main groups 
including behavioural, metabolic, and environmental risk 
factors. Among these, the most significant risk factors for 
NCDs are tobacco use, physical inactivity, alcohol 
consumption, unhealthy diets, and air pollution (1). 
Approximately 8 million people die each year because of 
tobacco use, with more than 1 million of those being passive 
smokers. Unhealthy diets are responsible for 19% of deaths 
from NCDs annually, and it is estimated that 1.8 million deaths 
each year are related to excessive salt or sodium intake. Alcohol 
consumption is linked to several diseases, including liver 
cirrhosis and various types of cancer. It accounts for around 3 
million deaths annually due to its harmful effects.  Despite the 
well known benefits of physical activity in preventing and 
treating NCDs one in three women, one in four men, and over 
80% of adolescents do not engage in enough physical activity 
to maintain a healthy lifestyle. It is estimated that physical 
inactivity contributes to approximately 830,000 deaths each 
year. Air pollution, both outdoors and indoors, poses a 
significant health risk and is a major environmental driver of 
NCDs. Every year, 6.7 million people die from NCDs related to 
air pollution, including chronic obstructive pulmonary disease 
(COPD) and lung cancer. High blood pressure is the leading 
global metabolic risk factor, accounting for around 19% of all 
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deaths. Currently, 1.3 billion people aged 30 to 79 suffer from 
high blood pressure, two-thirds of whom reside in low- and 
middle-income countries. Being overweight is also a critical 
metabolic risk factor. In 2022, it was estimated that 2.5 billion 
people were overweight, 890 million of whom were obese. 
Obesity significantly increases the risk of cardiovascular 
diseases, diabetes, musculoskeletal disorders, and certain 
cancers. While obesity has been a major health issue in high-
income countries for decades, it has recently emerged as a 
public health concern in low- and middle-income countries 
too. Hyperglycemia, characterized by elevated blood sugar 

levels, can lead to serious health issues if sustained over time. 
It is estimated that hyperglycemia contributes to 20% of deaths 
related to cardiovascular diseases. High blood cholesterol 
levels, a component of hyperlipidemia, also negatively impact 
cardiovascular health. Factors such as unhealthy diets, 
excessive body weight, insufficient physical activity, tobacco 
use, and excessive alcohol consumption can also elevate 
cholesterol levels, although high cholesterol can be hereditary. 
According to estimates, high blood cholesterol levels were 
responsible for around 3.9 million deaths in 2017 (1,18).  

 
Table 1. Life expectancy at birth, gross domestic product, and disability adjusted life years in four countries, according to their 
human development index category. 

*The Human Development Index classifies countries into 4 categories according to the values they receive; very high, high, 
medium and low. The country at the top of each category is shown in the table. 
HDI, Human Development Index; DALY, Disability Adjusted Life Years; NCDs, Non-communicable diseases; CDs: 
Communicable diseases 

 
NCDs result from a combination of factors, including 

genetic, environmental, and physiological influences. These 
can be classified as either modifiable or non-modifiable risk 
factors. However, as certain unmodifiable characteristics (like 
age and gender) impact the risk of developing NCDs, it is 
insufficient to examine only the modifiable factors. Therefore, 
an alternative classification model has been proposed (2).  This 
model groups risk factors associated with NCDs into five 
categories: genetic factors, environmental factors, 
sociodemographic factors, factors related to self-management, 

and factors related to medical conditions. All of these factors 
interact with one another and influence an individual’s risk of 
developing a disease. For example, advancing age may lead to 
retirement, resulting in social isolation and financial stress. 
Furthermore, various factors can influence nutritional status, 
including a person's socioeconomic status, level of education, 
the technological resources available in their country, and their 
region’s access to food. Thus, there are complex structures 
underlying modifiable risk factors (Figure 2).

Country HDI (2023) Life 
expectancy at 

birth 
(years) 

Gross 
domestic 
product 
(USD) 

DALY (%) 

 *Category Value   NCDs CDs+maternal, 
perinatal, 

nutritional factors 

İnjuries 

Switzerland Very High 0.967 84.3 689.433 86.32 3.75 9.92 

Bulgaria High 0.799 71.5 23.921 88.69 3.49 7.82 
Venezuela Medium 0.699 71.1 6.184 69.44 12.79 17.77 
Nigeria Low 0.548 53.6 4.755 26.78 68.74 4.47 
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Figure 1. Comparison the contribution of NCDs to DALYs according to the HDI scores countries 

 

Figure 2. Underlying causes of NCDs  
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Country-specific context: The case of Türkiye 

In Türkiye, NCDs are one of the leading causes of 
illness and death, accounting for approximately 90% of all 
fatalities (19). In 2019, ischemic heart disease was the primary 
cause of disease-related deaths, accounting for 95.9% of cases, 
followed by stroke at 49.1%, various types of cancer at 39.7%, 
chronic obstructive pulmonary disease at 28.0%, diabetes at 
20.1%, and hypertensive heart disease at 16.3% (20). In 2022, 
NCDs were responsiblefor 389,100 deaths in Türkiye, with a 
16% probability of preventable premature death from these 
diseases (19). In response to this public health challenge, the 
Ministry of Health launched the "Türkiye Multisectoral 
Noncommunicable Diseases Action Plan", covering the period 
from 2017 to 2025 (21). This plan aims to monitor and reduce 
risk factors following the STEPwise approach recommended 
by the World Health Organization (WHO) (22). As part of this 
initiative, the "Türkiye Household Health Survey" was 
conducted in 2017 and again in 2023. Data from both studies 
indicates that behavioral and metabolic risk factors, such as an 
unhealthy diet, physical inactivity, and obesity, significantly 
contribute to the prevalence of NCDs in Türkiye. The 2023 
survey revealed that 87.9% of adults consume fewer than five 
portions of fruits and vegetables per day, highlighting a 
widespread nutritional risk. Furthermore, physical inactivity 
affects 32.1% of the population, with a notable gender 
disparity: men average 64.3 minutes of daily physical activity, 
while women average only 34.3 minutes. Encouragingly, the 
prevalence of obesity declined from 28.8% in 2017 to 25.4% in 
2023, primarily due to a reduction among women. These 
findings emphasize both persistence of behavioral risk factors 
and areas of progress, underlining the importance of Türkiye’s 
ongoing multi-sectoral strategies to promote healthy diets, 
increase physical activity, and reduce the burden of NCDs (23). 
 
Noncommunicable diseases associated with nutritional 
behavior 

Healthy nutrition is defined as a diet that promotes 
health and prevents disease (24). In contrast, an unhealthy 
nutrition leads to what is known as 'malnutrition.' 
Malnutrition encompasses deficiencies or excesses in 
nutritional intake, imbalances of essential nutrients, or 
impaired nutrient utilization (25). The increasing prevalence of 
NCDs worldwide, along with increased mortality and 

disability rates, has highlighted the importance of nutrition-
related risk factors (26). Since the early 2000s, nutritional 
behaviors have changed significantly on an international scale. 
Globalization and urbanization have led to a growing 
preference for ready-to-eat food and drink, as well as more 
frequent dining out. These inexpensive, ready-to-consume 
food and drink products are often classified as “ultra-
processed.” They typically contain high levels of energy, fat, 
salt, and sugar, but lack nutritional value. Ultra-processed 
foods and beverages tend to have a long shelf life, which makes 
them more appealing for businesses than fresh products. 
Intensive marketing efforts, particularly those aimed at 
children, have also contributed to the increased consumption 
of these unhealthy products. As a result, ultra-processed foods 
are rapidly replacing fresh, nutritious, and minimally 
processed alternatives, thereby altering the nutritional patterns 
and food systems within society. Vulnerable populations 
worldwide often struggle to access and maintain a healthy diet; 
and it is in these environments that ultra-processed food and 
beverage products are most prevalent (27). 

Nutrition related NCDs include overweight and 
obesity (which are linked to high blood pressure, high 
cholesterol, diabetes, cardiovascular diseases, stroke, certain 
cancers, and insulin resistance), cardiovascular diseases, type 2 
diabetes, hypertension, and specific types of cancer (such as 
esophageal, lung, oral cavity, nasopharynx, colon, and rectal 
cancers). The underlying risk factors for these diseases include 
high sodium intake, excessive sugar consumption, high trans 
fatty acid consumption, and low consumption of vegetables, 
fruits, whole grains, and oilseeds. High salt intake raises blood 
pressure, thereby increasing the risk of cardiovascular 
diseases, stroke, chronic kidney disease, and some cancers. 
Consuming high sugar can lead to weight gain, contributing to 
obesity and its associated diseases. Trans fatty acids have been 
linked to an increased risk of cardiovascular disease and stroke 
(27). As illustrated in Figure 3, a single dietary risk factor can 
lead to multiple diseases, just as a noncommunicable disease 
can serve as a risk factor for other diseases. Diet-related factors 
are the third largest contributor to the global burden of disease, 
after high blood pressure and tobacco use. Poor nutrition 
increases the risk of various health issues. In 2019, dietary risk 
factors were associated with 7.9 million deaths and 187.7 
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million disability-adjusted life years (DALYs) (28).  The leading 
risky dietary behaviors globally in terms of mortality and 
DALYs include high sodium intake, low whole grain intake, 
and low fruit consumption (Figure 4) (29). High sodium intake 
is the dietary risk factor that has the most significant impact on 
health, primarily due to its association with cardiovascular 
diseases such as ischemic heart disease and hypertensive heart 
disease. In 2019, sodium intake was linked to 1.9 million deaths 
(28).  Additionally, a low consumption of healthy foods—like 
fruits, vegetables, legumes, and whole grains—greatly 

increases the risk of cardiovascular diseases within a 
population. In 2017, unhealthy diets accounted for 22% of all 
adult deaths, with cardiovascular diseases identified as the 
leading cause of diet-related fatalities (30, 31).  A 2022 study 
indicated that increasing daily vegetable consumption from 
zero grams to 306 - 372 grams reduced the risk of ischemic 
stroke by 23.2%, the risk of ischemic heart disease by 22.9%, the 
risk of haemorrhagic stroke by 15.9%, and the risk of 
esophageal cancer by 28.5% (32). 
 

 

 

Figure 3. Nutritional risk factors for non-communicable diseases 
 
Healthy dietary patterns  
 

Healthy nutrition is one of the most important 
elements in a person's growth and development, protection 
against diseases, and overall quality of life. Poor eating habits 
are a significant risk factor contributing to the global disease 
burden (33). Over the past few decades, a focus on individual 
nutrients has improved our understanding of diseases 
associated with vitamin deficiencies. However, examining 
macro or micronutrients alone fails to explain nutrition's role 
in chronic conditions. Instead, the combination of nutrients 

and foods in a person's diet provides greater benefits than any 
individual food or nutrient. The dietary model approach is 
currently being used to analyze the nutritional behaviors of 
societies and their relationship with disease burden. The 
dietary model is defined by the amount, variety, or 
combination of different foods and beverages consumed, as 
well as how regularly they are consumed (34). Rather than 
assessing specific food groups or nutrients separately, dietary 
model analysis considers nutritional factors as a whole (35).  
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Figure 4. Number of deaths by risk factors (World), 2019 

The content of a healthy dietary model may vary from person 
to person based on factors such as age, gender, disease status, 
lifestyle, cultural characteristics, local foods, and cuisine. 
Nevertheless, the fundamental principles of healthy nutrition 
are the same for everyone (33). According to the World Health 
Organization, a healthy dietary model should adhere to the 
following principles: (a) Energy intake and energy expenditure 
should be balanced, (b) The sources of energy, protein, 
vitamins, and minerals should primarily come from a diverse, 
plant-based diet, (c) Energy should mainly be derived from 
carbohydrates, such as whole grains and legumes, (d) Fat 
intake should constitute no more than 30% of total energy, 
favoring unsaturated fatty acids over saturated fatty acids, 
while eliminating industrial trans fats, (e) Added sugar intake 
should be less than 10% of total energy (ideally less than 5%), 

(f) Daily sodium intake should be limited to less than 2 grams 
(equivalent to 5 grams of salt), (g) Adults are recommended to 
consume at least 400 grams (5 portions) of fruits and vegetables 
daily. In order to achieve these health goals, it is important to 
include fresh vegetables with every meal. Additionally, fresh 
fruits and raw vegetables should be preferred as snacks 
between meals, with a focus on seasonal options. Boiling or 
steaming methods should be preferred over frying to reduce 
saturated fat intake. The use of vegetable/seed oils over solid 
fats is advised. When it comes to meat, selecting lean cuts is 
advisable. Fried or baked pastries, as well as pre-packaged 
foods that contain high levels of trans fats should be avoided. 
To limit daily sodium intake, consumption of packaged foods 
should be minimized, salt should be eliminated from the table, 
and low-sodium items should be opted for. Finally, to 
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minimize consumption of simple sugars, sugary snacks, sugar-
sweetened beverages, energy drinks, and ready-to-drink iced 
teas and coffees have to be avoided (33, 36). 
 
The western diet and the role of the food industry 

 
The modern nutritional pattern that has become 

widespread around the world is known as the "Western Diet". 
Emerging with the Industrial Revolution, this dietary approach 
has gained prominence in the 21st century. Technological 
advances in food industry have accelerated the production of 
foods with a long shelf life and greater sensory appeal. Due to 
their sensory properties and ease of access, these foods have 
become increasingly popular. Today, processed and ultra-
processed foods make a large part of the Western diet. These 
foods are often high in sugar, sodium, and fat but low in fiber, 
vitamins, and minerals. Research indicates that consuming 
ultra-processed foods is linked to various health issues. The 
Western diet is characterized by high intakes of processed and 
refined foods, red and processed meats, added sugars, and 
saturated and trans fats, while lacking in fruits, vegetables, 
whole grains, and oilseeds. This shift in dietary habits differs 
starkly from that of previous generations and is contrary to 
human physiology, potentially causing numerous health 
problems. The Western diet has been associated with diseases 
such as type 2 diabetes, cardiovascular diseases, and certain 
types of cancer (37, 38). 

One reason for the popularity of ultra-processed 
foods—beyond their long shelf life and improved sensory 
properties—is the aggressive marketing and sales strategies 
employed by the food industry. The promotion of these foods 
is pervasive, reaching consumers through television 
advertisements, online promotions, and physical posters or 
banners at points of sale (39).  Studies have shown that 
advertising directed at children significantly increases the 
likelihood of these foods being consumed shortly after 
exposure, leading to an overall increase in total energy intake 
(40). Sales tactics such as "discounted prices," "promotional 
products," and "bargain items" further encourage the purchase 
of unhealthy foods (41). According to a systematic review, 
promotional pricing is more common for unhealthy food 
groups, especially packaged foods sold in large sizes (42). In 
2021, the United Kingdom government introduced the first law 
addressing food promotions. This regulation aims to ban 

quantity-based promotions (e.g., "buy one, get one free") for 
unhealthy food and drink products in stores and online. 
However, the implementation of this law has been delayed and 
is expected to take effect in October 2025 (43). Another strategy 
employed by the food industry to increase sales is to 
manipulate the claims and labels on food packaging to create 
theimpression that the products are healthier than they 
actually are. This practice is often referred to as 
"healthwashing" or creating a "health halo." These terms 
describe techniques that mislead consumers into believing that 
unhealthy products are healthy by associating them with 
fitness or a healthy lifestyle (44, 45). For example, foods labeled 
as "low fat" are often perceived as healthy, even though they 
may contain high levels of sugar. Similarly, protein bars are 
often mistakenly considered a healthy option simply because 
they include the word "protein" in their name, regardless of 
their sugar content and other nutritional aspects (46). Food 
fortification initiatives aimed at preventing micronutrient 
deficiencies are intended to protect and improve public health 
(47). However, food suppliers may take advantage of this by 
fortifying ultra-processed foods (such as breakfast cereals, 
ready-made fruit juices, and fruit-flavored milk), which can 
mask their unhealthy nature. Such foods may be marketed as 
"rich in vitamins/minerals" or "high in nutrients," which 
misleads consumers and encourages higher consumption of 
ultra-processed options. Therefore, it is emphasized that 
voluntary food fortification should be regulated, and the 
fortification of ultra-processed foods should be restricted (48). 
 
Examples of good practices worldwide 
 

In the fight against NCDs, the United Nations (UN) 
and the World Health Organization (WHO) have developed 
and continue to develop various policies. The Global Nutrition 
Goals, published in 2014 and running until 2025, provide a 
comprehensive implementation plan focused on the nutrition 
of mothers, infants, and young children (49).  Another 
important action plan emphasizing nutritional targets is the 
Sustainable Development Goals (SDGs), which were 
established in 2015 and will continue until 2030. This 
development plan consists of 17 goals, with SDG-2: "Zero 
Hunger" and SDG-3: "Good Health and Well-being" 
specifically addressing issues closely related to nutrition and 
NCDs (50). To accelerate progress towards these action plans 
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and ensure success for partner countries, period from 2016 to 
2025 has been designated  the United Nations Decade of Action 
on Nutrition (51). In order to achieve these goals, countries 
need to implement and sustain evidence-based nutrition 
policies and interventions that have demonstrated 
effectiveness. Implementing nutrition programs is a complex 
process influenced by several factors, including adequate 
budget allocation, sufficient logistics, and workforce, the 
qualifications and motivation of project managers, community 
participation, and continuous monitoring and evaluation (52). 
 When examining successful practices from around the 
world, one of the most significant focus areas is reducing salt 
consumption. Cardiovascular diseases, the leading cause of 
death among NCDs, are linked to high salt intake, making salt 
reduction interventions both effective and cost-efficient. Three 
main areas of action are typically defined: product 
reformulation, consumer awareness, education (including 
clear and comprehensive labeling), and monitoring public salt 
consumption. Finland and the United Kingdom are pioneers in 
salt reduction initiatives. In Finland, a program initiated in 
1970 primarily aimed to raise public awareness. By 1993, it had 
become mandatory to display the amount of salt content on 
food labels and to include warning signs on foods high in salt. 
To help consumers identify healthier options, a label indicating 
"better choice" was introduced for low-salt foods. As a result of 
these regulations, Finland's salt consumption decreased from 
12 grams per day in the 1970s to 6.5 grams per day by 2002. In 
the UK, the focus was on reformulating food and collaborating 
with the food sector. Over 100 food groups responsible for the 
majority of the salt consumption were targeted, achieving a 25-
45% reduction in the salt content in food to date. It has been 
reported that overall salt consumption in the UK has decreased 
by 10-15% since the program's inception in 2003-2004. The 
policies implemented by both Finland and the UK have served 
as models for other member states.  

Another critical area of action addresses trans fatty 
acids, which are formed during the production of ultra-
processed foods such as margarine, and these fatty acids are 
linked to both cardiovascular diseases and certain types of 
cancer. Eliminating industrially produced trans fats from the 
food supply is considered as one of the simplest public health 
interventions to enhance nutrition and reduce the risk of 
NCDs. Denmark was the first country to take action in this 

regard, implementing a ban on the sale of foods containing 
trans fatty acids in 2003, with a maximum limit of 2 grams of 
trans fats per 100 grams of product. Following this legislation, 
the food industry shifted towards healthier fat options, thereby 
improving the overall food profile. Recent decreases in 
cardiovascular disease-related deaths in Denmark can be 
partly attributed to this intervention (53). 
 As childhood obesity has increased over the years, the 
importance of school nutrition programs has grown. . In 
Slovenia, a school food law was introduced in 2013, banning 
vending machines selling food and drinks in schools. This law, 
in addition to the previously existing school fruit program and 
school nutrition education, has had positive effects (54, 55). 
Another intervention aimed at children is restricting food 
advertising. South Korea took action against food advertising 
aimed at children in 2008. Advertisements for certain foods 
(high energy, low nutrition) have been prohibited during the 
hours when children watch TV the most (17:00–19:00). 
Additionally, presenting and advertising any food or 
promotional products as gifts has been prohibited. The total 
number of advertisements related to undesirable foods has 
decreased by 58% since the program came into effect (55, 56).  

Finally, the application of an excise tax to unhealthy 
foods in many countries has led to positive outcomes. For 
example, the public health product tax that came into effect in 
Hungary aimed to reduce the consumption of certain foods 
(those with a high salt, sugar or caffeine content) in 2011. Taxed 
products include sugar-sweetened beverages, energy drinks, 
candies, salty snacks, condiments, broth cubes, flavored 
alcoholic beverages, and fruit jams. As a result, it has been 
observed that the sales of these products have decreased by 
27% and it is estimated that consumption has decreased by 
approximately 20-35%. It has also been emphasized that the 
food industry has resorted to reformulation to reduce the use 
of taxed materials. Additionly, this taxation system increased 
consumers' awareness of he difference between healthy and 
unhealthy food (55).  

Although individual commitments of countries are 
important for achieving the goal, cooperation between 
countries will accelerate the process and lead to more effective 
results. For this reason, the UN recommends the establishment 
of 'Action Networks', a mechanism to strengthen cooperation 
between countries. Action Networks are informal coalitions of 
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countries focused on a specific action area related to nutrition 
to promote dialogue and facilitate and develop local action. For 
example, the global action coalition titled 'Sustainable food 
from the oceans and seas for food security and nutrition' led by 
Norway has been established. This coalition aims to raise 
awareness about the consumption of sustainable and safe 
seafood, transfer knowledge and experience between 
countries, share good practices and identify obstacles (57). 

 
Conclusion 
 

NDCs have become the most significant health 
problem of our time. These diseases are caused by multiple risk 
factors, one of which is an unhealthy nutrition and the 
metabolic imbalances that result from it. The primary principle 
of nutritional interventions worldwide regarding NCDs is to 
reduce the intake of salt, sugar, and trans fatty acids. Although 
these programs are ongoing in many countries today, global 
statistics show a rising burden of NCDs over the years. This 
trend indicates that current interventions must be 
strengthened and that countries are likely facing challenges in 
implementing effective policies. To achieve the desired 
outcomes, it is essential to focus on multiple aspects. During 
the policy development phase, the needs of society must be 
identified, and appropriate communication and motivation 
techniques should be employed. Public participation is vital, so 
all available tools and networks should be evaluated to raise 
awareness. At this stage, collaborating with civil society 
organizations is crucial for effectively engaging the public. 
Furthermore, developing solution proposals through a 
partnership between the government and the food sector will 
help establish more practical and realistic targets. Once this 
foundation has been established, it will be easier and more 
effective to encourage public engagement and the involvement 
of other stakeholders.  
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ABSTRACT 
 
Immunotherapy is  an increasingly popular treatment strategy offering hope for many cancers. The FDA (Food and Drug 
Administration)  has just approved the use of immune checkpoint inhibitors for treating malignancies in both adults and 
children. Immune checkpoint inhibitors have been more successful in treating adult cancers than in pediatric cancers. 
Adult tumors have a higher tumor mutation burden (TMB) than pediatric tumors. The level of microsatellite instability 
(MSI) in adult tumors is greater than in pediatric solid tumors due to DNA-mismatch deficiency.  TMB in tumors 
correlates with MSI. TMB and MSI analysis are genomic biomarkers for immune checkpoint blockade response in tumors. 
TMB and MSI analyses have been used in clinical practice to predict which patients are candidates for immunotherapy. 
This review evaluates the use of TMB and MSI analysis to predict the immunotherapy response of pediatric tumors. 
 
KEYWORDS 
Biomarker,   immunotheraphy,   microsatellite instability, pediatric solid tumors, tumor mutation burden.  
 
ÖZ 
 
İmmünoterapi, birçok kanserin tedavisinde umut vadeden büyüyen bir stratejidir. FDA, (Gıda ve İlaç İdaresi) hem 
yetişkinlerde hem de çocuklarda maligniteleri tedavi etmek için immün kontrol noktası inhibitörlerinin kullanımını 
onayladı. İmmün kontrol noktası inhibitörleri, yetişkin kanserlerinde pediatrik kanserlere göre daha başarılı olmuştur. 
Yetişkin tümörler, pediatrik tümörlere kıyasla daha yüksek tümör mutasyon yüküne (TMB) sahiptir. Yetişkin tümörlerde 
mikrosatelit instabilitesine (MSI) neden olan DNA uyumsuzluğu eksikliği seviyesi, pediatrik solid tümörlere göre daha 
yüksektir. Tümörlerdeki TMB, MSI ile ilişkilidir. TMB ve MSI, tümörlerde immün kontrol noktası blokaj yanıtı için 
genomik biyobelirteçlerdir. TMB ve MSI analizi, klinikte immünoterapi adayı hastaları tahmin etmek için kullanılmıştır. 
Bu derlemede, pediatrik tümörlerin immünoterapi yanıtı için TMB ve MSI analizi değerlendirilmiştir. 
 
ANAHTAR KELİMELER 
Biyobelirteç, immünoterapi, mikrosatelit instabilitesi, pediatrik katı tümörler, tümör mutasyon yükü 
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he  primary factor leading to disease-related mortality in 
children and adolescents is pediatric tumors. Despite 
having high heterogeneity, pediatric tumors constitute 
only approximately %1 of tumor types. A broad 

classification of childhood malignancies is based on their 
anatomical, molecular, cellular, or genetic characteristics. It is 
estimated that 300,000 children (0–19 years old) have a cancer 
diagnosis each year worldwide (1,2). In 2022, 206,362 cases of 
childhood cancer that were newly reported worldwide. Of 
these, 80,104 of these cases resulted in death (3). The 
Surveillance, Epidemiology and End Results (SEER) reports 
that less than 200 cases of pediatric cancer occur annually, and 
over 50% of these cases are rare (4). About thirty percent of 
juvenile cancers are solid tumors, even though hematological 
cancers account for the majority of these cases.  Among 
youngsters under the age of 15, brain malignancies account for 
26% of all cancer cases (5). Neuroblastoma (15%), 
rhabdomyosarcoma (7%), Wilms tumor (6%), Ewing sarcoma 
(8%), retinoblastoma (5%), and other malignancies are among 
the more prevalent types (6,7).  

Over the past few decades, there has been significant 
progress in the treatment of childhood solid tumors due to our 
growing understanding of their molecular and cellular 
dynamics. The development of cytotoxic chemotherapy and 
multimodal strategies has led to a significant survival 
improvement of more than 50% since the 1970s. In addition, 
molecular and diagnostic developments have resulted in more 
accurate stratification procedures, determining the choice of 
those patients who require intensified therapy and decreasing 
long-term toxicities. Although most kinds of pediatric cancers 
have a survival rate greater than 80% after treatment, some 
cancers have a poor prognosis. In addition, treating childhood 
malignancies that are recurrent and resistant to treatment 
remains difficult (8,9). Radiation therapy, cytotoxic 
chemotherapy, and surgery are typically used to treat children 
cancers. Cytotoxic chemotherapy can have negative long-term 
effects (10,11). Immunotherapy is a developing discipline that 
has demonstrated promise in treating children brain cancers 
that do not respond well to traditional treatment (9). The use of 
personalized and targeted treatments based on molecular 
markers for childhood and adult cancers have been increased. 
However, insufficient progress has been made in improving 
outcomes. In pediatric oncology, molecular biomarkers are 

routinely investigated for diagnosis and risk group 
stratification. 
 In precision medicine, the detection of genomic 
alterations in cancers has become significant.  Genetic data 
from pediatric tumors provides information about their 
molecular composition. In order to improve recovery rates in 
pediatric patients, molecular targeting research using tumor 
molecular profiling in children must continue. In recent years, 
profiling studies utilising next-generation sequencing (NGS) 
have made the extensive localisation of childhood 
malignancies easier. This has resulted in the fragmentation of 
numerous biomarkers in numerous childhood cancers with 
both minor changes and copy number variants (12–15). 
Genomic mutations in cancers, such as single nucleotide 
variants (SNVs), minor indels, copy number variants (CNVs), 
and fusion genes, can be observed using NGS. Whole genome, 
exome, or transcriptome sequencing has been utilized in 
clinical settings for cancer diagnosis. Custom-designed or 
targeted NGS panels have been developed for clinical use. 
These panels are used to identify biomarkers for the diagnosis 
and prognosis of cancer (14,16).   

Sequencing studies have revealed potential 
biomarkers with clinical and therapeutic value in pediatric 
tumors. Genetic mutations have been identified for targeted 
therapy of pediatric tumors. Unfortunately, these have had no 
impact on the survival of patients with childhood tumors. 
Despite this, MEK and BRAFV600E inhibitors have shown 
efficiency in children with low-grade glioma, regardless of 
molecular changes (17). Current chemotherapy strategies 
remain ineffective against relapsed/refractory cancers with late 
toxicities. Immunotherapy strategies have had a significant 
impact on the treatment of hematological and adult tumors 
such as lung and colorectal cancers. However, immunotherapy 
studies with pediatric tumors have not been effective, because 
of their immune cold characteristics (18). Adult tumors contain 
a higher mutation load than childhood cancers, so the response 
to immunotherapy is higher in adult tumors. The mutation 
frequency has increased in pediatric tumors that are 
refractory/recurrent compared to adult tumors (19). 
Nevertheless, there are cases where immunotherapy has been 
successful in pediatric tumors. TMB and MSI, as revealed by 
genomic profiling studies, are suggested to be biomarkers that 
can predict response to immune checkpoint inhibition (20). 

T 
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Genetic alterations in pediatric tumors 
The frequencies and genetic changes of childhood 

cancers may differ from those of adult tumors (21). Although 
childhood cancers involve fewer genetic changes than those in 
adults, they often contain single and multiple nucleotide 
variants and insertions/deletions. They are also more likely to 
occur through gene splicing and copy number mutations. 
Different pediatric tumors have DNA mutations that are the 
main factors. Examples include ATRX, p53, BRAF  and PTEN 
mutations in gliomas, ALK mutations in neuroblastomas, 
PTCH1 in medullablastomas, and MTOR alterations in 
rhabdomyosarcomas (12). 

Genomic profiling of tumors, including whole 
genome analyses, reveals their molecular pathogenesis, and 
allows the origins of different malignancy types and subtypes 
to be distinguished. Recent research has determined the 
genetic landscapes of solid tumors in adults and children, 
including particular driver alterations for precision and 
targeted therapy (12). Researchers have demonstrated that 
genomic changes, mutation burdens, and mutation signatures 
are present in the molecular pathology of diverse malignancies. 
The most striking discovery in genomic investigations is the 
absence of large mutation loads in the majority of juvenile 
cancers, with very few exceptions. Osteosarcomas include a 
higher number of mutations than other childhood tumors. 
TP53, RB1, ATRX, and PTEN mutations are mostly seen in 
patients with osteosarcoma (22). BRAFV600E variations have 
been detected in low-grade glioma with worse outcome (23). 
Pediatric high-grade gliomasexhibit certain epigenetic 
alterations involving PTEN and EGFR mutations (24). 
Medulloblastoma is one of the childhood tumors characterized 
by TP53, CTNNB1, and TERT mutations (17,25). The types of 
sporadic and hereditary retinoblastoma have RB1 gene 
mutations (26). 
 
Tumor mutation burden  

Current treatment for pediatric solid tumors includes 
enhancement and consolidation, with or without radiation 
therapy. The prognosis remains poor for children with highly 
likely metastatic and/or recurrent disease. There is clearly an 
unmet need for less toxic and more effective treatments. 
Immunotherapy shows promise in treating resistant disease 
and improving long-term survival. However, the effects of 

immunotherapy on pediatric solid tumors are still unclear. 
Tumor mutation burden (TMB) is an emerging genomic 
biomarker in cancer, showing an improved response to 
immune checkpoint inhibition (ICIs) in adult cancers (27,28). 
TMB refers to the total number of somatic mutations per tumor 
genome coding region. It is  generally expressed as mutations 
per megabase (mut/Mb) (29,30). A high TMB capacity is an 
emerging biomarker that is related to sensitivity to immune 
checkpoint blockade. Studies have shown that TMB is more 
closely related to response to PD-1/PD-L1 blockade 
immunotherapy than PD-1 or PD-L1 expression as determined 
by immunohistochemistry (IHC) (31).  

Tumor mutational load varies depending on the type 
and histology of cancer (31). In recent years, many studies have 
contributed to the c characterisation of TMB variations in 
diseases, reporting that TMB levels are highest in melanoma, 
followed by NSCLS and squamous cancers. Pediatric tumors 
and leukemias demonstrate low levels of TMB. TMB was first 
described as a biomarker of response to ICIs in melanoma (32). 
Environmental factors, including UV, smoking and ageing, 
etc., lead to genomic mutations and are mutational processes 
in melanoma and NSCLS. APOBEC cytidine deaminase 
mutations in sub clonal mutations are observed in many cancer 
types following chemotherapy, such as temozolomide (33,34). 
As can be seen in Figure 1, environmental factors and errors in 
the DNA mismatch repair system cause different patterns of 
alterations, resulting in MHC (major histocompatibility 
complex) diversity and an increasing number of mutations. 
MHC diversity determines how different neoantigens are 
presented and can be identified by the T- cell recognition 
reportaire (34). 
 The TMB of cancer patients was first investigated in 
detail using whole exome sequencing (WES). The WES method 
covers 40-50 Mb of the genome and provides an accurate 
estimation of tumor mutational load in the coding regions.  
Although TMB values obtained from WES are currently 
considered the gold standard, the method is not routinely used 
in diagnostics due to its high cost and time-consuming nature. 
Therefore, it is suggested that targeted NGS gene panels are a 
cheaper and more feasible method for TMB prediction than 
WES (29,35). Targeted panels have been designed with a 
minimum 1 Mb panel size for identifying somatic mutations in 
cancer associated genes (29). While cost-effective for routine 
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use, small panel size NGS tests (<1 Mb ) are clinically 
suboptimal for predicting response to immunotherapy due to 
imprecise tumour distribution programming (36,37). 
Pediatric tumors have a lower mutation load than those in 
adults (21,38). There were much fewer SNVs and indels in the 
malignancies during this period. For example, osteosarcoma 
exhibits a greater number of compartments than other 
childhood malignancies. However, the TMB level in childhood 
malignancies is still much lower than TMB levels that observed 
in adult tumors (39,40). Parisi et al. showed that high TMB 
levels in children with brain tumors were related to poor 
outcomes in their multi-institutional analysis (41). In a study in 
which the comprehensive genomic profiling of 723 pediatric 
brain tumor patients (aged ≤21 years) was performed, TMB 
was categorized as low (between 0 and 6), intermediate (at the 
6-20 interval) or high (greater than 20 mut/megabase).  Among 
these patients, 91.8% had low TMB, 6.1% had intermediate 
TMB, and 2.1% had high TMB. Low-TMB tumors are 
associated with BRAF alterations, whereas high-TMB tumors 
are associated with TP53 mutations (42). 

TMB refers to the total number of somatic mutations 
within a tumor sample. It has been reported that the higher 
mutational burden shows different neoantigen formation that 
is potentially recognized by T cell, clinically related with better 
ICI responses. According to FDA approval, a TMB value of 10 
mut/Mb or greater is defined as a high mutation burden 
resulting in neoantigen formation.. In order to define a high 
TMB status, consideration should be  given to the NGS panel 
assay's panel size, gene content, germline filtering, and the 
bioinformatics tools used for TMB calculations (43,44). 
Generally, studies consider non-synonymous mutations, 
chromosomal translocations, and indels mutations for 
estimating TMB. Synonymous mutations are not thought to 
contribute to TMB prediction. This is because nonsynonyms 
mutations and indels have the potential to contribute to the 
formation of neoantigens, in contrast to synonymous 
mutations (30). Different approaches have been used in 
different studies involving patient samples. For example, a 
study using the FoundationOne CDx (F1CDx) NGS panel 
included synonymous mutations in the TMB calculation, but 
excluded hotspot driver mutations (33,35). Copy number 
variations are indicative of immune infiltration and 

immunotherapy efficacy and are positively associated with 
TMB (45). 

TMB analysis in pediatric oncology has faced several 
challenges. Pediatric tumors exhibit high levels of intra-tumor 
heterogeneity, meaning that different tumor regions may have 
various mutational profiles. This heterogeneity can affect the 
accuracy of TMB analysis and its ability to predict 
immunotherapy response. Pediatric tumors demonstrate 
lower mutation rates, so the threshold for determining high 
TMB can be different from adult cancers. There is a lack of 
standardization in TMB assessment methods and thresholds 
for defining high TMB in pediatric tumors. This makes it 
difficult to compare results from different studies and reduces 
the usefulness of TMB as a predictive biomarker in this 
population.   
 
Microsatellite Instability  

Microsatellites (MS) are short repeated sequences (1-6 
base pair motifs) in regions of 10-60 base pairs in the genome. 
They account for 3% of the whole genome and are polymorphic 
among individuals. Microsatellites can be found in many 
regions of the genome including introns, exons, promoter, and 
terminal sites (46,47). MSs play a role in chromosomal 
structure, including the formation of heterochromatin. The 
location of a microsatellite within chromatin domains may 
affect the replication and gene expression associated with 
diseases. Complex molecular mechanisms exist between 
chromatin structure, chromatin remodelling, and the DNA 
mismatch repair system (MMR) in relation to microsatellite 
instability (48,49). The formation of MS is caused by unequal 
crossing over or DNA slippage during replication. Mismatch 
base groups between the template strand and slippage strands 
are repaired by the MMR system which corrects DNA 
replication errors in normal cells. Disruption to the MMR 
system results in an inability to regulate the lengths of 
microsatellites during replication. Following cell division, 
varying lengths develop in the microsatellite sequences of cells 
with a defective MMR system (26). Mutations in MMR genes 
result in a defective mismatch repair system, and the 
possibility of genome instability increases in tumor cells (46). 
The mismatch repair system consists of main genes encoding 
proteins: MLH1, MSH2 (MutS homologue 2 protein), MSH6 
(MutS homologue 6 protein), and PMS2 (PMS1 homologue 2 
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protein). These proteins form heterodimers as MSH2 
interacting with MSH6 or MSH3 and then, MLH1 binding with 
PMS2 or MLH3 (Figure2). The MSH2/MSH6/MH3 protein 
complex detects mismatch base pairs. This protein complex 
then recruits the MLH1/PMS2/MSH6 complex. These 
complexes can induce Exonuclease 1 (EXO1) to excise the DNA 
strand. The DNA strand break is then filled by DNA 
polymerase ξ/D and replication protein A (RPA) (Figure 2) (50) 
. The methylation of MMR genes, especially the 
hypermethylation of promoter in MLH1 gene (associated with 
MLH1 protein inactivation) is the driving mechanism for MSI 
in sporadic tumors. A study of MSI analysis in 36  
medullablastoma  patients  showed mild hypermethylation 
levels of the MSH6 gene in two patients with MSI (29).  Biallelic 
inactivation of MMR genes due to somatic or germline 

mutations, or epigenetic silencing increases the rate of 
mutations (50,51).  Epigenetic silencing of MLH1 is frequent in 
retinoblastoma tumors (52). These repetitive DNA sequences, 
known as MSI-H+ (high-level MSI), exhibit uneven expansion 
and/or contraction due to somatic (acquired) or germline 
(inherited) mutations in the DNA mismatch repair (MMR) 
proteins (40). MSI is a marker of the dMMR system. Roughly 
15% of MSI-high tumors have germline mutations in mismatch 
repair genes. The inactivation  of MMR genes resulting in 
mismatch repair deficiency causes to missing 
insertions/deletions in microsatellites by repeating multiple 
times(53,54). MSI tumors include MMR gene deficiencies, but 
the genes that lead to high MSI are  unclear. MSI tumors have 
single nucleotide mutations in the coding regions of many 
genes, including BRAFV600E, TGFβRII, BAX, and IGFIIR (55). 

 

 
 
Figure 1.The schematic representation of tumor cells recognized by T-lymphocytes in TME. TMB and MSI are genomic biomarker 
for immune checkpoint response. High mutation burden is resulted from SNVs, CNVs, and indels in tumor genome. The 
hypermutation of MMR genes containing MLH1, MSH2, MSH3, MSH6, MLH3, and PMS2 also cause high mutation load and 
microsatellite instability. Tumors with high TMB and MSI include MHC diversity and produce neoantigen that is detected by 
TCR. The interactions between PD-L1 and PD-1 or CTL4 and CD80/CD86 play role in immune escape of tumors cells. MHC, 
Major histocompatibility complex; TCR, T cell receptor; CTLA-4, Cytotoxic T lymphocyte antigen-4; PD-1, Programmed cell 
death-1;  PD-L1, Programmed cell death receptor-1/-2 ligand. 
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Figure 2. The illustration of DNA mismatch repair mechanisms. 1. MSH2/MSH6/MH3 proteins detects mismatch base. 2. This 
protein complex recruits MLH1/PMS2/MSH6. 3. EXO1, is activated to excise strand.4.  DNA strand break is filled by DNA 
polymerase ξ/D and RPA.EXO1, exonuclease 1; RPA, replication protein A. 
 
