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Word of the Editor-In-Chief

Th e Medical Research Journal is a peer-reviewed scien-
tifi c journal of the Faculty of Medicine at the Univer-
sity of Belgrade. It was fi rst published in 1971, so the 
journal has proudly marked fi ft y years of publication. 
Th e Medical Research Journal is primarily dedicated to 
publishing the results of scientifi c research conducted 
by members and associates of the Faculty of Medicine, 
as well as by other scientists in the fi eld of biomedical 
research. 
It publishes scientifi c papers in English, accompanied 
by a summary in Serbian, and adheres to an open-ac-
cess policy. It is released three times a year, and the 
fourth volume contains summaries of presentations 
from the “Aspirations and Innovations in Medicine” 
symposium. 
Th e Medical Research Journal publishes original and 
previously unpublished papers, including: 
a. Original scientifi c papers in which the results of the 

authors’ research are published for the fi rst time; 
b. Review papers that are critically and originally pre-

sented (with self-citations); 
c. Case Reports with presentations of specifi c medical 

cases. 

Th e scientifi c papers published in the Medical Research 
Journal cover basic biomedical research, clinical re-
search, and preventive medicine. To ensure profes-
sional review of submitted papers, the journal’s Edito-
rial Board is divided into three sections: basic, clinical, 
and preventive sciences, with their work coordinated 
by the Section Editors. Th e section responsible for sta-
tistical data analysis evaluates the statistical aspects of 
the submitted papers. 
With great enthusiasm, we aim to enhance our journal’s 
bibliometric status in the years to come from that of a 
national journal (M53) to that of an international jour-
nal (M23). Th is is our set path, which involves indexing 
our journal in Journal Citation Reports and obtaining 
an impact factor. Although this path will neither be 
simple nor quick, it is unavoidable. Achieving this vi-
sion requires joint eff orts. All members of the journal’s 
Editorial Board are dedicated to maintaining the qual-
ity and integrity of the journal and promoting innova-
tive, evidence-based information to further enhance its 
content. Th e editorial board accepts papers submitted 
in accordance with the Instructions for Authors.

Editor-In-Chief
Prof. Olivera Stanojlovic, MD, Ph.DProf. Olivera Stanojlovic, MD, Ph.D
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Summary 
Introduction: Hemoglobin is the principal protein in red blood cells 
and is responsible for delivering oxygen from the lungs to other body 
parts. Understanding the hemoglobin type profile of infants and the 
patterns of expression in the first twenty-four months of life is a sig-
nificant area of research that can provide crucial insights into infant 
health and development. 
Material and Methods: The study population consisted of 147 infants 
(male and female) aged 9 to 24 months. Participants were recruited 
from the pediatric and sickle cell clinics and the medical laboratory 
department of Rivers State University Teaching Hospital (RSUTH) in 
Port Harcourt, Nigeria. The hemoglobin type was determined using 
high-performance liquid chromatography (HPLC) (D-10, Bio-Rad). 
Results: The median (range) values of the hemoglobin types were: 
HbA 70% (22-98), HbF 10% (0-50), HbS 0% (0-78)and A2 CE 0% (0-
50). Hemoglobin A expression was 65% at nine months, 79% at 12.5 
months, 46% at 22 and 60% at 24 months. HbF expression was 21% 
at nine months, 10% at 12 months, 24% at 15.5 months, 0.25% at 21 
months, and 12% at 24 months. HbS was 0.8% at nine months and 
0% at 16 months. 50% at 22 months and lastly 22% at 24 months. 
The HbA2 was 0.5% at nine months and 12% at 11 months, 0% at 21 
months and lastly 0.2% at 24 months. HbA, HbF, and HbA2 were neg-
atively correlated with age, while HbS was positively correlated with 
age. 
Conclusion: The pattern of expression of the four hemoglobin types 
in this study was age-dependent. Sex was not found to influence the 
expression of hemoglobin types in infants. There is a gradual reduc-
tion in the expression of normal hemoglobin A and a gradual increase 
in abnormal hemoglobin S among infants of African descent.
Keywords: hemoglobin types, percentage expression, sickle cell dis-
ease, beta thalassaemia, HbA, HbF, HbS, HbA2
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INTRODUCTION

Hemoglobin, the principal protein in red blood cells, 
carries oxygen in the blood. In infancy, the natural re-
placement of fetal hemoglobin (HbF) by adult hemo-
globin (HbA) is a normal developmental process. HbF, 
comprising two alpha-globulin and two gamma-globulin 
chains (α₂γ₂), is the major hemoglobin in fetal red blood 
cells during gestation, constituting 60 to 80 percent of 
total hemoglobin in full-term newborns. Around 6 to 12 
months of age, HbF is gradually and naturally replaced 
by adult hemoglobin (HbA; α₂β₂). This natural transi-
tion is a part of an infant’s development, as HbA becomes 
the predominant type, gradually replacing HbF (1,2).

At Birth, HbF (fetal hemoglobin) accounts for approx-
imately 80% of total hemoglobin while HbA (adult hemo-
globin) accounts for 20%. The transition from gamma-glo-
bin synthesis (HbF) to beta-globin synthesis (HbA) 
begins before birth and continues in the first 24 months 
of life. By approximately six months, healthy infants will 
have mostly HbA, a small amount of HbA2, and negligi-
ble HbF. Therefore, HbA2 levels in infancy are typically 
as follows:0-30 days: 0.0-2.1%, 1-2 months: 0.0-2.6%, 3-5 
months: 1.3-3.1%,> 6 months: 2.0-3.3%2 (3).

Hemoglobin S (HbS), an abnormal variant associat-
ed with sickle cell disease, is primarily expressed in in-
fancy but its levels are typically low. If one parent carries 
the sickle cell trait (HbAS) and the other has normal 
hemoglobin (HbAA), the child will have HbAS (sickle 
cell trait). HbAS (sickle cell trait) is characterized by one 
normal beta-globin gene (HbA) and one sickle beta-glo-
bin gene (HbS). At six months, the levels of HbS decrease 
significantly, and over six months, the HbS level remains 
at a low percentage (3,4).

Studying the expression and pattern of development 
of hemoglobin types in people of African descent is cru-
cial for several reasons, namely:
a)	 Sickle cell disease (SCD) is prevalent among people 

of African descent. Over 75% of the approximately 
300,000 children born with sickle cell anemia each 
year are in sub-Saharan Africa (5). The mutation re-
sponsible for sickle cell disease originated in Africa 
and persists due to its protective effect against severe 
Plasmodium falciparum malaria. In some sub-Saha-
ran African areas, up to 2% of all children are born 
with this condition (6). Understanding hemoglobin 
variants, such as HbS (sickle cell hemoglobin), helps 
diagnose and manage SCD effectively.

b)	 Thalassemia is an inherited blood disorder affecting 
hemoglobin production. Some thalassemia variants 
are more common in African populations (3). Study-
ing these variants aids in early detection and appro-
priate management.

c)	 African populations exibit high genetic diversity. In-
vestigating hemoglobin variants contributes to our 
understanding of human evolution and adaptation. 

d.	 Accurate diagnosis and treatment depend on recog-
nizing specific hemoglobinopathies. Research in-
forms guidelines for prenatal screening, genetic coun-
seling, and disease prevention;

e.	 In medical laboratories, understanding hemoglobin 
types ensures accurate results. Quality control mea-
sures prevent misdiagnoses and improve patient care. 

In infants, the interaction between hemoglobins 
HbA, HbF, HbS, and HbA2 plays a crucial role in un-
derstanding various hemoglobinopathies and disorders. 
HbF, the predominant fetal hemoglobin, declines after 
birth, while HbA becomes the primary hemoglobin in 
adults, along with HbA2 and trace amounts of HbF (7). 
Hemoglobin variants like HbS can affect the determina-
tion of HbA2 levels, leading to biases in measurement 
(8). The precise measurement of HbA2 is crucial for di-
agnosing beta thalassemia trait, but other hemoglobin 
variants like HbS, HbC, HbE, or HbD can complicate 
the interpretation of results (9,10). Understanding the in-
tricate balance and interactions between these hemoglo-
bin types is essential for diagnosing and managing infant 
hemoglobin disorders.

Most of the values encountered in the literature con-
cerning the pattern of expression of these hemoglobin 
types are often Caucasian values with minimal refer-
ence to people in the sub-Saharan Africa. This study was 
aimed at detecting various hemoglobin types and study-
ing the patterns of expression of these hemoglobin types 
in the first twenty-four months of the life of infants of 
African descent.

MATERIAL AND METHODS

Study Area

This study was conducted at Rivers State University 
Teaching Hospital in Port Harcourt, Rivers State, Ni-
geria. The geographical coordinates of Rivers State are 
approximately latitude 4.7497 and longitude 6.8277. The 
hospital, formerly known as Braithwaite Memorial Spe-
cialist Hospital (BMSH), is a government-owned facility 
in Old GRA, Port Harcourt, Rivers State, Nigeria. The 
hospital serves as a state-of-the-art teaching facility for 
medical students and other health professionals from 
Rivers State University. With the capacity of 375 beds, 
RSUTH houses various departments, including Medi-
cine, Pediatrics, Laboratories, Radiology, Family Med-
icine, Obstetrics & Gynecology Anesthesia, Surgery, 
Chemical Pathology, Hematology & Blood Transfusion, 
Medical Microbiology, Anatomical Pathology, Ophthal-
mology, and Accident and Emergency.
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SAMPLE SIZE CALCULATION

The minimum sample size was calculated using the Co-
chran standard formula as described by Patra (11).

      Z2Pq
         d2

Where,
n= minimum sample size required
Z= Standard normal deviation, set at 1.96, corre-

sponding to a 95% confidence level
P= Proportion of sickle cell disease patients = 10% = 0.1
q= 1-P = 1-0.1 = 0.9
d = Level of precision = 0.05

Applying this formula,
        1.962 × 0.1 × 0.9

                        0.052     

Therefore, the minimum sample size for this study = 139.

STUDY POPULATION

The study population consisted of 147 infants (male and 
female) aged 6 to 24 months. Participants were recruited 
from the pediatric and sickle cell clinics and the laborato-
ry department of Rivers State University Teaching Hos-
pital in Port Harcourt, Rivers State, Nigeria.

Ethical Approval; This study received ethical ap-
proval from the Rivers State University Teaching Hospi-
tal (RSUTH) ethics and research committee, Port Har-
court, Nigeria.

Informed Consent: The participants’ parents vol-
untarily signed written informed consent forms in their 
handwriting as proof of their willingness to provide sam-
ples for the tests.

Collection of Sample: Two milliliters of whole blood 
were collected using an S-monovette vacutainer syringe. 
The blood was deposited into an anticoagulant contain-
ing ethylenediaminetetraacetic acid (EDTA) and used 
for the HPLC analysis. 

Study Design. The study was cross-sectional.
Procedure
The hemoglobin type was determined using high-per-

formance liquid chromatography (HPLC) (D-10 instru-
ment;Bio-Rad).  

PRINCIPLE

In this method phosphate buffers at different concen-
trations (mobile phase), pass under pressure through an 
ionic exchange column (stationary phase). The station-
ary phase consists of a temperature controlled analytical 
cartridge containing a resin of anionic or cationic par-
ticles (3-5 μm). The chromatographic station delivers a 

programmed buffer gradient of increasing ionic strength 
and pH to the cartridge by two dual-piston pumps, and 
the hemoglobin variants are separated according to their 
ionic interaction with the stationary phase.

The separated hemoglobin then pass through the f low 
cell of the filter photometer, where changes in the absor-
bance (415 nm) are measured; background variations are 
corrected by an additional filter at 690 nm. Each hemo-
globin is characterized by a specific retention time, the 
elapsed time from the sample injection to the apex of a 
hemoglobin peak.

The calibration factors for HbA2, F, A1C are auto-
matically calculated by processing a calibration sample 
at the beginning of each run. Specific software turns the 
raw data collected from each analysis into a report show-
ing the chromatogram, with all the hemoglobin fractions 
eluted, the retention times, the areas of the peaks and the 
values (%) of the different hemoglobin components. The 
report presents the percentages of hemoglobin types F, 
A1C, A and A2 and provides qualitative and quantitative 
determination of abnormal hemoglobin types.

Procedures were followed as contained in the stan-
dard operating procedures.

STATISTICAL ANALYSIS 

A structured approach was adopted for statistical analy-
sis, beginning with an initial assessment of the distribu-
tion of hemoglobin variants (HbA, HbF, HbS, HbA2), 
including evaluations of normality and variability. Sub-
sequently, the median and range for each measure were 
determined overall and stratified by sex (female vs. male) 
and age group (0–9, 10–19, 20–29 years). Box plots were 
used to illustrate the distribution of data points across 
the variables. For parameters that did not follow a nor-
mal distribution, the Mann–Whitney U test was used to 
compare two groups (sex), while the Kruskal–Wallis test 
was applied for comparisons involving more than two 
groups (age group). Spearman’s correlation analysis was 
performed to assess the strength and direction of relation-
ships between hemoglobin variants, as represented by the 
correlation coefficient (rho). All statistical tests were two-
tailed, with a significance threshold set at p < 0.05. Data 
management, statistical analysis, and visualizations were 
conducted using SAS JMP Statistical Discovery Software 
(version 16.2; SAS Institute Inc., Cary, NC, USA).

RESULTS

Table 1 presents the key findings on the median (range) 
value of hemoglobin parameters of 147 participants, cate-
gorized by sex and age groups. The median (range) values 
were: HbA 70% (22-98), HbF 10% (0-50), HbS 0% (0-78) 
and A2 CE 0% (0-50).  The p-value for hemoglobin A 

n =

n= = 138.3
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type in relation to sex was 0.041. No statistically signif-
icant differences were observed with other hemoglobin 
types in relation to sex. Age was found to exert significant 
differences in all the hemoglobin types with a p-value of 
less than 0.001.  

Table 2 shows the Spearman’s pairwise correlation 
Analysis of the hemoglobin variants. A significant nega-
tive correlation exists between HbA and Age (rho=-0.37, 
p<0.001), HbF and Age (rho=-0.32, p=0.001), and a signif-
icant positive correlation between HbS and Age (rho=0.49, 
p<0.001). A significant negative correlation also existed 
between HbA2 and age (rho=-0.34, p<0.001). There is a 
negative correlation between HbS and HbA2 (rho=-0.29, 
p<0.001), as well as between HbS and HbF (rho=-0.58, 
p<0.001). HbS is the only hemoglobin type that showed 
positive correlation with age (rho=0.49, p<0.001)

Table 3 shows the pairwise correlation analysis of 
the hemoglobin variants by Age Groups. HbF vs. HbA 
shows a negative correlation in the 0-9 months group 
(rho=-0.45, p=0.040) and 10-19 months (rho=-0.46, 
p<0.001). No significant correlation was found in the 
20-29-month groups. HbS vs. HbA exhibits a negative 
correlation in groups 0-9- and 20-29-months respec-
tively (-0.61, p=0.004) and (-0.86, p<0.001). HbS vs. 
HbF shows no significant correlation in the 0-9 months 
group but exhibits a negative correlation in the 10-19- 
and 20-29-month groups, (rho=-0.43, p<0.001 and 
rho=-0.56, p<0.001 respectively). A2 CE vs. HbF has a 

positive correlation in the 20-29 months group rho=0.36, 
p=0.019 and negative correlations in the 0-9- and 
10-19-months group (rho=-0.46, p=0.035 and rho=-0.37, 
p<0.001 respectively).

Box Plots presents the parameters’ distribution by age 
and sex, highlighting variations and trends as shown in 
Figures 1-3.

Figure 1 shows the trend in the development of he-
moglobin types according to the age of the infants. There 
was a gradual rise in the percentage rise in the hemoglo-
bin A type which peaked at 79% by the 12.5 month. Af-
ter that, there was a decline in the HbA, up to 46%, at 22 
months, which was the lowest point. From this point, a 
steady rise in the percentage of HbA further increased 
and peaked at 60% at 24 months.

For HbF, at nine months, it was 21%. This value dropped 
to 10% at 12 months, then assumed a steady increase and 
peaked at 24% by 15.5 months. Another drop was ob-
served, which settled at 0.25% by 21 months. The value re-
sumed another rise and peaked at 12% by 24 months.

HbS at nine months was 0.8%, which dropped slight-
ly and settled at 0% at 16 months. After that, there was a 
steady increase, which peaked at 50% by 22 months and 
later drastically rose to  22% at 24 months.

The HbA2 value at 9 months was 0.5%. This value in-
creased and peaked at 12% by 11 months. After that, it 
gradually fell to 0% by 21 months and increased steadily 
to 0.2% by 24 months.

Characteristic n HbA 
(96.8-97.8)

HbF 
(0.8-2.0)

HbS 
(0.0-0.5)

A2 CE 
(2.2-3.2)

median (range) median (range) median (range) median (range)
Overall 147 70 (22-98) 10 (0-50) 0 (0-78) 0 (0-50)
Sex
Female
Male

77
70

71 (30-95)
67 (22-98)

10 (0-50)
10 (0-50)

0 (0-61)
0 (0-78)

0 (0-50)
0 (0-30)

p-value 0.041 0.795 0.063 0.070
Age group (months)
0-9
10-19
20-29

21
85
41

70 (30-92)a

75 (39-98)a

51 (22-91)b

21 (6-50)a

10 (0-50)a

1 (0-42)b

0 (0-45)a

0 (0-61)a

42 (0-78)b

0 (0-20)a

0 (0-50)a

0 (0-8)ab

p-value <0.001 <0.001 <0.001 0.001

Table 1. Comparison of Mean Parameters of hemoglobin variants by demographics

p-values in bold are statistically significant at the level of probability indicated.

Spearman’s correlations Age (months) HbA (%) HbF (%) HbS (%)
HbA (%) rho -0.37

p-value <0.001
HbF (%) rho -0.32 -0.03

p-value <0.001 0.728
HbS (%) rho 0.49 -0.63 -0.58

p-value <0.001 <0.001 <0.001
A2 CE (%) rho -0.34 0.19 -0.12 -0.29

p-value <0.001 0.022 0.164 <0.001

Table 2. Pairwise Correlation Analysis of the hemoglobin variants

rho - Spearman's correlation coefficient
p-values in bold are statistically significant at the level of probability indicated
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Figure 2 shows a Box Plot showing trends of hemo-
globin types development by Age and Sex. The pattern 
of expression was similar in both male and female par-
ticipants.

Box Plot of hemoglobin variants showing trends by 
Age Group and Sex is shown in Figure 3. The trend of 
expression and development is similar in both groups

Table 3. Pairwise Correlation Analysis of the hemoglobin variants by Age Group

Variable by Variable
0-9 (months) 10-19 (months) 20-29 (months)

rho p-value rho p-value rho p-value
HbA (%) HbF (%) -0.45 0.040 -0.46 <0.001 0.17 0.295
HbA (%) HbS (%) -0.61 0.004 -0.17 0.123 -0.86 <0.001
HbA (%) A2 CE (%) 0.41 0.068 -0.13 0.253 0.12 0.449
HbF (%) HbS (%) -0.21 0.351 -0.43 <0.001 -0.56 <0.001
HbF (%) A2 CE (%) -0.46 0.035 -0.37 <0.001 0.36 0.019
HbS (%) A2 CE (%) -0.31 0.167 0.01 0.911 -0.29 0.062

p-values in bold are statistically signifi cant at the level of probability indicated

Figure 1. Box Plot of  hemoglobin variants showing the trend of development by Age
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DISCUSSION

This study aimed to detect the major hemoglobin types 
and investigate the pattern of expressions of these napi-
sati hemoglobins in infants during their developmental 
ages of nine to twenty-four months. The key findings of 
the study are as follows: the average percentage expres-
sions of HbA, HbF, HbS, and HbA2 were 70% (22-98), 
10% (0-50), 0% (0-78) and 0% (0-50) respectively. The 
result shows normal HbA levels, which signify normal 
hemoglobin switching and erythropoiesis maturation.   

In cord blood, HbA levels are 21.14±7.04% and increase 
to 83.38±1.31% in the sixth month. In contrast, HbF lev-
els are 78.39±7.59% and rapidly decrease in the first six 
months, according to Wong et al. (12). This is consistent 
with our findings that HbA levels are predominant in this 
age group, ref lecting the transition from fetal hemoglobin 
(HbF) to adult hemoglobin (HbA).

Elghetany and Banki (1) had earlier reported that, 
from birth to adulthood, there are notable shifts in the 
relative amounts of different hemoglobin fractions, such 
as HbA, HbF, and HbA2. Specifically; HbF, the predom-

Figure 2. Box Plot showing trends of hemoglobin development by Age and Sex
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inant hemoglobin in fetal life, gradually decreases from 
50-80% at birth to 1-2% by six months of age and beyond. 
HbA, the primary adult hemoglobin, increases from low 
levels at birth to 95-98% by adulthood. HbA2, a minor 
adult hemoglobin, increases from low levels at birth to 
2-3% by adulthood.

The notable shifts in hemoglobin types with age are at-
tributed to the regulation of globin gene expression during 
the developmental stage of erythropoiesis from fetal to adult. 
This process, as detailed in references (13,14), plays a crucial 
role in the transition from fetal to adult hemoglobin types.

HbS levels were observed to increase significantly with 
age, with the highest levels in the 20–29-month group, 
which also aligns with a study (4,16). The increased HbS 
levels with age may be linked to the genetic expression of 
sickle cell traits becoming more pronounced over time. 
This finding reiterates the importance of early detection 
for managing HbS, and underscores the potential for this 
research to contribute to improved management strate-
gies for sickle cell disease. 

It was observed in this study that females had elevat-
ed HbF and reduced HbS values than their male coun-

Figure 3. Box Plot of hemoglobin variants showing trends by Age Group and Sex
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terparts. Several studies have reported sex-related differ-
ences in the percentage expression of hemoglobin types, 
particularly HbF. According to a survey by Bain (17), 
globin gene expression may be inf luenced by hormon-
al and genetic factors, which may explain why females 
typically have somewhat greater HbF levels than males. 
These differences persist until approximately 6 to 12 
months of age, when HbF is almost entirely replaced by 
HbA (18). Risoluti et al (19) opined that the potential 
impact of sex-specific factors, such as androgen lev-
els, on the regulation of hemoglobin synthesis and the 
variations in hemoglobin profiles between males and 
females must have been responsible for these gender 
differences in the expression of the hemoglobin types. 
These sex-related differences are often insignificant 
in magnitude, and their clinical significance may vary 
depending on the particular situation and underlying 
hemoglobin disorders under investigation (18,20). The 
lower HbS values in female infants are because female 
infants inherit one HbS gene from their affected parent 
(carrier mother) and one normal Hb gene from their 
unaffected parent (carrier father). Male infants inherit 
one HbS gene from their affected parent (carrier moth-
er) and one Y chromosome from their father. The re-
sultant effect is that female infants have lower overall 
HbS levels due to the presence of one normal Hb gene. 
Lower HbS levels in female infants reduce the risk of 
SCD symptoms (21).

The higher HbS levels among the male infants could 
be attributed to male infants inheriting one HbS gene 
from their affected parent (carrier mother) and one Y 
chromosome from their father. Female infants inherit one 
HbS gene from their affected parent (carrier mother) and 
one normal Hb gene from their unaffected parent (carrier 
father). As a result, male infants tend to have higher over-
all HbS levels due to the presence of one normal Hb gene. 
The implication is that the elevated HbS levels in male 
infants may increase the risk of SCD symptoms if both 
HbS genes are inherited (20, 21).

A negative correlation existed between HbA and HbS 
levels. This inverse relationship is supported by studies 
on sickle cell disease, where HbA and HbS levels are 
often inversely related due to the competitive synthesis 
pathways. Dan et al. (22) stated that in sickle cell-beta 
thalassemia (HbS/β-thal), the amount of HbA produced 
varies depending on the type of beta-thalassemia muta-
tion. In HbS/β⁰-thalassemia, HbA production is abol-
ished, resulting in a phenotype similar to sickle cell ane-
mia (HbSS). In HbS/β+-thalassemia, variable amounts 
of HbA (ranging from <5% to 45%) dilute HbS and in-
hibit polymerization, leading to a milder clinical pheno-
type (23).

HbF and HbS showed a negative correlation, which 
explains Al-Shuelli et al (24) findings that higher HbF 
levels can mitigate the clinical severity of sickle cell dis-
ease by inhibiting the polymerization of HbS. This pro-

tective effect explains the negative correlation observed 
in our study, suggesting a potential clinical benefit of 
higher HbF levels in individuals with higher HbS (25).

The negative correlation between hemoglobin A 
(HbA) and the age of infants, as observed in this study, 
can be understood through the transition from fetal he-
moglobin (HbF) to adult hemoglobin (HbA). HbF and 
HbA Transition occurs as follows: a) At birth, infants 
predominantly have HbF, which accounts for approxi-
mately 80% of their hemoglobin. As they grow, HbF grad-
ually decreases; by around 6 months of age, it is mainly 
replaced by HbA. HbA2, another type of hemoglobin, is 
also present in small amounts during this transition (24).

Concerning HbA and HbF, healthy adults primarily 
have significant levels of HbA and HbA2. HbF remains 
the primary type of hemoglobin in an unborn baby’s 
body. Abnormal levels of HbF can indicate certain condi-
tions, such as thalassemia or sickle cell anemia (24).

The clinical implications of these hemoglobin types 
in infants are that high HbF levels in infants are normal 
initially but decrease over time. The transition from 
HbF to HbA is essential for oxygen transport and overall 
health. Understanding this process helps manage condi-
tions related to abnormal hemoglobin variants (13,14).

The negative correlation between HbA2 and the age 
of infants, as well as with HbF and HbS, can be explained 
by the transition from fetal hemoglobin (HbF) to adult 
hemoglobin (HbA) (21). HbS (sickle cell hemoglobin) 
is a variant associated with sickle cell anemia. HbA2 is 
primarily composed of alpha and delta globin chains. 
The negative correlation between HbA2 and HbS likely 
ref lects the balance between these different hemoglobin 
types (25-27). Abnormal levels of HbF or HbA2 can in-
dicate specific conditions, such as thalassemia or sickle 
cell disease.

HbA2 is a minor hemoglobin component, comprising 
approximately 2% to 3% of total hemoglobin in healthy 
adults (25). It comprises two alpha globin chains and 
two delta globin chains (α2δ2). Genetic factors inf luence 
HbA2 levels. The gene responsible for HbA2 produc-
tion is located on chromosome 16. Males inherit one X 
chromosome from their mother and one Y chromosome 
from their father, while females inherit one X chromo-
some from each parent. The gene dosage effect (having 
two copies of the gene) may contribute to slightly higher 
HbA2 levels in males. Elevated HbA2 levels can be asso-
ciated with certain conditions, such as beta-thalassemia 
trait (where HbA2 is increased) or delta-beta-thalas-
semia (where HbA2 is significantly elevated). However, 
in healthy individuals, these small gender differences in 
HbA2 are not clinically significant (2,14,17).



| 9

Hemoglobin haplotypes in the first twenty-four months of life in African infants

CONCLUSION

The pattern of expression of the four hemoglobin types 
in this study was age-dependent. Sex was not found to 
inf luence the expression of hemoglobin types in infants. 

There is a gradual reduction in the expression of Hemo-
globin A among infants of African descent.
Acknowledgments: We sincerely thank the parents of 
the children who participated in this research for grant-
ing informed consent for the study.
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Summary 
Sleep disturbances can lead to poor academic and health outcomes. 
There is a gap in the current literature regarding the prevalence of 
sleep disturbances and their impact on various associated factors. 
Our study seeks to understand the prevalence of sleep disturbances, 
and their impact on medical students. 
A cross-sectional survey was conducted at the University of Belgrade, 
Faculty of Medicine between April 2023 and September 2023. A sam-
ple of 70 medical students provided answers to a novel questionnaire, 
the BDI, and the PSQI, to evaluate lifestyle habits and demographics, 
depressive symptoms, and sleep quality. 
Univariate linear regression identified chronic diseases, stress experi-
enced in the past 12 months, sleep duration, difficulty falling or stay-
ing asleep, sleep pill consumption, and BDI score as strong predic-
tors of the PSQI global score. Multivariate linear regression analysis 
showed that chronic diseases and depression were the most influen-
tial factors influencing participants’ sleep quality. 
Sleep quality in students is significantly affected by chronic diseases 
and depressive symptoms, highlighting the need for preventive mea-
sures.
Key words: sleep quality, depression, chronic disease, PSQI, BDI, stu-
dents
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INTRODUCTION

Sleep quality and mental health are closely linked in 
university students and can be compromised by various 
external factors, potentially leading to poor academic 
performance and overall health outcomes. Sleep quality 
refers to the assessment of how well an individual sleeps 
and is characterized by factors such as sleep efficiency, 
sleep latency, sleep duration, and wake after sleep onset 
(1). Sleep quality is known to inf luence mental health, 
with previous studies identifying correlations between 
poor sleep quality and depressive symptoms (2).

Disturbances in sleep quality can create poor out-
comes in individuals and are significantly inf luenced by 
psychological, social, as well as environmental factors. 
The Pittsburgh Sleep Quality Index (PSQI) is the stan-
dardized scale which can effectively evaluate the prev-
alence of disturbances in sleep quality. Additionally, a 
clear association has been found between sleep patterns 
and depressive symptoms, with 19% of study participants 
exhibiting depressive symptoms, as measured by the 
Beck Depression Inventory (BDI). These individuals also 
experienced lower sleep quality, increased sleep latency, 
and higher consumption of sleeping pills (2). 

Among students, technology use – particularly inter-
net and phone usage – is a major contributor to poor sleep 
quality. Internet usage among health students has been 
associated with increased rates of sleep quality issues and 
depression, by 42.3% and 8.9%, respectively (3). Phone 
usage has been shown through multiple previous studies 
to negatively impact sleep and mental health. The over-
arching result is that phone usage, and sometimes addic-
tion, are highly associated with poorer sleep quality and 
worse mental health across the student population (4-6). 
Contributing factors include increased nighttime check-
ing of one’s phone (5) and hours spent on one’s phone at 
daytime (6). 

Furthermore, gender differences create a discrepancy 
in sleep quality and mental health in university students, as 
determined by a previous study in 2020, which found that 
females had a higher prevalence of poor sleep quality, in-
somnia, and daytime sleepiness by 5.5%, 6.8%, and 4.5%, re-
spectively (7). Additionally, female students have also been 
shown to have a higher risk of depressive symptoms (2). 

Students’ academic lifestyles have been shown to con-
tribute to the prevalence of poor sleep quality and mental 
health. Factors such as “all-nighters” and burnout have 
been linked to poor academic performance and depres-
sion (8), as well as impaired sleep quality (9).

There is limited literature on interventions for this is-
sue; however, one study found that two cognitive-behav-
ioral workshops – the Sleep and Wakefulness Program 
and the Perseverance Program – resulted in a decrease 
in depression both before and after workshop attendance 
(10). This highlights potential approaches to address this 
concern within the student population.

Although research on the prevalence of sleep dis-
turbances and the impact of depression in university 
students is limited, previous studies have shown a clear 
association between the two. This underscores the need 
for further investigation into the factors contributing to 
this relationship. This association can be problematic 
for students’ academic performance, health, and over-
all success, making this a pertinent problem to explore 
further. Keeping in mind all the above mentioned, the 
aim of our study was to assess the prevalence of sleep 
disturbances and consequent risk factors in the cohort 
of medical students. 

MATERIAL AND METHODS

A cross-sectional, comprehensive survey was conducted 
at the University of Belgrade, Faculty of Medicine be-
tween April 2023 and September 2023. A sample of 70 
medical students out of the total of280, in various years of 
study, who had their studies in English, voluntarily partic-
ipated in an online survey, with their responses remaining 
anonymous. The survey aimed to gather information re-
garding students’ demographics, sleep habits, presence of 
depressive symptoms, and overall lifestyle. The study was 
approved by the Institutional Review Board of the Facul-
ty of Medicine, University of Belgrade. 

A new 33-question questionnaire was developed by 
a member of the research team, following an initial liter-
ature review to identify the relevant and essential ques-
tions to include. 

The Beck Depression Inventory (BDI) was adminis-
tered to students in order to gather information on pos-
sible depressive symptoms (11). This questionnaire in-
cluded 21 areas related to depression. The answers were 
collected, totaled, and scored by a research team mem-
ber based on a scale, with 0 to 13 points = no depressive 
symptoms, 14 to 19 points = mild depressive symptoms, 
20 to 28 points = moderate depressive symptoms, and 
> 28 points = severe depressive symptoms.

The Pittsburgh Sleep Quality Inventory (PSQI) was 
also administered to students, in order to gather infor-
mation on their sleep habits, sleep disturbances, and the 
overall quality of sleep (12). This questionnaire con-
tained 19 questions, which were self-rated, as well as 5 
partner or roommate questions, if available. However, 
only the self-rated questions were scored. The 19 ques-
tions were used to form 7 component scores, with ranges 
of 0-3, 0 meaning no difficulties with sleep, and 3 mean-
ing severe difficulties with sleep and high dysfunction. 
The component scores were subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, the use of sleeping medication, and 
daytime dysfunction. These component scores were 
added together to form the Global PSQI Score, which is 
indicative of the level of sleep quality, and ranges from 
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0-21 points, 0 being no difficulty overall, and 21 being 
severe difficulty in all areas mentioned above regarding 
sleep quality (12). 

