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OVERVIEW OF ANTIVIRAL DRUGS AGAINST SARS-CoV-2 FOR  
THE TREATMENT OF COVID-19 

 
Marko Anderluh1, Tihomir Tomašič1, Žiga Jakopin1 

 

 
The new coronavirus SARS-CoV-2 has quickly spread all over the globe causing a 

global pandemic. The intrinsic properties of the virus make it potentially fatal, as COVID-19 
disease severity varies among individuals with currently unknown background. The world 
community is thus in a desperate need for novel antiviral drugs against SARS-CoV-2. In this 
work, we focus on macromolecular targets present on SARS-CoV-2 virus as potential targets for 
antiviral drugs. In the continuation, we offer a brief presentation of drugs or drug candidates 
that act directly on virus life cycle and have promising effects in COVID-19 therapy. 

Acta Medica Medianae 2021;60(1):05-12. 
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Introduction 

 
The new coronavirus SARS-CoV-2 is a beta-

coronavirus that contains a single RNA strand sur-
rounded by a nucleocapsid and enveloped in a phos-
pholipid membrane envelope (1). The virus obtains 
the membrane by budding from human cells, so it is 

very similar in structure to the human cell mem-

brane. Structural glycoproteins are embedded in the 
membrane, the most well-known of which are S-
shaped proteins in the form of spikes (1). Protein S 
binds to the enzyme angiotensin converting enzyme 
type 2 (ACE2), which is present on the membrane 
surface of host lung epithelial cells (2). In addition to 

this important structural protein S, SARS-CoV-2 also 
contains the next structural proteins: 

• N (nucleocapsid),  
• E (envelope) and 
• M (membrane).  
The SARS-CoV-2 virus also contains sixteen 

nonstructural proteins, some of which have enzy-

matic function, such as: RNA-dependent RNA poly-
merase (RdRp), the major cysteine 3C-Like protease 

(3CLpro), and the papain-like protease PLpro (2, 3). 
All of these macromolecular targets provide an ex-

cellent basis for drug design with action against the 
SARS-CoV-2 virus. Research is most intensive in the 
direction of the development of 3CLpro protease and 
RdRp RNA polymerase inhibitors, for which the crys-

tal structures that enable structure-based drug de-
sign are known (4). 

The rapid development of potential antiviral 
agents is possible due to the high similarity of SARS-
CoV-2 with SARS-CoV and MERS-CoV (5). This simi-
larity allows us to test a large number of known 
compounds with proven activity on SARS-CoV and 
MERS-CoV in a short time, thus already identifying 
potential antiviral agents that are in preclinical and 

clinical stages of development (6). The interaction 
between protein S and ACE2 is also crucial for the 
detection of antiviral agents and vaccines, as this is 
the initial contact that allows the virus to enter the 
host cell (1). The rapid pace of research and the 
accelerated evaluation of promising compounds in 
clinical trials give us hope that a safe and effective 

drug and/or vaccine against COVID-19 will soon be 
available. In the following, we will present key 
compounds with antiviral activity, especially their 
mechanism of action, while the results of clinical 
trials of the most promising compounds is out of the 
scope of this brief review. 

 
Antiviral drugs 
 
Due to the pandemic dimensions of SARS-

CoV-2 virus infections, research into the develop-
ment of antiviral agents for the treatment of COVID-
19 is very intensive. As drug development is a very 
time-consuming process that can take more than 
ten years, in the current situation it is crucial to 
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identify and evaluate the active substances or can-
didates who are or have been in clinical trials. 
Numerous safety data and a side effect profile are 
known for these compounds, and safety and efficacy 
in the treatment of patients with COVID-19 can be 
evaluated. This process of detecting active sub-
stances is called "drug repurposing" or "drug reposi-
tioning" (7), which means that the safety of these 
active substances for an indication other than the 
one for which it was previously registered is known. 

Of course, there is a fear that none of the already 
known active substances will be successful in clinical 
trials for the treatment of COVID-19, so the dis-
covery and development of new compounds is cru-
cial. To start with a new drug discovery and develop-
ment, one has to identify macromolecular targets 
involved in the different phases of the SARS-CoV-2 
virus life cycle that can be interfered/inhibited with 
drug molecules (Figure 1). 

 
 
 

 
 

Figure 1. Targets of drugs displaying antiviral activity against SARS-CoV-2 

 
 
 
 

Viral entry inhibitors 

 
In preventing the viral entry into the host cell, 

one can act on both viral proteins and host cell 
proteins, or we can inhibit endocytosis by changing 
the pH in the endosomes. 

 
Camostat  
 
Camostat (Figure 2) acts as a serine protease 

inhibitor that has been registered in Japan in 2006 
for the treatment of chronic pancreatitis. It also acts 
as a transmembrane serine protease 2 (TMPRSS2) 
inhibitor, which plays a key role in the entry of 
SARS-CoV-2 into the host cell. TMPRSS2 is res-
ponsible for the cleavage and activation of the 
SARS-CoV-2 protein S, which binds to the ACE2 
receptor of the host cell. A study performed on the 
Calu-3 cell line displayed that inhibition of TMPRSS2 
by camostat can prevent the entry of various 
coronaviruses such as SARS-CoV, MERS-CoV and 
SARS-CoV-2, and also reduce cell infection with 

SARS-CoV-2 (2). Based on this study, camostat was 
proposed as a potential active ingredient for the 
treatment of COVID-19, but the results of clinical 
studies are not yet known. 

 
Umifenovir 
 
Umifenovir (Figure 2), also known as arbidol, 

is a broad-spectrum antiviral compound used to 
treat influenza in Russia and China. The mechanism 
of action of umifenovir is multifaceted, describing 
both direct virucidal activity and its influence at dif-
ferent stages of the viral cycle, such as virus entry 
into the host cell and replication. Umifenovir is a 
hydrophobic and weakly basic compound that in-
corporates into membranes due to its amphiphilic 
structure. Direct antiviral activity is thus associated 
with interaction with aromatic amino acid residues of 
structural viral glycoproteins and/or with the viral 
lipid envelope (8). X-ray crystallography has also 
shown that umifenovir binds to influenza virus 
haemagglutinin, thus preventing its conformational 
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change required for membrane fusion and thus virus 
entry into the host cell (9). As some active sub-
stances for the treatment of influenza were also 
used in China in the early stages of COVID-19, the 
antiviral activity of umifenovir, baloxavir, laninami-
vir, oseltamivir, peramivir and zanamivir against 
SARS-CoV-2 was investigated in vitro. Among these, 
umifenovir showed the strongest activity as it was 
found to prevent the binding of SARS-CoV-2 to the 
host cell and also affect the release of the virus from 
intracellular vesicles formed after the virus enters 
the cell (10). The results of a small clinical study 
involving 86 patients with mild to moderate COVID-
19, of whom 34 received lopinavir/ritonavir, 35 
umifenovir, and 17 no antiviral therapy, showed that 
umifenovir monotherapy had no significant effect on 
course of the disease (11). 

 
Chloroquine and hydroxychloroquine 
 
Chloroquine and hydroxychloroquine (Figure 

2) are orally active drugs that have been used for 
many years in the prophylaxis and treatment of 
malaria. Hydroxychloroquine also has immunomo-
dulatory activity and has been granted marketing 
authorization for the treatment of rheumatoid 

arthritis, porphyria and generalized lupus erythema-
tosus. Both active substances are also known to act 
against certain RNA viruses, with hydroxychloro-
quine having stronger antiviral activity against 
SARS-CoV-2 (12). The mechanism of action of these 
two drugs is multifaceted. Chloroquine and hydroxy-
chloroquine are known to raise pH in intracellular 
organelles such as endosomes and lysosomes due to 
their basic properties. Because acidic pH in endo-
somes is a prerequisite for fusion of the viral mem-
brane with the lysosome membrane, they prevent 
SARS-CoV-2 from entering the host cell. Chloroquine 
can further prevent the virus from entering the cell 
also through its effect on the posttranslational gly-
cosylation of the ACE2 receptor and SARS-CoV-2 S 
protein. Chloroquine also acts as an ionophore for 
zinc ions, which at higher intracellular concentrations 
reduce the biosynthesis of viral RNA-dependent RNA 
polymerase. In particular, hydroxychloroquine addi-
tionally has an anti-inflammatory effect by reducing 
the expression of TNFα, interleukin-1β, interleukin-6 
and reducing the activation of the MAPK kinase 
signalling pathway, which could have a beneficial 
effect on the course of COVID-19 in the second 
stage before cytokine storm (13). 

 
 
 

 
 
 

Figure 2. SARS-CoV-2 host cell entry inhibitors 
 
 
 

SARS-CoV-2 RNA-dependent RNA polymerase 
(RdRp) inhibitors 

 
RdRp plays a key role in the replication of 

SARS-CoV-2 virus and is therefore an important 
target for the detection of antiviral agents. RdRp 
from SARS-CoV-2 and SARS-CoV have more than 
95% amino acid sequence similarity, which points to 
a rather high likelihood of high success rate in 
testing a wide range of compounds that have pre-
viously shown activity against SARS-CoV as well as 
other RNA viruses (14, 15). 

 
Favipiravir 
 
Favipiravir (T-705, Figure 3) is an antiviral 

drug discovered by screening chemical libraries. It 

works by selective inhibition of RdRp. A more precise 
mechanism of action reveals that it is a prodrug, for 
favipiravir is only phosphoribosylated to the active 
form, favipiravir ribofuranosyl-5'-triphosphate, by 
the cell enzyme within the cell, which is then re-
cognized as a RdRp substrate (false purine nucleo-
tide), leading to RNA-polymerase inhibition (16, 17). 
The incorporation of false nucleotides into viral RNA 
results in its high rate of mutations creating an in-
animate viral phenotype (18). Because the catalytic 
domain of RdRp is preserved among many types of 
RNA viruses, favipiravir has broad-spectrum antiviral 
activity (16). It is effective not only against many 
types and subtypes of influenza virus, including the 
bird flu subtype, but also other RNA viruses such as 
arenaviruses, hantaviruses, bunyaviruses, noroviru-
ses, and filoviruses that cause hemorrhagic fever 
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(16, 18, 19). Due to its unique mechanism of action, 
favipiravir is also a promising active substance in the 
fight against other RNA viruses, such as SARS-CoV-
2. 

Favipiravir has been registered in Japan since 
2014 for the treatment of influenza, but only for 
individual virus subtypes and in specific disease 
circumstances, and has also been studied in the 
treatment of Ebola (19). Favipiravir is teratogenic 

requiring extra caution in use. However, in clinical 
trials to date it has shown a favourable side effect 
profile with mild gastrointestinal problems and 
asymptomatic uric acid elevations, and the potential 
for oral treatment and the relatively low risk of drug 
interactions represent additional benefits of the drug 
(20). Several clinical studies are currently underway 
to investigate the efficacy of favipiravir as a stand-
alone or combination treatment for COVID-19. 

 
 
 

 
 
 

Figure 3. RNA-dependent RNA polymerase inhibitors with antiviral activity against SARS-CoV-2 

 
 
 
 

 
 
 

Figure 4. Bioactivation of remdesivir 

 
 
 
 

Remdesivir 
 
Remdesivir (GS-5734, Figure 4) has been 

developed for the treatment of Ebola virus infections 
but its use is not yet authorized (21, 22). It is a 
phosphoramidate prodrug of an adenosine C-nucleo-
side, which is converted into active species by a me-
chanism similar to that of sofosbuvir: liver esterases 
and tissue phosphoramidases convert the corres-
ponding phosphoramidate prodrug to 5'-monophos-
phate. The latter is converted to triphosphate in cells 

(Figure 4), which in turn inhibits the activity of viral 
RdRp. The active species competes with ATP for 
incorporation into RNA and interferes with control 
reading by introducing mutations into the viral ge-
nome (23, 24). It thus slows or inhibits viral RNA 
synthesis. This mechanism suggests the possibility 
of action against a wide range of viruses with RNA 
as hereditary material. In in vitro human cell 
studies, remdesivir has been shown to be effective 
against a variety of RNA viruses, including SARS-
CoV, MERS-CoV, and SARS-CoV-2. In experimental 
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animal studies, remdesivir inhibited the replication of 
Ebola virus in rhesus monkeys and SARS-CoV virus 
in mice with early initiation of treatment. Remdesivir 
is one of the most promising compounds for the 
treatment of COVID-19 according to the results of 
clinical trials and has first been available for com-
passionate use in patients who are not eligible for 
inclusion in clinical trials. Very recently, remdesivir 
was approved by the American Food and Drug 
Administration for COVID-19 treatment based on 
the results from three clinical trials (25). 

 
EIDD 2801 
 
EIDD 2801 (Figure 3) is an orally adminis-

tered prodrug with favourable pharmacokinetic pro-
perties that is in the preclinical stage of development 
and has a broad spectrum of action against viruses 
with the RNA genome (26). Isopropyl ester EIDD 
2801 is hydrolyzed to β-D-N4-hydroxycytidine after 
ingestion, which is then converted to the corres-
ponding N-hydroxycytidine triphosphate. The latter 
inhibits coronaviruses’ RdRp including that of SARS-
CoV-2, and thus interferes with the "normal" viral 
RNA replication. Once incorporated into RNA, it does 
not act as a chain breaker, but triggers the forma-
tion of a very large number of viral RNA mutations, 
which in translation leads to defective, non-func-
tional viral proteins, thus achieving antiviral activity. 
The potential for the development of resistance to 
EIDD 2801 is reported to be very low (27). One of 
the important features of EIDD 2801 is that in the 
case of MERS-CoV it acts on remdesivir-resistant 

MERS-CoV. However, because mutated amino acids 
(F480L and/or V557L) are retained in the RdRp of 
most coronaviruses, they also represent the poten-
tial for the development of remdesivir resistance in 
SARS-CoV-2 (27). Nevertheless EIDD 2801 is a 
promising compound for further development and 
possibility of combination therapy with remdesivir in 
the event of a clinically relevant development of 
SARS-CoV-2 resistance to remdesivir. The promising 
antiviral activity of EIDD 2801 in vitro and in vivo 
indicates the great potential of this compound for 
the treatment of COVID-19, and we await the 
results of planned clinical studies to demonstrate its 
safety and efficacy. 

 
Coronavirus 3C-Like protease inhibitors 

 
Lopinavir/ritonavir 
 
The active substances lopinavir and ritonavir 

(Figure 5) are inhibitors of HIV-1 aspartate protease 
and are used in the treatment of HIV infections. 
Lopinavir was developed as an optimized ritonavir 
analogue with action on ritonavir-resistant HIV-1. 
The active substances are used in combination, as 
ritonavir acts as a cytochrome P450 inhibitor, re-
sulting in higher plasma concentrations of lopinavir 
(28). In SARS-CoV-2, the active substances are 
thought to inhibit the coronavirus cysteine 3C-Like 
protease (3CLpro), thereby preventing the cleavage 
of viral polyprotein into functional proteins and 
achieving antiviral activity. 

 
 
 

 
 
 

Figure 5. SARS-CoV-2 cysteine protease 3CLpro inhibitors 

 
 
 

Interferons 

 
Interferons are a group of cytokines secreted 

by many types of host cells in response to the 
invasion of pathogens, including the SARS-CoV-2 
virus, and thus regulate the immune system res-
ponse. The released interferons protect the cells 
from which they are released as well as the cells in 
their immediate vicinity from the attack of viruses. 
Interferons α and β, which are classified as type I 
interferons, play an important role in viral infections. 
They act by inducing the production of protein 
kinase R, which non-specifically inhibits protein syn-
thesis, and RNase L, which degrades cellular and 

viral RNA. This results in a reduction in the pro-
duction of new copies of the virus. Interferons also 
stimulate the expression of the major histocompati-
bility complex type I, thereby stimulating the action 
of cytotoxic T88 + lymphocytes, activating natural 
killer cells, and inducing dendritic cell maturation. 
Because coronaviruses including SARS-CoV-2 carry 
the genetic record for proteins that indirectly inhibit 
the production of type I interferons and thus have 
an immunosuppressive effect, type I interferons 
represent promising candidates for the treatment of 
COVID-19 (29, 30). 
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Conclusion 
 

The detection of potential candidates for the 

treatment of COVID-19 is very intensive in both 
preclinical and clinical stages of development, tar-
geting different stages of the life cycle of the SARS-
CoV-2 virus. The true potential of the presented 
drug compounds for the treatment of COVID-19 will 
be known only after the results of randomized clini-

cal trials such as SOLIDARITY and DisCoVeRy are 
revealed, which are currently underway in a large 

number of patients. The rapid progress in the dis-

covery of treatment for COVID-19 resulted in the 

approval of remdesivir for the treatment of a sub-
group of COVID-19 patients. Last but not least, the 
preclinical development of new structural types of 
compounds and compounds with new mechanisms 
of action for the successful fight against corona-

viruses, not only SARS-CoV-2, is also very important 
for the future antiviral therapy. 
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Novi koronavirus SARS-CoV-2 brzo se proširio svetom, uzrokujući globalnu pandemiju. 

Karakteristična svojstva virusa čine ga potencijalno fatalnim, jer težina bolesti COVID-19 
varira među osobama, sa trenutno nepoznatom pozadinom. Svetska zajednica stoga očajnički 

traga za novim antivirusnim lekovima protiv SARS-CoV-2 virusa. U ovom radu, fokusiramo se 
na makromolekularne ciljeve prisutne na virusu SARS-CoV-2, kao i na potencijalne ciljeve za 
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Ovarian cancer represents the third most common gynecological cancer worldwide, and 

the most lethal one. The aim of the study was to assess ovarian cancer incidence trend in the 
Nišava District in the period 1999-2017. Descriptive epidemiological method was applied. Data 
used for analyses were provided by the Cancer Register of the Institute of Public Health Niš and 
from the Serbian Cancer Registry. Incidence trends were based on crude and age-standardized 
incidence rates, calculated by the direct method of standardization per 100,000. Ovarian cancer 
represented 5.1% of all new registered malignant diseases in females with a total of 791 new 
cases. There were no cases of ovarian cancer registered in females before the age of 15. A 
statistically significant increasing trend with aging was registered. The average annual crude 
incidence rate was 22.0/100,000, while the average age-standardized incidence rate was 
13.3/100,000. The highest age-standardized incidence rate was registered in 2016 (20.4), 
while the lowest rate was reported in 2002 (10.1). Ovarian cancer incidence trend, based on 
crude incidence rates, as well as on age-standardized incidence rates, increased. The highest 
age-adjusted incidence rates were in the municipalities of Svrljig (18.4) and Gadžin Han (14.0) 
and the lowest in the municipalities of Merošina (7.4) and Doljevac (9.0). Registration of 
unfavorable incidence trends of the disease indicate failure in the primary and secondary 
prevention in the past. It is of vital importance to provide more intensive and comprehensive 
activities that may lead to the reduction of risk factors and to early detection of the disease. 
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Introduction 
 
Ovarian cancer remains a major health con-

cern worldwide. It represents the third most com-
mon gynecological malignancy, after cervical and 

uterine cancer (1). Asymptomatic growth of the 
tumor, delayed onset of symptoms, and lack of 
proper screening lead to its diagnosis in the ad-
vanced stages. This cancer is the most lethal gyne-
cological cancer (2). In comparison with breast can-
cer, it is three times more lethal (3).  

The incidence of ovarian cancer varies across 
the world (4). The findings of a recent study have 
shown that various factors affect the occurrence of 

ovarian cancer, from which genetic, environmental 
and lifestyle factors are among the most important 
ones (5). Many factors such as pregnancy, lactation, 
and oral contraceptive pills play a role in reducing 

the risk of this disease (5). 
 
The aim 
 
The aim of the study was to assess ovarian 

cancer incidence trend in the Nišava District in the 

period 1999-2017. 
 
Methods 
 

Descriptive epidemiological method was ap-
plied. Data used for analyses were provided by the 
Cancer Register of the Institute of Public Health Niš 

and from the Serbian Cancer Registry. Incidence 
trends were based on crude and age-standardized 
incidence rates for the period 1999-2017. Stan-
dardized rates were calculated by the direct method 
of standardization (per 100,000), using the world 
population as the standard. 