 

MSI is mostly seen in cancer patients with Lynch 
syndrome, colorectal, prostate, endometrial, and ovarian 
cancers, and glioblastoma (46,56). MSI is found about 15% of 
patients with colorectal cancers and impact the colorectal 
cancer management (57).  The frequency of MSI in pediatric 
CNS tumors is more than in adult CNS tumors. According to a 
study, MSI is more common in pediatric high grade gliomas 
with 19.7% than adults with 6.8% (58). MSI is a strong 
mutational signature created by defective DNA mismatch 
repair. The inactivation of DNA mismatch repair (MMR) genes 
both genetically and epigenetically increases the frequency of 
frameshift mutations in many cancer-related genes linked to 
tumor growth. When comparing malignancies with high-
frequency MSI (MSI-L) to low-frequency MSI (MSI-L) or 
microsatellite stable (MSS) tumors, distinct molecular, 
pathological, and clinical features are seen that are 
independent of the tumor tissue origin (59).   

The MSI/dMMR profile of a cancer can be identified 
using IHC to detect the loss of MMR proteins and doing 
molecular tests such as PCR based and NGS-based tests to 
show microsatellite alterations. NGS analysis can target cancer-
related genes by sequencing the genome to reveal MSI in tumor  

 
 
samples. To compare the microsatellite loci found in tumor 
tissues with conventional DNA, multiplex fluorescence PCR is 
utilized. According to the recommendation of the National 
Cancer Institute, the two single nucleotide repeat loci BAT-25 
and BAT-26, as well as the three multi-nucleotide repeat loci 
D2S123, D5S346, and D17S250 can be used as microsatellite 
markers to determine MSI status. IHC is a simple and practical 
method to  evaluate MSI status by detecting the expressions of 
MMR proteins (46). MSI analysis by IHC is routinely used to 
detect Lynch syndrome (60). 

A high MSI is an important genomic indicator of a 
high tumor mutation load. The high MSI phenotype is 
correlated with MMR deficient cancers. Indeed, TMB-H with 
≥20 mutations/Mb is present in around 83% of MSI-H 
malignancies (31,34). Tumor mutation load and deficient 
mismatch repair are caused by environmental and endogenous 
mutagens. Impaired mismatch repair results in high TMB and 
the formation of neoantigens that can be recognized by the host 
immunity (61). Specific genomic mutations, MHC and T cell 
diversity provide important clues for determining the response 
to immune checkpoint inhibitors.  
 



Research Article 
        

 
 
 

22 
 

Year: 2026 
Volume: 40 
Issue: 1 

 

        REVIEW 
         Pages:15-26 

The high-expression of PD-L1, a ligand of PD-1, helps 
cancer cells evade recognition and destruction by the body's 
adaptive immune system.. Blocking the PD-1/PD-L1 
interaction primes the patient's immune system to combat 
cancer cells that were previously considered "invisible" (28). 
Numerous studies have demonstrated favorable associations 
between MSI-H+ status and total TMB, as well as increased PD-
1/PD-L1 expression. Pembrolizumab was approved by FDA in 
2017, and it is a PD-1 inhibitor used to treat metastatic and 
unresectable tumors in adults and children with MSI-high 
(MSI-H) or MMR deficient (dMMR) tumors. The FDA then 
approved nivolumab (a PD-1 inhibitor) plus ipilimumab (a 
CTLA-4 inhibitor) for treating MSI-H or dMMR metastatic 
colorectal cancer in adults and children (43,62). Another PD-1 
inhibitor, Dostarlimab, is used in combination with carboplatin 
and paclitaxel to ameliorate progression-free survival in 
recurrent and primary endometrial cancer with dMMR-MSI-H 
profile  (63).  Das et al. found that patients with childhood solid 
tumors treated with temozolomide showed higher TMB 
(defined as ≥5 mutations per megabase) and dMMR, as 
reported by They found that patients with higher TMB and 
dMMR levels did not response to nivolumab. Patients with 
high-grade glioma showed an overall response rate of 50% and 
a prolonged survival period when treated with nivolumab. 
This demonstrated the role of immune checkpoint inhibition in 
pediatric tumor treatment for the first time (64). 
 
Advances in immunotherapy of pediatric solid tumors  

Immunotherapy has become a cutting-edge method 
of treating cancer, offering new hope to patients with various 
forms of cancers. Numerous immunotherapeutic approaches, 
such as immune checkpoint inhibitors, vaccine therapy, and 
adoptive immunotherapy, which includes viral therapy and 
chimeric antigen receptor T cell (CART) therapy, have been 
used to treat adult malignancies. These approaches have also 
been examined in pediatric cancers.  One of the most 
commonly studied forms of immunotherapy for pediatric 
tumors is immune checkpoint inhibitors (ICIs). These drugs 
target antigens on immune cells or cancer cells, impairing the 
signals that enable cancer cells to evade the immune system. 
For example, PD-1 inhibitors can interfere with the PD-1/PD-L 
pathway, thereby preventing cancer cells from evading 

immune surveillance (Figure 1). CD8 + tumor infiltrating 
lymphocytes (TILs) are correlated with PD-1 expression (65). 
The expression of PD‐L1 in pediatric tumors have been found 
to be low compared to subtypes with a poor prognosis (66). 
ICIs have shown promising results in neuroblastoma, 
osteosarcoma, and certain brain tumors. Drugs such as 
nivolumab and pembrolizumab, which block the PD-1 
(programmed cell death 1)/PD-L1 (programmed cell death 1 
ligand) pathway, have demonstrated efficacy in some pediatric 
cancers, leading to long-lasting responses and improved 
survival rates (67). It was thought that upregulating PD-1 
expression in pediatric tumor cell lines such as neuroblastoma 
could enhance the efficacy of ICIs. A phase I/II trial combined 
nivolumab and ipilimumab  to treat children and adolescents 
with relapsed/refractory solid tumors. This trial demonstrated 
some clinical activity for this combination, but an increased 
dose of nivolumab and ipilimumab led to toxicity without any 
clinical benefit  (68).  

PD-1 antibodies alone are insufficient for the 
treatment of pediatric tumors. Strategies combining PD-1 
antibodies with other treatments have improved outcomes for 
pediatric cancers. In addition to this, PD-1 is a biomarker that 
can be used to identify pediatric cancer patients who might be 
candidates for immunotherapy. Therefore, more molecular 
markers must be introduced to the ICI regime (69).  

CAR T-cell therapy is another groundbreaking 
approach to immunotherapy, particularly for hematological 
malignancies. To combat cancer cells that express specific 
surface antigens, this method involves genetically modifying a 
patient's T cells to produce chimeric antigen receptors. Inıtially 
evaluated for leukemia and lymphoma, CAR T-cell therapy is 
now being studied for solid cancers, such as pediatric 
neuroblastoma, sarcomas, and brain tumors (70). Early clinical 
trials have shown promising results, with some patients 
achieving complete remissions and prolonged survival. 
However, immunotherapy in pediatric tumors presents unique 
challenges and considerations compared to adult cancers 
(71,72).  

Pediatric tumors often have lower mutational 
burdens and different immune microenvironments such as low 
PD-1 expression and TILs which influence their response to 
immunotherapy (73). Additionally, the developing immune 
system in children may respond differently  to
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immunomodulatory agents than the immune systemin adults. 
Despite using various processes, immunotherapy techniques 
all stimulate the immune system and have the potential to 
inflame the site of the disease. This can have a significant 
impact on the area of interest, potentially resulting in serious 
neurological adverse effects, particularly in children with 
cancers of the central nervous system. Furthermore, the long-
term effects of immunotherapy on pediatric patients' growth, 
development, and immune function require careful evaluation 
(74). 

 
Conclusions 
 

The development of pediatric immunotherapies has 
accelerated in recent decades. Alongside this, identifying 
biomarkers to predict which childhood tumour patients are 
likely to respond to immunotherapy has become significant. 
TMB and MSI are biomarkers of immune checkpoint response 
in adult malignancies. There is a correlation between 
mutational load and MSI. This provides new insight into 
utilising them as immunotherapy biomarkers. Studies on TMB 
and MSI analysis in pediatric solid tumors have demonstrated 
that these tumors have a low mutational load and MSI. This is 
associated with a poor response to immunotherapy in children. 
However, specific genetic alterations and their contribution to 
mutation load provide new insights into the immunotherapy 
of children with respect to personalized medicine. Mismatch 
repair deficiency resulting from the methylation of MMR genes 
contributes to mutation burden and MSI. Genomic profiling to 
identify individuals with high TMB and dMMR/MSI tumours 
has a significant  impact on the detection of immunotherapy 
candidates. 
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ABSTRACT 
 
BACKGROUND 
The aim of the study is to evaluate the safety, feasibility, and effectiveness of sedoanalgesia in pediatric patients undergoing 
extracorporeal shock wave lithotripsy (ESWL). 
METHODS 
This retrospective study included pediatric patients who underwent ESWL under a standardized sedoanalgesia protocol consisting of 
intravenous midazolam (0.0] mg/kg), fentanyl (1 mcg/kg), propofol (0.5–1 mg/kg), and ketamine (0.5–1 mg/kg) as needed. Any 
complications or adverse events related to sedoanalgesia were documented. 
RESULTS 
A total of 190 pediatric patients underwent 453 ESWL sessions. All procedures were completed successfully without conversion to general 
anesthesia. Spontaneous ventilation was preserved in all patients, and airway instrumentation was not required. Minor complications 
included transient desaturation (3.3]%) and nausea/vomiting (19.2%). No major anesthesia-related adverse events were observed. The 
mean stone size was 9 ± 2.86 mm for the kidney and 8 ± 2[14 mm for the ureter. The average number of sessions per patient was 2.4. 
CONCLUSION 
The fundamental principle of pediatric anesthesia is to use the lowest effective and shortest-acting anesthetic agents through careful 
titration. Our findings demonstrate that ESWL can be safely and effectively performed in children using a balanced sedoanalgesia 
protocol. 
KEYWORDS 
ESWL, fentanyl, ketamine, midazolam,non-operating room anesthesia,pediatric anesthesia,procedural sedation,propofol,sedoanalgesia 
 
ÖZ  
 
AMAÇ 
Bu çalışmada, ekstrakorporal şok dalga litotripsi (ESWL) uygulanan pediatrik hastalarda sedoanaljezi kullanımının güvenliği, 
uygulanabilirliği ve etkinliğinin değerlendirilmesi amaçlanmıştır. 
GEREÇ YÖNTEM 
Bu retrospektif çalışmada, standart sedoanaljezi protokolü altında ESWL uygulanan pediatrik hastalar incelenmiştir. Kullanılan protokol 
intravenöz midazolam ([0].[05] mg/kg), fentanil ([1] mcg/kg), propofol ([0].[5]–[1] mg/kg) ve gerektiğinde ketamin ([0].[5]–[1] mg/kg) 
içermektedir. Komplikasyonlar ve advers olaylar kaydedilmiştir. 
BULGULAR 
Toplam 190 pediatrik hastaya 453 ESWL seansı uygulanmıştır. Tüm işlemler genel anesteziye geçilmeden başarıyla tamamlanmıştır. 
Hastaların tamamında spontan ventilasyon korunmuş ve hava yolu enstrümantasyonu gerekmemiştir. Minör komplikasyonlar arasında 
geçici desatürasyon (%[3],[3]) ve bulantı/kusma (%[19],[2]) yer almaktadır. Majör anesteziye bağlı advers olay gözlenmemiştir. Ortalama 
taş boyutu böbrek için [9] ± [2],[86] mm, üreter için [8] ± [2],[14] mm olup, ortalama seans sayısı [2],[4] olarak saptanmıştır. 
SONUÇ 
Pediatrik anestezide temel yaklaşım, en düşük etkili dozda ve kısa etkili ajanların titrasyonla uygulanmasıdır. Bulgularımız, ESWL 
işlemlerinin dengeli bir sedoanaljezi protokolü ile güvenli ve etkili bir şekilde gerçekleştirilebileceğini göstermektedir. 
ANAHTAR KELİMELER 
Ameliyathane dışı anestezi, ESWL, fentanil, girişimsel sedasyon, ketamin, midazolam, pediatric anestezi, propofol, sedoanaljezi 
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hough urolithiasis is less common in children  than in 
adults, it has shown an increasing incidence in recent 
years, particularly among children under 15 years of age 

(1,2). Standard treatment approaches for pediatric urolithiasis 
have evolved with the development of minimally invasive and 
non-invasive techniques. Among these, extracorporeal shock 
wave lithotripsy (ESWL) has become the primary modality for 
treating upper urinary tract stones in children due to its 
efficacy and non-invasive natüre (3,4). 

The success of ESWL is influenced by several factors,  
including stone size, location, composition, and number. 
Despite their relatively small ureters, the stone fragment 
passage rates in children are higher than in adults, likely due 
to the flexibility and elasticity of the pediatric ureter, as well as 
the body’s higher fluid content and smaller volume, which 
improves shock wave conduction (3,5). Numerous studies 
have confirmed the safety and effectiveness of ESWL in 
children, including infants (5,6). 

However, the success of ESWL also depends heavily 
on adequate pain control and patient immobility during the 
procedure. Although ESLW is non-invasive, it is associated 
with deep and sharp pain that requires appropriate anesthesia 
or sedation. Unlike adult patients, children often require 
sedation or general anesthesia to tolerate the procedure and 
remain immobile (7). 

Various anesthetic approaches have been reported to 
date, ranging from general anesthesia to combinations of 
intravenous sedatives and analgesics. Each technique has its 
own advantages and risks. General anesthesia provides deep 
sedation and complete immobility but it can require a longer 
preparation and recovery time. When performed properly, , 
sedoanalgesia offers a more time- and resource-efficient 
option, especially in outpatient settings. The most commonly 
used agents for pediatric sedation in ESWL procedures are 
propofol, ketamine, midazolam, and fentanyl, either alone or 
in combination (8,9,10).  

In this study, we aimed to evaluate the 10-year clinical 
experience of a standardized sedoanalgesia-based anesthesia 
protocol in pediatric ESWL procedures. We investigated the 
feasibility, safety, and effectiveness of this approach, 
documenting any adverse events or complications that 
occurred. 

 

Materials and Methods 
 
This retrospective study included pediatric patients 

under the age of 18 who underwent ESWL at the Dokuz Eylül 
University ESWL Unit between November 9th, 2009, and 
November 18th, 2019. Ethical approval was obtained from the 
Dokuz Eylül University Non-Invasive Research Ethics 
Committee (Date: 01.06.2020; Decision No: 2020/11-60). The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki. 
 
Patient selection and data collection 

A total of 190 pediatric patients were included. 
Demographic data, stone characteristics (size, location), 
number of ESWL sessions, anesthetic drugs used, and 
perioperative parameters were collected retrospectively from 
electronic medical records, ESWL unit charts, and non-
operating room anesthesia documentation. 
 
ESWL procedure 

All ESWL procedures were performed using a PCK 
Stone Lith v3 Lithotriptor, under the supervision of two 
urologists experienced in the treatment of pediatric stone 
disease. Shock waves were initiated at low energy and 
gradually increased to a maximum of 18 kV. The number of 
shock waves applied per session generally exceeded 1500 
pulses. The number of sessions per patient ranged from 1 to 4, 
scheduled at 7-day intervals. If stone fragments remained after 
three sessions, ESWL was considered unsuccessful and 
alternative treatment options were considered. However, a 
fourth ESWL session was performed for patients whose 
parents had declined surgical treatment. 

Patient positioning was guided by stone localisation, 
with ESWL performed in the supine, lateral, or prone position 
as appropriate. Pre-procedural imaging included kidney-
ureter-bladder (KUB) radiography and/or urinary 
ultrasonography. 
 
Anesthesia and sedation protocol 

All patients underwent a pre-anesthesia evaluation in 
the outpatient clinic. In accordance with the United Nations 
Convention on the Rights of the Child, informed consent was 
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obtained from the parents and age-appropriate assent from the 
children. 

On the day of the procedure, patients were 
accompanied by their parents to the premedication area.  

No oral sedative premedication was administered. An 
intravenous (IV) line was inserted in the presence of the 
parents to minimize anxiety. After being separated  from their 
parents, sedation was initiated in the ESWL room. 
 
The standardized sedoanalgesia protocol consisted of 

IV midazolam (0.05 mg/kg) 
IV fentanyl (1 µg/kg) 
IV propofol 10% (0.5–1 mg/kg), administered just 

before the procedure 
IV ketamine (0.5–1 mg/kg), used in selected cases 

when additional sedation was required 
IV fluid: 4 mL/kg of 1/3 isotonic solution (Izomix) 
Sedation depth was monitored and titrated to 

maintain a Modified Ramsay Sedation Score of 3–4/6. All 
patients received oxygen via face mask at 2 L/min during the 
procedure. The average duration of the ESWL procedure was 
approximately 15 minutes; however, the total procedural time 
including IV access, positioning, sedation, awakening, and 
recovery averaged around 45 minutes. 

To prevent postoperative nausea and vomiting, 2–4 
mg of IV dexamethasone was administered either before or 
immediately after the procedure, depending on clinical 
judgement. Despite prophylaxis, the incidence of nausea and 
vomiting was relatively high. Potential contributing factors 
such as opioid use, positioning, and procedure-related 
stimulation are discussed in the Results section. 
Monitoring and discharge 

All patients were monitored continuously using pulse 
oximetry and intermittent non-invasive blood pressure 
monitoring during and after the procedure. Following the 
procedure, patients were observed in the recovery area of the 
ESWL unit for at least 4 hours. They were discharged in the 
company of their parents once they were clinically stable. 
Statistical analysis 

Statistical analyses were performed using SPSS 
version 24.0. Descriptive data are presented as mean ± standard 
deviation (min–max). Associations between stone size or 
number of sessions and variables such as gender, age group, 

and stone location were assessed using the Student’s t-test, 
with p < 0.05 considered statistically significant.  

 

Results 
 
Table 1. Demographic and procedural characteristics of 
pediatric patients undergoing ESWL 

Characteristic Value 

Total patients (n) 190 
Male (%) 95 (50%) 
Female (%) 95 (50%) 
Median age (years) 5 
Age range (years) 1–17 
Mean kidney stone size (mm) 9 ± 2.86 
Mean ureter stone size (mm) 8 ± 2.14 
Total ESWL sessions 453 
Average sessions per patient 2.4 
Single-session patients (n) 87 
Multiple-session patients (n) 103 

 
A total of 190 pediatric patients 95 males, 95 females 

who underwent 453 ESWL sessions were included in the 
analysis. The median age of the patients was 5 years (range: 1–
17). The mean kidney stone size was 9 ± 2.86 mm, and the mean 
ureteral stone size was 8 ± 2.14 mm. 

All patients received sedoanalgesia using a 
combination of intravenous midazolam (0[05 mg/kg), fentanyl 
(1 mcg/kg), propofol (0.5–1 mg/kg), and ketamine (0.5–1 
mg/kg) when needed. The protocol ensured borh spontaneous 
ventilation and minimal airway intervention. All procedures 
were completed successfully. 

The number of shock waves per session ranged from 
1000 to 2000, with most sessions exceeding 1500 shocks. The 
average number of sessions per patient was 2.4. A single 
session was sufficient for 87 patients, while the remaining 
patients required multiple sessions. 

In terms of safety, transient desaturation occurred in 
15 patients (7.9%) and was managed with supplemental 
oxygen and airway repositioning. Nausea and vomiting 
occurred in 87 patients (45.8%) despite the prophylactic 
administration of dexamethasone (Figure 1). 

Ecchymosis at the shock site was observed in 35 
patients (18.4%). There were no major complications or need 
for endotracheal intubation. The method’s feasibility was 
demonstrated by the absence of unplanned hospital 
admissions and the rapid discharge of all cases. The sedation 
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protocol was well-tolerated, with no patients requiring 
conversion to general anesthesia. 

 
 

 
Figure 1. Complications in ESWL cases during Sedoanalgesia. 

 
Discussion 

 
This retrospective study presents a 10-year experience 

using a sedoanalgesia-based anesthesia protocol during ESWL 
procedures in pediatric patients. The protocol, which 
comprises midazolam, fentanyl, propofol, and ketamine, 
enabled procedures to be completed without conversion to 
general anesthesia and demonstrated an acceptable safety 
profile (1). 

ESWL is widely employed as a first-line treatment for 
urinary tract stones in pediatric patients. However, there is no 
consensus on the optimal anesthesia method, especially in 
outpatient settings (2). Effective analgesia and immobilization 
are essential for the successful completion of procedures on 
children. While general anesthesia can achieve these outcomes, 
it may be more costly and time-consuming. When 
administered by experienced teams under appropriate 
monitoring and standardized protocols, sedoanalgesia offers a 
practical alternative (3). 

In our study, transient desaturation occurred in 15 
patients (7.8%), all of whom responded to standard airway 
maneuvers and supplemental oxygen. No advanced airway 
intervention was required. This finding highlights the 
importance of continuous monitoring and preparedness for 
airway management during the procedure (3,5). 

Postoperative nausea and vomiting (PONV) was 
observed in 35 patients (18.4 %) despite the prophylactic use of 
dexamethasone. This rate suggests that the current antiemetic 
prophylaxis may be insufficient, given the emetogenic 
potential of opioid and ketamine combinations (5). Future 
applications of multimodal antiemetic strategies may therefore 
be beneficial.  Reducing PONV would enhance discharge 
efficiency and improve the quality of outpatient care (6). 

Local ecchymosis was noted in 35 patients (18.4%) and 
resolved spontaneously. No major complications, such as 
perirenal hematoma, severe allergic reactions, or long-term 
neurological events, were encountered (7). Additional 
interventions, such asureteral stent placement in 14 patients 
and hospitalization for renal colic in 6 patients, were attributed 
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to underlying urological conditions rather than the anesthesia 
technique. A notable strength of our protocol is its flexibility. 
Midazolam provided anxiolysis and amnesia, fentanyl ensured 
potent analgesia, propofol enabled a rapid onset and easy 
titration, and ketamine was reserved for cases requiring deeper 
dissociative anesthesia (8). This combination enabledreduced 
the dosages of individual agents, thereby lowering the risk of 
adverse effects. However, ketamine may cause hallucinations 
or agitation, particularly if not co-administered with 
benzodiazepines (9). 

Compared to general anaesthesia, sedoanalgesia 
during pediatric ESWL offers advantages such as faster 
recovery, reduced cost, and compatibility with outpatient or 
rural healthcare settings (11). However, this approach requires 
skilled personnel, continuous monitoring, and preparedness 
for airway intervention. In centers without dedicated 
anesthesiologists, adherence to established sedation guidelines 
published by major anesthesia societies is essential (12). 

Recent literature suggests the usefulness of novel 
sedation protocols and risk stratification models for pediatric 
ambulatory urological procedures (18,19). 

When administered under proper monitoring by 
experienced personnel, sedoanalgesia is a viable alternative to 
general anesthesia for pediatric ESWL procedures, as 
supported by recent literature advocating for individualized 
sedation strategies (13,14). It is safe, practical, and well-suited 
to outpatient conditions. Recent publications support the 
development of new sedation protocols and the 
implementation of risk stratification models in ambulatory 
urological interventions (15,16,17). 
 
Limitations 

This study has several limitations, primarily due to its 
retrospective design. Important radiological parameters, such 
as stone density on computed tomography scans, skin-to-stone 
distance, and infundibulopelvic angle measurements, were 
unavailable and could therefore not be included in the analysis.  

Additionally, the timing of drug administration, 
premedication duration (including separation time from 
parents), and the overall procedure duration were not 
consistently recorded, partly due to technical delays during 
patient positioning. These factors were influenced by external 
variables, such as the intellectual and emotional characteristics 

of the family, as well as the patient’s age and gender. 
Consequently,  procedure time was excluded from the 
analysis. 

Moreover, patients were referred from various 
geographic regions of Turkeyoften only for the ESWL sessions. 
For this reason, we were unable to conduct follow-ups with all 
patients after the procedure, meaning that the stone-free rate 
(SFR) could not be calculated. 

Most notably, no objective measurements were taken 
to evaluate the effectiveness of the analgesia. Parameters such 
as intra-procedural pain scales, the need for patient 
repositioning due to movement, sedation-related costs, and 
total procedural time were not evaluated. These omissions are 
the main methodological limitations when assessing the 
effectiveness and feasibility of the sedoanalgesia protocol. 

Conclusion 
 
Pediatric anesthesia procedures, particularly those 

performed outside the operating theatre, such as ESWL,, 
require careful planning to achieve a balance between efficacy 
and safety. Our experience demonstrates that for selected 
paediatric ESWL cases, sedoanalgesia can be a feasible and safe 
alternative to general anesthesia. This approach, using short-
acting agents at minimal effective doses, allowed the 
completion of procedures without the need for conversion to 
general or neuraxial anesthesia, thereby reducing anesthesia-
related risks and recovery time. 

Despite its retrospective limitations, this study 
suggests that anesthesia practices for pediatric outpatient 
procedures—particularly remote anesthesia procedures—
should continue to evolve towards less invasive yet effective 
methods. Further prospective studies with standardized 
analgesia assessment metrics are necessary to validate these 
findings and optimize sedoanalgesia protocols for broader 
clinical use. 
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hematological malignancy admitted to the intensive care unit 
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uzun süreli PCR pozitifliği ile mortalite oranı arasındaki ilişkinin araştırılması 
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ABSTRACT 
BACKGROUND 
In patients with hematological malignancies followed in the intensive care unit, the relationship between the number of days of 
prolonged polymerase chain reaction (PCR) positivity and mortality has not been clarified. 
METHODS 
All patients with hematological malignancies followed in the intensive care unit and who had a positive PCR test were included 
in the study. Patients were divided into two groups according to whether they survived or not. The relationship between the 
number of days of PCR positivity and mortality rate was investigated in these patients. 
RESULTS 
Among 31 COVID-19 patients with hematological malignancies admitted to the intensive care unit, 7 (22.6%) survived and 24 
(77.4%) patients succumbed to the disease. The median duration of PCR positivity was 14 days (6-24) for the entire patient cohort, 
11 (4-21) days for survivors, and 24 (21-52) days for non-survivors. Significantly longer PCR positivity times were observed in 
patients who died compared to survivors (p = 0.019). Acute respiratory distress syndrome (ARDS) was diagnosed in 22 (71%) 
patients and there was a statistically significant 22 (91.7%) mortality rate in hematologic malignancy patients with ARDS (p = 
0.001). Furthermore, the mortality rate in patients receiving invasive mechanical ventilation was 23 (95.8%) (p = 0.001). 
CONCLUSION 
A relationship between long-term PCR positivity and mortality rates has been demonstrated in patients with hematologic 
malignancies. This patient group is at unique risk for long-term viral persistence and progressive and fatal respiratory symptoms. 
We believe that evidence-based strategies that promote viral clearance should be developed to prevent or manage persistent 
infection. 
KEYWORDS 
Hematological malignancy, intensive care unit, mortality, prolonged PCR positivity 
ÖZ 
AMAÇ 
Yoğun bakım ünitesinde (YBÜ) takip edilen hematolojik maligniteli hastalarda uzamış PCR pozitifliğinin gün sayısı ile mortalite 
arasındaki ilişki açıklığa kavuşturulmamıştır.  
GEREÇ YÖNTEM 
YBÜ’de takip edilen ve PCR testi pozitif olan hematolojik maligniteli tüm hastalar çalışmaya dahil edildi. Hastalar sağ kalıp 
kalmamalarına göre iki gruba ayrıldı. Bu hastalarda PCR pozitifliğinin gün sayısı ile mortalite oranı arasındaki ilişki araştırıldı. 
BULGULAR 
YBÜ’ne yatırılan hematolojik maligniteli 31 COVID-19 hastası arasında 7 (%22,6) hasta sağ kalırken 24 (%77,4) hasta hastalığa 
yenik düştü. Tüm hasta kohortu için PCR pozitifliğinin ortanca süresi 14 gün (6-24), sağ kalanlar için 11 (4-21) gün ve sağ 
kalamayanlar için 24 (21-52) gündü. Ölen hastalarda sağ kalanlara kıyasla anlamlı derecede daha uzun PCR pozitiflik süreleri 
gözlendi (p = 0,019). Akut solunum sıkıntısı sendromu 22 (%71) hastada teşhis edildi ve ARDS'li hematolojik malignite 
hastalarında istatistiksel olarak anlamlı 22 (%91,7) ölüm oranı vardı (p = 0,001). Ayrıca, invaziv mekanik ventilasyon uygulanan 
hastalarda mortalite oranı 23 (%95,8) idi (p = 0,001). 
SONUÇ 
Hematolojik maligniteli hastalarda uzun vadeli PCR pozitifliği ve mortalite oranları arasında bir ilişki gösterilmiştir. Bu hasta 
grubu, uzun vadeli viral persistans ve ilerleyici ve ölümcül solunum semptomları açısından benzersiz bir risk altındadır. Kalıcı 
enfeksiyonu önlemek veya yönetmek için viral temizliği destekleyen kanıta dayalı stratejilerin geliştirilmesi gerektiğine 
inanıyoruz. 
ANAHTAR KELİMELER 
Hematolojik malignite, mortalite, uzun süreli PCR pozitifliği, yoğun bakım ünitesi. 
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ince December 2019, the coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has evolved into a global 

pandemic, posing a significant threat to public health 
worldwide (1). Diagnosis of the disease relies on a real-time 
reverse transcription polymerase chain reaction (RT-PCR) 
assay to detect SARS-CoV-2 RNA in respiratory specimens, 
predominantly obtained from nasopharyngeal swabs (2).  
Severe and fatal outcomes of the disease are particularly 
prevalent in populations with various comorbidities and 
hematological malignancies (3). Patients with hematological 
malignancies represent a distinct group characterized by 
substantially high rates of hospitalization (77%) and admission 
to intensive care units (ICUs) (81%) (4). Despite efforts to 
manage this specific patient group in the same way as those 
without hematological malignancies, there remains a lack of 
studies comparing the disease progression in these 
populations (4). 

A literature review reveals that prolonged PCR 
positivity may occur in COVID-19 patients, with viral RNA 
shedding persisting or fluctuating over time (5). However, the 
correlation between prolonged PCR positivity and symptom 
severity, infectiousness, or the strength of the patient's 
antibody response remains unclear (4). Notably, in 
immunosuppressed individuals with hematologic 
malignancies, prolonged PCR positivity may indicate chronic 
viral syndromes, accompanied by radiographic findings and 
respiratory and systemic symptoms, suggestive of intrahost 
viral evolution (6). 

In addition to direct viral toxicity, prolonged PCR 
positivity presents challenges in managing hematological 
malignancies, potentially resulting in delays to cancer-related 
treatments and poorer outcomes (7). Moreover, persistent 
COVID-19 infections and prolonged PCR positivity may pose 
a significant public health threat due to the emergence of 
concerning mutations emerging from intrahost viral evolution 
(8). Patients with hematological malignancies, who are likely to 
harbour higher viral loads, may contribute to increased 
nosocomial transmission, particularly in hematology and 
oncology services, where the likelihood of nosocomial clusters 
is heightened (9). Patients with lymphoid malignancies may 
serve as a reservoir host, especially for the formation of viral 
mutants that escape suppressed immune systems (10). Given 

these considerations, PCR testing, which is widely used in 
disease diagnosis and management, is critical for planning 
infection control strategies (9). 

In this study; we hypothesized that prolonged PCR 
positivity may be associated with increased morbidity and 
mortality rates among patients with hematological 
malignancies who are followed-up in intensive care unit (ICU) 
with a diagnosis of SARS-CoV-2 infection. Against this 
backdrop, the study aimed to investigate this association. 

 
Materials and Methods 

 
This study was designed as a retrospective 

observational investigation. Following approval by the Ethics 
Committee on 30.11.2022 (approval no: 2022/38-13), data were 
collected from the designated ICU for the management and 
monitoring of COVID-19 patients. The inclusion criteria were 
admission to the ICU, a diagnosis of hematological malignancy 
according to the World Health Organization (WHO) 
classification, confirmation of COVID-19 infection via 
polymerase chain reaction (PCR) testing of nasopharyngeal 
swabs, an age of 18 years or over, and a minimum ICU stay of 
24 hours. Exclusion criteria included being under 18 years of 
age, an ICU stay of less than 24 hours, inadequate medical 
information or history, and pregnancy or lactation. Written 
consent was not obtained from patients due to the nature of the 
study. Data on the number of days between patients' initial 
positive and first negative PCR tests were recorded from the 
hospital's medical database. Throughout the pandemic, 
patients were consistently managed by the same medical team 
and transferred to the same ICU as required. Demographic 
information, medical histories, laboratory parameters, 
ventilation statuses, and other relevant clinical data were 
extracted from the hospital database. The following 
parameters were also recorded: Acute Physiology and Chronic 
Health Evaluation II (APACHE-II) scores, Sequential Organ 
Failure Assessment (SOFA) scores, Charlson Comorbidity 
Index (CCI) scores upon ICU admission, admitting service, 
COVID-19 vaccination status (including type of vaccine), type 
of malignancy, duration of ICU stay, and morbidity and 
mortality rates. Patient identities and personal information 
were anonymized to ensure confidentiality. 

 

S 
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Statistical analysis 
Statistical analysis involved presenting continuous 

variables as mean ± standard deviation (SD) or median 
(interquartile range [IQR]) and categorical variables as 
numbers and percentages (%). Normality of continuous 
variables was assessed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Student's t-test or Mann-Whitney U test 
was employed for continuous variables based on normality test 
results, while categorical variables were analyzed using the 
chi-square test or Fisher's exact test. Statistical significance was 
set at p < 0.05. 

 

Results 
Of the 31 COVID-19 patients with hematological 

malignancies admitted to the ICU, 7 (22.6%) survived while 24 
(77.4%) died from the disease. Of these patients, 16 (51.6%) 
were female, with a median age of 63 years (range 57-70 years) 
(Table 1). 

The median duration of PCR positivity was 14 days 
(range 6-24) for the entire patient cohort, 11 days (range 4-21) 
for survivors, and 24 days (range 21-52) for non-survivors. 
Significantly longer PCR positivity durations were observed in 
patients who died compared to survivors (p = 0.019; Mann-
Whitney U test) (Table 1). 

Table 1. Characteristic features of COVID-19 patients with hematological malignancies followed in the intensive care unit 

Characteristics: 

 

 

All Patients 

(n =31 ) 

Survivors 

(n = 7) 

Non-survivors 

(n = 24) 

p 

Age 63 (57-70) 59 (56-66) 65 (57-73) 0.253 
Sex:  
-Female 
-Male 

 
16 (51.6 %) 
15 (48.4 %) 

 
4 (57.1%) 
3 (42.9%) 

 
12 (50%) 

12 (48.4%) 

0.539 

Number of PCR positive days 14 (6-24) 11 (4-21) 24 (21-52) 0.019 
COVID serology positivity 
IgG 
IgM 

 
19 (61.3) 
18 (58.1) 

 
7 (100) 
0 (0) 

 
12 (50.0) 
18 (75.0) 

 
0.026 
0.001 

Omicron Variant  8 (25.8) 0 (0) 8 (33.3) 0.146 
APACHE II Score 28 (25-30) 28 (25-30) 27 (26-30) 0.729 
SOFA Score 8 (7-10) 8 (7-10) 8 (8-10) 0.835 
CCI 6 (5-7) 6 (5-7) 6 (6-7) 0.764 

Hematologic malignancy:  
- AML 

5 (16.1%) 1 (14.3%) 4 (16.7%) 0.831 

- ALL 
2 (6.5%) 

 

0 (0%) 

 

2 (6.5%) 

 
- KLL 
 10 (32.3%) 2 (28.6%) 

 

8 (33.3%) 

 
- Hodgkin lymphoma 
 1 (3.2%) 

 

0 (0%) 

 

1 (4.2%) 
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- MM 
 

10 (32.3%) 

 

4 (57.1%) 

 

6 (25.0%) 

 
- MDS-RAEB 2 
 

1 (3.2%) 

 

0 (0%) 

 

1 (4.2%) 

 
- Non Hodgkin lymphoma 

1 (3.2%) 0 (0%) 1 (4.2%) 
- New presentation 
hematological malignancy, subtype 
determination could not be made due 
to current clinic. 
 

1 (3.2%) 

 

0 (0%) 

 

1 (4.2%) 

  Chemotherapy number: 

0 

 1 

2 

3 

4 

5 

 

6 (19.4%) 

9 (29%) 

8 (25.8%) 

5 (16.1%) 

1 (3.2%) 

2 (6.5%) 

 

1 (14.3%) 

1 (14.3%) 

3 (42.9%) 

1 (14.3 %) 

0 (0%) 

1 (14.3%) 

 

5 (20.8%) 

8 (33.3%) 

5 (20.8%) 

4 (16.7%) 

1 (4.2%) 

1 (4.2%) 

0.702 

Time elapsed between last 
chemotherapy session to admission 
(months) median (IQR) 

2 (2) 1 (1) 2 (2) 0.005 

Bone marrow transplantation: 
-No 
-Allogeneic bone marrow 
transplantation  
-OHSCT 
-AbMT and OHSCT 

 
21 (67.7%) 

1 (3.2%) 
 

8 (25.8%) 
 

1 (3.2%) 

 
4 (57.1%) 

0 (0%) 
 

3 (42.9%) 
 

0 (0%) 

 
17 (70.8%) 

1 (4.2%) 
 

5 (20.8%) 
 

1 (4.2%) 
 

0.625 

Bone marrow transplantation: 
-No: 
-Yes: 
 

 
21 (67.7%) 
10 (32.3%) 

 
 

 
4 (57.1%) 
3 (42.9%) 

 

 
17 (70.8%) 
7 (29.2%) 

 

0.401 

Pre-ICU service: 
-Hematology service  
-Emergency service  

 
27 (87.1%) 
4 (12.9%) 

 
6 (85.7%) 
1 (14.3%) 

 
21 (87.5%) 
3 (12.5%) 

0.662 
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Status of malignancy: 
-New diagnosis: 
-Refractory malignancy: 
- Remission: 
 

 
4 (12.9%) 
23 (74.2%) 
4 (12.9%) 

 
2 (28.6%) 
3 (42.9%) 
2 (28.6%) 

 
2 (8.3%) 

20 (83.3%) 
2 (12.9%) 

 

0.098 

Malignancy-related clinical condition: 
-Hyperviscosity syndrome 
-graft-versus host reaction: 
- Tumor lysis syndrome: 
- No: 

 
2 (6.5%) 
2 (6.5%) 
3 (9.7%) 

24 (77.4%) 

 
1 (14.3%) 
1 (14.3%) 

0 (0%) 
5 (71.4%) 

 
1 (4.2%) 
1 (4.2%) 
3 (12.5%) 

19 (79.2%) 

0.451 

Precense of confusion: 
- central nervous system invasion 
-Seizure: 
-Intracranial hemorrhage: 
-post cardiopulmonary arrest: 
No: 

 
3 (14.3%) 
2 (9.5%) 
2 (9.5%) 
1 (4.8%) 

13 (61.9%) 

 
1 (33.3%) 
1 (5.6%) 
0 (0%) 
0 (0%) 

 1(33.3%) 

 
2 (11.1%) 
1 (33.3%) 
2 (11.1%) 
1 (5.6%) 

12 (66.7%) 

0.415 

Number of vaccinations: 
0: 
1: 
2: 
3: 
4: 
5: 

 
14 (46.7%) 

1 (3.3%) 
6 (20%) 
3 (10%) 

5 (16.7%) 
1 (3.3%) 

 
2 (28.6%) 

0 (0%) 
1 (14.3%) 
2 (28.6%) 
2 (28.6%) 

0 (0%) 

 
12 (52.2%) 

1 (4.3%) 
5 (21.7%) 
1 (33.3%) 
3 (13%) 
1 (4.3%) 

0.378 

Number of with Biontech 
vaccinations: 
0: 
1: 
2: 
3: 
 

 
24 (77.4%) 

2 (6.5%) 
4 (12.9%) 
1 (3.2%) 

 

 
5 (71.4%) 
1 (14.3%) 
1 (14.3%) 

0 (0%) 

 
19 (79.2%) 
1 (4.2%) 
3 (12.5%) 
1 (3.2%) 

 

0.751 

Number of with Synovac vaccinations: 
0: 
1: 
2: 
3: 
4: 

 
15 (48.4%) 

1 (3.2%) 
12 (38.7%) 

1 (3.2%) 
2 (6.5%) 

 
2 (28.6%) 

0 (0%) 
3 (42.9%) 
1 (14.3%) 
1 (14.3%) 

 

 
13 (54.2%) 

1 (4.2%) 
9 (37.5%) 

0 (0%) 
1 (4.2%) 

 

 
0.253 

ICU length of stay (days) 8 (2-17) 4.5 (1.25-12.50) 15 (8-25) 0.094 
All values are expressed as numbers (percentages) or median (interquartile range).  
APACHE, Acute physiology and chronic health evaluation; CCI, Charlson comorbidity index;  
SOFA, Sequential organ failure assessment score; AML, Acute myeloid leukemia; ALL, Acute lymphoblastic leukemia; 
MM, Multiple myeloma; MDS rEAB 2, Myelodysplastic syndrome rEAB 2 

 
Among the cohort, 5 patients with AML (16.1%) 

predominantly received 7+3 or FLAG-based induction, 2 
patients with ALL (6.5%) were treated with Hyper-CVAD or 
CALGB protocols, 10 patients with CLL (32.3%) received FCR  

 
or BR therapy, 1 patient with Hodgkin lymphoma (3.2%) was 
treated with ABVD, 10 patients with multiple myeloma (32.3%) 
received VCD or VRD regimens, 1 patient with MDS-RAEB-2 
(3.2%) was treated with hypomethylating agents, and 1 patient 
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with non-Hodgkin lymphoma (3.2%) received R-CHOP or BR 
therapy. The median (IQR) time from the last chemotherapy 
session to hospitalization (months) was 1 (1) in the survivor 
group and 2 (2) in the non-survivor group, which was found to 
be statistically significant (p = 0.005) (Table 1).  