STATISTICAL ANALYSIS

The primary analysis involved descriptive summary sta-
tistics for estimating socio-demographic characteristics 
of participants. The level of statistical significance was 
set at p<0.05. Pearson’s or Spearman’s correlation coef-
ficients (r or ρ), depending on normality of distribution 
were used to investigate the association between the 
PSQI and the BDI scores. In data analysis, univariate and 
multivariate linear regression models were used. All anal-
yses were performed using Statistical Package for Social 
Sciences (SPSS), version 17.0.

RESULTS 

Demographic and social characteristics of study partic-
ipants are presented in Table 1. Among the study par-
ticipants, there were more females than males, with an 
average age of 23 years. Half of the participants were 
born in Serbia, with Canada, USA, and Germany being 
countries with >1 participant. The majority of partici-
pants identified themselves as Caucasian. The majority 
of study participants were in their 6th year of medical 
school, with an average GPA of 8.3 on a 5-10 scale. Most 
participants reported living with their parents or in a 
rented apartment, and the average monthly allowance 
was 535 euros. 

Distribution of study participants regarding their 
health and lifestyle habits are presented in Table 2. Life-
style habits include smoking, coffee and alcohol con-
sumption, physical activity, internet use, job positions, 
stress, and sleeping. The majority of study participants 
reported no history of chronic disease, were nonsmokers, 
and more than half had never consumed coffee. Alcohol 
consumption was varied, however most participants con-
sumed alcohol either 1-3 times per month or less than 
once a month. In terms of activity, the largest proportion 
of study participants engaged in sports-related activi-
ties weekly, participated in recreational activities dai-
ly, and exercised 2-3 times per week, primarily through 
active sports or workouts. Participants spent most of 
their time sitting for over 8 hours daily and spent up to 
5 hours of their free time on the computer. Study partic-
ipants reported spending the most time on schoolwork 
and studying, with an average of 3-5 hours. Over 80% 
of participants did not have a student job outside their 
education, while the 20% who did worked an average of 
13 hours per week. Most participants described experi-
encing stress occasionally over the past 12 months, and 
nearly 60% reported sleeping 6-8 hours per night. Study 

participants reported that their most common issue was 
difficulty falling or staying asleep, with 80% occasionally 
using sleeping pills.

Mean and median values of PSQI scores are presented 
in Table 3. The median value of the PSQI global score 
was 6.0.

Depressive mood was measured by BDI, and median 
value of the BDI was 7.0, range 0-35. The distribution of 
the score categories for BDI is present in Table 4.

Correlation analysis showed a statistically significant 
relationship between the total score of PSQI and the fol-
lowing variables: BDI score (ρ=0.631, p=0.001), pres-
ence of chronic diseases (ρ=0.243, p=0.042), time spent 
sitting (ρ=0.260, p=0.029), frequency of feeling stressed 
in the past 12 months (ρ=0.428, p=0.001), sleep duration 
per night (ρ=-0.487, p=0.001), difficulties with falling 
asleep or stay asleep (ρ=-0.506, p=0.001). 

Variable Value
Gender
     Male 
     Female

26 (37.1%)
44 (62.9%)

Age (years)
     Mean±SD
     Range

23.0±2.6 
19-33

Country of Birth
     Serbia
     Canada 
     USA
     Germany 
     Other

35 (50%)
4 (5.7%)
4 (5.7%)
3 (4.3%)

24 (34.3%)
Ethnic Origin
     Caucasian
     Mixed ethnicity
     Asian/Pacific Islander
     Persian
     African
     Arabic 
     Hispanic/Latino    
     Indian

56 (80%)
4 (5.7%)
4 (5.7%)
2 (2.9%)
1 (1.4%)
1 (1.4%)
1 (1.4%)
1 (1.4%)

Year of study 
     First
     Second
     Third
     Fourth
     Fifth
     Sixth

14 (20%)
8 (11.4%)
7 (10%)

16 (22.9%)
7 (10%)

18 (25.7%)
Grade Point Average (GPA)*
     Mean±SD
     Range

8.3±0.8
6-10

Current Housing
      Living with parents 
      Rented apartment 
      Own apartment 
      Student housing

33 (47.1%)
24 (34.3%)
10 (14.3%)

3 (4.3%)

Amount of money received per month (EUR)
     Mean±SD
     Range

535.5±609.2
0-3,000

Table 1. Demographic and social characteristics of study participants

*GPA is weighed on a scale of 5-10. 
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According to results of univariate linear regression 
analysis, statistically significant predictors of the PSQI 
global score in our study include the presence of chron-
ic diseases, feelings of stress in the past 12 months, sleep 
duration, difficulties with falling or staying asleep, con-
sumption of sleeping pills, and BDI score (Table 5). 

All variables found to be statistically significant in the 
univariate linear regression analysis were included in the 
multivariate model. Multivariable linear regression analy-
sis showed that independent predictors of the PSQI glob-
al scores included the presence of chronic diseases (un-
standardized beta coefficient=1.89, standard error=0.70, 
p=0.009) and BDI score (unstandardized beta coeffi-
cient=0.25, standard error=0.04, p=0.001), in our settings.

Variable Value
Presence of chronic diseases 
     Yes
     No

14 (20%)
56 (80%)

Smoking 
     Nonsmokers 
     Current smokers
     Past smokers 

45 (64.3%)
18 (25.7%)
7 (10%)

Smoking duration (years)
     Mean±SD
     Range

5.2±4.4
1-9

Number of cigarettes smoked per day
     Mean±SD
     Range

13.5±10.1
1-40

Coffee consumption 
     Daily 
     Sometimes
     Never

16 (22.9%)
18 (25.7%)
36 (51.4%)

Alcohol consumption 
     Never  
     Less than once a month
     1-3 times/month
     Once a week
     2-4 times/week	

13 (18.6%)
21 (30%)
21 (30%)
8 (11.4%)
7 (10%)

Frequency of sport-related activity
     Never 
     Monthly  
     Weekly   
     Daily

17 (24.3%)
14 (20%)
23 (32.9%)
16 (22.8%)

Frequency of recreational activity
     Rarely
     2 times per week
     Daily

16 (22.9%)
23 (32.9%)
31 (44.2%)

Frequency of physical activity 
     Daily 
     2 -3 times/week 
     Once a week 
     2-3 times/month 
     Once a month

21 (30%)
26 (37.1%)
3 (4.3%)
4 (5.7%)
3 (4.3%)

Level of physical activity 
     Active sport/workout 
     Recreational exercise 
     Walking 

26 (37.1%)
20 (28.6%)
24 (34.3%)

Time spent sitting
     Up to 3 hours  
     Up to 5 hours  
     Up to 8 hours  
     More than 8 hours 

3 (4.3%)
25 (35.7%)
29 (41.4%)
13 (18.6%)

Free time spent on computer 
     1-2 hours  
     Up to 5 hours   
     More than 5 hours
     I don’t use a computer in free time.

22 (31.4%)
28 (40%)
12 (17.2%)
8 (11.4%)

Time spent on school work/studying
     1-3 hours 
     3-5 hours 
     5-7 hours 
     More than 7 hours

18 (25.7%)
28 (40%)
18 (25.7%)
6 (8.6%)

Presence of student job 
     Yes
     No

13 (18.6%)
57 (81.4%)

Table 2. Distribution of study participants according to health and 
habits 

Table 3. Pittsburgh Sleep Quality Index (PSQI) scores according to 
components 

Variable Value
Duration of student job per week (hours)
     Mean±SD
     Range

13.1±15.1
2-50

Feelings of stress over past 12 months
     Rarely 
     Sometimes
     Always

5 (7.1%)
40 (57.2%)
25 (35.7%)

Sleep duration 
     4-6 hours	
     6-8 hours
     8-10 hours

21 (30%)
41 (58.6%)
8 (11.4%)

Difficulties falling or staying asleep 
     Yes
     No
     Sometimes

14 (20%)
25 (35.7%)
31 (44.3%)

Consumption of sleeping pills
     Yes
     No
     Sometimes

8 (11.4%)
5 (7.2%)
57 (81.4%)

Component Mean score±SD Median, IQR*
Subjective sleep quality 1.2±0.8 1.0, 1.0
Sleep latency 1.2±1.1 1.0, 2.0
Sleep duration 0.9±0.9 1.0, 1.0
Habitual sleep efficiency 0.3±0.7 0.0, 0.0
Sleep disturbances 1.0±0.6 1.0, 0.0
Use of sleeping medication 0.2±0.7 0.0, 0.0
Daytime dysfunction 1.1±0.8 1.0, 0.0
PSQI global score 5.8±3.1 6.0, 3.0

*IQR = interquartile range. 

BDI Score Number of subjects %
0-13 57 81.5
14-19 5 7.2
20-28 6 8.5
29+ 2 2.8

Table 4. The distribution of the BDI score categories 
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DISCUSSION 

Our study examined the effect of lifestyle habits and men-
tal health, specifically depression, on the sleep quality of 
medical students in Belgrade, Serbia using a novel ques-
tionnaire and two indexes, the Pittsburgh Sleep Quality 
Index (PSQI) and the Beck depression Inventory (BDI). 
The mean PSQI global score identified in this population 
was 5.8, on the scale 0-21. Of all factors incorporated in 
the study, univariate linear regression analysis identified 
chronic diseases, feeling of stress in the past 12 months, 
sleep duration, difficulty with falling or staying asleep, 
consumption of sleep pills, and BDI score as strong pre-
dictors for the PSQI global score, which identifies the lev-
el of sleep quality. Multivariate linear regression analysis 
revealed that the BDI score and the presence of chronic 
diseases had the strongest correlation and statistical sig-
nificance with the PSQI score. This indicates that chron-
ic diseases and depression were the most inf luential fac-
tors affecting the study participants’ sleep quality. This 
indicates a need to prioritize the treatment of chronic dis-
ease and depression in this population to maximize their 
sleep quality, which holds a heavy effect on the academic 
performance and success of the study participants. 

Similar studies have been conducted regarding the 
association between mental health, technology use, and 
sleep quality in the student population. Dudo et al. found 
an association between depressive symptoms and lower 
sleep quality as well as high sleep latency, and the con-
sumption of sleeping pills, similarly using the BDI and 

PSQI (2). This is consistent with our results, as it identi-
fies a link in mental health and sleep quality of the medical 
student population. Becker et al. looked more specifically 
at PSQI, finding that through structural regression mod-
els, depression and anxiety were associated with PSQI 
sleep component disruptions, however depression spe-
cifically was uniquely associated with increased daytime 
dysfunction (13). While our study was consistent with 
the initial general association, we did not discover asso-
ciations with daytime function. A study by Thacher also 
identified a growing trend between depressive symptoms 
and a single night of total sleep deprivation (“all-night-
er”), further emphasizing the link between mental health 
and sleep quality (8). This raises the idea of how student’s 
voluntary sleep behaviors inf luence their mental health 
and sleep quality outcomes. 

We found correlations between the time spent on 
the computer and the BDI score in the study population, 
which is consistent with other studies investigating sim-
ilar outcomes. For example, Kaya et al. discovered that 
students who used their smartphones for a mean of 7.85 
hours per day had a statistically significant relationship 
to a higher PSQI and BDI point (6). Our results, demon-
strated through correlational analysis, showed that inter-
net usage – typically reported as 5 or more hours – was 
associated with the BDI score, aligning with the findings 
of Kaya et al. regarding the impact of technology use (6). 
Similarly, Shoval et al. found that frequent nighttime 
smartphone checking was linked to lower sleep quality. 
While we did not specifically investigate this, our find-

Table 5. Linear regression analysis 

Univariate analysis Multivariate analysis
Variable Unstandardized 

beta coefficient
95% confidence 

intervals
p Unstandardized 

beta coefficient
95% confidence 

intervals
p

Gender 0.74 -0.82, 2.29 0.347
Age 0.22 -0.07, 0.51 0.136
Year of study 0.11 -0.30, 0.52 0.582
GPA -0.88 -1.93, 0.17 0.098
Current housing -0.24 -1.18, 0.70 0.612
Amount of money received per month -0.01 -0.01, 0.0 0.074
Presence of chronic diseases 2.34 0.53, 4.14 0.012 1.89 0.49, 3.29 0.009
Smoking 0.01 -1.12, 1.14 0.986
Coffee consumption 0.60 -0.32, 1.51 0.200
Alcohol consumption 0.09 -0.54, 0.73 0.771
Frequency of sport-related activity -0.16 -0.85, 0.53 0.647
Frequency of recreational activity 0.44 -0.51, 1.39 0.355
Time spent sitting 0.81 -0.11, 1.73 0.082
Free time spent on computer 0.57 -0.20, 1.34 0.144
Time spent on school work/studying 0.17 -0.66, 0.99 0.688
Presence of student job -1.61 -3.52, 0.30 0.097
Feelings of stress 2.33 1.18, 3.48 0.001
Sleep duration -2.41 -3.49, -1.33 0.001
Difficulties falling or staying asleep -2.0 -2.87, -1.15 0.001
Consumption of sleeping pills -1.17 -2.27, -0.06 0.039
BDI score 0.26 0.18, 0.34 0.001 0.25 0.18, 0.34 0.001

*Bold values denote statistical significance
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ings align with theirs, as difficulty staying asleep correlat-
ed with the PSQI global score. Students who frequently 
checked their phones at night struggled to maintain sleep 
(5). This similarly demonstrates the potential impacts of 
technology use on students’ sleep quality. 

Some studies found gender to be associated with sleep 
quality and depression, identifying females to have poor-
er sleep quality, a higher risk for depressive symptoms, 
and higher prevalence for insomnia and poor academic 
performance in females when compared to males (2, 7, 
14), which was inconsistent with our results that did not 
identify a statistically significant correlation between 
gender and any of these factors.  

Finally, burnout, which is a common occurrence for 
early phases in medical students, and sleep disorders, 
showed a bidirectional effect on students, including 
emotional exhaustion and daytime sleepiness, measured 
through PSQI and BDI scores, according to a study done 
by Pagnin et al (9). This highlights the impact of student 
lifestyle on sleep quality and mental health, and while we 
did not investigate burnout, it is important to note this 
finding when viewing our results and conducting future 
studies, taking into consideration student lifestyle habits 
based on education curriculum. 

This study was conducted at a single medical faculty in 
Belgrade, Serbia. While the curriculum is standard across 
Serbian faculties and can be applied to other institutions 
within the country, it differs from those in other coun-
tries, which may limit the generalizability of the findings 
to student populations with different educational sys-
tems. Future studies should include comparisons across 
countries to provide more widely applicable insights.

Also, this study included a relatively low sample size 
of 70 students, making results limited in their external 
validity and generalizability. To increase the statistical 

power of the results, a larger sample size is needed for fu-
ture studies.  

This study was conducted at a specific point in stu-
dents’ lives, and may not capture events or emotions that 
could inf luence the results. Future research should con-
sider a longitudinal approach to account for these factors 
over time. 

Finally, the data collected in this study was self-re-
ported, making the data less reliable compared to stud-
ies in which data is not self-reported. While the PSQI 
and BDI are established indexes, the demographic novel 
questionnaire is not, therefore this causes a potential lim-
itation in data reliability. For future studies, an external 
measure of self-reported reliability is necessary to ensure 
accurate findings. 

CONCLUSION

Sleep quality in the medical student population is heav-
ily inf luenced by chronic diseases and depressive symp-
toms, as shown by multivariate linear regression analysis. 
Therefore, it is necessary to address symptoms of chron-
ic diseases and depression properly and immediately, as 
well as apply preventative measures, for students to have 
improved sleep quality, and as a result, improved learning 
and academic performance.
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ISPITIVANJE PREVALENCIJE POREMEĆAJA SPAVANJA I UDRUŽENIH FAKTORA 
RIZIKA KOD STUDENATA MEDICINE
Sofija Đordjević1, Aleksa Jovanović1, Vladimir Nikolić1, Tatjana Pekmezović1

Sažetak

Poremećaji spavanja mogu dovesti do slabijih akadem-
skih i zdravstvenih ishoda. Prevalencija poremećaja spa-
vanja i njihov uticaj na različite aspekte života još uvek 
nisu dovoljno poznati. Cilj ove studije je procena preva-
lencije poremećaja spavanja i efekata na zdravlje koje 
oni imaju, kod studenata medicine. 

Metod: Istraživanje po tipu studije preseka sprovedeno 
je na Medicinskom fakultetu Univerziteta u Beogradu, u 
periodu od aprila do septembra 2023. Godine. Uzorak 
je činilo 70 studenata medicine koji su popunili odgo-
varajući upitnik, The Pittsburgh Sleep Quality Inventory 
(PSQI) i Beckovu skalu depresivnosti (BDI), kako bi se pro-
cenile životne navike i demografske karakteristike, kvali-

tet spavanja i simptomi depresivnosti. 

Rezultati: Univarijantnom linearnom regresionom anali-
zom pokazano je da su hronične bolesti, prisustvo stresa 
u poslednjih 12 meseci, trajanje sna, teškoće pri uspavlji-
vanju, korišćenje lekova za spavanje i BDI skor bili zna-
čajni prediktori globalnog skora PSQI. Multivarijantna 
linearna regresiona analiza pokazala je da su hronične 
bolesti i depresija najznačajniji faktori koji utiču na kvali-
tet spavanja kod studenata. 

Zaključci: Na kvalitet spavanja kod studenata u velikoj 
meri utiču hronične bolesti i simptomi depresivnosti, 
zbog čega je neophodno prevenirati i lečiti ove zdrav-
stvene probleme.

Ključne reči: kvalitet spavanja, depresija, hronične bolesti, PSQI, BDI, studenti
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Summary 
Introduction: The necessity of timely administration of intravenous 
thrombolysis (IVT) in the treatment of acute ischemic stroke may re-
sult in its administration in conditions that mimic stroke with their 
clinical presentation (“stroke mimics“).
Aim: To assess the safety of IVT administration in stroke mimics. 
Material and methods: A retrospective study of 764 patients treated 
with IVT was conducted at the Department of Emergency Neurology 
of the University Clinical Centre of Serbia in the period between 2006 
and 2021. 
Results: Out of 764 stroke patients treated with IVT, the diagnosis of 
stroke mimics was established in 22 patients (2.9%). The average age 
of patients with stroke mimics was 49.1 ± 16.3 (min 26, max 86), and 
55% of patients were female. The most frequent vascular risk factor 
in this group of patients was arterial hypertension (41%), followed by 
smoking (14%) and hypercholesterolemia (14%). In comparison with 
the control group of thrombolysed patients with stroke (matched ac-
cording to sex and age), a trend towards a milder initial clinical deficit 
measured by NIHSS score was determined (5 vs. 9; p=0.058) in the 
stroke mimics group. Furthermore, a higher probability of favorable 
functional outcome (mRS 0-2) was registered (91 % vs. 55%, p=0.007). 
There were no statistically significant differences between the two 
groups regarding the death outcome (p=1.000). Symptomatic intra-
cerebral hemorrhage was not registered in any patient in the stroke 
mimics group. 
Conclusion: The use of intravenous thrombolysis in acute conditions 
presenting with the clinical picture of acute ischemic stroke is safe for 
the patients.
Key-words: acute ischemic stroke, stroke mimics, intravenous throm-
bolytic therapy (IVT)
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INTRODUCTION

Acute ischemic stroke (AIS) is a sudden, focal, non-con-
vulsive neurological deficit resulting from vascular dam-
age and it represents a significant medical challenge with 
a noticeable increase in incidence within the general 
population, especially in low-income countries (1). The 
decision regarding the type of treatment during its hyper-
acute phase is determined by clinical presentation, neu-
roimaging diagnostic findings and the time that passed 
from symptom onset to patient’s arrival at the hospital 
(2). The only therapeutic approach proven to be efficient 
in AIS treatment consists of timely recanalization of oc-
cluded blood vessels by intravenous thrombolysis and/
or mechanical thrombectomy. Intravenous thrombolytic 
therapy (IVT) refers to the intravenous administration of 
recombinant tissue plasminogen activator (rt-PA) within 
a time limit of 4.5 hours from symptom onset (3,4). Fur-
thermore, additional absolute contraindications such as 
already established ischemia on computed tomography 
(CT) scan, previous intracranial hemorrhage, current se-
vere uncontrolled hypertension, recent intracranial/spi-
nal surgery or head trauma restrict the use of IVT (4, 5). 
Nevertheless, the most important factor limiting IVT ad-
ministration is time, since patients have to reach the hos-
pital within a narrow time frame. Moreover, the benefit 
of IVT declines as time passes from symptom onset (4,5).

Rapid clinical assessment and brain imaging are es-
sential when a patient presents with symptoms of an acute 
stroke. In many countries and hospitals only non-contrast 
CT scan is available in the emergency setting and is typi-
cally conducted as the initial neuroimaging procedure in 
patients suspected of having AIS (6). More sophisticated 
neuroimaging procedures such as CT perfusion scan and 
diffusion-weighted MRI (DWI-MRI) sequences, which 
are more useful imaging modalities for providing valu-
able support in addition to clinical suspicion in differenti-
ating stroke from stroke mimics, are not widely available 
in emergency settings. Various conditions and diseases, 
which lack the pathoanatomical substrate of AIS can 
mimic its clinical presentation, potentially complicating 
treatment decisions (7). Considering the urgency of de-
cision making, neurologists who must make fast yet pa-
tient-safe decisions, can find themselves in this challeng-
ing situation. 

The aim of this study was to evaluate the safety of 
IVT administration in patients presenting with acute 
conditions with the same or similar clinical presentation 
to AIS, i.e. those diagnosed with stroke mimics.

MATERIAL AND METHODS

A retrospective analysis was conducted on data from a 
total of 764 patients treated with IVT at the Emergen-
cy Neurology Department of the Neurology Clinic, 

University Clinical Center of Serbia, between 2006 and 
2021. Retrospective and completely anonymous data 
were used, therefore signed informed consent was not 
requested.

Patients’ demographic characteristics were analyzed, 
as well as vascular risk factors: hypertension, diabetes 
mellitus (DM), atrial fibrillation (AF), hypercholester-
olemia, smoking, previous coronary disease (myocardial 
infarction, peripheral arterial disease, etc.), and previous 
stroke. The use of prestroke medication was also evalu-
ated, including previous antiplatelet/anticoagulant, an-
tihypertensive and statin therapy. Data were obtained 
through patient history, heteroanamnesis, and review of 
medical records. 

In all patients, evaluation of clinical deficit’s severity 
was assessed by using the National Institutes of Health 
Stroke Scale score (NIHSS), which was performed upon 
admission (8). Afterwards, all patients had their blood 
pressure measured, an electrocardiogram performed, un-
derwent a non-contrast CT scan, and had a comprehen-
sive laboratory tests analysis. Based on clinical and neuro-
logical findings, patients with suspected AIS that met all 
the necessary criteria, according to the recommendations 
from current European and North American guidelines 
for the management of acute stroke, were then treated 
with recanalization therapy (4,9,10). The initial clinical 
diagnosis of AIS was then confirmed by a follow-up CT/
MR neuroimaging performed 12-72 hours upon admis-
sion, depending on the administered therapy, and in case 
of exacerbation even earlier. Symptomatic intracerebral 
hemorrhage (sICH) was defined according to the ECASS 
2 criteria (4). The diagnosis of stroke mimics was made 
according to the criteria established by Hand et al. (11). 
Stroke mimics were identified within the patients whose 
clinical presentations were not confirmed with a vascu-
lar etiology, but rather, additional examinations revealed 
the presence of an alternative diagnosis (12). Patients’ 
follow-up assessment was conducted 3 months after hos-
pitalization, by using the modified Rankin Scale (mRS). 
Favorable outcome was defined as a mRS score 0-2, while 
a fatal outcome was defined as a mRS 6 (4). 

Furthermore, patients identified as stroke mimics were 
matched with a control group of patients diagnosed with 
AIS (gender and age matching) for additional analysis. 

The data were analyzed by using descriptive statisti-
cal methods which included measures of central tenden-
cy (mean, median, percentiles), measures of variability 
(standard deviation), and structural indicators expressed 
as percentages. To compare the groups, Pearson’s chi-
square test or Fisher’s exact test was used for categorical 
data, while Student’s t-test or Mann-Whitney U test was 
used for numerical data. The data were analyzed using 
the SPSS 22.0 statistical software (IBM Corp. IBM SPSS 
Statistics for Windows, Armonk, NY: IBM Corp; 2017). 
Statistical hypothesis testing was performed at a signifi-
cance level (alpha level) of 0.05.
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RESULTS

Out of 764 patients treated with IVT, the diagnosis of 
stroke mimics was made in 22 patients (2.9%). The aver-
age age of patients diagnosed with stroke mimics was 49.1 
± 16.3 (min 26, max 86) years, 55% being female. The most 
common vascular risk factor in this group was hyperten-
sion (41% of cases), followed by smoking (14%) and hyper-
cholesterolemia (14%). The most frequently used chronic 
therapy in this subgroup of patients was antihypertensive 
therapy (36.4%). Details are presented in Table 1.
Table 1. Vascular risk factors and therapy for primary prevention in 
patients diagnosed with stroke mimics
Feature Stroke mimics (n=22)
Hypertension, n (%) 9 (40.9%)
Diabetes mellitus, n (%) 0 (0%)
Atrial fi brillation, n (%) 1 (4.5%)
Hypercholesterolemia, n (%) 3 (13.6%)
Prior coronary disease, n (%) 0 (0%)
Prior stroke, n (%) 1 (4.5%)
Current smoking, n (%) 3 (13.6%)
Prior antihypertensive therapy, n (%) 8 (36.4%)
Prior antithrombotic therapy, n (%) 2 (9.1%)
Prior statin therapy, n (%) 2 (9.1%)

Abbreviations: n= number; 

There was a trend towards less severe clinical presen-
tation measured by NIHSS score in the stroke mimics 
group compared to the group of patients with AIS, but 
without reaching a statistical significance (5 [IQR 5-10] 
vs. 9 [IQR 6-19], p=0.058). There was no difference 
between two groups regarding systolic blood pressure 
(p=0.07), diastolic blood pressure (p=0.104), or glucose 
levels (6.0 vs. 6.7; p=0.131). On the other hand, patients 
with stroke mimics were more likely to have excellent 
functional outcome (91% vs. 41%; p<0.001), as well as 
favorable outcome (91% vs. 55%; p=0.007) after three 
months. Furthermore, it was shown that none of the pa-
tients diagnosed with stroke mimics experienced symp-
tomatic intracerebral hemorrhage whereas its prevalence 
in the AIS group was 0.1% (p<0.001). Additionally, there 
were no fatal outcomes among the thrombolysed patients 
in the stroke mimics group, compared to one fatality in 
the AIS group, which did not constitute a statistically 
significant difference (p=1.000). Details are presented in 
Table 2 and Figure 1. 

Feature Stroke mimics 
(n=22)

AIS 
(n=22)

p -value

Systolic blood pressure, mmHg, mean ± sd 133.2 ± 19.7 144.2 ± 19.5 0.070
Diastolic blood pressure, mmHg mean ± sd 82.0 ± 12.7 87.7 ± 10.2 0.104
NIHSS, median [IQR] 5.0 (5-10.0) 9.0 (6-19) 0.058
Baseline glucose, mmol/l, mean ± sd 6.0 ± 1.4 6.7 ± 1.8 0.131
sICH , n (%) 0 (0%) 1 (4.5%) 1.000
Death outcome, n (%) 0 (0%) 1 (4.5%) 1.000
Excellent functional outcome (mRS 0–1), n (%) 20 (90.9%) 9 (40.9%) <0.001
Good functional outcome (mRS 0–2), n (%) 20 (90.9%) 12 (54.5%) 0.007

Abbreviations: AIS = Acute ischemic stroke; SD= Standard deviation; NIHSS = National Institutes of Health Stroke Scale; IQR= Interquar-
tile range; sICH = Symptomatic intracranial hemorrhage; n= number; mRS = Modifi ed Rankin Scale

Table 2. Baseline fi ndings and outcome of IVT use in patients with stroke mimics vs. acute ischemic stroke patients 

Figure 1. Th ree-month functional outcome of IVT treated patients with stroke mimics vs. patients with acute ischemic stroke (presented by 
mRS score) 
Abbreviations: AIS = acute ischemic stroke; mRS= modifi ed Rankin Scale
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DISCUSSION

Although significant progress has been made in the treat-
ment of AIS, it remains one of the leading causes of dis-
ability and death worldwide (13). Furthermore, due to the 
rising average age of the population and the prevalence 
of various comorbidities among elderly, it is anticipated 
that the general population will face an increased burden 
from AIS in the years ahead, with the assumption that one 
in four individuals will experience AIS (14). It has been 
demonstrated that the benefit of IVT rapidly declines 
over time from symptom onset (15). It has been estimated 
that every minute without appropriate treatment results 
in the loss of approximately 1.8 million neurons, empha-
sizing the importance of minimizing the time period from 
the onset of symptoms to IVT administration (16).

The proportion of stroke mimics in the group of pa-
tients treated with intravenous thrombolytic therapy in 
our study was 2.9%. Previously published studies report-
ed the frequency of IVT treated stroke mimics ranging 
from 1.4% to 15.5% (17-26). One potential explanation 
for such a low proportion in our study is the fact that it 
was conducted in one of the largest health care centers in 
the country, where doctors have extensive experience in 
IVT administration decision-making process. Their clin-
ical experience in treating patients with AIS is valuable 
for the outcome of the treatment itself. It has been report-
ed that the proportion of patients with stroke mimics is 
higher in hospitals where the decision to administer IVT 
is made based on telephone consultations between emer-
gency medicine doctors, who are the first one to examine 
the patient, and on-call neurologists (24). Although it is 
known that MRI is more sensitive in detecting potential 
stroke mimics (24), it is still not routinely performed in 
most health care centers, and the diagnosis of AIS re-
mains, above all, a clinical diagnosis combined with a 
non-contrast CT scan (12), as was the case in this study.

Our study showed that none of the patients with 
stroke mimics developed symptomatic intracerebral 
hemorrhage while its incidence in the group of AIS pa-
tients was 4.5% (p=1.000). Regarding mortality out-
comes, there were no deaths in the stroke mimics group, 
as opposed to one death in the AIS group, which was not 
a statistically significant difference (p=1.000). These 
results are consistent with those of a large multicenter 
international study, which also demonstrated the safe-
ty of IVT use in stroke mimics, with a low incidence of 
complications (12). That study reported the incidence 
of sICH in the stroke mimics group of 1% (95% CI 1.5-
2.2) vs. 7.9% (95% CI 7.2-8.7) in AIS group, while the 
mortality rate in the stroke mimics group was 2.1% (95% 
CI 0.3-7.3) vs. 14.4% (95% CI 13.4-15.3) in the group of 
patients with acute ischemic stroke (12). The cited study 
also showed a statistically significant difference between 
the two groups in terms of excellent functional outcome 
(mRS 0-1) and good functional outcome (mRS 0-2), in 

both cases, p<0.0001 (12), which is consistent with our 
results (mRS 0-1 p=0.001, mRS 0-2 p=0.007). Although, 
ideally, IVT should not be administered to patients with-
out a pathological substrate for acute ischemic stroke, 
the aforementioned results highlight that the safety of 
patients with stroke mimics is not compromised by the 
use of IVT. Moreover, numerous studies have shown that 
the benefit of early IVT administration is correlated with 
better outcomes in the treatment of patients with AIS (27, 
28, 29). Therefore, in uncertain situations, it is entirely 
reasonable to administer IVT until an additional/more 
sophisticated diagnostic method can exclude the diagno-
sis of AIS (12).

The main limitation of this study lies in the fact that it 
was conducted at a single health care center, specifically a 
tertiary healthcare facility with extensive experience, re-
sulting in a relatively small number of patients diagnosed 
with stroke mimics through retrospective evaluation. 
Taking this into account, it is assumed that the results 
could potentially be less favorable in smaller centers. 
Certainly, one of the plans for future analysis would be 
to include a larger number of national centers in order to 
obtain a more comprehensive picture of the frequency of 
stroke mimics among IVT treated patients.

CONCLUSION

Although the use of intravenous thrombolysis is often 
still accompanied by some apprehension, our study has 
demonstrated that IVT administration in acute condi-
tions presenting with a clinical picture of acute ischemic 
stroke is safe for the patient. While it remains crucial to 
adhere to clinical guidelines when administering IVT, 
as well as to continually improve diagnostic approaches 
for patients with AIS, the results are encouraging. These 
findings may potentially serve as a rationale for neurol-
ogists to confidently initiate IVT in a timely manner, as 
the risk of complications from administered therapy is 
minimal, even in cases of stroke mimics.
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BEZBEDNOST PRIMENE INTRAVENSKE TROMBOLITIČKE TERAPIJE KOD STANJA 
KOJA IMITIRAJU MOŽDANI UDAR (“STROKE MIMICS”) - PETNAESTOGODIŠNJE 
ISKUSTVO
Uroš Miladinović 1, Rea Mikulan 1, Dejana R. Jovanović 1,2, Višnja Pađen 1,2

Sažetak

Uvod: Neophodnost donošenja brze odluke o primeni 
intravenske trombolize (IVT) u lečenju akutnog ishemij-
skog moždanog udara (AIMU) može imati za posledicu 
njeno ordiniranje i kod stanja koja svojom kliničkom sli-
kom mogu da imitiraju AIMU.

Cilj: Ispitivanje bezbednosti primene IVT kod drugih 
akutnih stanja koji se prezentuju istom ili sličnom klinič-
kom slikom kao AIMU, tj. “stroke mimics”.