 

Results 
 
Ovarian cancer represented 5.1% of all new 

registered malignant diseases in females.  
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In the study period, a total of 791 new ovar-

ian cancer cases were registered in the Nišava 

District. Trend, based on new cases, was increasing 
(y = 0.3912x + 37.719; R2 = 0.1036) (Graph 1). 

There were no cases of ovarian cancer regis-
tered in females before the age of 15 (Graph 2). 

Based on the age-specific incidence rates of ovarian 

cancer, a statistically significant increasing trend 

with aging was registered (y = 2.463x + 5.051,     
R2 = 0.430) (Graph 2).  

 

 

 
 
 

 
 
 

Graph 1. Trend of new ovarian cancer cases in the Nišava District 

 

 

 
 

 
 
 

Graph 2. The average age-specific incidence rates of ovarian cancer in the Nišava District 

 
 
 
 
 

The average annual crude incidence rate was 
22.0/100,000, while the average age-standardized 

incidence rate was 13.3/100,000. The highest age-
standardized incidence rate was registered in 2016 

(20.4), while the lowest rate was reported in 2002 
(10.1) (Graph 3). 

Ovarian cancer incidence trend, based on 
crude incidence rates, was increasing (y = 0.2926x 
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+ 19.021; R2 = 0.2009) (Graph 3). Ovarian cancer 

incidence trend, based on age-standardized inci-

dence rates, increased slightly (y = 0.1481x + 
12.03; R2 = 0.0911) (Graph 3).  

Crude and standardized incidence rates in the 

municipalities of the Nišava District are presented in 

Graph 4. 

 
 
 

 

 
 
 

Graph 3. Trend of incidence based on crude and standardized incidence rates in the Nišava District 

 
 
 
 

 
 

 
Graph 4. Crude and standardized incidence rates in the municipalities of the Nišava District 

 
 
 
 
 

The highest age-standardized incidence rates 

were in the municipalities of Svrljig (18.4) and 
Gadžin Han (14.0) and the lowest incidence rates 
were in the municipalities of Merošina (7.4) and  

Doljevac (9.0). The age-standardized incidence rate 

in the municipality of Niš (14.0) was close to the 
average rate for the Nišava District (13.3).  
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Discussion 

 

According to Globoccan, 295,414 cases of 
ovarian cancer were identified in 2018, accounting 
for 3.4% of all cancer cases in women (1). The Age 
Standardized Rate (ASR) of ovarian cancer was 
estimated to be 6.6 in 2018 (1).  

The etiology of ovarian cancer is not clear, but 
certain factors such as a population growth, in-
creased risk factors of cancer, decreased pregnancy 
and duration of lactation, as well as tubal ligation 
have led to an upward trend in the incidence of 
cancer around the world (1, 6).  

The incidence trends of ovarian cancer may 

also be partially influenced by changes in diagnostic 
facilities and disease classifications, particularly in 
high-income countries (e.g., echography, CT scan 

and endoscopy) (7). 
The incidence of this cancer is higher among 

transition countries (2) and approximately 30% of 
ovarian cancer cases occur in European countries 

(8). The highest rates of ovarian cancer occur in 
China (14.60% of all cases), India (11.33% of all 
cases), and the US (81.8% of all cases) (6). Among 
the Asian countries, Singapore, Kazakhstan, and 
Brunei have the highest standardized incidence rate 
of ovarian cancer (9). The increasing trends may be 

due to the increased prevalence of smoking, the 
westernized dietary patterns, obesity, and the de-
creased prevalence of parity.  

According to the findings of this study, during 
the entire period of observation, ovarian cancer re-
presented 5.1% of all new registered malignant 

diseases in females with a total of 791 new cases. In 

2017, in the Nišava District, ovarian cancer was the 
seventh most common cancer of all registered can-
cers in females (4.5%) after breast (26.3%), cervi-
cal (7.8%), non-melanoma skin cancer (7.4%), 
lung, trachea and bronchus (6.7%), uterine (6.5%) 
and colon cancer (4.8%). During 1999-2013, ovar-
ian cancer was the sixth most common cancer in 

central Serbia (10). According to Globoccan, ovarian 
cancer is the seventh most common cancer among 
women worldwide (1). 

The presented results have shown that the 

average annual crude and average age-standardized 

incidence rate was higher in the Nišava District com-
pared with central Serbia (10). In 2012, the age-
adjusted incidence rate for this malignancy was 
higher in central Serbia than in Montenegro (12.0), 
FYRO Macedonia (11.3), Hungary (10.6) and 

Slovenia (10.3). The age-adjusted incidence rate of 
ovarian cancer was higher only in Bulgaria compared 
with central Serbia (11).  

Similar to our findings, both crude and age-
adjusted incidence rates of ovarian cancer increased 
in central Serbia (10). In accordance with our 
results, the incidence of ovarian cancer in central 

Serbia increased with age and most cases were 
aged between 40 and 74 years (8). The increasing 
trends may be partially influenced by population 

aging and the increased prevalence of risk factors 
(10, 12).  

The results of our study regarding age-ad-
justed incidence rate in different municipalities of the 

Nišava District may suggested that women in urban 
areas have a higher level of health education and 
visit a gynecologist more frequently than women 
from suburbs or rural areas, poor households and 
lower educational status (13, 14). Also, there is sig-
nificant under-registration of new cases, especially in 

the smallest municipalities.  
 
Conclusion 
 
Registration of unfavorable incidence trends 

of the disease indicate failure in the primary and 

secondary prevention in the past. Considering the 

heavy burden of ovarian cancer on womenꞋs health, 
public health and cancer prevention specialists should 
pay more attention to the efficient implementation 
of preventive measures and health education that 
may lead to the reduction of risk factors and to early 
detection of the disease. Although some risk factors 
cannot be changed, a focus on preventable risk 

factors may reduce the risk of ovarian cancer (e.g., 
smoking, obesity, western diet, etc.). 
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Rak jajnika je na trećem mestu u svetu po učestalosti i bolest je sa najvećim 

letalitetom među ginekološkim malignitetima.  
Cilj rada bio je da se analizira trend incidencije raka jajnika u Nišavskom okrugu u 

periodu od 1999. godine do 2017. godine. Primenjen je deskriptivni epidemiološki metod. 
Izvor podataka bili su Registar za rak Instituta za javno zdravlje Niš i Populacioni registar za 
rak Srbije. Izračunavan je linearni trend nestandardizovanih i standardizovanih stopa inci-
dencije (na 100.000 žena). Standardizacija je vršena direktnom metodom. U strukturi svih 
malignih bolesti žena, rak jajnika čini 5,1% sa 791 novoregistrovanim slučajem. Bolest se ne 
registruje u uzrastu pre 15. godine. Registruje se statistički značajan porast trenda sa 
uzrastom. Prosečna godišnja nestandardizovana stopa incidencije iznosi 22,0 žene od 100.000 
žena, dok standardizovana iznosi 13,3 žena od 100.000 žena. Najviša standardizovana stopa 
incidencije zabeležena je 2016. godine (20,4), a najniža 2020. godine (10,1). Registruje se 
porast trenda nestandardizovanih i standardizovanih stopa incidencije. Najviša standardizo-
vana stopa incidencije beleži se u opštinama Svrljig (18,4) i Gadžin Han (14,0) a najniža u 
opštinama Merošina (7,4) i Doljevac (9,0). Registrovanje nepovoljnog trenda incidencije ovog 
oboljenja ukazuje na nedovoljno sprovođenje mera primarne i sekundarne prevencije u 
ranijem periodu, te je neophodno intenzivnije i obuhvatnije sprovoditi ove aktivnosti, koje će 
redukovati faktore rizika i omogućiti rano otkrivanje bolesti. 
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POTENTIAL SIGNIFICANCE OF BRADYKININ 2 RECEPTOR 
GENOTYPING IN KIDNEY TRANSPLANT RECIPIENTS 
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Bradykinin (BK), a vasoactive peptide, is considered to exert the renoprotective and 

cardioprotective effects. Furthermore, most of its effects are mediated by the activation of BK 
type 2 receptor (B2R), whose level of expression is influenced by insertion/deletion (+9/-9) 
gene polymorphism. The aim of this study was to investigate the potential influence of B2R 
+9/-9 gene polymorphism on kidney function and blood pressure in kidney transplant 
recipients (KTRs) within the first post-transplantation year. Secondary, the study analyzed the 
correlation between hypertensive status and graft function, with respect to the B2R +9/-9 gene 
polymorphism. 

The pharmacogenetic study included 95 KTRs with clinical and biochemical parameters 
evaluated in three time-points (3rd, 6th, 12th month). The graft function was assessed using the 
estimated glomerular filtration rate (eGFR), while systolic (SBP), diastolic (DBP), and mean 
blood pressure (MAP) were used as parameters for the evaluation of blood pressure control. 

The carriers of -9/-9 genotype had more stable graft function compared to both, 
heterozygotes and homozygous for +9 allele, not only in the early (up to 6 months) but as well 
in the late post-transplantation period (beyond 6 months). Also, the -9/-9 genotype carriers 
showed a tendency to significantly decrease MAP, SBP, and DBP in the observed period, 
whereby only in this patient group the significant association between hypertensive status and 
graft function was demonstrated. 

In conclusion, genotyping of B2R +9/-9 gene polymorphism alongside with biochemical 
and clinical parameters may identify patients with respect to the risk of more prompt decline of 
graft function. 

Acta Medica Medianae 2021;60(1):19-27. 
 
Key words: B2R polymorphism, kidney transplantation, blood pressure, graft 

function, antihypertensive therapy 
 

 
1University of Niš, Faculty of Medicine, Niš, Serbia 
2Clinical Center Niš, Clinic of Nephrology, Niš, Serbia 
3Clinical Center Niš, Center for Medical and Clinical 

Biochemistry, Niš, Serbia 

 

 

Contact: Nikola Stefanović  

48 Dr Zoran Djindjić Blvd., 18000 Niš, Serbia 

E-mail: nikola.stefanovic@medfak.ni.ac.rs 

 

 
 
 
 
 
 

Introduction 
 
Kidney transplantation (Tx) is the optimal 

treatment choice for patients with end-stage kidney 
disease. Still, besides the remarkable patient and 
graft survival rates in the first year after Tx, lack of 
improvement in long-term outcomes remains a 

problem of interest (1, 2). Kidney transplant recipi-
ents (KTRs) are considered to have chronic kidney 

disease, even immediately after Tx, whereas the 
incidence of cardiovascular morbidity and mortality 
is higher compared to the general population. Fur-
thermore, some patients exert rapid and pro-

nounced decline in kidney function, while others 
have stable graft function (3). 

Therefore, it seems important to identify the 
components of the organism that can affect trans-

planted kidney in positive (renoprotective) or nega-
tive manner. Bradykinin (BK), a vasoactive peptide 
of the kinin group of proteins, has a central role in 

the kallikrein-kinin system (KKS) and participates in 
specific physiological and pathological conditions, 
such as inflammation and pain sensation, blood 
pressure regulation, glucose homeostasis, oxidative 
stress, regulation of renal blood flow, and water and 
sodium excretion. Tissue levels of BK are generally 
higher than circulating levels, with relatively high 

concentrations present in the kidney, heart, and 
aorta (4, 5, 6). Some scientists suggest that kinins 
exert hemodynamic effects primarily in the heart 
and kidney, thus affecting the local redistribution of 
blood flow and perfusion within these organs (7).  
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Bradykinin can bind to type 1 receptor (B1R), 

but most of its biological effects are mediated by the 

activation of BK type 2 receptor (BDKRB2, B2R) (8). 
The level of B2R expression is influenced by in-
sertion/deletion (+9/-9) gene polymorphism present 
in exon 1 of the B2R gene. Studies demonstrated 
that the presence of 9 base pairs sequence (+9bp) 

rather than its absence (-9bp) is associated to lower 
gene transcriptional activity. It is supposed that the 
+9 allele carriers have an increased risk for devel-
oping diabetes mellitus and essential hypertension 
(9, 10). Considering the well-known renoprotective 
role of BK, studying variations in the gene encoding 
B2R within KTRs can be of potential significance in 

clinical practice.  
Interdependence between hypertension and 

adverse graft outcomes is one of the major charac-

teristics of Tx. Namely, high and uncontrolled blood 
pressure is associated with a decline in graft func-
tion, increased risk of graft loss, and poor graft 
survival. Nevertheless, chronic allograft dysfunction, 

renal artery stenosis, recurrence of glomerulone-
phritis and diseased native kidneys may be the risk 
factors for the development of hypertension in KTRs 
(11, 12). Since activation of BK and its receptors is 
considered protective in cardiovascular and renal 
diseases, this study impregnated gene variation with 

these two entities, inseparable in KTRs. 
The main goal of the study was to investigate 

whether the B2R +9/-9 gene polymorphism might 
have influenced the graft function and blood pres-
sure or not, in the first year after Tx. Furthermore, 
the study analyzed the association between hyper-

tensive status and graft function (expressed as esti-

mated glomerular filtration rate, eGFR), with respect 
to the B2R +9/-9 gene polymorphism. 

 
Patients and methods 
 
Study population 
 

This single-center pharmacogenetic study was 
conducted at the Clinic of Nephrology, Clinical Center 
Niš, Serbia and at the Scientific Research Center for 
Biomedicine, Faculty of Medicine, University of Niš, 
Serbia. The genotyping analysis included 95 Cauca-
sian patients who had transplantation surgery at the 

Clinical Center Niš and were monitored at the Clinic 
of Nephrology. The present study involved a period 

from 1 up to 12 months after Tx, with biochemical 
and clinical parameters being evaluated in three 
time-points (third, sixth and twelfth month). The 
kidney transplant recipients met some exclusion cri-
teria before they were enrolled into this study, and 

therefore we excluded patients who underwent Tx 
less than one year before, patients with any sign of 
graft failure demanding regular dialysis within the 
first post-transplantation year and patients on angio-
tensin-converting enzyme (ACE) inhibitors. Of pa-
tients enrolled into the study, 60 were men and 35 
were women, mean age 39.23 ± 10.70 at the 

beginning of the study. The graft function was 
assessed using the value of eGFR, while systolic 
(SBP), diastolic (DBP), and mean blood pressure 

(MAP) were used as parameters for the evaluation of 

blood pressure control. Mean blood pressure was 

calculated as a composite sum of SBP and double 
value of DBP divided by 3. The data used in the 
study were taken from the medical records of KTRs. 
The study was approved by the Ethics Committee of 
the Faculty of Medicine, University of Niš and fully 

informed written consent was obtained from each 
patient (No 12-6972-2/5 from 02.07.2018). 

 
Immunosuppressive protocol 
 
All patients started with an immunosuppres-

sive protocol that besides tacrolimus (Tac) included 

intravenous methylprednisolone, with an initial dose 
of 0.5 g/day for 2 or 3 days, which was later 
switched to prednisone, initial dose of 1 mg/kg/day, 

mycophenolate mofetil, 1.5-2 g/day or mycophe-
nolic acid, 1080-1440 mg/day orally and 20 mg 
monoclonal antibody basiliximab which was adminis-
tered at the first and the fourth day after trans-

plantation. The first oral Tac dose was administered 
on day 5 post-transplantation at 8.00h before break-
fast (0.1 mg/kg or 0.2 mg/kg). Afterward, Tac was 
administered twice daily (08.00h and 20.00h) or 
once daily (08.00h) depending on the prescribed 
drug. 

Besides standard immunosuppressive ther-
apy, patients also received antihypertensive drugs: 
beta blockers (bisoprolol, metoprolol or carvedilol) 
and/or calcium channel blockers (amlodipine, lerca-
nidipine, and nifedipine), and rarely methyldopa. For 
gastroprotection, patients used omeprazole, panto-

prazole or ranitidine. The eGFR was calculated by 

The Modification of Diet in Renal Disease (MDRD) 
equation (13). 

 
Genotyping B2R polymorphism 
 
A fasting blood sample was taken from each 

patient during routine control at the Clinic. Genomic 

DNA was ex-tracted from the whole blood (200 µL) 
with EDTA as an anticoagulant using Genomic DNA 
Purification Kit (Fermentas, Thermo Scientific, 
Lithuania), according to the manufacturer's instruc-
tions. In order to deter-mine 9 bp insertion/deletion 
polymorphism within the B2R gene, a modified me-

thod described by Fischer et al. (14) was used.  
In a total volume of 12.5 µL, each reaction 

mixture contained 6.25 µL of KAPA2G Readymix 
(KAPA2G Readymix FastHotStart, KapaBiosystems, 
Boston, USA), which already contains Hot Start DNA 
polymerase, dNTPs, MgCl2 and stabilizers. In ad-
dition to the commercial mix, we added 0.25 µL of 

forward and reverse primers (F: 5'-TCC AGC TCT 
GGC TTC TGG-3' and R: 5'-AGT CGC TCC CTG GTA 
CTG C-3'), concentration of 10 pmol/µL, 4.75 µL of 
deionized water and 1 µL of isolated DNA (average 
concentration 50 ng/µL). For the amplification of 
PCR products, a program was followed: initial de-
naturation for 2 min at 95 OC, followed with 35 

cycles of denaturation for 29 sec at 95 OC, annealing 
for 30 sec at 60 OC, elongation for 20 sec at 72 OC 
with final elongation for 1 min at 72 OC. Amplifica-
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tion products were detected on 3% agarose gel. The 

length of an amplified product in the determination 

of -9 B2R allele was 80 bp and for +9 B2R allele 89 
bp.  

 
Statistical analysis 
 

The distribution of genotypes for B2R poly-
morphism was assessed for deviation from Hardy–
Weinberg equilibrium (HWE). A Student's t-test for 
independent samples (for normally distributed data) 
or Mann-Whitney U test (not normally distributed 
data) was used to compare eGFR values between 
patients with blood pressure levels within or beyond 

target range in relation to B2R genotype. One-way 
ANOVA for independent samples (for a normal dis-
tribution of parameter values) or Kruskal-Wallis test 

(the normality in the distribution of parameter val-
ues was not satisfied) was performed to detect the 
significant differences in eGFR, SBP, DBP and MAP 
between and within the different genotypes. A Chi-

square (χ2) test was employed to compare the dis-

tribution of prescribed antihypertensive regimens be-
tween B2R genotypes. Statistical analyses were per-
formed using SPSS statistical analysis software 
(version 20.0) at the significance level set at p < 
0.05. 

 
 
 

Results 

 

The characteristics of the study population are 
given in Table 1. Genotype frequencies did not devi-
ate from HWE (p > 0.05) for tested B2R polymor-

phism: χ2 = 0.90, p = 0.34. 

Table 2 shows a comparison of eGFR values 

among different B2R genotypes as well as within 
genotypes in three time-points after Tx. The ob-
tained results clearly pointed to enhanced and more 
stable graft function in carriers of both -9 alleles 
compared to both heterozygotes and +9/+9 geno-
type carriers not only in the early (up to 6 months), 
but as well in the late post-transplantation period 

(beyond 6 months). On the other side, the eGFR 
values did not differ significantly within any geno-
type group during one-year follow-up period. 

Considering the blood pressure parameters, 
we analyzed MAP, SBP, and DBP between and within 
B2R genotypes in three time-points after Tx (Table 

3). The obtained results reported that the carriers of 
both -9 alleles showed a tendency to significantly 
decrease MAP, SBP, and DBP within the observed 
period. There was no statistical difference in exa-
mined parameters between genotypes during the 
entire study period, except for MAP at the 12th 
month. However, the mean parameter values at the 

end of the first year indicated an obvious clinical 
divergence in controlling blood pressure between 
genotypes. 