When all patients were evaluated, it was determined 
that the mean time since the last chemotherapy session was 2 
months for non-survivors and 1 month for survivors, which 
was statistically significant (p = 0.005). 

In the entire patient group, IgG positivity was 
detected in 19 patients (61.3%), while IgM positivity ws 
observed in 18 patients (58.1%). In the group of patients who 
did not survive, IgG positivity was observed in 12 patients 
(50%), while IgM positivity was detected in 18 patients 
(75%).This difference was statistically significant (p = 0.026 and 
p = 0.001, respectively) (Table 1). 

Regarding hematologic malignancy types, there were 
5 (16.1%) cases of acute myeloid leukemia, 2 (6.5%) cases of 

acute lymphoid leukemia, 1 (3.2%) case of Hodgkin 
lymphoma, 10 (32.3%) cases of chronic lymphoid leukemia, 10 
(32.3%) cases of multiple myeloma, 1 (3.2%) case of non-
Hodgkin lymphoma, and 1 (3.2%) case of an unspecified newly 
diagnosed hematologic malignancy (p = 0.831). Among ICU-
admitted patients, 2 (6.5%) developed hyperviscosity 
syndrome, 2 (6.5%) developed graft-versus-host disease, and 3 
(9.7%) developed tumor lysis syndrome. The median ICU stay 
duration for all COVID-19 patients with hematological 
malignancies was 8 days (range 2-17), 4.5 days (range 1.25-12.5) 
for survivors, and 15 days (range 8-25) for deceased patients. 
There was no significant difference between the two groups 
 (p = 0.094; Mann-Whitney U test) (Table 1). However, no 
significant association was found between these malignancy-
related clinical conditions and mortality rates (p = 0.451; chi-
square test) (Table 2). 

 

 
Table 2. Comorbidities, symptoms, and treatment modalities of COVID-19 patients with hematological malignancy admitted to 
the ICU 

Comorbidities: All patients 
(n=31) 

Survivors 
(n=7) 

Non-
survivors 

(n=24) 

p  

Diabetes mellitus: 
No: 
Yes: 

 
19 (61.3%) 
12 (38.7%) 

 
6(85.7%) 
1(14.3%) 

 
13(54.2%) 
11(45.8%) 

0.132 

 Hypertension 
No: 
Yes: 

 
19 (61.3%) 
12 (38.7%) 

 
5 (71.4%) 
2 (28.6%) 

 
14 (58.3%) 
10 (41.7%) 

0.435 

 Coronary artery disease: 
No:  
Yes: 

 
29 (93.5%) 

2 (6.5%) 

 
7 (100%) 
0 (0%) 

 
22 (91.7%) 

2 (8.3%) 

0.594 

Congestive heart failure: 
No: 
Yes: 

 
29 (93.5%) 

2 (6.5%) 

 
6 (85.7%) 
1 (14.3%) 

 
23 (95.8%) 
1 (4.2%) 

0.406 

COPD: 
No: 
Yes: 

 
29 (93.5%) 

2(6.5%) 

 
7 (100%) 

0(0%) 

 
22 (91.7%) 

2(8.3%) 

0.594 

Chronic liver disease: 
No: 
Yes: 

 
30 (96.8%) 

1 (3.2%) 

 
7 (100%) 

0(0%) 

 
23 (95.8%) 

1(4.2%) 

0.774 

Chronic renal failure: 
No: 

 
28 (90.3%) 

 
6 (%85.7) 

 
22 (91.7%) 

0.639 
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Yes: 3 (9.7%) 1 (14.3%) 2 (8.3%) 
ARDS: 
No: 
Yes: 

 
9 (29%) 
22 (71%) 

 
7 (100%) 
0 (0%) 

 
2 (8.3%) 

22 (91.7%) 

0.001 

Respiratory support: 

Nasal cannula and oxygen mask 
No: 
Yes: 

 
4 (12.9%) 
27 (87.1%) 

 
0 (0%) 

7 (100%) 

 
4 (16.7%) 

20 (83.3%) 

0.247 

High flow nasal cannula: 
No: 
Yes: 

 
12 (38.7%) 
19 (61.3%) 

 
0 (0%) 

7 (100%) 

 
12 (50%) 
12 (50%) 

 
 

0.017 

Noninvazive mechanical ventilation: 
No: 
Yes: 

 
19 (61.3%) 
12 (38.7%) 

 
4 (57.1%) 
3 (42.9%) 

 
15 (62.5%) 
9 (37.5%) 

0.798 

Invazive mechanical ventilation: 
No: 
Yes: 

 
8 (25.8%) 
23 (74.2%) 

 
7 (100%) 
0 (0%) 

 
1 (4.2%) 

23 (95.8%) 

0.001 

Symptoms: 
Myalgia: 
No: 
Yes: 

 
7 (22.6%) 
24 (77.4%) 

 
0 (0%) 

7 (100%) 

 
7 (29.2%) 

17 (70.8%) 

0.104 

Fever: 
No: 
Yes: 

 
10 (32.3%) 
21 (67.7%) 

 
2 (28.6%) 
5 (71.4 %) 

 
8 (33.3%) 

16 (66.7%) 

0.813 

Weakness: 
No: 
Yes: 

 
(13.2%) 

30(96.8%) 

 
0 (0%) 

7 (100%) 

 
1 (4.2%) 

23 (95.8%) 

 
0.583 

Chest pain: 
No: 
Yes: 

 
23 (74.2%) 
8(25.8%) 

 
5 (71.4%) 
2 (28.6%) 

 
18 (75%) 
6 (25%) 

0.849 

Dyspnea:  
No: 
Yes: 

 
2(6.5%) 

29(93.5%) 

 
0 (0%) 

100 (7%) 

 
2 (8.3%) 

22 (91.7%) 

0.594 

Cough : 
No: 
Yes: 

 
11(35.5%) 
20(64.5%) 

 

 
1 (14.3%) 
6 (85.7%) 

 
10 (41.7%) 
14 (58.3%) 

0.183 

Palpitaiton: 
No: 
Yes: 

 
22(71%) 
9(29%) 

 
6 (85.7%) 
1 (14.3%) 

 
16 (66.7%) 
8 (33.3%) 

0.329 

 
Treatment Modalities: 

LMWH: 
No: 
Yes: 

 
5 (16.1%) 
26 (83.9%) 

 
0 (0%) 

7 (100%) 

 
5 (20.8%) 

19 (79.2%) 

0.187 
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ASA: 
No: 
Yes: 

 
14 (45.2%) 
17 (54.8%) 

 
1 (14.3%) 
6 (85.7%) 

 
13 (54.2%) 
11 (45.8%) 

0.062 

Dpyridamol: 
No: 
Yes. 

 
26 (83.9%) 
5 (16.1%) 

 
6 (85.7%) 
1 (14.3%) 

 
20 (83.3%) 
4 (16.7%) 

0.880 

Aditionally anticoagulant therapy: 
No: 
Yes: 

 
30 (96.8%) 

1 (3.2%) 

 
6 (85.7%) 
1 (14.3%) 

 
24 (100%) 

0 (0%) 

0.060 

Pulse steroid therapy: 
No: 
Yes: 

 
8  (25.8%) 
23 (74.2%) 

 
1(14.3%) 
6 (85.7%) 

 
7 (29.2%) 

17 (70.8%) 

0.429 

Methyl prednisolone : 
No: 
Yes: 

 
9 (29%) 
22 (71%) 

 
0 (0%) 

7 (100%) 

 
9 (37.5%) 

15 (62.5%) 

0.054 

Dexametazone : 
No : 
Yes: 

 
22 (71%) 
9 (29%) 

 
6 (85.7%) 
1 (14.3%) 

 
16 (66.6%) 
8 (33.3%) 

0.329 

Hydroxychloroquine: 
No: 
Yes: 

 
28 (90.3%) 

3 (9.7%) 

 
7 (100%) 
0 (0%) 

 
21 (87.5%) 
3 (12.5%) 

 
0.450 

Favipiravir : 
No: 
Yes: 

 
17 (54.8%) 
14 (45.2%) 

 
4 (57.1%) 
3 (42.9%) 

 
13 (54.2%) 
11 (45.8%) 

0.889 

Osetalmivir – Enfluvir : 
No : 
Yes: 

 
30(96.8%) 
1(3.2%) 

 
7(100%) 

0(0%) 

 
30 (96.8%) 

1 (3.2%) 

0.774 

Molnupiravir : 
No: 
Yes: 

 
27 (87.1%) 
4 (12.9%) 

 
5 (71.4%) 
2 (26.6%) 

 
22 (91.7%) 
2 (8.3%) 

0.160 

Tocizilizumab : 
No: 
Yes: 

 
30 (96.8%) 

1 (3.2%) 

 
7 (100%) 
0 (0%) 

 
23 (95.8%) 
1 (4.2%) 

0.774 

All values are expressed as numbers (percentages) or median (interquartile range) 
ARDS, Acute respiratory distress syndrome; COPD, Chronic obstructive pulmonary disease; LMWH, Low molecular 

weight heparine; ASA, Acetyl salicylic acid 
 

Regarding treatment modalities, pulse steroids were 
administered to 23 (74.2%) patients, methylprednisolone to 22 
(71%) patients, and dexamethasone to 9 (29%) patients. No 
significant difference in mortality rates was observed among 
the three drugs (p = 0.429, p = 0.554, and p = 0.329, respectively; 
Fisher's Exact Test). The number of vaccinated patients was 3 
(range 0-4) among survivors and 0 (range 0-2) among deceased 
patients (p = 0.226; Mann-Whitney U test). Additionally, there 

was no significant difference in mortality rates based on the 
type of vaccine administered (BioNTech SE and Sinovac)           
(p = 0.835 and p = 0.153, respectively; chi-square test) ( Table 1, 
Table 2). 

ARDS was diagnosed in 22 (71%) patients, with a 
statistically significant mortality rate of 22 (91.7%) among 
hematological malignancy patients with ARDS (p = 0.001; 
Fisher's Exact Test) (Table 2). Furthermore, the mortality rate 
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was 23 (95.8%) among patients receiving invasive mechanical 
ventilation (p = 0.001; Fisher's Exact Test) (Table 2). No 
statistically significant difference was detected between the 

two groups in terms of laboratory data (Table 3). Additionally, 
all patients and the two groups of culture results were added 
to Table 4. 

 
Table 3. Laboratory findings of patients. 

 All Patients (n =31) Survivors (n = 7) Non survivors 
(n = 24) 

p 

White blood cell 
count, 103 /mL 

6500 (3900-22300) 7150 (3350 -25450) 4400 (3900-22200) 0.627 

Neutrophill 103 
/mL 

3800 (2500-11100) 4400 (1450-10875) 4400 (3900-222000) 0.444 

Lymphocyte 103 
/mL 

600 (200-4600) 1250 (225-4675) 3800 (3300-2140) 0.317 

AST, IU/L 82.85±102.29 86.05±114.44 78.56±84.48 0.932 
ALT, IU/L 54.35±70.15 58.13±85.91 49.29±40.95 0.747 
Blood urea 
nitrogen, mg/dL 

42.19±30.91 41.4±30.16 43.24±32.23 0.994 

Creatinine, 
mg/dL 

2.09±0.98 1.06±0.65 3.37±1.12 0.356 

Glucose, mg/dL 146.42±60.57 143.89±67.3 149.8±50.76 0.257 
Albumin, g/dL 1.64±0.78 1.48±0.61 1.84±0.94 0.350 
C-reactive 
protein 
 
 

114 (61-228) 114(20-185) 124(63-232) 0.695 

Procalsitonin 
 

0.67(0.13-1.87) 0.7(0.22-2.05) 0.94(0.23-1.83) 
 

0.253 

D-dymer 
 

2100(1360-6410) 1480(1360-6410) 2395(1350-7800) 0.502 

pH 7.35±0.13 7.37±0.14 7.38±0.12 0.703 
pO2 70±27.63 71.38±32.75 68.66±18.99 0.813 
pCO2 38.01±13.14 36.93±11.48 39.46±15.13 0.830 
Lactat 2.86±1.41 2.39±1.59 2.13±1.11 0.472 
P/F ratio 56.59±11.14 55.91±9.38 57.51±13.22 0.657 

 ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; PaO2, Arterial partial oxygen pressure;  
PaCO2, Arterial partial carbon dioxide pressure; CRP, C-Reactive protein; FiO2, Fraction of inspired oxygen;  
HCO3, Bicarbonate; LDH, Lactate dehydrogenase; sCr, Serum creatinine 
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Table 4. Culture results of patients 
 Patients (n =31) Survivors (n = 7) Non survivors 

(n = 24) 
p 

 Blood cultures      
Acinetobacter 
spp 

12 (38.7%) 2 (28.57%) 10 (41.66%) 0.04 

Klebsiella spp 9 (29%) 3 (42.85%) 6 (25%) 0.05 
Enterbacter spp 6 (19.35%) 2 (28.57%) 4 (16.66%)  0.065 
Pseudomonas 
spp 

5 (55.55%) 2 (28.57%) 3 (12.5%) 0.71 

Respiratory 
sample culture 

    

Acinetobacter 
spp. 

19 (61.29%) 5 (71.42%) 14 (58.33%) 0.03 

Klebsiella spp. 15 (48.38%) 6 (85.71%) 9 (37.5%) 0.04 
Pseudomonas 
spp. 

9 (29%) 4 (57.14%) 5 (20.83%) 0.07 

Enterobacter spp. 8 (25.8%) 3 (42.85%) 5 (20.83%) 0.06 
Urine culture 
spp. 

    

Acinetobacter 
spp. 

4 (12.9%) 1 (14.28%) 3 (12.5%) 0.8 

Klebsiella spp. 3 (9.67%) 1 (14.28%) 2 (8.33%) 0.07 
Pseudomonas 
spp. 

3 (9.67%) 1 (14.28%) 2 (8.33%)  0.09 

Enterobacter spp. 1 (3.22%) 0 (0%) 1 (4.16%) 0.06 
E.Coli spp 16 (51.6%) 5 (71.4%) 9 (37.5%) 0.04 
Candida spp. 10 (32.2%) 4 (57.1%) 6 (25%) 0.03 

 

Discussion 
 

In our study, we observed a significant association 
between prolonged PCR positivity and high mortality rates 
among ICU patients with haematological malignancies. 
Additionly, a higher rate of IgM positivity was detected in the 
non-survivor group, which was interpreted as evidence of 
active infection. However, we foundno significant associations 
between mortality rates and the source of admission to the 
ICU, type of hematologic malignancy, receipt of 
chemotherapy, performance of allogeneic or autologous 
hematopoietic stem cell transplantation, presence of 
comorbidities, treatment modalities, vaccination status, or type 

of vaccine administered. Nevertheless, we found a significant 
association between the development of acute respiratory 
distress syndrome and the need for invasive mechanical 
ventilation support with mortality rates among patients with 
hematological malignancies admitted to the ICU. 

Patients with hematological cancers are at an 
increased risk of complications associated with COVID-19 (11). 
A meta-analysis of 38 studies involving patients with 
hematological cancers who contracted COVID-19 reported a 
pooled mortality risk of 39%, rising to 50% among patients 
aged 60 years and over (12). Although the presence of 
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hematological cancer is associated with an increased risk of 
mortality, its impact on the risk of long term effects of the 
COVID-19 remains unclear (13). In our study, we found that 
deceased patients exhibited significantly prolonged PCR 
positivity, with a median duration of 24 days (range 21-52). 
Similarly, Yasuda et al. reported persistent COVID-19 
pneumonia and ongoing PCR positivity for 2 months in a 
patient with follicular lymphoma, with PCR positivity 
persisting until day 46 (14). The authors noted the resolution of 
lung lesions at the 12- month follow-up stage, and the patient 
never developed COVID-19 antibodies. Hueso et al.  reported 
persistent COVID-19 infection in 15 patients with 
hematological cancer (15). Of these patients who received anti-
CD20 monoclonal antibody therapy within the past 2 years, the 
interval between the last rituximab infusion and symptom 
onset was 4 months, with patients experiencing COVID-19 
symptoms for a median of 56 days (range 7-83 days). 
Subsequently, Betrains et al. reported one of the first studies to 
demonstrate reduced neutralizing antibody titers and 
prolonged PCR positivity, indicative of diminished viral 
clearance, in 5 lymphoma patients (16). In this study, the 
authors demonstrated a clear association between the presence 
of COVID-19 symptoms and the absence of PCR positivity and 
neutralizing antibodies in this study (16). In their study of 111 
lymphoma patients hospitalized for COVID-19, Duléry et al.  
reported a median hospital stay of 14 days (range 1-235) and a 
6-month survival rate of 69% (17). The authors highlighted 
viral persistence, with PCR positivity observed in 
nasopharyngeal swabs and bronchoalveolar lavage samples 
up to 143 days after the onset of illness in these patients  (17). 
 Studies investigating factors influencing the duration 
of PCR positivity in critically ill patients with hematological 
malignancies are limited (13). While the reasons for this remain 
unclear, patients with hematological malignancies and 
COVID-19 may require longer follow-up due to the prolonged 
viral phase (stages 1 and 2A), delayed hyperinflammatory 
phase (stage 3), and a later onset of clinical deterioration (12-20 
days), suggesting a need for extended monitoring (18). This 
phenomenon may be related to the role of T-cell responses in 
determining severity of a patient's clinical presentation of the 
disease, and to the importance of B-cell functions in achieving 
viral clearance (19, 20). Prolonged viral persistence in the 
nasopharynx and high viral loads in patients can complicate 

disease management (4). Prolonged carriage of the COVID-19 
can complicate the treatment of inflammatory events of viral 
origin (21). The use of immunomodulatory agents without 
effective antiviral therapy may inadvertently exacerbate viral 
disease (22). Uncontrolled prolonged viral disease may delay 
chemotherapy treatments and contribute to disease 
progression. Additionally, patients with hematological cancers 
with high viral loads may pose an increased risk of nosocomial 
epidemic outbreaks due to increased infectivity (9). 
Understanding the duration of viral shedding in 
immunocompromised patients is crucial for guiding the 
treatment of these patients and understanding disease spread 
(4). 

There are growing concerns about epidemiological 
issues arising from high mutation rates in the 
immunosuppressed patient population (7). Supporting this 
concern, the sudden emergence of the Omicron variant in 
South Africa and Botswana in November 2021, and its 
connection to a fatal strain isolated in 2020, suggest that 
Omicron may have emerged as a result of intrahost evolution 
in immunosuppressed individuals (23, 24). This phenomenon 
has been demonstrated in several case reports, including 
patients with hematological malignancies and poorly 
controlled Human Immunodeficiency Virus (HIV) infection 
(25). Unfortunately, it remains unclear whether current 
treatment strategies used to prevent or treat chronic infection 
reduce the risk of intrahost evolution (26). 

Another significant threat observed in patients with 
hematological malignancies who are infected with COVID-19 
is cytokine storm syndrome (CSS) (27). CSS may contribute to 
the pathogenesis of COVID-19 and lead to multiorgan failure, 
ARDS, and ultimately death (28). In our study, we found a 
significant association between the development of ARDS and 
the need for invasive mechanical ventilation with higher 
mortality rates among patients with hematological 
malignancies admitted to the ICU.  A reviewof the literature by 
Lee et al. evaluated persistent COVID-19 in 382 patients with 
hematological cancer (7). They reported that 72% of the 
included patients required supplemental oxygen therapy, 31% 
were admitted to the ICU, and 22% required mechanical 
ventilation. The mortality rate was 31%. Similarly, another 
study reported a 20% mortality rate in cancer patients with 
COVID-19, with those admitted to the ICU requiring invasive 
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ventilation experiencing a 3.5-fold increase in mortality (29). 
Consistent with these findings, our study identified an 
increased mortality rate associated with both the development 
of ARDS and the application of invasive mechanical ventilation 
in this patient group. This is consistent with the majority of 
studies that suggest lung damage associated with COVID-19 is 
a result of an excessive immune response rather than the virus 
itself (30, 31). 
 Vaccination remains a crucial option for preventing 
COVID-19 infection, which has a broad clinical spectrum and 
serious consequences (32). Despite the widespread 
administration of COVID-19 vaccines, the likelihood of 
achieving targeted immune responses, particularly in patients 
with hematologic cancers, is lower (33). Studies support the 
idea that patients with hematological cancers exhibit low 
humoral responses to vaccination and fail to generate high 
levels of anti-COVID-19 antibodies (34). In our patient cohort, 
we found no significant relationship between the number of 
vaccinations or the type of vaccine and survival. A meta-
analysis on this matter found a significantly lower 
seroconversion rate and heterogeneous, decreased serological 
response in patients with hematologic malignancies (35). 
However, it is still believed that vaccination significantly 
reduces the risk of complications related to SARS-CoV-2 
infection in these patients, as T-cell memory responses can be 
generated in 50-75% of non-responders after vaccination (10). 
This T-cell immunity has been demonstrated in patients 
undergoing treatment for hematological malignancies as well 
as those receiving B-cell-depleting therapy for rheumatologic 
disorders (20). Therefore, vaccination is recommended in 
guidelines for preventing COVID-19 infection and/or reducing 
disease severity even in patients who do not develop adequate 
humoral responses. 
 
Limitations 

The most significant limitation of our study is the 
small sample size due to the specific patient population. A 
second limitation is that PCR positivity was used as both a 
diagnostic test and evidence of prolonged viral persistence in 
patients with COVID-19, since viral cell culture was not 
performed. Finally, as a retrospective study, our research is 
subject to inherent limitations. 

 

Conclusion 
 
Our results clearly demonstrate a relationship 

between prolonged PCR positivity and mortality rates among 
patients with hematological malignancies and COVID-19. 
Additionally, our study reveals that this patient group is 
particularly vulnerable to progressive and fatal respiratory 
symptoms alongside prolonged viral persistence. Moreover, 
the long-term consequences of chronic viral infections in 
immunosuppressed patients can have broad epidemiological 
consequences that extend beyond individual outcomes. 
Although vaccines have generally reduced the mortality risk 
associated with COVID-19, their efficacy against prolonged 
COVID-19 in patients with hematological malignancies 
remains uncertain, as observed in our study where no 
association was found. 

In conclusion, given that prolonged COVID-19 
infection primarily occurs in immunosuppressed patients and 
is associated with high mortality rates, we believe that 
evidence-based strategies to promote viral clearance should be 
developed to prevent or manage persistent infection in these 
patients. 
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ABSTRACT 
BACKGROUND 
This study aims to examine the peripheral blood eosinophil/lymphocyte ratio (ELR) as a simple, affordable and easily accessible marker 
to predict neoadjuvant chemotherapy (NACT) response and prognosis in patients with locally advanced breast cancer (LABC). 
METHODS 
The study included 102 female patients over the age of 18 who were diagnosed with LABC in 2010-2019 and were treated with NACT 
at Dokuz Eylül University Faculty of Medicine, Department of Internal Medicine, Medical Oncology. The patients were retrospectively 
examined for demographic, clinical, pathological and laboratory data. Laboratory data (leukocyte count, eosinophil count and 
percentage, lymphocyte count and percentage, ELR and eosinophil x lymphocytes) were evaluated before chemotherapy, before 
surgery and before relapse. Single and multi-variable regression analyses were performed to determine risk factors important for 
pathological complete response (pCR) and relapse development. The Kaplan-Meier survival analysis method was used to determine 
the effects of these factors on PFS (progression-free survival). 
RESULTS 
The mean diagnostic age was 50.8±13.0 years, the follow-up time was 41.0±27.0 months, and the average time from NACT to operation 
was 7.9±2.5 months. Mortality rate was 10.8%, relapse rate was 14.7%, and PCR incidence rate was 27.5%. No statistically significant 
differences were found in the ELR and eosinophil x lymphocyte parameters before and after NACT in terms of their value in pCR and 
relapse prediction. The most important predictive clinical and pathological features for pCR were found to be low count of positive 
lymph nodes (LN) (OR = 0.342, p = 0.04) and ER negativity (OR = 2.6, p = 0.035). The risk of recurrence in patients with a positive LN 
count of three and above was 3.8 times greater (OR = 3.8,  p = 0.008) and the duration of PFS was shorter. The risk of recurrence in 
patients with a pre-NACT lymphocyte percentage of 26.75 and below was 4.2 times greater (OR = 4.2, p = 0,016), and the duration of 
PFS was shorter. 
CONCLUSION 
The study suggests that if more patients are evaluated and over a long follow-up period, markers such as peripheral blood ELR or 
eosinophil x lymphocyte could be used as affordable, easily accessible predictive and prognostic markers for predicting NACT 
response. 
KEYWORDS 
 Locally advanced breast cancer, neoadjuvant chemotherapy, pathological complete response, prognostic marker, recurrence 
 
ÖZ 
AMAÇ 
Lokal ileri evre meme kanserli (LİMK) hastalarda neoadjuvan kemoterapi (NAKT) yanıtı ve prognozu öngörmek için; basit, uygun 
fiyatlı ve kolay ulaşılabilir bir belirteç olarak periferik kan eozinofil/lenfosit oranının (ELR) incelenmesidir. 
GEREÇ YÖNTEM 
Çalışmaya 18 yaş üzeri, Dokuz Eylül Üniversitesi Tıp Fakültesi İç Hastalıkları Anabilim Dalı Tıbbi Onkoloji Bilim Dalı'nda 2010-2019 
yılları arasında LİMK kanseri tanısı alan ve NAKT verilen 102 kadın hasta dahil edildi. Hastaların retrospektif olarak demografik, 
klinik, patolojik ve laboratuvar verileri incelendi. Laboratuvar verileri (lökosit sayısı, eozinofil sayı ve yüzdesi, lenfosit sayı ve yüzdesi, 
ELR ve eozinofilxlenfosit) kemoterapi öncesi, operasyon öncesi ve nüks öncesinde değerlendirildi. Patolojik tam yanıt (pCR) ve nüks 
gelişimi açısından önemli olan risk faktörlerini belirlemek amacıyla tek ve çok değişkenli regresyon analizleri uygulandı. Bu faktörlerin 
PFS (progresyonsuz sağkalım) üzerine etkilerini belirlemek için Kaplan-Meier sağkalım analiz yöntemi kullanıldı. 
BULGULAR 
Ortalama tanı yaşı 50,8±13,0 yıl, takip süresi 41,0±27,0 ay; NAKT’den operasyona kadar geçen süre ortalama 7,9±2,5 ay olarak 
hesaplandı. Mortalite oranı %10,8, nüks oranı %14,7, pCR görülme oranı ise %27,5 bulundu. NAKT öncesi ve sonrası ELR ve eozinofil 
x lenfosit parametrelerinde; pCR ve nüksü öngörmedeki değeri açısından istatistiksel anlamlı farklılık bulunmadı. pCR için en önemli 
öngörü değerine sahip klinik ve patolojik özellikler; pozitif lenf nodu(LN) sayısının az olması (OR = 0,342, p = 0,04) ve ER negatifliği 
(OR = 2,6, p = 0,035) olarak bulundu. Pozitif LN sayısı üç ve üzeri olan hastalarda nüks gelişme riski; 3,8 kat daha fazla (OR = 3,8, p = 
0,008), PFS süresi daha kısa bulundu. NAKT öncesi lenfosit yüzdesi 26,75 ve altı olan hastalarda nüks gelişme riski; 4,2 kat daha fazla 
(OR = 4,2, p = 0,016), PFS süresi daha kısa bulundu. 
SONUÇ 
Daha fazla hasta sayısı ve uzun takip süresinde değerlendirme yapıldığında; periferik kan ELR veya eozinofil x lenfosit gibi 
belirteçlerin, NAKT yanıtını öngörmede uygun fiyatlı, kolay erişilebilir prediktif ve prognostik belirteçler olarak kullanılabileceği 
düşünülmektedir. 
ANAHTAR KELİMELER 
Lokal ileri evre meme kanseri, neoadjuvan kemoterapi, nüks, patolojik tam yanıt, prognostik belirteç 
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reast cancer is the most common cancer in women both 
globally and in Türkiye. In a healthy population, a 
woman has a 12.9% risk of developing breast cancer 

during her lifetime, with one in eight women being diagnosed 
with the disease. In the United States, breast cancer is the 
second leading cause of cancer-related death in women, after 
lung cancer. Among women aged 20-59, it is the leading cause 
of cancer-related deaths (1). In Türkiye, the age-standardized 
incidence of breast cancer in women is 47.7 per 100,000. 
Regarding the percentage distribution of the most common 
cancers in women of all age groups, breast cancer accounts for 
25.5% of cases  (2). 
   The definition of locally advanced stage breast cancer 
is heterogeneous; it includes stage IIB (T3N0) and stage IIIA, 
IIB, IIIC breast cancers. This group includes both slow-growing 
and aggressive tumors. The standard treatment approach in 
LABC (locally advanced breast cancer) is NACT (neoadjuvant 
chemotherapy) treatment (3–6). The most important factor 
determining treatment success and survival is pCR 
(pathological complete response) (3). The most widely 
accepted definition of pCR includes no residual invasive 
disease in the breast and no measurable disease in the axillary 
lymph nodes sampled (ypT0/ypN0) (3,7,8). 
   Patients who achieved a pathologic pCR after 
neoadjuvant chemotherapy had a higher survival rate than 
those who did not.  Therefore, numerous studies are 
investigating clinical and pathological characteristics that can 
be used to predict whether pCR can be achieved in patients 
receiving NACT, as well as laboratory data that can surve as 
markers. However, due to their cost and limited accessibility, 
genetic and molecular tests are not widely used in clinical 
practice. Simpler, cost-effective, and easily accessible markers 
are needed to predict the NACT response (9,10). 

The main functions of eosinophils in the immune 
system include the elimination of foreign substances (their role 
in parasitic infections) and the regulation of inflammation  
(they respond to cytokines secreted from lymphocytes, secrete 
factors that have anti-tumor effects or stimulate tumor 
progression, act as antigen-presenting cells and can stimulate 
and influence lymphocyte functioning) (11,12). Eosinophils 
stimulate the anti-tumor response by attracting CD8+T cells to 
the tumor site with various chemokines that they secrete. 
However, some studies suggest that they promote tumour 

growth by inducing angiogenesis with growth factors such as 
VEGF (vascular endothelial growth factor), TGF-α 
(transforming growth factor-alpha), TGF-β (transforming 
growth factor-beta), and GM-CSF (granulocyte macrophage 
colony stimulating factor (12–14). Although tumoral 
eosinophilia is considered to be associated with a poor 
prognosis in Hodgkin lymphoma, it has been shown to be 
associated with a good prognosis in colorectal, breast, and 
prostate cancers (12). 

The purpose of our study is to analyze the use of 
peripheral blood eosinophil/lymphocyte ratio (ELR) before 
and after NACT in LABC as a marker of treatment response 
and prognosis. Based on studies showing that tumoral 
eosinophilia is associated with a good prognosis in breast 
cancer (12), it is thought that peripheral blood eosinophilia 
may also have prognostic significance. 

 
Materials and Methods 

 
The study began after receiving approval from the 

Dokuz Eylül University Ethics Board for Non-Invasive 
Research. Women aged 18 years and older who were 
diagnosed with LABC and received NACT between 2010 and 
2019 at the Department of Medical Oncology, Department of 
Internal Medicine, Faculty of Medicine, Dokuz Eylül 
University were included. Participants were excluded from the 
study if they were under 18 years of age, if the necessary 
demographic and clinical information was absent from the 
hospital records, or if they were male.  The data were obtained 
by scanning electronic file system records (Probel Hbys) of 
Dokuz Eylül University Medical Faculty Hospital and archival 
materials in the Department of Archives and Medical Statistics. 
The laboratory data were obtained retrospectively from the 
central laboratory of the Dokuz Eylül University Medical 
Faculty Hospital, which is ISO 15189 accredited. Hemogram 
parameters within the scope of accreditation were studied 
usingthe impedance method on a Beckman Coulter LH 780 
analyzer (MLTR.505.105) in blood with EDTA. 

The independent variables were pathological 
complete response, relapse, mortality, whilethe dependent 
variables were determined as age, histological type, tumor 
diameter, positive lymph node count, estrogen receptor, 
progesterone receptor, human epidermal growth factor 

B 
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receptor, and peripheral blood parameters. Demographic and 
clinical data are shown in Table 1. Tumor histology, receptor 
status, and pathological response are shown in Table 2 
including histological type (ductal, lobular, mixed, other), ER 

status and PR status, HER2 status, Ki-67 proliferation index 
(<20%, ≥20%, unknown), lymphocytes infiltrating the tumor, 
lymphovascular invasion, perineural invasion, and 
pathological response. 

Table 1. Demographic, clinical and histopathological data  
Total number of patients (n) 102 
Age of diagnosis (years) (mean ± sd) (min-max) 50.8±13.0 (26.7-82.4) 
Relapse rate (n, %) 15 (14.7 %) 
Mortality rate (n, %) 11 (10.8%) 
Follow-up time (months) (mean±sd) (min-max) 41.0±27.0 (0.3-129.8) 
Tumor diameter (mm) (mean±sd) (min-max) 27.2±16.1 (3.0-80.0) 
Number of lymph nodes (mean±sd) (min-max) 9.7±6.5 (1.0-32.0) 
Number of positive lymph nodes (mean±sd) (min-max) 2.3±3.8 (0.0-28.0) 
Chemotherapy (n, %) EC→T  

                    FEC→T 
                    Carbo→T 
                    Unknown 

                                  Other 

76 (74.5%) 
18 (17.6%) 
3 (2.9%) 
2 (2.0%) 
3 (2.9%) 

KT type (n, %) Taxane-based 
                   Other 

94 (92.2%) 
8 (7.8%) 

Trastuzumab (n, %) Yes 
                   No 

40 (39.2%) 
62 (60.8%) 

Radiotherapy (n, %) Yes  
                   No  

86 (84.3%) 
16 (15.7%) 

Histological type (n, %) 
                                Lobular 

                             Mixed 
                           Other 

69 (67.6%) 
18 (17.6%) 
12 (11.8%) 
3 (2.9%) 

Estrogen receptor (ER) (n, %)                             + 
                                                                ++ 
                                                                +++ 
                                                                 - 

4 (3.9%) 
12 (11.8%) 
54 (52.9%) 
32 (31.4%) 

Progesterone receptor (PR) (n, %)                     + 
                                                                ++ 
                                                                +++ 
                                                                 - 

7 (6.9%) 
18 (17.6%) 
29 (28.4%) 
48 (47.1%) 

HER2 (n, %)                                                        Positive  
                                                              Negative  

25 (24.5%) 
77 (75.5%) 

Triple negative (n, %)                                         Yes  
                                                                No  

17 (16.7%) 
85 (83.3%) 

Ki-67 proliferation index (n, %)                          < 20% 
                                                                  ≥20% 
                                                                  Unknown 

21 (20.6%) 
69 (67.6%) 
12 (11.8%) 

Tumor infiltrating lymphocytes (TIL) (n, %)       Low 
                                                                    Moderate 
                                                                    High 
                                                                    Unknown 
                                                                    None 

29 (28.4%) 
14 (13.7%) 
8 (7.8%) 
49 (48.0%) 
2 (2.0%) 

Lymphovascular invasion (LVI) (n, %)                 Yes 55 (53.9%) 
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                                                                    None 
                                                                   Unknown  

46 (45.1%) 
1 (1.0%) 

Perineural invasion (n, %) (PNI)                           Yes 
                                                                    None 
                                                                    Unknown  

16 (15.7%) 
85 (83.3%) 
1 (1.0%) 

Pathological complete response (pCR) (n, %)            pCR 
                                                     DCIS, LN-negative 
                                                     DCIS, LN-positive 
                 Residual invasive carcinoma, LN-negative 
                 Residual invasive carcinoma, LN-positive 
                                                          Unknown  

28 (27.5%) 
10 (9.8%) 
13 (12.7%) 
10 (9.8%) 
40 (39.2%) 
1 (1.0%) 

 
  CT, Chemotherapy; EC→T, Epirubicin, Cyclophosfamide then docetaxel or Paclitaxel; FEC → T, Fluorouracil, Epirubicin, 
Cyclofosfamide then Docetaxel or Paclitaxel, Carbo→T, Carboplatin then paclitaxel  
 
 Table 2. Demographic, clinical and histopathological characteristics of patients according to pathological response 
 

 pCR positive 
n=28 

No pCR n=74 P 

Age of diagnosis (years) (mean ± sd) 50.3±13.1 50.9±13.0 0.838 
Relapse rate 1 (3.6%) 14 (18.9%) 0.051 
Tumor diameter (mm) (mean ± sd) 30.4±14.4 26.1±16.6 0.229 
Number of LN (median) (min-max) 6.0 (1.0-21.0) 9.5 (1.0-32.0) 0.035 
Number of positive LN (median) (min-max) 0.0 (0.0-2.0) 2.0 (0.0-28.0) <0.001 
Chemotherapy (n, %) EC→T 

FEC→T 
Carbo→T 
Unknown 
Other 

22 (78.6%) 
5 (17.9%) 
0 (0.0%) 
1 (3.6%) 
0 (0.0%) 

54 (73.0%) 
13 (17.6%) 
3 (4.1%) 
1 (1.4%) 
3 (4.1%) 

0.654 

CT type (n, %) Taxane-based 
Other 

27 (96.4%) 
1 (3.6%) 

67 (90.5%) 
7 (9.5%) 

0.440 

Transtuzumab (n, %) Yes 
No 

14 (50.0%) 
14 (50.0%) 

26 (35.1%) 
48 (64.9%) 

0.170 

Radiotherapy (n, %) Yes 
No 

21 (75.0%) 
7 (25.0%) 

65 (87.8%) 
9 (12.2%) 

0.132 

Histological type (n, %) Ductal 
Lobular 
Mixed 

      Other 

24 (85.7%) 
2 (7.1%) 
1 (3.6%) 
1 (3.6%) 

45 (60.8%) 
16 (21.6%) 
11 (14.9%) 
2 (2.7%) 

0.083 

ER (n, %) Positive 
Negative 

13 (46.4%) 
15 (53.6%) 

57 (77.0%) 
17 (23.0%) 

0.003 

PR (n, %) Positive 
 Negative 

10 (35.7%) 
18 (64.3%) 

44 (59.5%) 
30 (40.5%) 

0.032 

HER2 (n, %)  Positive 
 Negative 

11 (39.3%) 
17 (60.7%) 

14 (18.9%) 
60 (81.1%) 

0.033 

Triple negative (n, %) Yes 
No 

9 (32.1%) 
19 (67.9%) 

8 (10.8%) 
66 (89.2%) 

0.016 

Ki-67 (n, %) < 20% 
≥20% 

Unknown 

2 (7.1%) 
24 (85.7%) 
2 (7.1%) 

19 (25.7%) 
45 (60.8%) 
10 (13.5%) 

0.050 
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TIL (n, %) Low 
Moderate 
High 
Unknown 
None 

7 (25.0%) 
4 (14.3%) 
2 (7.1%) 
14 (50.0%) 
1 (3.6%) 

22 (29.7%) 
10 (13.5%) 
6 (8.1%) 
35 (47.3%) 
1 (1.4%) 

0.993 

LVI (n, %) Yes 
None 
Unknown 

11 (39.3%) 
17 (60.7%) 
0 (0.0%) 

44 (59.5%) 
29 (39.2%) 
1 (1.4%) 

0.127 

PNI (n, %) Yes 
None 
Unknown 

3 (10.7%) 
25 (89.3%) 
0 (0.0%) 

13 (17.6%) 
60 (81.1%) 
1 (1.4%) 

0.671 

 pCR, Pathological complete response; LN, Lymph node; CT, Chemotherapy; EC→T, Epirubicin, Cyclophosfamide then 
docetaxel or Paclitaxel; FEC → T, Fluorouracil, Epirubicin, Cyclofosfamide then Docetaxel or Paclitaxel, Carbo→T, Carboplatin 
then paclitaxel; ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2; TIL, Tumor 
infiltrating lymphocytes; LVI, Lymphovascular invasion; PNI, Perineural invasion   
 
 
 The presence of HER2 was evaluated using the 
immunohistochemical method (IHC) and fluorescent in-situ 
hybridization (FISH) methods. Patients with HER2 (3+) were 
considered positive, while patients with HER2 (0) and (1+) 
were considered negative. Patients with HER2 (2+) were 
categorized as either positive or negative following further 
evaluation using the FISH method. Laboratory data were 
classified as follows: Leukocyte count (103/ul), eosinophil 
percentage (%), eosinophil count (103/ul), absolute eosinophil 
count (103/ul), lymphocyte percentage (%), lymphocyte count 
(103/ul), absolute lymphocyte count (103/ul), 
eosinophil/lymphocyte ratio (the number of eosinophils 
divided by lymphocytes), and eosinophil x lymphocyte (the 
number of eosinophils multiplied by lymphocytes). The 
laboratory data were examined before NACT, before the 
operation (post-NACT), and before relapse. 
     Statistical analyses were performed with SPSS 
software version 22.0 (IBM, New York, USA). After making 
descriptive statistics, Shapiro-Wilk and Kolmogorov-Smirnov 
normality tests were used to determine whether the 
continuous data was distributed normally. The Mann-Whitney 
U test was used to compare variables that did not show normal 
distribution between groups, and the Student-T test was used 
to compare normal distribution variables. The results of these 
analyses were presented as mean ± standard deviation, median 
and minimum-maximum values.  Categorical data between the 
groups was compared using Chi-Square and Fisher's exact test. 
The results were given in numbers and percent (%).  