Materijal i metode: Sprovedena je retrospektivna ana-
liza podataka ukupno 764 pacijenta lečenih trombolitič-
kom terapijom na Odeljenju urgentne neurologije, Klini-
ke za neurologiju Univerzitetskog kliničkog Centra Srbije 
u periodu od 2006. do 2021. godine. 

Rezultati: Od ukupno 764 pacijenta sa AIMU lečenih 
primenom IVT, dijagnoza “stroke mimics“ je postavlje-
na kod 22 pacijenta (2.9%). Prosečna starost grupe pa-
cijenata sa dijagnozom “stroke mimics“ je iznosila 49,1 

± 16,3 (min 26, max 86), od čega je 55% pacijenata bilo 
ženskog pola. Najučestaliji vaskularni faktor rizika prisu-
tan u ovoj grupi pacijenata bila je arterijska hipertenzija 
(41%), potom pušenje (14%) i hiperholesterolemija (14%). 
Poređenjem ovih pacijenata sa kontrolnom grupom 
tromboliziranih pacijenata sa AIMU (uparenih prema 
polu i starosti) utvrđeno je postojanje trenda ka blažem 
inicijalnom kliničkom deficitu merenom NIHSS skorom (5 
vs. 9; p=0.058), uz veću verovatnoću nastanka povoljnog 
funkcionalnog ishoda (mRS 0-2) (91% vs. 55%; p=0.007) u 
“stroke mimics“ grupi. Ni kod jednog pacijenta sa “stro-
ke mimcs“ nije utvrđena pojava simptomatske intrace-
rebralne hemoragije. Između dve grupe nije utvrđeno 
postojanje statistički značajne razlike kada je u pitanju 
pojava smrtnog ishoda (p=1.000). 

Zaključak: Upotreba IVT kod akutnih stanja koja se pre-
zentuju kliničkom slikom AIMU je bezbedna po pacijenta.

Ključne reči: akutni ishemijski moždani udar (AIMU), ”stroke mimics”, intravenska trombolitička terapija (IVT)
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Summary 
INTRODUCTION: Health literacy is a cornerstone of prevention, while 
sex specific prevention of cardiovascular disease, a leading cause of 
death of women worldwide, remains less addressed and is still more a 
matter of local cultural habits than guideline-directed management. 
METHODS: A validated multiple-choice questionnaire (MCQ) de-
signed to both educate patients and help the healthcare team learn 
about their traditional and sex specific modern risk factors (RF) man-
agement, including opting for comprehensive personalized long 
term follow up (FU) was offered to all in-patients.
RESULTS: Out of 130 patients hospitalized at our department (Jan 
1, 2024 – Feb 24, 2024) who were offered to fill in the MCQ, 37.7% 
accepted to do so, while 11.5% were excluded on ethical grounds. 
Women (49%) were older than men, had a more significant burden of 
traditional RF and possessed higher levels of knowledge and interest 
in RFs of both sexes, while men – especially those who declined to 
participate without a clear reason – even stated having no interest 
in their female relatives’ risk profiles. Men, unlike women, showed no 
particular interest in a personalized and tech-savvy options of FU, al-
though they equally use hand-held devices.
CONCLUSION: These results confirm the findings obtained from a 
similar study conducted on an all-female sample in the same setting 
a year ago. However, results in men were surprising for the hostility 
exhibited towards junior and mid-career women which was absent 
when approached by a senior male member of the healthcare team. 
This confirms that misogyny needs to be actively suppressed.
Key words: health literacy, heart disease, cardiovascular risk, sex spe-
cific risk factors, misogyny
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INTRODUCTION

Cardiovascular disease remains the leading cause of mor-
bidity and mortality in women and men, worldwide. Most 
precise statistics are offered annually by the American 
Heart Association (1) that recently started addressing 
not only United States’ statistics, but also global statistics 
linked to both cardiovascular and cerebrovascular dis-
eases. This report also highlights the status of the AHA’s 
“Essential Eight” risk factors (2), which include tradition-
al factors – glycemia, cholesterol, and blood pressure lev-
els-as well as lifestyle factors such as smoking, physical 
activity, diet, weight, and sleep habits, all of which collec-
tively shape cardiovascular health. Risk factors were first 
identified based on findings from two major epidemiolog-
ical registries. The Seven Countries Study (SCS) includ-
ed only men from seven countries across three continents 
– the United States, Japan, Finland, the Netherlands, Ita-
ly, Greece, and former Yugoslavia (with Serbia’s three co-
horts continuing follow-up for up to 55 years). At the time, 
in the post-WWII era, women were believed to be pro-
tected from heart disease until well into menopause. The 
Framingham Heart Study (FHS), in contrast, included 
both men and women, though primarily of Caucasian de-
scent. Notably, while maternal morbidity and mortality 
data were collected for SCS participants, this later proved 
to be both insightful and valuable. A 40-year follow-up re-
vealed that men whose mothers had hypertension and/or 
heart disease experienced worse cardiovascular outcomes 
in terms of both morbidity and mortality (3). However, 
it was the Nurses’ Health Study (NHS) that first estab-
lished a link between night shift work and an increased 
risk of developing diabetes (4) and obesity (5) – both of 
which, over time, contribute to a higher incidence and 
progression of cardiovascular and cerebrovascular dis-
ease. This association was further reinforced by findings 
from a 24-year follow-up, which demonstrated poorer 
overall health outcomes with aging (6). Sex specific risk 
factors, however, reached the guidelines only in the 21st 
century with the American guidelines being the first to 
include them in 2019 (7), while European ones followed 
2 years later (8). Locally, despite coordinated efforts from 
all stakeholders (9) to provide comprehensive cardiovas-
cular care for women in Serbia based on established global 
models (10, 11), a major barrier persists: a form of covert 
misogyny that has yet to be quantified in national samples. 
Clinically, it closely resembles the systemic racism faced 
by women of color in accessing reproductive care and in 
experiencing higher peri- and postpartum morbidity and 
mortality – disparities that persist even among those with 
no barriers to healthcare access or insurance (12, 13). This 
stems from the misperception that sex-specific care be-
yond reproductive and oncological health is an extension 
of militant feminism rather than a medical necessity. The 
global need for a comprehensive approach is the central 
theme of The Lancet Women and Cardiovascular Disease 

Commission (14), which, in its latest revision, highlighted 
the impact of discrimination that endangers over 50% of 
the world’s population. This issue has also been recently 
emphasized by leading experts in the field (15) and is the 
focus of the latest call to action (16), which seeks to im-
prove risk stratification for young women at higher risk of 
developing acute coronary syndrome. Beyond the grow-
ing burden of cardiovascular risk factors among women 
of childbearing age (17), ageism itself poses a significant 
threat to women of all racial backgrounds in the United 
States. However, systematic efforts to address this issue 
have only emerged in the past decade (18). Converse-
ly, Serbia’s annual statistical reports (19) do not provide 
precise data on differences in non-communicable disease 
morbidity and mortality rates between men and women in 
the Roma population, despite their well-documented vul-
nerability due to social determinants of health (SDOH). 
Additionally, the ongoing migrant crisis, which began in 
2015, is not accounted for – despite United Nations High 
Commissioner for Refugees (UNHCR) reports (20) indicat-
ing that Serbia has taken in far more refugees from African 
countries than initially deemed feasible, even before the 
inf lux from Ukraine and Russia in February 2022. Cur-
rently, no reports are available on health status of women 
refugeed in Serbia, whether they are still displaced and 
live in camps or are in process of integration, although the 
generous universal coverage makes follow up exams pos-
sible for both groups.

Sex-specific risk factors, i.e., adverse pregnancy out-
comes, early menopause irrelevant of mechanism, mental 
health, violence with an emphasis on intimate partner 
violence, are defined in the last State-of-the-Art Review 
for Primary Prevention of Cardiovascular Disease in 
Women (21). However, the window of opportunity – of-
ten referred to as the “fourth trimester” (13) – remains 
largely overlooked, not only among African American 
women but across populations more broadly (22). Fortu-
nately, awareness of this critical period is increasing, as 
long-term health risks are now being recognized globally, 
including in Scandinavia (23).

The emergence of the SARS-CoV-2 virus and the 
COVID-19 pandemic exposed yet another layer of sub-
optimal care for women. Initially, misinformation sug-
gesting that women were less susceptible to infection led 
to their disproportionate placement on the frontlines, in-
creasing their exposure to patients more than men (24). 
This was followed by numerous reports highlighting 
higher mortality rates, more complex clinical presenta-
tions, and increased morbidity among women. Finally, 
the lingering effects of long COVID, along with its cardio-
vascular complications and the confounding impact of 
vaccines, have further underscored these disparities (9, 
25-29). All of the above has not only driven the need for 
more sex-specific research designs but also highlighted 
the importance of addressing the infodemic and the role 
of health literacy in its lingering detrimental effects.
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Aims

Given the limited national data on this topic, we aimed 
to assess not only hospitalization rates among women 
and men but also their awareness of risk factors for both 
themselves and the opposite sex. Additionally, we sought 
to explore preferred methods of communication with the 
healthcare system and their willingness to engage with 
telemedicine options.

METHODS

Our prospective research protocol was conducted at the 
Division of Cardiology of the University Clinical Center 
of Serbia from January 1st, 2024 to February 24th, 2024 
with the ethical approval obtained from the Institutional 
Review Board of the Faculty of Medicine, University of 
Belgrade (December 2023).

During the specified timeframe, all patients hospital-
ized in two departments of our Division were systemat-
ically invited to participate in an educational interview 
and complete a multiple-choice questionnaire (MCQ ). 
The questionnaire focused on patients’ demographics, 
the presence and awareness of risk factors, preferred 
communication modalities for follow-up, and interest 
in telemedicine options. All patients signed an informed 
consent and provided contact information in case they 
wished to pursue follow up or refer family members they 
identified as unaware of cardiovascular burden. 

The limitations of this pilot study included several fac-
tors: variations in local academic deadlines tied to the re-
search protocol, which resulted in a two-week shortening 
of the study timeline;the holiday season, which added five 
days of complexity to patient inclusion, as well as the 14 
weekend days; PCR positivity results for seasonal infec-
tions (COVID-19, Influenza A, Influenza B) led to manda-
tory immediate discharge by the hospital’s infection control 
protocols, requiring follow-up and treatment at secondary 
or primary healthcare levels (as a result, patients not already 
included could not be retained for same-day participation or 
discharge); patients who underwent coronary angiography 
through the Day Hospital often stayed less than 12 hours in 
our department and were less motivated to engage with the 
local healthcare team providing post-catheterization care, 
resulting in early discharge the following day; denial of par-
ticipation for various reasons; difficulty in understanding 
the questions posed; patients’ critical condition, dementia, 
or psychiatric status at the time of screening.

STATISTICAL ANALYSIS

Due to the size, statistical analyses were limited to cen-
tral tendency measures (mean), dispersion (SD, mini-
mum and maximum), and absolute and relative frequency 

measurements, with a χ2 test considered significant at a 
p<0.05 or Fisher’s exact test.

RESULTS

Out of a total of 130 patients of both sexes hospitalized 
between January 1st, 2024 and February 24th, 2024, 49 
patients accepted to participate, 66 refused, while 15 had 
medically and ethically justified reasons for non-inclusion.

Men comprised 51.0% (25) and women 49.0% (24) of 
the included patients. The average age was 64.24±12.35 
years, with the youngest patient being 28 and the oldest 
91. The age distribution is shown in Figure 1.

In regard to risk factors’ presence (detailed in Table 
1) only dyslipidemia was significantly more present in 
women.
Table 1. Frequency of risk factors according to sex
The presence of risk factors Sex p-value

Men
(n=25)

Women
(n=24)

Hypertension 18 (72.0) 16 (66.7) 0.686
Type 2 diabetes 10 (40.0) 15 (62.5) 0.115
Dyslipidemia 6 (24.0) 16 (66.7) 0.003
Obesity 12 (48.0) 13 (54.2) 0.666
Smoking 4 (16.0) 4 (16.7) 1.000
Migraine 1 (4.0) 5 (20.8) 0.098
Prior cancer treatment 1 (4.0) 5 (20.8) 0.098
Burnout 8 (32.0) 12 (50.0) 0.200
Physical activity 12 (48.0) 11 (45.8) 0.879
Alcohol 6 (24.0) 1 (4.2) 0.098

On the other hand, awareness levels for traditional 
and modern risk factors were low in both sexes and with 
no significant difference between the two groups, as 
show in Table 2.

Phone calls and text messages were the preferred 
modes of contact with the healthcare team, with no sta-
tistically significant difference between the sexes. As ex-
pected, women primarily served as household caregivers 
for the included men (Table 3).

Figure 1. Age distribution of the study population

Data were presented as n (%)
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Table 2. Frequency of risk factors’ awareness according to sex
The presence of risk factors Sex p-value

Men
(n=25)

Women
(n=24)

Hypertension 23 (92.0) 23 (95.8) 1.000
Type 2 diabetes 22 (88.0) 22 (91.7) 1.000
Dyslipidemia 20 (80.0) 20 (83.3) 1.000
Obesity 21 (84.0) 24 (100.0) 0.110
Smoking 23 (92.0) 21 (87.5) 0.667
Migraine 22 (88.0) 22 (91.7) 1.000
Family history 9 (36.0) 10 (41.7) 0.684
Early menarche 0 (0.0) 4 (16.7) 1.000
Late menarche 0 (0.0) 3 (12.5) 1.000
Infertility 0 (0.0) 3 (12.5) 1.000
In vitro fertilization 0 (0.0) 5 (20.8) 1.000
Adverse pregnancy outcomes 0 (0.0) 5 (20.8) 1.000
Peripartum complications 0 (0.0) 6 (25.0) 1.000
Prior cancer treatment 13 (68.4) 13 (54.2) 0.342
Burnout 20 (80.0) 14 (58.3) 0.100

Table 3. Frequency of preferential contact with the healthcare team 
and follow up according to sex

Telemedicine options
Sex p-value

Men
(n=25)

Women
(n=24)

Phone call 19 (76,0) 18 (75,0) 1,000
Text message 15 (60,0) 11 (45,8) 0,321
Apps 6 (24,0) 7 (29,2) 0,682
Email 7 (28,0) 9 (37,5) 0,478
Social media engagement 3 (12,0) 3 (12,5) 1,000
Telemedicine, in general 1 (4,0) 2 (8,3) 0,609
Choice of healthcare team 
member for telemedicine

1 (4,2) 2 (8,7) 0,609

Societal support
 No one/Almost no one 12 (48,0) 16 (66,7)

0,187
 Average/Maximum Support 13 (52,0) 8 (33,3)

DISCUSSION

In our pilot study sample, we observed a lower hospi-
talization rate among women, who were older and had 
more comorbidities than men. These findings align with 
global data indicating a lower level of awareness regard-
ing sex-specific risk factors and disease presentation, as 
well as delayed contact with the nearest healthcare ser-
vice or emergency number, as noted in guidelines from 
both sides of the Atlantic (30-32). Despite existing dis-
crimination in the diagnostic and treatment approaches 
for conditions like MINOCA/INOCA, SCAD, and myo-
cardial bridges (9, 16, 33-37), recent reports confirming a 
two-fold higher mortality in patients presenting with MI-
NOCA during acute coronary syndrome (38) may help 
reduce the stigma surrounding these conditions, even in 
the face of ongoing appeals (14, 16, 33, 35) and the chal-
lenges posed by the COVID-19 pandemic on interven-
tional cardiology services(24, 39, 40).

Regrettably, when comparing the health literacy levels 
on both traditional and modern risk factors for the devel-

opment and progression of cardiovascular disease in our 
unit’s post-pandemic setting, the awareness levels were not 
significantly improved compared to the previous year (41). 
However, women – particularly those over 60 years of age 
– were more informed about the link between reproductive 
and cardiovascular health, recognizing that reproductive 
history serves as a window into later cardiovascular and 
cerebrovascular risks, morbidity, and mortality. These con-
nections are well-established (7, 21, 42-44), but it is up to 
all stakeholders and policymakers to raise societal aware-
ness about cardiovascular health beyond the reproduc-
tive health focus, which has been traditionally promoted 
through the “bikini medicine” approach (9, 15, 45), to ul-
timately improve long-term cardiovascular health (45, 46).

All modern risk factors were poorly recognized, high-
lighting a pervasive low level of health literacy that ap-
pears to be thriving in the era of the COVID-19 infodem-
ic, despite well-established medical (47-53) and obstetric 
(12, 49, 54-57) knowledge on conditions that increase 
long-term cardiovascular risk in pregnant individuals – a 
term still absent from the Serbian medical lexicon, de-
spite recommendations from international medical soci-
eties dedicated to gynecology and obstetrics. This gap in 
understanding also extends to the offspring, regardless of 
the method of conception. 

What was surprising was the high level of resistance 
encountered when attempting to engage in educational 
conversations with men, particularly those who showed 
little interest in understanding or addressing their own 
risk factors. None of these individuals took the oppor-
tunity to schedule follow-up exams for themselves or for 
family members they recognized as having suboptimally 
controlled risk factors, across any level of prevention – 
from primordial to quaternary. Additionally, an interest-
ing observation was made by two mid-career male team 
members: hospitalized men exhibited a culturally typical 
familiarity that bordered on rudeness in their commu-
nication with the healthcare team, particularly in inter-
actions with junior female team members (one fellow, 
three residents, and one student). However, they tended 
to avoid engaging in similar behavior with mid-career fe-
male professionals (three attendings). This pattern was 
later confirmed by nursing staff. The described hostility, 
which could be interpreted as misogyny, was not quanti-
fied and could be considered a secondary outcome. This 
was not anticipated initially, and the research protocol 
did not include a specific questionnaire to capture such 
experiences among the various existing ones. Addition-
ally, a comparison of these experiences with those from 
international studies in different settings was not deliber-
ately made to avoid potential bias. A larger, more targeted 
study on this issue should be conducted in future.

In contrast to the denialists, men who agreed to partic-
ipate in completing the MCQ reported female household 
members as their primary source of social support. This 
aligns with a global phenomenon, irrespective of cultural 

Data were presented as n (%)

Data were presented as n (%)
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context (24, 39), where women are often responsible for 
well-established forms of unpaid work, a situation further 
exacerbated by the COVID-19 pandemic (24, 39, 58).

Although telemedicine implementation in Serbia was 
derailed by COVID19, modest national attempts in the 
domain of cardiovascular health of women have been 
made (59, 60), so our seeking to understand better the 
needs of the patients of both sexes led us to conducting 
the MCQ part on willingness to embrace new technol-
ogies that are still not used in medical practice regional-
ly. In our current sample, the motivation to use various 
existing technologies – ranging from text messages and 
phone calls to health-focused mobile apps and social me-
dia – was low for both women and men. While no statis-
tical significance was found, this motivation was notably 
higher in women just one year ago (41). These results 
are not surprising, as previous studies have shown that 
university students in France, in general, use health-re-
lated websites and apps (61). However, our own study 
of final-year medical and sports medicine students (62) 
revealed that sex-specifically being female – was a predic-
tor for using health apps, but only for the sports medicine 
group, not the medical students. Alarmingly, only 30% of 
female medical students reported using menstrual apps, 
considered helpful for reproductive health, compared to 
41.4% of female sports medicine students. The national 
results, gathered within a similar timeframe at Belgrade 
University, underscore the critical importance of wom-
en’s heart centers and programs (9-11), such as the one 
launched at the University Clinical Center of Serbia (9, 
63). These centers provide interdisciplinary and multidis-
ciplinary diagnostic services, along with timely treatment 
for women throughout their lifespan, aiming to protect 
the most vulnerable populations. Additionally, they play 
a crucial role in optimizing health literacy across all social 
strata, with a focus on local logistical considerations (9, 
16, 64-66). These results highlight the need to modern-
ize the core curriculum, extending beyond workshops for 
biomedicine students (67) to include tailored sessions for 
general practitioners (59) and cardiologists (60, 68-70). 
Modest efforts have already been made, such as the in-
troduction of the concept of preventive measures across 
a woman’s lifespan in the cardiology fellowship program 
since 2023, included in one of the Belgrade University 
Faculty of Medicine’s “Q & A” manuals (71). Further-
more, from a public health perspective, where low health 
literacy impacts expenditures within our still-solidari-

ty-based universal coverage health insurance model, fur-
ther research of this kind could offer valuable educational 
interviews with patients, while gathering essential data to 
optimize care standards and necessary metrics, moving 
us a step closer to improving healthcare outcomes. 

CONCLUSION

Despite the numerous limitations of our snapshot pilot 
research, our findings revealed a modest level of health 
literacy when patients were questioned about both their 
own and the opposite sex’s cardiovascular disease risk 
factors. As expected, the social support system predom-
inantly relied on female household and family members. 
Although not initially planned, researchers – regardless 
of gender, sex, or age – encountered a level of misogyny 
that remains to be quantified. Additionally, our results 
emphasize the importance of leveraging telemedicine 
and social media as sources of healthcare information, 
particularly for women, who showed a higher interest in 
using handheld devices to improve their own health and 
that of their family members.
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SVEST O POLNO SPECIFIČNIM FAKTORIMA RIZIKA, PRIKRIVENA MIZOGINIJA I 
DUGOROČNA OPTIMIZACIJA KARDIOVASKULARNOG RIZIKA: REZULTATI PILOT 
STUDIJE
Biljana Parapid1, Žaklina Grujić1, Ognjen Bisenić1, Milica Đurović1, Petar Simić2, Bosiljka Đikanović Tetiković3, Sonja Petrović1, 
Jovana Vuković Banjanac1, Kristina Simatović1, Dijana Đikić1, Ivana Petrović Đorđević1, Ana Mladenović Marković4,  
Zlatibor Lončar5, Slavica Đukić Dejanović6, Dragan Simić1, Nanette Kass Wenger7, Vladimir Kanjuh8

Sažetak

UVOD: Iako se zdravstvena pismenost smatra temeljem 
prevencije, polno specifičnoj prevenciji faktora rizika za 
razvoj kardiovaskularnih bolesti, vodećem uzroku mor-
taliteta žena globalno, i dalje se ne pridaje dovoljno 
značaja, a ustaljena kulturološka uverenja prednjače u 
odnosu na zvanične preporuke. 

METODE: Validirani upitnik kreiran kako bi edukovao 
bolesnika, a sa druge strane pomogao zdravstvenom 
timu da uči o upravljanju tradicionalnim i polno specifič-
nim modernim faktorima rizika, uključujući mogućnost 
sveobuhvatnog individualnog dugoročnog praćenja, 
ponuđen je svim hospitalizovanim pacijentima.

REZULTATI: Od 130 pacijenata hospitalizovanih na ode-
ljenju u periodu od 01.01. do 24.02.2024. kojima je upitnik 
ponuđen, 37.7% prihvatilo je da učestvuje, dok je 11.5% 
bilo isključeno iz različitih etičkih razloga. Ispitivane žene 
(49%) bile su starije od muškaraca, imale su viši stepen 

opterećenja tradicionalnim faktorima rizika, ali su pose-
dovale i viši stepen znanja i zainteresovanosti za faktore 
rizika kod oba pola, dok su muškarci, posebno oni koji su 
odbili da učestvuju u anketiranju iz nepoznatog razloga, 
pokazali nezainteresovanost za navedene faktore rizika 
čak i kod bliskih rođaka i ukućanki. Muškarci za razliku od 
žena nisu pokazali zainteresovanost za upotrebu savre-
menih modaliteta telemedicine, iako moderna sredstva 
komunikacije koriste u gotovo istoj meri kao žene. 

ZAKLJUČAK: Dobijeni rezultati u skladu su sa onim do-
bijenim tokom pilot istraživanja sprovedenog samo na 
ženama prethodne godine. Međutim, ono što iznenađu-
je kada su u pitanju muški ispitanici jeste hostilnost iska-
zana prema kako mlađim, tako i doktorkama srednje ge-
neracije, koja nestaje kada im se obrati muškarac starije 
generacije kao član zdravstvenog tima. Ovakav rezultat 
potvrđuje da je mizoginiju potrebno aktivno suzbijati. 

Ključne reči: zdravstvena pismenost, kardiovaskularna bolest, kardiovaskularni rizik, polno specifični faktori rizika, 
mizoginija
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Summary 
Introduction: Lifestyle—including dietary habits, physical activity, 
smoking, and alcohol consumption—plays a crucial role in shaping 
both individual and population health. Medical students often have a 
suboptimal activity level and unhealthy lifestyle habits, which affect 
their well-being and future medical practice. The aim of this research 
was to examine the frequency of insufficient physical activity and life-
style factors associated with it among fifth-year medical students at 
the Faculty of Medicine, University of Belgrade, as well as their associ-
ation with the physical and mental health of students. 
Methods: A cross-sectional study was conducted among fifth-year 
medical students at the Faculty of Medicine, University of Belgrade, 
during the social medicine course in November 2023. An anonymous 
questionnaire was used to assess physical activity, lifestyle character-
istics, and symptoms of depression and anxiety. The study included 
432 students, achieving a 90.4% participation rate. Based on energy 
expenditure, participants were categorized into groups with suffi-
cient and insufficient physical activity levels. 
Results: A total of 379 students (92%) belonged to the sufficient phys-
ical activity group, while 33 students (8%) were classified as having 
insufficient physical activity. Multivariate logistic regression exhibited 
a significant association between physical inactivity and lower BMI 
(OR: 0.81, 95% CI: 0.69-0.95), more pronounced depression symptoms 
(OR: 1.07, 95% CI: 1.01-1.15) and poorer financial status (OR: 0.51, 95% 
CI: 0.27-0.96). 
Conclusion: Most of the surveyed students are sufficiently physical-
ly active. Physical inactivity was significantly associated with female 
gender, lower BMI, and more pronounced symptoms of depression.
Keywords: physical activity, lifestyle, obesity, mental health, medical 
students
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INTRODUCTION

Lifestyle refers to the way of living and social practices 
adopted by individuals, which ref lect personal, group, 
and socio-economic identities and significantly impact 
overall physical and mental health (1). The key compo-
nents of lifestyle include: dietary habits, body weight and 
composition, physical activity, adequate sleep, and habits 
related to smoking and alcohol consumption (2, 3). The 
World Health Organization (WHO) defines physical 
activity as “any bodily movement produced by skeletal 
muscles that requires energy expenditure” (4). Physical 
activity encompasses all movement, including work-relat-
ed, transport, or leisure-time activities, and can involve 
walking, cycling, sports, active recreation, and play (5, 6). 
According to WHO guidelines, individuals aged 18–64 
are advised to engage in 150–300 minutes of moder-
ate-intensity aerobic physical activity or 75–150 minutes 
of vigorous-intensity aerobic physical activity per week. 
Additional health benefits could be achieved by doing 
more than 300 or more than 150 minutes of moderate-in-
tensity aerobic or high-intensity activity, respectively. 
Additionally, engaging in muscle-strengthening activi-
ties targeting all major muscle groups at least twice week-
ly provides further health benefits (7).

Adopting a healthy lifestyle and habits, along with 
regular physical activity, has significant health benefits, 
reduces the risk of chronic non-communicable diseases, 
which are currently the leading cause of morbidity and 
mortality worldwide, and alleviates economic costs re-
lated to both individual healthcare and the healthcare 
system (8, 9). Regular physical activity facilitates healthy 
growth and development, especially in young people, and 
also reduces symptoms of depression and anxiety, and 
improves mood, cognitive processes, learning, judgment, 
and sleep quality (5, 10, 11). A healthy lifestyle is funda-
mental for overall health and well-being and appropriate 
cognitive and social development in young adults. Many 
factors have been identified as potential predictors of a 
healthy lifestyle and sufficient physical activity, includ-
ing male gender, higher socio-economic status, living in 
an urban environment, higher education level, and higher 
academic performance (12, 13).

In the context of lifestyle and physical activity re-
search, medical students are a distinct group of interest 
(12). Firstly, they are considered particularly vulnerable 
due to their new responsibilities, challenges, lack of free 
time, and academic stress, all associated with enrolling 
and studying at the University. Upon entering medical 
school, there is a tendency for changes in personal di-
etary and other lifestyle habits, and students often face 
the challenge of balancing academic, personal, and social 
lives (10-12). Secondly, lifestyle habits are typically estab-
lished early in life and, once formed, can be challenging 
to change, often persisting over time. These habits inf lu-
ence personal health and can impact future careers and 

patient well-being (3, 14). Thirdly, medical students are 
future physicians and healthcare providers who will be a 
significant part of the healthcare system (15). Physicians 
with healthy habits, regular physical activity, and an 
overall healthy lifestyle serve as role models and provide 
ongoing health education and promotion of healthy life-
styles to patients and the general population (10). Previ-
ous research suggests that physicians with healthy habits 
are more likely to counsel patients on diet, physical activi-
ty, and lifestyle. Unfortunately, there is a lack of sufficient 
data and research concerning medical students’ lifestyles 
and physical activity (10, 16).

The general belief is that medical students, compared 
to other students, have greater interest and knowledge 
about various aspects of health, healthy living habits, and 
their benefits. However, the use of this theoretical knowl-
edge in personal life is not actively encouraged, and in 
some cases, it is even discouraged due to the large amount 
of time medical students invest in their studies (3, 14). 
The level of physical activity among students is generally 
suboptimal, which is prominent among medical students. 
Results from a global study across 23 countries indicate 
that physical inactivity among students ranges from 
21.9% to 80.6% (7). Other studies have shown that over 
70% of students do not meet the recommended daily step 
count of 10,000 steps (17). Furthermore, a recent study 
in Poland found that about 40% of medical students are 
physically inactive (7).

Qualitative studies have provided insight into factors 
contributing to reduced physical activity among students 
and they include individual factors (personal discipline, 
time), social factors (lack of parental control and social sup-
port), environmental factors (availability of exercise facili-
ties, cost), and academic factors (exams, obligations) (17).

The aim of this research is to examine the frequency 
of insufficient physical activity and lifestyle factors as-
sociated with physical activity among fifth-year medical 
students at the Faculty of Medicine, University of Bel-
grade, as well as the association between physical activity 
and physical and mental health of medical students.

MATERIAL AND METHODS

The study was conducted as a cross-sectional study 
among fifth-year students at the Faculty of Medicine, 
University of Belgrade, during one week of classes in the 
Social Medicine course in November 2023. All partici-
pating students were informed about the purpose of the 
study and the research methodology and were asked to 
complete an anonymous questionnaire. Completion and 
submission of the questionnaire were considered as im-
plied consent to participate in the study. The study was 
approved by the Ethics Committee of the Faculty of 
Medicine, University of Belgrade (17/X-15). Among the 
478 fifth-year students at the Faculty of Medicine, 432 
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participated in the study, resulting in a response rate of 
90.4%. Complete physical activity questionnaires were 
submitted by 412 students.

The research instrument was a questionnaire devel-
oped based on questionnaires used in similar studies, ad-
dressing socio-demographic and socio-economic charac-
teristics of the respondents; lifestyle (including physical 
activity, smoking, cannabis consumption and anxiolytic 
use); and symptoms of depression and anxiety.

The respondents’ physical activity was assessed us-
ing the International Physical Activity Questionnaire 
(IPAQ ), which calculates total weekly energy expendi-
ture and classifies individuals into three categories: high, 
moderate, or low physical activity (18). Based on this, 
physical activity levels were compared to the WHO rec-
ommendations for minimal physical activity.

Energy expenditure = energy expenditure in vigorous 
physical activity + energy expenditure in moderate physical 
activity + energy expenditure during walking

Energy expenditure in vigorous physical activity = 8 * 
number of days spent in vigorous physical activity * minutes 
in vigorous physical activity

Energy expenditure in moderate physical activity = 4 * 
number of days spent in moderate physical activity * minutes 
in moderate physical activity

Energy expenditure during walking = 3.3 * number of 
days spent walking * minutes walking

Students were categorized into two groups based on 
energy expenditure according to WHO recommenda-
tions for minimal physical activity: the group with insuf-
ficient physical activity (energy expenditure below 600 
MET-minutes/week) and the group with sufficient phys-
ical activity (energy expenditure above 600 MET-min-
utes/week).

Depressive symptoms were assessed using the PHQ-
9 Patient Depression Questionnaire. The Patient Health 
Questionnaire (PHQ ) is a self-administered version 
of the PRIME-MD diagnostic tool for common mental 
disorders, while the PHQ-9 is its depression module. 
Each of the 9 DSM-IV depression criteria is scored as 
‘0’ (not at all) to ‘3’ (nearly every day) (19). Anxiety was 
assessed using the Zung Self-Rating Anxiety Scale. The 
Zung Self-Rating Anxiety Scale (SAS) is a psychological 
assessment tool designed to measure the severity of anx-
iety symptoms in individuals, thus enabling the quantifi-
cation of a person’s anxiety level. It consists of 20 items, 
which are scored as ‘1’ (none or a little of the time) to ‘4’ 
(most or all of the time) (20).

Statistical analysis was performed using descriptive 
and analytical statistical methods. The significance of 
differences between categorical variables was examined 
using the chi-square (χ²) test and Fisher’s exact test. The 
significance of differences between normally distributed 
numerical variables was examined using the Student’s 
t-test, and the significance of differences between numer-
ical variables without normal distribution was analyzed 

using the Mann-Whitney U test. The normality of distri-
bution was tested using the Kolmogorov-Smirnov test. 
Multivariate logistic regression analysis examined the as-
sociation between insufficient physical activity (outcome 
variable) and independent variablessuch as gender, BMI, 
cannabis use, PHQ-9 score and financial status. All analy-
ses were conducted using SPSS for Windows version 22.0.