 
 
 

 
Table 1. Characteristics of the study population 

 

 
3rd month post-
transplantation 

6th month post-
transplantation 

12th month post-
transplantation 

Sex (male/female) 60/35 (63.2%/36.8%) 

Tx type (LDT/DDT) 69/26 (72.6%/27.4%) 

Age (years)* 
39.23 ± 10.70 

39 (31-47) 

B2R genotype: 
-9/-9;-9/+9;+9/+9 

15/51/29 (15.8%/53.7%/30.5%) 

B2R genotype: 
-9 allele/+9 allele 

42.63%/57.37% 

Body mass (kg) 
71.03 ± 13.63 

70 (60.75-78.50) 
71.43 ± 13.84 
70.50 (60-78) 

73.95 ± 15.03 
71.70 (65-81) 

CRE (μmol/L) 
143.05 ± 42.29 
137 (113-166) 

141.97 ± 40.83 
136 (115-156) 

136.11 ± 44.50 
123 (108.50-154.50) 

eGFR 
(mL/min/1.73m2) 

46.66 ± 12.70 
47.22 (39.08-53.20) 

46.95 ± 13.38 
45.50 (38.63-55.03) 

50.80 ± 17.29 
48.56 (40.48-60.30) 

MAP 
96.72 ± 8.47 

96.67 (93.33-102.50) 
95.49 ± 9.20 

95 (91.67-100) 
95.71 ± 8.64 

96.67 (90-101.67) 

SBP 
128.69 ± 12.92 
130 (120-140) 

127.30 ± 13.76 
130 (120-130) 

127.69 ± 11.86 
130 (120-140) 

DBP 
80.73 ± 7.53 
80 (80-85) 

79.58 ± 8.02 
80 (75-85) 

79.71 ± 8.41 
80 (70-85) 

Data are expressed as mean±standard deviation and median (IQR) or number and percentage. *age at the beginning of the 
study; LTD-living donor transplantation; DDT-deceased donor transplantation; CRE-serum creatinine concentration; eGFR-
estimated glomerular filtration rate; MAP-mean blood pressure; SBP-systolic blood pressure; DBP-diastolic blood pressure 
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Table 2. eGFR in one-year period following Tx with respect to the B2R genotype 

 

B2R 
genotype 

eGFR at third month 
post-transplantation 
(mL/min/1.73m2) 

eGFR at sixth month 
post-transplantation 
(mL/min/1.73m2) 

eGFR at twelfth month 
post-transplantation 
(mL/min/1.73m2) 

p value 

-9/-9 
55.71 ± 14.77 

52.11 (48.89-56.70) 
54.13 ± 16.01 

47.90 (45.38-61.34) 
62.06 ± 19.59 

56.36 (53.02-63.78) 
0.285 

-9/+9 
43.73 ± 11.55 

44.21 (35.18-52.10) 
43.95 ± 13.06 

44.88 (35.49-52.68) 
49.06 ± 18.32 

45.28 (37.12-57.66) 
0.140 

+9/+9 
46.83 ± 11.45 

46 (41.38-53.29) 
48.14 ± 10.98 

47.24 (41.56-57.30) 
48.68 ± 12.17 

50.61 (40.77-58.60) 
0.830 

p value 0.005* 0.030* 0.042*  

*significant difference; eGFR-estimated glomerular filtration rate 

 
 
 

Table 3. Blood pressure parameters in one-year period following Tx with respect to the B2R genotype 

 

B2R 
genotype 

MAP at third month 
post-transplantation 

(mmHg) 

MAP at sixth month 
post-transplantation 

(mmHg) 

MAP at twelfth month 
post-transplantation 

(mmHg) 

p 
value 

-9/-9 
99.89 ± 8.05 

96.67 (94.17-105) 
99.17 ± 5.84 

96.67 (95-101.67) 
89.33 ± 10.16 

90 (83.33-96.67) 
0.005* 

-9/+9 
95.06 ± 8.21 

93.33 (90-100) 
93.91 ± 9.90 

93.33 (90-97.50) 
96.24 ± 8.44 

96.67 (90-103.33) 
0.480 

+9/+9 
97.78 ± 8.73 

96.67 (93.33-101.67) 
96.13 ± 9.08 

95 (93.33-101.67) 
97.36 ± 7.46 

96.67 (93.33-103.33) 
0.757 

p value 0.116 0.097 0.036*  

B2R 
genotype 

SBP at third month 
post-transplantation 

(mmHg) 

SBP at sixth month 
post-transplantation 

(mmHg) 

SBP at twelfth month 
post-transplantation 

(mmHg) 

p 
value 

-9/-9 
131.67 ± 10.12 

130 (122.50-140) 
131.79 ± 10.49 
130 (120-140) 

119 ± 13.70 
120 (110-130) 

0.015* 

-9/+9 
126.74 ± 13.79 
120 (120-135) 

125.64 ± 14.93 
124 (120-130) 

129.29 ± 11.66 
130 (120-140) 

0.381 

+9/+9 
130.37 ± 12.63 
130 (120-140) 

127.68 ± 13.16 
130 (120-130) 

128.48 ± 10.28 
130 (120-135) 

0.536 

p value 0.165 0.208 0.095  

B2R 
genotype 

DBP at third month 
post-transplantation 

(mmHg) 

DBP at sixth month 
post-transplantation 

(mmHg) 

DBP at twelfth month 
post-transplantation 

(mmHg) 

p 
value 

-9/-9 
84.00 ± 7.61 
80 (80-90) 

82.86 ± 5.08 
80 (80-85) 

74.50 ± 8.96 
75 (70-80) 

0.020* 

-9/+9 
79.22 ± 6.99 
80 (75-80) 

78.05 ± 8.31 
80 (74.50-80) 

79.71 ± 8.24 
80 (75-85) 

0.680 

+9/+9 
81.48 ± 7.94 
80 (80-85) 

80.36 ± 8.38 
80 (80-82.50) 

81.80 ± 7.89 
80 (80-90) 

0.691 

p value 0.099 0.087 0.080  

*significant difference; MAP-mean blood pressure; SBP-systolic blood pressure; DBP-diastolic blood pressure 

 
 

 

 
Examination of the assumed interrelation 

between eGFR and blood pressure with respect to 
the B2R genotype is shown in Graph 1. We dif-
ferentiated blood pressure values to the target value 
in KTRs according to KDIGO (Kidney Disease: Im-

proving Global Outcomes) working group (15). The 
recommended treatment goal is ≤ 130 SBP and      
≤ 80 DBP, irrespective of the level of urine albumin 
excretion. A rather strong correlation between hy-
pertensive status and graft function was demon-
strated, but only in carriers of both -9 alleles. 
Indeed, the -9/-9 genotype carriers with controlled 

blood pressure values had better graft function than 
patients with values beyond target (61.11 ± 18.03 

mL/min/1.73m2 vs. 49.83 ± 11.84 mL/min/1.73m2, 
p = 0.032). Such association was not found in car-
riers of -9/+9 (45.22 ± 14.39 mL/min/1.73m2 vs. 
43.74 ± 12.64 mL/min/1.73m2, p = 0.559) and 
+9/+9 genotypes (49.47 ± 10.84 mL/min/1.73m2 

vs. 46.35 ± 11.75 mL/min/1.73m2, p = 0.224). Re-
garding the most commonly prescribed antihyper-
tensive regimens (i.e. beta blockers alone or in com-
bination with calcium channel blockers), the differ-
ence in the frequency of used regimens between the 

different genotypes was not observed (χ2 = 0.895,  

p = 0.639) (Graph 2). 
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Graph 1. eGFR according to the target value of blood pressure in kidney transplant patients  
in relation to B2R genotype 

 
 

 

 
 

Graph 2. Frequencies of used antihypertensive regimens among B2R genotypes  
BB-beta blockers; CA-calcium channel blockers 

 
 

 
 

Discussion 

 
In the past few years, the KKS and its key 

mediator BK have been recognized as major con-

tributors to endothelial vascular effects. The promo-
tion of vasodilation is achieved through potentiation 
of nitric oxide (NO), prostacyclin, endothelium-de-
rived hyperpolarizing factor synthesis and counter-
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action of the sympathetic nervous system. Besides 
crucial vasodilator action, BK exerts antithrombotic, 
profibrinolytic, and anti-atherosclerotic effects, as 
well as protective activity against endothelial injury 
(16). Namely, BK acts primarily as tissue hormone, 
since the half-life of BK in plasma is very short (27 ± 
10 s) (17) along with very low circulating concen-
trations (1–50 fmol/mL). In accordance with para-
crine hormonal activity, tissue concentrations are 
considerably higher, especially in cardiac and renal 
tissue (100–350 fmol/g) (5).  

The balance between afferent and efferent 
arteriole resistance is important for the regulation of 
glomerular filtration rate. Ren et al. (18) demon-
strated a biphasic effect of BK on the isolated affer-
ent arteriole (i.e. vasodilation at low concentrations 
and vasoconstriction at higher concentrations), and 
a dose-dependent vasodilator action on the efferent 
arteriole. These findings support the comprehensive 
BK effect on glomerular hemodynamics through 
B2R. Contrary to the generally accepted fact that the 
promotion of vasodilatation is NO-dependent, the 
authors showed that vasodilator action on efferent 
arteriole was mediated by CYP450 metabolites (pro-
bably epoxyeicosatrienoic acids, EETs), and it was 
NO- and cyclooxygenase-independent.  

Considering the B2R-mediated BK effects, our 
study confirmed that the 9bp insertion/deletion vari-
ability in the gene encoding B2R may significantly 
affect the vasoprotective effects of BK. The obtained 
difference in graft function between B2R genotypes 
at all observed time-points may indicate the poten-
tial renoprotective role of the preserved BK-B2R 
signaling in -9/-9 genotype carriers. Of particular 
importance is the existence of a significant differ-
ence in eGFR values at the end of the first year, 
keeping in mind that kidney allograft function at 1-
year was shown to be independently associated with 
long-term adverse outcomes (19, 20). The correla-
tion of this polymorphism with the kidney pathology 
was previously observed in an experimental strep-
tozotocin-induced diabetic model. The authors no-
ticed numerous pathological alterations in renal tis-
sue within B2R insertion polymorphism, such as 
glomerular lesions, extracellular matrix accumula-
tion, thickening of the glomerular basement mem-
brane, and oxidative damage. Additionally, meta-
bolic disorders, altered inflammatory response, and 
mitochondria dysfunction have contributed to the 
further progression of diabetic nephropathy (21). 
Therefore, it seems that genetic factors along with 
the nature of the kidney disease may contribute to 
the modulation of the vascular protective effects of 
BK. 

Renal tissue kallikrein (TK) is mainly sited in 
the principal cells of the distal connecting tubules 
and the collecting ducts, and it acts on renal ki-
ninogen to form kinins either in the interstitial tissue 
space or in the lumen of the distal nephron and 
collecting ducts. Since the connecting tubules are 
localized close to the glomerular tuft, the effect of 
released BK on afferent and efferent arteriole can be 
one of the proposed ways for a kinins-induced in-
crease in renal blood flow (18, 22). Studies have 
demonstrated a significantly lower urinary excretion 
of TK into the lumen of the distal nephron in KTRs 

with hypertension and acute renal complications. 
Nevertheless, diminished excretion was also charac-
teristic of KTRs with a stable graft function (23, 24). 
Namely, the assumed lower B2R expression in 
carriers of +9 allele and previously reported de-
crease in kinin formation due to diminished TK ex-
cretion in patients with a transplanted kidney could 
potentially explain the results of the present study. 
Besides the reported lower urinary excretion of TK in 
KTRs compared with healthy individuals, Amorim et 
al. (25) demonstrated a higher frequency of +9 
allele in transplanted patients (+9 allele: 55%, -9 
allele: 45%) than in control individuals (+9 allele: 
48%, -9 allele: 52%) (25). Regarding the allelic fre-
quencies for the B2R variants, different frequencies 
in various ethnic groups were reported (Caucasian 
Polish: +9-51%, -9-49%; Caucasian British: +9-
48%, -9-52%; White American: +9-50%, -9-50%; 
Black American: +9-40%, -9-60%) (26, 27, 28). 
The results of the present study are in agreement 
with Amorim’s findings (25) since the frequency of 
+9 and -9 allele in KTRs was 57.37% and 42.63%, 
respectively. Contrary to our study, the authors did 
not confirm the association between B2R polymor-
phism and the high mean serum creatinine level. A 
possible explanation for this divergence may be the 
use of different estimates of kidney function. 

Namely, serum creatinine level alone is not 
considered as an adequate marker of kidney func-
tion, while the level of eGFR and its magnitude of 
change represent the best overall index for the 
detection of kidney disease and estimation of its 
severity and prognosis.  

Hypertension is one of the major risk factors 
for cardiovascular disease after Tx. Kasiske et al. 
(29) showed that blood pressure at 1-year post-
transplantation was negatively associated with graft 
and patient survival. The findings of the conducted 
study reported a noticeable pressure reduction at 
the 12th month in -9/-9 genotype carriers. Our 
results can be partly explained by the study of 
Pretorius et al. (28), which pointed to increased 
baseline SBP and MAP in carriers of +9 allele com-
pared to the carriers of -9/-9 genotype in healthy 
adults, while B2R polymorphism did not influence 
the vasodilator response to exogenous BK. However, 
in the presence of ACE inhibitor enalaprilat, BK-
stimulated vasodilation was significantly potentiated, 
with the effect being more pronounced in carriers of 
-9/-9 and -9/+9 genotypes compared to the +9/+9 
genotype carriers (30). Furthermore, increased SBP 
was significantly associated with increased coronary 
event risk in carriers of +9/+9 and -9/+9 geno-
types, whereas the significant association was not 
observed among -9/-9 genotype carriers (31). Our 
data gave an insight into another important correla-
tion, i.e. rather strong interrelation between hyper-
tensive status and graft function in the first year 
after Tx, but only in the -9/-9 genotype patient 
group.  

Analyzing antihypertensive therapy, the most 
prescribed regimens in the present study were beta 
blockers in monotherapy (25% of all patient’s exa-
minations) and beta blockers in combination with 
calcium channel blockers (60% of all patient’s exa-
minations). Since the results did not show the dif-
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ference in the distribution of antihypertensive regi-
mens between B2R genotypes, the possible conclu-
sion would be that the blood pressure parameters 
were not influenced by the used antihypertensive 
therapy. Consequently, this points to the fact that 
the hypertensive status was largely affected by the 
B2R genotype. We did not consider patients on ACE 
inhibitors due to a small number of patients using 
them and cross-talk between the renin-angiotensin 
system and the KKS. Therefore, the carriers of +9 
allele may potentially benefit from the introduction 
of ACE inhibitors into the therapy, because ACE 
inhibitors are the most effective drugs nowadays in 
enhancing the KKS through reducing the degrada-
tion of endogenous BK and enhancing the sensitivity 
of the B2R (4, 30). 

Some limitations of the study need to be 
mentioned. The first drawback of the present re-
search was a small number of patients, and there-
fore a small number of patients per genotype group, 
but still this is a single-center study. The second 
drawback was a short follow-up period. However, 
graft function and blood pressure at 1 year after Tx 
were shown to be associated with long-term adverse 
outcomes, so this study could be the basis for 
further researches. 

 
Conclusion 
 

In conclusion, this study indicated the po-
tential effect of B2R +9/-9 polymorphism on the 

stability of kidney function and blood pressure con-

trol in transplanted patients. Namely, the carriers of 

-9/-9 genotype exhibited more stable graft function 
and blood pressure levels at the end of the first year 
following Tx compared to the carriers of +9 allele. 
The carriers of +9 allele may benefit from the in-
troduction of ACE inhibitors into the therapy in order 

to overcome the reduced kinins formation and lower 
B2R expression. Therefore, genotyping of this poly-
morphism alongside with biochemical and clinical 
parameters may identify patients with regard to the 
risk of more prompt decline of graft function. How-
ever, further studies with a longer follow-up period 
are needed to examine the effects of B2R poly-

morphism on long-term Tx outcomes alongside the 
assessment of interdependence between hyper-
tensive status and graft function. 
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Bradikinin (BK), vazoaktivni peptid, ispoljava renoprotektivne i kardioprotektivne 

efekte. Osim toga, većina njegovih efekata posredovana je aktiviranjem BK tip 2 receptora 
(B2R), na čiji nivo ekspresije utiče genski polimorfizam insercije/delecije 9 baznih parova 
(+9/-9).  

Cilj ovog istraživanja bila je procena potencijalnog uticaja B2R +9/-9 genskog 
polimorfizma na funkciju grafta i krvni pritisak kod bolesnika sa transplantiranim bubregom, 
tokom prve posttransplantacione godine. Takođe, u ovoj studiji analizirana je povezanost 
hipertenzivnog statusa i funkcije grafta u odnosu na B2R +9/-9 polimorfizam. 

U farmakogenetsko istraživanje uključeno je 95 bolesnika sa transplantiranim bubre-
gom, čiji su klinički i biohemijski parametri analizirani u tri vremenske tačke (3., 6. i 12. 
meseca). Funkcija grafta proračunata je korišćenjem procenjene brzine glomerularne filtracije 
(eGFR), dok su sistolni (SBP), dijastolni (DBP) i srednji krvni pritisak (MAP) korišćeni kao 
parametri za evaluaciju kontrole krvnog pritiska. 

Nosioci -9/-9 genotipa imali su stabilniju funkciju grafta u poređenju sa heterozigotima 
i homozigotima za +9 alel, ne samo u ranom (do 6 meseci), već i u kasnom periodu nakon 
transplantacije bubrega (nakon 6 meseci). Takođe, nosioci -9/-9 genotipa pokazali su 
tendenciju značajnog smanjenja MAP, SBP i DBP u posmatranom periodu, pri čemu je samo u 
ovoj grupi bolesnika pokazana statistički značajna povezanost hipertenzivnog statusa i 
funkcije grafta. 

Genotipizacija B2R +9/-9 genskog polimorfizma, zajedno sa biohemijskim i kliničkim 
parametrima, može identifikovati bolesnike prema riziku od bržeg propadanje funkcije 

transplantata. 
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THE ASSOCIATION BETWEEN DEPRESSION AND ANXIETY SYMPTOMS 
WITH SIX CORE COMPONENTS OF SOCIAL NETWORKING SITES 

ADDICTION: A CROSS-SECTIONAL STUDY IN SERBIA 
 

Tamara Jovanović1,2, Aleksandar Višnjić1,2, Marko Gmijović3 

 

 
It would seem that today the most important thing for many individuals is to have a 

good profile picture on online social networks. Accordingly, there is a serious possibility that 
addiction to social networking sites (SNS) can lead to psychosocial and mental disorders and 
other negative consequences on health-related issues. So, the aim of this study was to 
determine the association between the excessive use of social networking sites with the 
symptoms of depression and anxiety. 

This cross-sectional study was carried out at the University of Niš, Faculty of Medicine 
(Serbia) from September to December 2019. The study included 1,405 participants and all of 
them were assessed by using an appropriate questionnaire. The statistical analysis of the data 
included the binary logistic regression. 

The strongest predictor of whether one has high levels of depression symptoms was 

the state of conflict where the odds ratio (OR) was 10.28 (95% CI: 5.84 — 18.08). It has been 

observed that depression symptoms are also more common in those respondents with 

expressed withdrawal symptoms (OR = 4.27, 95% CI: 3.04 — 6.00), and with mood 

modification (OR = 1.82, 95% CI: 1.12 — 2.96). Anxiety symptoms, similar to those of 

depression, are most present in individuals with conflict state (OR = 10.31, 95% CI: 5.25 —

20.26), in those with withdrawal symptoms (OR = 6.83, 95% CI: 4.98 — 9.38), and then with 

mood modification (OR = 2.55, 95% CI: 1.60 — 4.07). The number of active accounts/profiles 

and number of devices, as well as state of salience and tolerance played no part in any of the 
cases. 

This study has shown a direct link between excessive SNS use and depression and 
anxiety symptoms. Further detailed research, especially longitudinal studies, is needed to 
understand the essential nature of these links. In any case, public health professionals should 
draw the attention of people, especially the younger population, in terms of limiting the use of 
social networks. 
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Introduction 
 
The area of social network sites (SNS) addic-

tion is still under-explored. There are more and 
more of these networks (with new ones constantly 

emerging), and everything is directed towards 
making life happening through them. Thus, the era 
we live in is one of digitized reality, with much con-
troversy. A good deal of the human population has 

opted to interact via Facebook, Instagram, YouTube, 

Twitter, Snapchat, Tinder, LinkedIn, WhatsApp, and 
other social networks. The power of social net-
working is such that the number of worldwide users 
is expected to reach some 4 billion monthly active 
social media users by 2021, around a half of Earth’s 
entire population, and especially increasing by mobi-
le phone active users (1, 2). 