Single-variable regression analysis was applied to determine 
variables with predictive value in predicting pathological full 
response. In single-variable regression analysis, variables with 
an alpha value less than 0.2 were included in the multi-variable 
regression analysis. The results were presented with 95% 
confidence intervals. P<0.05 was taken to indicate statistical 
significance. 
 A single-variable regression analysis was performed 
to determine the most important risk factors for recurrence 
development. In single-variable regression analysis, 
parameters with an alpha value less than 0.2 were included in 
the multi-variable regression analysis (Cox regression 
analysis). The results were presented with 95% confidence 
intervals. P<0.05 was taken to indicate statistical significance. 
As a result of regression analyses, ROC analyses were applied 
for the parameters determined as risk factors. Cut-off values 
were determined using AUC and Youden index ratios. 
Sensitivity and specificity rates were determined for such cut-
off values. Using cut-off values, patients were divided into 
high-risk and low-risk groups.  

The Kaplan-Meier survival analysis method was used 
based on the survival analyzes to determine the effects of 
effective risk factors on relapse on PFS. The estimated PFS 
times were given with confidence intervals of 95% as an 
average ± standard deviation. In all statistical analyses, p < 0.05 
was taken to indicate statistical significance. 
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Results 

 
A total of 102 women diagnosed with LABC and 

treated with NACT were included in the study. The mean age 
at diagnosis of the patients was 50.8±13.0 years, and the mean 
follow-up period was 41.0±27.0 months. The mortality rate was 
calculated as 10.8%, while the relapse rate was 14.7%. Other 
demographic, clinical and histopathological characteristics are 
summarized in Table 1. 
      The NACT regimens used are listed in Table 1. Taxane 
based NACT regimens include EC→T (Epirubicin, 
Cyclophosfamide then docetaxel or Paclitaxel), FEC → T 
(Fluorouracil, Epirubicin, Cyclofosfamide then Docetaxel or 
Paclitaxel) and Carbo→T ( Carboplatin then paclitaxel). 
Missing values in categorical variables were coded as an 
‘unknown’ category and included in the analyses. The duration 
of the patients from NACT to operation was calculated as 7.9 ± 
2.5 months on average. When the patients’ demographics and 
clinical characteristics were compared with their pathological 

response, a higher positive LN count was observed in patients 
without pCR (p < 0.001). A comparison of the tumor histology 
and receptor status in patients with PCR showed that the 
proportion of ER- and PR-positive patients was significantly 
lower (p = 0.003 and 0.032, respectively). The percentage of 
HER2-positive patients was higher in the pCR group (p = 
0.033). A higher percentage of patients were triple-negative in 
the pCR group (p = 0.016). No statistically significant 
differences were found when other pathological features were 
compared (Table 2). Additonally, no significant differences 
were observedbetween all peripheral blood parameters before 
NACT in patients with and without pCR. 

The parameters that may predict whether pCR will be 
observed in LABC patients receiving NACT were compared 
using single and multi-variable analyses. According to the 
multivariate regression analysis, the clinical and pathological 
characteristics that were found to have the most important 
predictive value for pCR in patients receiving NACT were 
found to have a low number of positive LN (p = 0.04) and ER 
negativity (p = 0.035) (Table 3). 

Table 3. Single and multi-variable regression analysis for pathological complete response 
 Univariate analysis (single 

variable) 
Multivariate analysis (multiple 

variable) 
Parameters β OR 95% GA p β OR 95% 

GA 
P 

Number of LN -0.073 0.930 0.863- 
1.002 

0.057 0.025 1.026 0.926- 
1.137 

0.627 

Number of positive LN -1.129 0.323 0.166- 
0.629 

0.001 -1.073 0.342 0.165- 
0.708 

0.004 

ER positive vs negative 1.353 3.869 1.543- 
9.700 

0.004 1.254 2.603 1.470- 
14.448 

0.035 

PR positive vs negative 0.971 2.640 1.072- 
6.504 

0.035 -0.966 0.381 0.081- 
1.796 

0.222 

HER2 negative vs positive 1.020 2.773 1.066- 
7.217 

0.036 1.178 3.249 0.625- 
16.888 

0.161 

Triple-negative vs non-triple- 
negative 

1.363 3.908 1.326- 
11.513 

0.013 1.544 4.683 0.420- 
52.211 

0.210 

LN, Lymph node; ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2 
 
When patients who relapsed after NACT were 

compared to patients who did not relapse, the number of 
positive LNs was found to be significantly higher in patients 
who relapsed (p = 0.006). No statistically significant difference 
was found in terms of tumor histology and receptor status 
between relapsing and non-relapsing patients.  

However, relapsed patients were found to have lower 
percentages of lymphocytes alone in the peripheral circulation 
before chemotherapy than patients who did not relapse (p = 
0.016). According to the ROC analysis conducted to evaluate 
the prediction of relapse development of positive LN number, 
cut-off value was 2.5 and the risk of relapse in patients with 3 
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or more positive lymph nodes was 3.8 times greater than in 
patients with less than 3 positive LNs Figure 1 

 
 

 
 
 AUC 95% 

CI 
P Sensitivity Specificity Cut-off 

value 
PPV NPV OR (95% 

CI) 
Positive 0.715 0.576- 0.008 53.3% 77.0% 2.5 28.6% 90.5% 3.83 
LN  0.854       (1.24- 
number         11.86) 
Figure 1. Relationship of positive LN to relapse in the ROC analysis curve

 
 

ROC analysis was performed to evaluate the ability of 
peripheral blood lymphocyte percentage to predict relapse 
development.  The cut-off value was determined to be 26.75, 
and it was found that the risk of relapse was 4.2 times higher 
in patients with a pre-NACT lymphocyte percentage of 26.75 
or below than in patients with a percentage above this value 
Figure 2. 

The PFS of patients was found to be 92.7±4.5 months 
(83.7-101.6) with 95% CI Figure  3. 

PFS was found to be shorter (p=0.013) in patients with 
a positive LN count of 3 and above than in patients with a count 
below 3 Figure 4. 

PFS was found to be shorter (p=0.027) in patients with 
peripheral blood lymphocyte percentages of 26.75 or less than 
in patients with percentages above 26.75 Figure 5. 

No statistically significant ELR value before or after 
NACT was determined to predict relapse, no cut-off value was 
calculated Figure  6. 

 
 
 
In single-variable analysis, parameters involved in 

relapse development in patients include age at diagnosis, 
positive LN count, and low lymphocyte percentage before 
chemotherapy. However, single-variable regression analysis of 
peripheral blood ELR before and after NACT found no 
significant results to include in the multivariate model (p > 
0.20). In the multivariate analysis of the model created from 
parameters P < 0.20 (Cox regression), the prominent risk 
parameters for relapse development in this group of patients 
during follow-up were observed as positive LN count and low 
percentage of lymphocytes before chemotherapy, although no 
statistical significance was found (p = 0.076 and p = 0.097) 
(Table 4).  
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 AUC 95% CI P Sensitivity Specificity Cut-off 

value 
PPV NPV OR (95% 

CI) 

Pre-NACT 0,696 0.547- 0,016 66.7% 67.8% 26.75 26.3% 92.2% 4.21 
lymphocyte  0.845       (1.32- 
%         13.50) 
Figure 2. Relation of peripheral blood lymphocyte percentage to relapse in the ROC analysis curve 
 

 
 

Time (months) 0 20 40 60 80 100 120 
No at risk 102 79 34 17 10 3 0 
No of events 4 10 0 0 1 0 0 

 
Figure 3. PFS analysis (Kaplan-Meier survival analysis) 
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Number of positive LN PFS (month) 95% CI P 

<3 low risk 
≥3 high risk 

99.5±4.5 
74.1±10.2 

90.6-108.4 
54.0-94.2 

0.013 

Figure 4. The effect of positive LN count on PFS (Kaplan-Meier analysis) 
 
 

 
 

Pre-NACT lymphocyte percentage PFS (month) 95% CI P 
> 26.75 low risk 
≤ 26.75 high risk 

98.1±5.8 
79.5±7.0 

86.7-109.4 
65.8-93.2 

0.027 

 Figure 5. Effect of the percentage of lymphocytes in peripheral blood before NACT on PFS (Kaplan-Meier analysis) 
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 AUC 95% 
CI 

P Sensitivity Specifici 
ty 

Cutoff 
value 

PPV NP 
V 

OR (95% 
CI) 

Pre-NACT 
ELR 

0,434 0,266- 
0,603 

0,419 - - - - - - 

Post-NACT 
ELR 

0.530 0.384- 
0.676 

0.713 - - - - - - 

Figure 6. Relationship of peripheral blood ELR before and after NACT in the ROC analysis curve 
 

Table 4. Single and multi-variable regression analysis of the predictive values of the parameters for relapse 
 Univariate analysis (single variable) Multivariate analysis (multiple 

variable) 
Parameters β OR 95% GA p β OR 95% GA p 
Age at diagnosis -0.042 0.959 0.918- 

1.002 
0.062 -0.036 0.964 0.924- 

1.007 
0.099 

Tumor size 0.014 1.014 0.988- 
1.040 

0.296     

Number of positive LN 
Low vs High risk 

1.226 3.407 1.223- 
9.491 

0.019 0.975 2.652 0.903- 
7.792 

0.076 

Pre-NACT lymphocyte 
% 
Low vs High risk 

1.148 3.151 1.076- 
9.227 

0.036 0.935 2.547 0.844- 
7.691 

0.097 

Pre-NACT ELR -3.738 0.024 0.000- 
481.015 

0.460     

Post-NACT ELR -0.824 0.439 0.000- 
2868.911 

0.854     

LN, Lymph node; NACT, neoadjuvant chemotherapy; ELR, eosinophil/lymphocyte ratio 
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Discussion 
 

  In our study, the proportion of HER2-positive and 
triple-negative patients achieving pCR after NACT was 
significantly higher, whereas the proportion of patients with 
ER and/or PR receptor positive patients were statistically 
lower. Many other studies in the literature have reported 
similar findings, namely that the likelihood of pCR after NACT 
is highest in hormone-negative and HER2-positive tumors, 
followed by triple-negative tumors (15,16). 

In both univariate and multivariate analyses, the two 
statistically significant factors with the greatest predictive 
value for pCR were identified as the low number of positive 
LN and negative ER status. A similar study conducted by 
Iwamoto et al., found factors predicting a high pCR rate after 
NACT were high-grade tumor, negative ER, and post-NACT 
cN0 (17). In a study by Omranipur et al., factors that predicted 
high pCR rates after NACT were found to be under 50 years of 
age, PR negativity, and high Ki-67 (15). 

In our study, a positive LN count of 3 or more (3.8-
fold) and a pre-NACT lymphocyte percentage of 26.75 or less 
(4.2-fold) were determined to be values that increase the risk of 
relapse. Similarly, many studies have found thata high number 
of axillary LNs involved in breast cancer has been found as a 
parameter that increases the risk of relapse (18). In the 
literature, it has been determined that pre-treatment 
lymphopenia is a parameter that predicts tumor relapse in 
breast cancer and is associated with poorer overall survival 
(19). Notably, previous studies have focused on absolute 
lymphocyte counts but the relationship between changes in 
lymphocyte percentage and relapse has not been checked. 

In our study, we observed that LN positivity was 
elevated in patients with shorter PFS, and pre-NACT 
peripheral blood lymphocyte percentages were low. Similarly, 
Ownby et al. reported that a low pre-NACT peripheral blood 
lymphocyte count (<1500 cells/mm3) was associated with 
reduced PFS (20). 
        When we examined whether the ELR and eosinophil x 
lymphocyte parameters before and after NACT contributed to 
predicting CT response and prognosis, results revealed no 
significant associations with pCR, recurrence, or mortality. In 
a study conducted by Onesti et al. on 112 breast cancer patients 
treated with standard NACT, improvement in breast cancer-
specific survival was observed in patients with high eosinophil 
and lymphocyte counts before treatment. Additionally, 
patients with high eosinophil counts before treatment had an 
increased rate of achieving pCR, particularly the pCR rate was 
higher in patients with eosinophil x lymphocytes ≥ 35.8 (21). 

Peripheral blood cell-derived ratios, including 
lymphocyte/monocyte ratio (LMR), neutrophil/lymphocyte 
ratio (NLR), and platelet/lymphocyte ratio (PLR), have been 
associated with prognosis and survival in breast cancer. 
Specifically, high LMR and low NLR correlated with reduced 
relapse risk and longer survival, whereas elevated PLR 
predicted shorter survival (22,23). All these studies have 
shown that markers containing peripheral blood cells may be 
associated with prognosis and survival in cancers, but studies 
incorporating eosinophil-based markers are limited. 
Endometrial cancer study have shown that higher ELR predicts 
poorer OS (24). In another study on endometrial cancer, higher 
pre-treatment ELR (≥ 0.1) and ENLR (eosinophil x 
neutrophil/lymphocyte ratio) (≥ 0.5) were found to be 
independently associated with worse overall survival (25). 
Low preoperative eosinophil counts and low ELR are 
independently associated with poorer overall survival in 
patients with stage II resectable pancreatic cancer (26). 
Additionally prostate cancer study found that higher pre-
treatment ELR was associated with increased Gleason score 
(23). The number of studies investigating the ELR in breast 
cancer is limited.   

The main limitations of our study are the small 
number of patients who have relapsed, the uneven distribution 
of patients across breast cancer subtypes, the short follow-up 
period, and the inability to exclude deaths that are not related 
to breast cancer or to conduct prospective monitoring.  

This study's strength lies in its novel evaluation of the 
potential of ELR, lymphocyte count and percentage as 
predictive and prognostic markers for relapse and mortality in 
patients with LABC undergoing NACT.  Our findings 
contribute valuable insight to the literature by addressing this 
gap.  Other strengths include a meaningful dataset comprising 
102 LABC patients, a separate assessment of parameters 
associated with both pCR and recurrence, and the use of ROC 
analyses to determine cut-off values, providing clinically 
applicable information. The lack of statistical significance in the 
ELR is also an important negative result that is worth 
reporting. 

Although our study did not demonstrate a 
statistically significant association between ELR and clinical 
outcomes, this biomarker may still have clinical relevance. 
Biologically, ELR reflects the balance between eosinophils, 
which have been implicated in anti-tumor immunity, and 
lymphocytes, which are essential for adaptive immune 
responses. Previous studies have reported that systemic 
inflammatory ratios, including ELR and NLR, may serve as 
prognostic or predictive indicators in several malignancies, 
including breast cancer (7,27). Moreover, our relatively limited 
sample size and the heterogeneity of subgroups may have 
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restricted statistical power, raising the possibility that a true 
association might be observed in larger, more homogeneous 
cohorts. Therefore, the prognostic and predictive significance 
of ELR requires further clarification in prospective studies with 
larger patient populations. 

 
Conclusion 

 
In conclusion, when larger patients and extended 

follow-up periods are evaluated, peripheral eosinophil and 
lymphocyte count, as well as combined markers such as the 
ELR or eosinophil x lymphocyte containing both of these cells 
together can be used as cost-effective, easily accessible 
predictive and prognostic markers for NACT response. Further 
comprehensive studies are needed to validate these 
observations. Our findings provide a foundation for such 
future investigations. 
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ABSTRACT 
BACKGROUND 
Although international care considerations for Duchenne muscular dystrophy (DMD) were revised in 2018, compliance in clinical 
practice remains unknown. The objective of this study was to investigate the parental compliance with care considerations in a 
tertiary hospital in Türkiye.  
METHODS 
A questionnaire was administered to parents of patients with DMD to assess compliance with recommended frequencies of visits to 
healthcare providers and clinical tests. The data collected from the questionnaires were analyzed using cross-tables to explore if 
there were differences between ambulant and non-ambulant patients. 
RESULTS 
Sixty-one participants completed the questionnaire, most of whom were parents of ambulant patients (n= 44, 72.1%). The majority 
of parents complied with the recommended frequency of cardiac assessments. However, suboptimal compliance was observed in 
the rest of the assessments, including the PPSV23 and influenza vaccination rates, which were notably low across all patient groups. 
Compliance with anthropometric assessments and the use of corticosteroids with proper posology was significantly higher in 
ambulant patients. Compliance with respiratory and orthopedic evaluations was significantly higher among non-ambulant patients.  
CONCLUSION 
This study showed several areas in which compliance is insufficient. To improve compliance, future work should focus on home-
based assessments, educational programs for patients, parents, and physicians, as well as raising awareness about the importance 
and timing of recommended vaccinations 
KEYWORDS 
 Compliance, Duchenne muscular dystrophy, delivery of health care, guideline 
 
ÖZ 
AMAÇ 
Duchenne Musküler Distrofisi (DMD) için uluslararası bakım önerileri 2018 yılında güncellenmiştir, ancak klinik uygulamalardaki 
uyum bilinmemektedir. Bu çalışmanın amacı, Türkiye'deki bir üçüncü basamak hastanede ebeveynlerin bakım önerilerine uyumunu 
araştırmaktır. 
GEREÇ YÖNTEM 
DMD’li çocukların ebeveynlerine, bakım önerilerinden elde edilen önerilen sıklıklara göre sağlık hizmeti sağlayıcı ziyaretleri ve 
klinik testlere uyumlarını değerlendiren bir anket uygulanmıştır. Anketlerden elde edilen veriler, ambulatuvar ve non-ambulatuvar 
hastalar arasında fark olup olmadığını incelemek amacıyla çapraz tablolar kullanılarak analiz edilmiştir. 
BULGULAR 
Ankete 61 ebeveyn katılmış olup, katılımcıların çoğunluğu ambulatuvar hastaların ebeveynlerinden oluşmaktaydı (n = 44, %72,1). 
Çoğu ebeveyn, kardiyak değerlendirmeler için önerilen sıklıklara uyum göstermiştir. Ancak PPSV23 ve influenza aşı oranları dahil 
diğer değerlendirmelerde optimal düzeyde uyum sağlanamamıştır. Antropometrik değerlendirmeye uyum ve kortikosteroidlerin 
uygun dozda kullanımı ambulatuvar hastalarda anlamlı olarak daha yüksek bulunmuştur. Solunum ve ortopedik değerlendirmelere 
uyum ise non-ambulatuvar hastalarda anlamlı olarak daha yüksektir. 
SONUÇ 
Bu çalışma, bakım önerilerine uyumun yetersiz olduğu çeşitli alanları ortaya koymuştur. Uyumun artırılması için evde yapılabilecek 
değerlendirmeler, hastalar, ebeveynler ve hekimler için eğitim programları ve önerilen aşıların önemi ve zamanlaması konusunda 
farkındalığın artırılması üzerinde durulmalıdır. 
ANAHTAR KELİMELER 
Duchenne musküler distrofisi, kılavuz, sağlık hizmetleri aktarımı, uyum 
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athogenic changes in the dystrophin-encoding DMD gene 
gives rise to life-threatening Duchenne muscular 
dystrophy (DMD), which is the most common muscular 

dystrophy with an incidence of approximately 1:5000 to 
1:20000 in male live births (1). The variable but usually severe 
clinical course makes the multidisciplinary approach and strict 
follow-up indispensable.  Experience and disease-specific 
clinical approach are essential for best-practice management of 
rare diseases including DMD. However, a lack of knowledge 
regarding the recognition of multisystem involvement and 
complications may cause delayed guidance and suboptimal 
management for the patients, leading to a worse health status 
and subsequently lower levels of participation and quality of 
life (2). Recently, a considerable literature has grown up 
around the theme of addressing the needs of patients whose 
survival time is quite prolonged by the efforts of 
multidisciplinary teams led by neuromuscular specialists. 
However, disruptions in the comprehensive care for 
individuals with DMD continue to ocur (3–5). This study seeks 
to assess the compliance of the parents of individuals with 
DMD regarding follow-up recommendations and to what 
extent the care complies with the international care 
considerations. 
 

Materials and Methods 
 
The present study was conducted on patients who 

were aged between 0 and 20 years old with DMD, who 
attended pediatric neurology department of Dokuz Eylül 
University Faculty Of Medicine during a period of 10 years 
between 2008 and 2017. Telephone interviews were conducted 
to assess parental compliance with internationally 
recommended care considerations. During the calls, parents 
were informed about the purpose of the study, and verbal 
consent was obtained. Demographic data were also recorded. 
The interviews included structured, closed-ended questions 
that focused on whether families adhered to the recommended 
follow-up schedule in various domains, including 
neuromuscular, respiratory, cardiac, and bone health 
assessments, physical rehabilitation, endocrine and orthopedic 
evaluations, swallowing-gastrointestinal management, steroid 
treatment, immunization, psychosocial functions, and genetic 
counseling. For each domain, parents were specifically asked 

whether the recommended evaluations or interventions had 
been performed at the suggested frequency based on 
international care guidelines. Compliance was categorized as 
either ‘performed at recommended frequency’ or ‘not 
performed at recommended frequency’. The recommended 
frequency for assessingeach item was determined based on 
care considerations (3–5). 

Evaluation of muscle strength, range of motion, and 
motor function tests at least twice per year, as well as twice per 
year visits to a neuromuscular specialist were considered 
optimal care for neuromuscular management (3). The outcome 
measures for cardiac management included a baseline 
evaluation at the time of diagnosis and an annual visit with a 
pediatric cardiologist. Baseline cardiac evaluation consisted of 
past and present cardiac medical history, family history, 
physical examination, electrocardiogram and non-invasive 
imaging techniques (echocardiogram for <6-7 years old 
children, cardiac magnetic resonance imaging for ≥6-7 years 
old children). Annual cardiological assessment included 
cardiac medical history, physical examination, 
electrocardiogram and non-invasive imaging techniques. The 
optimal assessment frequency for patients with cardiac 
symptoms was determined based on a recommendation of a 
pediatric cardiologist. Respiratory management consisted of 
annual and bi-annual spirometric evaluations for ambulant 
and non-ambulant patients, respectively (4). Orthopedic 
management consisted of a visit to an orthopedic surgeon and 
visual inspection of spine annually and bi-annually for 
ambulant and non-ambulant patients, respectively (4). Optimal 
gastrointestinal evaluations included twice-yearly assessments 
of dysphagia, constipation, gastroesophageal reflux, and 
gastroparesis. Since the recommended care considerations of 
nutritional and anthropometric profile assessments are 
covered by both gastroenterological and endocrinological 
evaluations, these particular items were analyzed among 
subgroups of endocrinological evaluations to avoid confusion. 
Outcome measures for endocrinological management 
consisted of screening for overweight, growth retardation, 
delayed puberty, and bone demineralization. Optimal 
anthropometric evaluations consisted of weight, height, and 
body mass index measurements were taken twice a year. The 
optimal frequency of puberty assessment using Tanner staging 
was performed every six months by the age of nine.  

P 
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Monitoring of bone health included annual 
assessments of dietary calcium intake and serum 25-hydroxy-
vitamin D concentration (3). For the item of psychosocial 
assessment, due to the lack of a certain recommended 
frequency in 2018 guideline (5) except for at the time around 
diagnosis, before school entry and after a psychological 
function change, optimal compliance was evaluated according 
to whether or not they were screened during the 
aforementioned periods and whether or not they followed the 
recommendation to refer the patients to psychiatrists, 
psychologists, and therapeutic educators for psychological and 

neuropsychological assessments and interventions when 
necessary. Besides the National Immunization Program (NIP) 
of Türkiye (Table 1), (6) the pneumococcal polysaccharide 
vaccine 23 (PPSV23) and the annual inactivated influenza 
vaccines were questioned. For the item of genetic counseling, 
families were specifically asked whether they had received 
formal counseling from certified genetic specialists. While 
neurologists may provide basic genetic information, our study 
focused on evaluating compliance with formal genetic 
counseling recommendations. 
 

 
Table 1. Turkish ministry of health national immunization program 

Vaccines Birth 
End of 
1 
month 

End of 
2 
months 

End of 
4 
months 

End of 
6 
months 

End of 
12 
months 

End of 
18 
months 

End of 
24 
months 

Elementary 
1 degree 

Elementary 
8 degree 

HepB I II   III      

BCG   I        

PCV   I II  B     
DaPT-IPV-
Hib   I II III  B    

OPV     I  II    

VAR      I     

MMR      I   II  

HepA       I II   

DaPT-IPV         B  

Td          B 
HepB, Hepatitis B Vaccine; BCG, Bacille Calmette-Guérin (Tuberculosis) Vaccine; PCV, Pneumococcal Conjugate Vaccination; 
OPV, Oral Polio Vaccine; VAR, Varicella vaccine; MMR, Measles, Mumps & Rubella Vaccine; HepA,Hepatitis A Vaccine; DaPT-
IPV, Diphtheria and tetanus toxoids and acellular pertussis adsorbed and inactivated poliovirus vaccine; 
Td,Tetanus and diphtheria toxoids adsorbed; B, Booster. 
 

The data from the questionnaires were validated with 
hospital electronic system and archival records. Patients with 
data incongruity between interview results and archive 
records were not included. The data collected from the 
questionnaire were evaluated in terms of significant difference 
between patients with/without corticosteroid therapy, and 
ambulant/non-ambulant patients. These subgroup variables 
were selected because ambulation status reflects a major 
milestone in the disease course, directly influencing both 
accessibility to hospital visits, and parental psychological 
responses, whereas steroid therapy is the cornerstone of 

treatment in DMD, usually discontinued after loss of 
ambulation. In addition, parental concerns about steroid-
related side effects may particularly affect their compliance 
with vaccination and preventive care, making it a relevant 
variable for analysis. 
Ethical approval 

The present study was conducted in accordance with 
the 1964 Declaration of Helsinki and approved by the Ethics 
Committee of Dokuz Eylül University Hospital (number of 
approval: 2017/21-56).  
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Statistical analysis 
All statistical analyses were conducted using 

Statistical Package for Social Sciences (SPSS) version 24.0 
software for Windows (IBM Corp, Armonk, New York). The 
variables were investigated using visual (histograms and 
probability plots) and analytical methods (Kolmogorov–
Smirnov test) to determine whether they were normally 
distributed. While continuous variables were expressed as 
mean ± standard deviation (SD) and median with minimum-
maximum, categorical variables were expressed as a number 
and percentage. The chi-square and Fisher's exact tests were 
used to evaluate differences in categorical variables. A p value 
<0.05 was established as the threshold for determining 
statistical significance. 

 
Results 
 
Demographic features 

 
A total of 78 patients were evaluated for  a diagnosis 

of DMD, of whom 6 were excluded due to lack of telephone 
accessibility and 10 were excluded due to failure to obtain 
consent. One patient was further excluded because of the data 
inconsistency between the interview results and the electronic 
archive records. A total of 61 patients were enrolled, all of 
whose parents agreed to participate in the study. The cohort 
consisted entirely of male patients, with a median age of 106 (8-
240) months. The majority of the cohort was ambulant (n= 44, 
72.1%).  
Compliance of the parents of the ambulant and non-
ambulant patients 

Fifty-seven percent (n= 34) of the interviewees 
reported regularly neuromuscular clinical visits, muscle 
strength assessment, and validated range of motion and motor 
function tests. Although compliance with neuromuscular 
follow-ups was more common in ambulant patients (n = 26, 
29.1%), no significant difference was obtained (p = 0.396). 
Home-based and inpatient physical rehabilitations were 
received by 42 (68.8%) and 39 (64%) patients, respectively. 
There were no significant differences between ambulant and 
non-ambulant patients in either physical rehabilitation setting. 
While an orthopedic evaluation was not regularly performed 
for even half of the ambulant group, the majority of non-
ambulant patients (n = 14, 82.3%) were regularly assessed in 

this particular respect, resulting in a significant difference 
between the two subgroups (p = 0.014). Overall, 57.4% (n = 35) 
of the cohort complied with orthopedic care considerations. 

The majority of those who responded to the item 
about cardiological evaluations, regular electrocardiographic 
and echocardiographic examination rates were relatively high, 
with 52 patients each (85.2%). Neither of ambulant and non-
ambulant patients demonstrated significant difference in 
electrocardiography (p = 0.692) and echocardiography  
(p = 0.682) rates. Cardiac magnetic resonance imaging was not 
performed in any of the patients. The relatively high rate of 
cardiac evaluations was not valid for the recommended visit 
frequency for a respiratory clinical assessment with 
spirometric examination, which was complied by only 15 
(24.6%) patients. Subgroup analysis revealed that just over half 
of the non-ambulant patients (n = 9, 53%) were followed up 
with regular respiratory clinical assessments that included 
spirometric examinations, while only 13.6% (n = 6) of the 
patients complied with respiratory care considerations, 
resulting a significant difference between these subgroups       
(p = 0.001). 

Detailed gastroenterological evaluations including 
assessments of dysphagia, constipation, gastroesophageal 
reflux, and gastroparesis were performed regularly in 30 
(49.2%) patients without any significant difference between 
ambulant and non-ambulant patients (p = 0.132). Moreover, in 
47.5% (n = 29) of the cohort, a complete endocrinological 
evaluation encompassing preventive strategies against 
impaired bone health, growth, and puberty was conducted. In 
the first part of the endocrinological evaluation, participants 
were asked whether they acted on the recommendation of 
monitoring anthropometric profiles. Of whom, 77% (n = 47) 
were followed up on a regular basis and the difference between 
the ambulant (n = 37, 84.1%) and non-ambulant (n = 10, 58.8%) 
groups was significant (p = 0.035). However, assessments of 
puberty and bone health were much lower in both ambulant 
and non-ambulant patients without any significant difference 
(p = 0.078). In 28 (46%) patients, psychosocial assessment was 
found to be optimal in align to care considerations. 

The entire cohort was vaccinated according to the NIP 
of Türkiye which includes the pneumococcal conjugate vaccine 
(PCV13), but not the PPSV23. All patients were given a primary 
series of PCV13, at ages 2 and 4 months with a booster at age 
12 months. However, the influenza and PPSV23 vaccines were 
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equally low in the cohort (n = 17, 27.9%) and its subgroups 
(ambulant; n = 15, 34.1% and non-ambulant; n = 2, 11.7%), 
revealing no significant difference (p = 0.081). Table 2 presents 

the results obtained from the statistical analysis of ambulant 
and non-ambulant patients. 

 
Table 2. Compliance rates of the parents of ambulant and non-ambulant patients with Duchenne muscular 
dystrophy 
 Ambulant  

(n= 44) 
n, % 

Non-ambulant 
(n= 17) 

n, % 
P 

Neuromuscular evaluation    
   Neuromuscular specialist visit 26 (59.1%) 8 (47%) 0.396 
   Muscle strength assessment 26 (59.1%) 8 (47%) 0.396 
   Range of motion assessment 26 (59.1%) 8 (47%) 0.396 
   Motor function tests 26 (59.1%) 8 (47%) 0.396 
   Physical rehabilitation (home-based) 32 (72.2%) 10 (58.8%) 0.293 
   Physical rehabilitation (inpatient) 30 (68.2%) 9 (53%) 0.266 
Cardiac evaluation  
   Baseline evaluation at diagnosis 44 (100%) 17 (100%) ND 
   Electrocardiography 38 (86.4%) 14 (82.3%) 0.692 
   Echocardiography 37 (84.1%) 15 (88%) 0.682 
   Cardiac MRI 0 0 ND 
Respiratory evaluation – spirometry 6 (13.6%) 9 (53%) 0.001 
Orthopedic evaluation 21 (47.7%) 14 (82.3%) 0.014 
Swallowing and gastrointestinal evaluation 19 (43.2%) 11 (64.7%) 0.132 
Endocrinological evaluation   
   Growth (height) 37 (84.1%) 10 (58.8%) 0.035 
   Weight 37 (84.1%) 10 (58.8%) 0.035 
   Bone health  24 (54.5%) 5 (29%) 0.078 
   Puberty 24 (54.5%) 5 (29%) 0.078 
Psychosocial evaluation 19 (43.2%) 9 (53%) 0.493 
Routine immunization schedule 44 (100%) 17 (100%) ND 
Influenza vaccine 15 (34.1%) 2 (11.7%) 0.081 
Pneumococcal vaccine (PPSV23) 15 (34.1%) 2 (11.7%) 0.081 
Genetic counselling  40 (91%) 15 (88%) 0.753 
Corticosteroid therapy  24 (54.5%) 5 (29.4%) 0.078 
   Prednisolone 14 (32%) 1 (5.8%) 0.035 
   Deflazacort  10 (22.8%) 4 (23.5%) 0.947 
   Proper posology 23 (52.3%) 4 (23.5%) 0.043 
*: Patients were evaluated with one or more of the motor function tests including six-minute walk test, North Star 
Ambulatory Evaluation, Brooke Upper Extremity Scale, and Vignos Lower Extremity Scale.  
PPSV23, pneumococcal polysaccharide vaccine 23;ND, no difference sufficient for statistical analysis; MRI, magnetic 
resonance imaging; A p-value < 0.05 was considered as significant. 
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Compliance of the parents of the patients with and without 
corticosteroid therapy 

Twenty-nine (47.5%) patients were receiving 
corticosteroid therapy, in whom most of them were ambulant 
(n = 24, 54.5%). There was no significant difference in steroid 
use between ambulant and non-ambulant patients (p = 0.078). 
The median age of corticosteroid therapy initiation was 4.2 (4–
5 years) years. Prednisolone use was significantly higher 
among ambulant patients (n = 14, 32%, p = 0.035). Deflazacort, 
however, was not significantly associated with the motor 
function classification of the patients (p = 0.947). Among 
patients receiving corticosteroid therapy, the use of guideline-
recommended dosages (0.75 mg/kg/day for prednisolone and 
0.9 mg/kg/day for deflazacort) were significantly more 

common in ambulant patients compared to non-ambulant 
patients (52.3% vs. 23.5%, p = 0.043). (Table 1). 

Influenza vaccination rates were low in both the 
corticosteroid group (n= 8, 27.6%) and the no corticosteroid (n= 
9, 29%) group withno significant difference between the two 
groups (p= 0.901). A similar result was observed for the 
pneumococcal vaccination rates between the two groups (p= 
0.225); 7 (24.1%) and 12 (38.7%) patients received 
pneumococcal vaccine in the corticosteroid and no 
corticosteroid groups, respectively. Figure 1 provides the 
results obtained from chi-square analysis of vaccination status 
of the patients depending on wheter they received or not 
reeived corticosteroid therapy.

 

 

Figure 1. Bar graph showing vaccination status of individuals with Duchenne muscular dystrophy with and without 
corticosteroid therapy.  ND, No difference sufficient for statistical analysis; PPSV23: Pneumococcal polysaccharide vaccine 23 

 
Discussion 
 

The present study revealed that the real-world 
experience of parental compliance among individuals with 
DMD in Türkiye falls short of the standards specified in 
international care considerations in many aspects. In which, 
the crucial role of regular visits to a neuromuscular specialist 
and the indispensability of various neuromuscular 

assessments, such as muscle strength, range of motion, and 
motor functional tests were highlighted (3). In our cohort, just 
over half of the participants met the recommendation to visit a 
neuromuscular specialist twice a year. Despite the results in a 
wide spectrum of 27-86.9% reported from different countries, 
(7–10). it is clear that more comprehensive education is needed 
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to ensure the parental compliance to these visits at the 
recommended frequency. Of note, in the present cohort, the 
frequency of neuromuscular assessments was the same with 
that of visit a neuromuscular specialist who performed these 
evaluations. In fact, rates of neuromuscular assessments were 
consistent with that of motor function tests ranging between 23 
and 53.8% and range of motion assessments ranging from 31.9 
and 64% in the literatüre (7,9). Despite no significant difference 
between ambulant and non-ambulant patients, lower 
compliance with neuromuscular evaluation in non-ambulant 
patients corresponds to suboptimal results in other studies 
(7,9,10) This result may be explained by the challenges in 
transportation of non-ambulant patients to the hospital as well 
as difficult transfer from a wheelchair to a treatment table, 
where these assessments are performed. The assessment 
methods should be revised so that these particular tests can 
also be performed while sitting on a wheelchair, especially in 
late-stage non-ambulant patients. More effort is therefore 
needed to increase parental compliance, since regular 
monitoring of function decline and prominence of contractures 
is essential for early interventions that have a major impact on 
mortality and morbidity. 
 In a larger-cohort study of patients from Germany, 
Italy, UK, and USA, insufficient compliance with cardiological 
evaluation recommendations was demonstrated, ranging 
between 34 and 66% (10). Nevertheless, there are a few areas in 
our study where practice was aligned with international care 
considerations about cardiac assessments, including baseline 
cardiological evaluation. Moreover, despite no significant 
difference between ambulant and non-ambulant patients, the 
rate of performing electrocardiographic and 
echocardiographic examinations at the recommended 
frequency was high, consistent with the recent literatüre (7,9) 
The observed increase in compliance rates in recent studies 
could be attributed to higher awareness of parents and 
patients, as well as easier accessibility to cardiac specialists 
over time. 
 In contrast to earlier findings with relatively high 
compliance rates of respiratory care considerations, (7,9,10) no 
evidence of sufficient follow-up for this particular item was 
detected in the present study. Moreover, in our study, poor 
compliance was significantly higher in ambulant patients, 

which is not in agreement with those obtained by Heutinck et 
al., (7) who reported a higher compliance in ambulant group. 