RESULTS

The study included 412 students, most female (268, or 
65%). The average age of respondents was 23.65±1.41 
years, and the average academic grade was 8.68±0.89. A to-
tal of 369 (89.6%) respondents reported living in an urban 
area, while the rest lived in a rural area. The majority of stu-
dents rated their financial status (56.8%), family relation-
ships (79.4%), and personal health (79.6%) as good, while 
fewer rated them as average, and the smallest proportion 
rated them as poor. The average BMI (Body Mass Index) 
was 22.73±3.62. Based on BMI values and WHO recom-
mendations, 288 (69.9%) students were of normal weight, 
81 (19.7%) were overweight, 12 (2.9%) were obese, and 30 
(7.3%) were underweight. The median energy expenditure 
was 2586.00 METs. A total of 379 students (92%) met the 
WHO recommendations for minimal physical activity 
and were in the sufficient physical activity group, while 33 
(8%) were in the insufficient physical activity group.

In the sufficient physical activity category, 36.2% 
were male compared to 63.8% female, whereas in the in-
sufficient physical activity category, 15.2% were male and 
84.8% female, which is statistically significant (p=0.015) 
(Table 1).

BMI was significantly higher among students with 
sufficient physical activity, 23.00±3.86, compared to 
students with insufficient physical activity, 20.84±2.01 
(p<0.001) (Table 1).

There were no statistically significant differences 
between the two categories of students in their average 
grades. Most students from both categories reported liv-
ing in urban areas rather than rural ones. Among students 
with sufficient physical activity, the highest percentage 
live with their parents, followed by those residing in their 
apartment, a rented apartment, a student dormitory, or 
other housing conditions. Students from the category 
with insufficient physical activity predominantly reside in 
student dormitories, followed by living with their parents, 
with equal frequency in their own and rented apartments, 
and finally, in other conditions. Neither of these param-
eters was statistically significant. Students from both 
categories, in terms of financial support, are primarily 
supported individuals. Therefore, no significant differ-
ence was shown. Most students with sufficient physical 
activity reported having good financial status, while those 
with insufficient physical activity predominantly rated 
their financial status as average. In both groups, the fewest 
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students reported poor financial status. These parameters 
were statistically significantly different (p=0.360). Per-
ception of personal health status and family relations did 
not statistically significantly differ between students with 
sufficient and insufficient physical activity. The most stu-
dents in both categories rated their family relations and 
personal health status as good. In contrast, the smallest 
number described them as poor (Table 1).

Students with sufficient physical activity reported sig-
nificantly higher cannabis use over the past 12 months, 
with 20.4% compared to 6.1% in the group with insuffi-

cient physical activity (p=0.045). They also had a statis-
tically significantly lower score on the PHQ-9 depression 
scale, with the median 4.00 compared to 5.00 (p<0.001). 
Although students with sufficient physical activity re-
ported somewhat more frequent use of tobacco products 
and anxiolytics in the past 12 months, this difference was 
not statistically significant. The Zung Self-Rating Anxi-
ety Scale score for students with insufficient physical ac-
tivity was 37.80±8.03, while for students with sufficient 
physical activity, it was 34.79±8.83. The difference was 
not statistically significant (Table 1).

Characteristic  Insufficient physical activity N (%) Sufficient physical activity N (%) p-value
Gender 0.015
Male 5 (15.2) 136 (36.2)
Female 28 (84.8) 240 (63.8)
BMI (X ± SD)  20.84 ± 2.01  23.0 ± 3.86 <0.001
Age (X ± SD) 23.67 ± 1.06 23.66 ± 1.41 0.165
Grade average (X±SD) 8.57 ± 0.71 8.69 ± 0.84 0.228
Living area 0.230
Urban 32 (97.0) 337 (89.4)
Rural 1 (3.0) 40 (10.6)
Housing 0.385
Own apartment 7 (21.9) 100 (26.5)
Rented apartment 7 (21.9) 88 (23.3)
Student dorm 9 (28.1) 55 (14.6)
Parents house 8 (25.0) 122 (32.3)
Other 1 (3.1) 13 (3.4)
Financial support 0.183
Scholarship   1 (3.1)   52 (13.8)
Supported individual   31 (96.9)   310 (82.0)
Personal income   0 (0)   15 (4.0)
Other   0 (0)   1 (0.3)
Financial status 0.036
Poor   3 (9.4)   15 (4.0)
Average   16 (50.0)   142 (37.6)
Good   13 (40.6)   221 (58.5)
Median   2.00   3.00
Family relations 0.304
Poor   3 (9.1)   20 (5.3)
Average   6 (18.2)   56 (14.8)
Good   24 (72.7)   303 (79.9)
Median   3.00   3.00
Personal health 0.255
Poor   1 (3.2)   15 (4.1)
Average   7 (22.6)   48 (13.0)
Good   23 (74.2)   305 (82.9)
Median   3.00   3.00
Cannabis use 0.045
Yes   2 (6.1)   75 (20.4)
No   31 (93.9)   293 (79.6)
Tobacco products use 0.257
Yes   10 (30.3)   153 (40.4)
No   23 (69.7)   226 (59.6)
Anxiolytic use in last 12 
months

0.540

Yes   8 (24.2)   111 (29.3)
No   25 (75.8)   268 (70.7)
Zung Self-Rating Anxie-
ty scale score (X ± SD)

  37.80 ± 8.03   34.79 ± 8.83 0.060

PHQ-9 score (X ± SD)   5.00 (0 - 27)   4.00 (0 - 25) <0.001

 – 
 – 

Table 1. Demographic, socioeconomic, physical and mental health characteristics of the respondents and their physical activity
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Multivariate logistic regression analysis showed an 
association between the PHQ-9 depression scale score 
(OR: 1.07, 95% CI: 1.01-1.15), body mass index (OR: 0.81, 
95% CI: 0.69-0.95) and financial status (OR 0.51, 95% CI: 
0.27-0.96) with insufficient physical activity (Table 2).
Table 2. Multivariate logistic regression analysis with insufficient 
physical activity as outcome variable

Characteristic OR (95% CI)
Gender
Male 0.73 (0.35 – 2.18)
Female 1.0 reference category
BMI 0.81 (0.69 – 0.95)
Cannabis
Yes 0.36 (0.08 – 1.64)
No 1.0 reference category
PHQ-9 score 1.07 (1.01 – 1.15)
Financial status 0.51 (0.27 - 0.96)

DISCUSSION

The aim of this study was to examine the frequency of in-
sufficient physical activity, as well as lifestyle and mental 
health factors associated with it among medical students. 
The findings revealed that 92% of fifth-year students at 
the Faculty of Medicine, University of Belgrade, met the 
WHO recommendations for sufficient physical activity. 
Although, as univariate models, female gender, poorer fi-
nancial status, greater use of cannabis, as well as higher 
BMI and PHQ-9 score were significantly associated with 
physical inactivity, as multivariate models, only poorer 
financial status, higher BMI and PHQ-9 score showed 
significant association. 

Given the numerous benefits of physical activity, the 
finding that only 8% of medical students engage in insuf-
ficient physical activity is highly encouraging. Results 
from other studies on this topic vary. Studies with similar 
results (7, 8, 13) offer a potential explanation that med-
ical students have better knowledge regarding health, 
healthy lifestyle, and physical activity and their impor-
tance, which leads them to be more focused on their own 
health (21). Martinović et al. (22) report that more than 
half of biomedical science students in Split, Croatia have 
a satisfactory level of physical activity, which can partly 
be attributed to their desire to achieve a popular physi-
cal appearance and aesthetics. In contrast, some studies 
(23-26) highlight a significantly higher prevalence of 
physical inactivity and unhealthy eating among medical 
students, primarily due to lack of time, stress, and de-
manding schedules (3). Such differences may be attribut-
ed to variations in study methodology as well as differ-
ences between participants and university environments 
(10). When evaluating the methodology, it is essential to 
consider whether physical activity levels were self-report-
ed—an approach that can be subjective and somewhat 
inaccurate—or measured using a more objective tool. 
While a large number of studies which used the self-re-

porting method showed a fairly high percentage of stu-
dents with sufficient physical activity (7, 8, 13, 21, 22), a 
study from Nigeria (26) which monitored physical activ-
ity levels of each participant using the actigraph acceler-
ometer activity monitor showed fewer promising results, 
i.e., a lower percentage of students with sufficient physi-
cal activity. Another possible explanation for these differ-
ences is highlighted in a study from Bahrain (24), which 
suggests that limited access to exercise facilities at univer-
sities may contribute to student inactivity. Additionally, 
socio-cultural factors, including restrictions imposed by 
some families on female students’ participation in phys-
ical activity, further exacerbate inactivity among wom-
en. Moreover, a Saudi Arabian study argues that even 
college location and the nature of studies can contribute 
to different results. This study found that students who 
attended College for Emergency Medical Services situat-
ed off the main campus were more physically active than 
their peers who attended the College of Applied Medical 
Studies of the same University located within the main 
campus (10).

A statistically significant difference in physical activi-
ty was observed between genders, with males being more 
physically active. In contrast to varying results among 
studies on physical activity levels among medical stu-
dents, research on this topic shows consistency with our 
results. Through a study conducted in Poland (7) it has 
been shown that female students (77.97%) have higher fre-
quencies of sedentary activities, as well as lower levels of 
physical activity compared to their male companions. Sim-
ilarly, another study from India displayed that male stu-
dents (39.8%) were significantly more active than female 
students (20.6%) (27). Romero-Blanco et al. (28) suggest 
that this difference arises from different motivational fac-
tors between genders, as well as greater environmental in-
f luence on males (social pressure, competition). Generally, 
men show significantly higher intrinsic motivation based 
on a desire to achieve mastery, social recognition, strength, 
and endurance. They are also more motivated by compe-
tition and challenge than women are (29). In addition, so-
ciety’s views and expectations regarding traditional male 
and masculine attributes could also have an impact. One 
research revealed that, the majority of young Western adult 
males wish to increase their muscularity levels to attain the 
perceived social, sexual, and personal benefits associated 
with the physique (30). On the other hand, in some stud-
ies, women expressed that they feel intimidated while exer-
cising in front of others, especially men, as well as that the 
exercise facilities are often more tailored towards the needs 
of men, thus making them feel unwelcome (31). 

Among students with sufficient physical activity, the 
average BMI was statistically significantly higher. How-
ever, other studies did not show a statistically significant 
difference or that individuals with lower BMI have higher 
levels of physical activity (32, 33). Our results could be 
explained by the assumption that students with higher 
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BMI may engage in more physical activity in an effort to 
reduce body weight and achieve their desired physical ap-
pearance and optimal health. Additionally, BMI does not 
account for body composition, so a higher index could 
also be related to increased muscle mass in physically ac-
tive students. Therefore, a more precise analysis should 
include body composition.

Students with sufficient physical activity significant-
ly more often reported good financial status, whereas 
students with insufficient physical activity more often 
reported average or poor financial status. These results 
are consistent with the ones shown in a study conduct-
ed by Grujičić et al. (5). A potential explanation for these 
results is the fact that people with poorer financial status 
do not possess resources for gyms, adequate sports equip-
ment and sport activities which require financial invest-
ments. Moreover, some universities, including the ones of 
the Western Balkans often do not provide programmes 
that would enable free sports centers for all students, thus 
preventing adequate participation of students with poor-
er financial status in physical activities (5).

In our study, there was no statistically significant dif-
ference in terms of type of settlement, housing, financial 
status, family relations, and average grades between stu-
dents with sufficient and insufficient physical activity. 
However, some studies have shown a positive correlation 
between above-average financial status, urban area, good 
family relations, support, higher grades, and higher levels 
of physical activity (11, 34).

Consistent with the well-documented positive effects 
of physical activity on mental health and depression (35–
38), our study found that students with sufficient physical 
activity had lower PHQ-9 scores, indicating fewer symp-
toms of depression compared to those with insufficient 
activity. Sloan et al. (39) consider physical activity a sig-
nificant protective factor against depression, poor sleep 
quality, and psychopathological symptoms. This claim is 
also supported by population-based observational studies, 
which have shown that physically active people were near-
ly 45% less likely to suffer from depressive symptoms than 
inactive people (40). Given these results, it is clear how 
important an active lifestyle is throughout life, especially 
during the vulnerable period of college education (11). Al-
though there is evidence that physical inactivity increases 
the likelihood of anxiety by 1.75-2 times, anxiety did not 
show a statistically significant difference in our study (40).

Although cannabis use was higher among students 
with sufficient physical activity, there was no statistically 

significant association in multivariate logistic regression. 
Additionally, there was no statistically significant differ-
ence in tobacco use and anxiolytic use.

This study had several limitations. Primarily, it was a 
cross-sectional study, and therefore causal relationships 
between parameters cannot be inferred. The research in-
strument was a self-reported questionnaire, which intro-
duces potential subjectivity and varying interpretations 
of certain questions. Also, participants were students 
from one year at one faculty, and there was a large dif-
ference in the size of the physically active and inactive 
groups, so the results cannot be generalized. Given these 
considerations, future studies should incorporate more 
objective measures of physical activity, such as sports 
watches, step counters, and physical fitness tests. Addi-
tionally, including students from different years of study 
and various universities could help identify factors that 
promote or hinder physical activity. Longitudinal re-
search following a cohort of students from their first to 
final year of study would also provide valuable insights 
into changes in physical activity over time.

CONCLUSION

The majority of fifth-year students at the Faculty of Med-
icine in Belgrade have a sufficient level of physical activ-
ity. In this sample, physical inactivity was significantly 
associated with lower BMI, more pronounced symptoms 
of depression and poorer financial status. Therefore, it is 
important to emphasize the role of physical activity as a 
protective factor against depression. Bearing in mind the 
positive impact of physical activity on physical, mental 
and social well-being, we should strive to create an envi-
ronment which will further enable and encourage physi-
cal activity and healthy lifestyle habits among students, 
especially medical students, as they represent one of the 
key pillars of our healthcare system.
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MENTALNO BLAGOSTANJE STUDENATA MEDICINE: ČINE LI STILOVI ŽIVOTA I 
FIZIČKA AKTIVNOST RAZLIKU?
Ana Cijan1, Jelena Cvetković1, Stefan Mandić-Rajčevič2, 3, Aleksandar Stevanović2, 3, Željka Stamenković2, 3, Jovana Todorović2, 3

Sažetak

Uvod: Životni stil, koji obuhvata navike u ishrani, fizič-
ku aktivnost, spavanje, pušenje i konzumiranje alkohola 
između ostalih faktora utiče na zdravlje pojedinca, ali i 
populacije u celini. Studenti medicine često imaju su-
boptimalan nivo fizičke aktivnosti i nezdrave životne 
navike, što može uticati na njihovo blagostanje i buduću 
medicinsku praksu. Cilj ovog istraživanja bilo je ispiti-
vanje učestalosti nedovoljne fizičke aktivnosti i faktora 
stila života povezanih sa njom među studentima pete 
godine Medicinskog fakulteta Univerziteta u Beogradu, 
kao i njihovog međusobnog uticaja na fizičko i mentalno 
zdravlje studenata. Metode: Studija preseka je sprove-
dena među studentima pete godine Medicinskog fakul-
teta Univerziteta u Beogradu tokom jedne nedelje na 
vežbama iz Socijalne medicine u novembru 2023. godi-
ne. Instrument istraživanja bio je upitnik koji su studen-
ti anonimno popunili. Studija je uključila 432 učesnika, 

sa obuhvatom od 90,4%. Ispitivani su: fizička aktivnost, 
karakteristike stila života, simptomi depresivnosti i ank-
sioznosti. Na osnovu energetske potrošnje studenti su 
bili podeljeni u kategorije sa dovoljnom i nedovoljnom 
fizičkom aktivnošću. 

Rezultati: Ukupno 379 studenata (92%) bilo je u grupi sa 
dovoljnom fizičkom aktivnošću, dok je njih 33 (8%) bilo 
u grupi sa nedovoljnom fizičkom aktivnošću. Multivari-
jantnom logističkom regresijom pokazana je značajna 
povezanost fizičke neaktivnosti sa manjim BMI (OR: 0,81, 
95% CI: 0,69-0,95) i izraženijim simptomima depresije 
(OR: 1,07, 95% CI: 1,01-1,15) i lošijim finansijskim statusom 
(OR: 0,51, 95% CI: 0,27-0,96).

Zaključak: Većina ispitivanih studenata je dovoljno fi-
zički aktivna. Fizička neaktivnost bila je značajno pove-
zana sa manjim BMI, izraženijim simptomima depresije i 
lošijim finansijskim statusom. 

Ključne reči: fizička aktivnost, stilovi života, gojaznost, mentalno zdravlje, studenti medicine
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Summary 
Introduction/Aim: We aimed to propose a novel and innovative con-
cept of a support vector machine learning algorithm that employs 
fractal and run-length matrix indicators of nuclear structure to identi-
fy malignant squamous epithelial cells in laryngeal cancer.
Material and Methods: Regions of interest in micrographs of laryn-
geal cancer and chronic laryngitis were analyzed using the box-count-
ing fractal and run-length matrix textural techniques. For each nu-
cleus, we quantified fractal dimension values, lacunarity, long-run 
emphasis, and short-run emphasis. These features were used as input 
data for training and testing the support vector machine model in the 
“Scikit-learn” library for Python.
Results: The support vector machine model produced relatively 
good performance indicators. The classification accuracy of the mod-
el was 0.83, indicating its adequate ability to distinguish cancer cells 
from non-cancer cells in our sample. The F1 score (the harmonic mean 
of precision and recall) was 0.83, suggesting a relatively good balance 
between these two metrics. The value of the Matthews Correlation 
Coefficient for this model was 0.65, which indicated moderate agree-
ment between the predicted and actual labels and balanced perfor-
mance across the two classes.
Conclusion: The proposed model provides a solid foundation for 
further developing artificial intelligence systems for signal analysis in 
cancer research. If the limitations of this concept are addressed, fu-
ture research can focus on developing a more comprehensive ma-
chine-learning model for identifying laryngeal epithelial cancer cells.
Keywords: artificial intelligence, machine learning, nucleus, chroma-
tin, fractal
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INTRODUCTION

Novel Information and Communication Technologies 
(ICTs) have enabled a significant increase in the level 
of automation when analyzing physiological and patho-
logical signals. One such technology is support vector 
machine (SVM) learning for identification of patterns 
present in two-dimensional signal data (1, 2). SVM is a 
supervised learning approach where a computer model 
during development is presented with numerous cor-
rectly associated inputs and outputs. In time, the model 
learns of new associations and patterns and can predict 
the correct outcome based on the new inputs. In the case 
of SVM, the model uses a decision boundary, a line, a 
plane, or a hyperplane to divide data points, which is par-
ticularly useful for classification tasks. In biomedical sci-
ences, the input data usually belong to multidimensional 
spaces so hyperplane is commonly used for the separa-
tion of data points. The closest data points with the great-
est impact on the shape and location of the hyperplane 
are often referred to as support vectors (3, 4). 

The SVM approach is commonly used in clinical 
medicine to discriminate between physiological and 
pathological states and conditions. Here, various kernel 
functions can be used to separate data, including polyno-
mial, sigmoid, and radial basis kernel functions. Inputs 
can include data on two-dimensional patterns such as cell 
size and shape, fractal parameters, textural indicators and 
wavelet transform quantifiers. The outputs can include a 
class of the cell (i.e., damaged or intact), patient status, 
diagnostic category, prognostic indicators, and other data 
that can represent a descriptor of a data class. Less fre-
quently, SVMs can be built for regression purposes, for 
prediction of a continuous physiological or pathological 
variable (5, 6). 

When using SVM and machine learning in general 
for identification of data patterns associated with cancer, 
probably the best approach would be to apply a mathemat-
ical analysis of textural or related changes in cell struc-
ture. Previously, such concepts have been introduced in 
machine learning, particularly in applying co-occurrence 
matrix analysis for the training of supervised machine 
learning models and the models based on decision trees 
(7). Apart from the co-occurrence matrix, run-length ma-
trix (RLM) and fractal approaches also have certain po-
tential in training both SVM and alternative models for 
cell classification in other pathologies (8, 9). The poten-
tial rationale for using SVM would be its greater ability to 
handle high-dimensional spaces and better utilization of 
computational and processing power. 

In our previous work, we have demonstrated that, 
based on wavelet and gray-level co-occurrence matrix 
(GLCM) textural data related to nuclear organization, it 
is possible to train SVM and random forest models that 
can be useful for the identification of squamous epithelial 
cancer cells in laryngeal cancer (LC) tissue (7). This re-

search further raised questions if such a model can be de-
veloped to use other types of inputs. Hereby, we present a 
concept of an SVM model that utilizes a combination of 
nuclear fractal and run-length matrix parameters in order 
to differentiate between intact and malignant squamous 
epithelial cells (SECs) in laryngeal tissue. The proposed 
model uses 4 mathematical parameters: fractal dimen-
sion, lacunarity, RLM short-run emphasis, and RLM 
long-run emphasis. Our initial results indicate that when 
applied to nuclear regions of interest, the developed SVM 
model may have satisfactory performance. 

MATERIALS AND METHODS

The research is a continuation of our previous work (7), 
where digital micrographs were obtained from biopsy 
samples of 50 patients diagnosed with laryngeal squa-
mous cell carcinoma and the control group consisting 
of 50 patients established to have only chronic laryngi-
tis. The patients were previously diagnosed and treated 
at the University Clinical Hospital Center Zemun, Bel-
grade, Serbia, and the researchers obtained approval from 
the Ethical Commission of the University of Belgrade, 
Faculty of Medicine Serbia (Approval No. 17/I-17, 12-
Jan-2023.). Inclusion and exclusion criteria for this retro-
spective study as well as micrograph creation and charac-
teristics were explained earlier (7). 

Figure 1. Example of squamous epithelial cell (SEC) nuclei in a for-
mat suitable for binarization and fractal analysis using the box-count-
ing method.

Fractal and run-length matrix analysis was performed 
on a total of 2000 SEC nuclear regions of interest (ROIs), 
of which 1000 belonged to the experimental and 1000 
to the control group. The contrast, brightness and oth-
er image indicators were previously adjusted to achieve 
the optimal binarization thresholds and performance of 
fractal analysis (Figure 1). For the fractal analysis of cell 
nuclei, we used FracLac software, previously developed 
by Audrey Karperien and Charles Sturt University (10, 
11). Fractal dimension (D) was calculated using the tra-
ditional box-counting technique (10, 12-14) where the 
object is covered by a multitude of boxes of different sizes 
(ε) after which the calculations are done from a slop of 
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logarithmic regression line where box numbers (N) and 
the sizes are taken into account:

While fractal dimension is an indicator of complexi-
ty, fractal lacunarity (λ) is an indicator of heterogeneity 
and largely depends on the number, size and other char-
acteristics of architectural gaps. It is determined from the 
variation coefficient (CV) for resolution unit mass con-
sidering the grid position (g) and scale:

Run-length matrix analysis was done in MaZda soft-
ware (version 4.6) created by the authors at the Institute 
of Electronics, Technical University of Lodz (TUL), Po-
land (15-18). Brief ly, this method analyzes sequences of 
consecutive resolution units (also called “runs”) in order 
to quantify elements of textural anisotropy, as well as 
other aspects of spatial relationships within the two-di-
mensional signals. In this work, we focused on two major 
quantifiers of RLM, Long Run Emphasis (LngREmph) 
and Short Run Emphasis (ShrtREmph). Both indica-
tors are dependent of respective frequencies of runs with 
length j that have a gray value of i, or p(i,j):

In these formulas, coefficient C is determined as:

Support vector machine algorithm was proposed 
within the Google Colab and Jupyter Notebook service, 
using the scikit-learn machine learning library (version 
1.3) for Python programming language (19-22). The 
obtained values of nuclear ROI fractal dimension, lacu-
narity, LngREmph and ShrtREmph were used as input 
parameters, while the output consisted of the cell class 
related to its affiliation to the experimental or the control 
group. P-dimensional mathematical vectors were the rep-
resentations of specific data points. Consequently, sepa-
ration of the data was achieved using a (p-1)-dimensional 
hyperplane(s). For the model, in Scikit-learn library, we 
calculated the values of the F1 score (harmonic mean of 
precision and recall), Matthews Correlation Coefficient 
(MCC, measure of the quality of binary classifications), 
and the area under the Receiver Operating Characteristic 
(ROC) curve, a performance measurement for classifica-
tion problems at various thresholds settings. Matplotlib, 
a plotting library for Python was used for visualizing 

model performance. NumPy (Numerical Python), a core 
scientific computing library, was used for numerical com-
putation and other data operations.

RESULTS

All four parameters that we quantified in this study were 
suitable for supervised machine learning purposes and 
for the development of support vector machine models. 
The average nuclear ROI long run emphasis value was 
5.417 ± 1.997 in the LC group and 16.134 ± 10.479 in the 
controls. Conversely, values of short-run emphasis were 
lower in controls compared to the LC group and equaled 
0.461 ± 0.085 and 0.505 ± 0.093, respectively. A statisti-
cally highly significant difference (p<0.01) was observed 
between the groups for both run-length matrix indica-
tors. We also observed significant differences between 
the groups in values of fractal parameters of cell nuclei 
(p<0.01). The average nuclear ROI fractal dimension val-
ue was 1.522 ± 0.130 in the LC group and 1.585 ± 0.119 in 
the controls. The average value of fractal lacunarity was 
0.505 ± 0.093 in the LC group and 0.461 ± in the con-
trols. These results indicated that the nuclear patterns in 
squamous epithelial cells in laryngeal cancer tissue are 
characterized by reduced complexity and possibly in-
creased levels of fractal heterogeneity. 

After 5-fold cross-validation, the support vector ma-
chine model produced relatively good performance indi-
cators. The classification accuracy of the model equaled 
0.83, suggesting the adequate ability of the model to sep-
arate cancer from non-cancer cells in our sample. The 
precision and recall of the model were 0.79 and 0.87, re-
spectively, highlighting the model’s strong performance 
in the identification of true positives but with room for 
improvement. The value of the F1 score (harmonic mean 
of precision and recall) was 0.83, indicating that there is 
a relatively good balance between the two metrics. The 
value of the Matthews Correlation Coefficient for this 
model was 0.65, which suggested a moderate agreement 
between the predicted and actual labels and balanced 
performance across the two classes. The area under the 
Receiver Operating Characteristics curve was 0.89 which 
suggested a good discriminatory power of the SVM clas-
sifier. The ROC curve is presented in Figure 2.

Feature importance analysis was performed taking 
into account the best hyperparameters during hyperpa-
rameter optimization. For linear kernel, the most inf luen-
tial feature for model development and performance was 
the fractal dimension, with a score of 1.78. The second 
most important feature was nuclear ROI lacunarity, with 
a score of 1.50. Short-run emphasis had a fracture impor-
tance of 1.44, while long-run emphasis had a feature im-
portance of 0.31. During the creation of the support vector 
machine learning model, we also performed the stratified 
k-fold cross-validation on five splits with the values of the 
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“shuff le” parameter set to “True” in order to increase the 
degree of randomness. Various hyperparameters for this 
model have been considered, including the Regularization 
parameter, shrinking heuristic, Tolerance for stopping cri-
teria, Maximum number of iterations, and Kernel types. 
The proposed segment of the code is shown in figure 3.

DISCUSSION

In this work, we explain the concept of a support vector 
machine algorithm intended for differentiation between 
malignant and non-malignant laryngeal squamous epi-
thelial cells. We present a model that functions based on 
fractal and run-length matrix inputs obtained through 
mathematical analysis of cell nuclear architecture. The 
quantified indicators of the model performance suggest 
that the SVM concept, as a whole, in these clinical and 

experimental settings, holds some potential, especially 
when considering its future integration with similar arti-
ficial intelligence-based computational systems.

This research is a continuation of our recently pub-
lished work on the application of nuclear GLCM and 
wavelet mathematical inputs for supervised machine 
learning (7). There, we created an SVM model using 
nuclear inverse difference moment, angular second mo-
ment, contrast, correlation, sum variance, as well as co-
efficient energies of the discrete wavelet transform. Simi-
larly, in our present study, the SVM approach was used to 
separate malignant from non-malignant laryngeal squa-
mous epithelial cells. The developed SVM model demon-
strated very good performance since its classification ac-
curacy was 83% and the area under the receiver operating 
characteristic curve was 0.89. This performance was sim-
ilar to the alternative decision tree–based, random forest 
model described in the previous research (7). 

Figure 2. Receiver Operating Characteristics curve of the support vector machine model.

Figure 3. Th e segment of the Python Scikit-learn code with optional hyperparameter tuning.
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This is not the first research where the run-length ma-
trix and fractal parameters of cell nuclei have been used for 
machine learning classification tasks. In 2023, the values 
of fractal dimension were considered as inputs for the cre-
ation of an SVM classifier for the detection of structural 
changes of cell nuclei following exposure to a hyperosmot-
ic environment (23). When combining this indicator with 
GLCM and DWT quantifiers, the resulting model was 
shown to have a relatively good classification accuracy of 
71.7%. Although this performance is not considered excel-
lent, it may still hold scientific potential since human-based 
identification of structural changes is much less effective. 
In recent work, nuclear textural features based on run 
length matrix and wavelet analyses were used for the de-
tection of discrete changes in chromatin distribution asso-
ciated with iron nanoparticle exposure (8). Therein, it was 
shown that for hepatocytes, it is possible to create a super-
vised machine learning model, specifically those based on 
random forest and gradient boosting architecture, to dis-
tinguish between intact and possibly damaged cells.  

The rationale for using run-length matrix and fractal 
parameters for the detection of change in nuclear struc-
ture lies in the fact that these techniques can objectively 
quantify structural alterations in digital micrographs and 
their regions of interest. This is particularly the case with 
ROIs of nuclei and nuclear chromatin, where the changes 
are almost invisible to the human eye during a conven-
tional microscopy assessment. Nuclear chromatin distri-
bution is governed by numerous intracellular and intra-
nuclear mechanisms (24-27), and cells exposed to toxic 
environments or malignant transformation may exhibit 
changes in euchromatin and heterochromatin patterns 
detectable using contemporary computational methods. 
In the case of cancer cells, one can expect significant alter-
ations in nuclear morphology, which are often noticeable 
by the human eye and may include extensive redistribu-
tion of heterochromatin, chromosomal rearrangements, 
and translocations, as well as chromatin marginalization. 
Also, in malignant cells, nuclei may have irregular con-
tours or be distorted, and overall DNA content and den-
sity may be increased, leading to a phenomenon called 
hyperchromasia. Finally, nucleoli may be prominent, en-
larged and more conspicuous. These alterations may be 
detectable using fractal and textural methods, particularly 
bearing in mind that in the past, the techniques have been 
successfully used for the detection of nuclear changes in 
both physiological and pathological conditions (28-30). 

Limitations of our approach include the relatively 
small ROI sample size used for training the model, as well 
as the usual drawbacks of the development of machine 
learning models in biomedical research. Support vec-
tor machines, although relatively useful when handling 
multidimensional data in medicine, may still suffer from 
generalizability to other cell populations and clinical 
conditions. In other words, the model may adequately 
identify and classify cancer cells in this sample of malig-

nant squamous epithelial cells, but this effectiveness may 
not be manifested in other circumstances. Also, like in 
many other approaches in supervised machine learning, 
the interpretability of SVMs remains relatively low since 
the inner workings of the model, due to its multidimen-
sionality and overall complexity, remain elusive. Finally, 
the fact that the model is focused on cell nuclear ROIs 
rather than on the patient and technical issues related to 
the reproducibility of fractal and RLM analysis also pose 
a significant limitation. Therefore, our results and the 
SVM approach should be considered more as a prelimi-
nary concept than a fully applicable and developed ma-
chine learning model. 

CONCLUSION

In conclusion, we present a support vector machine learn-
ing concept intended to differentiate between nuclear re-
gions of interest of malignant and non-malignant larynge-
al squamous epithelial cells. The model is based on nuclear 
values of fractal dimension, fractal lacunarity, run-length 
matrix short-run emphasis, and long-run emphasis. Pre-
liminary results show that the model could reach accept-
able discriminatory power and other measures of perfor-
mance, giving it the potential to be integrated with other 
machine-learning approaches for the identification of can-
cer cells. If the limitations of this concept are overcome, fu-
ture research can be focused on the development of a more 
comprehensive and effective artificial intelligence system 
based on run-length matrix and fractal indicators with po-
tential applications in clinical medicine. 

Conflicts of interest

None to declare.

Author contributions

SV and IP contributed to the conception and design of the 
work, the acquisition, analysis, and interpretation of data, 
and the preparation of the manuscript draft. MBJ and JPP 
contributed to the conception and design of the work and 
the preparation of the manuscript draft. 

Ethical approval

The researchers obtained approval from the Ethical 
Commission of the University of Belgrade, Faculty of 
Medicine Serbia (Approval No. 17/I-17, 12-Jan-2023.). 
All procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards.



46 |

Medicinska istraživanja 2025; 58(1):41-47

REFERENCES
1.	 Xu L, Liang G, Shi S, Liao C. SeqSVM: A Sequence-Based Support 

Vector Machine Method for Identifying Antioxidant Proteins. Int J 
Mol Sci. 2018;19(6).

2.	 Cai CZ, Han LY, Ji ZL, Chen X, Chen YZ. SVM-Prot: Web-based sup-
port vector machine software for functional classification of a protein 
from its primary sequence. Nucleic Acids Res. 2003;31(13):3692-7.