Changes in lifestyle in the 21st century carry 
the most turbulent possible performance, which a 
modern human, possessed by a marvelous conglo-
merate of external and internal pressures, is defi-
nitely unable to convey in a non-neurotic way. The 
great geostrategic changes of the late 1980s, the 
sexual revolution of the 1960s, the technological 
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revolution, but also the most current, information 

technology one, led to evident new possibilities in 

civilization prosperity, but also left the individual 
confused, unprepared to psychologically follow the 
entirety of the grandiose changes. The individual, as 
well as any possibility of forming mature, meaningful 
relationships and partnerships are endangered. 

People are becoming increasingly more lonely, 
increasingly alienated from their environment, 
family, society, from themselves. 

Such circumstances become a fantastic ambi-
ence of a whole range of addictions - from old pre-
existing (alcohol, psychoactive substances, gam-
bling), through trivial ones (dependence on work, 

parents, on partners in passive-dependent and sym-
biotic relationships), and to those produced by 
modern times and the modern-day lifestyle (social 

networks, internet, mobile phones, television). So, 
many times, and especially among young people 
(which is the experience of the authors), it would 
appear that the most important thing today is to 

have a good profile picture. 
The symptoms of problematic SNS use are 

similar to symptoms of substance use and behav-
ioral addictive disorders (3). A recent study revealed 
a bidirectional association between SNS and depres-
sion among adolescents, meaning that depression 

significantly contributes to the development of SNS 
addiction, and in turn, depressed individuals experi-
ence more deleterious effects from addictive online 
social networking use (4). Also, another study has 
showed that initial levels of social media use to 
alleviate boredom were associated with problematic 

social networking site use, financial stress, anxiety, 

and empathy (5). 
There is evidence from several empirical 

studies demonstrating that SNS usage can contri-
bute to psychosocial and behavioral disorders and 
other negative consequences on health-related issues 
as well (6-13). Some of these studies have also 
reported high prevalence rates of problematic SNS 

use or even of SNS addiction among the human po-
pulation worldwide (7-8, 13-15). 

It is particularly debatable where to draw the 
boundary - between excessive use, i.e. diagnosis of 
SNS addiction, and normal use (16-19). In doing so, 
the main question is whether addiction or overuse of 

these networks can trigger some mental disorders, 
or whether they are merely concealed through them 

(such as obsessive-compulsive disorder). 
А new version of ICD (International Classifica-

tion of Diseases) was released by WHO in 2018 to 
allow Member States to prepare for implementation, 
and start reporting using ICD-11 in January 2022 

(20, 21). According to this proposal, SNS addiction 
could be classified merely as a "6C51.0 Gaming dis-
order, predominantly online" under "Disorders due 
to addictive behaviors" (20). The situation is much 
the same with the criteria of the fifth edition of the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) (22). Although gambling disorder is cur-

rently the only behavioral addiction officially recog-
nized by the American Psychiatric Association, Inter-
net gaming disorder has been added to section III of 

the fifth edition of the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-5) as a tentative 

disorder, further underscoring the potential negative 
impact of specific Internet-related activities (22). 

So far, according to ICD-10, only "F10.2. - 
Syndroma dependentiae" exists as a formal diag-
nosis. However, SNS addiction is a broadly accepted 

term among health professionals and researchers. It 
certainly refers to the excessive use of SNSs, which 
can lead to decreased job or academic performance, 
absence, relationship problems, diminished social 
activities, and an adverse influence on psychological 
well-being. There is also a definition of addiction 
adopted by the American Society of Addiction Medi-

cine (ASAM) Board of Directors in 2019: "Addiction 
is a treatable, chronic medical disease involving com-
plex interactions among brain circuits, genetics, the 

environment, and an individual’s life experiences. 
People with addiction use substances or engage in 
behaviors that become compulsive and often conti-
nue despite harmful consequences. Prevention ef-

forts and treatment approaches for addiction are 
generally as successful as those for other chronic 
diseases" (23). 

Hence in our study we try to examine, pre-
cisely by using online social networks, the degree of 
dependence on SNS within the framework of the 

latest theoretical findings, and with particular em-
phasis on its association with mental health, that is, 
symptoms of depression and anxiety. As mentioned 
earlier, SNS use has become widespread particularly 
among the youth. The present study was aimed at 
understanding the existing pattern of SNS use and 

estimating the prevalence of depression and anxiety 

among the excessive users. The main question is 
whether the behavior of SNS overuse fulfills the 
definition of addiction. On the basis of the above 
discussion, the following research question is ad-
dressed: 

Is there a significant association between 
overuse of SNS and mental health in terms of 

elevated levels of depression and anxiety symp-
toms? 

 
Methods 
 
Participants 

 
This cross-sectional study was carried out at 

the University of Niš, Faculty of Medicine (Serbia) 
from September to December 2019. All of the 
participants were assessed by using standardized 
questionnaires. The study included 1,405 randomly 
selected respondents (688 males and 717 females). 

A total of 1,550 of participants were invited, and 
1,405 (90.64%) of them responded. 

 
Procedure 
 
The study was first performed by uploading 

an electronic version of the questionnaire to the 

authors’ Facebook profiles, with a brief explanation 
of what it was and for what purpose it would be 
used. The authors then, via Facebook, where they 
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themselves had accounts, personally invited ran-

domly selected 1,550 people from Serbia to complete 

the questionnaire. By clicking on the link, respon-
dents would automatically access the questionnaire. 

Symptoms of social networking sites addiction 
involved six core components and were assessed 
using a modified version of the Bergen Facebook 

Addiction Scale (BFAS) so that it applied to all social 
networks and was adapted for use in the Serbian 
language (24). Symptoms of depression and anxiety 
were assessed using the Depression Anxiety Stress 
Scale (DASS 42), a device for measuring psycho-
logical health (25, 26). 

The participants also reported their socio-

economic characteristics. They were also asked "On 
how many social networks do you have active 
accounts/profiles? (Facebook, Instagram, Twitter, 

Pinterest, Snapchat, WhatsApp, Tumblr, Youtube…)", 
and "How many different devices do you use to 
access these profiles (a home computer, laptop, 
mobile phone, tablet, workplace computer)?" 

Questionnaire completion took approximately 
15 minutes. Only fully completed questionnaires 
were returned to the authors. 

 
Measures 
 

To measure SNS addiction, the authors de-
cided to use the Bergen Facebook Addiction Scale 
(BFAS), which was modified so that it applied to all 
social networks and was adjusted to suit the needs 
of the Serbian language. The BFAS comprises six 
items covering the core features of behavioral ad-

dictions, measured by a five-point Likert scale (1 = 

very rarely or never, 2 = rarely, 3 = some-times, 4 
= often, 5 = very often), concerning experi-ences 
during the past year related to Facebook use (24, 
27). These 6 items reflect the six core elements of 
addiction: salience, tolerance, mood modification, 
relapse, withdrawal symptoms, and conflict:  
(1) Salience - the activity that become the most 

important in one’s life and dominates one’s thinking, 
feelings, and behavior;  
(2) Tolerance - increasing amounts of the activity 
are required to achieve previous effects;  
(3) Mood modification - the activity modifies mood; 
(4) Relapse - a tendency to revert to earlier patterns 

of the activity after absti-nence or control;  
(5) Withdrawal - the occurrence of un-pleasant 

feelings when the activity is discontinued or 
suddenly reduced; and  
(6) Conflict - the activity causes conflicts in relation-
ships, in work/education, and other activities. The 
reliability score of the BFAS in terms of Cronbach’s 

alpha rates this scale at 0.83. 
The DASS 42 is a set of three self-reporting 

scales designed to measure the negative emotional 
states of depression, anxiety, and stress. Each of the 
three scales contains 14 items divided into subscales 
of 2–5 items with similar content (25, 26). The 
respondents were asked to mark from 0 (none) to 3 

(mostly or almost always) the extent to which they 
experienced each of the listed conditions during the 
previous week. The score results of depression and 

anxiety were calculated by adding the points for 

each relevant scale. The result was then calculated 

for every respondent and for each of the subscales, 
according to the score matrix, and then evaluated as 
per the severity-rating index. The reliability scores in 
terms of Cronbach’s alpha rate the depression scale 
at 0.91, and the anxiety scale at 0.84. 

 
Statistical Analysis 
 
The statistical analysis was performed using 

the SPSS 17.0 program (SPSS Inc., Chicago, IL, 
USA) in Windows 7 Ultimate. The research results 
were presented in table form. 

The statistical analysis of the data included 
the application of descriptive tests and analytical 
parametric tests, as well as binary logistic regression 

tests. Descriptive statistics were calculated to report 
the analyses of the data that were presented as 
mean and standard deviations, median and mode. 
The categorical variables were shown as frequency 

and percentages. The independent t-test was used 
to compare the parametric variables between the 
genders. Pearson and Spearman correlation tests 
were used to determine the strength of the rela-
tionships between some general characteristics of 
the surveyed participants and 6 core components of 

SNS addiction. A binary logistic regression was used 
to estimate the odds ratios (ORs) and 95% con-
fidence intervals (CIs) of the independent and inter-
active relationships between several prediction vari-
ables, such as the number of active accounts/pro-
files, number of devices, and six core elements of 

addiction (salience, tolerance, mood modification, 

relapse, withdrawal symptoms, and conflict) and 
depression and anxiety. The statistical significance 
was set at p < 0.05. 

 
Ethics 
 
The study procedures were carried out in 

accordance with the Declaration of Helsinki, and the 
approval of the Ethical Committee of the Faculty of 
Medicine, University of Niš. All participants were 
informed about the study, and all provided informed 
consent via online system. 

 

Results 
 

The study included 1,405 participants, 688 
males (48.97%) and 717 females (51.03%). Parti-
cipants’ ages ranged from 19 to 69 years (Mean = 
34.77, SD = 8.12); with a median, as well as a 
mode of 35. 

An independent samples t-test showed a sig-
nificant age difference between the women (M = 
33.68, SD = 7.41) and men (M = 37.41, SD = 
9.10); t (1403) = -8.00, p < 0.001. However, the 
difference between the mean values (Mean dif-
ference = -3.73, 95% CI: -4.64 to -2.81) was very 
small (eta squared = 0.043). 

Of the 1,405 respondents, 289 (20.6%) only 
had a high school education, 158 of them (11.2%) 
had some higher education, and as many as 958 
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(68.2%) had graduated at or are currently attending 

university. 

Four or more active accounts/profiles on 
online social networks have 421 (30%) respondents, 

and four or more different devices (a home com-

puter, laptop, mobile phone, tablet, workplace com-

puter) are used to access these profiles by 114 
(8.11%) of them (Table 1). 

 
 
 

Table 1. Active accounts/profiles and devices with Internet connection of participants 

 

 n % Mean SD Median Mode 

Number of active accounts/profiles   2.91 1.56 3 2 

1 266 18.9     

2 400 28.5     

3 318 22.6     

4 and more 421 30.0     

Number of active devices   2.16 1.03 2 2 

1 344 24.5     

2 687 48.9     

3 260 18.5     

4 and more 114 8.1     

 
 
 
 

The scores of the BFAS 

 
The respondents' answers to five standard 

offered Likert scale questions are shown in Table 2. 
When we consider only answers "Often" and 

"Very often" in order to approach SNS addiction in a 

more measurable way for these 6 core components, 

then we get that Salience was present in 213 
participants (15.2%), Tolerance in 192 (13.7%), 
Mood modification in 111 (7.9%), Relapse in 231 
(16.4%), Withdrawal symptoms in 281 (20.0%), 
and Conflict in 75 participants (5.3%). 

 

 
 

Table 2. BFAS questions 
 

BFAS questions 

Very rarely 

or never 

n (%) 

Rarely 

n (%) 

Sometimes 

n (%) 

Often 

n (%) 

Very often 

n (%) 

Item 1 Salience 
320 

(22.8) 

476 

(33.9) 

396 

(28.2) 

183 

(13.0) 

30 

(2.1) 

Item 2 Tolerance 
249 

(17.7) 

495 

(35.2) 

469 

(33.4) 

150 

(10.7) 

42 

(3.0) 

Item 3 Mood modification 
474 

(33.7) 

473 

(33.7) 

347 

(24.7) 

69 

(4.9) 

42 

(3.0) 

Item 4 Relapse 
410 

(29.2) 

403 

(28.7) 

361 

(25.7) 

189 

(13.5) 

42 

(3.0) 

Item 5 Withdrawal symptoms 
502 

(35.7) 

436 

(31.0) 

186 

(13.2) 

230 

(16.4) 

51 

(3.6) 

Item 6 Conflict 
773 

(55.0) 

380 

(27.0) 

177 

(12.6) 

63 

(4.5) 

12 

(0.9) 

Salience BFASQ 1 - I spend a lot of time thinking about social networks, what I am missing when I do not use them,  
or plan how I will use them; 
Tolerance BFASQ 2 - I feel an overwhelming need to use social networks more and more; 
Mood modification BFASQ 3 - I use social networks to escape from personal problems or to repair a bad mood; 
Relapse BFASQ 4 - When I try to cut down the time spent on social networks, I fail; 
Withdrawal symptoms BFASQ 5 - I become restless/anxious or disturbed if I am denied or abruptly cut off from social 
networks; 
Conflict BFASQ 6 - I happen to use social networks to the extent that it adversely affects my job/ schooling (poor 
performance, poor concentration) or relationships with people (lie or argue in defense regarding the amount of time 
spent on or the way social networks are used). 
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The associations between some general cha-

racteristics of the surveyed participants and the 6 
components of SNS addiction were examined by a 
Pearson correlation coefficient (i.e., by Spearman’s 
rho rank correlation coefficient). Preliminary analy-
ses were conducted in order to check the assump-
tions of normality, linearity, and homogeneity of the 

variants. The following correlations were calculated 

(Table 3): 
It was found that only the Education level of 

the participants was significantly associated with 
almost all of the six core components of SNS 
addiction (p < 0.001), except for the Mood modifi-
cation. 

 
 
 

Table 3. Correlations between certain characteristics and 6 components of SNS addiction 
 

 Salience Tolerance 
Mood 

modification 
Relapse 

Withdrawal 
symptoms 

Conflict 

Age -.040 -.017 .010 -.049 -.052 -.008 

p .137 .514 .712 .066 .053 .760 

Number of active 
profiles .022 -.020 -.001 .018 -.010 .007 

p .410 .443 .978 .493 .708 .793 

Number of active 
devices -.005 -.025 -.006 .027 -.020 -.006 

p .848 .353 .808 .312 .461 .831 

Sex .042 .013 .003 -.053* .031 -.013 

p .113 .629 .908 .047 .253 .613 

Education level -.087** -.078** -.045 -.088** -.095** -.105** 

p .001 .003 .092 .001 .000 .000 

** Correlation is significant at the 0.01 level, and * at the 0.05 level. 

 

 
 

Table 4. The scores of depression, and anxiety with respect to participants’ gender 

 

Symptom Levels 

Depression Anxiety 

Total 
Male Female 

Total 
Male Female 

n % n % n % n % 

Normal 
n = 1.022 498 523 n = 883 507 419 

72.7% 72.3 72.9 62.8% 73.7 58.4 

Mild 
n = 132 85 59 n = 90 35 50 

9.4% 12.4 8.2 6.5% 5.1 6.9 

Moderate 
n = 137 85 62 n = 234 105 123 

9.8% 12.4 8.7 16.7% 15.3 17.2 

Severe 
n = 69 15 43 n = 99 31 58 

4.9% 2.2 6.0 7.0% 4.5 8.1 

Extremely severe 
n = 45 5 30 n = 99 10 67 

3.2% 0.7 4.2 7.0% 1.4 9.4 

Levels of depression: normal (0-9), mild (10-13), moderate (14-20), severe (21-27), extreme severe (28+);  

31 
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Levels of anxiety: normal (0-7), mild (8-9), moderate (10-14), severe (15-19), extreme severe (20+). 

The scores of depression and anxiety (DASS42) 

 
Moderate, severe, or extremely severe levels 

of depression symptoms were reported by 251 
respondents (17.9%) and "above mild" anxiety 
symptoms were reported by 432 (30.7%) res-
pondents (Table 4). 

 
Prediction of the Levels of Depression and 

Anxiety Based on the Parameters Related to the 
Social Networking Sites Addiction 

 
A binary logistic regression was conducted in 

order to estimate the effects of several factors on 

the probability that the participants would respond 
positively to questions about depression and anxiety. 
First, in SPSS we selected the "transform variable" 

into two answers option, classifying the scores on 
the DASS 42 into two categories, whereby the 
answers "normal" and "mild" were classified as NO, 
and the remaining three (moderate, severe, and ex-

tremely severe) were classified as YES. 
Then, similarly, the 6 components of SNS ad-

diction were binary regrouped (only answers "often" 

and "very often" were classified as YES). The model 

(a group of prediction variables - how well it predicts 
or explains the "outcome") contains 8 independent 
variables: the number of active accounts/profiles, 
number of devices, salience, tolerance, mood modi-
fication, relapse, withdrawal symptoms, and conflict. 

The whole model (along with all the predic-

tors) was statistically significant, namely: for depres-

sion: χ2 (8, N = 1405) = 209.271, p < 0.001; for 

anxiety: χ2 (8, N = 1405) = 306.641, p < 0.001. 

This indicates that the model distinguishes between 
those respondents who are, and those who are not 
sorted, so that they have some of the symptoms. 

The model explains between 13.8% (r2 Cox and 
Snell) and 22.7% (r2 Nagelkerke) of the variance in 
the existence of depression symptoms, and between 

19.6% (r2 Cox and Snell) and 27.7% (r2 Nagelkerke) 
of the variance in the existence of anxiety symp-
toms. The assumptions of collinearity and singularity 
were satisfied, and non-typical points were also 

checked. 
 

 
 
 

Table 5. Prediction of depression and anxiety symptoms related to the parameters of SNS addiction 

 

Independent Variables B df p OR 
95% CI for OR 

Lower Upper 

Depression Hosmer-Lemeshow test of goodness-of-fit (p = 0.730, for χ2 = 4.426, df = 7) 

Number of profiles -0.001 1 0.977 0.999 0.903 1.104 

Number of devices 0.013 1 0.868 1.013 0.872 1.177 

BFASQ 1(1) 0.220 1 0.323 1.246 0.806 1.927 

BFASQ 2(1) -0.336 1 0.178 0.715 0.439 1.165 

BFASQ 3(1) 0.599 1 0.016 1.820 1.117 2.965 

BFASQ 4(1) 0.397 1 0.044 1.487 1.010 2.191 

BFASQ 5(1) 1.452 1 < 0.001 4.270 3.042 5.993 

BFASQ 6(1) 2.330 1 < 0.001 10.275 5.841 18.075 

Constant -2.280 1 < 0.001 0.102 Correctly classified 84.3% 

Anxiety Hosmer-Lemeshow test of goodness-of-fit (p = 0.635, for χ2 = 6.106, df = 8) 

Number of profiles -0.061 1 0.169 0.941 0.863 1.026 

Number of devices -0.005 1 0.935 0.995 0.873 1.133 

BFASQ 1(1) -0.025 1 0.905 0.975 0.649 1.466 

BFASQ 2(1) 0.094 1 0.658 1.099 0.725 1.666 

BFASQ 3(1) 0.937 1 0.000 2.553 1.601 4.071 

BFASQ 4(1) 0.138 1 0.434 1.149 0.812 1.625 

BFASQ 5(1) 1.922 1 < 0.001 6.832 4.978 9.375 

BFASQ 6(1) 2.333 1 < 0.001 10.314 5.251 20.258 

Constant -1.315 1 < 0.001 0.268 Correctly classified 78.5% 

B - coefficient for the constant ("intercept") in the null model; OR - odds ratio; CI - Confidence interval. 
 