 The authors speculated that all recommended tests 
were no longer clinically relevant and might only cause burden 
on the non-ambulant individuals requiring non-invasive 
ventilation (7).  On the other hand, several reports have shown 
similar proportions of compliance for both ambulant and non-
ambulant patients (10–12). Our results displayed the expected 
pattern of increased compliance with care considerations in 
advanced disease stages, where there is growing concern about 
prognosis for patients and parents. Similarly, significantly 
higher rate in non-ambulant patients was valid for orthopedic 
evaluation with higher compliance rates in both groups. In fact, 
the rate observed in this study (57.4%) is far above the reported 
range of 18.5 and 40% in several studies (7,9,10).  Although the 
rates of respiratory and orthopedic evaluations are higher than 
those reported in the literature, regular monitoring of both 
functions is imperative for early intervention. Therefore, these 
rates should be increased even more. 
 Swallowing dysfunction (dysphagia), which usually 
begins in the teenage years, is universal and progressive in 
patients with DMD, leading to weight loss, dehydration, 
episodes of suffocations, and aspirations (3,13) Although 
underlined in care considerations, very little attention has been 
paid to obtain data about constipation, gastroesophageal 
reflux, and gastroparesis in DMD patients, which are all 
assumed to be highly prevalent, underrecognized, and 
undertreated (3,14,15).Optimal swallowing and 
gastroenterological assessment at recommended frequency 
was achieved in only half of the cohort. This result highlights 
the fact that both physicians and parents should pay more 
attention to this particular issue in order to prevent further 
complications and increase the quality of life. 

Due to multifactorial etiology, particularly 
corticosteroids, disruptions in growth, bone health and 
puberty are common in DMD patients (3,16,17) However, 
limited data on compliance with these care considerations have 
been published (7,9). Compliance with the recommended 
frequency of weight and height measurements was reported 
between 50.7and 63% and 29.2 and 57%, respectively (7,9).  Our 
study with a compliance rate of 77% suggests that attention of 
the parents to this item has increased over time, although the 
frequency at which more intense focus is needed is still 
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insufficient. Nonetheless, compliance with evaluation of 
anthropometric profile was not specified separately in 
ambulant and non-ambulant patients, which was found at a 
significantly higher rate in ambulant patients in the present 
study, which could be partly attributed to difficulty of these 
measurements secondary due to the immobility. Another 
significant poor compliance was detected in assessments of 
bone health with a rate of 47.5% in our study, consistent with 
reported rates ranging from 29.5% to 68% (7,9).  

Although the psychologically distressing effect of 
delayed puberty is stated in care considerations, (3) there 
remains a paucity of studies evaluating compliance of patients 
and/or parents with this particular issue. Although evaluations 
of bone health and puberty at the recommended frequency 
were higher in ambulant patients, these differences were not 
statistically significant in the present study, necessitating 
further works with larger cohorts and education for both 
parents and physicians, as corticosteroids remain the core 
therapy. 

Along with longer survival in DMD patients who now 
live in their thirties and beyond, a whole new set of concern 
topics about mental health and psychosocial care requires to be 
brought on the agenda (18,19. However, the rate of compliance 
with psychosocial assessments remained low, with reported 
compliance rates varying between 15-64%. In our cohort, less 
than 50% of patients complied with an optimal psychosocial 
assessment, indicating that increased effort must be devoted to 
further integrate psychosocial management throughout entire 
disease course. 
 In our study, we assessed whether families had 
accessed specialty services, but we did not systematically 
evaluate how effectively these follow-ups were maintained. It 
is important to note that obtaining timely appointments with 
relevant specialties and subspecialties can be challenging due 
to health system limitations. These difficulties may contribute 
to reduced adherence to international care recommendations, 
as families may encounter barriers in securing regular follow-
up visits. Although our findings suggest that such systemic 
challenges could negatively affect compliance, this remains a 
possible explanation rather than a directly measured outcome 
in our cohort. 

Corticosteroids are the core standard therapy for 
patients with DMD based on evidence that they improve 

muscle strength and motor function, delay loss of ambulation, 
improve pulmonary function, reduce the need for scoliosis 
surgery, delay onset of cardiomyopathy, and overall leading to 
longer survival (20). However, corticosteroid use differed 
substantially in several recent studies, ranging between 
46.4and 73%. (7–9,21). Despite vigorous efforts and education, 
the rate of past or current corticosteroid status was less than 
50% in our cohort.  

The low rates are thought to be largely due to 
concerns about possible side effects (8,21). Even though care 
considerations clearly and unequivocally emphasize the 
indispensable role of corticosteroids, concerns regarding the 
side effects of daily regimens have led to several alternative 
dosing schedules with lower/higher doses or intermittent 
pattern (21). Over time, initial posology and titration protocols 
have been established for deflazacort and 
prednisolone/prednisone (3). However, in the present study, 
inappropriate posology was common probably due to limited 
compliance with medical treatment, fear of side effects, or poor 
compliance with weight management. The fact that the proper 
posology was more common in ambulant patients can be 
explained by better compliance of these patients with 
neuromuscular management and anthropometric 
measurements. 
 Under the NIP of Türkiye, vaccines provide 
protection against 13 different infectious agents with 10 
sessions in a total of 21 individual vaccinations (6] Although 
the PCV13, one of the vaccines included in the NIP, was given 
to each patient according to the schedule recommended by 
CDC and care consideration (5,22), the PPSV23 vaccine failed 
to be administered in the recommended schedule. At least 
eight weeks following completion of PCV13 vaccination, these 
patients were recommended to get the first of two doses of 
PPSV23, spaced five years apart (5,22). According to this 
schedule, the PPSV23 vaccination rate was only 27.9%, which 
was also valid for the inactivated influenza vaccine. A possible 
explanation for the very low vaccination rates compared to 
75and 91.6% in current studies (7,9). is that the PPSV23 and 
influenza vaccines are expensive, unlike free of charge vaccines 
included in the NIP. This possible explanation is also 
supported by the fact of no significant difference between the 
influenza and PPSV23 vaccines in patients with and without 
corticosteroid therapy; the rates of these vaccines were almost 
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equally low in both groups, whereas vaccines in NIP were 
consummate.  

These results suggested that the low vaccination rates 
may be due to economic reasons rather than corticosteroid-
vaccine interaction concerns. Although economic concerns 
were frequently mentioned informally by caregivers during 
clinical encounters, the survey did not include a structured 
item addressing this issue. Therefore, this interpretation 
should be considered preliminary. Additionally, it is highly 
likely that insufficient awareness among caregivers and even 
some healthcare providers about the importance and timing of 
vaccines such as PPSV23 and the influenza vaccine for patients 
with DMD also contributes significantly to the low vaccination 
rates observed in our study. Further work-up should be 
undertaken to improve vaccination rates by increasing the 
availability of these vaccinations and efforts to reduce possible 
prejudices against vaccines. 

Overall, poor compliance with many assessments can 
be explained by the large number of assessments 
recommended based on care considerations, and it may not be 
feasible for parents to implement all of these assessments. 
However, aside from giving up these frequencies, even more 
frequent evaluations may be required in personalized 
programs. Besides, as the disease progresses, the increase in 
compliance with cardiac, respiratory and gastroenterological 
evaluations may have led to the neglect of evaluations in other 
areas. Developing home-based care strategies for patients who 
fail frequent hospital visits may be the solution for optimal 
care. 

 
Conclusion 

 
 We demonstrated that iseveral areas of care 
considerations need improvement. However, there are a few 
areas in which practice aligns well with recommendations. We 
recommend increasing efforts even further to educate patients 
and parents in detail about the incontrovertible benefits of full 
compliance with care considerations. 
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ABSTRACK 
BACKGROUND 
This study was conducted to evaluate the attitudes of healthcare professionals toward healthy nutrition and the prevention of 
hypertension. 
METHODS 
The study was a cross-sectional-correlational study. The study was conducted in a public hospital in eastern Türkiye between 
September and December of 2022. The study population consisted of all healthcare professionals working in the hospital (N:957). A 
sample of 356 professionals was selected based on a power analysis. 37.1% of the population was surveyed. ‘The Attitude Scale for 
Healthy Nutrition' and 'Attitudes Scale towards Prevention of Hypertension' were used to collect data. The data were analysed using 
the SPSS 22 package program. Numbers, percentages, means, one-way ANOVA, independent sample t-test, Pearson correlation and 
linear regresion tests were used to evaluate the data.   
RESULTS 
Health workers received a total score of 73.19±11.30 on the attitude scale for healthy nutrition and demonstrated positive attitudes. 
They received 107.21±23.65 points on the attitudes scale towards prevention of hypertension and also had positive attitudes. A weak 
positive correlation was found between attitudes toward healthy nutrition and attitudes toward preventing hypertension (r : 0.386). 
Weekly working hours, alcohol consumption, dieting, and healthy nutrition were determined to be variables affecting attitudes 
toward healthy nutrition. Educational level, years of employment, weekly working hours, and healthy nutrition were found to affect 
attitudes toward the prevention of hypertension. 
CONCLUSION 
As a result, health professionals had positive attitudes toward healthy nutrition and preventing hypertension. As positive attitudes 
toward healthy nutrition increased, so did attitudes toward preventing hypertension. 
KEYWORDS 
 Hypertension, healthy nutrition, health professional 
 
ÖZ 
AMAÇ 
Bu araştırma, sağlık çalışanlarının sağlıklı beslenme ve hipertansiyondan korunmaya yönelik tutumlarını değerlendirmek 
amacıyla yürütülmüştür.  
GEREÇ YÖNTEM 
Çalışma kesitsel-ilişki arayıcı türde bir çalışmadır. Çalışma Eylül-Aralık 2022 tarihleri arasında Türkiye'nin doğusundaki bir kamu 
hastanesinde yürütülmüştür. Çalışma evrenini hastanede çalışan tüm sağlık çalışanları oluşturmuştur (N:957). Örneklemini, power 
analizi ile belirlenen 356 profesyonel oluşturmuştur. Evrenin %37,1’ine ulaşılmıştır. Veri toplamak için, ‘Sağlıklı Beslenmeye İlişkin 
Tutum Ölçeği' ve ‘Hipertansiyondan Korunma Tutumları Ölçeği' kullanılmıştır. Veriler SPSS 22 paket programı kullanılarak analiz 
edildi. Verilerin değerlendirilmesinde sayı, yüzde, ortalama, tek yönlü varsans analizi (ANOVA), t-testi, Pearson korelasyon ve 
Linear regresyon testleri kullanıldı. 
BULGULAR 
Sağlık çalışanlarının sağlıklı beslenmeye ilişkin tutum ölçeğinden toplam 73,19±11,30 puan aldıkları ve olumlu tutuma sahip 
oldukları bulunmuştur. Hipertansiyondan korunma tutumları ölçeğinden ise toplam 107,21±23,65 puan aldıkları ve tutumlarının 
olumlu olduğu bulunmuştur. Sağlıklı beslenmeye yönelik tutum ile hipertansiyondan korunma tutumları arasında pozitif yönde 
zayıf düzeyde anlamlı ilişki olduğu belirlenmiştir (r: 0,386, p < 0,001). Haftalık çalışma saati, alkol tüketimi, diyet ve sağlıklı 
beslenmeye önem verme durumu sağlıklı beslenme konusundaki tutumları etkileyen değişkenler olduğu belirlenmiştir. Eğitim 
düzeyi, çalışma süresi, haftalık çalışma saati ve sağlıklı beslenmeye önem verme durumu, hipertansiyonun önlenmesi konusundaki 
tutumları etkileyen değişkenler olduğu belirlenmiştir. 
SONUÇ 
Sonuç olarak, sağlık çalışanlarının sağlıklı beslenme ve hipertansiyondan korunmaya yönelik tutumlarının olumlu olduğu ve sağlıklı 
beslenmeye yönelik olumlu tutum arttıkça hipertansiyondan korunmaya yönelik tutumların da olumlu yönde arttığı belirlendi.   
ANAHTAR KELİMELER 
Hipertansiyon, sağlıklı beslenme, sağlık çalışanı 
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utrition is essential for sustaining life, ensuring growth 
and development, promoting productivity, and  
protecting health. Adequate nutrition is defined as 
ingesting the energy required to perform the bodily 

functions, while a balanced diet is defined as ingesting the 
required amount of energy from all nutrients (1). An adequate 
and balanced diet make up healthy nutrition and is defined as 
an intake of foods that is appropriate for the age, sex and 
physiological status of the individual (1, 2). Healthy nutrition 
is important for health at all stages of development. While a 
healthy diet reduces the risk of developing chronic diseases, it 
is also important for improving quality of life alongside other 
lifestyle changes (1, 3). Failure to maintain a healthy nutrition 
can increase susceptibility to many diseasessuch as diabetes, 
obesity, cancer, osteoporosis, and high blood pressure (3, 4).    

Healthy nutrition is also one of the factors influencing 
the productivity of working people  (5). It enables the working 
individuals to gain resistance to disease by strengthening the 
immune system, to be more efficient in the working 
environment, to increase the level of attendance at work and to 
reduce the rate of occupational accidents (5, 6). Differences in 
the working conditions affect employees’ nutrition (7). This 
situation affects health workers who work on a  shift schedule 
more. In these individuals, healthy eating is affected by 
situations such as the absence of daily and social life due to 
shift work, changes in eating times and frequency due to 
irregular sleep and working conditions, the acquisition of 
negative eating habits by resorting to food in the form of 
snacks, excessive fat and carbohydrate content of meals, 
generally cold intake and consumption, and less daily exercise 
programmes (7, 8). Nutritional and metabolic disorders and 
elevated triglyceride and cholesterol levels have been reported 
in healthcare workers who are unable to maintain a healthy 
nutrition. There is also an increased risk of gastrointestinal 
diseases such as gastritis and ulcers, metabolic diseases such as 
diabetes mellitus, and cardiovascular diseases such as deep 
vein thrombosis and hypertension (7-9).   

Hypertension is the most common chronic disease 
among healthcare workers. It is a cardiovascular disease 
affecting 1.13 billion people worldwide,  remaining a global 
public health problem, and causing high mortality and 
morbidity rates (10-12). Hypertension, defined as systolic and 
diastolic blood pressure >140/90 mm/Hg, is one of the leading 

causes of premature death by significantly increasing the risk 
of heart, brain, kidney, and other diseases (10, 13). It is possible 
to reduce the prevalence of hypertension by improving the 
quality of the diet of healthcare workers, whose susceptibility 
to hypertension is increased by the irregularity of shift work, 
and by promoting a healthy diet (12). At this point, it is very 
important to educate health care workers to eat a diet rich in 
vegetables, fruits and seafood; to use olive oil in meals; to 
reduce alcohol consumption and sodium intake; to consume 
high-fibre, low-fat foods in a varied and balanced way, as 
much as the body needs; to create an environment that allows 
them to be physically active; to ensure that their body weight 
remains at an ideal level; to take remedial steps towards a 
healthy diet; and to ensure that health care workers comply 
with these steps (15-18). One study reported that in order to 
achieve the expected quality of life, working people should 
make healthy eating a way of life, develop healthy eating 
behaviour change programmes, introduce physical activity 
policies, and encourage working people by building gyms in 
working areas (6). Health services are provided by health 
workers and it is very important to improve the quality of life 
of health workers, to ensure their physical, mental and social 
well-being and to protect their health in order to prevent any 
disruption of these services, material and moral loss and 
negative situations such as occupational accidents (12, 14). 
Considering the prevalence of HT worldwide and in Türkiye, 
and despite the constant emphasis on the importance of 
healthy nutrition in prevention, it has been observed that the 
relationship between the two concepts has been addressed to a 
very limited extent in national and international literature. In 
particular, there is a severe lack of research evaluating the 
attitudes of healthcare professionals, who form the basis of 
patient care, on this subject. It is believed that evaluating the 
attitudes of healthcare workers towards healthy nutrition and 
prevention of hypertension will both raise awareness on the 
subject and contribute to the improvement of patient care. 

In light of this information, the purpose of this study 
is to contribute to the existing research on this topic by 
examining the attitudes of healthcare professionals regarding 
healthy nutrition and the prevention of hypertension. 
 
 
 

N 
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Materials and Methods 
 
Type of research 

 
This is a cross-sectional correlational study. It 

assessed the attitudes of health professionals working in a 
hospital in eastern Türkiye toward healthy nutrition and their 
approaches to preventing hypertension, examining the 
possible relationships between these variables. This study is 
both cross-sectional, as it aims to describe the current situation 
through data collectedover a specific time period, and 
descriptive-corelational, as it aims to analyse the relationships 
between variables. 
 
Population and sample of the study 

The study population consisted of 957 healthcare 
professionals (nurses, midwives, doctors, pharmacists, 
physiotherapists, dieticians, paramedics, radiographers, 
laboratory technicians, anaesthetists) working in a 
Kahramanmaraş province in eastern Türkiye. As a result of the 
power analysis performed to determine the sample size, it was 
determined that a minimum of 327 participants should be 
included in the study based on the criteria of 5% bias, 95% 
confidence interval, 0.5% effect size, and 97% population 
representativeness. The data collection process continued in 
this direction until a sufficient sample size of 356 participants 
was reached, at which point the research was completed. 
Participants were selected from the population using simple 
random sampling. 
 
Inclusion criteria 

- At least 1 year of professional experience, 
- Healthcare workers who volunteered to participate 

in the study were included. 
 
Exclusion criteria 

- Incorrect/incomplete filling out of data collection 
forms, 
 
Data collection and instruments 

Data were collected between September and 
December of 2022. Ethics committee and institutional 
approvals were obtained before the study began, and informed 
consent was obtained from participants by adding an 
explanatory text to the beginning of the form that explained the 
purpose of the study. After obtaining institutional approval 

from the hospital where the study would be conducted, the 
online form was shared with the managers and the form was 
given to the healthcare professionals. To reach members of all 
professions, data collection forms were shared via WhatsApp 
groups after consulting with the departments responsible for 
healthcare personnel, including the chief physician's office, the 
nursing services directorate, and personnel managers. An 
explanation of the study was included at the beginning of the 
data collection form, and participants who agreed to take part 
were asked to indicate their consent by checking a box before 
answering the questions. Do to the voluntary nature of 
participation and the use of an online survey, we were enable 
to reach an equal number of participants from each profession 
or at the desired level. The subjectivity and potential for 
response bias inherent in self-report data collection methods 
could not be completely eliminated. “Information Form”, 
“Attitude Scale for Healthy Nutrition (ASHN)” and “Attitudes 
Scale towards Prevention of HT (ASPH)” were used to collect 
data. 
 
Information form 

The researchers designed the form in accordance with 
the literature (5, 6, 19). It consists of 14 questions that assess the 
age, sex, marital status, level of education, smoking and alcohol 
consumption habits, exercise habits, presence of chronic 
diseases, and nutritional status of healthcare workers. 
 
Attitude scale for healthy nutrition (ASHN) 

Tekkurşun Demir and Cicioğlu developed the ASHN, 
and validity and reliability studies were conducted (2). The 
ASHN consists of 21 items and four sub-dimensions. The 
lowest score that can be obtained from the scale is 21 and the 
highest score is 105. Participants’ scores are evaluated as 21 
points very low, 23-42 points low, 43-63 points medium, 64-84 
points high, and 85-110 points ideally high attitudes towards 
healthy nutrition.  

The internal consistency coefficients of the scale were 
found to be 0.83 for the ASHN factor (2). In this study, the 
Cronbach alpha coefficient of the scale was found to be 0.75. 
 
Attitudes scale towards prevention of HT (ASPH) 

The ASPH is the first attitude scale developed by 
Albayrak and Şengezer to prevent hypertension (19). The scale 
consists of 26 items and five sub-dimensions. The ASPH is a 5-
point Likert scale, with items ranging from 'strongly disagree' 
to 'strongly agree'. The range of scores that can be obtained 
from the scale varies between 26 and 130, and high scores 
indicate that individuals have a positive attitude towards 
hypertension prevention. The Cronbach alpha internal 
consistency coefficient of the scale was found to be 0.91 in the 
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original study (19). In this study, the Cronbach alpha 
coefficient of the scale was calculated to be 0.98. 
 
Analysis 

Data were analysed using the SPSS 22 package. 
Numbers, percentages, means, one-way ANOVA (Bonferroni 
for further analysis), Mann-Whitney U-test, t-test in 
independent groups, Kruskal-Wallis H-test, and correlation 
tests were used to evaluate data related to descriptive 
characteristics. As a result of the normality test (Shapiro-Wilk), 
parametric tests were used in the data set that was accepted as 
normal, and non-parametric tests were used in the data set that 
did not show a normal distribution. Linear regression Enter 
model was used to evaluate the effect of healthy eating 
attitudes on attitudes toward preventing hypertension. The 
results were evaluated with 95% confidence interval and 
significance at p<0.05 level. 
 
 
 

Ethical considerations 
Permission was obtained from the Ethics Committee 

for Scientific Research and Publication at Inönü University of 
Health Sciences (approval number: E-33117789-044-74764). 
The necessary permissions were obtained from the scale 
owners via e-mail. When participants clicked on the 
participation link, the purpose of the study was explained and 
they were informed that participation was voluntary. 
 
Results 

The mean age of the health workers who participated 
in the study was 30.7±7.82 years. 62.4% were female and 53.9% 
were Bachelor's degree. 45.5% of the participants were nurses, 
and 45.8% had 0-5 years of work experience. 46.6% worked 40 
hours per week, and 56.7% worked in shifts. In terms of body 
mass index, 67.1% were of normal weight. 70.5% did not 
smoke, 88.2% did not drink alcohol, 52.5% took occasional 
exercise, 46.1% had a family history of hypertension, and 90.2% 
considered a healthy nutrition important (Table 1). 

Table 1. Sociodemographic characteristics of participants 
Variable Group Number Percent 
Age                       30.7±7.82    

Gender Woman 222 62.4 
Male 134 37.6 

Education level 

High school (SML) 23 6.5 
Associate degree 92 25.8 
Bachelor's degree 192 53.9 
Master's degree 49 13.8 

Profession 

Doctor 36 10.1 
Nurse 162 45.5 
Midwife 48 13.5 
Dietitian 5 1.4 
Health technicians 67 18.8 
Other 38 10.7 

Marital status 
Married 
Single 

189 
161 

53.1 
45.2 

Divorced 6 1.7 

Occupation 

Doctor 36 10,1 
Nurse 162 45,5 
Midwife 48 13,5 
Dietitian 5 1,4 
Health technicians 67 18,8 
Other 38 10,7 

Year of employment 

0-5 years 163 45.8 
6-10 years 96 27.0 
11-14 years 41 11.5 
15 years and over 56 15.7 

Weekly working hours 32 hours 20 5.6 
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40 hours 166 46.6 
48 hours 102 28.7 
56 hours and over 68 19.1 

How it working 
Daytime only 127 35.7 
Night only 27 7.6 
Day/night shifts 202 56.7 

Body mass index (BMI) 

<18.5 (Weak) 13 3.7 
18.5-24.9 (Normal) 239 67.1 
25.0-29.9 (Fat) 88 24.7 
>30.0 (Overweight) 16 4.5 

Smoking status 
Uses 
Does not use 

90 
251 

11.8 
70.5 

Dropped out 15 4.2 

Alcohol use status 
Uses 42 11.8 
Does not use 314 88.2 

Sporting habits 
I do sports regularly 33 9.3 
I do sports occasionally 
I don't do sport 

187 
136 

52.5 
38.2 

Dieting status 
Yes 105 29.5 
No 251 70.5 

Family history of hypertension Yes 164 46.1 
No 192 53.9 

Attaching importance to healthy nutrition Yes 321 90.2 
No 35 9.8 

SML, Health Vocational High School; %,Percentage 
 

Healthcare workers received a total score of 
73.19±11.30 on the ASHN. These results demonstrate that 
healthcare workers have positive attitudes towards healthy 
nutrition. Additionally, it was also found that healthcare 
professionals’ attitudes were positive and high on the sub-
dimensions of this scale, including knowledge of nutrition, 
feelings about nutrition, and perceptions of healthy and 
unhealthy nutrition. 

Healthcare professionals received a total score of 
107.21±23.65 on the ASPH. This result shows that the attitudes 
of healthcare professionals towards hypertension prevention 
are positive and high. It was found that their attitudes to the 
sub-dimensions of the scale, namely prevention and control, 
habit and lifestyle, dietary attitudes, mental status and physical 
activity, and knowledge of diseases and risks were also high 
(Table 2). The comparison of the socio-demographic 
characteristics of the participants and the mean scores of the 
ASHN and the ASPH are shown in Table 3. 

A comparison of the socio-demographic 
characteristics of the participants and the mean scores of the 

ASHN revealed a statistically significant difference between 
the mean scores of the ASHN and the variables of weekly 
working hours (the group that created a significant difference: 
those who worked 32 hours per week), alcohol consumption 
status, dieting status and the importance of  healthy eating (p 
< 0.05). No significant difference were found between other 
demographic variables and ASHN mean scores.    

A statistically significant difference (p < 0.05) was 
found between the participants' levels of education (the group 
that made a significant difference: those with an associate 
degree), years of employment (the group that made a 
significant difference: those who had worked more than 15 
years), weekly working hours (the group that made a 
significant difference: those who worked 32 hours a week), and 
the variables of importance attached to healthy nutrition and 
the mean scores of the ASPH. Individuals who prioritize 
healthy nutrition may have contributed to this result by 
participating in the study at a higher rate. No significant 
difference was found between the other variables and the mean 
scores of the ASPH (Table 3). 
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Table 2. Mean scores of the ASHN and ASPH and its sub-dimensions 

Scale Dimensions Min Max X ± SD Cronbach α 

Information about nutrition 5.00 25.00 19.15±6.51 

0.75 

Feeling towards nutrition 6.00 30.00 18.92±5.79 

Positive nutrition 5.00 25.00 16.07±5.69 

Malnutrition 5.00 25.00 19.03±4.60 

Attitude Scale for Healthy Nutrition (ASHN) 27.00 100.00 73.19±11.30 

Prevention and control 8.00 40.00 32.89±7.89 

 
 
 
 

0.98 

Habits and lifestyle 6.00 30.00 24.64±6.07 

Nutrition attitude 4.00 20.00 16.09±3.36 

Mental state and physical activity 3.00 15.00 12.68±2.57 

Disease and risk information 5.00 25.00 20.89±5.03 

Attitudes Scale towards Prevention of HT 
(ASPH) 

29.00 130.00 107.21±23.65 

X, Mean; SD, Standard deviation 
 
Table 3. Comparison of participants' socio-demographic characteristics and mean scores on the ASHN and ASPH 

Variable Group Number 
ASHN 

Test and 
significance 

ASPH 
Test and 

significance 

Gender 

Woman 222 73.9±11.3 108.4±23.3 
Male 134 71.9±11.2  105.1±24.1 

  t:1.644 
p = 0.101 

t:1.271 
p = 0.205 

Education level 

High school (SML) 23 71.0±9.8 109.6±21.8 
Associate degreeℱ 92 72.5±11.0 100.2±29.3 
Bachelor's degree 192 73.9±11.7 108.7±21.5 
Master's degree 49 73.2±10.4 113.0±16.9 
  KW:4.792 KW:7.302 
  p = 0.188 p = 0.007* 

Marital status 

Married 
Single 

189 
161 

73.9±11.8 
72.1±10.5 

108.2±21.0 
106.3±25.7 

Divorced 6 78.7±13.8 106.2±32.9 
  KW:4.827 KW:0.508 

   p = 0.185 p = 0.917 

Occupation 

Doctor 36 73.0±9,8 109.6±20,8 
Nurse 162 72.5±10,8 110.2±19,2 
Midwife 48 73,9±10,7 108.7±19,2 
Dietitian 5 74.2±10,2 113,0±20,7 
Health technicians 67 71.0±9,8 107.6±21,8 
Other 38 72.1±10,4 108.2±20,3 
  KW:0.407 KW:1.779 
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  p = 0.418 p = 0.103 

Year of employment 

0-5 years 163 71.9±10.1 106.4±25.5 
6-10 years 96 74.7±12.4 113.5±14.6 
11-14 years 41 74.1±12.6 104.0±25.0 
15 years and overℱ 56 73.3±11.4 100.8±27.1 
  F:1.420 F:4.004 
  p = 0.454 p = 0.008* 

Weekly working hours 

32 hoursℱ 20 67.8±8.5 92.5±13.5 
40 hours 166 74.2±11.6 109.9±21.2 
48 hours 102 74.1±11.2 105.7±22.9 
56 hours and over 68 70.7±10.7 108.0±23.4 
  KW:3.407 KW:4.779 
  p = 0.018* p = 0.003* 

How it working 

Daytime only 127 73.6±12.0 105.2±26.4 
Night only 27 73.6±11.0 106.6±22.4 
Day/night shifts 202 72.8±10.8 108.4±21.9 
  KW:0.221 KW:0.291 
  p = 0.895 p = 0.865 

Body mass index (BMI) 

<18.5 (Weak) 13 73.3±11.7 111.7±10.0 
18.5-24.9 (Normal) 239 73.1±11.6 104.1±23.5 
25.0-29.9 (Fat) 88 74.1±10.7 103.7±25.7 
>30.0 (Overweight) 16 73.7±8.7 108.0±20.4 
  KW:0.047 KW:2.751 
  p = 0.988 p = 0.432 

Smoking status 

Uses 
Does not use 

90 
251 

71.4±11.3 
73.9±11.2 

104.2±26.5 
108.3±22.5 

Dropped out 15 70.3±11.6 105.9±23.0 
  KW:4.545 KW:1.378 
  p = 0.103 p = 0.502 

Alcohol use status 

Uses 42 69.5±11.2 105.5±26.7 
Does not use 314 73.6±11.2 107.4±23.2 
  t:,-2.235 t:-0.472 
  p = 0.026* p = 0.638 

Sporting habits 

I do sports regularly 33 77.4±11.7 106.3±26.1 
I do sports occasionally 187 73.0±11.8 105.5±24.7 
I don't do sport 136 72.3±10.2 105.7±21.2 
  F:2.777 F:1.249 
  p=0.064 p=0.288 

Dieting status 

Yes 105 75.1±12.4 108.5±24.6 
No 251 72.3±10.7 106.6±23.2 
  t:2.127 t:0.685 
  p = 0.034* p = 0.494 

Family history of HT 

Yes 164 74.2±11.6 106.5±24.0 
No 192 72.3±11.0 107.7±23.3 
  t:1.589 t:-0.485 
  p = 0.113 p = 0.628 

Attaching importance to healthy 
nutrition 

Yes 321 73.8±11.3 110.7±23.2 
No 35 67.1±9.14 101.9±23.2 
  t:3.380 t:2.383 
  p = 0.001* p = 0.016* 
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Age                      r: 0.102 
p = 0.054 

r : -0.079 
p = 0.139 

*p < 0.05; ℱ: Tukey test; F, One way ANOVA (Tukey); t, independent sample t-test; KW, Kruskal Wallis H-testi 
 

There was a moderately significant positive 
relationship between attitudes towards healthy eating and 
attitudes towards hypertension prevention ( r : 0.386, p < 0.001). 
Once again, a positive and moderately significant relationship 
was found between knowledge of diet (r : 0.655, p < 0.001) and 
positive dietary habits (r : 0.503, p < 0.001) and attitudes toward 
preventing hypertension. However, a weakly significant 

negative correlation was found between feelings about food  (r 
:-0.373, p < 0.001) and poor dietary habits (r : -0.131, p < 0.05) 
and attitudes toward hypertension prevention. There was a 
negative correlation between negative feelings about food, 
poor dietary attitudes and attitudes toward hypertension 
prevention (Table 4). 
 

 
Table 4. The relationship between nurses' ASHN and ASPH 

 1 2 3 4 5 6 7 8 9 10 
1
1 

Information about 
nutrition (1) 

r 1           
p            

Emotion towards 
nutrition (2) 

r -0.536** 1          
p 0.000           

Positive nutrition (3) r 0.726** -0.426** 1         
p 0.000 0.000          

Malnutrition (4) r -0.206** 0.530** -0.056 1        
p 0.000 0.000 0.295         

Attitude Scale for 
Healthy Nutrition 
(ASHN) total (5) 

r 
0.583** 0.205** 0.681** 0.532** 1       

p 0.000 0.000 0.000 0.000        
Prevention and 
control (6) 

r 0.652** -0.387** 0.507** -0.163** 0.366** 1      
p 0.000 0.000 0.000 0.002 0.000       

Habits and lifestyle 
(7) 

r 0.629** -0.384** 0.479** -0.181** 0.333** 0.949** 1     
p 0.000 0.000 0.000 0.001 0.000 0.000      

Attitude to nutrition 
(8) 

r 0.562** -0.252** 0.430** -0.003 0.410** 0.799** 0.790** 1    
p 0.000 0.000 0.000 0.961 0.000 0.000 0.000     

Mental state and 
physical activity (9) 

r 0.554** -0.239** 0.428** 0.026 0.422** 0.794** 0.761** 0.791** 1   
p 0.000 0.000 0.000 0.630 0.000 0.000 0.000 0.000    

Knowledge of 
disease and risk (10) 

r 0.636** -0.390** 0.484** -0.153** 0.348** 0.960** 0.949** 0.786** 0.802** 1  
p 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000   

Attitudes Scale 
towards Prevention of 
HT (ASPH) total (11) 

r 0.655** -0.373** 0.503** -0.131* 0.386** 0.981** 0.970** 0.865** 0.852** 0.976** 1 
p 

0.000 0.000 0.000 0.014 0.000 0.000 0.000 0.000 0.000 0.000  

**. Correlation value is significant at <0.01 level 

*. Correlation value is significant at <0.05 level 
 
 

The effect of attitudes towards healthy nutrition on 
attitudes towards hypertension prevention was analysed using 
regression analysis. The relationship between dependent and 

independent variables was examined graphically, and the 
predicted and observed values showed a linear distribution. 
The normality of regression residuals was tested using the 
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Shapiro-Wilk test, and the significance level was found to be p 
= 0.194. In addition, histogram and P-P plot graphs also 
supported normality. Homoscedasticity Assumption: When 
the distribution of the residuals with the predicted values was 
examined, it was seen that the assumption of constant variance 
was met. The residuals were randomly distributed and no 
distinct pattern was observed. Autocorrelation Assumption: 
The Durbin-Watson test result was found to be 1.92, and this 
value indicates that there is no autocorrelation (1.5 < DW < 2.5). 

As a result, the validity of the findings is supported because 
the regression model meets the basic assumptions. The study 
found that health workers' attitudes toward healthy nutrition 
positively affected their attitudes toward hypertension 
prevention (β=0.386). Furthermore, 14.9% of the total variance 
in the dependent variable of ASHN was explained by the total 
ASPH score and this result was statistically significant (R = 
0.386, R2=0.149, p < 0.001) (Table 5).  
 

 
Table 5. The effect of attitudes towards healthy nutrition on hypertension prevention attitudes 

 
 
 
 
 
 

Dependent variable, ASHN total ; Predictors, (Constant), ASPH total  
 

Discussion 
 This study showed that the attitudes of healthcare 
professionals towards healthy nutrition and hypertension 
prevention were generally positive. The high scores obtained 
on the Attitude Scale for Healthy Nutrition and the Attitude 
Scale for Prevention of Hypertension indicate that healthcare 
professionals are highly awarene of these issues. Their 
awareness of nutrition and lifestyle issues is important for 
protecting their own health and providing  the right advice to 
their patients.    

This study showed that healthcare professionals had 
very positive attitudes toward healthy nutrition. High scores 
were obtained in the sub-dimensions of knowledge of 
nutrition, feelings about nutrition, positive nutrition, and poor 
nutrition. Consistent with the findings of this study, Bıçakcı's 
study of healthcare workers revealed that their attitudes 
toward  healthy nutrition were generally positive (20). Overall, 
the literature shows that healthcare workers generally have 
positive attitudes toward healthy nutrition and chronic disease 
prevention. Torquati et al., assessed the dietary and physical 
activity habits of healthcare workers and found that healthcare 
professionals had a positive tendency to adopt a healthy 
lifestyle (21). When the sub-dimensions of the Attitude Scale 
for Healthy Nutrition Attitude Scale for Healthy Nutrition 

were analysed, it was found that healthcare professionals had 
a high level of nutritional knowledge and positive attitudes 
toward nutrition. This shows that healthcare workers use the 
information in their daily lives and value healthy nutrition 
highly. Spronk et al., reported in their study that people who 
focus on nutrition are more likely to adopt healthy nutrition 
habits, positively affecting their overall health (22).   
 When analysing the relationship between attitudes 
towards healthy nutrition and demographics, this study found 
that there was a significant difference between weekly working 
hours, alcohol consumption, diet and the importance of 
healthy nutrition. In particular, those who worked 40 hours per 
week were found to have more positive attitudes than those 
working more hours. These findings are consistent with the 
literature on the impact of working hours on health, suggesting 
a direct correlation between working hours and employees' 
quality of life and health behaviors. Dembe et al., reported that 
working hours and personal habits directly affecthealth 
behaviour (23). In Bıçakçı's study, when gender differences 
were examined, it was found that the total scores and 
nutritional knowledge levels of female participants on the 
ASHN scale were significantly higher than those of male 
participants, which was interpreted as women developing 
more positive attitudes towards healthy nutrition and having 

 Unstandardised 
Coefficients 

Standardised 
Coefficients 

     

Model B SE Beta t Sig. F Sig R R2 

Constant  48.135 7.594  6.338 0.000     
ASHN 
total 

0.807 0.103 0.386 7.872 0.000 
61.963 0.000b 0.386a 0.149 
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more awareness of nutritional knowledge (20). However, this 
study did not find a significant relationship between ASHN 
scores and gender. This difference may be due to various 
factors such as the sampling characteristics of the study, the 
level of professional knowledge, and the nutritional awareness 
of the participants. Because healthcare professionals are more 
aware of healthy living due to their profession, there may not 
have been a significant difference between male and female 
participants. It should also be considered that sample size and 
distribution may also affect this result. Future studies 
examining the effect of gender variables on attitudes toward 
healthy nutrition with larger, more heterogeneous samples 
will contribute to a more comprehensive evaluation of the 
findings in the literature. 
 The results of this study showed that healthcare 
professionals had positive attitudes towards hypertension 
prevention. Similarly, this study found that attitudes regarding 
prevention and control, habits and lifestyle, dietary habits, 
mental state and physical activity, and knowledge of the 
disease and risks were also highly positive. Furthermore, the 
study found that health professionals were aware of the 
importance of these sub-dimensions. The high score obtained 
from the ASPH developed by Albayrak and Şengezer indicates 
that healthcare workers are willing to take necessary 
precautions to reduce the risk of hypertension (19). According 
to a study conducted by Sengwan and Puoane the level of 
knowledge of hypertension among healthcare professionals 
plays an important role in people's attitudes towards the 
disease and the quality of interventions offered (24). This 
clearly demonstrates the impact that healthcare professionals 
have on promoting healthy lifestyles and reducing the 
prevalence of hypertension in the community. Although 
participants in structured interviews identified heredity, 
physical inactivity, and excessive consumption of salty and 
fatty foods as risk factors for hypertension, the study 
concluded that their knowledge of these risk factors was 
limited (24).   

This study examined the relationship between the 
ASPH and demographics and found that variables such as 
education level, years of employment, weekly working hours, 
and the importance of healthy nutritionsignificantly affected 
attitudes toward hypertension prevention. The observation of 
more positive attitudes, especially among participants with 

more than 15 years of work experience and had a bachelor's 
degree, suggests that experience and education effectively 
develop awareness and attitudes. This finding supports that 
experience and education play an important role in 
strengthening the attitudes of healthcare workers toward 
hypertension prevention. A study conducted in India by Gupta 
et al., analysed the relationship between hypertension 
awareness, treatment and control, as well as educational level 
and found that educational level  significantly affected 
attitudes toward hypertension prevention (25). It was found 
that individuals with higher levels of education were more 
aware of hypertension and had more positive attitudes toward 
hypertension, whereas individuals with lower levels of 
education had lower levels of awareness of hypertension, 
diabetes and hypercholesterolaemia, adherence to treatment, 
and smoking cessation. Similarly, Bıçakcı found that health 
perceptions increased with higher levels of education (20).  