3.	 Lee HK, Kim CH, Bhattacharjee S, Park HG, Prakash D, Choi HK. A 
Paradigm Shift in Nuclear Chromatin Interpretation: From Qualita-
tive Intuitive Recognition to Quantitative Texture Analysis of Breast 
Cancer Cell Nuclei. Cytometry A. 2020.

4.	 AlKubeyyer A, Ben Ismail MM, Bchir O, Alkubeyyer M. Automatic 
detection of the meningioma tumor firmness in MRI images. J Xray 
Sci Technol. 2020;28(4):659-82.

5.	 Jiang H, Ching WK. Classifying DNA repair genes by kernel-based 
support vector machines. Bioinformation. 2011;7(5):257-63.

6.	 Vidya KS, Ng EY, Acharya UR, Chou SM, Tan RS, Ghista DN. Com-
puter-aided diagnosis of Myocardial Infarction using ultrasound 
images with DWT, GLCM and HOS methods: A comparative study. 
Comput Biol Med. 2015;62:86-93.

7.	 Valjarevic S, Jovanovic MB, Miladinovic N, Cumic J, Dugalic S, Cor-
ridon PR, et al. Gray-Level Co-occurrence Matrix Analysis of Nucle-
ar Textural Patterns in Laryngeal Squamous Cell Carcinoma: Focus 
on Artificial Intelligence Methods. Microscopy and Microanalysis. 
2023;29(3):1220-7.

8.	 Paunovic Pantic J, Vucevic D, Radosavljevic T, Corridon PR, Valjar-
evic S, Cumic J, et al. Machine learning approaches to detect hepato-
cyte chromatin alterations from iron oxide nanoparticle exposure. 
Scientific reports. 2024;14(1):19595.

9.	 Pantic I, Paunovic Pantic J. Artificial Intelligence in Chromatin 
Analysis: A Random Forest Model Enhanced by Fractal and Wavelet 
Features. Fractal and Fractional. 2024;8(8):490.

10.	 Karperien AL, Jelinek HF. Box-Counting Fractal Analysis: A Primer 
for the Clinician. Adv Neurobiol. 2024;36:15-55.

11.	 Karperien A. FracLac for ImageJ. 1999-2023 [Available from: http://
rsb.info.nih.gov/ij/plugins/fraclac/FLHelp/Introduction.htm. 

12.	 Revittser A, Selin I, Negulyaev Y, Chubinskiy-Nadezhdin V. The 
analysis of F-actin structure of mesenchymal stem cells by quantifi-
cation of fractal dimension. PloS one. 2021;16(11):e0260727.

13.	 Eser S, Saribas E. Anatomical assessment of the trabecular structure 
of the alveolar bone in periodontal disease by fractal analysis meth-
od. Folia Morphol (Warsz). 2024;83(1):157-67.

14.	 Yavuz E, Yardimci S. Comparison of periapical radiography, pan-
oramic radiography, and CBCT in the evaluation of trabecular bone 
structure using fractal analysis. Oral Radiol. 2024.

15.	 Strzelecki M, Szczypinski P, Materka A, Klepaczko A. A software 
tool for automatic classification and segmentation of 2D/3D medi-
cal images. Nuclear Instruments & Methods In Physics Research A. 
2013;702:137-40.

16.	 Szczypinski P, Strzelecki M, Materka A, Klepaczko A. MaZda-A 
software package for image texture analysis. Computer methods and 
programs in biomedicine. 2009;94(1):66-76.

17.	 Szczypinski P, Strzelecki M, Materka A. MaZda - a Software for Tex-
ture Analysis.  Proc of ISITC 2007, November 23-23, 2007; Republic 
of Korea2007. p. 245-9.

18.	 Kociołek M, Materka A, Strzelecki M, Szczypinski P, editors. Dis-
crete wavelet transform –derived features for digital image texture 
analysis. Proc of Interational Conference onSignals and Electronic 
Systems, 18-21 September 2001; 2001; Lodz, Poland.

19.	 Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, Grisel 
O, et al. Scikit-learn: Machine Learning in Python. J Mach Learn 
Res. 2011;12:2825–30.

20.	 Ahn S. Building and analyzing machine learning-based warfarin 
dose prediction models using scikit-learn. Transl Clin Pharmacol. 
2022;30(4):172-81.

21.	 Kondo Y. [[Fundamentals] 6. Calculation of Machine Learning-re-
lated Statistics and Evaluation Values Using Scikit-learn]. Nihon Ho-
shasen Gijutsu Gakkai Zasshi. 2023;79(12):1387-94.

22.	 Yang Y, Hu P, Chen SR, Wu WW, Chen P, Wang SW, et al. Predicting 
the Activity of Oral Lichen Planus with Glycolysis-related Molecules: 
A Scikit-learn-based Function. Curr Med Sci. 2023;43(3):602-8.

23.	 Pantic I, Valjarevic S, Cumic J, Paunkovic I, Terzic T, Corridon PR. 
Gray Level Co-Occurrence Matrix, Fractal and Wavelet Analyses 
of Discrete Changes in Cell Nuclear Structure following Osmotic 
Stress: Focus on Machine Learning Methods. Fractal and Fractional. 
2023;7(3):272.

24.	 Pantic I, Paunovic Pantic J. Artificial Intelligence in Chromatin 
Analysis: A Random Forest Model Enhanced by Fractal and Wavelet 
Features. Fractal and Fractional [Internet]. 2024; 8(8).

25.	 Espinoza JA, Kanellis DC, Saproo S, Leal K, Martinez JF, Bartek J, 
et al. Chromatin damage generated by DNA intercalators leads to 
degradation of RNA Polymerase II. Nucleic Acids Res. 2024.

26.	 Minami K, Iida S, Maeshima K. Chromatin organization and DNA 
damage. Enzymes. 2022;51:29-51.

27.	 Wang D, Lu X, Jiang Y, Pan L, Zhu F, Yu A, et al. The chromatin 
remodeling protein BPTF mediates cell cycle, proliferation and 
apoptosis in porcine ovarian granulosa cells. Theriogenology. 
2023;211:172-81.

28.	 Mattos AC, Florindo JB, Adam RL, Lorand-Metze I, Metze K. The 
Fractal Dimension Suggests Two Chromatin Configurations in 
Small Cell Neuroendocrine Lung Cancer and Is an Independent Un-
favorable Prognostic Factor for Overall Survival. Microsc Microanal. 
2022:1-5.

29.	 Dincic M, Todorovic J, Nesovic Ostojic J, Kovacevic S, Dunderovic 
D, Lopicic S, et al. The Fractal and GLCM Textural Parameters of 
Chromatin May Be Potential Biomarkers of Papillary Thyroid Car-
cinoma in Hashimoto’s Thyroiditis Specimens. Microsc Microanal. 
2020;26(4):717-30.

30.	 Gupta S, Savala R, Gupta N, Dey P. Fractal dimension and chromatin 
textural analysis to differentiate follicular carcinoma and adenoma 
on fine needle aspiration cytology. Cytopathology. 2020;31(5):491-3.



| 47

Laryngeal carcinoma nuclear changes and support vector machine

NOV PRISTUP MAŠINSKOM UČENJU POMOĆU POTPORNIH VEKTORA 
KOJI KORISTI FRAKTALNE I MATRIČNE POKAZATELJE DUŽINE NIZA ZA 
IDENTIFIKACIJU JEDARNIH PROMENA KOD KARCINOMA LARINKSA
Svetlana Valjarević1, Milan B. Jovanović1, Jovana Paunović Pantić2, Igor Pantić3, 4

Sažetak

Uvod/Cilј: Cilј istraživanja je bio da predložimo novi i ino-
vativni koncept algoritma mašinskog učenja sa potpor-
nim vektorima koji koristi fraktalne i matrične pokazate-
lјe dužine niza strukture jedra za identifikaciju malignih 
skvamoznih epitelnih ćelija kod laringealnog karcinoma.

Materijal i metode: Analizirane su regije od interesa na 
mikrografima laringealnog karcinoma i hroničnog larin-
gitisa korišćenjem fraktalne tehnike brojanja kvadrata i 
teksturalne tehnike matrice dužine niza. Za svako jedro 
kvantifikovane su vrednosti fraktalne dimenzije, lakunar-
nosti, naglašenosti dugih nizova i naglašenosti kratkih 
nizova. Ove karakteristike korišćene su kao ulazni poda-
ci za treniranje i testiranje modela mašinskog učenja sa 
potpornim vektorima u biblioteci Scikit-learn za Python.

Rezultati: Model mašinskog učenja sa potpornim vekto-
rima pokazao je relativno dobre pokazatelјe performansi. 

Tačnost klasifikacije modela iznosila je 0,83 što ukazuje na 
adekvatnu sposobnost modela da razlikuje kancerogene 
od nekancerogenih ćelija u našem uzorku. Vrednost F1 
ocene (harmonijska sredina preciznosti i osetlјivosti) iz-
nosila je 0,83, što sugeriše relativno dobar balans između 
ova dva pokazatelјa. Vrednost Metjuzovog koeficijenta 
korelacije za ovaj model iznosila je 0,65 što ukazuje na 
umerenu saglasnost između predviđenih i stvarnih ozna-
ka i uravnotežene performanse modela unutar dve klase.

Zaklјučak: Predloženi model pruža solidnu osnovu za 
dalјi razvoj sistema veštačke inteligencije za analizu sig-
nala u istraživanjima raka. Ako se ograničenja ovog kon-
cepta prevaziđu, buduća istraživanja mogu biti usmere-
na na razvoj sveobuhvatnijeg modela mašinskog učenja 
za identifikaciju epitelnih ćelija laringealnog karcinoma. 

Ključne reči: veštačka inteligencija, mašinsko učenje, jedro, hromatin, fraktal
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Summary 
Introduction: Standard therapy for patients with ovarian cancer in-
volves cytoreductive surgery followed by platinum-based chemo-
therapy. Factors such as the stage of the disease at diagnosis, the his-
tological type of the tumor, the size of the tumor and the presence of 
residual disease after cytoreductive surgery influence the prognosis 
of patients. 
Material and methods: This scientific paper presents a retrospective 
study in which the following parameters were analyzed by analyzing 
data obtained from the documentation of patients treated for ovar-
ian cancer at the Institute of Oncology and Radiology of Serbia and 
the Institute of Oncology of Vojvodina: age of patients, period from 
last chemotherapy to disease progression, number of bevacizumab 
cycles received, disease stage, reasons for discontinuation of bevaci-
zumab, type of surgery, and pathological verification of the disease. 
Results: We have shown that PFS is longer in the operated group 
(suboptimal operation) compared to those who were not operated 
(p < 0.05, Log-Rank test). There is no statistically significant differ-
ence in PFS between stages IIIc and IV, as determined by Log-Rank 
test. Additionally, in our research, there was no significant difference 
in the number of operated patients based on disease stage IIIc or IV 
(p = 0.361). 
Conclusions: Our data show that cytoreduction appears to confer 
a survival advantage in women with ovarian cancer treated with a 
combination of bevacizumab and chemotherapy. New studies should 
show whether the stage of the disease plays a significant role in the 
survival of patients with ovarian cancer.
Key words: ovarian cancer, progression-free survival, type of surgery, 
disease stage
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INTRODUCTION

Ovarian cancer is among the most common gynecologic 
malignancies, with over 300,000 cases diagnosed world-
wide in 2020. Unfortunately, it is often detected at advanced 
stages due to non-specific symptoms and the absence of ef-
fective screening methods. Ovarian cancer is a very aggres-
sive disease that, despite new therapies, does not increase 
the number of cured women. The standard treatment for 
ovarian cancer includes cytoreductive surgery followed by 
adjuvant platinum-based chemotherapy. Prognosis is influ-
enced by clinical and biological factors such as tumor stage 
and grade at diagnosis, tumor size, and the presence of re-
sidual disease after cytoreductive surgery (1, 2).

Overall survival (OS) is considered the gold standard 
endpoint in cancer clinical trials because it is an objec-
tive measure, it can be accurately documented through 
the date of death, and is less prone to reporting bias. 
However, achieving statistically significant OS results 
typically requires large-scale clinical trials, which are 
costly, time-consuming, and require longer follow-up pe-
riods compared to studies using progression-free survival 
(PFS) as the primary endpoint. It is important to point 
out that PFS can provide evidence of the benefits of new 
therapies earlier because PFS cannot be affected by ther-
apies after progression.

This study aimed to investigate the relationship be-
tween PFS and the type of surgery in our patients, as well 
as to analyze the impact of disease stage on long-term 
outcomes (3, 4).

MATERIALS AND METHODS

This scientific paper presents a retrospective study in 
which the following parameters were examined by an-
alyzing the data obtained from the documentation of 
patients treated for ovarian cancer at the Department 
of Gynecology, Institute for Oncology and Radiology of 
Serbia (IORS) in Belgrade and the Institute of Vojvodina 
(IOV) in Sremska Kamenica: patient age, the period from 
the last chemotherapy to disease progression, the number 
of bevacizumab cycles received, disease stage, reasons for 
discontinuation of bevacizumab (disease progression/
discontinuation due to complications), type of surgery, 
and pathological verification of the disease.

The patients were evaluated by the Tumor Oncology 
Board for Gynecological Tumors at IOV and IORS. The 
source of the material was archival data from IOV and 
IORS obtained through written records, Heliant, and the 
BIRPIS IOV system.

The study included patients over 18 years of age with 
histopathologically confirmed advanced ovarian cancer 
who were eligible for bevacizumab therapy. Patients with 
ovarian cancer without an indication for bevacizumab 
therapy or with concomitant other malignancies were ex-

cluded from the study. The patients were included in the 
study in the period from October 2017 to October 2020. 
The follow-up of the patients lasted 36 months. PFS is the 
time from the start of chemotherapy with bevacizumab 
to the onset of disease progression. 

Descriptive statistical methods were applied in data 
analysis, including the calculation of measures of central 
tendency (arithmetic mean, median) and measures of dis-
persion (standard deviation). The Student’s T-test was used 
to compare arithmetic means of parametric measurement 
values. The χ2 test was applied to assess statistical associa-
tions between the variables. A p-value of less than 0.05 was 
considered statistically significant. Survival was evaluated 
with Kaplan-Meier product-limit method. Median with 
corresponding 95% CI and Log-Rank test were used for 
progression-free survival (PFS) and overall survival (OS). 
Reported p-values were not corrected for multiple testing. 
Analyses were performed with Statistical Package for So-
cial Sciences, Version 11.5 (SPSS, Inc., Chicago, IL, USA).

RESULTS

The study analyzed 111 patients treated with combined 
chemotherapy carboplatin/paclitaxel and biological ther-
apy with bevacizumab. The full therapy with bevacizum-
ab included 18 cycles.

The patients were between 36 and 84 years old, with 
an mean age of 60 years. Seventy-one patients complet-
ed the full bevacizumab therapy, representing 64% of 
the total number. In 37 patients, or 33.3%, therapy was 
discontinued due to disease progression. Adverse effects 
requiring therapy discontinuation occurred in 3 patients, 
accounting for 2.7% (Table 1). In our study, two cases 
of deep vein thrombosis were observed, along with one 
case of grade 3 hypertension that was not adequately con-
trolled with antihypertensive therapy.
Table 1. Treatment outcomes of patients

n %
Complete remission 71 64.0
Progression during therapy 37 33.3
Discontinuation due to therapy 
complications

3 2.7

Total 111 100.0

The minimum number of bevacizumab cycles admin-
istered was 4, the maximum was 18, with an mean of 15.3 
± 2.98 SD (Table 2).

In all patients, an advanced stage of epithelial ovarian 
carcinoma was confirmed. According to the FIGO clas-
sification, 78 patients (70.3% of the total) were in stage 
IIIc, while the remaining 33 patients (29.7%) were in 
stage IV (Table 3).

The patients were divided into two groups:
Group 1: Non-operated patients in whom pathologi-

cal verification of the disease was obtained through core 
biopsy, exploratory surgery with biopsy, or aspiration of 
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ascites/pleural effusion. The total number of patients is 
40 (36%) of all patients.

Group 2: Previously operated patients where cytoreduc-
tive surgery was performed. The total number of patients is 
71 (64%) of all patients. These were suboptimal operated 
patients with residual disease after surgery (Table 4).

Table 3. Distribution of FIGO stages among analyzed patients
Stage n %
IIIc 78 70.3
IV 33 29.7
Total number of ptc 111 100.0

Table 4. Operated vs. non-operated patients
n %

Non-operated patients 40 36.0
Operated patients 71 64.0
Total number of ptc 111 100.0

The median follow-up period was 30 months. The 
median overall progression-free survival (PFS) was 12.9 
months (95% CI: 11.8- 13.9) for operated patients and 

10.7 months (95% CI: 9.8-11.2) for non-operated patients. 
Using the Log-Rank, statistical significance (p =0.048) 
was demonstrated, indicating a statistically better PFS in 
the group of operated patients (suboptimal surgery) com-
pared to those who were not operated (Figure 1).

The median overall progression-free survival (PFS) 
for IIIc patients was 11.9 months (95% CI: 10.8- 12.3) 
and 10.9 months (95% CI: 10.2-11.2) for non-operated 
patients. There is no statistically significant difference 
in PFS between stages IIIc and IV, as determined by the 
Log-Rank, with p=0.261 (Figure 2).

There was no statistically significant difference in the 
number of operated patients between disease stages IIIc 
and IV (p = 0.363) (Figure 3).

Furthermore, no statistically significant difference was 
found in the treatment outcome with bevacizumab between 
non-operated and operated patients. Among the non-oper-
ated patients, 41% experienced progression during bevaci-
zumab therapy, while in the operated (suboptimal) group, 
30.4% experienced progression. A trend toward better out-

Mean Standard deviation Median Minimum Maximum
Number of bevacizumab cycles administered 15.3 2.98 11 4 18

Table 2. Number of administered bevacizumab cycles

Figure 2. Kaplan-Meier Curve of PFS (FIGO IIIc vs. IV)

Figure 1. Kaplan-Meier Curves of PFS (Operated vs. Non-Operated Patients)
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comes was observed in the operated group, though it did 
not reach statistical significance (Figure 4).

There were no statistically significant differences in 
patient age between groups with different disease stag-
es (p = 0.201), in disease outcome during the follow-up 
period (progression vs. no progression) (p = 0.150), or 
in the outcome of bevacizumab treatment (completion 
of 12-month therapy vs. discontinuation due to progres-
sion) (p = 0.060).

A statistically significant difference in patient age was 
observed between the operated and non-operated groups 
(p = 0.037). Operated patients were significantly young-
er (mean age 59.28 years) compared to non-operated pa-
tients (mean age 64.25 years).

DISCUSSION

In our retrospective analysis, we demonstrated the 
importance and statistical significance of surgical ex-
tensiveness for long-term outcomes, showing that pro-
gression-free survival (PFS) was significantly better in 
patients who underwent suboptimal surgery compared 
to those who did not have surgery. This aligns with the 
current literature, where the standard management of ad-
vanced epithelial ovarian cancer involves correct surgical 
staging and optimal tumor cytoreduction, followed by 
chemotherapy with platinum and taxane-based agents. 

Standard surgical staging includes peritoneal washings, 
total hysterectomy, bilateral salpingo-oophorectomy, 
inspection of all abdominal organs and the peritoneal 
surface, biopsies of suspicious or random areas, omen-
tectomy, and para-aortic lymphadenectomy. Achieving 
complete tumor cytoreduction has been shown to im-
prove survival (5). Importantly, optimal surgical cytore-
duction is one of the strongest predictors of outcomes in 
patients with high-grade serous carcinoma (HGSOC) 
treated with primary cytoreductive surgery (6, 7). 

Our results indicated that there is no statistically signifi-
cant difference in long-term outcomes between stages IIIc and 
IV, which aligns with previous data. This correlation between 
progression-free survival (PFS) and overall survival (OS) 
following primary treatment for ovarian cancer underscores 
the validity of using PFS as a primary endpoint. Most of the 
data come from observational studies, which have limited 
information on disease stage and histology. Patients with ad-
vanced stage (III or IV) ovarian cancer generally have a poor 
prognosis. The standard treatment options of surgery and che-
motherapy extend survival beyond diagnosis for five years or 
more in only about 45% of patients, with little difference ob-
served between stage IIIc with residual disease and stage IV 
(2, 3). There was no statistically significant difference in the 
number of patients who underwent surgery based on the dis-
ease stage, whether stage IIIc or IV, which aligns with previous 
data where comparison of surgical extensiveness revealed no 
difference in tumor stage between IIIc and IV (8). 

Figure 3. Number of operated patients by disease stage (IIIc vs. IV)

Figure 4. Progression during bevacizumab therapy
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Additionally, no statistically significant difference 
was found in the treatment outcomes with bevacizumab 
between operated and non-operated patients. Although 
there was a trend towards better outcomes in the operated 
group, it was not sufficient to reach statistical significance.

Several studies have demonstrated that women with 
advanced high-grade serous carcinoma (HGSOC) who 
underwent primary cytoreductive surgery (PCS) had bet-
ter survival outcomes compared to those who received 
neoadjuvant chemotherapy (NAC) followed by interval 
surgery, regardless of the number of NAC cycles adminis-
tered. Furthermore, achieving optimal cytoreduction did 
not confer a survival advantage in the NAC group, whereas 
patients who underwent primary surgery exhibited a clear 
survival benefit (9, 10). Overall, the use of neoadjuvant 
chemotherapy as a first-line treatment for women with 
newly diagnosed HGSOC remains controversial (10). 

A statistically significant difference in the age of pa-
tients was found between the operated and non-operat-
ed groups. Operated patients were significantly younger 
(mean age 59.28 years) compared to non-operated pa-
tients. Patients treated with neoadjuvant chemotherapy 
were significantly older than patients treated with PCS 
according to the results of Stewart’s Canadian study (8). 

Studies have shown that operative treatment has an 
impact on all prognostic groups in all FIGO stages of the 
disease, regardless of the different preoperative tumor 
burden (10). Of course, tumor biology itself remains one 
of the most important prognostic factors contributing to 

the poor outcome of patients. A meta-analysis including 
6885 patients with stage III and IV ovarian cancer and 
examining the effect of surgery on PFS showed that over-
all cytoreduction affects survival (12, 13).

CONCLUSION

Our data indicate that surgical factors, such as the extent 
of surgery and the rate of optimal cytoreduction, appear 
to confer a survival advantage for women with ovarian 
cancer treated with a combination of bevacizumab and 
chemotherapy. New studies will show whether the stage 
of the disease plays a significant role in the survival of pa-
tients with ovarian cancer, since stages IIIc and IV repre-
sent advanced disseminated disease with almost equally 
poor outcomes. Also, the dilemma remains whether the 
significantly higher percentage of operated on younger 
patients is due to the willingness of the surgeon to operate 
and the lower risk of complications from such procedures.
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UTICAJ STADIJUMA BOLESTI I HIRURGIJE NA DUGOROČNE ISHODE KOD 
PACIJENTKINJA SA KARCINOMOM JAJNIKA
Marijana Milović-Kovačević1, 2, Mladen Marinković1, 2, Slobodan Maričić3, Suzana Stojanović Rundić1, 2, Sandra Radenković1

Sažetak

Uvod: Standardna terapija za pacijente sa karcinomom 
jajnika uključuje citoreduktivnu operaciju praćenu he-
moterapijom na bazi platine. Faktori kao što su stadijum 
bolesti pri postavljanju dijagnoze, histološki tip tumora, 
veličina tumora i prisustvo rezidualne bolesti posle cito-
reduktivne operacije utiču na prognozu pacijenata. 

Materijal i metode: Ovaj naučni rad predstavlja retro-
spektivnu studiju u kojoj su analizirani sledeći parametri 
analizom podataka dobijenih iz dokumentacije pacijena-
ta lečenih od karcinoma jajnika na Institutu za onkologi-
ju i radiologiju Srbije i Institutu za onkologiju Vojvodine: 
godine starosti pacijenata, period od poslednje hemo-
terapije do progresije bolesti, broj primljenih ciklusa be-
vacizumaba, stadijum bolesti, razlozi za prekid bevacizu-
maba, vrsta hirurgija i patološka verifikacija bolesti. 

Rezultati: Pokazali smo da je PFS duži u operisanoj gru-
pi (suboptimalna operacija) u odnosu na one koji nisu 
operisani (p < 0,05, Log-Rank test). Ne postoji statistički 
značajna razlika u PFS između stadijuma IIIc i IV, što je 
utvrđeno Log-Rank testom. Takođe, u našem istraživa-
nju nije bilo značajne razlike u broju operisanih pacijena-
ta na osnovu IIIc ili IV stadijuma bolesti (p = 0, 361). 

Zaključci: Naši podaci pokazuju da se čini da citoreduk-
cija daje prednost u preživljavanju kod žena sa karcino-
mom jajnika lečenih kombinacijom bevacizumaba i he-
moterapije. Nove studije treba da pokažu da li stadijum 
bolesti igra značajnu ulogu u preživljavanju pacijenata 
sa karcinomom jajnika.

Ključne reči: karcinom jajnika, preživljavanje bez progresije bolesti, tip operacije, stadijum bolesti
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Summary 
Neuromyelitis Optica spectrum disorder (NMOSD) is a rare but de-
bilitating autoimmune disease of the central nervous system (CNS) 
for which several biological therapies have been approved recent-
ly. Historically, NMOSD disease-modifying treatments relied on 
wide-spectrum off-label conventioanl immunosuppressants, such as 
azathioprine, and mycophenolate mofetil. Since 2015, evidence has 
accumulated to support off-label biological therapy (rituximab) and 
to approve satralizumab, inebilizumab, eculizumab, and ravulizumab. 
This next generation of drugs provides several targeted disease-mod-
ifying treatment options for NMOSD. Here, we first review the mecha-
nistic rationales associated with their specific targets. Then we review 
the pivotal evidence supporting their use in practice. The current 
therapeutic options in NMOSD comprise three targeted mechanisms 
at different stages of a unique tissue-injury cascade: B-cell depleting, 
anti-cytokine, and anti-complement therapies. One drug from each 
class has been approved for market release. The current consensus 
proposes positioning the approved drugs as first-line treatments for 
newly diagnosed patients and as alternative therapies in case of fail-
ure of historical treatment. 
Keywords: Neuromyelitis Optica spectrum disorder, treatment, dis-
ease-modifying treatment
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INTRODUCTION

Neuromyelitis Optica spectrum disorder (NMOSD) is an 
immune-mediated disease of the central nervous system 
(CNS), which is predominantly manifested by the appear-
ance of optic neuritis (ON), transverse myelitis (TM), but 
also by the involvement of other CNS structures such as 
diencephalon, brainstem and area postrema (1). The main 
substrate of etiopathogenesis is related to the auto-anti-
bodies, immunoglobulins G class, directed towards the 
transmembrane water pore of aquaporin-4 (AQP4-IgG) 
(1-3). AQP4 is expressed on the astrocytes, especially on 
the foot-like extensions of astrocytes, and it plays a ma-
jor role in regulating the f low of water molecules through 
the cell membranes (4, 5). It has been demonstrated that 
about 80% of people with NMOSD have AQP4-IgG in 
their blood, which makes these autoantibodies an import-
ant molecular biomarker of the disease, based on which 
currently valid diagnostic criteria define seropositive and 
seronegative forms of NMOSD (1-3, 6).

The pathophysiology of seropositive NMOSD is driv-
en by antibody-mediated humoral and cellular immune 
activation, leading to astrocyte destruction through 
mechanisms such as complement-dependent cytotoxicity 
and antibody-induced cellular cytotoxicity. Additionally, 
the inf lammatory milieu contributes to the damage of 
adjacent CNS cells (7-11). Etiopathogenetic and patho-
physiological mechanisms of the seronegative NMOSD 
have not been fully elucidated. Several various poten-
tial explanations for the occurrence of the seronegative 
NMOSD have been proposed, such as the existence of 
certain other autoantibodies, lower sensitivity of avail-
able tests, cellular mechanisms of pathogenesis, etc. (7, 
12-14). The clinical course of the majority of NMOSD 
cases is recurrent and characterized by unpredictable 
and potentially very severe relapses that contribute to the 
development of permanent disability in the affected in-
dividuals (10, 12, 15). It has been shown that AQP4-IgG 
seropositivity in NMOSD patients increases the risk of 
other comorbid autoimmune diseases (16). In addition 
to the relapses, patients with NMOSD are burdened with 
numerous manifestations of the dysfunction of the auto-
nomic nervous system, depression, anxiety and fatigue, 
which significantly affect the quality of life of these indi-
viduals (17-19).  

The therapeutic approach to NMOSD is based on the 
current knowledge related to the pathophysiology and 
clinical characteristics of the disease and have two main 
goals: therapy of the relapse and long-term prevention of 
new relapses (10, 15, 20).

The aim of acute relapse therapy is a better and faster 
recovery of the neurological deficit (15, 21, 22). Follow-
ing the latest recommendations, relapse therapy in both 
AQP4-IgG seropositive and seronegative NMOSD pa-
tients, comprise administration of corticosteroids (glu-
cocorticoids) and/or blood apheresis according to estab-

lished protocols as early as possible (20). Medicines used 
in chronic therapy to prevent relapse in NMOSD include:

conventional immunosuppressive drugs, as well as re-
cently approved, evidence-based, specific therapies, and 
various monoclonal antibodies (20). 

CONVENTIONAL IMMUNOSUPPRESSIVE 
THERAPIES

Drugs that achieve non-specific immunosuppression, 
such as azathioprine, and mycophenolate mofetil, po-
tentially in combination with oral glucocorticoids, have 
retained their role in NMOSD therapy regardless of se-
rostatus (20). For years, these drugs have been the pri-
mary treatment for all forms of NMOSD to prevent new 
relapses. However, their use has been limited by the risk 
of numerous side effects, particularly long-term admin-
istration (20, 23, 24). Under current conditions, gluco-
corticoids are primarily used as adjunctive therapy for 
preventing new NMOSD relapses (20). In certain areas 
of the world, where no other drugs are available for the 
treatment of NMOSD, glucocorticoids are still used as 
chronic monotherapy for this disease (20). Glucocorti-
coids achieve their effect even in lower doses that are tak-
en chronically, but they can often induce the occurrence 
of adverse events, such as lymphopenia and hepatotoxic-
ity (20). Additionally, long-term use of glucocorticoids is 
associated with more frequent occurrences of diabetes 
mellitus, hypertension, osteoporosis, and other disorders 
(20, 24). Recent recommendations suggest oral glucocor-
ticoids should not be used as monotherapy in the preven-
tion of NMOSD relapse, except when no other therapeu-
tic options are available (20).

Azathioprine is a drug that is used in the treatment of 
NMOSD in a dose of 2.5-3 mg/kg/day with full therapeu-
tic effect achieved after 6-12 months. It is recommended 
to overlap it during the first six months with oral gluco-
corticoids, which quickly achieve their effect, thus bridg-
ing the therapeutic gap (20, 25, 26). Frequent adverse 
effects of azathioprine refer to the occurrence of lymph-
openia, thrombocytopenia, hepatotoxicity, gastrointes-
tinal disturbances, and long-term effects that may lead 
to the potential occurrence of malignancy and second-
ary infections (20, 23, 25, 27). Studies have shown that 
lymphopenia occurs in about 13% of NMOSD patients 
treated with azathioprine (28). Although the frequency 
of secondary infections in patients treated with azathio-
prine varies, the incidence of infections is not high (27). 
However, very rare cases of progressive multifocal leuko-
encephalopathy (PML) have been described in patients 
treated exclusively with azathioprine (29, 30). In general, 
since all side effects are mainly related to the length of 
treatment and the dose of azathioprine, dose reduction or 
temporary discontinuation of the drug can alleviate these 
side effects (27).
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Mycophenolate mofetil in therapeutic doses of 1000 
to 2000 mg/day has a similar effectiveness and side ef-
fect profile to azathioprine (20, 27). The time required 
to achieve a full therapeutic effect is shorter compared 
to azathioprine and amounts to 6-12 weeks (20, 31). The 
most common side effects of mycophenolate mofetil are: 
leukopenia with secondary infections, vomiting, and di-
arrhea (27). In a meta-analysis that included 11 studies 
of patients with NMOSD treated with mycophenolate 
mofetil, it was shown that side effects were present in 
17.8%, while individual studies reported the frequency of 
side effects in up to 43% (27, 32, 33).

MONOCLONAL ANTIBODIES

Recently, several prospective randomized controlled 
trials (RCT) have led to FDA approval of the first three 
immunotherapies for patients with AQP4-IgG-positive 
NMOSD: eculizumab in June 2019, inebilizumab in June 
2020, and satralizumab in August 2020 (34-37). In ad-
dition, rituximab was approved for NMOSD in Japan 
in June 2022 based on the results of an investigator-ini-
tiated phase II/III clinical study (38), and in May 2023, 
the EMA approved ravulizumab for the treatment of 
AQP4-IgG-positive NMOSD.

Satralizumab

Satralizumab is a humanized monoclonal antibody 
against interleukin-6 receptor (IL-6R) (20). Satralizum-
ab was approved for the treatment of AQP4-IgG seropos-
itive NMOSD in adult patients and adolescents (aged 12 
and older) in 2020 in the USA and in 2021 in Europe (20, 
39, 40). Satralizumab reduces the relapse rate by over 70% 
during a follow-up period of more than 4 years (41). In 
more than 50% of patients with NMOSD, serum antibod-
ies against Satralizumab were detected, but their clinical 
significance is unknown (20). Possible side effects of the 
drug are related to laboratory parameters such as neutro-
penia, thrombocytopenia, and side effects in the form of 
infusion reactions, headache, and arthralgia, while no se-
rious opportunistic infections have been reported until 
now (20, 27).