 
 

As Table 5 shows, four independent variables 

(mood modification, relapse, withdrawal symptoms, 
and conflict) provided a unique statistically signifi-
cant contribution to some of the two presented 

models. The strongest predictor of whether a res-

pondent had high levels of depression symptoms 
was conflict state, where the odds ratio was OR = 
10.28. This shows that respondents with higher 
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scores of a conflict component have symptoms of 

depression 10.28 times more often, with all the 

other factors in the model being equal. Also, it has 
been observed that depression symptoms are more 
common in those respondents with expressed with-
drawal symptoms (OR = 4.27), followed by mood 
modification (OR = 1.82), and with relapse (OR = 

1.49). 
Anxiety symptoms, similar to depression ones, 

are most present in those respondents with conflict 
state (OR = 10.31), in those with withdrawal symp-
toms (OR = 6.83), and then with mood modification 
(OR = 2.55). The number of active accounts/profiles 
and number of devices, as well as salience and 

tolerance, played no part in any of the cases. 

 
Discussion 

 
Of all 6 core components of SNS addiction, 

the highest prevalence was 20.0% for withdrawal 
symptoms. Symptoms of depression and anxiety 
were 4.3 times and 6.8 times greater, respectively, 
in those who were addicted, according to the ex-
pressed withdrawal symptoms. The prevalence 
among our respondents of measured higher values 
of the relapse state was 16.4% and of the mood 
modification state was 7.9%. Moderate, severe, or 
extremely severe levels of depression and anxiety 
symptoms were reported by 17.9% of the res-
pondents and by 30.7% of the respondents, res-
pectively. Symptoms of depression were 1.5 times 
greater in relapse symptoms and 1.8 times greater 
in those who were "addicted" according to expressed 
mood modification symptoms, and anxiety symp-
toms were 2.5 times greater for the mood modifica-
tion state. Although state of conflict showed the 
lowest prevalence rate (5.3%) compared to all the 
studied parameters, symptoms of depression and 
anxiety were most pronounced in the conflict state - 
about ten times greater in those who were 
"addicted" according to them. 

One of the problems the authors were most 
concerned with was how to measure addiction. Five 
standard offered Likert-type scale answers from the 
lowest to the highest, with the recommendation that 
the "medium" answer be considered (a liberal and a 
more conservative approach) (24), did not seem 
realistic to us. So, we raised the threshold for de-
termining addiction. We decided to approach the 
BFAS in a more practical way, by taking into account 
only answers "4" and "5" ("often" and "very often") 
to each of the six asked questions. We also con-
cluded that we could not, like for DASS 42, sum-
marize the points altogether on some indirect ques-
tions to get the final scores that could determine the 
degree of addiction. So, in the end, we decided to 
set some kind of "diagnosis" of the addiction, for the 
purposes of our research, by adding a dependency 
property to each of the 6 components if the values 
on the scale were "often" and "very often" (over-
use). In such a way it does not necessarily correlate 
with the other five components. Unfortunately, be-
cause with the existing instruments we cannot 
precisely measure SNS addiction, nor can we even 
classify it as such (21, 22), we can only consider the 

"reasonable suspicion of possibility" of being ad-
dicted. 

According to this study, SNS addiction con-
tributed to psychosocial disorders, increasing levels 
of depression and anxiety in the respondents. This 
finding supports previous researches (16, 20, 27-
31). The conceptualization of SNS addiction as a 
primary or secondary disorder is also in agreement 
with the findings from some previous research 
papers (19, 32-34). Mental health professionals 
should use these findings to develop intervention 
programs focused on improving the respondents’ 
well-being. For example, from a psychoanalytic point 
of view, each addiction has its matrix, but also 
causal overcompensation for a deep sense of lone-
liness and fear of loss. Often the cause may be the 
revitalization of the pattern we grew up with. It is 
characteristic that many addictions go hand in hand, 
or transform at different stages of life, and change. 
Cultural environments and aesthetics of living also 
initiate the content of addiction. 

Social network dependency, i.e. addiction, is 
more specific, as it floods the broader generational, 
intellectual, and social spectrum and creates a 
pattern by default, which becomes an automated, 
almost obsessive-compulsive form. What binds it to 
the classic forms of addiction is the aforementioned 
neurotic spectrum of symptomatology, but also a 
lifestyle that moves further away from that of the 
everyday, authentic, and leads to the creation of 
another, more secluded, often unreal, virtual reality. 

However, these findings certainly require ad-
ditional research, although other researchers have 
also reported that SNS addiction can influence the 
development of psychiatric disorders; it should be 
noted that the evidence of a true nature of a strong 
link between mental health disorders, and social 
network dependence, remains unclear (20, 33, 35, 
36). 

This is also supported by the findings of the 
study done among Indian students, which reported 
using of Internet more for social networking such as 
making new friends online or getting into relation-
ships online were risk factors associated with Inter-
net addiction (37). The students on average re-
ported spending 3.47 h/day online, with about two-
thirds of them using the Internet mainly for social 
networking. The main device used for accessing SNS 
was mobile phone for more than three-fourths of 
students. Physical impairments in the form of insom-
nia (26.8%), day time sleepiness (20%), and eye 
strain (19%) were also reported among problem 
users. In addition, it suggests that the use of SNS 
might be associated with faulty cognitions such as 
"Internet being a safe way of presenting oneself to 
others", or a coping behavior for alleviating low or 
dysphoric mood (37). 

More than half of individuals aged 16-74 used 
the Internet for social networking sites, and this 
percentage especially increases among the younger 
generations (38). Social networking sites have be-
come socialization tools that allow reaching infor-
mation and establishing networks with certain ori-
entation toward achieving specific goals (38). 

The main strength of this study is its large 
sample size and to the best of our knowledge, this is 
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the largest epidemiological study up-to-date on 
these issues in Serbia. Further, the study question-
naires were filled anonymously by the participants, 
which was done to encourage them to provide more 
truthful responses. 

One of the limitations is that the question-
naires were distributed exclusively through social 
networks. Therefore, the questionnaires were filled 
out on a voluntary basis only by those who wanted 
and who were otherwise users of these networks. 
This could also be an explanation of why the number 
of females was higher than the number of males 
included in the study. In addition, depression and 
anxiety disorders, representing a global mental 
health concern, are highly comorbid and have 
shared symptoms and familial risk, and there is 
much higher prevalence in women (39-40). Also, 
self-report measures may lead to different response 
biases, such as social desirability, or memory recall. 

 
Conclusion 
 
There is no doubt that there is a direct link 

between SNS excessive use and depression and 

anxiety. While these links may not be explicitly 
cause-effect, there is a justified assumption that 
overuse of social networks exacerbates these symp-
toms. Strategies for self-control and limited SNS use 
should be developed by public mental health pro-
fessionals. These strategies would be aimed at pre-
venting the emergence of excessive SNS use among 

heavy users and could provide a way for them to 
cope with mental health disorders related to this. 

The future will provide answers to both public 

health professionals and psychiatrists, psychologists, 

psychotherapists, regarding the direction of any 
measures taken to get out of such a "Pandora's 
box". Lifestyle balance and adjustments may be the 
conscious maneuver we will need. Before that, and 
certainly essential – is dealing with and recognizing 

the unconscious, essential sources of impulses that 
lead us to addiction. We must accept the fact that it 
is in the nature of people that adaptation to new 
concepts still has a time limit and that modern 
humans will enter a phase of more subtle and ba-
lanced interaction with what surrounds them. Until 
then, let us be aware that the new epoch, no matter 

how much we want it, also carries unprecedented 
mazes of danger. Additional researches, like longi-
tudinal studies, are warranted for further confirma-

tion of the findings from this study and to enhance 
our understanding about the same. 
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Čini se da je danas za mnoge najvažnije da imaju dobru profilnu sliku na društvenim 

mrežama. Shodno tome, postoji ozbiljna mogućnost da zavisnost od onlajn društvenih mreža 
može dovesti do psihosocijalnih i mentalnih poremećaja i drugih negativnih posledica u vezi sa 
zdravljem. Zato je cilj ove studije bio da se utvrdi veza između prekomerne upotrebe onlajn 
društvenih mreža sa simptomima depresije i anksioznosti. 

Ova studija preseka sprovedena je na Univerzitetu u Nišu, na Medicinskom fakultetu 
(Srbija) od septembra do decembra 2019. godine. Studijom je obuhvaćeno 1.405 učesnika i 
svi su procenjeni pomoću odgovarajućeg upitnika. Statistička analiza podataka uključivala je 
binarnu logističku regresiju. 

Najsnažniji prediktor za to da li neko ima visok nivo simptoma depresije bilo je stanje 
„sukoba“, gde je odnos verovatnoće (OR) bio 10,28 (95% CI: 5,84 – 18,08). Primećeno je to 
da su simptomi depresije takođe češći kod ispitanika sa izraženim simptomima „povlačenja“ 
(OR = 4,27; 95% CI: 3,04 – 6,00) i sa „promenom raspoloženja“ (OR = 1,82; 95% CI: 1,12 
– 2,96). Simptomi anksioznosti, slično kao kod depresije, najprisutniji su kod osoba sa 
konfliktnim stanjem (OR = 10,31; 95% CI: 5,25 – 20,26), kod onih sa simptomima povla-
čenja (OR = 6,83; 95% CI: 4,98 – 9,38), a zatim i kod onih sa promenom raspoloženja (OR 
= 2,55; 95% CI: 1,60 – 4,07). Broj aktivnih naloga/profila i broj uređaja, kao i istaknutost i 
tolerancija nisu imali ulogu ni u jednom slučaju. 

Ova studija pokazala je direktnu vezu između prekomerne upotrebe onlajn društvenih 
mreža i simptoma depresije i anksioznosti. Dalja detaljna istraživanja, posebno longitudinalna, 
potrebna su da bi se razumela suštinska priroda ovih veza. U svakom slučaju, zdravstveni 
radnici treba da skrenu pažnju javnosti, posebno mlađoj populaciji, na potrebu za ogra-
ničavanjem upotrebe društvenih mreža. 
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HER2-positive hormone-sensitive (HER2+/HR+) breast cancers have recently been 

singled out as a separate entity. It has been suggested that elevated estrogen receptor (ER) 
expression and/or activity may represent an avoidance mechanism or an alternative pathway 
leading to resistance to anti-HER2 therapy. 

The aim of the study was to examine the disease outcome as the clinical benefit rate 
(CBR), progression-free survival (PFS), and overall survival (OS), both in the group of patients 
with HER2-positive metastatic breast cancer treated with first-line systemic therapy of 
trastuzumab along with chemotherapy and in patients with different status of hormone 
receptors HR+/HER2+ (ER+ and/or PR+/HER2+) compared to HR-/HER2+ (ER-/PR-/HER2+). 

The study included 121 patients with pathohistologically confirmed HER2+ metastatic 
breast cancer treated with trastuzumab along with chemotherapy during 2017 and monitored 
until June 2020. 

The mean age of the patients was 55.45 ± 9.83 years. 53.7% of the patients were HR-
positive and 46.3% HR-negative. Progression-free survival was statistically significantly 
different regarding the HR status. Patients with HR- have longer PFS compared to patients with 
HR + (15 and 8 months, respectively). Patients with HR- tumors have a 62% lower risk of 
disease progression compared to HR+ tumors (HR 0.382; 95% CI 0.261-0.558, p < 0.001). 
The overall survival was statistically significantly different regarding the HR status (p = 0.034). 
Patients with HR- have longer survival compared to patients with HR+ (43 and 35 months, 
respectively). Hormone receptor negative tumors have a 43% lower risk of fatal outcome 

compared to hormone-sensitive tumors (HR 0.576; 95% CI 0.342-0.972, p = 0.039). 
Given that HR+/HER2- tumors have a poorer outcome with trastuzumab treatment, 

future clinical trials should focus on the combination of hormonotherapy and anti-HER2 therapy 
in this subtype of breast cancers. 
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Introduction 

 
Nowadays, breast cancer (BC) is a global 

problem given the fact that the incidence has 
suggested an epidemic and that the consequences 

affect all parts of society, starting from health, 
social, economic, as well as other factors. Breast 
cancer accounts for 25% of the total malignancy of 
the female population, i.e. it participates with 15% 
in mortality due to its malignancy in women (1). 

HER2-positive breast cancer is characterized 

by a biologically aggressive clinical course, shorter 

progression-free survival, and shorter overall survi-
val compared to HER2-negative breast cancer (2, 
3). The discovery of efficient anti-HER2 therapies, 
new monoclonal antibodies that block the HER2 sig-
nalling pathway more effectively, which significantly 

prolonged the survival of HER2-positive breast can-
cers with a median of 56 months, is a historic result 
in the treatment of metastatic breast cancer (4). 
Trastuzumab is the first monoclonal antibody to be 
approved for the treatment of metastatic breast 
cancer, and in the last decade several more mono-
clonal antibodies, as well as small molecules of tyro-

sine inhibitors, have been approved (5). 
HER2-positive hormone-sensitive (HER2+/ 

HR+) cancers have recently been singled out as a 



Estrogen receptor as a resistance mechanism to trastuzumab                                                                       Ana Cvetanović et al. 

39 

separate entity. It has been suggested that elevated 

estrogen receptor (ER) expression and/or activity 

may represent an avoidance mechanism or an alter-
native pathway leading to resistance to anti-HER2 
therapy (6, 7). Therefore, to see a potential role of 
ER as one of the mechanisms of resistance to 
trastuzumab, different HER2-positive breast cancer 

cell lines with de novo or acquired resistance after 
trastuzumab administration were examined. It has 
been observed that with constant inhibition of HER2 
receptors, ER represents an alternative pathway by 
which HER2-positive cell lines proliferate and sur-
vive. The results of these cell line studies indicated 
that a more efficient blockade of these signalling 

pathways through the inhibition of both signalling 
pathways, HER2 and ER (8, 9), is necessary. 

Studies conducted in early and locally ad-

vanced HER2-positive breast cancer have shown a 
correlation between the hormone receptor (HR) sta-
tus and the efficacy of anti-HER2 therapy (10, 11). 
If the expression of hormone receptors, especially 

ER, is one of the mechanisms of resistance to trast-
uzumab and if this study shows that HR+/HER2+ 
patients treated with standard trastuzumab and che-
motherapy have a worse disease outcome, i.e. 
shorter progression-free survival and overall survival 
compared to HR-/HER2+, it will indicate that further 

strategy of treatment of this subgroup of patients 
and further clinical research should focus on the 
combination of anti-HER2 and hormonotherapy that 
could represent a new standard in treatment. Hence, 
with the use of anti-HER2 and hormonotherapy, the 
use of cytostatic therapy would be avoided or re-

duced. In case the combination proves effective, it 

would improve the outcome of the disease and 
reduce toxicity, which would be a significant contri-
bution to the treatment of such an aggressive sub-
type of breast cancer. 

 
The aim 
 

The aim of the study was to examine the 
disease outcome as the clinical benefit rate (CBR), 
progression-free survival (PFS), and overall survival 
(OS), both in the group of patients with HER2-po-
sitive metastatic breast cancer treated with systemic 
administration of trastuzumab with chemotherapy, 

as well as in patients with different status of hor-
mone receptors HR+/HER2+ (ER+ and/or PR+/ 

HER2+) compared to HR-/HER2+ (ER-/PR-/HER2+). 
In addition, the study aimed to examine the 

differences in the disease outcome (PFS and OS) be-
tween patients with ER-positive receptors and ER-
negative ones, as well as patients with PR-positive 

receptors and PR-negative ones. 
 
Patients and methods 
 
The study was conducted as a prospective ob-

servational study at the Oncology Clinic, Clinical 
Centre Niš. The study included 121 patients with 

pathohistologically verified HER2+ metastatic breast 
cancer treated with trastuzumab and chemotherapy 
during 2017 and monitored until June 2020. 

The study involved patients with de novo 

diagnosed with HER2-positive metastatic breast can-

cer or with metastatic breast cancer after the di-
sease-free interval of previously treated early or 
locally advanced breast cancer. 

The inclusion criteria were as follows: patients 
≥ 18 years, ECOG performance status 0-2 (12), not 

receiving chemotherapy or targeted molecular ther-
apy for the treatment of metastatic disease, disease 
measurability according to RECIST 1.1. criteria (13), 
appropriate haematological and biochemical para-
meters, left ventricular ejection fraction (LVEF)        
˃ 50%. The exclusion criteria involved: metastatic 

spinal cord compression, symptomatic, untreated 
but actively progressive CNS metastases, rapid vis-
ceral progression, and severe cardiovascular di-
sease. 

Patients with metastatic breast cancer diag-
nosed after disease-free interval received:Paclitaxel 
at a dose of 175 mg/m2 intravenously (i.v.) once in 

three weeks (3qw) or docetaxel at a dose of 80-100 
mg/m2i.v. once in three weeks, a total of 6-8 cycles 
concurrently with trastuzumab 600 mg subcutane- 
ously (s.c.) once in three weeks. After the com-
pletion of chemotherapy, trastuzumab was adminis-
tered at the same dose of 600 mg s.c. once in three 

weeks until the disease progression or unacceptable 
toxicity. 

The following therapy was prescribed as 
premedication with paclitaxel: Amp.Dexason 20 mg 
i.v., Amp.Synopen 20 mg i.v., Amp.Ondasan 8 mg 
i.v., Amp.Bensedin 5 mg i.m. 

The following therapy was prescribed as 

premedication with docetaxel a day before therapy, 
on the day of therapy, and a day after therapy: 
Dexason 8 mg in the morning and in the evening 
with Ranisan 150 mg in the morning and in the 
evening per os. 

Patients with de novo diagnosed metastatic 
breast cancer first received anthracycline-based 

chemotherapy given that the indications of the 
Health Insurance Fund of the Republic of Serbia 
allow the use of trastuzumab as first-line treatment 
of HER2-positive metastatic breast cancer after the 
administration of anthracycline in combination with 
taxanes. This group of patients first received 4 

cycles of chemotherapy according to the AC/EC 
protocol every 3 weeks (Doxorubicin 60 mg/m2 or 
Epirubicin 90 mg/m2i.v. day 1 in combination with 

Cyclophosphamide 600 mg/m2i.v. day 1). The cycles 
are repeated every 3 weeks. 

After the completion of anthracycline-based 
therapy, the above-described trastuzumab therapy 

in combination with taxanes was administered. 
Before the onset of therapy, the cardiovas-

cular status of each patient was assessed by echo-
cardiographic examination with ejection fraction (EF) 
and ECG findings, and a complete blood test was 
done. 

 

Statistical data processing 
 
The data are presented in the form of the 

arithmetic mean and standard deviation, i.e. in the 
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form of absolute and relative numbers. The length of 

the overall survival (OS) and progression-free 

survival (PFS) was calculated and compared with 
parameters examined by the Kaplan-Meier curve 
and a log-rank test. The univariate Cox regression 
analysis was used to calculate the hazard ratio (HR) 
of the tested predictor variables. The hypothesis was 

tested with a significance threshold of p < 0.05. 
Statistical data processing was performed in the 
software package SPSS 16.0. 

Progression-free survival (PFS) is defined as 
the time from the onset of the administration of 
systemic trastuzumab to disease progression or fatal 
outcome without disease progression. 

Overall survival (OS) is defined as the time 
from the onset of the administration of systemic 
trastuzumab to fatal outcome caused by any reason, 

or last control check-up. 
The clinical benefit rate (CBR) is the percent-

age of patients who achieved complete remission 
(CR) + partial remission (PR) + stable disease (SD). 

It was necessary to make a record of the 
exact date of the first trastuzumab therapy, as well 
as the exact date of disease progression, fatal out-
come (if occurred), or the last control follow-up. 

 

Results 

 

The study included 121 patients, mean age 
55.45 ± 9.83 years (min 29 years, max 75 years). 
The majority of the examined subjects were in meno-
pause - 82 subjects (67.8%), 23 subjects (19.0%) 
were not in menopause, whereas there was no data 

for 16 subjects (13.2%). 
In most patients, HER2 was determined only 

from the primary tumor (86.8%). In less than 
15.0% of the patients, HER2 was determined other-
wise, from metastatic tumor biopsy samples or loco-
regional recurrences (Table 1). 