Additionally,health perceptions were higher among 
participants with an underweight or normal body mass index 
than among overweight or obese individuals. These findings 
show that an ideal weight positively affects health perception. 
On the other hand, Owolabi et al., found that a significant 
proportion of healthcare professionals were affected by work-
related stress and that perceived work stress was significantly 
associated with a higher prevalence of hypertension (26). 
Johnson and Lipscomb reported that long working hours are 
associated with acute effects such as stress and fatigue, as well 
as negative health behaviours such as smoking. They are also 
associated with chronic effects such as cardiovascular and 
musculoskeletal diseases (27). According to the Attitude Scale 
for Prevention of Hypertension developed by Albayrak and 
Şengezer, the high awareness and positive attitudes of 
healthcare professionals are an important factor in 
hypertension prevention (19). These findings are consistent 
with the World Health Organization report which states that 
healthcare professionals play a critical role in the prevention 
and management of hypertension and that increased 
awareness of hypertension will have a positive impact on 
public health (28). In this study, it was also found that there is 
a significant difference between the importance given to 
healthy nutrition and attitudes toward hypertension 
prevention. It is believed that the positive relationship between 
thoughts and attitudes played a role in this outcome. 
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Additionally, the higher participation rate of individuals who 
are more concerned about healthy nutrition may have 
influenced the results, since the data for this study were 
collected online. Future research studies should take potential 
volunteer bias into account. This study found a significant 
positive relationship between a healthy nutrition and attitudes 
toward hypertension prevention. In a study conducted by 
Hajjar and Kotchen, it was found that the southern region of 
the United States of America had the highest systolic and 
diastolic blood pressure, the highest consumption of 
monounsaturated fatty acids, polyunsaturated fatty acids, 
cholesterol, and the lowest amount of fibre (29). Cena and 
Calder reported that fresh fruits and vegetables, whole grains, 
legumes, beans, seeds and nuts were more common among 
healthy foods, while fatty and processed meats, and animal 
products were less common (30). The study also found that 
dietary patterns reduce the risk of cardiovascular disease, 
cancer and other non-communicable diseases. In this direction, 
they reported that more efforts should be made to integrate 
healthy nutrition and lifestyles into the daily lives of 
communities around the world and to make healthy diets 
accessible, affordable and sustainable. They also reported that 
high salt intake may increase susceptibility to the later 
development of hypertension in children, and that the basis for 
healthy blood pressure is a healthy diet, adequate physical 
activity, stress reduction, and adequate potassium intake (31). 
This study found that there was a positive and moderately 
significant relationship between attitudes toward healthy 
eating and attitudes toward hypertension prevention. In 
addition, negative emotions toward nutrition and poor 
nutritional attitudes  were found to negatively affect 
hypertension prevention attitudes, while healthcare 
professionals' positive attitudes toward healthy nutrition were 
found to positively affect hypertension prevention attitudes. 
 
Limitations and bias of the study 

In this study, data were collected via an online form 
and distributed to participants on a voluntary basis. 
Limitations related to various types of bias were considered. 
Selection Bias:  This study is limited to healthcare professionals 
working in the same institutional structure in a specific 
geographical region. This limits the generalisability of the 
results to the entire population of healthcare professionals.  

However, since the aim of the study is to reveal the 
current situation in a specific institutional context, this sample 
is considered appropriate for the intended research purpose. 
Volunteer Bias: The questionnaire was distributed on a 
voluntary basis. Therefore, it is possible that individuals who 
are more interested or sensitive to the subject participated. This 
situation was noted when interpreting the results, and it was 
stated that this tendency could affect the representativeness of 
the data. 
Observation bias 

 The questions in the survey form were prepared to be 
as clear and understandable as possible; to prevent 
misunderstanding by participants, the necessary sections were 
revised by five nurses after a pre-application. However, the 
subjectivity and response bias inherent in data collection 
processes based on self-reporting cannot be completely 
eliminated. This situation has been noted in the data collection 
process. 
Survivorship bias  

It was determined that 72.8% of the participants had 
less than 10 years of experience in the profession. This indicates 
that the sample consisted predominantly of younger 
healthcare workers who had recently started their careers. This 
limited the generalisability of the results, and differences based 
on experience level were considered when making 
interpretations. 

 
Conclusion 

 
This study shows that healthcare professionals 

generally have positive attitudes toward healthy nutrition and 
the prevention of hypertension. Weekly working hours, 
alcohol consumption, dieting, and healthy nutrition were 
found to affect attitudes toward healthy nutrition. Educational 
level, years of employment, weekly working hours, and 
healthy nutrition were found to affect attitudes toward the 
prevention of hypertension. 

Based on the results of this study, healthcare 
professionals' positive attitudes toward healthy nutrition and 
prevention of hypertension should be supported, and 
strategies should be developed to further strengthen these 
attitudes. Regular in-service training programmes should be 
organised on healthy nutrition and prevention of 
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hypertension. Training should be structured specifically for 
those with low levels of education, those who are new to the 
profession, those with long professional experience, and those 
working in health technician fields. It is recommended that 
healthcare personnel working in shift systems be provided 
with special support programmes on healthy nutrition and 
stress management, and that their weekly working hours be 
regulated. Considering that alcohol consumption and dieting 
affect attitudes, individual health responsibility awareness 
should be developed. Healthcare workers should be 
encouraged to be role models. In addition, 
seminars/workshops focused on hypertension and nutrition 
should be organised to update the knowledge of all healthcare 
workers. 

Although the limitations of the sample group 
included in this study reduce the generalisability of the 
research results, this does not completely invalidate the study.  
Future studies should include larger and more heterogeneous 
sample groups. 
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ABSTRACT 
BACKGROUND 
The main problems encountered during postoperative follow-up after ventriculoperitoneal shunt surgeries are ventriculoperitoneal 
shunt malfunction and related complications. One of the reasons for malfunction is problems with the distal catheter. This study 
aimed to analyze pediatric cases and establish whether there is a link between a history of abdominal surgery and the need for shunt 
revision.  
METHODS 
We conducted a retrospective analysis of 138 pediatric patients who underwent surgery at our institution between 2010 and 2018. 
RESULTS 
In the first year postoperatively, 33.2% of the patients required shunt revision. Furthermore, we found a significant relationship 
between a history of abdominal surgery and the requirement for shunt revision (p < 0.0001). Additionally, the length of the proximal 
catheter inside the ventricles appeared to affect the need for shunt revision (p < 0.001).  
CONCLUSION 
Similar to other studies, we believe that our findings show that a history of abdominal surgery impacts the need for shunt revision. 
This contributes to existing literature on the topic. 
KEYWORDS 
 Abdominal surgery, pediatric, shunt revision, ventriculoperitoneal shunt surgery  
 
ÖZ 
 
AMAÇ 
Ventriküloperitoneal (VP) şant disfonksiyonu ve ilişkili komplikasyonlar, VP şant cerrahileri sonrası postoperatif takipte karşılaşılan 
başlıca sorunlardır. Şant disfonksiyonunun nedenlerinden biri distal katetere ilişkin sorunlardır. Bu çalışmada, çocuk hastalar 
retrospektif olarak analiz edilerek, önceden geçirilmiş abdominal cerrahinin şant revizyon ihtiyacıyla olası ilişkisi araştırılmıştır. 
GEREÇ YÖNTEM 
2010 ile 2018 yılları arasında kurumumuzda cerrahi müdahale geçirmiş 138 pediatrik hasta retrospektif olarak analiz edilmiştir. 
BULGULAR 
Ameliyat sonrası ilk yıl içinde hastaların %33,2’sinde şant revizyonu gerekmiştir. Önceden geçirilmiş abdominal cerrahi öyküsü ile 
şant revizyon gereksinimi arasında anlamlı bir ilişki bulunmuştur (p < 0.0001). Ayrıca, ventrikül içindeki proksimal kateter 
uzunluğunun da şant revizyonu üzerinde etkili olduğu saptanmıştır (p < 0.001). 
SONUÇ 
Bulgularımız, önceki çalışmalarla paralel olarak, abdominal cerrahi öyküsünün şant revizyon gereksinimi üzerinde etkisi olduğunu 
göstermektedir. Bu sonuç mevcut literatüre katkı sağlamaktadır. 
ANAHTAR KELİMELER 
Abdominal cerrahi, ventriküloperitoneal şant cerrahisi, pediatrik, şant revizyonu 
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espite its relatively high complication rate, 
ventriculoperitoneal (VP) shunt surgery is the gold 
standard for treating pediatric hydrocephalus (1-4). 

Mechanical and infectious complications persist despite 
advances in shunt material technology. The shunt malfunction 
rate in the pediatric population is 20–85% (5); this rate is lower 
in adults at 17–33% (6,7). The malfunction rate in the first year 
postoperatively is 30–50% (2, 8-11). The main causes of shunt 
malfunction are infection, overdrainage, and mechanical 
obstruction (disconnection, breakdown, or passage 
obstruction) (8,12). 

Patients who have undergone VP shunt surgery may 
also experience gastrointestinal complications, including (i) 
abdominal pseudocyst formation, (ii) ascites, (iii) bladder 
perforation, and (iv) bowel-related complications 
(appendicitis, intestinal perforation, intestinal adhesions, anal 
extrusion of the peritoneal catheter, abdominal herniation, and 
migration of the distal end to the scrotal sac) (13,14).  

However, no study has examined the impact of 
previous abdominal surgery on VP shunt revision rates. 
Intestinal adhesion after abdominal surgery is a natural 
process. However, its impact on the risk of shunt revision has 
not yet been clearly demonstrated. This retrospective study 
reviewed cases involving pediatric patients with VP shunts. 
Revisions made during follow-up and complications were 
analyzed in detail. 

 
Materials and Methods 
 

This study was approved by the ethics committee at 
our university. We examined all patients who underwent VP 
shunt placement between 2010 and 2018 and found 328 adult 
and pediatric patients. Patients >18 years old were excluded, 
and 138 pediatric cases were eventually included in this study. 
The demographics, type of hydrocephalus, history of 
abdominal surgery, duration of hospitalization and follow-up, 
location of the proximal catheter, complications, reasons for 
revision, number of shunt surgeries, and number of external 
ventricular drainage (EVD) surgeries were noted. 

The senior neurosurgeon performed all pediatric 
procedures, and shunt placement was performed free hand, 
based on the bony landmarks and related measurements; no 
neuronavigation was used. Preferably, the parietal bone on the 

right side (if there was no previous surgical scar present) was 
used, and a burr hole was placed at a point 2–4 cm more 
cranially located than the Frazier point. The dura was opened 
cross-shaped, and epidural hemostasis was achieved. Then the 
proximal shunt catheter was sent as the length measured 
preoperatively by computed tomography (CT). A mini-
laparotomy technique was used for the abdominal portion of 
the operation. All the patients received perioperative cefazolin 
as a prophylactic antibiotic. 

The preoperative Evans ratio (ER) was calculated for 
all the patients (2). Postoperatively, we noted the placement of 
the proximal catheter and its length inside the ventricles. 
Intraoperative and postoperative complications were assessed, 
and the time to and reasons for revisions were noted.  We then 
compared the revision rates between patients with and without 
previous abdominal surgery. 

Statistical Package for Social Sciences version 22.0 
(SPSS, Chicago, IL, USA) was used for statistical analysis. The 
mean and standard deviation (SD) were calculated, the t-test 
was used for group comparisons, and the Kaplan–Meier 
estimator was used to analyze the cumulative revision-free 
rates. The log-rank test was used to determine survival rates, 
and statistical significance was set at p < 0.05. 

 
Results 
 

All findings are summarized in Table 1. Of the 138 
pediatric patients, 73 (52.9%) were female, and 65 (47.1%) were 
male. The mean age at diagnosis was 3.66±5.45 years. 
Additionly, the mean follow-up duration was 2.69±3.05 years. 
The mean time to revision surgery was 10.84±12.40 months, 
with 64 (46.4%) patients requiring this surgery. 

During the first year postoperatively, 56 (33.2%) 
patients required shunt revision surgery. A statistically 
significant relationship was found between a history of 
abdominal surgery and the need for shunt revision (p < 0.0001) 
(Figure 1). Additionally, a proximal catheter length inside the 
ventricular system of <2 cm significantly impacted the 
requirement for shunt revision (p < 0.001). The calculated odds 
ratio values for a history of abdominal surgery and catheter 
length inside the ventricles were 3.36 (95% confidence interval 
(CI): 1.85–6.11) and 3.61 (95% CI: 1.75–7.44), respectively.

D 
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Table 1. Patient demographics, postoperative CT findings and complications 

 

 

All patients Patients with previous 

abdominal operation 

Patients without 

previous abdominal 

operation 

Gender    

Female 73(52.9%) 24(17.4%) 49(35.5%) 

Male 65(47.1%) 19(13.8%) 46(33.3%) 

Age of diagnosis (years) 3.66±5.45 3.74±5.44 3.63±5.49 

Chiari Malformation 10(7.2%) 3(2.2%) 7(5.1%) 

Previous operation for 

meningomyelocele 

19(13.8%) 8(5.8%) 11(8%) 

Previous operation for 

intracranial tumour 

15(10.9%) 4(2.9%) 11(8%) 

Hydrocephalus types    

Communicating 72(52.2%) 20(14.5%) 52(37.7%) 

Idiopathic Normal 

Pressure 

3(2.2%) 1(0.7%) 2(1.4%) 

Posthemorrhagic 17(12.3%) 8(5.8%) 9(6.5%) 

Obstructive 42(30.4%) 14(10.1%) 28(20.3%) 

Benign Intracranial 

Hypertension 

4(2.9%) 0 4(2.9%) 

# of EVD surgeries (with 

revisions) 

24(17.4%) 11 13 

1 13(9.4%) 6(4.4%) 7(5.1%) 

2 7(5.1%) 3(2.2%) 4(2.9%) 

3 1(0.7%) 1(0.7%) 0(0.0%) 

4 2(1.4%) 0(0.0%) 2(1.4%) 

7 1(0.7%) 1(0.7%) 0(0.0%) 

EVD duration (days) 16.04±19.17 19.81±25.81 12.84±11.76 

# of VP shunt surgeries 

(with revisions) 

 43(31.2%) 95(68.8%) 

1 71(51.4%) 2(1.4%) 69(50%) 
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2 28(20.3%) 16(11.6) 12(8.7%) 

3 20(14.5%) 14(10.1) 6(4.3%) 

4 7(5.1%) 4(2.9%) 3(2.2%) 

5 5(3.6%) 1(0.7%) 4(2.9%) 

6 1(0.7%) 1(0.7%) 0(0.0%) 

7 4(2.9%) 3(2.2%) 1(0.7%) 

9 2(1.4%) 2(1.4%) 0(0.0%) 

Duration of follow-up 

(years) 

2.69±3.05 2.63±2.90 2.72±3.10 

Exitus 10 (7.2%) 3(2.2%) 7(5.1%) 

Preoperative Evans Ratio 0.46±0.13 0.44±0.11 0.46±0.14 

Postoperative CT    

Optimal position (correct 

ventricle at foramen of 

Monroe level) 

49(35.5%) 19(13.8%) 30(21.7%) 

Tip crossed the midline 

towards the contralateral 

ventricle  

50(36.2%) 14(10.1%) 36(26.1%) 

Correct ventricle, tip not at 

foramen of Monroe level 

34(24.6%) 8(5.2%) 26(18.8%) 

Tip twisted 5(3.6%) 2(1.4%) 3(2.2%) 

Proximal catheter, length 

inside the ventricle (cm) 

   

<1 10(7.2%) 2(1.4%) 8(5.8%) 

1-<1.5 10(7.2%) 5(3.6%) 5(3.6%) 

1.5-<2 13(9.4%) 4(2.9%) 9(6.5%) 

>2 105(76.9%) 32(23.2%) 73(52.9%) 

Complications    

Meningitis 7(5.1%) 5(3.6%) 2(1.4%) 

Intraventricular 

hemorrhage 

3(2.2%) 2(1.4%) 1(0.7%) 

Subdural hematoma 2(1.4%) 1(0.7%) 1(0.7%) 

Subdural hygroma 3(2.2%) 1(0.7%) 2(1.4%) 
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Protrusion of the distal 

catheter from anus 

2(1.4%) 2(1.4%) 0(0%) 

Superior sagittal sinus 

injury 

1(0.7%) 1(0.7%) 0(0%) 

Peritonitis 3(2.2%) 1(0.7%) 2(1.4%) 

Intraabdominal abscess 4(2.9%) 4(2.9%) 0(0%) 

Mechanical complicaitons    

Proximal obstruction 15(10.9%) 5 (11.6%) 10(10.5%) 

Distal obstruction 7(5.1%) 5(11.6%) 2(2.1%) 

Proximal fracture 2(1.4%) 1(2.3%) 1(1.1%) 

Distal fracture 2(1.4%) 2(4.7%) 0 

Disconnection 19(13.8) 5(11.6%) 14(14.7%) 

Intraperitoneal cyst 3(2.2) 2(4.7%) 1(1.1%) 

Catheter migration 4(2.9%) 2(4.7%) 2(2.1%) 

Lengtening required 2(1.4%) 2(4.7%) 0 

No malfunction 5(3.6%) 4(9.3%) 1(1.1%) 

Revision    

Yes 64(46.4%) 32(23.2%) 32(23.2%) 

No 74(53.6%) 11(8%) 63(45.7%) 

Time to revision (months) 10.84±12.40 11.41±13.08 10.29±11.88 

< 1 month 10(7.2%) 6(9.2%) 4(6.2%) 

1-6 months 26(18.8%) 12(18.5%) 14(21.5%) 

6-12 months 10(7.2%) 3(4.6%) 7(10.8%) 

12-24 months 6(4.3%) 5(7.7%) 1(1.5%) 

> 24 months 13(9.4%) 6(9.2%) 7(10.8%) 

 
 

Twenty-five patients experienced perioperative or 
postoperative complications. In one patient with Crouzon 
syndrome, the burr hole was unintentionally placed on the 
superior sagittal sinus. The resulting bleeding was controlled, 
and the surgery was completed using an alternative burr hole. 
However, the patient required 8 weeks of follow-up in the 
paediatric intensive care unit (pICU) after surgery. After this 

challenging and instructive complication, the use of 
intraoperative Doppler ultrasound in patients with cranial 
vault anomalies became standardpractice in our clinic. In two 
patients with a history of abdominal surgery, the distal catheter 
protruded through the anus.  Mechanical complications were 
observed in 59 (42.8%) patients; the most common cause was 
disconnection (13.8%). 
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Figure 1. Kaplan-Meier estimator demonstrates time to event (shunt revision). Patients with a history of previous abdominal 
surgery are shown in blue, while those without are shown in red. 
 
 
Discussion 
 

Catheters placed during VP shunt surgery are 
intended to remain in place for the patient’s lifetime. Thus, one 
of the main aims of the surgery is to prevent the need for any 
revision surgeries (2, 5, 12, 15). The factors affecting the need 
for revision surgeries have been widely studied. However, the 
impact of a history of previous abdominal surgery on revision 
rates has not been extensively investigated; this study 
retrospectively examined this topic. We also detail the reasons 
for the surgical revisions and complications. 

The three main surgical options for distal catheter 
placement in VP shunt surgery are mini-laparotomy, 
laparoscopy, and percutaneous trocar-assisted techniques (16, 
17). Possible technical complications include visceral 
perforation (within three months of surgery), extraperitoneal 
catheter positioning, distal obstruction, and pseudocyst 

formation (3). Risk factors for visceral perforation include 
younger age and the presence of meningomyelocele (18, 19). 

Sefarinova et al. demonstrated that the percutaneous 
trocar-assisted technique carries a risk of abdominal visceral 
and vascular injury; however, they stated that there was no 
statistically significant difference between this technique and 
laparoscopy (3). Schucht et al. compared shunt malfunction 
rates in the laparoscopic and mini-laparotomy techniques. 
They found that the only difference was a higher rate of distal 
catheter malfunction in the mini-laparotomy group. The distal 
catheter malfunction rate in the mini-laparotomy group was 
8%, whereas there were no cases of distal catheter malfunction 
in the laparoscopy group (1). No statistically significant 
difference was found when patients with a history of 
abdominal surgery were compared between the two groups 
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(1). In our study, there was a statistically significant association 
between a history of abdominal surgery and the need for shunt 
revision (p < 0.0001). However, when focusing specifically on 
distal catheter malfunction as the cause of revision, this 
difference was not statistically significant. All patients who 
underwent revision surgery had laparotomy performed again; 
however, the placement was performed using a different 
muscular and fascial route within the same incision. 

Correct placement of the ventricular catheter is the 
most important factor in achieving revision-free survival (20, 
21). Wan et al. proposed a five-point grading system based on 
the length of the catheter inside the ventricle (2). A catheter 
with a length of >2 cm inside the ventricle was considered a 
perfectly placed. Ventricle size was the most important factor 
in ensuring the proximal catheter was perfectly placed in the 
ventricle (2). In our study, 76.9% of the proximal catheters were 
>2 cm inside the ventricles. Additionally, the calculated odds 
ratio for revision was 3.61 (95% CI: 1.75–7.44) if the catheter 
length inside the ventricle was <2 cm. 

Stone et al. demonstrated no relationship between the 
etiology of hydrocephalus and shunt malfunction in their 
study of 64 pediatric patients and 234 procedures (22). 
Anderson et al. showed that 30-day shunt malfunction is 
related to the etiology of hydrocephalus in adult patients in a 
study of 321 pediatric and 362 adult patients. However, no 
significant relationship was found in the pediatric population, 
despite performing a multivariate analysis. A significant 
relationship was found between shunt malfunction and 
whether the surgery was primary or secondary, and whether it 
was performed by one or multiple surgeons (with secondary 
surgery and single surgeon being more likely to cause shunt 
malfunction) (23). Similarly, Rocque et al. found a relationship 
between the etiology of hydrocephalus and shunt malfunction 
in univariate analyses. However, they were unable to 
demonstrate this in multivariate analyses (24). 

This study had some limitations. Due to the limited 
number of patients, the different types of surgeries that 
patients with a history of abdominal surgery had undergone 
could not be evaluated in detail. Additionally, it was unclear 
whether patients had experienced any postoperative surgical 
site infections. 

Very few studies in the current literature have 
investigated the direct relationship between the length of the 

peritoneal (abdominal) end of the shunt and the risk of shunt 
dysfunction (25). Instead, most available reports focus on other 
factors associated with distal malfunction, such as catheter 
configuration, the position or patency of distal slit openings, 
peritoneal adaptation, the relative shortening of the distal 
catheter due to patient growth, and the formation of abdominal 
pseudocysts (26, 27, 28, 29). 

However, based on the insights gained from the 
present study and the gaps identified in the existing literature, 
we plan to systematically record the length of the distal 
(abdominal) catheter in our future cases. We will also assess its 
potential influence on shunt function through a prospective 
study reflecting our own clinical experience. This approach 
could provide valuable data to clarify whether peritoneal 
catheter length has a measurable impact on distal 
complications and contribute to optimization of 
ventriculoperitoneal shunt placement techniques in the future. 

Overall, VP shunt surgery is the first-line treatment 
for hydrocephalus. Although highly effective, it is associated 
with a variety of complications. Despite technological and 
patient care developments, the incidence rates of these 
complications are far from decreasing. Previous studies have 
described several of these complications (5, 8, 12). One of the 
predisposing factors for such complications is a history of 
abdominal surgery, which was studied in detail in this study. 
We found that a history of abdominal surgery and a catheter 
length of less than 2 cm inside the ventricle had the greatest 
impact on shunt revision rates. We conclude that a previous 
history of abdominal surgery in the pediatric population 
increases the risk of shunt failure and thus the need for shunt 
revisions.  

 
Conclusion 

 
Ventriculoperitoneal shunt malfunction is a common 

and challenging complication during the postoperative period. 
Among the various causes, problems related to the distal 
catheter play a significant role. Prompt recognition and 
resolution of these issues is essential for enhancing long-term 
outcomes and reducing the need for shunt revisions in 
pediatric patients. 
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ABSTRACT 
 
BACKGROUND 
Smoking is a common coping mechanism for university students dealing with increasing exam stress. The aim of this study was to 
examine the effects of smoking on exam stress in health technician students by measuring salivary cortisol and adrenaline levels, 
recognized as stress biomarkers, and to evaluate the relationship between smoking and exam scores. 
METHODS 
The study included 64 students (mean age: 21.09 ± 2.05 years) from Dokuz Eylül University’s Vocational School of Health Services 
during the 2023–2024 academic year. Thirty-three smokers (19 female, 14 male) and 31 non-smokers (24 female, 7 male) were 
included in the study. Data were collected with a form for sociodemographic information, a smoking status questionnaire, the State–
Trait Anxiety Inventory Scale (STAI), and saliva samples. Cortisol and adrenaline levels in saliva samples were evaluated by enzyme-
linked immunosorbent assay. 
RESULTS 
The salivary cortisol levels of non-smokers were lower compared to those of smokers (74.43 ± 35.98 vs. 94.35 ± 33.09 ng/mL, 
respectively; p = 0.024). The salivary adrenaline levels of non-smokers were higher compared to those of smokers (928.75 ± 172.57 
vs. 727.39 ± 233.96 pg/mL, respectively; p < 0.001). The mean exam score was higher for non-smokers (73.97 ± 2.60) compared to 
smokers (63.84 ± 3.39)               (p = 0.022). However, there was no significant difference between the groups in terms of the cognitive, 
psychosocial, or physiological subdimensions of the STAI or mean test achievement score (p > 0.05 for all). 
CONCLUSION 
Non-smoker students had lower cortisol and higher adrenaline levels, positively affecting their exam scores. These findings suggest 
that smoking status may affect physiological stress markers and exam scores, but not necessarily perceived state anxiety levels.  
KEYWORDS 
Exam score, salivary adrenaline, salivary cortisol, smoking 
 
ÖZ 
 
AMAÇ 
Sigara bağımlılığı artan sınav stresiyle uğraşan üniversite öğrencileri için başa çıkma mekanizması haline gelmiştir. Araştırmanın 
amacı, sağlık teknisyenliği öğrencilerinde sigara içmenin sınav stresi üzerindeki etkilerini, stres biyobelirteçleri olarak kabul edilen 
tükürük kortizol ve adrenalin düzeylerini ölçerek araştırmak ve sigara içimi ile sınav başarısı arasındaki ilişkiyi araştırmaktır..  
GEREÇ YÖNTEM 
Çalışmaya 2023-2024 eğitim-öğretim yılında Dokuz Eylül Üniversitesi Sağlık Hizmetleri Meslek Yüksekokulu'nda öğrenim gören 64 
öğrenci (ortalama yaş 21,09 ± 2,05 yıl) dahil edildi. Çalışmaya 33 sigara içen (19 kadın, 14 erkek) ve 31 sigara içmeyen (24 kadın, 7 
erkek) dahil edildi. Veriler sosyodemografik bilgiler, sigara içme durumu anketi, Durumluk- Sürekli Kaygı Envanteri Ölçeği (STAI) 
ve tükürük örnekleri aracılığıyla toplandı. Tükürük örneklerinde kortizol ve adrenalin düzeyleri ELISA kullanılarak değerlendirildi. 
BULGULAR 
Sigara içmeyen öğrencilerin tükürük kortizol düzeyi sigara içen öğrencilere göre daha düşüktü (sırasıyla 74.43±35.98 ve 94.35±33.09 
ng/mL, p = 0.024). Sigara içmeyen öğrencilerin tükürüklerindeki adrenalin düzeyi sigara içen öğrencilere göre daha yüksekti 
(sırasıyla 928.75±172.57 ve 727.39±233.96 pg/mL) p < 0.001) Sigara içmeyen öğrencilerin ortalama sınav başarı puanı (73.97 ± 2.60), 
sigara içen öğrencilere (63.84 ± 3.39) göre daha yüksekti (p = 0.022). Ancak STAI'nin bilişsel, psikososyal ve fizyolojik alt boyutları 
ile test başarı puan ortalamaları açısından gruplar arasında anlamlı bir fark yoktu. (p > 0.05). 
SONUÇ 
Sigara içmeyen öğrencilerin kortizol ve adrenalin düzeylerinin daha düşük olması sınav başarılarını olumlu yönde etkiliyordu. Bu 
bulgular, sigara içme durumunun fizyolojik stres belirteçlerini ve sınav başarısını etkileyebileceğini, ancak algılanan durumluk 
kaygı düzeylerini etkilemediğini göstermektedir. 
ANAHTAR KELİMELER 
Sigara içme, sınav başarısı, tükürük kortizol, tükürük adrenalin 
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moking, one of the most important social problems today, 
has increased dramatically among young adults in recent 
years, especially university students. The university 

environment has been identified as an important environment 
for starting to smoke. The transition to university life often 
coincides with the removal of significant familial and 
institutional controls, thereby affording students a greater 
degree of autonomy in their financial decisions and lifestyle 
choices. This increase in autonomy may, in some cases, be 
associated with an increased propensity to initiate smoking (1). 
Some studies have reported a rise in smoking among Turkish 
students (2,3). Research conducted within Turkish medical 
faculties revealed a significant increase in the prevalence of 
smoking as students advanced through their educational 
programs (4). Cortisol is a hormone secreted from the 
hypothalamic-pituitary-adrenal (HPA) axis in response to 
stress. It is also one of the most widely used markers in 
psychobiological research (5). Cortisol levels are sensitive to 
social and psychological stress (6). They respond to acute 
stress, such as acute loneliness or negative social evaluations, 
and to chronic stress, such as poverty or family conflict (7,8). 
Furthermore, the development and adult functioning of the 
HPA axis is profoundly affected by prior developmental 
experience. The pervasive effects of cortisol are extensive, 
exerting influence on cognitive and behavioral functions on a 
daily basis (9). Consequently, researchers have hypothesized 
that stress-induced changes in cortisol regulation may mediate 
the relationship between stress exposure and subsequent 
developmental and health outcomes (5,9,10), including the 
emergence and progression of both mental and physical health 
disorders (11). Optimal cortisol levels are essential for learning 
and memory, as positive stress can enhance academic 
performance, while high stress levels and elevated cortisol can 
impair cognitive functions and reduce academic scores (12-15). 

The aim of this study was to investigate the effects of 
smoking on exam stress in health technician students by 
measuring salivary cortisol and adrenaline levels, which are 
utilized as stress biomarkers, and to examine the relationship 
between smoking and exam scores. 

 
 
 
 

Materials and Methods 
 
Participants and procedures 

Data were collected from second-year students 
enrolled in the Vocational School of Health Services of a state 
university. The research was approved by the Non-
Interventional Research Ethics Committee of Dokuz Eylül 
University (Decision No: 2023/39-01, 06.12.2023). The study 
included 33 students who currently smoked and 31 students 
who had never smoked. Prior to the commencement of data 
collection, the objective of the study was explained to the 
participating students by the researchers, who informed them 
that they could freely decide for themselves whether to 
participate and that the data would be kept confidential within 
the scope of the study. The researchers obtained voluntary 
consent from all participating students. Participants were 
students aged ≥18 years who were reached in their classrooms 
on days and hours determined by the school’s administration. 
Data were collected in June 2024, with the survey and saliva 
sampling procedures being administered prior to the final 
examination of the course with the highest number of credits. 
The researchers were present to supervise the distribution and 
completion of the surveys, which did not contain any 
information indicating the names or identities of the students. 

The inclusion criteria were as follows: being 18 years 
of age or older and being an actively enrolled student in the 
Dokuz Eylül University Vocational School of Health Services. 
Exclusion criteria were as follows: being younger than 18 years 
of age, being enrolled in the Vocational School of Health 
Services but having missed classes or suspended the 
registration, the presence of any chronic illness, and the use of 
hormone medications that could affect cortisol levels. 
Data collection 

Data were obtained using the Sociodemographic 
Information and Smoking Status Questionnaire, the State–Trait 
Anxiety Inventory (STAI), and saliva samples. Students whose 
saliva samples were collected were asked to fill out the 
questionnaire and the STAI under supervision. 
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Sociodemographic information and smoking status 
questionnaire 

This questionnaire consisted of 16 questions to 
determine the sociodemographic and individual 
characteristics, family characteristics, and smoking habits of 
the students. The form was created by the researchers based on 
the literature. 
State–Trait anxiety inventory (STAI) 

A version of the STAI was used to determine pre-
exam anxiety levels among university students. This version 
was developed by Şahin (16) in 2019 and its validity and 
reliability were confirmed. It consists of a total of 22 items. The 
lowest total score that can be obtained from the scale is 22 and 
the highest total score is 88. There are no items that need to be 
reverse-coded in this scale. The scale consists of three 
subdimensions: physiological, psychosocial, and cognitive. 
The cognitive subdimension includes 9 items (Nos. 3, 4, 7, 9, 14, 
16, 18, 20, and 22). The lowest possible score for this 
subdimension is 9 and the highest is 36. The psychosocial 
subdimension consists of 5 items (Nos. 6, 10, 12, 13, and 21). 
The lowest possible score for this subdimension is 5 and the 
highest is 20. The physiological subdimension includes 8 items 
(Nos. 1, 2, 5, 8, 11, 15, 17, and 19). The lowest possible score for 
this subdimension is 8 and the highest is 32. The total Cronbach 
alpha reliability coefficient of the whole scale was found to be 
0.94, while that of the physiological subdimension was 0.85, 
that of the psychosocial subdimension was 0.84, and that of the 
cognitive subdimension was 0.93 (16). 
Collection of Saliva Samples 

Saliva samples were collected in a tube at least 30 min 
before the exam (09:00 AM), before the participants ate or 
drank anything. Samples were centrifuged at 3000 rpm for 5 
min, transferred to small tubes, and stored at -80 °C under 
appropriate conditions until the day of analysis. 
Biochemical measurements 

 The measurement of cortisol in saliva samples was 
performed using the cortisol competitive inhibition enzyme-
linked immunosorbent assay (ELISA) method with a 
commercial kit (ELK 8526 Human Cortisol, ELK 
Biotechnology, USA) according to the manufacturer’s protocol. 
The cortisol detection limit of this kit is 3.13–200 ng/mL. 

The measurement of adrenaline in saliva samples was 
performed using the human adrenaline competitive inhibition 

ELISA method with a commercial kit (ELK 9242 Human 
Adrenaline, ELK Biotechnology, USA) according to the 
manufacturer’s protocol. The adrenaline detection limit of this 
kit is 31.25–2000 pg/mL. 
Statistical analysis 

Data analysis was performed using IBM SPSS 
Statistics 24 (IBM Corp., USA). For descriptive findings, 
categorical variables were presented as numbers and 
percentages, and continuous variables were presented as 
mean, standard deviation, minimum, and maximum values. 
The conformity of the data to normal distribution was analyzed 
with the Kolmogorov–Smirnov test and the data were found to 
be normally distributed. In statistical analyses, Pearson chi-
square tests and t-tests in independent groups were used to 
determine the relationships between independent variables 
and the dependent variable. Significance was accepted at p < 
0.05 for all statistics. 

 
Results 
 
Sociodemographic characteristics of students according to 
smoking status  

This study included 64 participants, with 33 smokers 
and 31 non-smokers. Of the women participating in the study, 
19 (44.2%) were smokers and 24 (55.8%) were non-smokers. Of 
the men, 14 (66.7%) were smokers and 7 (33.3%) were non-
smokers. There were no significant differences between 
smokers and non-smokers in terms of sex, age, mother’s 
educational background, father’s educational background, 
mother’s employment status, father’s employment status, 
monthly household income, or the presence of another smoker 
in the family. Thus, overall, no difference was found in the 
sociodemographic characteristics of the students according to 
their smoking behaviors (p > 0.05). However, smoking was 
more common among students who had lived in a city center 
during their childhood (p < 0.05; Table 1). 

 
 

 
 
 
 
 



Research Article 
        

 
 
 

105 
 

Year: 2026 
Volume: 40 
Issue: 1 

 

RESEARCH ARTICLE  
         Pages:101-109 
 

Table 1. Sociodemographic characteristics according to smoking status 
Variables Smokers, 

n (%) 
Non-smokers, 

n (%) 
 

p-value* 
Sex Female 19 (44.2) 24 (55.8) 0.091 

Male 14 (66.7) 7 (33.3) 

Age groups ≤20 years 16 (50.0) 16 (50.0) 0.802 
≥21 years 17 (53.1) 15 (46.9) 

Mother’s educational 
background 

<High school 22 (52.4) 20 (47.6) 0.856 
≥High school 11 (50.0) 11 (50.0)) 

Father’s educational 
background 

<High school 15 (44.1) 19 (55.9) 0.205 
≥High school 18 (60.0) 12 (40.0) 

Mother’s employment status Employed 6 (35.3) 11 (64.7) 0.117 
Unemployed 27 (57.4) 20 (42.6) 

Father’s employment status Employed 22 (56.4) 17 (43.6) 0.332 
Unemployed 11 (40.0) 14 (56.0) 

Monthly household income <Minimum wage 2 (20.0) 8 (80.0) 0.094 
Minimum wage 8 (57.1) 6 (42.9) 
>Minimum wage 23 (57.5) 17 (42.5) 

Where did you live when you 
were a child? 

City center 21 (67.7) 10 (32.3) 0.033 
District 7 (31.8) 15 (68.2) 
Village 5 (45.5) 6 (54.5) 

Are there any other smokers 
in the family? 

No 7 (38.9) 11 (61.1) 0.368 
Mother 4 (40.0) 6 (60.0) 
Father 16 (59.3) 11 (40.7) 
Sibling 6 (66.7) 3 (33.3) 

*, Pearson chi-square p-value 
 

Table 2. Descriptive characteristics of students 
Characteristics Mean ± SD Min–max 

Age, years 21.09 ± 2.05 18–28 

Age at starting smoking, years 15.91 ± 2.43 9–19 

Number of cigarettes smoked per day 14.88 ± 6.26 1–25 

Duration of smoking, years 5.0 ± 3.48 1–15 
Exam score 67.42 ± 20.54 8–100 

 
Results of the smoking habits questionnaire 

The questionnaire results indicated that the mean age 
at which smokers had first started smoking was 15.91 ± 2.43 
years. On average, they smoked 14.88 ± 6.26 cigarettes per day. 
The mean duration of smoking among the participants was 5.0 
± 3.48 years (Table 2). 
STAI Scores According to Smoking Status 

This study examined the subdimensions of the STAI 
among smokers and non-smokers. The total cognitive score for 
smokers was 20.12 ± 5.94, while non-smokers had a total 

cognitive score of 22.06 ± 6.16 (p > 0.05). The total psychosocial 
score for smokers was 7.58 ± 2.37, while it was 7.35 ± 251 for 
non-smokers (p > 0.05). The total physiological score for 
smokers was 13.73 ± 3.58, while non-smokers had a total 
physiological score of 13.74 ± 4.43 (p > 0.05). These results 
indicate no significant differences between smokers and non-
smokers in the cognitive, psychosocial, and physiological 
subdimensions of the STAI (Table 3). 
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Table 3. Relationships between biochemical measurements and exam anxiety levels of students according to their smoking habits 
Variables Smokers, 

mean ± SD 
Non-smokers, 
mean ± SD 

 
p* 

Results of Adrenaline level in saliva 727.39 ± 233.96 928.75 ± 172.57 <0.001 
biochemical  (pg/mL)    
measurements  Cortisol level in saliva 94.35 ± 33.09 74.43 ± 35.98 0.024 

  (ng/mL)       
Subdimensions 
the STAI # 

of Total cognitive score 20.12 ± 5.94 22.06 ± 6.16 0.203 
Total psychosocial score 7.58 ± 2.37 7.35 ± 2.51 0.719 
Total physiological score 13.72 ± 3.58 13.74 ± 4.43 0.988 

Exam score 63.84 ± 3.39 73.97 ± 2.60 0.022 
* Independent-samples t test p value    # STAI, State–Trait anxiety inventory

Salivary cortisol and adrenalin levels and exam scores 
 
The salivary cortisol levels of non-smokers were 

lower compared to those of smokers (74.43 ± 35.98 vs. 94.35 ± 
33.09 ng/mL, respectively; p = 0.024). The salivary adrenaline 
levels of non-smokers were higher compared to those of 
smokers (928.75 ± 172.57 vs. 727.39±233.96 pg/mL, respectively; 
p < 0.001). The mean exam score was higher for non-smokers 
(73.97 ± 2.60) compared to smokers (63.84 ± 3.39) (p < 0.05; Table 
3). 