Rituximab 

Rituximab is a monoclonal antibody against a cluster of 
differentiation (CD) 20 molecules on the surface of B 
lymphocytes, causing depletion of these cells (20, 43). 
The full therapeutic effect of Rituximab is achieved in 
8-12 weeks, which is why the initial introduction of oral 
is advised glucocorticoids in the first few months (20). 
Rituximab is the only monoclonal antibody that has 
shown efficacy in the treatment of seropositive and se-
ronegative NMOSD, which is of great importance (20, 

43). Rituximab achieves a reduction in the relapse rate 
in NMOSD by over 80% (20). A potential reason for the 
absence of a positive therapeutic response is the possible 
occurrence of serum-neutralizing antibodies against Rit-
uximab, which occurs in a different percentage of treat-
ed patients (44, 45). The main side effects of Rituximab 
therapy are headache, nausea, infections, and infusion 
reactions (20, 27). The most common side effects of Rit-
uximab in patients with NMOSD are infusion reactions 
10-13%, followed by infections mainly of the respiratory 
and urinary tract, 9% (27, 46, 47).

Inebilizumab

Inebilizumab is a humanized monoclonal antibody that 
causes depletion of the CD19 subpopulation of B lym-
phocytes (20). The drug was approved in 2020 in the 
USA, and in 2022 in Europe as a therapy for seroposi-
tive NMOSD (20, 48). It is most likely that inebilizumab 
achieves its full effect within 6-8 weeks of starting ther-
apy (20). Inebilizumab caused a significant reduction 
in the relapse rate in NMOSD patients over time, with 
the most frequent occurrence of relapse occurring only 
during the first year of follow-up (49). The most common 
adverse effects of inebilizumab are related to arthralgia 
and back pain, headache, and infusion reactions (20, 48). 
There may also be a slightly higher risk of infections, 
among which, according to the findings of certain stud-
ies, urinary infections are the most common, accounting 
for up to 20% (27). So far, no cases of severe opportu-
nistic infections have been reported, although a case of 
potential PML has been described, for which, to the best 
of our knowledge, this diagnosis has not been confirmed 
with certainty (20, 27, 48).

Eculizumab

Eculizumab is a humanized monoclonal antibody direct-
ed against the C5 complement component, blocking the 
cascade reaction of the complement system in the patho-
genesis of NMOSD (10, 20). Eculizumab was approved 
for the treatment of seropositive NMOSD in 2019 in the 
USA, while in Europe, it was approved for relapsing forms 
of seropositive NMOSD (50-52). Eculizumab achieves 
its effect very quickly after application by strongly block-
ing the activity of the C5 component of the complement 
(20, 51). Eculizumab has shown remarkable efficacy over 
a follow-up period of just over a year, with complete re-
lapse control in patients with NMOSD (20, 53). One of 
the most common side effects of eculizumab is headache, 
while back pain, diarrhea, and nausea occur less frequent-
ly (27). Notably, eculizumab increases the risk of infec-
tions caused by bacteria from the genus Meningococcus 
and other encapsulated bacteria regardless of prior vacci-
nation. It also heightens the risk of certain fungal infec-
tions (20, 27, 52, 54).
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Ravulizumab

Ravulizumab is a monoclonal antibody that achieves its 
effect in treating NMOSD by inhibiting the C5 comple-
ment component (20). Ravulizumab also potently and 
rapidly inhibits the cascade reaction of the complement 
system (20). Ravulizumab is a very effective drug in pre-
venting the occurrence of relapse in the seropositive form 
of NMOSD with a complete, 100% cessation of relapse 
during a one-year follow-up (20, 55). Ravulizumab and 
eculizumab, both targeting the complement system, have 
similar molecular structures, as well as comparable thera-
peutic and safety profiles (20). Adverse effects of Ravuli-
zumab include headache, anemia, leukopenia, as well as a 
tendency to respiratory infections as well as meningococ-
cal and fungal infections (20).

RECOMMENDATIONS AND MODALITIES  
OF LONG-TERM THERAPY

Recently published recommendations for pharmaco-
logical therapy of NMOSD suggest different treatment 
modalities for AQP4-IgG seropositive and seronega-
tive NMOSD (20). For the prevention of relapse in the 
seropositive form of NMOSD, all the above-mentioned 
drugs can be used, depending on the condition, age, and 
preferences of the patient, comorbidities, as well as char-
acteristics of the disease itself, such as the frequency and 
severity of relapse and socioeconomic circumstances 
(20). Potent monoclonal antibodies are recommended 
as first-line monotherapy to prevent NMOSD relapses 
(20). These recommendations suggest that the first line 
of therapy in seronegative NMOSD should be drugs from 
the group of conventional immunosuppressive drugs or 
rituximab monotherapy (20). If there is no therapeutic 
effect, conventional immunosuppressive drugs should be 
switched to rituximab (20).

Females with NMOSD in the reproductive period 
should plan pregnancy in consultation with a neurologist 
in the phases of remission of the disease. Additionally, the 
chronic administration of drugs to control the relapse of 
the disease should not be interrupted or delayed (20, 56). 
Methotrexate and mycophenolate mofetil are teratogenic 
and should be avoided in women of reproductive age, as 
well as during pregnancy and breastfeeding (20, 57).

Azathioprine or monoclonal antibodies could be used 
in pregnancy, when necessary, with careful consideration 

of each drug’s profile and all clinical characteristics of 
the individual patient (20, 57). When using these drugs, 
special monitoring by neurologists, gynecologists/obste-
tricians, and other members of the medical team is neces-
sary (20, 57).

OTHER TREATMENT MODALITIES

Administration of intravenous immunoglobulins (IVIG), 
1g/kg for 4 weeks, showed positive effects in relapse con-
trol in NMOSD in children and adults (20). The combi-
nation of IVIG with conventional immunosuppressive 
drugs, such as azathioprine, can have a positive effect on 
the prevention of relapse in NMOSD (20). Methotrexate 
may also have a role in relapse prevention therapy, partic-
ularly in individuals with autoimmune comorbidities and 
NMOSD (20, 58, 59). The application of a combination 
of intermittent apheresis (TIP) with conventional immu-
nosuppressive drugs can be a form of treatment when oth-
er options are not available or not applicable (20, 58, 59).

CONCLUSION

The existence of a molecular biomarker and clearly de-
fined diagnostic criteria enables a quick and accurate di-
agnosis of NMOSD. On the other hand, knowledge re-
garding the pathophysiological mechanisms underlying 
different forms of NMOSD enables the design of goal-di-
rected new therapies, which support precision medicine 
and emphasize the importance of an individual approach. 
Biological therapy represents an important step in the 
prevention of relapse in NMOSD via using monoclonal 
antibodies, which reduce the deleterious effect of this dis-
ease on the degree of disability, quality of life, and prog-
nosis of the disease. Further research is necessary in order 
to find potential therapeutic targets in the seronegative 
NMOSD, as well as the development of new and safer 
therapeutic agents and treatment modalities for all forms 
of NMOSD.
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BOLESTI IZ SPEKTRA NEUROMIJELITISA OPTIKA (NMOSD): TERAPIJSKA 
RAZMATRANJA
Marko Andabaka1, Šarlota Mesaroš1,2, Nikola Veselinović1,2, Olivera Tamaš1,2, Maja Budimkić1,2, Jelena Drulović1,2

Sažetak

Bolesti iz spektra neuromijelitisa optika (NMOSD) su ret-
ka, ali potencijalno teška autoimuna oboljenja central-
nog nervnog sistema (CNS) za koja je nedavno odobrena 
primena nekoliko bioloških terapija. Istorijski gledano, 
tretmani koji modifikuju NMOSD oslanjali su se na kon-
vencionalne imunosupresive širokog spektra, kao što su 
azatioprin i mofetil mikofenolat. Od 2015. godine, aku-
mulirani su dokazi koji, s jedne strane, podržavaju bio-
lošku terapiju koja nije dokazano-efektivna (rituksimab) 
u okviru kontrolisane studije, a sa druge su omogućili 
odobravanje satralizumaba, inebilizumaba, ekulizuma-
ba i ravulizumaba, posle sprovedenih kontrolisanih, ran-
domizovanih klinikih studija kojima je dokazana njihova 
efikasnost i bezbednost. Ova sledeća generacija lekova 

pruža nekoliko ciljanih opcija lečenja za NMOSD koje 
modifikuju bolest. Ovde prvo prikazujemo mehanizam 
dejstva povezan sa njihovim specifičnim ciljevima. Za-
tim prikazujemo ključne dokaze koji podržavaju njihovu 
upotrebu u praksi. Trenutne terapijske opcije u NMOSD 
obuhvataju tri ciljana mehanizma u različitim fazama 
jedinstvene kaskade oštećenja tkiva CNS: uništavanje 
B-ćelija, anti-citokinske i terapije protiv komplementa. 
Po jedan lek iz svake klase odobren je na tržištu. Trenut-
ni konsenzus predlaže pozicioniranje odobrenih lekova 
kao tretmana prve linije za novodijagnostikovane paci-
jente i kao alternativne terapije u slučaju neuspeha pret-
hodnog lečenja.

Ključne reči: bolesti iz spektra neuromijelitisa optika, tretman, lekovi koji menjaju prirodni tok bolesti
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Summary 
Cell death emerges during embryonic development, and is preserved 
after the birth as an important process for maintaining homeostasis 
by removing damaged or aged cells. Two forms of cell deaths exist: 
accidental and regulated cell death. Necrosis is an accidental, unreg-
ulated, passive form of cell death that occurs due to the collapse of 
cellular homeostatic mechanisms under extreme non-physiologi-
cal conditions. Regulated cell death is an active, energy-dependent 
process that functions as a physiological mechanism for maintaining 
homeostasis and in numerous pathological conditions when it pro-
vides selective elimination of potentially dangerous or infected cells. 
There are many types of regulated cell death: intrinsic and extrinsic 
types of apoptosis, autophagy dependent cell death, necroptosis, py-
roptosis, ferroptosis, parthanatos, mitochondrial permeability transi-
tion-driven necrosis, lysosome-dependent cell death, immunogenic 
cell death, entosis and NET-osis. Different types of cell death are inter-
connected. Abnormal activation of the different forms of cell death 
can cause diseases. Dysregulation of the apoptotic program can lead 
to hyperplasia, autoimmune diseases and tumorigenesis, pyroptosis 
is associated with bacterial infection and necroptosis with human 
inflammatory skin diseases and carcinogenesis. Understanding the 
regulatory mechanisms of apoptosis led to the discovery of BH3 mi-
metics, drugs used for treatment of some types of B cell malignan-
cies. Drugs that target necroptosis, pyroptosis and autophagy are 
under investigation and could be potentially used in future as thera-
pies for various diseases, including cancer. The aim of this review is to 
summarize new knowledge about the processes of cell death, and to 
emphasize the importance of newly discovered molecular pathways 
regulating various types of cell death, enhancing our comprehension 
of health and disease.
Key words: cell death, necrosis, apoptosis, autophagy
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INTRODUCTION

The life of a cell, like the life of an organism, ultimately 
ends in death (1). Cell death emerges during embryon-
ic development, playing a crucial role in morphogenesis 
and is preserved postnatally as an important process for 
maintaining homeostasis by removing damaged or aged 
cells (1). Cell death can occur as a component of physio-
logical processes at the end of the cell’s lifecycle, or due to 
the action of pathological factors that irreversibly damage 
cells (2). Therefore, there are two forms of cell deaths: 
regulated cell death and accidental cell death (1).

Accidental cell death was initially observed by Karl 
Vogt in 1842, but the concept of cell death and the 
terms necrosis and necrobiosis were introduced for the 
first time by Rudolf Virchow, in 1858 (3). Regulated 
cell death, or apoptosis, was morphologically described 
in 1885 by Walter Fleming and originally named chro-
matolysis, while the concept of programmed cell death 
was introduced later in 1950s, and named apoptosis by 
Kerr, Willy and Curie, in 1972 (3,5,6). Research on cell 
death started at the Institute of Histology and Embry-
ology, Faculty of Medicine in Belgrade when its founder 
Aleksandar Dj. Kostić described cells with morphologi-
cal characteristics of apoptosis in his doctoral disserta-
tion, in 1921, and continued in 1980s (4). In 1990s, it was 

hypothesized that autophagy, the process of degradation 
of cellular components inside lysosomes, first observed in 
1960s by electron microscopy, can also lead to cell death 
and Klionsky and Yoshinori began detailed research into 
the mechanisms of this process which later led to Nobel 
Prize-winning discoveries (7, 8,9).

In the beginning of the 21-century, cell death was 
classified according to its morphological characteristics 
into apoptosis, autophagy, necrosis and mitotic catastro-
phe (10), while in 2018, the current classification of cell 
death into accidental and regulated cell death (RCD) 
was postulated. Necrosis is an accidental, unregulated, 
passive form of cell death that occurs due to the col-
lapse of cellular homeostatic mechanisms under extreme 
non-physiological conditions (2). RCD, or programmed 
cell death is an active, energy-dependent process (11). 
It occurs as a physiological process, during the develop-
ment and maintenance of homeostasis and in numerous 
pathological conditions when it provides for selective 
elimination of potentially dangerous or infected cells (2). 
There are many types of regulated cell death, like apop-
tosis, necroptosis, pyroptosis, cell death dependent on au-
tophagy, etc. (Figure 1) (2). Morphologically, all forms 
of cell death still may exhibit different combinations of 
microscopic features of apoptosis, autophagic cell death 
and necrosis (2). Even though various types of cell death 

Figure 1. Classification of cell death. Types of cell death: apoptosis, ADCD (autophagy-dependent cell death), entosis, ICD (immunogenic 
cell death), LCDC (lysosome dependent cell death), MPT (mitochondrial permeability transition)-driven necrosis, parthanatos, NETosis, 
ferroptosis, pyroptosis, necroptosis, necrosis
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have been discovered, including recently described cup-
proptosis and paraptosis, in this review we discussed only 
the types of cells death included in the latest classifica-
tion of cell death (2).

The aim of this review is to summarize new knowl-
edge about the processes of cell death, and to emphasize 
the importance of newly discovered molecular pathways 
regulating various types of cell death, enhancing our 
comprehension of health and disease.

NECROSIS

Necrosis is an unregulated form of cell death induced by 
external injury, independent of any signaling pathways or 
cellular energy expenditure, and is morphologically char-
acterized by edema (swelling) of membrane organelles 
as well as swelling of the entire cell (oncosis) (11). The 
morphological hallmark of necrosis is the disruption of 
cell membrane integrity accompanied by the leakage of 
cellular contents into the extracellular space that always 
triggers an inf lammatory response and local damage to 
neighboring cells (Figure 2b) (11).

Necrosis that occurs after apoptosis or autophagic cell 
death, when ATP is depleted, is called secondary necrosis 
(11). In addition to energy-independent passive necrosis, 
there are also regulated forms of necrosis that do require 
energy (11).

APOPTOSIS

Apoptosis or ”cellular suicide” is a genetically regulated 
process, in which cell undergoes a characteristic sequence 
of morphological changes, including condensation of 
chromatin, typically resembling a crescent moon, organ-
elle compaction, cytoplasmic condensation, cell shrink-
age, and finally, fragmentation of the cell into apoptotic 
bodies by cell blebbing (6). The morphological character-
istics of apoptosis, including chromatin and cytoplasmic 
condensation while the organelles remain intact, can be 
observed with transmission electron microscopy that is 
still considered to be golden standard for apoptosis iden-
tification (Figure 2a) (7). During apoptosis, membranes 

remain intact, preventing the release of cellular contents 
into the extracellular environment; therefore, there is an 
absence of inf lammatory response or tissue damage (1, 
11). Phosphatidylserine is displayed on the cell surface of 
apoptotic cells and apoptotic bodies as an ‘‘eat me’’ signal 
for surrounding cells and macrophages that rapidly re-
move dying apoptotic cells and apoptotic bodies from ex-
tracellular space by the process of efferocytosis (1, 2, 11). 

The key players in the process of apoptosis are the 
family of cysteine proteases, called caspases, which are 
found in healthy cells in the form of inactive zymogens 
with low-to-absent protease activity (1). Their cascade 
activation leads to the execution of the apoptotic pro-
gram (1). Initiator caspases (caspase-2, -8, -9, -10) are 
normally monomeric with a long prodomain that serves 
as a docking site for assembly into a self-activating com-
plex, built around homomeric interactions between death 
(DD), death effector (DED), and caspase activation and 
recruitment (CARD) domains. Downstream or execu-
tioner caspases (caspase-3, -6, -7) exist as preformed di-
mers that become activated when the cleavage of a con-
nector between subunits forms an open active site. In the 
extrinsic pathway of apoptosis, signals for caspase activa-
tion come from surrounding cells or molecules that bind 
to membrane receptors, so-called death receptors (tumor 
necrosis factor receptor 1 (TNFR1), Fas/CD95, TN-
FRSF10A, and TNFRSF10B), leading to the activation of 
initiator caspases (Figure 3) (1). In the intrinsic pathway 
of apoptosis, signals for caspase activation originate from 
within the cell due to various damages of organelles such 
as nucleus, endoplasmic reticulum or Golgi apparatus (1). 
Although activation of apoptosis by intrinsic pathway in 
the damaged cell can be mediated both by cytosolic and 
mitochondrial pathways, mitochondria have a central 
place in this type of cell death (1). Mitochondrial outer 
membrane permeabilization (MOMP) leads to increased 
permeability to small molecules, including cytochrome c, 
and the formation of the apoptosome which is specialized 
for activating effector caspases (1). Active caspases target 
many proteins essential for cellular viability, hence trig-
gering apoptotic cell death (1). Among more than 1500 
identified caspase substrates there is endonuclease, an 
enzyme that breaks down DNA, leading to the character-
istic condensation of chromatin in the nucleus (1). 

Figure 2. Transmission electron microscopy images of different types of cell death: lymphocyte apoptosis (A), necrosis of the B16 cell (B), 
autophagy in lymphocytes (C). Magnification 8900x (A, C) and 3500x (B)
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A number of regulatory proteins modulate the process 
of apoptosis. An important modulatory effect is exerted 
by proteins from the Bcl-2 (B-cell lymphoma-2) family of 
proteins (Figure 3) (1). 

Various anti- and pro-apoptotic members of Bcl-2 
family perform their actions at intracellular membranes 
(mitochondrial outer membrane, endoplasmic retic-
ulum and nuclear membranes) and form a network of 
interactions that control MOMP (11). Their ability to 
selectively bind to each other is essential to their func-
tion in regulating MOMP and apoptosis (11). Bcl-2 
family proteins selectively bind to each other via Bcl-2 
homology domains (BH). The majority of proapoptotic 
and antiapoptotic Bcl-2 proteins are “multidomain” pro-
teins that share sequence homology within 3–4 BH do-
mains (12). A subset of proapoptotic Bcl-2 proteins show 
sequence homology with others only within the BH3 
domain, death domain required for binding to “multi-
domain” Bcl-2 family members (12). These “BH3-only” 
molecules are: BID (BH3 interacting domain death ag-
onist), BIM (Bcl-2 interacting mediator of cell death), 
BAD (Bcl-2 antagonist of cell death), Noxa, BIK (Bcl-2 
interacting killer), BMF (Bcl-2 modifying factor), HRK 
(harakiri) and PUMA (p53 upregulated modulator of 
apoptosis) (12). Bcl-2 family interactions regulate mi-
tochondrial intramembranous oligomerization of BAX 
(Bcl-2-associated X protein)/BAK (cl-2 antagonist killer 
1), which is the key mechanism of MOMP (12). Anti-
apoptotic proteins, Bcl-2, BclXL (B-cell lymphoma ex-
tra-large) and Mcl-1 (myeloid cell leukemia sequence 
1), inhibit apoptosis either by inhibiting BAX/BAK 
oligomerization or by engaging activator BH3-only 
proteins (12). “BH3-only” proteins activate apoptosis 
by both activating BAX/BAK oligomerization and by 
suppressing antiapoptotic proteins on the mitochondria 
and endoplasmic reticulum (12). BIM, BID and PUMA 
are “BH3-only” proteins known as “activators” that di-
rectly bind and trigger BAX/BAK oligomerization and 
bind and inhibit antiapoptotic Bcl-2 proteins (12). BAD, 
Noxa, BIK, BMF, HRK are BH3-only proteins known 
as “sensitizers” that bind and inhibit antiapoptotic Bcl-
2 proteins (12). Disorders in the regulation of apoptosis 
are involved in the pathophysiology of a whole range of 
diseases (13, 14, 15). Overexpression of antiapoptotic 
molecules or downregulation of proapoptotic molecules 
was found in malignant cells resistant to apoptosis. High 
levels of Bcl-2 were first found in human follicular lym-
phomas and later in chronic lymphocytic leukemia cells 
(13). Abnormal expression of bcl2 family members, like 
Mcl-1 and BclXL is frequently found in many malignant 
tumors, like breast, gastric, prostate and hepatocellular 
carcinoma (14). Research data demonstrates that togeth-
er with irregularities of pro-apoptotic BCL2 proteins 
and anti-apoptotic BCL2 proteins, aberrations of the 
components of the apoptosome and effector caspases 
also contribute to the pathogenesis of many cardiovas-

Figure 3. Extrinsic and intrinsic pathways of apoptosis. In extrinsic 
pathway ligand binding to death receptor Fas/CD95 makes confor-
mational changes that help binding of its DD (death domain) with 
DD of FADD (Fas-associated death domain protein). A second do-
main in FADD, a DED, binds to DED domain in initiator caspases 
(caspase-8, and -10), leading to caspase dimerization. Caspase-ac-
tivating assembly made of the death receptor, FADD, and caspase 
complex is called DISC (death-inducing signaling complex). In the 
intrinsic pathway, cytochrome c released from mitochondria binds to 
APAF-1 (apoptotic protease activating factor 1) and enables its oligo-
merization in heptameric wheel and exposure of its CARD domain. 
Interaction of CARD domain of APAF-1 with CARD in initiator 
caspase (caspase-9) helps docking of caspase-9 and is necessary for 
its proteolytic activity. This caspase-activating assembly platform, 
the apoptosome, is specialized for activating caspase-9 and -7, which 
have CARD-type prodomains. Interaction of Bcl-2 proteins (BAX, 
BAD, Bcl-2, BclXL, Mcl/1, BAD, Noxa, BIK, BMF, HRK, BOK, 
Bim, Bid, PUMA) regulate MOMP and cytochrome c release from 
the mitochondria. Cytochrome c release may be induced after Bid 
truncation by active caspase-8, linking the “extrinsic” and “intrinsic” 
pathways. Both pathways unite at the site of activation of executioner 
caspase-3 by upstream caspase-8, -9, or -10.
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cular, hepatic, neurological, renal, autoimmune, inf lam-
matory, infectious, and oncological diseases (14).

If a cell starts apoptosis and displays the nuclear mor-
phology characteristic for apoptosis, but does not have 
enough energy to complete the initiated process of apopto-
sis, it may progress to secondary necrosis (16).  Secondary 
necrosis is controlled by caspase-3 that cuts DFNA5 (deaf-
ness-associated tumor suppressor), into a necrosis-pro-
moting DFNA5-N fragment that inserts into the plasma 
membrane, creating large pores that facilitate the release of 
inflammatory molecules into the extracellular space (16).

AUTOPHAGY-DEPENDENT CELL DEATH (ADCD)

Autophagy is an intracellular catabolic process responsi-
ble for the breakdown of damaged and/or non-functional 
cytoplasmic components and organelles, with the par-
ticipation of lysosomal enzymes (17). Depending on the 
way material for degradation reaches a lysosomal lumen, 
three different types of autophagy are being described: 
chaperone mediated autophagy (CMA), microautophagy 
and macroautophagy (17).

In CMA, certain cytosolic proteins are first unfolded 
with a help of cytosolic chaperone proteins, after which 
they pass through a lysosomal membrane protein com-
plex containing Lysosome-associated membrane protein 
2A (LAMP2A) forming a distinct channel, thus reaching 
a lysosomal lumen where they are degraded (18).

In microautophagy, peculiar membrane invagina-
tions of the lysosomal membrane are formed, projecting 
towards lysosomal lumen (19). After these invaginations 
are pinched off the lysosomal membrane, vacuoles that 
are formed, together with their cytosol-derived content, 
are degraded by lysosomal enzymes (19). In mammals, 
the process also takes place in endosomes (19), and in 
lysosomes it may include f lap-like lysosomal membrane 
extensions, as sequestration mechanism (20).

Macroautophagy (hereafter referred to only as au-
tophagy) relies on the formation of double membrane 
structures termed autophagosomes, which subsequently 
fuse with lysosomes (7). Autophagosomes are formed af-
ter a closure of cytoplasmic cisternal structures termed 
isolation membranes or phagophores, which sequester 
parts of the cytoplasm, including organelles, destined for 
degradation (Figure 2c) (7).

In mammalian cells, autophagy is regulated by two 
kinases: mTOR (Mammalian target of rapamycin) and 
AMPK (AMP-activated protein kinase) (Figure 4) (17, 21). 
In the presence of growth factors, autophagy is inhibited by 
mTOR which phosphorylates and inactivates another ki-
nase ULK1 (Unc-51-like kinase 1) (17). On the other hand, 
AMPK acts as a cellular energy sensor (Figure 4) (22). 
When intracellular ATP/ADP ratio decreases, AMPK ac-
tivates autophagy by phosphorylating and activating ULK1 
and other proteins that regulate autophagy (23).

Because it participates in the degradation of non-es-
sential cytoplasmic components, recycling of their con-
stituent molecules (e.g. during starvation) and remov-
ing of damaged and/or nonfunctional organelles and 
macromolecules, autophagy is generally considered to 
be cytoprotective (2). Blocking autophagy by artificial 
means generally leads to the acceleration of cellular de-
struction (rather than preventing cell death) (2, 24, 25). 
However, there are certain biological conditions where it 
is clear that excessive activation of autophagy may lead to 
cell death (2). Since the inhibition of autophagy in these 
circumstances rescues the cells, this type of cell death is 
being called autophagy-dependent cell death (2, 26).

This is different from previous cell death classifica-
tions (10), from the time when the cytoprotective role of 
autophagy was not properly acknowledged by the scien-
tific community. Latest advances in the understanding 
of biological roles of autophagy enabled us to understand 
that a sheer presence of a large number of autophagy-relat-
ed structures in dying cells is not enough to declare that 

Figure 4. Activation of autophagy. Ligand binding to GF (growth 
factor) receptor leads to the activation of PI3K (phosphatidylinositol 
3-kinase), AKT (protein kinase B) and mTOR that stimulates pro-
tein synthesis and inhibits autophagy through inactivation of ULK1. 
During nutrient starvation, AMPK, activates autophagy by inhibit-
ing mTOR leading to ULK1 activation. Breakdown of organelles and 
proteins in autophagosomes produces metabolites that can be used 
for production of ATP in mitochondria.  
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cells are dying by autophagy (2). Previously called auto-
phagic cell death, it is now recognized that for the process 
of autophagy-dependent cell death to be demonstrated, 
it is not enough to notice that cells are dying “with” auto-
phagy (27). Instead, it is necessary to prove that excessive 
autophagy is effectively killing the cells, by demonstrat-
ing that autophagy inhibition rescues them (2, 27).

In autophagy dependent cell death, cells actively par-
ticipate, and the process is genetically regulated (2). This 
is a way some neurons die in rodent models of neonatal 
hypoxia-ischemia, and it also may occur in certain other 
pathological conditions (2, 28). In non-pathological condi-
tions, autophagy-dependent cell death is also necessary as a 
mechanism of cell death in Drosophila metamorphosis (2).

OTHER FORMS OF CELL DEATHS

Necroptosis

Necroptosis is a type of RCD initiated by signals from 
the extracellular or intracellular microenvironment de-
tected by death receptors (FAS, TNFR etc.) or pattern 
recognition receptors (PRRs) (2, 29). As the name sug-
gests, necroptosis shares features with necrosis (early 
membrane disruption and cell and organelle swelling) 
and apoptosis (which is tightly regulated via genetics, 
signaling molecules, or toxins). In contrast to apoptosis, 
necroptosis is not only caspase-independent, but also 
induced by inhibition of caspase-8 (29, 30). The molec-
ular markers of necroptosis are phosphorylated RIPK3 
(receptor-interacting serine/threonine protein kinase 3) 
and phosphorylated MLKL (mixed lineage kinase do-
main like pseudokinase) (Figure 5) (1). 

Necroptosis has been mostly investigated as the re-
sponse to microbial infection. In cancer, necroptosis is 
beneficial for the antitumor immune response, not only 
because of MLKL-dependent cell lysis and uncontrolled 
release of cellular contents, but also because of tightly reg-
ulated activation of RIPK1/RIPK3/NFκB proinf lamma-
tory signaling, which leads to the synthesis of proinf lam-
matory cytokines prior to cell disintegration (29).

As our understanding of the molecular mechanisms of 
necroptosis continues to evolve, it holds the potential to 
lead to innovative therapies and interventions in diverse 
fields of research, as it has been shown to play an import-
ant role not only in infections and systemic inf lammato-
ry response syndrome but in chronic pulmonary disease, 
acute kidney failure and fibrosis, liver disease, cardiovas-
cular, neurodegenerative diseases and cancer (31).

Pyroptosis

Pyroptosis represents a unique form of RCD, primarily 
associated with the innate immune response to infec-
tions and inf lammatory disorders. The term “pyroptosis” 

was coined by D’Souza et al. in 2001, from Greek words 
pyro (fire or fever) and ptosis (falling), to emphasize the 
inf lammatory nature of this type of cell death (32). For 
decades it was misconceived as a special form of apop-
tosis in monocytes, since it shared some features with 
apoptosis, like involvement of caspase-1 (33). Caspase-1, 
recognized as inf lammatory caspase, is required for the 
cleavage of precursor pro-IL-1β into active IL-1β, also 
known as leukocytic pyrogen (34). Later, in 2002, the in-
f lammasome was proposed to be a molecular platform for 
the activation of caspase-1 (Figure 6) (35). 

Furthermore, it was demonstrated that pyroptosis 
could be induced in caspase-1 independent manner, by 
the activation of other caspases, specifically caspase-4, 5 
and 11 (33). In 2015 it was discovered that both caspase-1 
and caspase-4/5/11 share gasdermin D (GSDMD) as a 
key substrate in induction of pyroptosis, and since then, 
pyroptosis is commonly defined as gasdermin-mediated 
programmed cell death (33). The N-terminal domain of 
GSDMD can oligomerize to form pores in the cell mem-
brane, causing cell swelling and lysis (33).

Although pyroptosis shares some features with apop-
tosis, like DNA fragmentation and intact nucleus, there 
are many differences between them, including the loss of 
membrane integrity, cellular swelling, the rupture of cell 
membrane and consequent inf lammation (36).

The main role of pyroptosis, as an important player in 
the innate immunity, is defense against intracellular patho-
gens. However, numerous studies have pointed to a much 

Medicinska istraživanja 2025; 58(1):61-73

Figure 5. Molecular pathways of necroptosis. After ligation of 
TNFR-1, RIPK1 associates with RIPK3. RIPK3 phosphorylates 
the MLKL that oligomerizes after phosphorylation and promotes 
plasma membrane permeabilization. There are at least two pathways 
leading to the loss of cell integrity in necroptosis: MLKL could form 
a platform at the plasma membrane for the opening of calcium and 
sodium ion channels, enabling the influx of ions in the cell, cell swell-
ing and rupture and/or MLKL itself could form pores in the plasma 
membranes.
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broader aspect of pyroptosis as a type of RCD involved in 
inflammatory diseases and sepsis, cardiovascular, meta-
bolic diseases, neurodegeneration and cancer (36).

Ferroptosis

Ferroptosis is a distinctive form of RCD, induced by 
iron-dependent, lipid peroxidation-mediated membrane 
damage. Although the term “ferroptosis” was coined not 
that long ago, in 2012, and ferroptosis-like cell death was 
described in 2001 as a cell death induced by oxidative 
stress (“oxytosis”) (37), pioneering research was made 
back in the 1950s and 1960s, when the researchers ob-
served cell death induced by cysteine-deprivation (38). 

The primary system regulating ferroptosis is the cellu-
lar antioxidant system cysteine-glutathione (GSH)-gluta-
thione peroxidase 4 (GPX4) (39). GPX4 is an antioxidant 
enzyme which catalyzes the reduction of lipid-hydrogen 
peroxides, cholesterol- and phospholipid hydrogen perox-
ides (PLOOHs), from cellular membranes and protects 

cells from the oxidative stress (40). Two compounds wide-
ly used for induction of ferroptosis, erastin and RSL3, act 
by interfering with GPX4-pathway that leads to the accu-
mulation of PLOOHs in the cell and ferroptosis (39).

Potent inducers of ferroptosis include enzymes that 
directly oxygenate polyunsaturated fatty acids present 
in cellular membranes, such as lipoxygenases (LOXs), 
cytochrome P450 oxidoreductase (POR), and two mem-
brane-remodeling enzymes, acyl-CoA synthetase long 
chain family member 4 (ACSL4) and lysophosphatidyl-
choline acyltransferase 3 (LPCAT3). The importance of 
mitochondrial tricarboxylic acid cycle in lipogenesis, to-
gether with mitochondrial roles in beta-oxidation of fatty 
acids and oxidative metabolism, strongly links mitochon-
dria with ferroptosis (39).