In the examined population, most patients 

were initially diagnosed in stage IV of the disease 
(43.8%), whereas 56.2% represented a relapse of 
previously treated breast cancer (Graph 1). 

Fifty-nine patients (48.8%) had ER-positive 
receptors, and 48 patients (39.7%) had PR-positive 
receptors. Fifty-three point seven percent of the 
patients were HR-positive and 46.3% were HR-

negative (Graph 2). 
 
 
 

 

 
 

Table 1. Determination of HER2 status 

 

HER2 determined from Number % 

Primary tumor 105 86.8 

Metastasis sample 1 0.8 

Recurrence 5 4.1 

Metachronous primary tumor 2 1.7 

Primary tumor and metastasis sample 7 5.8 

Primary tumor and recurrence 2 1.7 

Total 121 100.0 

 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
Graph 1. The initial stage of the disease in the studied population 
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Graph 2. Distribution of ER, PR receptors and HR+/- in the studied population 

 
 
 

 
Response to administered therapy 
 
In the follow up period, most patients achi-

eved partial remission of the disease (38.0%), 
followed by stable disease (31.4%), and disease 
progression (22.3%). Complete remission was 

achieved in less than 10.0% of the monitored popu-
lation (8.3%). The clinical benefit rate was 77.7% 
(Table 2). 

The distribution of the achieved response con- 

cerning HR- and HR+ was statistically signifi-cantly 
different (p = 0.005). Stable disease was found in 
25.0% HR- and 36.9% HR+. Partial remission de-
veloped in 53.6% HR- and 24.6% HR+. Complete 
remission was present in 8.9% HR- and 7.7% HR+. 
(Table 3). 

The clinical benefit rate was statistically sig-
nificantly higher in patients with HR- compared to 
HR+ (p = 0.029). (Graph 3). 

 
 
 

 
Table 2. Achieved response to administered therapy 

 

Achieved response Number % 

Stable disease 38 31.4 

Partial remission 46 38.0 

Disease progression 27 22.3 

Complete remission 10 8.3 

Total 121 100.0 

 

 
 

Table 3. Achieved response regarding HR status 

 

Achieved response 
HR- HR+ 

p 
n % n % 

Stable disease 14 25.0 24 36.9 0.005 

Partial remission 30 53.6 16 24.6  

Disease progression 7 12.5 20 30.8  

Complete remission 5 8.9 5 7.7  

Clinical benefit rate 49 87.5 45 69.2 0.029 
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Graph 3. Clinical benefit rate in HR+ and HR- patients 

 
 

 

Treatment outcome - progression-free survival 
and overall survival 

 
The average duration of the disease-free 

interval, progression-free survival and the overall 
survival in months is shown in Table 4. 

The average time of the disease-free interval 

in the studied population was 11 months, and the 

mean duration of progression-free survival was sta-
tistically significantly different regarding the HR sta-
tus. Patients with HR- have longer PFS compared to 
patients with HR+ (15 and 8 months, respectively). 
Patients with HR- tumors have a 62% lower risk of 
disease progression compared to HR+ tumors (HR 
0.382; 95% CI 0.261-0.558, p < 0.001) (Graph 4). 

 
 
 

Table 4. Disease-free interval, progression-free survival and overall survival in the studied population (in months) 

 

Time (months) AS ± SD Min-Max 

Disease-free interval 48.01 ± 21.57 19.00-134.00 

Progression-free survival 11.36 ± 6.64 3.00-36.00 

Overall survival 29.26 ± 12.63 6.00-66.00 

 
 
 

 
Graph 4. Kaplan-Meier curve of PFS regarding the HR status 

p = 0.029 
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Progression-free survival was statistically sig-

nificantly different regarding the status of PR and ER 

receptors (p < 0.001 and p < 0.001, respectively). 
PR- have longer PFS compared to PR+ (13 and 8 
months, respectively), i.e. they have a 59% lower 
risk of disease progression compared to PR+ recep-
tors (HR 0.415; 95% CI 0.282-0.611, p < 0.001). 

Estrogen receptor-negative tumors (ER-) have 
longer PFS compared to estrogen receptor positive 
ones (ER+) (14 and 9 months, respectively), i.e. a 
56% lower risk of disease progression (HR 0.439; 
95% CI 0.302-0.639, p < 0.001 ) 

Overall survival was statistically significantly 

different regarding the HR status (p = 0.034). HR- 

patients have longer survival compared to HR+ 

patients (43 and 35 months, respectively). Hor-
mone-insensitive tumors have a 43% lower risk of 
fatal outcome compared to hormone-sensitive tu-
mors (HR 0.576; 95% CI 0.342-0.972, p = 0.039) 
(Graph 5). 

In contrast to the duration of progression-free 
survival associated with the status of PR and ER, 
which was longer in ER- and PR-, no statistically 
significant difference in survival was found in ER+  
(p = 0.070) or PR+ (p = 0.291) in comparison to 
negative receptors. 

 

 
 

 
 

Graph 5. Kaplan-Meier curve of OS regarding the HR status 

 
 
 
 

Discussion 

 
After thorough processing and obtaining the 

results of this prospective study, the monoclonal 
antibody trastuzumab in combination with taxane-
based chemotherapy has proved to be highly effi-
cient and safe first-line therapy for metastatic HER2-
positive breast cancer. 

The aim of this study was to examine the 
disease outcome as the clinical benefit rate (CBR), 
progression-free survival (PFS) and overall survival 
(OS) in the entire group of patients with HER2-po-
sitive metastatic breast cancer treated with systemic 
administration of trastuzumab in combination with 
chemotherapy, as well as to examine differences in 
the disease outcome (CBR, PFS, and OS) between 
patients with different hormone receptor status 
HR+/HER2+ (ER+ and/or PR+/HER2+) versus HR-
/HER2+ (ER-/PR-/HER2+). Given that a number of 
clinical studies have addressed this issue, our results 

will be compared primarily with two pivotal studies 
that introduced this combination of trastuzumab and 
taxanes into clinical practice, and afterward with 
smaller studies that examined the efficacy of this 
combination. 

In the entire studied population, the overall 
response rate (ORR) was 46.3%, whereas the clini-
cal benefit rate (CBR) was 77.7% with the highest 
percentage of partial remission (PR) - 38%, followed 
by stable disease (SD) - 31% and complete remis-
sion (CR) - 8%. This rate is slightly lower than in a 
pivotal study by Marty et al. which compared the 
efficacy of combining docetaxel with trastuzumab to 
trastuzumab alone. The results of this study showed 
that the ORR was 61% and the CBR was 88% in the 
combined group because the partial remission rate 
was 54%, which  was higher than in our study, 
whereas the complete remission rate of 7% was 
comparable to our results (14). 
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When talking about the objective response 
rate (ORR), our results are also comparable to the 
results of a pivotal study by Slamon et al. which 
compared the efficacy of combining chemotherapy 
(paclitaxel or anthracycline) with trastuzumab to 
first-line paclitaxel alone in metastatic HER2-positive 
breast cancer. In their HO648g study, the ORR was 
50% in the combined therapy group, whereas in the 
paclitaxel and trastuzumab group it was 42% with 
8% CR and 34% PR, which is consistent with our 
results (5, 15). The results of these two pivotal 
studies incorporated the trastuzumab-taxane com-
bination into clinical practice. They showed that PFS 
and OS were significantly longer in combination with 
trastuzumab compared to chemotherapy alone. 

Progression-free survival was 11.7 months in 
the docetaxel group and 7 months in the paclitaxel 
group. Progression-free survival in our study 
amounted to 11 months, which is comparable, but 
also better compared to the results of pivotal trials. 

Overall survival in the entire group of patients 
was 29 months, which is between the results of 
pivotal studies in which it amounted to 31 months in 
the docetaxel group and 25 months in the docetaxel 
with paclitaxel group. This result was expected given 
that our patients received both paclitaxel and doce-
taxel (5, 14, 15). 

The main aim of our study was to examine 
the differences in the disease outcome (CBR, PFS, 
OS) between patients with different hormone recep-
tor status HR+/HER2+ (ER+ and/or PR+/HER2+) 
compared to HR-/HER2+ (ER-/PR-/HER2+). 

Resistance to trastuzumab has been intensi-
vely tested in recent years since it has been ob-
served that not all HER2-positive cancers have the 
same benefit from anti-HER2 therapy. About 75% of 
breast cancers express ER and/or PR and belong to 
the group of hormone-sensitive cancers. About half 
of HER2-positive cancers express both ER and/or 
PR. In vitro and in vivo models suggest that there is 
a cross-talk of these two signalling pathways,which 
affects the response to therapy and treatment 
outcome of this group of patients. 

It has recently been hypothesized that in-
creased ER expression and/or activity may represent 
an avoidance mechanism or an alternative pathway 
leading to resistance to anti-HER2 therapy. For this 
reason, to realize the potential role of ER as one of 
the resistance mechanisms to trastuzumab, different 
HER2 positive breast cancer cell lines with de novo 
or acquired resistance to trastuzumab have been 
examined. It has been observed first in cell cultures 
that with constant inhibition of HER2 receptors, ER 
represents an alternative pathway by which HER2 
positive cells proliferate and survive. In HR+/HER2+ 
cell lines in which the HER2 pathway was inhibited 
by lapatinib or the lapatinib/trastuzumab combina-
tion, resistance occurred via the ER signalling path-
way which became the main promoter of cell growth 
and survival (8, 16). Other preclinical studies have 
shown that this response to anti-HER2 blockade is 
enhanced if fulvestrant hormonotherapy is added to 
lapatinib or trastuzumab (17). Studies on mice have 
shown that double blockade of HER2 and ER sig-
nalling pathways by different combinations of anti-
HER2 and hormonotherapy (lapatinib, trastuzumab, 

pertuzumab, gefitinib, tamoxifen, aromatase inhibi-
tors) induce the best response to therapy in 
HER2+/HR+ breast cancer (18-22). 

Regarding metastatic HER2+ breast cancer, 
there is little data on the difference in the efficacy of 
anti-HER2 therapy in luminal and non-luminal tu-
mors. However, these data, as well as the results of 
our study, suggest that ER or PR expression may be 
one of the mechanisms of trastuzumab resistance. 
In metastatic HER2+ breast cancer, no study that 
tested the efficacy of anti-HER2 therapy in combina-
tion with first-line chemotherapy was designed to 
add hormonotherapy to anti-HER2 therapy as main-
tenance therapy until disease progression after the 
discontinuation of chemotherapy in the group with 
luminal tumors. 

For that reason, there are no clear clinical 
recommendations, but based on the presented 
findings, it is assumed that the blockade of both 
signalling pathways would be a good treatment 
strategy in this subgroup of patients. 

In our population of studied patients, there 
were 65 (53.7%) HR-positive and 56 (46.3%) HR-
negative patients. PFS was statistically significantly 
different regarding the HR status (p < 0.001). 
Patients with HR- had longer PFS compared to 
patients with HR+ (15 and 8 months, respectively). 
PFS statistically significantly differed regarding PR 
and ER receptors (p < 0.001 and p < 0.001, res-
pectively). PR- patients had longer PFS compared to 
PR+ ones (13 and 8 months). ER- patients had 
longer PFS compared to ER+ ones (14 and 9 
months, respectively). Overall survival was statisti-
cally significantly different concerning the HR status 
(p = 0.034). Patients with HR- had longer survival 
compared to patients with HR+ (43 and 35 months, 
respectively). Overall survival did not differ statisti-
cally significantly regarding PR (p = 0.291) and ER 
receptors (p = 0.070) alone. 

Brufsky et al. conducted a retrospective anal-
ysis to record differences in treatment outcome in 
patients with HR-positive and HR-negative tumors in 
metastatic HER2-positive cancer treated with trast-
uzumab as monotherapy or in combination with 
chemotherapy. This analysis included patients from 
three clinical studies: the already described phase III 
of the pivotal study by Slamon et al. which showed 
the efficacy of the combination of paclitaxel with 
trastuzumab in first-line treatment (469 patients), 
then a study by Cobleigh et al. in which trastuzumab 
was tested as monotherapy in the second and third 
line of treatment (222 patients), as well as the 
phase II study in which trastuzumab was tested in 
the first line of treatment in standard and escalated 
doses with 114 patients. A total of 269 out of 596 
patients (45%) had HR+/HER2+ tumors, whereas 
255 out of 596 patients (43%) had HER2+/HR- 
tumors. In phase III pivotal study (H0648g), the 
ORR and TTP were similar in the trastuzumab and 
chemotherapy group for patients with HR+ and HR-
tumors (ORR, 58% vs 51%; TTP, 7.6 vs 7.3 months, 
respectively). Overall survival was longer in the 
group with hormone-sensitive tumors (29.4 and 
24.1 months, respectively) compared to the group 
with HR- tumors, which is contrary to our results. 
The hormone receptor status affected neither the 
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efficacy of trastuzumab as first-line monotherapy 
regarding the objective response to therapy (ORR 
33% [95% CI, 20%-50%] vs 34% [95% CI 20.5% 
-50%] for HR-positive and HR-negative tumors, res-
pectively) nor overall survival (OS 24.5 vs 20.5 
months, for HR-positive and HR-negative tumors). 
The efficacy of trastuzumab in the second and third 
line of treatment was similar in terms of the hor-
mone receptor status (5, 23-25). 

Montemurro et al. conducted a retrospective 
analysis with 227 patients from 11 institutions 
treated with trastuzumab with chemotherapy in 
metastatic HER2-positive breast cancer. Out of a 
total of 227 patients, 49% had a hormone-sensitive 
tumor. High ER expression (more than 30% of cells) 
was associated with less benefit from the combina-
tion of trastuzumab and chemotherapy (HR 0.422;  
p = 0.009). In patients with HR+ tumors (1% of tu-
mor cells), hormone therapy added to trastuzumab 
as maintenance therapy after the completion of 
chemotherapy was associated with significant bene-
fit in PFS compared to cases in which it was not 
added (HR 0.521; 95% Cl, 0.3325-0.836; p = 
0.007) (26). In our study, only 16 patients received 
hormone therapy as maintenance therapy and it 
was shown that the administration of hormone 
therapy in combination with trastuzumab in HR+ 
patients had a statistically significant effect on PFS 
(15 and 6 months, respectively, p < 0.001). So far, 
no study has been designed to confirm this concept, 
however, retrospective data, as well as data from 
preclinical and neoadjuvant and adjuvant treatment 
studies suggest the efficacy of this combination. 

Another retrospective analysis was conducted 
on patients treated at the University Hospital in Italy 
(Udine) from January 2004 to July 2012 from all 
subtypes of metastatic breast cancer treated with 
multiple lines of therapy, i.e. a maximum of 4 lines. 
Patients with luminal A and HER2-positive tumors 
had the best prognosis. Regarding HER2-positive tu-
mors, HR+ tumors had a better treatment outcome 
compared to HR-ones (OS: 55.3 and 26.0 months, 
respectively; PFS: 17.5 and 8.1 months, respecti-
vely). Patients with non-visceral bone metastases 
had a better treatment outcome in comparison to 
patients with liver or lung metastases (27). In our 
study, patients with visceral metastases had statisti-
cally significantly longer PFS compared to those with 
non-visceral metastases (p = 0.018), nevertheless, 
overall survival did not differ substantially (p = 
0.638). 

In the largest prospective observational study 
registHERcarried out in the United States, a sub-
analysis was done on 530 patients (out of 1023) 
who were HER2-positive and HR-positive. Progres-

sion-free survival (PFS) and overall survival (OS) 
were the primary aim. HR+/HER2+ patients treated 
in the first line of metastatic breast cancer with the 
combination of trastuzumab and hormonotherapy 
had significantly longer PFS compared to those who 
received only hormonotherapy (13.8 and 4.8 months, 
respectively; HR 0.37, 95% CI: 0.22–0.60). Com-
pared to patients treated with trastuzumab and 
chemotherapy in the first line of treatment, patients 
treated with trastuzumab with chemotherapy and 
hormonotherapy had longer PFS (20.4 and 9.5 
months, respectively, HR:0.53, 95% CI:0.42–0.68) 
and a significantly lower risk of fatal outcome 
(HR:0.50, 95% CI:0.36-0.70). Sequential admini-
stration of chemotherapy with hormonotherapy 
showed greater benefit on overall survival compared 
to concurrent administration (HR:0.48, 95% CI:0.26 
-0.89). The conclusion of this analysis, which 
actually reflects real world data, was that dual block-
ade of both ER and HER2 signalling pathways, with 
or without chemotherapy, was clearly associated 
with benefits in treatment outcome, i.e. longer PFS 
and OS compared to anti-HER2 therapy alone (28). 

 
Conclusion 
 
Based on the results of the conducted study 

in the entire group of patients with HER2-positive 

metastatic breast cancer treated with systemic trast-
uzumab with chemotherapy in the first line of treat-
ment, it was concluded that the outcome of treat-
ment (CBR, PFS, OS) was statistically significantly 
different regarding the HR status. Patients with HR- 
have longer PFS compared to patients with HR+ (15 

and 8 months, respectively), as well as longer OS 

(43 and 35 months, respectively). Hormone-insensi-
tive tumors have a 43% lower risk of fatal outcome 
compared to hormone-sensitive tumors (HR 0.576; 
95% CI 0.342-0.972, p = 0.039). 

Previous results indicate that results related 
to the influence of the hormone receptor status on 
the outcome of trastuzumab treatment in metastatic 

HER2-positive breast cancer are inconsistent. The 
question is whether the combination of anti-HER2 
therapy with hormonotherapy without the admini-
stration of chemotherapy is a good treatment strat-
egy. In metastatic HER2+ breast cancer, no study 
examining the efficacy of anti-HER2 therapy in com-

bination with first-line chemotherapy has been de-
signed so that after the discontinuation of chemo-

therapy, in the luminal tumor group, hormone ther-
apy is added to anti-HER2 therapy as maintenance 
therapy to disease progression. Therefore, future 
clinical research should be focused in that direction. 
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HER2 pozitivi hormonosenzitivni (HER2+/HR+) karcinomi od nedavno se izdvajaju kao 

poseban entitet. Postoji pretpostavka da povišena ekspresija i/ili aktivnost estrogen receptora 
(ER) može predstavljati mehanizam izbegavanja ili alternativni put koji dovodi do rezistencije 
na anti-HER2 terapiju. 

Cilj rada bio je ispitati ishod bolesti kao stopu kliničke koristi (CCR – Clinical benefit 
rate), vreme do progresije bolesti (PFS) i ukupno preživljavanje (OS), kako u celoj grupi 
bolesnica sa HER2 pozitivnim metastatskim karcinomom dojke lečenih sistemskom primenom 
trastuzumaba uz hemioterapiju, tako i između bolesnica sa različitim statusom hormonskih 
receptora HR+/HER2+ (ER+ i/ili PR+/HER2+) u odnosu na HR-/HER2+ (ER-/PR-/HER2+). 

Studijom je obuhvaćena 121 bolesnica sa patohistološki verifikovanim HER2+ meta-
statskim karcinomom dojke, koje su lečene tokom 2017. godine, primenom trastuzumaba sa 
hemioterapijom i praćene sve do juna 2020. godine. 

Prosečna starost bolesnica bila je 55,45 godina ± 9,83 godine. HR pozitivno bilo je 
53,7% bolesnica, a HR negativno 46,3% bolesnica. Vreme do progresije bolesti statistički se 
značajno razlikuje u odnosu na status HR. Bolesnice sa HR- imaju duži PFS u odnosu na 
bolesnice sa HR+ (15 meseci prema 8 meseci). Bolesnice sa HR- tumorima imaju za 62% niži 

rizik od progresije bolesti u odnosu na HR+ tumore (HR 0,382; 95%CI 0,261 — 0,558; p < 

0,001). Ukupno preživaljavanje statistički se značajno razlikuje u odnosu na status HR (p = 
0,034). Bolesnice sa HR- imaju duže preživljavanje u odnosu na bolesnice sa HR+ (43 meseca 
prema 35 meseci). Hormononesenzitivni tumori imaju za 43% manji rizik od smrti u odnosu 

na hormonosenzitivne tumore (HR 0,576; 95%CI 0,342 — 0,972; p = 0,039). 