 
Discussion 
 

According to the World Health Organization, more 
than 8 million people die each year due to smoking-related 
causes (17). In Türkiye, according to the Turkish Statistical 
Institute, the rate of individuals aged 15 and over who smoke 
was 28.0% in 2019 and 28.3% in 2022 (18). Factors such as the 
significant reduction of school and family control over students 
with the start of university education and the increase in the 
freedom of students to spend money can facilitate the initiation 
of smoking among university students. The university period 
is considered a process during which depression and anxiety 
are intensely experienced due to many stressful life events, 
such as the end of adolescence, separation from the home 
environment and family members, adaption to a new 
environment, the choosing of new friends and peer groups, 
preparations for exams, stress related to finding a job after 
graduation, and economic problems (19). During this period, 
students may start smoking as a way to cope with the problems 

they encounter. Initially, smoking begins as a temporary habit, 
but unfortunately it often evolves into an addiction (2). 
In this study, we used saliva samples to measure stress among 
students. In the literature, saliva samples are commonly used 
to measure both catecholamines and cortisol. The literature 
reports that saliva is used in psychobiological research to 
measure acute stress responses and sympathetic nervous 
system activity. Although the measurement of catecholamines 
in saliva has not yet been standardized in routine clinical 
diagnosis, it is a very useful approach in sports physiology and 
stress research because of its non-invasiveness. In studies 
conducted with healthy volunteer groups, it has been reported 
that norepinephrine levels in saliva are 100–350 pg/mL during 
rest (sitting) and up to 1000 pg/mL during intense exercise 
(20,21). Salivary cortisol levels are emerging as a popular and 
useful biomarker (22-24). Studies have shown correlations 
between salivary and serum cortisol levels (25-28). Compared 
to venipuncture, saliva testing has been reported to have 
several advantages. It is non-invasive, minimizes the 
possibility of confounding factors, and allows for the collection 
of a large number of samples without causing ethical issues 
(25,26) with easy processing of salivary cortisol (27). The 
simple sampling, processing, and storage of saliva make it an 
excellent medium for cortisol determination with less 
analytical variability. Cortisol levels are reported to be between 
100 and 750 ng/dL (22,23). In our study, since saliva samples 
were taken before an exam, we anticipated that the values in 
both groups might be above the normal range. Therefore, we 
focused on evaluating the difference between the two groups. 
In this study, we tested the hypothesis that exam stress could 
lead to an increase in the stress hormones cortisol and 
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adrenaline in smokers compared to non-smokers and that it 
could reduce exam performance. Lundberg and 
Frankenhaeuser  (29) and Frankenhaeuser (30) explained the 
differentiation between pituitary-adrenal and sympathetic-
adrenal system activities with the terms “effort” and “distress.” 
In their studies, they showed that a monotonous wakefulness 
task evoking both effort and distress caused an increase in 
adrenaline and cortisol levels. Conversely, they showed that a 
situation evoking effort but not distress caused an increase in 
adrenaline levels and a decrease in cortisol levels. The body has 
two main systems that respond to stress and daily activities, 
and these can function independently in healthy, non-smoking 
individuals. The HPA axis, characterized by cortisol, is slow 
and rhythmic, while the sympathomedullary (SAM) system, 
characterized by adrenaline and noradrenaline, is fast and 
reactive and its primary function is to maintain movement and 
alertness. In our study, adrenaline (i.e., the SAM system) 
increased while cortisol (i.e., the HPA axis) decreased in non-
smokers. Adrenaline is necessary not only for fear but also for 
focus, attention, and effort. When a non-smoker focuses on a 
mental or physical task, adrenaline increases to enhance 
performance. Cortisol is primarily released in situations of loss 
of control, helplessness, or distress. When a person feels 
confident and in control of a task, the HPA axis is suppressed 
and cortisol levels decrease. When a non-smoker faces a 
stressful task and feels in control, the following messages are 
produced: “I am here, I am alert [high adrenaline], but I am not 
in danger and everything is under control [low cortisol].” 
Therefore, in this study, we found lower cortisol and higher 
adrenaline levels in non-smokers. 

In situations of acute stress such as exam stress, the 
SAM system is activated. The adrenal medulla is stimulated by 
the sympathetic nerves, leading to an increase in adrenaline. 
Blood pressure, blood glucose, and heart rate increase, 
followed by the activation of the HPA axis and an increase in 
cortisol. This system acts in the opposite direction of the 
sympathoadrenal axis, protecting the body and mobilizing 
energy for necessary responses to cope with stress while 
suppressing adrenaline. Under normal conditions, this system 
operates with a negative feedback mechanism to prevent the 
excessive elevation of cortisol (31,32). 

In situations of chronic stress, such as smoking, the 
different functions of cortisol and adrenaline hormones have 

been described by various researchers. In Parrott’s study (33), 
for example, nicotine dependence was defined as a 
withdrawal-induced stress cycle and it was stated that smokers 
experience recurring stress fluctuations throughout the day. 
Among the subsequent studies examining the biological basis 
of this psychological model, high cortisol levels originating 
from the HPA axis were identified by Steptoe and Ussher (34). 
In the study by Benowitz (35), it was shown that this effect was 
due to blunted adrenaline responses due to the receptor 
desensitization mechanism. Benowitz (36) also showed that 
nicotine increases the heart rate by stimulating epinephrine or 
adrenaline release during acute intake, but chronic smokers 
develop a significant tolerance or desensitization to these 
effects. 

Studies evaluating the effects of smoking on exam 
scores have shown that smoking can lead to a decrease in 
academic performance (37-39). Based on our results, we 
suggest that the high cortisol levels in smokers may affect exam 
scores due to the suppression of adrenaline. The adrenaline 
secreted during an exam has a stimulating effect that increases 
focus and concentration. In non-smoking students, high 
adrenaline and low cortisol levels may prepare them for exam 
situations, providing optimal focus and motivation. 
We found no statistically significant differences between the 
smoking and non-smoking groups in terms of the 
subdimensions of the STAI. This suggests that changes in 
cortisol and adrenaline levels in smokers and non-smokers are 
independent of exam stress. 
 
Limitations  

The most important limitation of this study is that 
post-exam cortisol and adrenaline levels could not be 
evaluated. Another limitation is that the number of students in 
both groups was relatively small. Despite these limitations, this 
study contributes to the literature because it reveals the 
relationship between exam scores and cortisol and adrenaline 
levels in a group of students who smoke and students who do 
not. Similar studies should be conducted with larger samples 
and project support. We further recommend that 
multidisciplinary studies including smoking cessation 
counseling and peer education be carried out to protect the 
health of university students and increase their exam scores. 
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Conclusion 
 

We have demonstrated that low cortisol and high 
adrenaline levels in non-smoking students positively increased 
their exam scores, while high cortisol and low adrenaline levels 
in smokers decreased their achievement levels. No previous 
studies have evaluated the effects of smoking on exam stress 
through cortisol and adrenaline in relation to exam scores. Our 
study has contributed to the literature in this regard. 
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ABSTRACT 
 
BACKGROUND 
Pediatric lymphadenopathy is common and usually benign, but it can cause significant anxiety in parents. We quantified parental 
state anxiety in cases of pediatric lymphadenopathy and examined clinical and psychosocial correlates, including the use of online 
information sources. 
METHODS 
In a single-center cross-sectional study, the parents of 99 consecutive children referred for lymphadenopathy completed the State–
Trait Anxiety Inventory (STAI). State anxiety (STAI-1) was the primary outcome and trait anxiety (STAI-2) was treated as a covariate. 
Child variables included age, sex, duration of lymphadenopathy, and lymph node dimensions (short- and long-axis diameter). 
Internet searching was recorded as yes/no and perceived helpfulness was also documented. We used parametric and nonparametric 
tests, correlation analyses, and multivariable linear regression to examine associations between STAI-1 and age, sex, duration, short-
axis diameter, internet searching, and STAI-2. 
RESULTS 
The mean age of the children was 6.87 ± 4.33 years and 60.6% were male. The median duration of lymphadenopathy was 8.0 weeks. 
The mean short-axis diameter was 9.47 ± 3.67 mm and the mean long-axis diameter was 22.17 ± 7.37 mm. Epstein–Barr virus serology 
was negative in 98% of cases. The mean parental STAI-1 and STAI-2 scores were 39.59 ± 9.99 and 41.24 ± 8.52, respectively. Internet 
searching, reported by 43.4% of parents, was not associated with higher STAI-1 or STAI-2 scores, and scores did not differ according 
to whether the short-axis diameter was ≥10 mm. STAI-1 correlated negatively with duration of lymphadenopathy (r = –0.204, p = 
0.045). In adjusted models, older age of the child (B = 0.660, p = 0.002) and larger short-axis diameter (B = 0.562, p = 0.019) 
independently predicted higher STAI-1 scores, whereas longer duration predicted lower STAI-1 scores (B = –0.150, p = 0.002). 
Multicollinearity was negligible (variance inflation factor ≤ 1). 
CONCLUSION 
Among parents of children evaluated for lymphadenopathy, acute anxiety was more strongly related to objective node size and child 
age than to internet searching. In contrast, shorter symptom duration, likely reflecting greater uncertainty, was associated with 
higher anxiety. Structured counseling and clear follow-up plans may help to mitigate parental distress in this setting. 
KEYWORDS 
 Anxiety, Internet use, lymphadenopathy, parents, pediatric hematology, STAI 
 
ÖZ 
 
AMAÇ 
Çocuklarda lenfadenopati yaygındır ve genellikle iyi huyludur, ancak ebeveynlerde önemli kaygıya neden olabilir. Ebeveynlerin 
durumsal kaygısını ölçtük ve çevrimiçi bilgi arama da dahil olmak üzere klinik ve psikososyal ilişkileri inceledik. 
GEREÇ YÖNTEM 
Tek merkezli kesitsel bir çalışmada, lenfadenopati nedeniyle sevk edilen ardışık 99 çocuğun ebeveynleri Durum-Özellik Kaygı 
Envanterini (STAI) doldurdu. Birincil sonuç durumsal kaygı (STAI-1) idi; özellik kaygısı (STAI-2) bir kovaryat olarak ele alındı. 
Çocuk değişkenleri arasında yaş, cinsiyet, lenfadenopati süresi ve lenf düğümü boyutları (kısa ve uzun eksen) yer aldı. İnternet 
araması (evet/hayır) algılanan yararlılıkla birlikte kaydedildi. Uygun parametrik/parametrik olmayan testler, korelasyonlar ve STAI-
1'i yaş, cinsiyet, süre, kısa eksen, internet araması ve STAI-2 ile çok değişkenli doğrusal regresyon modellemesi kullandık. 
BULGULAR 
Çocukların %60,6'sı erkekti; ortalama yaş 6,87±4,33 yıldı. Lenfadenopati süresinin medyan değeri 8,0 hafta; ortalama kısa eksen 
9,47±3,67 mm ve uzun eksen 22,17±7,37 mm idi. Epstein-Barr virüsü serolojisi %98 oranında negatifti. Ebeveynlerin ortalama STAI-
1 ve STAI-2 değerleri sırasıyla 39,59±9,99 ve 41,24±8,52 idi. İnternet araması (ebeveynlerin %43,4'ü) daha yüksek STAI-1/2 ile ilişkili 
değildi ve STAI skorları kısa eksen ≥10 mm'ye göre farklılık göstermedi. STAI-1, süre ile negatif korelasyon gösterdi (r = −0,204, p = 
0,045). Ayarlanmış modellerde, daha büyük çocuk yaşı (B = 0,660, p = 0,002) ve daha büyük kısa eksen (B = 0,562, p = 0,019) bağımsız 
olarak daha yüksek STAI-1'i öngörürken, daha uzun süre daha düşük STAI-1'i öngördü (B = −0,150, p = 0,002); çoklu doğrusallık 
ihmal edilebilir düzeydeydi (VIF≈1). 
SONUÇ 
Lenfadenopati açısından değerlendirilen çocukların ebeveynleri arasında, akut kaygı, internet aramalarından ziyade objektif lenf 
düğümü boyutu ve çocuk yaşıyla daha fazla ilişkiliydi, daha kısa semptom süresi ise (daha fazla belirsizliği yansıtarak) daha yüksek 
kaygı ile bağlantılıydı. Yapılandırılmış danışmanlık ve net takip planları, lenfadenopati kliniklerinde sıkıntıyı etkili bir şekilde 
azaltmaya yardımcı olabilir. 
ANAHTAR KELİMELER 
Ebeveynler, internet kullanımı, kaygı, lenfadenopati, pediatrik hematoloji, STAI 
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hildhood lymphadenopathy is a common clinical finding 
most often caused by benign, self-limiting conditions. 

Infections, particularly viral upper respiratory tract infections, 
are the most frequent cause of lymphadenopathy in children. 
However, malignancies (e.g., leukemia and lymphoma), 
immunological disorders, and granulomatous infections 
should also be considered in the differential diagnosis. 
Diagnostic evaluation should take into account lymph node 
size, location, and duration, as well as the presence of systemic 
signs and symptoms. From the family’s perspective, 
lymphadenopathy can cause substantial cancer-related fear, 
which in turn is a major driver of healthcare-seeking behavior 
(1,2). 

Visits to pediatric hematology-oncology clinics often 
generate considerable stress and uncertainty for families. 
Receiving or even merely suspecting a diagnosis of a serious 
hematological or oncological condition can cause substantial 
emotional distress, particularly among parents. Such stressful 
encounters may adversely affect caregivers’ well-being, their 
communication with health professionals, and their adherence 
to medical recommendations. 

Parental anxiety is known to influence how medical 
information is interpreted and how decisions are made in 
pediatric settings. The State–Trait Anxiety Inventory (STAI), 
developed by Spielberger et al. (3), is one of the most widely 
used instruments for assessing transient (state) and 
dispositional (trait) anxiety in adults. It is frequently 
administered to caregivers whose children are undergoing 
evaluation or treatment (3,4). 

Numerous studies have shown that parents of 
children with chronic illnesses, particularly cancer or 
hematological disorders, have higher anxiety scores than the 
general population (5,6). These psychological responses are 
shaped by multiple factors, including the child’s clinical status, 
parental educational level, previous health-related 
experiences, and exposure to medical information online (7).  

Understanding the factors that contribute to parental 
anxiety during hematology-oncology consultations is crucial 
for developing effective communication strategies and 
supportive interventions. This study aimed to evaluate state 
and trait anxiety levels in parents of children referred to a 
pediatric hematology-oncology clinic for lymphadenopathy 

and to examine how those levels correlated with selected 
sociodemographic and clinical characteristics. 

 

Materials and Methods 
 

This single-center cross-sectional observational study 
included parents of children who were referred to the Pediatric 
Hematology-Oncology Outpatient Clinic of Manisa City 
Hospital for peripheral lymphadenopathy. Consecutive 
patients were enrolled at the time of their initial evaluations.  

The primary objective was to quantify parental 
anxiety and identify clinical and psychosocial factors 
associated with it. Children under 18 years of age who were 
referred for an initial hematology-oncology evaluation because 
of peripheral lymphadenopathy and were accompanied by 
their primary caregiver (mother, father, or legal guardian) 
were included in the study. While the presence of palpable or 
measurable lymphadenopathy on physical examination or in 
an existing ultrasound report was sufficient for inclusion, all 
millimetric lymph node measurements used in the analyses 
were obtained from ultrasound reports. Short-axis diameters 
were abstracted from ultrasound imaging for all 99 evaluated 
children, ensuring a uniform measurement method across the 
cohort. 

Parents were required to be able to communicate in 
Turkish, understand the study, and provide written informed 
consent. Children presenting for reasons other than 
lymphadenopathy, for whom lymph node enlargement was 
incidentally detected during examination, and for whom no 
follow-up was planned for this finding were excluded, as were 
parents who did not grant consent. In total, 99 consecutive 
parents were enrolled. 

At the initial visit, data were obtained via a face-to-
face structured interview using a standardized form. The first 
section captured child-level clinical information, including age, 
sex, the referring clinic or physician (e.g., general pediatrics, 
pediatric surgery, ear-nose-throat/otolaryngology) and the 
interval (weeks) since lymphadenopathy was first noticed. 
Laboratory results ordered as part of routine care, such as 
complete blood count, erythrocyte sedimentation rate, lactate 
dehydrogenase, uric acid, and, when available, Epstein–Barr 
virus serology, were abstracted from the medical records. 

C 
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Parents were also asked about systemic B symptoms (fever, 
night sweats, and unintentional weight loss). 

For node-size analyses, the short-axis diameter was 
coded as a binary variable (≥10 mm vs. <10 mm), reflecting a 
commonly used clinical threshold that signals a “large” node 
to both clinicians and parents. For research purposes, size-
derived measures based on the long and short axes, using 
equivalent diameter and elliptical area, were computed to 
better characterize node size; these derived metrics were used 
solely in the statistical analyses. 

The second section of the data collection form 
captured psychosocial variables at the caregiver level. These 
included, as applicable, parental education level, any reported 
family history of malignant disease, whether the parent had 
searched the internet for information about the child’s 
lymphadenopathy, and, if the internet was searched, how 
helpful or reassuring the parent had found the information to 
be. This section also assessed parental anxiety. 

Parental anxiety was evaluated using the STAI. The 
reliability and validity of the Turkish version were established 
by Öner and Le Compte in 1985 (8). The STAI consists of two 
separate 20-item subscales. The state anxiety scale (STAI-State; 
referred to here as STAI-1) measures the respondent’s 
immediate, situation-specific level of anxiety and was the 
primary outcome of interest in this study. The trait anxiety 
scale (STAI-Trait; STAI-2) reflects the respondent’s general 
predisposition to anxiety and was treated as a potential 
confounding factor in the statistical models. Each item is rated 
on a four-point Likert-type scale, with higher total scores 
indicating higher levels of anxiety. Parents were asked to 
complete the questionnaire themselves; in cases where literacy 
was a concern, items were read aloud by a researcher in a 
neutral manner and responses were recorded verbatim. 
 
Statistical analysis 

Statistical analyses were performed using IBM SPSS 
Statistics 20. Continuous variables were summarized as mean 
± standard deviation and/or median (minimum–maximum), 
whereas categorical variables were summarized as number 
and percentage. Distributional normality was assessed using 
the Shapiro–Wilk test. STAI-1 and STAI-2 data were available 
for 97 and 98 of the 99 parents, respectively, due to a small 
number of incomplete questionnaires. Analyses were 

performed using available-case (pairwise) deletion, and the 
effective sample size for each analysis is reported in tables. 

Group differences were examined using the 
independent-samples t-test or the Mann–Whitney U test, 
depending on whether normality was confirmed, comparing 
parents who had searched the internet versus those who had 
not and parents of children with a lymph node short-axis 
diameter of ≥10 mm versus <10 mm. Associations between 
parental state anxiety and (i) the child’s age, (ii) the duration of 
lymphadenopathy, and (iii) lymph node size were evaluated 
using Pearson or Spearman correlation coefficients as 
appropriate. 

To identify independent correlates of acute parental 
anxiety, a multiple linear regression model was constructed 
with the STAI-1 score as the dependent variable. The following 
predictors were entered simultaneously: the child’s age and 
sex, the duration of lymphadenopathy in weeks, the lymph 
node short-axis diameter in mm, whether or not the parent had 
sought information on the internet, and the parent’s trait 
anxiety as reflected by the STAI-2 score. Model assumptions 
were checked, including approximate normality of residuals 
and multicollinearity (variance inflation factor). A two-sided 
value of p < 0.05 was considered statistically significant. 
 
Ethics 

The study protocol was approved by the İzmir 
Bakırçay University Ethics Committee (Approval No. 2302) 
and conducted in accordance with the Declaration of Helsinki 
and good clinical practice standards. Written informed consent 
was obtained from all legal guardians before participation. 

 
Results 
 
Patient and caregiver characteristics 

A total of 99 children evaluated for 
lymphadenopathy, together with their accompanying 
caregivers, were included in the study. Of the children, 60.6% 
were male (n = 60). The mean age was 6.87 ± 4.33 years (median: 
6.0 [3.0–9.0], range: 1.0–18.0). At presentation, 
lymphadenopathy had been present for a mean of 15.48 ± 18.20 
weeks (median: 8.0 [1.25–21.0], range: 0.15–52.0). The mean 
short-axis diameter was 9.47 ± 3.67 mm (median: 10.0 [7.0–
11.0], range: 2.0–25.0 mm) and the mean long-axis diameter 
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was 22.17 ± 7.37 mm (median: 22.0 [17.0–26.0], range: 5.0–40.0 
mm). The mean equivalent diameter (√[L × S]) was 14.34 ± 4.63 
mm and the mean elliptical area ([π/4] × L × S) was 178.23 ± 
108.67 mm2. 

Most referrals originated from general pediatrics 
(82.8%), followed by pediatric surgery (7.1%), 

otolaryngology/ear-nose-throat (6.1%), pediatric infectious 
diseases (3.0%), and family medicine (1.0%). Epstein–Barr virus 
serology was negative in 98.0% of cases (n = 97). Overall, 51.5% 
of the children (n = 51) had a short-axis diameter of at least 10 
mm (Tables 1 and 2). 
 

 
Table 1. Descriptive statistics for continuous variables. 

Variable n (valid) Mean ± SD Median [P25–P75] Min–max 
STAI-1 (state) 97 39.59 ± 9.99 38.0 [33.0–47.0] 20.0–64.0 
STAI-2 (trait) 98 41.24 ± 8.52 41.0 [36.0–46.0] 21.0–65.0 
Age (years) 99 6.87 ± 4.33 6.0 [3.0–9.0] 1.0–18.0 

Lymphadenopathy 
duration (weeks) 

99 15.48 ± 18.20 8.0 [1.25–21.0] 0.15–52.0 

Short axis (mm) 99 9.47 ± 3.67 10.0 [7.0–11.0] 2.0–25.0 
Long axis (mm) 99 22.17 ± 7.37 22.0 [17.0–26.0] 5.0–40.0 

Equivalent 
diameter, √(L × S) 

(mm) 
99 14.34 ± 4.63 14.70 [10.15–17.32] 3.16–25.75 

Elliptical area, 
(π/4) × L × S (mm2) 

99 178.23 ± 108.67 
169.65 [80.90–

235.62] 
7.85–520.72 

STAI, State–Trait Anxiety Inventory; SD, standard deviation; P25, 25th percentile; P75, 75th percentile 
 
Table 2. Distribution of categorical variables. 

Variable Category n % 
Sex Male (1) 60 60.6 

 Female (2) 39 39.4 
Referring clinic Pediatrics (1) 82 82.8 

 Pediatric surgery (2) 7 7.1 
 Otorhinolaryngology (3) 6 6.1 
 Family medicine (4) 1 1.0 

 
Pediatric infectious 

disease 
3 3.0 

Internet searching 
status 

Yes (1) 43 43.4 

 No (2) 56 56.6 
Online information’s 

helpfulness 
Helpful (1) 35 35.4 

 Not helpful (2) 8 8.1 

 
Not applicable: did not 

search online (9) 
56 56.6 

Short-axis of ≥10 mm No (0) 48 48.5 
 Yes (1) 51 51.5 

Total n = 99 
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Parental anxiety levels 

The mean parental STAI-1 score was 39.59 ± 9.99 
(median: 38.0 [33.0–47.0], range: 20.0–64.0). The mean STAI-2 
score was 41.24 ± 8.52 (median: 41.0 [36.0–46.0], range: 21.0–
65.0) (Table 1). The distributions of STAI-1 and STAI-2 scores 
did not deviate significantly from normality (Shapiro–Wilk, p 
> 0.05), and the homogeneity of variances was supported in 
between-group comparisons (Levene’s test, p > 0.05 for all). 
 
Internet information- seeking and anxiety 

Overall, 43.4% (n = 43) of parents reported searching 
the internet for information about their child’s 
lymphadenopathy, while 56.6% (n = 56) did not. Of those who 
searched, 81.4% (n = 35) found the information useful or 
helpful, whereas 18.6% (n = 8) did not find it useful (Table 2). 
No significant differences were observed when comparing 
parents who searched the internet (ISS = 1) with those who did 
not (ISS = 2). For STAI-1, the means were 40.05 ± 10.54 (n = 43) 
versus 39.22 ± 9.61 (n = 54); the mean difference was 0.82 points, 
which was not statistically significant (t(95) = 0.40, p > 0.60; 
Cohen’s d = 0.08; 95% CI: –3.25 to 4.89). Similar results were 
obtained for STAI-2 (ISS = 1: 40.70 ± 8.76, n = 43; ISS = 2: 41.67 ± 
8.39, n = 55; t(96) = –0.56, p > 0.50; d = 0.11; 95% CI: –4.43 to 2.48) 
(Table 3). 
 
Lymph node size and anxiety 

There was no significant difference in STAI-1 scores 
between parents of children with a lymph node short-axis 
diameter of ≥10 mm (n = 50) and those with a diameter <10 mm 
(n = 47) (t(95) = 0.028, p = 0.978; Cohen’s d = 0.006; 95% CI: –3.99 
to 4.11). Similarly, STAI-2 scores did not differ between the two 
groups (t(96) = 0.532, p = 0.596; d = 0.108; 95% CI: –2.51 to 4.35). 
Taken together, these results suggest that crossing the 
commonly used 10-mm short-axis threshold does not, by itself, 
meaningfully increase parental anxiety. 
 
Correlation analyses 

Using Pearson correlation coefficients, parental state 
anxiety as reflected by the STAI-1 was not significantly 
associated with the child’s age (r = 0.182, p = 0.075) or sex (r = 
0.096, p = 0.348). However, STAI-1 scores showed a weak but 
statistically significant inverse association with the duration of 

lymphadenopathy (r = –0.204, p = 0.045), indicating that longer 
duration was associated with lower state anxiety (Table 4). 
 

No significant association was observed between 
STAI-1 scores and maternal education (ρ = –0.096, p = 0.350). 
Likewise, node size metrics, including equivalent diameter (ρ 
= 0.125, p = 0.221) and elliptical area (ρ = 0.126, p = 0.218), were 
not correlated with STAI-1. 

Among parents who searched online and rated the 
information as helpful (internet information-seeking [ISS] = 
yes; online information’s helpfulness [OIH] = helpful; n = 35), 
STAI-1 showed no significant correlations with child age, 
duration of lymphadenopathy, or node size (p > 0.05 for all). 
Among parents who searched online and rated the information 
as unhelpful (internet information-seeking [ISS] = yes; online 
information’s helpfulness [OIH] = unhelpful; n = 8), STAI-1 
showed a strong positive correlation with lymph node long-
axis diameter (ρ = 0.85, p = 0.007). Consistent positive 
correlations were also observed with equivalent diameter and 
elliptical area (ρ = 0.74, p = 0.037 for both). Given the very small 
subgroup size, however, these findings should be interpreted 
with caution and regarded as exploratory. 

Among parents who did not search online (ISS = no; n 
= 54), STAI-1 scores were significantly inversely correlated 
with the duration of lymphadenopathy (ρ = –0.399, p = 0.003), 
and there was a borderline positive trend with child age (ρ = 
0.263, p = 0.055). No significant associations were observed 
with node size metrics in this subgroup (p > 0.05 for all) (Table 
5). 

Taken together, these subgroup analyses suggest that, 
among parents who did not search online, anxiety tended to 
decrease as the duration of lymphadenopathy increased, 
consistent with habituation and reduced uncertainty. In 
contrast, in the small subgroup that searched but did not find 
the information helpful, anxiety appeared to be more sensitive 
to the physical size of the lymph node. 

A multiple linear regression model was then fitted 
with STAI-1 score as the dependent variable. The following 
predictors were entered simultaneously: the child’s age and 
sex, the duration of lymphadenopathy in weeks, the lymph 
node short-axis diameter in mm, whether or not the parent had 
sought information online, and the parent’s trait anxiety (STAI-
2 score). Among the results (Table 6), lymphadenopathy 
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duration remained independently and inversely associated 
with STAI-1 (B = –0.150, β = –0.272, p = 0.002; 95% CI: –0.244 to 
–0.055). Short-axis diameter positively predicted STAI-1 (B = 
0.562, β = 0.207, p = 0.019; 95% CI: 0.094 to 1.029). Age was 
independently and positively associated with STAI-1 (B = 
0.660, β = 0.282, p = 0.002; 95% CI: 0.252 to 1.067). Trait anxiety 
(STAI-2) was a strong predictor (B = 0.554, β = 0.475, p < 0.001; 
95% CI: 0.356 to 0.751). Finally, sex (p = 0.357) and internet 
information-seeking (p = 0.703) were not significant. 
Multicollinearity diagnostics indicated a stable model, with 
variance inflation factors of approximately 1.0–1.08 and 
condition index of ≤21.9. Even after adjustment for trait 
anxiety, the two clinical parameters of symptom duration and 
short-axis diameter were independently associated with acute 

parental anxiety. Specifically, a longer duration of 
lymphadenopathy was related to lower state anxiety, whereas 
a larger short-axis diameter was related to higher state anxiety. 
Parental education level 
The distribution of education levels was as follows: not literate, 
1.0%; primary school, 24.2%; middle school, 15.2%; high 
school, 30.3%; associate degree, 13.1%; and bachelor’s degree, 
16.2%. There were no significant differences in parental state or 
trait anxiety across educational levels (STAI-1: H(5) = 5.42, p = 
0.367, ε² ≈ 0.005; STAI-2: H(5) = 6.71, p = 0.243, ε² ≈ 0.019). 
Although mean rank scores suggested a tendency toward 
lower anxiety among parents with a bachelor’s degree for both 
scales, this pattern did not reach statistical significance.

 
 

 
Table 3. STAI scores by internet searching status (t-test). 

Scale 
ISS = Yes 

(n) 
Mean ± 

SD 
ISS = No 

(n) 
Mean ± 

SD 

Mean 
diff. 

(Yes – 
No) 

t (df) 
p (two-
tailed) 

95% CI 
of diff. 

Cohen’s 
d 

STAI-1 43 
40.05 ± 
10.54 

54 
39.22 ± 

9.61 
0.82 

0.40 
(95) 

>0.60 
–3.25 to 

4.89 
0.08 

STAI-2 43 
40.70 ± 

8.76 
55 

41.67 ± 
8.39 

−0.98 
–0.56 
(96) 

>0.50 
–4.43 to 

2.48 
0.11 

ISS, Internet searching status; SD, standard deviation; df, degrees of freedom; CI, confidence interval; STAI, State–Trait Anxiety 
Inventory 
 
 

Table 4. Pearson correlations of STAI-1 with selected variables. 
Independent variable r p n 
Age (years) 0.182 0.075 97 
Lymphadenopathy 
duration (weeks) 

–0.204* 0.045 97 

Sex (0 = Female, 1 = 
Male) 

0.096 0.348 97 

STAI:,State–trait anxiety inventory; *, significant at p < 0.05 
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Table 5. Spearman correlations between STAI-1 and clinical variables by subgroup. 

Variable 
ISS = Yes & OIH = 
Helpful 

ISS = Yes & OIH = Not 
helpful 

ISS = No 

Age (years) 0.108 (0.535) 0.233 (0.578) 0.263 (0.055) 
Lymphadenopathy 
duration (weeks) 

–0.278 (0.106) 0.036 (0.933) –0.399 (0.003) 

Short axis (mm) –0.053 (0.760) 0.528 (0.179) 0.086 (0.534) 
Long axis (mm) –0.045 (0.796) 0.850 (0.007) 0.104 (0.456) 
Equivalent diameter, 
√(L × S) (mm) 

–0.019 (0.915) 0.738 (0.037) 0.117 (0.398) 

Elliptical area, (π/4) × L 
× S (mm2) 

–0.017 (0.922) 0.738 (0.037) 0.118 (0.395) 

ISS, Internet searching status; OIH , online information’s helpfulness; cells show ρ (p), two-tailed 
Group sizes:,Helpful, n = 35; Not helpful, n = 8; Did not search, n = 54 

 
 

Table 6. Multiple linear regression for STAI-1 (adjusted for STAI-2). 

Predictor B SE 
β 

(standardized) 
t p 

95% CI 
(lower–
upper) 

Constant 12.669 6.708 – 1.889 0.062 
–0.660 to 

25.999 
Lymphadenopathy 
duration (weeks) 

–0.150 0.048 –0.272 –3.150 0.002 
–0.244 to –

0.055 

Short axis (mm) 0.562 0.235 0.207 2.388 0.019 
0.094 to 

1.029 

Age (years) 0.660 0.205 0.282 3.215 0.002 
0.252 to 

1.067 
Sex (1 = Male, 2 = 

Female) 
–1.646 1.777 –0.081 –0.927 0.357 

–5.178 to 
1.885 

Internet searching 
(1 = Yes, 2 = No) 

–0.663 1.736 –0.033 –0.382 0.703 
–4.111 to 

2.786 

STAI-2 (trait) 0.554 0.099 0.475 5.578 <0.001 
0.356 to 

0.751 
Dependent variable:,STAI-1 (state anxiety) 
Collinearity diagnostics:,Variance inflation factor ≈ 1.0–1.08; condition index ≤ 21.9 (no problematic multicollinearity) 

 
 
Discussion 
 

This study examined parental anxiety at the time of 
referral to a pediatric hematology-oncology clinic for 
lymphadenopathy and explored factors associated with this 
anxiety. Overall, parents’ STAI-1 scores fell within the mild-to-

moderate range, and a history of seeking information on the 
internet was not associated with these scores. Although a 
short-axis diameter of ≥10 mm did not, by itself, produce a 
significant difference in anxiety, multivariable analysis 
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showed that a greater short-axis diameter and older age of the 
child were positively associated with STAI-1 scores, whereas a 
longer duration of lymphadenopathy was negatively 
associated. As expected, parental STAI-2 scores emerged as a 
strong predictor of state anxiety. 

Most cervical lymphadenopathy in childhood is 
benign and self-limiting, typically reflecting a reactive 
response to infection, and contemporary clinical guidance 
generally favors observation when no red-flag features are 
present. Against this epidemiological backdrop, parental 
“cancer fear” may not align with medical reality and is often 
fueled by uncertainty. The anxiety levels observed in our 
cohort and the absence of a distinct effect at the 10-mm 
threshold are consistent with this framework. 

The inverse association between lymphadenopathy 
duration and anxiety suggests two possible mechanisms: (i) 
many reactive nodes gradually regress over the course of 
several weeks, thereby reducing acute uncertainty, and (ii) 
families progressively reappraise the perceived threat as they 
gain information and experience (habituation/adaptation). 
This interpretation is consistent with the generally benign and 
self-limiting nature of pediatric lymphadenopathy. 

The positive association between short-axis diameter 
as a continuous measure and anxiety is also notable: as 
morphologic “thickness” increases, parents may perceive the 
risk as higher. Conversely, the absence of a group difference at 
the 10-mm threshold suggests that parental risk perception is 
shaped less by a sharp threshold and more by graded, 
integrative cues (e.g., perceived firmness or tenderness, 
symptom duration, and accompanying features). The strong 
effect of trait anxiety is expected and underscores the 
importance of distinguishing between the state and trait 
components of the STAI when interpreting parental anxiety in 
clinical contexts (7). 

An interesting finding of our multivariable model was 
that the child’s age was an independent predictor of higher 
parental state anxiety, even after adjustment for trait anxiety 
and lymph node size. We speculate that parents may perceive 
lymphadenopathy in older children as less common and 
therefore more alarming. In addition, older children’s greater 
awareness of and questions about serious illness may heighten 
parental worry. Further longitudinal research is required to 

clarify how age-related differences in risk perception and 
family communication influence this association. 

The neutral overall association between internet 
information-seeking and anxiety in our cohort is consistent 
with the mixed findings in the literature. Online health 
information can exacerbate anxiety in some individuals, a 
situation known as “cyberchondria,” particularly when the 
information is fragmented, alarmist, or poorly tailored to the 
clinical situation. In contrast, structured and trustworthy 
digital resources may promote understanding and provide 
reassurance, especially for parents with adequate e-health 
literacy. Although limited by small numbers, our subgroup 
findings suggest that the perceived usefulness of online 
information may be more important than the mere act of 
searching (9,10). 

From a clinical standpoint, providing structured 
counseling at the initial consultation, together with a clear 
follow-up plan including red flags, return criteria, and review 
timings, may help reduce unnecessary investigations and 
clinician burnout while also lowering parental anxiety. 
Evidence from pediatric surgery and anesthesia shows that 
written or video-based information for parents can reduce 
anxiety as measured by the STAI; similar strategies could be 
adapted for lymphadenopathy clinics. In addition, 
standardized evaluation pathways incorporating history 
taking, physical examination, red-flag screening and, when 
indicated, ultrasound and targeted laboratory tests are likely to 
improve clinical efficiency as well as family satisfaction (11-13). 

This study has several strengths, including the 
consecutive enrollment of participants, concurrent assessment 
of both state and trait anxiety, and the linkage of psychological 
outcomes to clinical parameters through multivariable 
modeling. However, its cross-sectional single-center design 
precludes causal inference and carries a risk of referral bias.  

The anxiety measures relied on self-report; although 
the STAI is a valid and reliable instrument, scores may vary 
depending on the clinical context at the time of assessment. 
Lymph node measurements were obtained from ultrasound 
examinations and existing reports, which introduces potential 
variability in observer interpretation and imaging protocols.  

The commonly used cut-off of a short-axis diameter of 
≥10 mm is a pragmatic heuristic and may not fully capture 
biological continuity. While the total sample size was adequate 
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for the primary analyses, statistical power was limited for 
subgroup comparisons and for some parameters in the 
multivariable models, increasing the risk of type II error. In 
particular, subgroup analyses based on the perceived 
helpfulness of online information involved small numbers of 
individuals and should therefore be regarded as exploratory.  

Furthermore, the absence of an external comparison 
group (e.g., parents of healthy children or those presenting 
with clearly reactive lymphadenopathy in primary care) 
restricts the interpretation of the relative magnitude of the 
STAI scores observed in this cohort. Information-seeking on 
the internet and its perceived helpfulness were based on 
subjective reports, and some subgroups were small, resulting 
in imprecise estimates. Without follow-up data, it was not 
possible to evaluate trajectories of anxiety over time or clinical 
outcomes (e.g., spontaneous resolution or the need for further 
testing/biopsy). Therefore, the findings should be interpreted 
in the context of a single-center cross-sectional cohort study 
and should ideally be confirmed in larger multicenter 
prospective studies with standardized imaging and 
communication protocols and, where feasible, external control 
groups. 

Conclusion 
 
Pediatric lymphadenopathy is most often benign, but 

it can elicit substantial parental anxiety. In our cohort, anxiety 
increased with greater short-axis diameter and older child age, 
but decreased as symptom duration lengthened, consistent 
with diminishing uncertainty. Internet searching was not an 
independent determinant. In clinical practice, structured 
counseling, guidance toward reliable information sources, and 
the integration of stepwise evaluation algorithms are 
recommended to enhance safety and improve the overall 
experience of families. 
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approval from the İzmir Bakırçay University Ethics Committee 
(Approval No. 2302) and adhered to the principles of the 
Declaration of Helsinki and good clinical practice standards. 
 
Conflict of interest  

The authors report no conflict of interest. 
 

References  
 

1. Cameron, D., Stetson, A., Blase, J., & Weldon, C. 
Pediatric Lymphadenopathy. Advances in pediatrics. 
2025; 72.  

2. Pecora, F., Abate, L., Scavone, S., Petrucci, I., Costa, F., 
Caminiti, C., et al. Management of Infectious 
Lymphadenitis in Children.Children. 2021; 8. 

3. Spielberger CD, Gorsuch RL, Lushene R. Manual for 
the State-Trait Anxiety Inventory. Palo Alto, CA: 
Consulting Psychologists Press; 1970. 

4. Julian LJ. Measures of anxiety: State-Trait Anxiety 
Inventory (STAI), Beck Anxiety Inventory (BAI), and 
Hospital Anxiety and Depression Scale-Anxiety 
(HADS-A). Arthritis Care Res. 2011;63(S11):S467-
S472. 

5. Pai AL, Greenley RN, Lewandowski A, et al. A meta-
analytic review of the influence of pediatric cancer on 
parent and family functioning. J Fam Psychol. 
2007;21(3):407-15. 

6. Mess E, Misiąg W, Klaszczyk T, Kryś K. Depressive 
and Anxiety Disorders of Parents of Children with 
Cancer. Journal of Clinical Medicine. 
2022;11(19):5670.  

7. Boutin-Foster C, Foster JC, Konopasek L. Viewpoint: 
Physician, know thyself: The professional culture of 
medicine as a framework for teaching cultural 
competence. Acad Med. 2008;83(1):106-111. 