As the name suggests, iron has a central role in induc-
tion and regulation of ferroptosis. Iron is required as cata-
lyst in numerous metabolic enzymes involved in reactive 
oxygen species (ROS) generation and lipid peroxidation, 
including LOXs and POR. Furthermore, intracellular 
iron ions can catalyze Fenton reaction, generating high-
ly reactive hydroxyl radicals that initiate a chain reac-
tion that culminates in lipid peroxidation and massive 
PLOOH production. Cellular processes that regulate 
iron homeostasis within cells (iron uptake, storage, utili-
zation and eff lux) therefore affect ferroptosis (41).

Cells undergoing ferroptosis exhibit swelling, with 
increased cell membrane density and membrane rupture. 
The distinctive feature of ferroptosis is the atrophy or 
condensation of mitochondria, disappearance of cristae 
and rupture of outer mitochondrial membrane (41).

A growing body of research indicates a potentially 
important role of ferroptosis in tumor suppression, isch-
emia-reperfusion injuries (also, associated with organ 
transplantation), immune surveillance, neurodegenera-
tion and lung and liver fibrosis (39, 41).

Parthanatos

Parthanatos is a caspase-independent form of cell death 
which leads to DNA fragmentation (42). The term „part-
hanatos’’ is coined from „par“, referring to poly(ADP)ri-
bose (PAR), one of the key participants in this type of cell 
death, and „Thanatos“, personification of death in Greek 
mythology. Parthanatos is a precisely regulated, multi-
step process resulting in large-scale DNA fragmentation 
and chromatin condensation (42).

One of the mechanisms for ensuring genome stability 
includes a nucleic enzyme called poly (ADP-ribose) poly-
merase 1 (PARP1). This DNA base-excision repair system 
facilitates DNA damage repair through the synthesis of 
PAR polymer (43). However, in instances of excessive DNA 
damage, such as ROS, inflammation, ischemia, hypoxia, 
etc., PARP1 becomes hyperactivated. Hyperactivation of 
PARP1 is the initial step in parthanatos, resulting in the 
production of long-chained, branched PAR polymers (42). 

Life of the cell: is it important how cells die?

Figure 6. The mechanisms of pyroptosis. In canonical inflammato-
ry pathways, PAMPs and DAMPs are detected by inflammasome, 
cytosolic multiprotein complex involving NLR (nucleotide-binding 
oligomerization domain (Nod)-like receptors) proteins which acti-
vate caspase-1. Caspase 1 performs cleavage of inflammatory cyto-
kines IL-1β and IL-18 into mature forms, and cleavage of GSDMD 
that leads to formation of GSDMD pore and pyroptosis. In nonca-
nonical inflammatory pathways, binding of LPS (lipopolysaccha-
rides) leads to the cleavage of GSDMD, formation of GSDMD pore 
and pyroptosis. 
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PARP1 overactivation causes cellular energy deple-
tion. Namely, PARP1 hyperactivation requires nicotin-
amide adenine dinucleotide (NAD+) as a cofactor, which 
is an important cofactor in cellular metabolism, including 
ATP synthesis. On the other hand, resynthesis of NAD+ 
requires many ATP molecules. Additionally, accumu-
lation of PAR polymers causes translocation of apopto-
sis-inducing factor (AIF) from mitochondria to nucleus 
(44). AIF may be considered as a parthanatos “executor”, 
leading to massive DNA fragmentation, chromatin con-
densation, membrane rupture and cell death.

Parthanatos as a form of cell death is found in many 
diseases, while PARP inhibitors are extensively explored 
for the pharmacological treatment of breast, ovarian, and 
colorectal cancer (45).

Mitochondrial permeability transition-driven 
necrosis

Mitochondrial permeability transition (MPT)-driven ne-
crosis is a form of cell death caused by a sudden increase 
in the inner mitochondrial membrane (IMM) permeabil-
ity to small molecules. This type of cell death is initiat-
ed by the increase in Ca2+ and ROS in the mitochondrial 
matrix (46). The crucial event in MPT-driven necrosis is 
the formation of mitochondrial permeability transition 
pore (mPTP) in the IMM. The formation of mPTP en-
ables permeability of IMM for molecules up to 1.5 kDa in 
size. The sustained opening of the mPTP causes abrupt 
change in mitochondrial permeability leading to the loss 
of mitochondrial membrane potential, mitochondrial 
swelling, rupture of the outer mitochondrial membrane 
(OMM), disruption of cellular energy metabolism and 
finally, necrotic death. Opposite to sustained mPTP 
opening, transient mPTP opening is not associated with 
cell death. Such reversible mPTPs are permeable to small 
molecules up to 300 Da and play a role in the mitochon-
drial homeostasis of Ca2+ (47).

It was long considered that the main structural com-
ponents of mPTP are voltage-dependent anion channel 
(VDAC) in the OMM, adenine nucleotide translocase 
(ANT) in the IMM, and cyclophilin D (Cyp-D) in the 
mitochondrial matrix. Numerous experiments con-
firmed that neither VDAC nor ANT are required for the 
induction of mPTP (48). However, Cyp-D was recog-
nized as an important regulator of the mPTP opening. 
Cyp-D is not a structural pore component of mPTP; it 
is a Ca2+-sensitive isomerase present in the mitochondri-
al matrix which translocate to the IMM and mediates 
mPTP opening.

MPT-driven necrosis has been implicated in the 
pathogenesis of ischemic heart and brain disease, and 
many degenerative diseases which is why targeting its 
molecular steps might translate into novel therapeutic 
approaches (49). 

Lysosome-dependent cell death

Lysosome-dependent cell death (LDCD) represents a form 
of RCD which is characterized by primary lysosomal mem-
brane permeabilization (LMP), a phenomenon that leads 
to cell death (2). LMP is characterized by the release of 
lysosomal contents, including proteolytic enzymes of the 
cathepsin family, into the cytosol where they act in vari-
ous ways as executors of cell death (50). LMP may occur 
downstream of MOMP and represent an epiphenomenon 
of intrinsic apoptosis (51). Alternatively, lysosomes can be 
permeabilized prior to mitochondria, which may involve 
the recruitment of BAX to the lysosomal membrane and 
formation of pores (52). Additional triggers of LPM may 
include lysosomotropic agents (e.g., sphingosine), calpains, 
reactive oxygen species (ROS), STAT3 etc. (53).

Cathepsins can catalyze proteolytic activation or 
inactivation of BID, BAX, anti-apoptotic BCL2 family 
members and XIAP, and therefore lead to LCDC with 
the involvement of MOMP and caspases (54). Howev-
er, MOMP and caspases are not necessarily involved in 
LDCD so this type of RCD does not always exhibit apop-
totic morphology (55).

LDCD is involved in different pathological and 
physiological conditions, such as intracellular pathogen 
response, inf lammation, neurodegeneration, cardiovas-
cular disorders, aging and tissue remodeling during invo-
lution of mammary gland after lactation (2, 50).

Immunogenic cell death

Immunogenic cell death (ICD) represents a form of RCD 
that is capable of initiating adaptive immune response in 
an immunocompetent host (2). This adaptive immune 
response is specific for endogenous (cellular) or exoge-
nous (viral) antigens that are expressed by dying cells (2).

Various stimuli can initiate ICD, including viral infec-
tion, specific forms of radiation therapy, some FDA-ap-
proved chemotherapeutics and hypericin-based pho-
todynamic therapy (2). These agents initiate release of 
damage-associated molecular patterns (DAMPs), such as 
calreticulin, ATP, type I IFN, cancer cell-derived nucleic 
acids, high-mobility group box 1 (HMGB1) and annexin 
A1 (ANXA1) by dying cells. DAMPs are being recog-
nized by PRRs on immune system cells leading to the ac-
tivation of an immune response with the formation of im-
munological memory (2, 56). Calreticulin relocates from 
the endoplasmic reticulum to the outer leaf let of plasma 
membrane where it functions as an “eat me” signal for 
DCs, macrophages and neutrophils and acts as a trigger 
for Th17 cell priming (57). ATP has a role as a “find-me” 
signal for dendritic cell precursors and macrophages and 
activates inf lammasome (58). Cancer cells which are go-
ing to die by ICD release nucleic acids which can be taken 
up by DCs, macrophages and neutrophils and this results 
with the activation of type I IFN immune response (59).
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Entosis

Entotic cell death, also known as entosis or cellular can-
nibalism, is a type of cell death in which a cell invades a 
living neighboring cell and eventually dies after being en-
gulfed. This is a characteristic type of non-apoptotic cell 
death, which is recognizable by its cell-in-cell phenome-
non, and which occurs in human tumors and non-tumor 
tissues, such as epithelial cell cultures (60). Entosis has 
several interesting features that distinguish it from oth-
er types of cell death, mainly that the entrapped cell can 
survive and even divide in the host cell, or it can leave 
the invaded cell without any sign of degradation (61). 
Although present in both physiological and pathological 
conditions, the exact role of entosis remains unclear with 
literature data suggesting both pro- and anti-tumorigen-
ic effects. It is believed that entosis allows cancers to be 
removed by their healthy neighbors, as the tumorigenic 
cells have lost their cell-cell connections, and on the other 
hand, allows surrounding cells to survive by promoting 
cell competition (62). Entosis has also been associated 
with the process of embryo implantation (63), the elimi-
nation of spermatozoa by the Sertoli cells (64), but also in 
the pathophysiology of non-cancerous conditions such as 
diabetic cardiomyopathy (65). Several studies have shown 
that different drugs can induce entosis in various cancer 
cell lines. Methylselenoesters, novel synthesized seleni-
um compounds, have caused entosis by cell detachment 
in pancreatic cancer cells (66). Recently published papers 
have shown that known and well-studied cytotoxic drugs, 
such as nintedanib and doxorubicin in combination with 
calcifediol, can induce entosis in prostate and breast can-
cer cells (67). These data highlight the possible therapeu-
tic implications of entosis in cancer management.

NETosis

One of the mechanisms through which neutrophils de-
stroy microbes is the formation of Neutrophil Extra-
cellular Traps (NETs), which represent web-like struc-
tures made from modified chromatin and antimicrobial 
proteins, both originating from granules and nucleus of 
neutrophilic granulocytes (68). These formations bind, 
entrap, and finally destroy microorganisms in the extra-
cellular space, without the need for intracellular phago-
cytosis. However, releasing these neutrophilic molecules/
enzymes and pathogen destruction elicits neighboring 
tissue destruction and inf lammation (69). During this 
process, neutrophils die, which is why this atypical type 
of cell death is termed NETosis. Unlike apoptosis, NE-
Tosis is characterized by the disintegration of nuclear 
and cytoplasmic membranes, followed by the leaking 
of genetic material in the extracellular space which im-
mobilizes microorganisms (70). Though NETosis is a 
defensive reaction of the body, the release of intracellu-
lar granule components in the extracellular space causes 

proinf lammatory reactions that can exacerbate existing 
inf lammation in patients with different forms of autoim-
mune diseases (71). The role of NETosis in cancer pro-
gressions and metastasis is now also known, as NETosis 
can cause a wide range of changes needed for further 
development and dissemination of cancerous cells (72). 
NETosis can induce epithelial-mesenchymal transition 
in different cancers, create an optimal microenvironment 
for tumor development (73), and play a role in different 
cancer-related complications, such as venous thrombo-
embolism (74).

CONCLUSION

Why is it important how a cell dies? In some types of cell 
death damaged cells do not have a preserved cell mem-
brane and release DAMPs, therefore they are pro-in-
f lammatory and lead to the activation of macrophages 
and dendritic cells (11). In contrast, apoptosis is an im-
munologically silent cell death, during which there is no 
spillage of cell contents into the environment due to the 
preserved cell membrane and the formation of apoptotic 
bodies, as well as due to the activation of caspases that in-
activate DAMPs (11). Necrosis and pyroptosis are proin-
f lammatory cell deaths during which proinf lammatory 
cytokines are secreted, cell membrane bursts and cellular 
contents spill into the extracellular space leading to the 
damage of surrounding cells (11). 

It may seem that apoptosis is a favorable form of cell 
death and that any pro‐inf lammatory form of cell death is 
always unfavorable and probably a result of an error in the 
activation of apoptosis. Nevertheless, pro-inf lammatory 
forms of cell death may have evolved in order to remove 
multiple cells at the same time. Cells dying from pyro-
ptosis, prevent the spread of infection by killing groups 
of cells that release DAMPs and recruit immune cells 
to the site of infection (75). Damaged or malignant cells 
dying from necroptosis attract immune cells that result 
in the death of malignant cell population and prevention 
of metastases (11). Therefore, the presence of regulated, 
proinf lammatory cell death is in some circumstances im-
portant for the protection of surrounding cells and the 
organism. 

Different types of cell death are interconnected. Apop-
tosis may inhibit the process of autophagy by caspase 
cleavage of Beclin and ATG (1). Furthermore, autophagy 
can inhibit apoptosis by increasing BCL-XL expression 
(1). The inactivation of autophagy during starvation 
leads to apoptosis, unless apoptosis is inactivated (e.g., 
BAX/BAK deficiency), in which case cell death occurs 
through necrosis (1). Inhibition of autophagy can either 
lead to mitochondrial dysfunction and apoptosis or to 
stabilization of RIPK1 and necroptosis (24, 25). 

Abnormal activation of the different forms of cell 
death can cause diseases. Dysregulation of apoptotic pro-
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gram can lead to hyperplasia, autoimmune diseases and 
tumorigenesis (76). Pyroptosis has a crucial place in the 
initiation of inf lammatory response and achieving elim-
ination of intracellular microorganism during bacterial 
infection, but uncontrolled pyroptosis can lead to organ 
failure and sepsis (77). Necroptosis has been associated 
with carcinogenesis related to non-alcoholic fatty liver 
disease and with human inf lammatory skin diseases (78).

Understanding how cells dye and the knowledge 
about regulation mechanisms of different types of cell 
death, especially apoptosis, resulted in discovery of drugs 
that act as BH3 mimetics, ABT‐737 and its oral derivative, 
Navitoclax, for the treatment of B cell malignancies that 
overexpress anti‐apoptotic BCL‐2 proteins (79). Drugs 
that target necroptosis, pyroptosis and autophagy are 
currently being researched and may serve as future thera-
peutic options for various diseases, including cancer. 
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ŽIVOT ĆELIJE: DA LI JE VAŽNO KAKO ĆELIJE UMIRU? 
Tamara Kravić-Stevović1, Tamara Martinović1, Darko Ćirić1, Jelena Rakočević1, Ivana Paunković1, Ivan Zaletel1,  
Sanja Despotović1, Mila Ćetković-Milisavljević1, Vladimir Bumbaširević1,2

Sažetak

Ćelijska smrt je prisutna tokom embrionalnog razvoja, i 
posle rođenja kao važan proces, neophodan za održa-
vanje homeostaze, kojim se uklanjaju ostarele i ošteće-
ne ćelije. Postoje dva tipa ćelijske smrti: akcidentalna i 
regulisana ćelijska smrt. Nekroza je akcidentalna, nere-
gulisana, pasivna forma ćelijske smrti koja nastaje usled 
kolapsa homeostatskih mehanizama u ekstremnim ne-
fiziološkim uslovima. Regulisana ćelijska smrt je aktivan, 
energetski zavistan proces, koji nastaje u fiziološkim 
uslovima, tokom održavanja homeostaze organizma i u 
brojnim patološkim stanjima kada obezbeđuje selektiv-
nu eliminaciju potencijalno opasnih ili inficiranih ćelija. 
Brojni su tipovi regulisane ćelijske smrti: unutrašnji i spo-
ljašnji tip apoptoze, ćelijska smrt zavisna od autofagije, 
nekroptoza, piroptoza, feroptoza, partanatos i MPT ne-
kroza, ćelijska smrt zavisna od lizozoma, imunogena će-

lijska smrt, entoza i NET-oza. Različiti tipovi ćelijske smrti 
su međusobno povezani. Abnormalna aktivnost različi-
tih formi ćelijske smrti može dovesti do razvoja brojnih 
bolesti. Poremećaj regulacije apoptoze može dovesti do 
hiperplazije, razvoja autoimunskih oboljenja i tumora. 
Poznavanje regulacionih mehanizama apoptoze dove-
lo je do otkrića BH3 mimetika, lekova koji se koriste u 
terapiji nekih tipova malignih tumora B limfocita. U sa-
vremenim naučnim istraživanjima ispituju se lekovi koji 
utiču na nekroptozu, piroptozu i autofagiju koji mogu u 
budućnosti biti terapija za različite bolesti, uključujući i 
maligne tumore. Cilj ovog revijskog rada je da rezimira 
nova saznanja u vezi sa procesima ćelijske smrti i ukaže 
na značaj novootkrivenih molekularnih puteva regulaci-
je različitih tipova ćelijske smrti u cilju boljeg razumeva-
nja zdravlja i bolesti. 

Ključne reči: ćelijska smrt, nekroza, apoptoza, autofagija
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Summary 
Multiple sclerosis (MS) is a chronic, inflammatory, and neurodegener-
ative disease of the central nervous system (CNS). It typically presents 
in early or middle adulthood, and pediatric-onset MS (POMS), defined 
by the first MS attack occurring before the age of 18, is less common. 
Current data from the Danish Multiple Sclerosis Registry indicates 
that nearly 3% of patients had the onset before the age of 18. In com-
parison with adult-onset MS, POMS patients typically have a more in-
flammatory-active disease course, resulting in more frequent relaps-
es, but slower long-term disability accumulation. In POMS, diagnostic 
dilemmas may include differentiating MS from acute disseminated 
encephalomyelitis (ADEM) and myelin oligodendrocyte glycoprotein 
antibody-associated disease (MOGAD), both of which most com-
monly occur among children and share some clinical and imaging 
features with MS. Inherited leukodystrophies should be considered 
in the differential diagnosis only in select cases, as their hallmark clin-
ical feature—a progressive disease course—distinguishes them from 
the typically non-progressive acquired demyelinating syndromes, 
including neuromyelitis optica spectrum disorder. It’s important to 
remember that magnetic resonance imaging (MRI) of the brain and 
spinal cord is essential for establishing a timely and accurate diagno-
sis of POMS. MRI helps exclude alternative diagnoses, allowing for the 
prompt initiation of effective treatment.
Keywords: multiple sclerosis, diagnosis, pediatric-onset
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INTRODUCTION

Multiple sclerosis (MS) is a chronic, neuroinf lammato-
ry and neurodegenerative disease of the central nervous 
system (CNS). MS typically presents in early or middle 
adulthood. Pediatric-onset MS (POMS), defined as the 
first MS attack occurring before the age of 18, is less com-
mon. Pediatric-onset multiple sclerosis (POMS) is esti-
mated to account for approximately 2% to 10% of all MS 
cases, with disease onset before the age of 10 occurring 
in only 0.2% to 0.7% of cases (1). Current data from the 
Danish Multiple Sclerosis Registry, with onsets between 
2003 and 2022, indicates that 2.89% of patients had the 
onset before the age of 18 (2). In the recent meta-analy-
sis, an estimated global incidence of POMS was 0.87 per 
100,000 individuals per year (3). 

In the French KidbioSEP cohort, the mean age of on-
set was 11.8 ± 3.7 years. The study also suggested that the 
number of children experiencing their first attack before 
the age of 11 may be higher than previously estimated (4). 
Younger children present with encephalopathy, seizures, 
and multifocal deficits, more often than children over 
the age of 12 and adults. Moreover, in children under 12, 
T2-hyperintense lesions tend to be larger and conf luent. 
Conversely, clinical presentations and imaging findings 
of older children are usually similar to those of adults (5). 
The clinical presentation of POMS is very heterogeneous 
and depends, first of all, on the location of the demye-
linating plaques that affect predilection sites, that is, the 
optic nerve, brain and spinal cord (6). As already men-
tioned, in children with the first attack after the age of 11, 
the clinical picture of POMS does not differ significantly 
from adult MS. However, in younger children, symptoms 
of encephalopathy may occur more often, accompanied 
by a disturbance in the state of consciousness and epilep-
tic seizures, followed by headache, nausea and vomiting 
(7). Studies to date indicate that the majority of POMS 
patients—approximately 50% to 70%—present with a 
multifocal, or polysymptomatic, disease onset, while a 
mono-focal presentation occurs in 30% to 50% of cases. 
However, the multifocal presentation most often occurs 
before the age of 12, while the mono-focal presentation of 
the disease occurs most often after the age of 10 (8).

In comparison with adult-onset MS, POMS patients 
typically have a more inf lammatory-active disease course, 
resulting in more frequent relapses but slower long-term 
disability accumulation (9). These features are generally 
attributed to the extensive post-relapse recovery that can 
be at least partly attributed to a higher ability for myelin 
repair/synthesis and greater plasticity of the developing 
brain (10). Immunological changes that occur through-
out the lifespan impact the clinical manifestations of MS, 
such as relapse frequency, severity, and recovery. Chil-
dren have larger and higher proportions of naive T cells 
and higher B-cell functional capacities, resulting in more 
robust immune responses to antigens than adults, which 

may amplify the inf lammatory pathology of MS and ex-
plain why most POMS cases present with a relapsing-re-
mitting course (2). Approximately 98% of patients with 
POMS present with a relapsing-remitting disease course 
(11). Although progressive-onset multiple sclerosis is rare 
in childhood and the transition to a secondary progres-
sive phenotype occurs over a longer period, patients with 
POMS still reach ambulatory disability milestones at 
younger chronological ages than those with adult-onset 
MS due to their earlier disease onset (12, 13).

Although POMS patients have relatively slower physi-
cal disability progression, the early and frequent neuroin-
f lammatory attacks can result in impaired brain develop-
ment and poorer cognitive performance when compared 
to adult-onset MS patients or non-MS peers (14, 15). 
These impairments can have long-term consequences, 
including a lower likelihood of pursuing higher educa-
tion, lower annual earnings, frequent sick days during 
work life, and early enrollment into disability pension 
programs (16). Very recently, it has been emphasized that 
acquired demyelinating syndromes (ADS), such as MS 
and myelin oligodendrocyte glycoprotein antibody dis-
ease (MOGAD), often cause cognitive impairment and 
fatigue in children and adults (17). POMS is associated 
with worse cognitive impairment in adulthood compared 
to adult-onset MS and reduced participation in universi-
ty education and employment. However, the impact of 
POMS on school participation remains unknown to date. 
Therefore, efforts toward early diagnosis, discovery of 
early predictors of long-term outcomes, and appropriate 
early drug intervention are highly warranted (18). 

A group of neurological disorders characterized by 
acute or subacute onset of neurological deficits associat-
ed with the evidence of inf lammatory demyelination of 
the central nervous system (CNS), including the optic 
nerves, is collectively named ADS (19), with acute dis-
seminated encephalomyelitis (ADEM), occurring in 22-
32% of children with ADS. It could be represented as one 
of neuroinf lammatory diseases, such as AQP4-NMOSD, 
MOGAD, ADEM with encephalopathy, or a monopha-
sic disease (20), or MS. Furthermore, it has to be empha-
sized that only 20% of pediatric ADS cases are ultimately 
diagnosed with POMS (21).

In POMS, diagnostic dilemmas may include differen-
tiating MS from monophasic acute disseminated enceph-
alomyelitis (ADEM) and myelin oligodendrocyte gly-
coprotein antibody-associated disease (MOGAD) (20), 
both of which most commonly occur among children 
and share some clinical and imaging features with MS. 
Inherited leukodystrophies should be considered in the 
differential diagnosis only in select cases, as their hall-
mark feature—a progressive disease course—is uncom-
mon among other acquired demyelinating syndromes 
(ADS) (22).  
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PATHOHISTOLOGY AND IMMUNOPATHOGENESIS 
IN MS

Demyelinated regions, i.e., lesions or plaques, in the gray 
and white matter of the CNS, form the pathological basis 
of MS. Nowadays, plaques of demyelination are known 
to involve both white and gray matter, including the nu-
clei, cortex, and spinal cord. Plaques indicate damage and 
loss of oligodendrocytes and myelin sheaths (23, 24). 
At the very beginning of the disease, both neurons and 
axons are partly preserved. However, later on, with the 
progression of the disease, there is neuroaxonal damage. 
Inf lammation is most pronounced in the acute stages of 
the disease but can be detected in all stages. In addition 
to the demyelination process, remyelination can also be 
detected initially. In the initial stage of the disease, in the 
pathohistological findings, macrophages with CD8+ T 
lymphocytes are the most abundant, and plasma cells and 
B lymphocytes can also be found (23, 24).

Studies have shown that with the progression of the 
disease and neuroaxonal damage, there is a deterioration 
in the degree of disability and the occurrence of brain at-
rophy. In the pathohistological findings, diffuse fields of B 
and T lymphocytes, astrocytes, and microglia can be de-
tected. In addition, damage to axons and myelin can also be 
seen. All these processes damage the white and gray matter 
of the brain and spinal cord and the consequent reduction 
in brain volume, i.e., atrophy (23, 24, 25). In the later course 
of the disease, sclerotic lesions are created in the white mat-
ter plaques under the influence of astrocytes. Postmortem 
analysis of MS brains, compared to those of healthy con-
trols, showed a 19% to 24% reduction in the cross-sectional 
area of ​​the spinal cord at the cervical, thoracic, and lum-
bar levels. Gray matter atrophy was from 17 to 21%, and 
white matter from 19% to 24% (24). The density of axons 
in patients was lower by 57% to 62% compared to healthy 
controls. Demyelination affected between 11% and 13% of 
white matter and 24% to 48% of gray matter (24). 

It is crucial to emphasize that axon damage is the pri-
mary pathophysiological mechanism of disease progres-
sion and neurological disability. It is believed to occur 
very early in MS, even during radiologically isolated syn-
drome (RIS), and POMS patients have a greater degree 
of acute axonal damage than adults (24). This was also 
shown by pathohistological studies, which were conduct-
ed on autopsy tissues of nineteen children and adoles-
cents with POMS and clinically isolated syndrome (CIS) 
(25). This study showed that acute axon damage is 50% 
higher in children and adolescents (age range from 4 to 17 
years) than in adult patients (26, 27).

HOW TO ESTABLISH THE DIAGNOSIS OF POMS?

Although guidelines have evolved over the years, the 
critical role of magnetic resonance imaging (MRI) has 

remained consistently recognized. MRI is highlighted 
as the most valuable tool for diagnosing POMS. It has 
also been generally accepted that MRI is mandatory for 
demonstrating dissemination in time and space.

The diagnostic criteria proposed by Krupp et al., 
widely used since 2013, have evolved gradually since 
2004, incorporating advancements—particularly in 
MRI technology—along the way (28). Krupp’s diagnos-
tic criteria for POMS are presented in Table 1. 
Table 1. Diagnostic criteria for POMS by Krupp et al.
One of the following is necessary:
Two or more non-encephalopathic CNS events:
Occurring at least30 days apart
Affecting more than one area of the CNS

One non-encephalopathic CNS event and MRI features, according 
to 2010 Revised McDonald criteria for DIS and DIT

One ADEM episode followed three or more months later by:
A non-encephalopathic clinical event
New MRI lesions fulfilling 2010 Revised McDonald DIS criteria

CNS central nervous system; MRI magnetic resonance imaging; DIS 
dissemination in space; DIT dissemination in time; ADEM acute 
disseminated encephalomyelitis.
Adapted from Krupp et al. (28)

The current diagnostic criteria for adult MS patients 
(29) can be fully applied in children older than 12 years 
(Table 2) since the 2017 McDonald criteria are being in-
creasingly validated in children who had not presented an 
ADEM as the first demyelinating event (4). However, in 
children below the age of 12, there is a diagnostic concern 
to using the 2017 McDonald criteria because, in this pop-
ulation, there is a higher probability that the first neuro-
logical event related to MS can have a picture of ADEM. 
Therefore, it is of utmost importance to emphasize that in 
the Franch cohort, the 2017 McDonald criteria were vali-
dated, and it was demonstrated that they could also be used 
in children below the age of 12 who had not had an ADEM 
presentation (4). Thus, for children below the age of 12, af-
ter excluding ADEM patients, the 2017 McDonald criteria 
have acceptable sensitivity and specificity. Conversely, it 
is important to recognize that including ADEM patients 
significantly reduces sensitivity and specificity. 

The diagnostic algorithm involves the integration 
of all typical clinical and paraclinical characteristics 
that form the basis of a typical clinical picture (30). The 
main paraclinical indicators in POMS are brain and spi-
nal cord MRI and, additionally, CSF examination (29). 
Clinical and paraclinical features should confirm dis-
semination in space and time to establish a diagnosis, and 
it is also necessary to exclude all other CNS diseases of 
differential diagnostic importance. MRI in the pediatric 
population enables quick and simple confirmation of dis-
semination in time and space and, thus, rapid diagnosis. 
Characteristic predilection localizations of changes on 
MRI are periventricular white matter, deep white matter, 

Dilemmas in the differential diagnosis of POMS
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juxtacortical regions, corpus callosum, and infratentorial 
regions of the brain (brainstem and cerebellum), as well 
as changes in the spinal cord, optic nerve, and cortical le-
sions (31, 32). It must be emphasized that infratentorial 
and contrast-enhancing lesions at baseline MRI scans are 
more frequent in children than in adult-onset MS (4).

Numerous diagnostic criteria for POMS have been 
proposed throughout history. However, the first widely 
accepted official criteria emerged following the establish-
ment of the International Multiple Sclerosis Study Group 
for children and adolescents (33). The majority of clini-
cians have relied on the criteria established by the Interna-
tional Study Group for Multiple Sclerosis in Children (28). 
It is necessary to monitor and follow the diagnostic proto-
col in order to make an accurate diagnosis of the disease. 

Brain MRI lesions in POMS are typically small (less 
than 1 cm) ovoid-shaped areas with sharp borders and a 
homogeneous hyperintensity on T2-weighted sequences 
of at least 3mm in the long axis (34, 35). It is important 
to remember that these lesions usually appear larger be-
cause of the inf lammatory edema, which is usually huge 
in children. Demyelinating lesions are present in both 
white and gray matter, especially in the cortical regions 
and deep gray matter (36).

Periventricular lesions are T2-hyperintense cerebral 
white matter lesions bordering the lateral ventricles with-
out white matter in between, including the corpus callo-
sum. The FLAIR sequences are the first choice for their 
detection because they show abnormalities even when 
standard T2-weighted images are normal (34, 37). It is im-
portant to emphasize that periventricular lesions are pres-
ent in 86% of children with MS (38). Similarly, brainstem 
lesions are frequently present in 61% of POMS, signifi-
cantly more often than in subjects with monophasic ADS 
(38). In total, infratentorial lesions are almost 25% more 
frequent in POMS compared to adult-onset MS (39). 

Spinal cord lesions are hyperintense lesions, which 
show well-defined margins and are typically located in 
the cervical region, extending up to two vertebrae (40, 

41). As already mentioned, POMS present a more el-
evated inf lammatory component as adult-onset MS. 
Thus, contrast-enhancing lesions at baseline MRI scans 
are present at up to 70% of POMS (38). In contrast, en-
hancing lesions are present in only 10% of children with 
monophasic ADS (38). 

Finally, very recently the group of experts recom-
mended the following regarding MRI in POMS: a) The 
same standardized brain and spinal cord MRI protocols 
should be used for POMS as in adult-onset MS; b) In or-
der to exclude non-MS diagnosis at onset, Gd-enhanced 
images are useful; c) For children with spinal cord man-
ifestations or with inconclusive brain MRI, it is indicat-
ed to perform complete spinal cord MRI; d) Spinal cord 
MRI at baseline could be useful at baseline for all POMS; 
e) An innovative optic nerve MRI protocol is not recom-
mended in POMS (42).

DIFFERENTIAL DIAGNOSIS 

As already mentioned, ADS includes several CNS in-
f lammatory conditions, such as ADEM, MS, MOGAD, 
and AQP4+ NMOSD. Although their clinical presenta-
tion and MRI findings may have certain similarities, it 
is important to mention that, for example, MOGAD is 
more common prepuberally than MS. Thus, presentation 
before the age of 11 speaks instead in favor of MOGAD, 
being a red f lag of MS. Advancements in serological test-
ing, recent development of cell-based assays for AQP-4 
IgG and MOG-IgG have significantly improved differen-
tial diagnosis between MOGAD and AQP-4+NMOSD, 
and MS (43, 44).

A key consideration in the differential diagnosis of a 
potential POMS onset attack is acute ADEM, an inf lam-
matory demyelinating disorder of the CNS that primari-
ly affects children. It is characterized by polyfocal symp-
toms and encephalopathy, which are associated with 
typical MRI findings. ADEM is rare, but 0.07 to 0.9 per 
100,000 children are affected by this disorder every year 
(19). Although it can affect people at any age, ADEM is 
more common in children, with a median age of onset at 
the age of 5 to 8. A male preponderance had been shown 
in most studies, with a male-to-female ratio ranging from 
1:0.8 to 2.3:1 (19). In the last decade, to characterize the 
range of ADS, the International Pediatric Multiple Scle-
rosis Study Group (IPMSSG) produced consensus clini-
cal and radiologic diagnostic criteria defining ADEM as 
an ADS (Table 3) (28). A key development in recent years 
is the recognition of the association of MOG-IgG with 
ADEM, as well as with multiphasic ADEM (MDEM) 
and ADEM followed by recurrent optic neuritis (ADEM-
ON) (Table 3) (45, 46, 47). ADEM is very rarely the first 
manifestation of MS or NMOSD (less than 10%) (45).