S obzirom na to da HR+/HER2– tumori imaju gori ishod lečenja trastuzumabom, 
buduća klinička ispitivanja bi trebalo da budu usmerena na kombinaciju hormonoterapije i 
anti-HER2 terapije kod ovog podtipa karcinoma. 
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Xanthine oxidase (XO) is a versatile metalloflavoprotein enzyme that is best known for 

its rate-limiting role in the purine degradation pathway. Therapeutic inhibition of XO is based on 
its role in a variety of diseases that is attributed either to the hyperproduction of uric acid, or 
the hyperproduction of reactive oxygen species. Herein, we report the assessment of XO 
inhibitory properties of 24 1,2,3,4-tetrahydroisoquinoline derivatives, among which compound 
16 exhibited IC50 value of 135.72 ± 2.71 µM. The interaction of compound 16 with XO enzyme 
was simulated using the Site Finder module, molecular docking and molecular dynamics. 
Molecular modeling suggests that interactions with Met 1038, Gln 1040, Thr 1077, Gln 1194 

and Val 1259 are an important factor for inhibitor affinity toward the XO enzyme. Our proposed 
binding model might be beneficial for the discovery of new active 1,2,3,4-tetrahydroisoquino-
line-based inhibitors of XO enzyme. 
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Introduction 
 

Xanthine oxidoreductase (XOR) is a versatile 
molybdopterin-containing flavoprotein enzyme that 
exists in two interconvertible forms, xanthine oxi-
dase (XO) and xanthine dehydrogenase (XDH) (1). 
The enzyme is best known for its rate-limiting role in 
the purine degradation pathway, where it catalyzes 
oxidative hydroxylation of hypoxanthine and xan-

thine, subsequently producing uric acid (2, 3). Dehy-
drogenase form is predominant in healthy tissues, 

while conversion to XO occurs in pathological con-

ditions, after XDH proteolysis or oxidation of some of 
its sulfhydryl residues (1). Superoxide anion radical 
and hydrogen peroxide that are generated as the 
byproducts of enzyme activity are responsible for 
oxidative stress which usually accompanies elevated 

XO activity. The role of XO in diseases is attributed 
either to the hyperproduction of uric acid, or the 
hyperproduction of reactive oxygen species. There-
fore, pharmacological inhibition of xanthine oxidase 
is proven to be invaluable for the treatment of 
hyperuricemia and gout in the first place, but might 

also be beneficial for plethora of conditions, such as 
cholecystitis, hemorrhagic shock, ischemia-reperfu-
sion injuries, hypercholesterolemia and carcinogene-
sis (4). 

Given the broad therapeutic potential of XO 
inhibitors, the aim of the current study was to 
assess a group of 24 1,2,3,4-tetrahydroisoquinoline 

derivatives for potential inhibitory properties against 
XO and to perform molecular docking and molecular 
dynamics simulation on active compounds, in order 
to elucidate key structural features responsible for 
XO inhibitory activity. 

 
Materials and methods 

 
Compounds 
 
The synthesis of 24 1,2,3,4-tetrahydroiso-

quinoline derivatives was preformed according to the 
description in our previous study (5). 
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Evaluation of xanthine oxidase inhibition 

 

Compounds were studied for inhibitory pro-
perties against bovine milk xanthine oxidase. Spec-
trophotometric measurement of uric acid formation 
at 293 nm was used for in vitro evaluation of en-
zyme inhibition, as described in our previous studies 

(6, 7). Initially, all compounds were assayed at a 
concentration of 150 µM, while those inhibiting more 
than 50% of enzyme activity were subsequently 
tested in a broader concentration range to allow for 
IC50 determination. Allopurinol was used as a posi-
tive control. All experiments were performed in tri-
plicate and averaged. 

 
Ligand preparation 
 

Examined inhibitor was generated using the 
builder panel in the Molecular Operating Environ-
ment (MOE) 2019.0101 software (8). Using the MOE 
LigX module, partial atomic charges were ascribed 

and possible ionization states were generated at a 
pH of 7.0. The MMFF94x force field was used for 
optimization and the resulting structure was used for 
modeling studies. Conformational search was carried 
out by MOE LowModelMD method which performs 
molecular dynamic perturbations along with low 

frequency vibrational modes with energy window of 
7 kcal/mol, and conformational limits of 1000. 

 
Receptor preparation 
 
The X-ray crystallographic structure of XO 

enzyme (PDB code: 1N5X), retrieved from the Pro-

tein Data Bank, was prepared using the Structure 
Preparation process in MOE. After the correction, hy-
drogens were added and partial charges (Gasteiger 
methodology) were calculated. Energy minimization 
(AMBER14:EHT, RMS gradient: 0.100) was perfor-
med. 

 

Binding site selection 
 
The Site Finder module of the MOE was used 

to identify possible ligand-binding sites within the 
optimized structure of XO enzyme. Hydrophobic or 
hydrophilic alpha spheres served as probes denoting 

zones of tight atom packing. These alpha spheres 
were utilized to define and rank potential ligand-

binding sites according to their propensity for ligand 
binding (PLB) score, which was based on the amino 
acid composition of the pocket (9). 

 
Docking protocol 

 
The molecular docking study was performed 

using the MOE to understand the ligand/protein 
interactions in detail. The default Triangle Matcher 
placement method was used for the induced fit 
docking. GBVI/WSA dG scoring function which esti-
mates the free energy of binding of the ligand from 

a given pose was used to rank the final poses. The 
ligand/protein complex with lowest relative binding 

free energy (ΔG) score was selected for further 

study. 

 
Molecular dynamics simulation 
 
The molecular dynamics simulation of com-

pound 16 on XO enzyme, was carried out using the 

Desmond Molecular Dynamics System (Desmond) 
2018.4 software (10). The structure of the added 
water was based on the simple point charge (SPC) 
solvent model. The system was neutralized with Na+ 
ions to balance the net charge of the whole simula-
tion box to neutral. The final system contained ap-
proximately 123,000 atoms. The system was passed 

through a 6-step relaxation protocol before molecu-
lar dynamics simulations. The relaxed system was 
simulated for 10 ns, using a normal pressure tempe-

rature (NPT) ensemble with a Nosé–Hoover thermo-
stat at 300 K and Martyna–Tobias–Klein barostat at 
1.01325 bar pressure. Atomic coordinate data and 
system energies were recorded every 1 ps. The root 

mean square deviation (RMSD) and root mean 
square fluctuation (RMSF) of the inhibitor/XO en-
zyme complex were analyzed with respect to the 
simulation time. 

 
Results and discussion 

 
Previously synthetized 1,2,3,4-tetrahydroiso-

quinoline derivatives (5) were assayed for potential 
in vitro XO inhibitory properties. Among 24 tested 
compounds (Table 1), IC50 value below 150 µM was 
observed only in the case of 16 (135.72 ± 2.71 µM). 
Analysis of structural features of active compound 
16 and its closest inactive analog 17 indicate to 7,8-
dimethoxy substitution on 1,2,3,4-tetrahydroiso-
quinoline core as a probable cause for the lack of XO 
inhibitory properties of 17. Identified active com-
pound 2-(4-fluorophenyl)-1,2,3,4-tetrahydroisoquino-
line-1-carbonitrile (16) was subjected to docking 
studies and molecular dynamics simulation with the 
goal to provide insight into the key structural featu-
res required for its XO inhibitory activity. 

By combining a novel and highly effective 
algorithm for rapid binding-site evaluation with 
easy-to-use property visualization tools, Site Finder 
provides researchers with efficient means to identify 
and characterize binding sites (9). The results from 
the Site Finder analysis highlighted that catalytic 
residues like Gln 767, Glu 802, Arg 880, Phe 914, 
Phe 1009 and Glu 1261 (11, 12) constituted the top-
ranked binding pocket of XO enzyme (Table 2, 
Figure 1). 

The intermolecular contacts between exam-
ined inhibitor and XO enzyme were analyzed using 
the ligand interaction diagram of MOE suite (Table 3, 
Figure 2). It illustrates the existence of hydrogen 
bond and pi-H interactions. Additionally, the bond 
distances, bond energy and binding free energy be-
tween the inhibitor and receptor atoms were also 
examined (Table 3). The molecular docking high-
lighted the importance of Met 1038, Gln 1040, Thr 
1077, Gln 1194 and Val 1259 in the formation of 
inhibitor/XO enzyme complex (Table 3, Figure 2). 
Observed interactions between 16 and non-catalytic 



Acta Medica Medianae 2021, Vol.60(1)                            Xanthine oxidase inhibitory properties of 1,2,3,4-tetrahydroisoquinoline... 

50 

residues (Table 3, Figure 2), are similar to molecular 
interplay involving non-purine XO inhibitors (13-16). 
Some of recently synthesized pyrazole derivatives 
were found to inhibit XO enzyme via Met 1038, Gln 
1040 and Gln 1194 residues (13). Furthermore, 
inhibitory effect of verbascoside on XO activity, can 
be attributed to the formation of hydrogen bond 

with Gln 1194 residue (14). Moreover, molecular 
simulation revealed that newly synthesized hesperi-
din derivatives interacted with XO residues Met 
1038, Gln 1040, Thr 1077, Gln 1194 and Val 1259 
(15). Additionally, molecular docking revealed that 
1,4-dicaffeoylquinic acid interacted with XO enzyme 
via Gln 1040 and Thr 1077 residues (16). 

 
 
 
 

Table 1. In vitro XO inhibitory activity of 1,2,3,4-tetrahydroisoquinolines 

 

 

Compd. R1 R2 R3 R4 IC50 values (µM) ± SD 

 1 H CH2COCH3 H H > 150 

 2 H CH2COCH3 OCH3 OCH3 > 150 

 3 Ph CH2COCH3 H H > 150 

 4 Ph CH2COCH3 OCH3 OCH3 > 150 

 5 Ph CH2COCH2CH3 H H > 150 

 6 Ph CH2COCH2CH3 OCH3 OCH3 > 150 

 7 Ph CH2COPh H H > 150 

 8 Ph CH2COPh OCH3 OCH3 > 150 

 9 Ph 2-oxocyclohexane H H > 150 

10 o-Me-Ph CH2COCH3 H H > 150 

11 p-F-Ph CH2COCH3 H H > 150 

12 p-F-Ph CH2COCH3 OCH3 OCH3 > 150 

13 p-F-Ph CH2COCH2CH3 H H > 150 

14 p-F-Ph CH2COCH2CH3 OCH3 OCH3 > 150 

15 p-F-Ph CH2COPh H H > 150 

16 p-F-Ph CN H H 135.72 ± 2.71 

17 p-F-Ph CN OCH3 OCH3 > 150 

18 p-F-Ph 2-oxocyclohexane H H > 150 

19 p-F-Ph 2-oxocyclohexane OCH3 OCH3 > 150 

20 p-Me-Ph CH2COCH3 H H > 150 

21 p-Me-Ph CH2COPh H H > 150 

22 p-Me-Ph CH2COPh OCH3 OCH3 > 150 

23 p-Me-Ph CH2COCH2CH3 OCH3 OCH3 > 150 

24 p-Me-Ph CN OCH3 OCH3 > 150 
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Table 2. Summary of the top five inhibitor-binding sites in XO 

 

Site Size PLB Hyd Side Residues 

1 172 1.31 49 95 

Gln 112, Cys 150, Gln 767, Gly 796, Gly 797, Phe 798, Gly 

799, Glu 802, Leu 873, Ser 876, Arg 880, Ala 910, Phe 911, 

Arg 912, Gly 913, Phe 914, Phe 1005, Ser 1008, Phe 1009, 

Thr 1010, Val 1011, Leu 1014, Met 1038, Gly 1039, Gln 1040, 

Gly 1041, Leu 1042, Lys 1045, Pro 1076, Thr 1077, Ala 1078, 

Ala 1079, Ser 1080, Val 1081, Ser 1082, Thr 1083, Ile 1190, 

Asp 1191, Gln 1194, Gly 1197, Lys 1257, Ala 1258, Val 1259, 

Gly 1260, Glu 1261 

2 98 0.87 35 63 

Cys 662, Val 663, Ile 696, Thr 697, Ile 698, Glu 699, Tyr 735, 

Gly 738, Gln 739, Asp 740, His 741, Asp 832, Met 833, Leu 

834, Ile 835, Thr 836, Gly 837, Gly 838, Arg 839, Pro 841, Asn 

866, Asn 904, Leu 905, Ser 906, Asn 908, Leu 1211, Tyr 

1213, Ser 1214, Pro 1215, Gly 1217, Ser 1218, Leu 1219, Thr 

1221, Arg 1222 

3 101 0.68 20 60 

His 614, Asp 651, Glu 652, Thr 653, Thr 661, Cys 662, Val 

663, Gly 664, His 665, Ile 666, Pro 693, Ala 694, Ile 695, Ser 

706, Tyr 708, Arg 804, Leu 807, Leu 834, Ile 835, Thr 836, 

Gly 837, Gly 868, Asn 869, Ser 870, Arg 871, Lys 902, Thr 

903, Asn 904, Ser 906, Ser 907 

4 185 0.59 51 95 

Gln 62, Ile 66, His 67, Phe 68, Ser 69, Ser 123, Thr 126, Leu 

127, Asn 130, Gln 131, Glu 137, Glu 138, Asp 141, Ala 142, 

Gln 144, Ala 304, Ser 306, Ser 307, Glu 309, Lys 310, Leu 

313, Arg 328, Leu 331, Glu 332, Leu 334, Arg 335, Trp 336, 

Lys 340, Gln 341, Lys 343, Ser 344, Leu 548, Gln 550, Lys 

551 

5 95 0.54 34 63 

Leu 952, Asn 956, Gln 957, Arg 958, Leu 959, Glu 960, Gly 

961, Ser 963, Pro 1136, Asn 1137, Leu 1138, Asn 1148, Phe 

1150, His 1151, Tyr 1152, Phe 1153, Tyr 1155, Asp 1181, Gly 

1183, Cys 1247, Pro 1248, Asn 1249, Lys 1250, Lys 1251, Lys 

1257 

 
 
 
 
 

 
 

Figure 1. The top ranked XO binding site, represented by a grey-red surface map 
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Table 3. Summary of the 16 interactions with protein residues in XO 

 

Inhibitor 
Inhibitor 

atoms 

Protein 

residue 

Inhibitor-Protein 

Interactions 

Distance 

(Å) 

E 

(kcal/mol) 

ΔG binding 

(kcal/mol) 

16 

C10 Met 1038 H-donor 4.29 -0.3 

-8.36 

C12 Gln 1194 H-donor 3.06 -0.5 

N19 Thr 1077 H-acceptor 3.47 2.2 

6-ring Gln 1040 pi-H 4.41 -0.2 

6-ring Val 1259 pi-H 4.64 -0.4 

 
 
 
 

 
 

Figure 2. 3D/2D view of compound 16 (A, B) bound in the active site of XO.  
The polar part of the active site is shown as a pink surface, hydrophobic part as a green surface,  

while the solvent exposed part is shown as a red surface. 

 
 
 
 

The study was further extended to assess the 
stability of 16/XO enzyme complex through the 
molecular dynamics simulation. The RMSD and RMSF 
plots for XO enzyme and examined inhibitor showed 
that docking complex was stable during entire simu-
lation period (Figures 3-4). The RMSD for Cα, side 

chains and heavy atoms remained within the limit of 
2 Å. The similar situation was noted for RMSF 
values. The obtained results indicated small struc-
tural rearrangements, less conformational changes 
and confirmed stability of 16/XO enzyme complex 
(17). 

 
 
 
 

 
 

Figure 3. RMSD (A) and RMSF (B) plot of XO, obtained during the course of 10 ns molecular dynamics simulation 
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Figure 4. RMSD (A) and RMSF (B) plot of compound 16,  
obtained during the course of 10 ns molecular dynamics simulation 

 
 
 
 

Conclusion 
 
A series of 24 1,2,3,4-tetrahydroisoquinoline 

derivatives were screened for potential XO inhibitory 

properties. Among them, only compound 16 (IC50 = 
135.72 ± 2.71 µM) exhibited IC50 value below 150 
µM, and was further subjected to molecular docking 
and molecular dynamic simulation. Molecular model-
ing suggests that interactions with Met 1038, Gln 
1040, Thr 1077, Gln 1194 and Val 1259 are an 
important factor for inhibitor affinity toward the XO 

enzyme. Observed interactions with non-catalytic 
residues, might be beneficial for the discovery of 
new active 1,2,3,4-tetrahydroisoquinoline-based in-
hibitors of XO enzyme. 
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Ksantin oksidaza (XO) je metaloflavoproteinski enzim, koji je najpoznatiji po svojoj 

ulozi ograničavanja brzine razgradnje purinskih nukleotida. Terapijska inhibicija XO zasniva se 
na njenoj ulozi u brojnim bolestima, koje su povezane bilo sa hiperprodukcijom mokraćne 
kiseline ili hiperprodukcijom reaktivnih kiseoničnih vrsta. U ovom radu izvršeno je ispitivanje 
sposobnosti inhibicije XO 24 derivata 1,2,3,4-tetrahidroizohinolina, od kojih je jedinjenje 16 
pokazalo IC50 vrednost od 135,72 µM ± 2,71 µM. Interakcija jedinjenja 16 sa XO enzimom 
simulirana je korišćenjem Site Finder modula molekularnog dokinga i molekularne dinamike. 
Molekulsko modelovanje ukazuje na to da su interakcije sa Met 1038, Gln 1040, Thr 1077, 
Gln 1194 i Val 1259 važan faktor postojanja afiniteta inhibitora prema XO enzimu. Naš 

predloženi model vezivanja mogao bi biti od značaja za razvoj novih aktivnih inhibitora XO 
zasnovanih na 1,2,3,4-tetrahidroizohinolinskom heterociklusu. 
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The aim of this study was to analyze injuries to the primary teeth and adjacent soft 

tissues in relation to the gender and age of injured children, type of injury, place, and 
mechanism of injury. The study enrolled 115 children (71 boys and 44 girls) managed at the 
Dentistry Clinic, Faculty of Medicine, University of Niš, in the period 2009-2019. The information 
about the type of injury, place, and mechanism of injury were obtained from the medical 
records of the patients aged 1-5 years. Our analysis established that there were statistically 
significantly (p < 0.05) more injured boys (61.74%) than girls (38.26%). Subluxation was the 
most common primary teeth injury, present in 60 (52.17%) children and was statistically 

significantly more prevalent compared to other injuries (p < 0.001). Of the injuries to the 
adjacent soft tissues, laceration was statistically significantly more common than other soft 
tissue injuries (p < 0.001). Children were most commonly injured at their homes (52.17%), 
and rarely in their day nurseries (3.48%). Falling was the most common cause of injuries 
(63.48%). Based on the obtained results, a conclusion may be drawn that boys were more 
commonly injured compared to girls, and that falls were the most common cause. Injuries 
usually occurred at the age of about 2 years. Subluxation was the most common injury, and 
children usually got injured at their own home. 
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Introduction 
 
The modern way of life has been increasingly 

exposing children to various injuries, so that injuries 
to the teeth and adjacent soft tissues are becoming 
more and more common. Any damage to the 

structure of dental tissues and their supporting 

apparatus, in any degree, disturbs the function of 
mastication, cosmesis, and produces speech diffi-
culties, which stresses the significance of the prob-
lem. Injuries to the primary teeth usually occur be-
tween the 3rd and 4th year of life (1-4). In that 

period of their development, children have a strong 
urge to explore their immediate environment, and 
because of their insufficiently developed motoric 
skills, inability to properly assess imminent danger-
ous situations, lack of control of the impulses, and 
unawareness of the consequences of their actions, 
they are more susceptible to various injuries. The 

causes of dental injuries at that age are diverse, and 

the most common are falls while running or playing, 
as well as collisions with various objects. In addition 
to teeth, soft tissues of the orofacial region may be 
injured as well. 

Due to great elasticity of the bone and weak-

ness of the periodontal ligament, injuries to perio-
dontal tissues are much more common with primary 
teeth compared to permanent ones (3, 5). Avulsions 
of the primary teeth in children aged under 2 years 
are especially common – in that period the growth of 
the dental roots is not yet completed. 