8. Öner N, Le Compte A. State-trait anxiety inventory 
handbook. 2nd ed İstanbul: Boğaziçi University Press; 
1985. 

9. Sansakorn P, Mushtaque I, Awais-E-Yazdan M, Dost 
MKB. The Relationship between Cyberchondria and 
Health Anxiety and the Moderating Role of Health 
Literacy among the Pakistani Public. Int J Environ Res 
Public Health. 2024 Sep 2;21(9):1168. 



Research Article 
        

 
 
 

121 
 

Year: 2026 
Volume: 40 
Issue:1 

 

RESEARCH ARTICLE  
         Pages:111-121 
 

10. Xiao P, Zhang Y, Wu Y. Exploring the relationship 
between multidimensional health information 
overload and cyberchondria: the mediating role of 
rumination". Online Information Review. 2025 Vol. 49 
No. 6 pp. 1247–1264. 

11. Luengo TD, Rivas AB, Loureido E, Vargas E. 
Reducing preoperative anxiety in parents of surgical 
patients. Heliyon. 2023 May 4;9(5):e15920. 

12. Rudravaram S, Gupta A, Kalra B, Malhotra S, Gupta 
MK, Kamal G, Agarwal S, Parida R. Evaluation of 
parental anxiety following three methods of pre-
anesthesia counseling: Video, brochure and verbal 
communication. Paediatr Anaesth. 2024 Jul;34(7):665-
670. 

13. Nytun KL, Moldestad IO, Snibsøer AK, Espehaug B. 
The effect of web-based preoperative information on 
parents of children who are going through elective 
ambulatory surgery: A systematic review and meta-
analysis. Patient Educ Couns. 2022 Dec;105(12):3389-
3397. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 



Research Article 
        

 
 
 

123 
 

Year: 2026 
Volume: 40 
Issue: 1 

 

RESEARCH ARTICLE  
           Pages:123-136 
  

Efficacy and safety of bleomycin–lipiodol transarterial 
chemoembolization in giant hepatic hemangiomas: 
Insights from a single-center experience 
 
Dev hepatik hemanjiomların tedavisinde bleomisin–lipiodol 
transarteriyel kemoembolizasyonun etkinliği ve güvenliği: Tek merkez 
deneyimi 
 

Halil Serdar ASLAN1 
Kadir Han ALVER1 
Mehmet ALPUA2 
Sevda YILMAZ3 

 

 

 

1 Pamukkale University, Faculty of Medicine, Department of Radiology, Denizli, Türkiye 
2Pamukkale University, Faculty of Medicine, Department of Gastroenterology, Denizli, Türkiye 
3Pamukkale University, Faculty of Medicine, Department of General Surgery, Denizli, Türkiye 
 

 
Bleomycin – Lipiodol TACE Results  
Received: 05.11.2025 
Accepted: 27.12.2025 
DOI:10.18614/dehm.1873881 
 
 
Corresponding author 
Halil Serdar ASLAN 
ORCID ID: 0000-0002-5255-8618 
hsaslan@pau.edu.tr



Research Article 
        

 
 
 

124 
 

Year: 2026 
Volume: 40 
Issue: 1 

 

RESEARCH ARTICLE  
           Pages:123-136 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

ABSTRACT 
 
BACKGROUND 
This study aimed to evaluate the efficacy and safety of bleomycin–lipiodol transarterial chemoembolization in the treatment of giant 
hepatic hemangiomas based on data from our center and to assess volumetric changes in non-target hemangiomas, as well as the 
contribution of a coil-assisted superselective approach to procedural safety. 
METHODS 
Retrospective data from 23 patients who underwent bleomycin–lipiodol transarterial chemoembolization for the treatment of giant 
hepatic hemangiomas between October 2018 and December 2024 were analyzed. Target hemangioma volumes were calculated before 
the procedure and at 6 months of follow-up. Clinical success was defined as ≥ 50% volume reduction on ultrasonography at 6 months. 
Non-target hemangiomas were evaluated at mid- and long-term follow-up. Detachable mechanical coil embolization was performed 
for 4 patients to prevent reflux and vasospasm in the non-lesional parenchyma. Complications were classified according to 
Cardiovascular and Interventional Radiological Society of Europe standards. 
RESULTS 
The mean age of the patients was 51.2 ± 8.6 years, and 19 (82.6%) were female. No major complications or mortality were observed; 
minor complications occurred in 3 patients (13%). At 6 months, the mean volume reduction rate was 54.2 ± 11.3% (p < 0.001). Clinical 
success was achieved in 20 cases (87.0%). Volume reduction increased with longer follow-up, reaching 83% at 24 months and 94% at ≥ 
36 months. Among 10 patients with multiple hemangiomas, non-target lesions demonstrated an average 85% reduction in volume in 
mid- to long-term follow-up evaluations. 
CONCLUSION 
Bleomycin–lipiodol transarterial chemoembolization is a safe and effective treatment for giant hepatic hemangiomas, achieving high 
efficacy with low morbidity. The treatment provides significant volume reduction not only in target lesions but also in non-target 
hemangiomas, suggesting a potential locoregional or diffuse pharmacological effect beyond the directly embolized area. Coil-assisted 
superselective embolization substantially enhances procedural safety. 
KEYWORDS 
Bleomycin, embolization, eemangioma, lipiodol, liver 
 
ÖZ 
 
AMAÇ 
Dev hepatik hemanjiyom tedavisinde bleomisin-lipiodol transarteriyel kemoembolizasyonun etkinliğini ve güvenilirliğini 
merkezimizin verileri ışığında değerlendirmek; hedef dışı hemanjiyomlardaki hacimsel değişimleri ve ayrıca coil destekli süperselektif 
yaklaşımın işlem güvenliğine katkısını incelemektir. 
GEREÇ YÖNTEM 
Ekim 2018- Aralık 2024 tarihleri arasında kliniğimizde dev hepatik hemanjiyom tanısıyla bleomisin-lipiodol transarteriyel 
kemoembolizasyon uygulanan 23 hastanın retrospektif verileri analiz edildi. İşlem öncesi ve 6. ayda hedef hemanjiyom hacimleri 
hesaplandı. Klinik başarı, 6. ayda ultrasonografi ile %50 ve üzerinde hacim azalması olarak tanımlandı. Hedef dışı hemanjiyomlar orta 
ve uzun vadede değerlendirmeye alındı. Lezyon dışı parankime reflü ve vazospazmı engellemek amacıyla dört hastada mekanik 
ayrılabilir coil embolizasyon kullanıldı. Komplikasyonlar Avrupa Kardiyovasküler ve Girişimsel Radyoloji Derneği kılavuzlarına göre 
değerlendirildi. 
BULGULAR 
Hastaların ortalama yaşı 51,2 ± 8,6 olup, 19 hasta (% 82,6) kadındı. Majör komplikasyon veya mortalite gözlenmedi; minör 
komplikasyon üç hastada (%13) gelişti. 6. ayda ortalama hacim azalması % 54,2 ± 11,3 olarak hesaplandı (p < 0,001). Klinik başarı oranı 
20 olguda (%87,0) elde edildi. Takip süresi uzadıkça hacimsel küçülmenin arttığı (24. ayda %83, 36. ay ve üzerinde %94) saptandı. 
Multipl hepatik hemanjiyomlu 10 hastada hedef dışı lezyonlarda orta/uzun dönem takipte ortalama %85 hacim azalması gözlendi. 
SONUÇ 
Bleomisin-lipiodol transarteriyel kemoembolizasyon, dev hepatik hemanjiyomların tedavisinde yüksek etkinlik ve düşük morbidite 
oranı ile güvenli bir yöntemdir. Tedavi, yalnızca hedef lezyonda değil, aynı zamanda hedef dışı hemanjiyomlarda da anlamlı hacim 
azalması sağlayarak ilacın lokal-bölgesel etkinin ötesinde bir etkiye sahip olabileceğine işaret etmektedir. Koil destekli süperselektif 
embolizasyon, işlem güvenliğini önemli ölçüde artırmaktadır. 
ANAHTAR KELİMELER 
Bleomisin, embolizasyon, hemanjiyom, karaciğer, lipiodol 
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epatic hemangiomas (HHs) are benign tumors of 
mesodermal origin that are supplied by the hepatic 

arterial system and composed of blood-filled vascular spaces 
lined by a single layer of flattened endothelial cells (1). They 
are approximately 5–6 times more common in women than in 
men (2). Most HHs are incidentally detected during 
radiological examinations and may appear as solitary or 
multiple lesions. Lesions are generally confined to a single 
lobe; however, in some cases, they may involve the entire liver. 
Based on size, they are classified as small or, when larger than 
5 cm, as giant hepatic hemangiomas (GHHs); sizes ranging 
from 1 mm to 50 cm have been reported in the literature (3,4). 
The vast majority of HHs are asymptomatic and incidentally 
detected. However, some patients may develop symptoms 
such as abdominal distension, pain, nausea, or hemorrhage, 
often necessitating interventional treatment (5). In particular, 
symptomatic GHHs pose significant clinical challenges due to 
potential complications, and therapeutic options should be 
carefully evaluated in these cases (6). 

Until the 2010s, surgical management was widely 
accepted as the primary treatment for symptomatic GHHs (7). 
However, in the early 2000s, transarterial chemoembolization 
(TACE) emerged as an alternative therapeutic modality. This 
technique is based on selective catheterization of the artery 
supplying the lesion, followed by the administration of 
chemotherapeutic agents such as bleomycin or pingyangmycin 
mixed with lipiodol to achieve sinusoidal opacification and 
embolization of the lesion. In addition, the use of an ethyl 
alcohol–lipiodol mixture solely as an embolic agent has also 
been described as an alternative treatment approach (8,9). 
Numerous studies have shown that TACE is both effective and 
safe in the treatment of GHHs (10,11). These favorable 
outcomes have led to its increasing adoption as a primary 
therapy for GHHs. In recent years, multiple reports on TACE 
using a bleomycin–lipiodol mixture have further encouraged 
the use of this locoregional therapy as a first-line option (12–
15). Moreover, a recent study made a noteworthy contribution 
by demonstrating the volumetric shrinkage of non-target HHs 
located in liver segments not supplied by the embolized 
hepatic artery branch during follow-up in patients with 
multiple HHs after superselective bleomycin–lipiodol TACE of 
the target lesion (16). 
 

The aim of this study was to evaluate, using data from 
our center, the efficacy of bleomycin–lipiodol TACE, an 
increasingly utilized method in the treatment of GHHs. In this 
context, we analyzed volumetric changes in target 
hemangiomas at the 6-month follow-up according to 
ultrasonography (USG) as well as volumetric changes of 
lesions, including non-target HHs, according to cross-sectional 
imaging [computed tomography (CT) and magnetic resonance 
imaging (MRI)] performed for mid-term (24-month) and long-
term (36-month) follow-up. In addition, we aimed to contribute 
to the literature by emphasizing the value of coil-assisted 
bleomycin–lipiodol TACE in preventing non-target 
embolization. 

 

Materials and Methods 
 

This retrospective study was approved by the 
Pamukkale University Ethics Committee (Pamukkale 
University Non-Interventional Clinical Research Ethics 
Committee, 18/02/2025, file number: E-60116787-020-657768). 
Informed consent was obtained from all patients prior to the 
procedure. This study retrospectively reviewed the medical 
records and archived radiological images of patients 
diagnosed with GHH by dynamic CT or MRI and treated with 
bleomycin–lipiodol TACE at the Pamukkale University 
Faculty of Medicine Hospital between October 2018 and 
December 2024. The cohort included all patients treated with 
this method since its implementation at our institution. 
Twenty-six patients who underwent bleomycin–lipiodol 
TACE were identified in our hospital’s archives. Data from 23 
followed patients, including those with GHHs and non-target 
HHs, as well as those who underwent coil embolization to 
prevent non-target embolization, were included in the 
analysis. 

Patients included in this study were those diagnosed 
with GHH, with or without multiple HHs, in cross-sectional 
examinations such as dynamic CT (Ingenuity 128, Philips 
Medical Systems, the Netherlands) or dynamic MRI (Ingenia, 
Philips Healthcare, the Netherlands). All HH volumes were 
calculated in cubic centimeters using the ellipsoid formula 
during USG (Aplio XG, Toshiba Medical Systems Corp., Japan; 
Acuson Sequoia, Siemens Healthineers, USA). Volume 
measurements were performed by the interventional 
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radiologist who conducted the procedures. Lesion location was 
categorized as right lobe, left lobe, or bilobar. In addition, the 
absence of contraindications such as uncorrectable 
coagulopathy, platelet count of < 50,000/mm3, or active 
infection was confirmed. 

Owing to the retrospective nature of the study, all 
procedures had been performed by a single interventional 
radiologist (H.S.A.) with approximately 20 years of experience 
in vascular interventions, using a C-arm angiography system 
(Artis Zee, Siemens Healthineers, Germany). After establishing 
sterile conditions prior to TACE, femoral artery puncture was 
performed under local anesthesia with an 18-G Seldinger 
needle (Egemen International, Türkiye). Following the 
placement of a 5-F introducer sheath, the abdominal aorta was 
imaged and vascular anatomy and feeder arteries were 
identified using a 5-F pigtail catheter. With selective 
angiography of the celiac and superior mesenteric arteries, 
hepatic arterial variants and the feeder artery of the GHH were 
determined using diagnostic Simmons 1 or Cobra catheters 
(TaHa Biomedical, Türkiye). The feeder arteries were then 
superselectively catheterized with a 2.7-F microcatheter and a 
microwire (Renegade HIFLO, Boston Scientific Corp., USA). 

Embolization of the target hemangioma was 
performed selectively via the feeder arteries. Bleomycin sulfate 
(Blemisin 15 mg, Koçak Farma, Türkiye) was dissolved in 5 mL 
of normal saline and then 10 mL of ethiodized oil (Lipiodol 
Ultra-Fluid, Guerbet, France) was added; using the three-way 
stopcock technique and 20-mL syringes, the mixture was 
agitated at least 20 times until a homogeneous emulsion was 
achieved. A total of 15 mL of the mixture was selectively 
infused through the microcatheter. For hemangiomas larger 
than 10 cm in diameter, doses of up to a maximum of 30 mg of 
bleomycin and 20 mL of ethiodized oil were administered, 
reaching a maximum total volume of 30 mL. The endpoint of 
embolization was defined as complete opacification of the 
GHH sinusoids by the mixture, with the goal of achieving 
complete stasis in the feeder artery. If complete stasis was not 
achieved after infusion of the mixture, polyvinyl alcohol (PVA) 
particles of 300–500 µm (Embosoft Microspheres, Scitech 
Medical, Brazil) were used to obtain full stasis. Avoiding reflux 
is critical to prevent exposure of non-target parenchyma to 
bleomycin. Therefore, in cases where the lesion’s feeder artery 
shared a common origin with a branch supplying normal 
parenchyma, or where a branch supplying normal 
parenchyma originated from the GHH feeder and distal caliber 
reduction led to vasospasm and reflux in the normal 

parenchyma, coil embolization with mechanically detachable 
coils (2–3 × 40 mm) sized to the vessel diameter (Concerto 
Detachable Coil System, Medtronic, USA) was performed for 
some patients prior to infusion of the mixture (Figure 1). 

All procedures were performed in a single session. 
Technical success was defined as successful catheterization of 
the vessel feeding the GHH and infusion of the mixture 
without reflux. Postprocedural major and minor complications 
were evaluated according to Cardiovascular and 
Interventional Radiological Society of Europe guidelines (17). 
Minor complications included groin access-site hematoma, 
pseudoaneurysm, transient elevation of liver function tests, 
and postembolization syndrome (PES). PES was defined and 
recorded as abdominal pain, nausea, vomiting, and fever. The 
postprocedural hospital stay was 1 day for patients without 
PES; patients who developed PES were discharged after an 
additional 2 or 3 days of supportive care. Major complications 
were defined as hepatic failure and death. 

In our clinic, routine USG follow-up is recommended 
at 6 and 12 months after the procedure for short-term 
assessment. All patients attended the 6-month USG follow-up 
appointment, and due to low adherence at 12 months, only the 
6-month USG data were included in the analysis. Short-term 
clinical success was defined as a ≥ 50% reduction in target 
lesion volume measured by USG at 6 months by the 
interventional radiologist who had performed the procedure. 
In contrast, mid-term (24-month) and long-term (36-month) 
volumetric evaluations were not part of a predefined routine 
follow-up protocol but were performed using cross-sectional 
imaging studies (CT or MRI) conducted at our institution for 
other clinical indications. In these assessments, volumetric 
changes in GHHs and non-target HHs were analyzed by 
comparison with preprocedural cross-sectional imaging. 
 
Statistical analysis 

Statistical analyses were performed using IBM SPSS 
Statistics 25.0 (IBM Corp., USA). Continuous variables were 
expressed as mean ± standard deviation, median (minimum–
maximum), and interquartile range; categorical variables were 
summarized as number and percentage (%) values. Normality 
was assessed with the Shapiro–Wilk test. For continuous 
variables not normally distributed, the Wilcoxon signed-rank 
test was used to evaluate the significance of differences 
between pre- and postprocedural volumes. The volume 
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reduction rate (%) was calculated as (preprocedural volume − 
postprocedural volume) / preprocedural volume × 100. 
Relationships between the volume reduction rate and baseline 

volume and follow-up duration were examined using 
Spearman rank correlation analysis. Values of p < 0.05 were 
considered statistically significant for all tests. 

 

 
 

 
Figure 1. (a) Angiographic image obtained via a microcatheter advanced into the right hepatic artery in a 45-year-old female 
patient presenting with right upper quadrant pain and fullness, demonstrating a giant hemangioma in the right hepatic lobe. (b) 
Post-treatment angiographic image following transarterial administration of a bleomycin–lipiodol combination, showing 
extensive lipiodol retention throughout the lesion with markedly reduced tumoral vascularity. 
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Results 
 
A total of 26 patients who underwent bleomycin–

lipiodol TACE were identified from our institutional archival 
records. However, three of these patients were excluded from 
the study because they had not completed the 6-month USG 
follow-up required by the study’s inclusion criteria (Figure 2). 
The demographic characteristics and procedural details of the 

remaining 23 patients included in the analysis are summarized 
in Table 1. The mean age of the patients was 51.2 ± 8.6 years 
and the majority were female (82.6%). Regarding anatomical 
distribution, right lobe involvement was predominant (65.2%), 
and approximately half of the patients (43.5%) had multiple 
HHs. 

 

 

 
 
Figure 2. Flowchart of the study population, procedural details, and clinical outcomes 
TACE, Transarterial chemoembolization; USG, ultrasonography; PVA, polyvinyl alcohol; PES, postembolization 

syndrome; VRR, volume reduction rate 
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Table 1. Demographic, clinical, and procedural characteristics 

Characteristic Subcategory Value 

Number of Patients Total (n) 23 

Age 
Mean ± SD (years)  
Range (years) 

51.2 ± 8.6  
36 – 71 
 

Sex 
Female (n, %)  
Male (n, %) 

19 (82.6%)  
4 (17.4%) 
 

Lesion number 
Solitary (n, %) 
Multiple (n, %) 

13 (56.5%)  
10 (43.5%) 
 

Location 
Right Lobe (n, %)  
Left Lobe (n, %)  
Bilobar (n, %) 

15 (65.2%)  
7 (26.1%)  
1 (8.7%) 
 

Symptoms 
Present (n, %)  
Absent (n, %) 

11 (47.8%)  
12 (52.2%) 
 

Supportive technique 
Coil (n, %)  
PVA particle (n, %) 

4 (17%)  
5 (21.7%) 
 

Success 
Technical (n, %)  
Clinical (n, %) 

23 (100%)  
20 (87%) 
 

Complications 
Major (n)  
Minor (n, %) 

0  
3 (13%) 

SD, Standard deviation. 
 
 
Technical success was achieved in all patients (100%), 

with superselective catheterization of the feeding artery of the 
GHH. In 4 cases (17%), mechanical detachable coil 
embolization was successfully performed to prevent 
vasospasm and reflux in the normal hepatic parenchyma. 

In USG evaluations performed at the 6-month follow-
up, a statistically significant reduction in target GHH volumes 
was observed compared to preprocedural measurements (p < 
0.001). The mean volumetric reduction rate at 6 months was 
54.2%, resulting in clinical success in 20 of the 23 patients 

(87.0%). Even in the 3 patients who did not meet the clinical 
success criteria at 6 months, volumetric reduction continued 
during follow-up, reaching volume loss of 78% to 85% in the 
long term (Figure 3). 

A significant positive correlation was identified 
between follow-up duration and the degree of volume 
reduction (p = 0.007), indicating that the therapeutic effect 
increased over time. Mid-term (24-month) and long-term (36-
month and beyond) results obtained using CT or MRI 
demonstrated mean volumetric reduction rates of 83.0% and 
94.1%, respectively (Table 2). 
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In patients with multiple HHs, evaluation of non-
target lesions revealed a marked volumetric reduction, with a 
mean decrease of approximately 85% observed during mid- 
and long-term follow-up (Figure 4). 

No procedure-related major complications or 
mortality occurred. Minor complications were observed in 3 
patients (13%) in the form of PES and all of these patients were 
successfully managed with supportive treatment and 
discharged without sequelae. During the follow-up period, no 
radiological recurrence was observed in the treated target 

lesions and none of the patients required repeat bleomycin–
lipiodol TACE or surgical intervention. Among the 11 patients 
(47.8%) who presented with symptoms, marked clinical 
improvement in pain and abdominal fullness was achieved at 
the 6-month follow-up. No non-target embolization or related 
complications were observed in patients who underwent coil-
assisted embolization. 

 
 

 
 

 
 
Figure 3.  (a) Preprocedural contrast-enhanced upper abdominal computed tomography (CT) image demonstrating a 

large hypodense lesion in the right hepatic lobe, measuring approximately 196.95 × 138.41 mm, nearly occupying the entire right 
lobe and causing diffuse enlargement of the liver.  (b) Contrast-enhanced upper abdominal CT obtained 24 months after treatment 
showing a marked reduction in lesion volume, now measuring approximately 74.79 × 79.82 mm, consistent with significant 
postprocedural involution of the hemangioma. 
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Table 2. Volumetric outcomes of target and non-target hepatic hemangiomas at different follow-up intervals 

SD, Standard deviation; USG, ultrasonography; CT, computed tomography; MRI, magnetic resonance imaging 
 

  

n 
(patients) 

Preprocedural 
volume (cm³), 

mean ± SD 
(min-max) 

Postprocedural 
volume (cm³), 

mean ± SD 
(min-max) 

Volume  
reduction ratio 

(%) 

Target 

6-month control with USG 23 
464.2 ± 733.5 
(52 – 3452) 

189.8 ± 245.2 
(25 – 1100) 

 
54.2% 

24-month control with CT/MRI 7 
835.1 ± 1190.8 
(163 – 3452) 

138.4 ± 106 
(11 – 293) 83.0% 

36-month control with CT/MRI 9 
765 ± 263.7 
(138 – 1004) 

45.2 ± 84.7 
(3 – 273) 94.1% 

            

Non- 
target 24- or 36-month control with 

CT/MRI 7 
31.4 ± 27.4 
(18 – 155) 

4.7 ± 4.1 
(1 – 25) 85.0% 
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Figure 4. (a) Preprocedural contrast-enhanced abdominal computed tomography (CT) image of a 42-year-old female 

patient presenting with right upper quadrant fullness and dyspepsia, demonstrating both a target hepatic hemangioma 
(quadrilateral star) and a concomitant non-target hemangioma (white arrow). (b) Contrast-enhanced CT image obtained 36 
months after treatment, demonstrating marked volumetric reduction of both the target lesion (quadrilateral star) and the non-
target hemangioma (white arrow) following bleomycin–lipiodol transarterial chemoembolization. 
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Discussion 
 

This study evaluated the effectiveness of bleomycin–
lipiodol TACE in the treatment of GHHs. The findings 
demonstrated an average 54% reduction in target lesion 
volume 6 months after the procedure, with clinical success 
achieved in the majority of cases (87%). Results from a large 
series of 241 patients reported by Yuan et al. support our 
findings; in that study, the proportion of GHHs exhibiting 
>50% reduction in maximum diameter at 6 months after TACE 
was 88.1%, indicating a high rate of early success (10). We also 
observed continued gradual shrinkage beyond 6 months, and 
the strong positive correlation between follow-up duration and 
volume reduction underscores the increasing effectiveness of 
the treatment over time. Collectively, these results show that 
bleomycin–lipiodol TACE yields meaningful and durable 
volumetric reductions in the treatment of GHHs. These 
outcomes are consistent with prior reports indicating that 
bleomycin–lipiodol TACE is an effective and safe option for 
GHHs (10–15). Furthermore, the absence of major 
complications again highlights the feasibility of this method 
with low morbidity. 

The findings of our study are consistent with recent 
meta-analyses evaluating the efficacy and safety of TACE in 
the treatment of GHHs. In a meta-analysis including 2617 
patients, Günkan et al. reported an approximately 100% 
technical success rate, a clinical success rate of 99.9%, and a 
radiological success rate of 81.9% for TACE (18). Similarly, Elek 
et al. reported a clinical success rate of 99.9% in the TACE 
group (19), supporting the high clinical success (87%) and 
significant volumetric reduction observed in our series. From a 
safety perspective, the incidence of severe adverse events 
related to TACE has been reported to range between 0.2% and 
0.26%, which is markedly lower than the major complication 
rates for thermal ablation techniques (1.99%–2.08%) (18, 20). 
The absence of major complications or mortality in our study 
is consistent with these findings. Furthermore, while the 
pooled incidence of PES has been reported as 45.5% (19), the 
substantially lower rate observed in our cohort (13%) suggests 
a potential contribution of the superselective approach and 
adjunctive coil embolization in reducing ischemic burden and 
systemic adverse effects. 

In our study, the occurrence of PES being limited to 
mild-to-moderate and self-limiting clinical manifestations 
supports the favorable safety and tolerability profile of 
bleomycin–lipiodol TACE. Clinical presentations were 
predominantly confined to transient abdominal pain, low-
grade fever, and nausea, with symptoms resolving within a 
short period of time. Successful management of all cases with 
conservative supportive measures alone, including analgesics, 
antipyretics, antiemetics, and intravenous hydration when 
necessary, without the need for additional invasive 
interventions or prolonged hospitalization indicates that the 
procedure offers a manageable postprocedural response 
profile. Taken together with the absence of major 
complications, these findings suggest that bleomycin–lipiodol 
TACE can be safely implemented in clinical practice with low 
morbidity for the treatment of GHHs, and our results are 
consistent with the PES profile reported in the literature to date 
(13, 14, 21). 

Regarding bleomycin dosing, Kirnap et al. described 
tumor size-based dosing strategies in the literature, 
recommending a maximum bleomycin dose of 30 mg for 
lesions larger than 10 cm (13). Similarly, Akhlaghpoor et al. 
proposed doses of up to 45 IU (approximately 45 mg) for 
hemangiomas exceeding 10 cm, suggesting that a bleomycin 
dose of 30 mg falls within a reasonable and therapeutic range 
for giant lesions (22). The most serious safety concern 
associated with bleomycin administration is cumulative dose-
related pulmonary fibrosis; however, the literature indicates 
that this risk typically emerges when the cumulative dose 
exceeds 400–450 mg (23). In this context, the bleomycin doses 
used in the present study were well below the reported toxicity 
thresholds, indicating that the observed therapeutic efficacy 
was achieved within a safe dosing range. 

Several studies in the literature have reported the 
volumetric reduction of HHs following the systemic use of 
bleomycin for the treatment of various malignancies. It has 
been suggested that the BEP regimen (bleomycin, etoposide, 
and cisplatin), administered for germ cell tumors, may 
contribute to the regression observed in non-target HHs 
through a pharmacological “remote effect.” This is thought to 
be associated with the sclerosing effects of bleomycin, which 
induce endothelial cell pyknosis and microthrombus 
formation, as well as the antiangiogenic response mediated by 
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vascular endothelial growth factor (VEGF) inhibition. The 
observation of clinical responses even in estrogen receptor-
negative cases suggests that direct microvascular injury caused 
by cytotoxic agents, rather than hormonal suppression, may 
constitute the dominant mechanism underlying hemangioma 
regression. Nevertheless, further studies at the 
pharmacodynamic and microcirculatory levels are required to 
elucidate the precise pathophysiological mechanisms involved 
(24–26). A distinctive aspect of our study is the demonstration 
of significant long-term volumetric shrinkage in non-target 
lesions among patients with multiple hemangiomas after 
locoregional therapy. As also described by Kutlu et al., this 
observation suggests that the bleomycin–lipiodol mixture may 
exert a systemic effect within the vascular architecture (16). The 
mean 85% reduction observed in non-target HHs in mid-term 
and long-term follow-up evaluations in our cohort supports 
the possibility that local microcirculatory alterations after 
embolization may produce therapeutic effects. This implies 
that the bleomycin–lipiodol mixture could act as a diffusely 
effective agent not limited to the target arterial bed but also 
active within surrounding vascular areas. 

In addition, using a coil-assisted approach to reduce 
the risk of reflux and non-target embolization during the 
procedure contributed meaningfully to patient safety in this 
study. To the best of our knowledge, although data exist 
regarding coil use in bleomycin–lipiodol TACE for GHH, coil 
embolization is more commonly employed in daily practice 
during transarterial radioembolization, another treatment 
option for primary or metastatic liver disease, to prevent reflux 
into the gallbladder or gastroduodenal artery (27). We believe 
this technique offers a protective barrier, particularly in cases 
where the feeder artery has a common origin with branches 
supplying normal parenchyma. Moreover, in scenarios where 
vasospasm is anticipated in small-caliber parent arteries, coil 
embolization enables more proximal embolization. In our 
study, the use of mechanically detachable coils for 4 patients 
proved to be a practical, reliable, and feasible strategy. 

Our observations also align with the conclusion that 
the volumetric reduction achieved after effective TACE 
procedures in GHH persists into mid-term and long-term 
follow-up. This suggests that routine radiological surveillance 
may be adequately limited to 6- and 12-month assessments. 
Additionally, USG during this period is sufficiently sensitive 

to monitor changes in lesion volume. This approach maintains 
an appropriate balance between patient safety and healthcare 
sustainability by avoiding unnecessary ionizing radiation 
exposure and preventing additional financial burden on the 
social security system. 

This study has several limitations that should be 
considered while interpreting the results. The retrospective 
single-center design inherently limits the generalizability and 
introduces the potential for selection and information bias. In 
addition, all procedures were performed by a single operator, 
which, while ensuring technical consistency, may restrict the 
external validity of the findings. Another important limitation 
concerns follow-up imaging: short-term volumetric 
assessment of target GHHs was uniformly performed using 
USG, whereas mid- and long-term volumetric measurements, 
particularly for non-target HHs, were available only for a 
subgroup of patients and were derived from CT or MRI 
examinations performed for various other clinical indications. 
The absence of a standardized long-term imaging protocol and 
the use of different imaging modalities may have contributed 
to measurement variability. Furthermore, the use of additional 
embolic materials such as PVA particles and coils in selected 
cases, although intended to enhance procedural safety, may 
have reduced cohort homogeneity and should be 
acknowledged as a potential confounder. Despite these 
limitations, the observed clinical outcomes and complication 
rates are in line with previously published data, supporting the 
overall reliability of our results. 

Future research would benefit from prospective study 
designs with standardized imaging protocols to ensure 
uniform volumetric assessment across follow-up intervals. The 
inclusion of validated symptom scoring systems could allow a 
more objective evaluation of clinical outcomes alongside 
radiological responses. Additionally, clearly defined criteria 
for coil utilization during TACE procedures would facilitate a 
more systematic assessment of its contribution to procedural 
safety and efficacy. These methodological refinements would 
strengthen the evidence base and enhance the interpretability 
and generalizability of future studies. 
Our study has shown that bleomycin–lipiodol TACE can 
induce volumetric reduction not only in target lesions but also 
in concomitant multiple HHs and that coil-assisted 
superselective embolization is a complementary technique that 
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enhances procedural safety. These findings make valuable 
contributions to clinical practice in terms of efficacy and safety, 
in addition to the personalization of embolization protocols for 
GHH. 
 

Conclusion 
 

TACE performed with a bleomycin–lipiodol mixture 
is a safe method with high efficacy and low complication rates 
in the treatment of GHHs. Although short-term follow-up was 
a primary focus of this study, volumetric reductions of ≥90% 
were observed for GHHs during long-term follow-up. In 
addition, by highlighting significant volume reduction in non-
target hemangiomas and the role of a coil-assisted approach in 
improving procedural safety, this study contributes to the 
literature. 
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ABTSTRACT 
In constrictive pericarditis, pericardial inflammation causes the parietal and visceral pericardial layers to adhere 
to each other and become scarred, resulting in the loss of pericardial elasticity. This condition impedes ventricular 
filling during diastole. The fibrotic pericardium, by preventing the heart from filling during diastole, leads to a 
decrease in venous return to the heart. A reduction in venous return secondary to this results in a decrease in 
cardiac output. This clinical condition is associated with constrictive pericarditis. This case report presents a 61-
year-old male patient who was diagnosed with constrictive pericarditis, and has experienced orthopnea and edema 
in his lower extremities for the past month. An elective transthoracic echocardiogram demonstrated increased 
pressure on the right ventricle, with a left ventricular ejection fraction of 50%. Contrast-enhanced thorax magnetic 
resonance imaging revealed intensity changes consistent with pericardium, showing calcified areas between the 
pericardial layers. Thorax tomography imaging showed dense calcification that extended from the anterior surface 
of the right atrium and ventricle toward the apex. This patient was diagnosed with constrictive pericarditis, and a 
pericardiectomy was planned as treatment. 
 
KEYWORDS 
Calcification, necrosis, pericarditis, pericardiectomy  
 
ÖZ 
Konstriktif perikardit hastalığında perikardiyal enflamasyon nedeniyle parietal ve visseral perikard yaprakları 
birbirine yapışarak skarlaşır ve perikard elastikiyetini kaybeder. Bu durum diyastolde ventriküllerin doluşunu 
engeller. Fibrotik perikardın, kalbin diyastolde doluşunu engellemesi sonucunda kalbe olan venöz dönüş azalır. 
Venöz dönüşün azalmasına sekonder olarak kalp debisi düşer. Bu durum konstriktif perikarditi akla getirir. 
Gelişmekte olan ülkelerde konstriktif perikarditin en yaygın nedeni tüberküloz enfeksiyonudur. Bu vaka 
raporunda 1 aydır ortopne ve alt ekstremitelerde ödem şikayeti olan 61 yaşındaki konstriktif perikardit tanısı alan 
erkek hastanın vakası sunulmaktadır. Hastaya elektif şartlarda yapılan transtorasik ekokardiyografide sağ 
ventriküle bası olduğu ve sol ventrikül ejeksiyyon fraksiyonu %50 olduğu değerlendirildi. Kontrastlı toraks 
manyetik rezonans görüntülemede perikard yaprakları arasında kalsiyum sütü ile uyumlu intensite değişiklikleri 
izlendi. Toraks BT görüntülemelerinde sağ atrium ve sağ ventrikülün ön yüzünden apekse kadar çevreleyen 
kalsifikasyon görüldü. Konstriktif perikardit tanısıyla perikardiyektomi planlandı. 
      
ANAHTAR KELİMELER 
Kalsifikasyon, nekroz, perikardit, perikardiyektomi 
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n cases of constrictive pericarditis, common clinical 
findings include shortness of breath, chest pain, edema, 

fatigue, weight loss, hepatosplenomegaly, and syncope. 
Additionally, among the classic findings, a reduction in heart 
sounds, jugular venous distension, and pericardial friction rub 
may also be present in many patients. 

 Pericarditis is a condition caused by inflammation of 
the pericardial membrane. It is usually triggered by viral 
infections, bacterial infections, rheumatological diseases, or 
trauma. Autoimmune diseases, malignancies, and drug 
reactions can also provoke pericarditis. Constrictive 
pericarditis, on the other hand, is a condition that develops as 
a result of thickening, stiffening, and calcification of the 
pericardial membrane. This leads to a loss of pericardial 
elasticity and impaired cardiac pumping function.  The 
condition most often occurs after inflammatory pericarditis (1). 
Symptoms of this condition may include syncope, shortness of 
breath, fatigue, pretibial edema, hepatic congestion, nausea, 
and anorexia. Diagnostic imaging methods, such as 
echocardiography, computed tomography (CT), magnetic 
resonance imaging (MRI), and invasive cardiac catheterization, 
can be used for diagnosis. Treatment typically requires surgical 
intervention, such as pericardiectomy or pericardiotomy. 

According to the literature, most cases of constrictive 
pericarditis are reported in regions like Asia and Africa, where 
tuberculosis is common. Additionally, it is known to occur 
more frequently in males than females, with an average age 
range of 50 to 70 years (2). Epidemiological data show that the 
incidence is low, and there is limited data in the literature. 
However, recent studies suggest an increasing trend in the 
number of cases (3). Infections, such as tuberculosis, 
radiotherapy, and uremia, are common causes of the condition 
(4). 

 The diagnosis of constrictive pericarditis is usually 
made based on clinical findings, radiological images, and 
laboratory tests. Echocardiography can reveal changes, such as 
thickening and calcification of the pericardium. Additionally, 
thorax CT or MRI can provide a clearer assessment of 
pericardial thickening and calcification. Diagnosis can also be 
supported by invasive cardiac catheterization (5). 

 Laboratory findings that may assist in the diagnosis 
of constrictive pericarditis include elevated acute-phase 
reactants, such as C-reactive protein and erythrocyte 

sedimentation rate, increased white blood cell count, and 
elevated total protein levels and white blood cell count in 
pericardial fluid analysis (6). 
     

Case presentation 
 

A 61 years old male patient presented to the 
cardiology department with complaints of shortness of breath 
and edema in his lower extremities, which had been present for 
one month. Transthoracic echocardiography revealed 
calcification of the pericardium, and signs of pressure on the 
right ventricle. Pericardiectomy was planned due to an 
unsuccessful attempt at pericardiocentesis performed under 
echocardiographic guidance. Thorax CT imaging showed 
calcified pericardium, and the accumulation that compressing 
the right ventricle (Figure 1). Contrast-enhanced chest MRI 
demonstrated intensity changes consistent with pericardial 
calcification between the pericardial layers (Figure 2). 
     A sternotomy was performed, revealing severe and 
widespread pericardial calcification (Figure 3). The pericardial 
adhesions were carefully dissected. During the opening of the 
pericardium, purulent, and non-malodorous fluid was drained 
(Figure 4). The heart was freed from the pericardium. Tissue 
samples were obtained from the pericardial tissue, and sent for 
pathological examination and culture. A sub-atmospheric 
drainage tube system was placed into the mediastinum, and 
the tissue layers were closed anatomically. The patient was 
followed up in the cardiothoracic intensive care unit for two  
days and was discharged on the seventh postoperative day. 

The pathology examination of the patient revealed 
hyalinized fibrotic lesions with central necrosis, calcification, 
cholesterol clefts, and fibrin. No basil structures were observed 
on acid-fast staining. The samples taken for aerobic and 
anaerobic culture studies showed no growth. The absence of 
growth in the mycobacterial culture ruled out tuberculous 
pericarditis. During postoperative follow-up, the patient 
reporterd no symptoms of shortness of breath or lower 
extremity edema. 
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Figure 1. Thorax CT pericardial calcification 
 

 

 
Figure 2a. MRI T1 sequence examination     
Figure 2b. MRI T2 sequence examination. Pericardial fluid that compressing the right ventricle 
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Figure 3. Pericardial calcification 

 
 

 
Figure 4. Calcified purulent material 
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Discussion 
 

Constrictive pericarditis currently presents with 
nonspecific symptoms that can also be seen in many other 
diseases. Common reasons for patient referral to clinics include 
shortness of breath, fatigue, easy fatigability, and swelling in 
the legs. 

The most common cause of the condition in 
developing countries is tuberculous pericarditis (7,8). This case 
demonstrates that caseous necrosis, associated with chronic 
inflammatory processes in pericarditis, can occur in a non-
infectious context, without tuberculosis being the cause. 
           Constrictive pericarditis should always be considered in 
the differential diagnosis, particularly for patients with chronic 
right heart failure, persistent recurrent lung infections, and 
pleural effusion. 
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