DIS demonstration requires one or more T2 lesions in at least 2 of 
4 areas of the CNS:
- Periventricular
- Juxtacortical/cortical
- Infratentorial
- Spinal cord
DIT can be defined by one of the following:
- A new T2 and/or gadolinium-enhancing lesion(s) on a follow-up 
MRI, compared to a baseline scan, irrespective of the timing of the 
baseline MRI
- Simultaneous presence of gadolinium-enhancing and non-enhan-
cing lesions at any time
- CSF-specific oligoclonal bands

Table 2. The 2017 McDonald criteria for dissemination in space 
(DIS) and time (DIT)

CNS central nervous system; MRI magnetic resonance imaging; 
CSF cerebrospinal fluid;
Adapted from Thompson et al. (29)
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CONCLUSION

MS is a chronic, neuroinf lammatory, and neurodegener-
ative disease of CNS that rarely affects children in whom 
the onset can occur prior to the age of 18. The differen-
tial diagnosis of POMS can be broad. Thus, it may pose 
diagnostic dilemmas, especially at the initial presenta-
tion. Acquired demyelinating disorders, such as ADEM, 
NMOSD, and MOGAD, which are currently precisely de-
fined unique disorders, continue to overlap with MS. This 

is due to certain similarities regarding clinical presenta-
tion and MRI. Early and accurate diagnosis is crucial, as it 
enables the prompt initiation of effective treatment.
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DILEME U DIFERENCIJALNOJ DIJAGNOZI PEDIJATRIJSKE MULTIPLE SKLEROZE
Jelena Drulović1,2, Jasna Jančić2,3, Blažo Nikolić2,3, Tatjana Pekmezović2, Šarlota Mesaroš1,2

Sažetak

Multipla skleroza (MS) je hronična, inflamatorna i ne-
urodegenerativna bolest centralnog nervnog sistema 
(CNS). Obično se javlja u ranom ili srednjem odraslom 
dobu, a MS sa pedijatrijskim početkom (POMS), defini-
san prvim napadom MS koji se javlja pre 18. godine, je 
manje čest. Aktuelni podaci iz Danskog registra multiple 
skleroze pokazuju da je skoro 3% pacijenata imalo po-
četak pre 18. godine. U poređenju sa MS kod odraslih, 
pacijenti sa POMS-om obično imaju aktivniji tok bolesti, 
što dovodi do češćih relapsa, ali sporijeg dugoročnog 
pogoršanja onesposobljenosti. Kod POMS-a, dijagno-
stičke dileme mogu uključivati razlikovanje MS od akut-
nog diseminovanog encefalomijelitisa (ADEM) i bolesti 
povezane sa antitelom na mijelina oligodendrocitni 

glikoprotein (MOGAD), od kojih se oba najčešće javljaju 
kod dece i imaju slične pojedine kliničke i radiološke ka-
rakteristike u poređenju sa MS. Nasledne leukodistrofije 
se takođe mogu uzeti u obzir u diferencijalnoj dijagnozi, 
ali samo u određenim slučajevima, jer je njihova klinička 
karakteristika progresivan tok bolesti, neuobičajen za 
druge gore navedene stečene demijelinizacione sindro-
me, uključujući bolesti iz spektra neuromijelitisa optika. 
Treba imati na umu da je magnetna rezonanca mozga i 
kičmene moždine ključna za postavljanje pravovremene 
i tačne dijagnoze POMS, nakon isključivanja alternativ-
nih dijagnoza, što omogućava hitan početak efektivnog 
lečenja.

Ključne reči: multipla skleroza, dijagnoza, početak bolesti u detinjstvu
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Summary 
Breast cancer is the most frequent cancer among women worldwide. 
Cancer cells primarily spread through the lymphatic vessels, with axil-
lary lymph node status being one of the most reliable prognostic fac-
tors in breast cancer patients. Axillary lymph node staging in breast 
cancer patients was initially performed by axillary lymph node dissec-
tion. Sentinel lymph node biopsy is the standard of care in clinically 
and radiologically negative axilla.
According to the current guidelines, double contrast is a recommend-
ed procedure for identifying the sentinel lymph node. Nowadays, 
several new tracers are in clinical practice with a high identification 
rate and low false negative results. Due to technological and resource 
limitations, many medical centers worldwide lack the facilities to ap-
ply new radioactive tracers. The use of blue dye alone is a reliable and 
effective diagnostic and surgical technique, offering a high identifica-
tion rate and low false-negative results.
Key words: breast cancer, biopsy, sentinel lymph node
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INTRODUCTION

According to The Cancer Registry of the Republic of 
Serbia, breast cancer (BC) is the most common cancer af-
fecting women in Serbia. Every year, 4,600 women get di-
agnosed with BC, and 1,600 women die from this disease. 
Every eighth woman in Serbia is diagnosed with BC (1).

Breast cancer is a heterogeneous disease with multiple 
subtypes. A fundamental step in breast cancer progres-
sion and metastasis is the invasion of the basal layer (2). 
There are several classifications of BC. The fundamental 
classification involves the histological categorization of 
BC. Invasive ductal carcinoma is the most common his-
tological subtype, accounting for 70%–80% of all invasive 
breast carcinomas, followed by invasive lobular carcino-
ma at approximately 10%. The remaining cases are rarer 
subtypes, including mucinous, cribriform, papillary, tu-
bular, medullary, metaplastic, and apocrine carcinomas 
(3). The immunohistochemical classification is the most 
widely used method for defining the molecular subtypes 
of breast cancer. Immunohistochemistry assesses the 
presence of estrogen receptors (ER), progesterone recep-
tors (PR), and human epidermal growth factor 2 (Her2). 
Based on the expression of these receptors, breast cancer 
is classified into the following subtypes: Luminal A, Lu-
minal B, Her2 positive, and triple negative. The molecular 
classification of BC holds significant clinical importance 
as different subtypes exhibit distinct characteristics and 
prognoses, thereby guiding oncological treatment based 
on molecular subtypes (4,5).

Diagnostic and staging process of breast cancer is 
based on physical examination, ultrasound, mammogra-
phy, and magnetic resonance imaging of the breast (6,7). 
It is important in terms of diagnosis of the primary tumor 
as well as the evaluation of the stage of axillary disease.

One of the most accurate prognostic factors in breast 
cancer is the presence of axillary lymph node metastasis 
(8). Detailed knowledge of the anatomy of the lymphatic 
system of upper extremities and the breast is fundamen-
tal in the adequate assessment of the axillary lymphatic 
status (9).

Axillary lymph node staging in breast cancer patients 
was initially performed by axillary lymph node dissec-
tion. This technique was accurate, but it had significant 
morbidities such as upper extremity numbness, surgical 
site and surrounding soft tissue infection, and lymphede-
ma of the unilateral upper extremity. (10) Sentinel node 
biopsy for breast cancer was introduced by Krag in 1993 
(11). The sentinel lymph node (SLN) is the first to receive 
drainage directly from the tumor. Sentinel lymph node 
biopsy (SLNB) is a minimally invasive technique to con-
firm regional lymph node metastasis in cancer patients. 
SLN biopsy is the gold standard for axillary lymph node 
metastasis assessment in patients with clinically and ra-
diologically negative axilla (N0 status) (12).

Among the biological subtypes of breast cancer, pos-
itive lymph nodes were most frequently observed in lu-
minal cancer, while the lowest frequency was found in 
triple-negative breast cancer (13) 

The most frequent localization of the sentinel node 
is the lower medial part of the axilla alongside the lateral 
thoracic vein, below the second intercostobrachial nerve 
(87%) or above the nerve (11.5%) (14).

The most commonly used SLNB techniques are dual- 
the modality method with radioactive isotope techne-
tium-99m (Tc)- labeled nano colloid and blue dye, blue 
dye alone, radioactive isotope technetium-99m (Tc)- la-
beled nano colloid alone, indocyanine green f luores-
cence, super-paramagnetic iron oxide (SPIO) nanopar-
ticles, contrast-enhanced ultrasound imaging using 
microbubble (CEUS) (15).

Dual-modality method with radioactive isotope 
technetium-99m (Tc)- labeled nano colloid and 
blue dye

The dual-modality method with radioactive isotope and 
blue-dye method are considered the gold standard for 
SLNB. This is an expensive method that requires a nu-
clear medicine facility; thus, it is not available in every 
hospital. (16)

Sentinel lymph node biopsy technique using radio-
active isotope is conducted through the preoperative 
administration of a radioisotope solution, specifically 
99mTc colloidal, injected into the subareolar region of 
the breast or the peritumoral area. Following this injec-
tion, lymphoscintigraphy is performed a few hours later 
using a gamma camera to visualize the lymphatic drain-
age. Surgical intervention is generally scheduled for the 
day after lymphoscintigraphy. The procedure begins with 
injecting the blue dye into the same anatomical location 
as the radioactive isotope. During this procedure, a hand-
held intraoperative probe is used to identify radioactive 
sentinel lymph nodes. Subsequently, all labeled or stained 
nodes are excised individually and subjected to patho-
logical examination for further analysis (10,12). Disad-
vantages of using radioactive isotopes for SLN marking 
include the need for preoperative injection hours before 
surgery, reliance on nuclear medicine personnel, and 
exposure to radiation for both patients and healthcare 
staff. Lymphoscintigraphy does not provide real-time 
visualization of lymph nodes; once the gamma camera is 
removed, surgeons dissect areas previously identified as 
radioactively hot (17).

The identification of the dual-modality method with 
a radioactive isotope and blue dye is up to 99.6% (18).

Blue dye alone

In many countries, the dual modality approach for senti-
nel lymph node biopsy (SLNB) is not feasible; therefore, 
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the use of blue dye alone is a prevalent alternative for per-
forming SLNB (5 Zhou). The application of blue dye is 
considered acceptable and can be effectively utilized in 
institutions with limited access to nuclear tracers (9, 19).

The procedure is performed in an operating room 
setting. Following the administration of general endotra-
cheal anesthesia, 2 mL of methylene blue is injected sub-
dermally around the areola and peritumorally, accompa-
nied by a brief massage to facilitate lymphatic drainage 
from the breast. Access to the axilla is achieved through 
a transverse incision, and upon the identification of the 
sentinel lymph node (SLN), it is excised for ex tempore 
histopathological evaluation. 

The SLNB procedure is recognized as safe and accu-
rate and recommended when nuclear tracers or alterna-
tive modalities are unavailable. This method demonstrat-
ed an identification rate of 94.74% (8, 20).

Indocyanine green fluorescence

Indocyanine green (ICG) is used to assess liver function 
and cardiac output and to monitor free f lap perfusion. 
Unlike f luorescein, ICG is entirely bound to plasma pro-
teins and f luoresces in the near-infrared spectrum. This 
f luorochrome absorbs light at approximately 800 nm, 
emitting a f luorescent signal when subatomic particles 
transition from an excited state to a ground state. 

Indocyanine green f luorescence is one of the most 
well-known alternative methods for SLN localization. It 
offers a comparable SLN detection rate to radioisotope or 
blue dye. The procedure is performed with a 1-5 mL vol-
ume of ICG, administered subdermally or intradermal-
ly into the retroareolar or periareolar breast tissue. The 
breast tissue is then massaged for 2 minutes to facilitate 
distribution (21, 22).

The f luorescence is not visually detectable; therefore, 
the operating room lights are typically dimmed, and 
the Photodynamic Eye (PDE: Hamamatsu Photonics, 
Hamamatsu, Japan) system is used to capture the black-
and-white images of f luorescent lymphatics and sentinel 
nodes on a monitor. ICG administration is contraindicat-
ed in patients with iodine allergies due to the presence of 
sodium iodide. Transcutaneous f luorescence of lymphat-
ic vessels aids in identifying the location of axillary inci-
sion. After the incision, sentinel nodes are localized using 
an infrared torch PDE and excised. This technique may 
be used independently or in combination with blue dye 
or radioisotope techniques (22).

Superparamagnetic iron oxide (SPIO) nanoparticles

Supermagnetic iron oxide (SPIO) nanoparticles are used 
as contrast agents in magnetic resonance imaging (MRI). 
Sienna+® (Endomagnetics Ltd, Cambridge, UK) is a 
brown liquid SPIO tracer with an average particle size of 
60 nm and has been used for sentinel node mapping. To 

prepare the solution, 2 mL of Sienna is diluted with 5 mL 
of saline and injected subcutaneously in the breast. Fol-
lowing injection, the site is massaged for approximately 
five minutes to facilitate the movement of SPIO nanopar-
ticles through the lymphatic system, where they accu-
mulate in the sentinel lymph node. The sentinel node/s 
may stain brown and the tracer can be detected using the 
hand-held magnetometer- Sentimag® (Endomagnetics 
Ltd) magnetometer probe, which functions similarly to a 
gamma probe for radioisotope detection after a migration 
period of 20 minutes. It is important to note that metal in-
struments can disrupt the ferromagnetic signal, and these 
need to be removed or replaced with plastic alternatives 
during localization. This technique is contraindicated in 
individuals with allergies to iron or dextran compounds, 
iron overload diseases, pacemakers, or ferrous metal-con-
taining devices in the chest wall (22,23).

Detection rates of sentinel nodes using this method 
range from 94.4 to 98%.

The SPIO tracer is not radioactive, which simplifies 
implementation by avoiding the regulatory challenges 
associated with radioisotopes. It is available in approxi-
mately 30 countries, and reassuringly, data from multiple 
studies indicate that its detection rates are non-inferior to 
those of standard trace techniques (22).

Contrast-enhanced ultrasound imaging using 
microbubbles (CEUS)

Contrast-enhanced ultrasound (CEUS) utilizing micro-
bubbles dispersed in sulfur hexafluoride gas, injected intra-
dermally around the areola, was first documented in 2013 
for sentinel lymph node biopsy. This technique employs 
an ultrasound contrast agent in conjunction with a con-
trast-specific mode of the ultrasound machine, allowing dy-
namic contrast-enhanced ultrasound imaging to facilitate 
non-operative identification and biopsy of sentinel nodes.

Second-generation ultrasound contrast agents com-
prise microbubbles filled with various gases encased in a 
lipid shell. While no adverse effects have been reported 
in breast applications, these agents may be perceived as 
foreign by the immune system, which raises the possi-
bility of hypersensitivity reactions. The contrast agent 
is administered intradermally or subdermally at the up-
per outer periareolar region or directly under the areola. 
Following injection, the breast is gently massaged for 
several seconds. Visualization of the lymphatic channels 
is achieved through contrast pulse sequencing, enabling 
tracking into the axilla to locate the sentinel node that ac-
cumulates the contrast agent.

Repeated injections may be performed in cases where 
localization fails. This raises safety concerns regarding 
potential damage to the microvasculature. After suc-
cessful localization, fine needle aspiration or core needle 
biopsy of the draining node is conducted using conven-
tional grayscale ultrasound to assess axillary staging (24).

Techniques for sentinel lymph node biopsy in breast cancer patients
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The CEUS procedure offers several benefits, includ-
ing the elimination of radioisotope use, avoiding poten-
tial irradiation, eliminating the necessity for a nuclear 
medicine facility, providing real-time visualization of 
sentinel lymph nodes (SLN), and utilizing a low-cost 
contrast agent. However, drawbacks of this technique 
include extended procedure duration relative to alter-
native methods, the necessity for proficiency in axillary 
ultrasound examination, a prolonged learning curve, and 
dependence on operator skill. CEUS has a lower detec-
tion rate and sensitivity compared to the blue dye method 
(24). The Ceus detection rate is 96.3% (25).

CT lymphography (CTLG)

Computed tomography lymphography offers a novel way 
of localizing SLN, with possible combinations with other 
techniques (ICG f luorescence) allowing for a non-inva-
sive highly accurate localization process compared to the 
radioisotope/ blue-dye method (21).

CTLG is a method in which computed tomography 
(CT) scans are obtained after local injection of a mixture 
of iodine contrast and local anesthetic into the areola to 
identify contrast-enhanced lymphatic vessels and senti-
nel lymph nodes. Contiguous 2-mm-thick CT images are 

obtained 3 minutes after the massage from the upper tho-
rax to the axilla. After detection of the SLN –which is the 
LN enhanced with the dye-, its location can be mapped 
on the skin by marking the point of crossing of the ver-
tical & horizontal lines of the red laser light beam of the 
CT machine. That laser beam is moved according to the 
SLN site on the CT. CTLG was performed 1–2 days be-
fore surgery (26, 27).

During surgery, 1.5–3 ml of dye (blue dye, Indigo car-
mine, etc.) was injected into the same site. Sentinel lymph 
node biopsy was then performed, relying on the images 
and markings obtained on CTLG. The identification rate 
of sentinel lymph nodes with CTLG is 92.9% (26, 27).

CONCLUSION

SLN biopsy is the gold standard for axillary lymph node 
metastasis assessment in patients with clinically and ra-
diologically negative axilla. The gold standard for SLNB 
is the Dual-modality method with radioactive isotope 
and blue-dye method. Applying blue dye alone is a reli-
able and effective procedure in institutions with limited 
access to nuclear tracers. There are some new tracers with 
high identification rate and low false negative results.
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TEHNIKE BIOPSIJE “STRAŽARSKOG” LIMFNOG NODUSA KOD PACIJENTKINJA 
SA KARCINOMOM DOJKE 
Darko1 Zdravković,2, Barbara2 Loboda, Milan2 Gojgić, Borislav1 Toškovic,3

Sažetak

Karcinom dojke je najčešća maligna bolest kod žena. 
Limfogeni put je primarni način širenja karcinoma dojke, 
što je slučaj i kod drugih karcinoma. Status regionalnih 
limfnih čvorova je jedan od najvažnijih prognostičkih 
parametara obolelih od karcinoma dojke. Aksilarna di-
sekcija je bila primarni način procene aksilarnog statusa 
kod klinički i radiološki negativnih limfnih čvorova. Da-
nas, biopsija stražarskih limfnih čvorova predstavlja pro-
ceduru izbora kod ovih pacijenata.

Prema važećim preporukama, metoda dvostrukog kon-
trasta (kombinacija radioaktivnog koloida i metilenskog 

plavog) predstavlja proceduru izbora. U novije vreme, 
u svakodnevnu praksu se uvode i drugi obeleživači. U 
velikom broju ustanova u svetu nema mogućnosti za ko-
rišćenje radioaktivnog koloida kao i novih obeleživača 
čija upotreba je povezana sa tehnološkim poteškoćama 
i materijalnim izdacima. Korišćenje metilenskog plavog 
kao jedinog kontrasta od strane obučenog hirurga pred-
stavlja pouzdanu metodu sa prihvatljivim procentom 
identifikacije stražarskog limfnog čvora i niskom stopom 
lažno negativnih rezultata.

Ključne reči: karcinom dojke, biopsija, stražarski limfni čvor
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Summary 
Introduction/Objective: Cerebellar hemorrhage is a common con-
dition in neonates born before the 32nd week of gestation, and it rare-
ly occurs in full-term neonates. The most important risk factors for 
cerebellar hemorrhage in full-term neonates include traumatic deliv-
ery, instrumentation-assisted vaginal delivery, emergency cesarean 
section, perinatal asphyxia as well as perinatal infection.
Patient Review: We present a case of cerebellar hemorrhage and ce-
rebral edema in a neonate with culture-negative early-onset sepsis. A 
full-term male neonate born from uncontrolled pregnancy developed 
respiratory distress, as well as clinical and laboratory signs of sepsis. 
The neonate’s condition was complicated by respiratory failure, neu-
rological deterioration and neonatal seizures. Chest radiography 
showed right-sided pneumonia and the head ultrasound showed ce-
rebral edema and hemorrhage in right cerebellar hemisphere. Blood 
culture, tracheal aspirate and cerebrospinal fluid culture were sterile. 
The studies showed low incidence of blood culture confirmed ear-
ly-onset sepsis due to high use of antibiotics in neonatal units. How-
ever, the course of the disease and resulting complications suggest 
that group B β-hemolytic Streptococcus may be a possible cause, as 
it is the most common pathogen responsible for early-onset sepsis in 
full-term neonates. Given the relationship between poor neurodevel-
opmental outcome in children and neonatal cerebellar hemorrhage, 
long-term follow-up by a pediatric neurologist is required.
Conclusion: Despite the incidence of cerebellar hemorrhage in full-
term neonates is low, due to the poor neurodevelopmental outcome, 
head ultrasound through the “mastoid window” is advised in all criti-
cally ill neonates to detect cerebellar hemorrhage.
Keywords: cerebellar hemorrhage, brain edema, brain injury, new-
born, sepsis
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INTRODUCTION

Cerebellar hemorrhage (CH) is the most common ac-
quired lesion in the posterior cranial fossa (PCF) in the 
neonatal period, especially in preterm neonates born 
before the 32nd week of gestation. In full-term neonates, 
CH is a rare condition that affects critically ill neonates 
(1,2). The incidence of CH is inversely proportional to 
gestational age (GA) and birth weight (BW). The in-
crease in the incidence of CH that has been reported in 
recent years due to advances in neuroradiological diag-
nostic techniques (3). In late preterm and full-term neo-
nates, risk factors for CH include primiparity, traumatic 
delivery, assisted vaginal delivery using forceps and vacu-
um, occipital osteodiastasis, perinatal asphyxia, delivery 
completed by emergency cesarean section and the need 
for resuscitation in the delivery room, as well as perinatal 
infection. Also, coagulation disorders, such as fetal and 
neonatal alloimmune thrombocytopenia and vitamin 
K deficiency, and rare organic acidopathies can be the 
cause of CH (1). We present a full-term neonate with cul-
ture-negative sepsis complicated with pneumonia, cere-
bral edema (CE) and CH.

CASE PRESENTATION

A 40-week gestation, 2800 g male neonate was born via 
spontaneous vaginal delivery to a 30-year-old mother, 
this being her fourth uncontrolled pregnancy. The Apgar 
scores were 9 at one minute and 10 at five minutes after 
birth. The initial physical examination was normal in 
the delivery room. The neonate received 1 mg vitamin K 
and then was given to the mother for routine care in the 
Maternity Ward. At the end of the first day of life (DOL), 
the neonate developed signs of respiratory distress. His 
blood gas analyses showed respiratory acidosis, but com-
plete blood count (CBC) showed thrombocytopenia 
and elevated concentration of C-reactive protein (CRP). 

Oxygen therapy was applied. After blood culture was 
taken, empirical antibiotic therapy (ampicillin and ami-
kacin) with intravenous f luid infusion was started. In the 
further course, the neonate vomited fresh blood, so 1 mg 
of vitamin K was repeated and fresh frozen plasma was 
administered. The next day, meropenem was added to 
the therapy. On the third DOL there was a sudden clin-
ical deterioration and the neonate was resuscitated, intu-
bated, and placed on mechanical ventilation (MV).

The neonate was admitted to the Neonatal Intensive 
Care Unit (NICU) of the Institute of Neonatology on the 
third DOL in extremely severe condition, orotracheally 
intubated, in sopor, with generalized hypotonia, scarce 
spontaneous mobility and clinical signs of seizure with 
jerking movements of the limbs. The anterior fontanelle 
was not bulging. The seizure stopped after the neonate 
received loading dose of phenobarbital. After admission 
in our NICU, MV and antibiotic therapy were contin-
ued, as well as the maintenance dosage of phenobarbital. 
Additionally, due to hemodynamic instability, inotropic 
support by dopamine was started. Blood gas analysis 
showed a mild metabolic acidosis, and the CBC showed 
the leukocyte level of 31.500/mm3 (neutrophils 65%, 
lymphocytes 19%, monocytes 3%), platelets of 44.000/
mm3, CRP of 59.5 mg/L. Chest radiography showed 
right-sided pneumonia. A head ultrasound (HUS) was 
performed, revealing signs of CE, including effacement 
of the cerebral sulci, compressed slit-like ventricles, and 
narrowing of the interhemispheric fissure (Figure 1). 
Additionally, the scan showed hemorrhage in the right 
cerebellar hemisphere and increased echogenicity of the 
brain parenchyma. 

Abdominal ultrasound and echocardiography showed 
normal findings. The next day the CBC showed a further 
increase in CRP of 98.2 mg/L, which was also the maxi-
mum value of CRP during hospitalization. In serum bio-
chemistry analysis, the concentration of urea, creatinine, 
total protein, albumin and electrolyte, as well as activity of 
aspartate aminotransferase, alanine aminotransferase and 

Figure 1. Head ultrasound showed effacement of the cerebral sulci, compressed slit-like ventricles, and narrowing of the interhemispheric 
fissure (A and B: coronal images)
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γ-glutamyl transferase were within normal ranges. During 
the video electroencephalography (EEG), irregularity of 
the basic activity with epileptic discharges was recorded, 
so phenobarbital was continued. After extubation on the 
fourth day after admission, oxygen therapy was continued 
for 10 days. Cytological and biochemical analysis of cere-
brospinal f luid (CBF) was normal. Blood culture, trache-
al aspirate and CBF culture were sterile. During control 
HUS registered a gradual reduction of CE and CH. On 
control video EEG, the finding was normal for GA with-
out epileptic discharges, the neonate had no seizures, so he 
was discharged home without phenobarbital. 

DISCUSSION

This neonate admitted to the NICU due to early-onset 
sepsis (EOS) and neurological deterioration. Cerebral 
edema and CH associated with pneumonia and cul-
ture-negative sepsis were diagnosed in the neonate. In 
perinatal history, there were no common known risk 
factors for CH in full-term neonates such as perinatal 
asphyxia and hypoxic-ischemic encephalopathy (HIE), 
delivery by emergency cesarean section, resuscitation at 
birth, traumatic delivery and instrumentation-assisted 
vaginal delivery. The incidence of CH in full-term neo-
nates is difficult to estimate because they undergo neu-
roimaging much less frequently compared to preterm 
neonates. In addition, small hemorrhagic lesions in the 
cerebellum are asymptomatic, so it is likely that these le-
sions often go undiagnosed (3-5). 

Perinatal infection is also identified as a risk factor 
for cerebellar injury in the neonatal period (3,4). The 
retrospective study conducted in the NICU in Kuwait 
showed that the risk of CH in preterm neonates increased 
after infection with Klebsiella pneumoniae and Enterococ-
cus faecalis (6). Similar studies in full-term neonates are 
rare, due to small sample sizes and predominantly sin-
gle cases of CH. The cross-sectional study conducted 
in Canada identified 35% of mothers positive for group 
B β-hemolytic Streptococcus (GBS) at the time of de-
livery, whose neonates had cerebellar injury. However, 
there were no neonates with CH and non-hemorrhagic 
cerebellar lesions of positive blood culture for GBS (4). 
In our case, we had a sterile blood culture, tracheal as-
pirate and CBF culture, but the neonate had clinical and 
laboratory signs of sepsis. We had no data on maternal in-
fections during pregnancy because it was uncontrolled. 
Also, due to high use of antibiotics in the NICU, the inci-
dence of culture-positive EOS is low, about 0.4–0.8/1000 
full-term neonates in high-income countries (7). In late 
preterm and full-term neonates, GBS and Escherichia coli 
are the leading causes of EOS and meningitis and are usu-
ally due to vertical transmission from a colonized mother 
(8). Complications of GBS meningitis, including arteri-
al or venous cerebral infarction are described within the 

cerebellar hemisphere (9,10). Experimental studies have 
shown that GBS leads to changes in blood f low and per-
fusion within the brain parenchyma, as well as disrupting 
the integrity of the blood-brain barrier and overall im-
pairing cerebral autoregulation. Additionally, GBS can 
cause damage to the endothelial cells of the brain’s blood 
vessels (11-14). As a result of bacterial endotoxin activi-
ty, cytokines are released, triggering a systemic inf lam-
matory response. During sepsis and septic shock, blood 
pressure instability, combined with impaired coagulation 
and/or thrombocytopenia, increases the risk of intracra-
nial hemorrhage, including CH (6). 

Besides sepsis and meningitis, several other complica-
tions of GBS infection in the neonatal period have been 
described, such as pneumonia and CE (15,16). These 
complications are also described in our case. However, 
despite sterile blood culture, tracheal aspirate and CBF 
culture, the clinical picture points to a high probability 
of GBS as the cause of sepsis and its complications. Other 
risk factors for CH in our case were MV, use of inotropic 
drug, and severe thrombocytopenia.

Full-term neonates with CH may present with irritabil-
ity, apnea and seizures. These can also be signs of neonatal 
sepsis, so the clinical picture is non-specific, especially in 
minor CH. However, if these non-specific signs are asso-
ciated with bulging fontanelle, separated sutures on the 
skull, bradycardia, horizontal deviation of the bulbs, facial 
paresis, intermittent tonic extension of limbs and opist-
hotonos, it is necessary to think about possibility of the 
brainstem compression. To confirm CH, it is necessary to 
perform HUS through the mastoid fontanelle (Figure 2). 
This is especially true for critically ill neonates who have 
unexplained neurological signs, as well as signs of brain-
stem compression, and/or increased intracranial pressure 
(1,3). Although brain magnetic resonance imaging (MRI) 
is more sensitive neuroimaging modality, especially for 
the detection of pathological processes in the PCF, it is not 
the first method of choice in critically ill neonates (3,10). 
Our choice was HUS, because the neonate was not trans-

Figure 2. A head ultrasound of the posterior cranial fossa, obtained 
through the mastoid fontanelle, revealed a right cerebellar hemor-
rhage (from Limperopoulos C, Benson CB, Bassan H, et al. Cerebel-
lar hemorrhage in the preterm infant: ultrasonographic findings and 
risk factors. Pediatrics. 2005; 116:717–724)
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portable, and serial HUS examinations showed a gradual 
reduction of CH and CE with an improvement in the clin-
ical findings of the neonate.

A limited number of studies have investigated the rela-
tionship between CH and neurodevelopmental outcome 
in full-term neonates. Infants and children with larger 
CH in neonatal period that led to cerebellar hemispheric 
and/or vermian atrophy had an increased risk for gross 
motor, cognitive, behavioral, and expressive language 
deficits (1,4). Therefore, in our case with CH and neona-
tal seizures at the time of discharge from the Institute, a 
brain MRI was advised, as well as a follow-up by a pedi-
atric neurologist.

CONCLUSION

In conclusion, routine head ultrasound (HUS) examina-
tion through the anterior fontanelle, typically performed 
in preterm neonates, should also be conducted in full-
term neonates, particularly those born from high-risk 
pregnancies. Although the incidence of CH in full-term 
neonates is low, due to the poor neurodevelopmental out-
come, a HUS through the mastoid fontanelle is advised 
in all critically ill neonates to detect CH. It is necessary 
to carry out adequate prevention of intracranial hemor-
rhage, HIE and perinatal infection. Furthermore, addi-
tional studies are needed to explore cerebellar hemor-
rhage (CH) in full-term neonates and to investigate the 
relationship between perinatal infections and CH.
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CEREBELARNO KRVARENJE KOD TERMINSKOG NOVOROĐENČETA: PRIKAZ 
SLUČAJA I PREGLED LITERATURE
Ilija Palić1, Katarina Kostić1, Stevan Vasiljević2

Sažetak

Uvod: Cerebelarna hemoragija je često stanje kod no-
vorođenčadi rođene pre 32. nedelje gestacije i viđa se 
retko kod terminske novorođenčadi. Najvažniji faktori 
rizika za cerebelarnu hemoragiju kod terminske novoro-
đenčadi su traumatski porođaj, instrumentalno završen 
vaginalni porođaj, hitan carski rez, perinatalna asfiksija, 
kao i perinatalna infekcija.

Opis pacijenta: Predstavljamo slučaj cerebelarne he-
moragije i edema mozga kod novorođenčeta sa sepsom 
sa ranim početkom i sterilnom hemokulturom. Termin-
sko novorođenče, rođeno iz nekontrolisane trudnoće, 
razvilo je respiratorni distres, kao i kliničke i laboratorij-
ske znake sepse. Stanje novorođenčeta se komplikovalo 
respiratornom insuficijencijom, pogoršanjem neurolo-
škog statusa i neonatalnim konvulzijama. Radiografija 
grudnog koša pokazala je desnostranu pneumoniju, a 
ultrazvuk glave edem mozga i hemoragiju u desnoj ce-

rebelarnoj hemisferi. Hemokultura, trahealni aspirat i 
cerebrospinalna tečnost su bili sterilni. Studije su poka-
zale nisku incidencu hemokulturom potvrđenu sepsu 
sa ranim početkom usled visoke upotrebe antibiotika u 
neonatalnim jedinicima. Međutim, tok bolesti i nastale 
komplikacije sugerišu kao mogući uzročnik β-hemolytic 
Streptococcus grupe B, kao najčešći uzročnik sepse sa 
ranim početkom kod terminske novorođenčadi. S obzi-
rom na povezanost lošeg neurorazvojnog ishoda kod 
dece i neonatalne cerebelarne hemoragije, potrebno je 
dugoročno praćenje od strane dečjeg neurologa. 

Zaključak: Uprkos tome što je incidenca cerebelarne 
hemoragije kod terminske novorođenčadi niska, usled 
lošeg neurorazvojnog ishoda, ultrazvuk glave kroz “ma-
stoidni prozor” je preporučen kod sve kritično bolesne 
novorođenčadi u cilju detekcije cerebelarne hemoragije.

Ključne reči: cerebelarna hemoragija, edem mozga, oštećenje mozga, novorođenče, sepsa
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