Since in pediatric populations traumas are 

mostly the consequence of falls or these are injuries 
acquired while playing, it is very difficult to prevent 
them. It is not at all uncommon that injuries to the 
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teeth are the reason for the child's first visit to the 

dentist (6). Injuries to the teeth and adjacent soft 

tissues are not only a physical and psychological 
trauma for the child, but for the parents as well. An 
adequate approach and treatment by the dentist is 
essential in such situations. 

 

The aim 
 
Our aim in the paper was to analyze injuries 

to the primary teeth and adjacent soft tissues in 
relation to the gender and age, type, place, and 
mechanism of injury. 

 

Materials and methods 
 
The information about the type, place, and 

mechanism of injury were obtained from the medical 
records of patients aged 1-5 years, therapeutically 
managed at the Dental Clinic in Niš in the period 
2009-2019. The study involved 115 children (71 

boys and 44 girls). We analyzed the type of tooth 

injury, gender and age distribution, as well as the 

cause and place where the injury oocurred. Tooth 

injuries were classified according to the Andreasen 
and Andreasen classification (7), while injuries to the 
adjacent soft tissues were categorized as lacera-
tions, contusions, abrasions and swellings. 

The obtained data were statistically processed 

(Chi square test) and presented in tables. 
The study was conducted according to the 

World Medical Association's Declaration of Helsinki 
and approved by the Ethical Committee of the 
Faculty of Medicine, University of Niš. 

 
Results 

 
The study enrolled 115 children with diag-

nosed injuries to the primary teeth and adjacent soft 

tissues. The number of male children (n = 71; 
61.74%) was statistically significantly higher than 
that of female children (n = 44; 38.26%) (p < 0.05) 
(Graph 1). 

 
 
 
 

boys

girls

 
 

Graph 1. Prevalence of injuries by gender 

 
 

 
 

The sample was inhomogenous related to the 
place of occurrence of tooth injuries (p < 0.001). 
Children most commonly got injured at their homes 
(60 examinees; 52.17%), and injuries in children 
day care institutions (kindergartens) were the rarest 

(4 examinees; 3.48%). As the place where children 
got injured, home was statistically more common 
compared to all other places individually (p < 0.001). 
Girls statistically significantly more commonly got 
injured in the street than boys (p < 0.05) (Table 1). 

The sample was not uniform as to the mecha-
nism of injury either (p < 0.001). Children most 

commonly got injured by falling (73 examinees; 
63.48%), which was statistically significantly more 

common compared to injuries inflicted by punching 
and bicycle injuries each (p < 0.001) (Table 2). 

The most common periodontal soft tissue 
injury was laceration (31 children; 26.96%), being 
statistically significantly more common than abra-

sions or swellings each (p < 0.001). Lacerations 
were most common in boys, and contusion was per 
a single examinee more common compared to 
laceration in girls. Contusions were statistically sig-
nificantly more common in girls than in boys (p < 
0.05) (Table 3). 

The most common injury to the primary teeth 

was subluxation (60 children; 52.17%), being more 
common than any other reported injury (p < 0.001) 
(Table 4). 

boys (71) 
61.74% 

girls (44) 
38.26% 
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Since the prevalence of fractures was 

relatively low, their prevalence by the factor of class 

was low too. There were no statistically significant 

differences in the prevalence of fracture classes 

between the studied groups (Table 5). 

 
 
 
 

Table 1. Place of injury 

 

Place of injury Male gender Female gender Total 

Home 39 54.93% 21 47.73% 60 52.17% 

Backyard 17 23.94% 6 13.64% 23 20.00% 

Park 7 9.86% 7 15.91% 14 12.17% 

Street 5 7.04% 9 20.45% * 14 12.17% 

Day care (kindergarten) 3 4.23% 1 2.27% 4 3.48% 

Total 71 100.00% 44 100.00% 115 100.00% 

*p < 0.05 

 
 
 
 

Table 2. Mechanism of injury 

 

Mechanism of injury Male gender Female gender Total 

Bicycle 10 14.08% 10 22.73% 20 17.39% 

Falling 47 66.20% 26 59.09% 73 63.48% 

Punches 14 19.72% 8 18.18% 22 19.13% 

Total 71 100.00% 44 100.00% 115 100.00% 

 
 
 
 

Table 3. Types of injuries of periodontal soft tissues 

 

Type of soft tissue injury Male gender Female gender Total 

Laceration 18 25.35% 13 29.55% 31 26.96% 

Contusion 11 15.49% 14 31.82% * 25 21.74% 

Abrasion 7 9.86% 1 2.27% 8 6.96% 

Swelling 7 9.86% 4 9.09% 11 9.57% 

* p < 0.05 

 
 

 
 

Table 4. Type of primary teeth injury 

 

Type of primary teeth injury Male gender Female gender Total 

Subluxation 39 54.93% 21 47.73% 60 52.17% 

Intrusion 18 25.35% 10 22.73% 28 24.35% 

Extrusion 10 14.08% 7 15.91% 17 14.78% 

Lateral  luxation 11 15.49% 10 22.73% 21 18.26% 

Avulsion 7 9.86% 8 18.18% 15 13.04% 

Fracture 6 8.45% 4 9.09% 10 8.70% 
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Table 5. Injuries to the hard dental tissue and the pulp 

 

Dg of primary teeth injury Male gender Female gender Total 

Enamel fracture 2 2.82% 3 6.82% 5 4.35% 

Uncomplicated crown fracture 2 2.82% 0 0.00% 2 1.74% 

Complicated crown fracture 3 4.23% 1 2.27% 4 3.48% 

 

 
 
 

Discussion 
 
Numerous studies worldwide have suggested 

that modern lifestyles lead to increasingly more 
common injuries to the orofacial region. Injuries to 
the primary teeth and adjacent soft tissue have got 
a prominent place among them (4, 8). This study 
analyzed a sample of children with injuries to the 
primary teeth and adjacent soft tissue who visited 
the Dentistry Clinic for that reason. However, we 
should bear in mind that the number of injured 
children is most probably higher, since the children 
with small-scale injuries probably have not visited 
any doctor at all. Moreover, primary teeth usually 
draw less attention than permanent teeth and con-
sequences of injuries to the primary teeth are 
usually perceived as less serious. In view of the fact 
that many teeth injuries were managed outside the 
Dentistry Clinic in out-patient clinics and in privately 
owned clinics, it can be assumed that this study 
cannot be taken to account for the number of 
injuries in the studied period. 

Numerous studies have shown that primary 
teeth injuries are more prevalent in boys (9-16). 
Our results were similar – 61.74% of the injured 
were male children. However, Carvalho et al., in 
1998, have shown in their study that injuries to the 
primary teeth are more common in girls. This could 
be explained by the fact that boys and girls aged up 
to 5 years are equally exposed to the risk of injury, 
since their activities and games are similar to a 
point. 

Analyzing the results for examinees in differ-
ent age groups, it was established that injuries were 
rare in children under 1 year of age (only 0.87%), 
which agreed with the available literature data (17) . 
In some studies it has been found that the pre-
valence of primary teeth injuries in children is 
highest in the period from 3 to 5 years of age (2, 
15). In our study, these injuries most commonly 
occurred at the age of 2 years (30.43%). It is the 
period of onset of independent walking, making the 
risk of traumas rather high – although they start to 
walk independently, without support of others, their 
movement coordination is still inadequate. 

This study showed that periodontal tissue in-
juries were much more frequent than injuries to 
hard dental tissues. Other authors have got similar 
results (3, 9, 18). Subluxation was the most com-
mon injury. Many authors have also indicated sub-
luxation as the most common injury of the primary 
dentition (2, 4, 9, 18). The root of the primary teeth 
is shorter, with usually incomplete growth or with 
already started resorption, the crown is short and 

chunky and it is harder to break it, so that injuries to 
the supporting dental tissues are more frequent. The 
reason for more common injuries to periodontal 
tissues in primary dentition is the number and di-
stribution of periodontal fibers and greater elasticity 
of the alveolar bone. 

Bearing in mind that injuries to the primary 
and permanent dentition occur in different places, 
with different mechanisms of injury, under the 
action of different forces and objects and that these 
differ among particular age groups, it can be said 
that the etiology of tooth injury is very complex and 
depend on a multitude of interactions of different 
factors and circumstances. Home is the predominant 
place where dental injuries occur (as high as 
52.17%). Other authors have come to the similar 
results (3, 19-21). Male examinees were slightly 
more frequently injured at home. Children were 
rarely injured in kindergartens (3.48%), in contrast 
to the data presented by Skaare and Jacobsen, who 
reported a high rate of injuries in kindergartens (2, 
22). Injuries were the consequence of insufficiently 
developed motoric abilities of children of that age. 
Other authors have come to the similar results (9, 
13, 18, 23, 24). 

Falling was the most common cause of injury 
(63.48% of cases) and slightly more in boys 
(66.20%) compared to girls (59.09%). There are 
certain differences among the studies as to the most 
common causes of dental traumas, although falling 
is still the predominant cause (9, 13, 18-21, 23) . 

The research of Eyuboglu et al. has shown 
that 50% of injuries to the primary teeth were 
associated with periodontal tissue injuries (25). The 
most common soft tissue injury was laceration 
(26.96%). Since lacerations are associated with 
visible bleeding, the parents were thus scared the 
most and were highly motivated to visit dentists on 
that account. This did not exclude the possibility that 
other soft tissue injuries were present in even higher 
proportions, but they simply passed unnoticed due 
to their much less dramatic clinical picture, so that 
parents thought it was not necessary to visit their 
dentists. 

Since injuries occur in children from their 
earliest age, they represent a very difficult and un-
pleasant experience for both the injured children and 
their parents. These injuries can disturb the func-
tions of mastication, speech and communication, 
and disrupt cosmesis of a child in the period of its 
most intense physical and psychological growth and 
development, which further stresses the significance 
of these injuries. 
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Conclusion 
 

Based on the obtained results, a conclusion 

may be drawn that: 
 dental injuries in the primary dentition are 

more common in boys; 
 dental injuries in the primary dentition are 

most common in the age of about 2 years; 
 periodontal injuries are much more common 

than injuries to the hard dental tissue; 
 lacerations are the most common soft tissue 

injuries; 
 falls are the most common cause of dental 

injury in pediatric populations. 
In childhood, teeth injuries are mostly the 

consequence of falls and playing, being thus very 

difficult to prevent. Therefore, it is not uncommon 

that these injuries are the reason for the child's first 

visit to a dentist. These traumas do not represent 
just a disruption of physical tissue integrity – these 
are also psychological traumas for both the injured 
children and their parents. An adequate approach by 
the dentist is thus essential in circumstances such as 

these. 
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Cilj rada bio je da se izvrši analiza povreda mlečnih zuba i okolnih mekih tkiva, u 

odnosu na pol i uzrast povređenih ispitanika, vrstu povrede i mesto i način povređivanja. 
Ispitivanjem je obuhvaćeno 115 dece (71 dečak i 44 devojčice), koja su zbrinuta na Klinici za 

stomatologiju Medicinskog fakulteta Univerziteta u Nišu, u periodu od 2009. do 2019. godine. 
Podaci o vrsti povrede i mestu i načinu povređivanja dobijeni su iz traumatoloških kartona 
bolesnika, uzrasta od 1 godine do 5 godina. Analizom je utvrđeno da je statistički značajno 
više (p < 0,05) bilo povređenih dečaka (61,74%) nego devojčica (38,26%). Najčešća povreda 
mlečnih zuba je subluksacija, koja je prisutna kod 60 (52,17%) dece i statistički je značajno 
zastupljenija u odnosu na ostale povrede (p < 0,001). Od povreda okolnih mekih tkiva, 
laceracija je statistički značajno zastupljenija od ostalih povreda mekih tkiva (p < 0,001). 
Deca su se najčešće povređivala u kući (52,17%), a najređe u vrtiću (3,48%). Najčešći uzrok 
povrede je pad (63,48%). Na osnovu dobijenih rezultata može se zaključiti da su se dečaci 
više povređivali od devojčica i da je najčešći uzrok povrede pad. Povrede su se najčešće 
događale u uzrastu oko 2. godine života. Od svih povreda najzastupljenija je bila subluksacija, 
a deca su se najćešće povređivala u kući. 
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The aim was to quantify the presence of professional stressors in public companies and 

to analyze their effect on temporary and permanent working ability of workers with arterial 
hypertension. The research included 500 workers with arterial hypertension, without other 
diseases or disorders, employed in public companies. The exposed group consisted of 350 
workers with arterial hypertension, exposed to occupational stress index (OSI) above 50 points. 
The control group was composed of 150 workers with arterial hypertension, without stressors in 
their workplaces (OSI under the 50 points). The exposed group showed a significantly higher 
level of total OSI and high demands stressor index, conflict index, underload and time limit 
index, compared to control group (p < 0.001). The analysis of temporary working inability 
determined statistically significant higher level of lost workdays per worker in the exposed 
group compared to the control group (p < 0.05). Average number of lost workdays per worker 
(temporary working disability) in the exposed group in one year increased with statistical 
significance along with OSI values at their workplace (p < 0.001). In the exposed group, the 
number of workers who qualify for disability retirement (permanent working disability) over a 
period of one year was significantly higher compared to control group (p < 0.05). The number 
of workers who qualify for disability retirement in the exposed group increased with statistical 
significance along with OSI values at their workplace (p < 0.001). Occupational stress is a 
significant factor of reduction of temporary and permanent work ability of exposed workers with 
arterial hypertension. 
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Introduction 
 
Occupational stress is constantly expanding 

and it represents a significant risk factor of exposed 
workers (1, 2, 3). Workers who are under stress 
smoke more, eat irregularly, consume alcohol and 
drugs more often, they are less motivated to work, 
have problems with colleagues and family, they are 
more prone to diseases and work injuries. The most 
common occupational stressors are work load, dead-

lines, shifts and night hours, changes in time zones, 
job dissatisfaction, insufficient or significantly low 

participation in decision-making, conflicts, emotional 
demands at work, physical factors of working envi-
ronment, work force management, job monotony 

and promotion opportunities (4). 
 
Aim of the study 
 
The aim was to quantify the total occupational 

stress level and presence of specific groups of occu-

pational stressors and to analyze their effect on 

temporary and permanent work ability of workers 
with arterial hypertension. 

 
Methodology 
 
The research included 500 workers with arte-

rial hypertension without the presence of other dis-
eases and disorders, employed in public companies. 
The exposed group was composed of 350 workers 
with arterial hypertension, exposed to occupational 
stress index (OSI) above 50 points. The control 
group was composed of 150 workers with arterial 
hypertension, without stressors in their workplaces 

(OSI under the 50 points).  
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Standardized questionnaire was used to ana-

lyze the presence and intensity of some occupational 

stressors and total Occupational Stress Index (OSI) 
which represents the total stress load in occupatio-
nal environment, as well as stress load caused by 
some occupational stressor groups. The standard-
ized questionnaire by Karen Belkic (5) was used in 

which occupational stressors are classified into 7 
groups (high demands, strictness, conflicts, under-
load, exposure to danger, time limit and exposure to 
noxious agents). Using statistical significance tests 
(t-test, chi-square test, correlation tests) we ana-
lyzed and compared the levels of occupational stress 
indexes and number of work days lost per worker 

during one year (temporary working disability) and 
the number of workers who qualify for disability 
retirement (permanent working disability) during the 

same year in exposed and control group. 
 
Results 
 

The exposed group had a significantly higher 
level of total OSI and index of stressors from the 

group classified as high job demands, conflicts, 

underload and time limit, compared to the control 

group (p < 0.001) (Table 1). 
The analysis of temporary work inability in 

exposed and control group determined significantly 
higher level of lost workdays per worker in the ex-
posed group compared to control group (p < 0.05) 

(Table 2). Average number of lost workdays per 
worker in the exposed group increased with statis-
tical significance with respect to OSI values at the 
workplace (p < 0.001) (Table 3). Within one year, 
the exposed group had a significantly higher number 
of people who qualify for disability retirement, com-
pared to the control group (p < 0.05) (Table 4). The 

number of workers with the right to disability retire-
ment in the experimental group increased with res- 
pect to OSI at their workplaces (p < 0.001) (Table 

5). 
 
 
 

 
 
 
 

Table 1. The values of occupational stressors index in workers from exposed and control group 

 

Stressor 
Control group (n = 150) Exposed group (n = 350) 

P 
X  SD X  SD 

High demands 15.02 4.25 17.65 4.24 < 0.001 

Strictness 13.68 5.23 13.86 5.34 n.s. 

Conflicts 11.21 2.18 15.81 4.11 < 0.001 

Underload 9.07 3.43 12.15 3.34 < 0.001 

Exposure to danger 9.19 4.35 9.25 6.54 n.s. 

Time limit 4.21 1.9 5.83 1.27 < 0.001 

Exposure to noxious factors 7.18 4.02 7.62 4.92 n.s. 

Total OSI 69.57 3.58 82.57 3.12 < 0.001 

n.s. = difference is not significant 

 
 
 

 
Table 2. Average number of lost workdays of workers from exposed and control group 

 

Number of lost 

workdays 

Exposed group Control group 
P 

N X  SD N X  SD 

350 63.25 6.21 150 36.12 3.12 < 0.05 

 
 
 
 

Table 3. Average number of lost workdays during one year in the exposed group with respect to the OSI level 

 

OSI values N 
Number of lost workdays Statistical significance 

among subgroups X  ± SD 

50.0 to 67.0 117 43.20 ± 3.17 

p < 0.001 
67.1 to 80.0 114 59.92 ±  4.61 

80.1 to 97.0 119 86.15 ± 7.18 

Total 350 63.25 ± 6.21 

 



Acta Medica Medianae 2021, Vol.60(1)                               The effect of occupational stressors in public companies on temporary... 

65 

Table 4. Number of workers who qualify for disability retirement for a period of  
one year in the exposed and control group 

 

Fulfilled the right 

to disability 

retirement 

Exposed group Control group 
P 

N number % N number % 

350 34 9.71 150 1 0.66 p < 0.05 

 
 
 
 

Table 5. Number of workers who qualify for disability retirement in the exposed group with respect to OSI level 

 

OSI values N 

Workers who qualify for 

disability retirement 
Statistical significance 

among subgroups 
number % 

50 to 67.0 117 2 1.71 

p < 0.001 
67.1 to 80.0 114 8 7.02 

80.1 to 97.0 119 24 20.17 

Total 350 34 9.71 

 
 
 
 
 

Discussion 

 
The results of this research have shown that 

occupational stressors represent significant factors 
which favor the reduced working ability of exposed 
workers. 

Several aspects of stress have been quanti-
fied (underload, high demands, limitations, time 
limits, external noxious effects, danger prevention 
and conflicts) and total OSI was calculated in the 
exposed and control group. The underload aspect 
includes the reception of homogenous signals, re-
ception of rare signals, working alone without the 
need to communicate with others, instant decision-
making based on obtained information, performing 
similar and simple tasks, constant amount of pay-
ment regardless of the effort, insufficient payment, 
no opportunities for improvement and promotion 
and lack of acknowledgement for the work done, 
monotonous jobs. The aspect named high demands 
includes several sources of information at the same 
time, different information, primary visual percep-
tion, great amount of incoming information, three 
simultaneous sensory stimuli, the need to communi-
cate during work, making complex and quick deci-
sions which also influence other workers, payment 
according to performance, lack of breaks, jobs done 
in shifts and night shifts and lack of yearly vacations. 
Limitation aspect (strictness) includes detection of all 
incoming signals, doing tasks according to strictly 
determined standards, fixed body position during 
work, working in small, cramped rooms, limited 
influence in choosing the colleague. External time 
pressure (time limit) refers to inability to postpone 
decision-making, reduced possibility to control task 
performance, the need to speed up work and time 
limits for doing a job. Exposure to external noxious 
factors includes exposure to blinding light, flashes, 
noise, vibrations, temperature extremes, gases, 
steam, dust and load lifting. Avoidance of dangers 

as an element of mental stress refers to constant 
attentiveness to avoid possible harmful effects, pre-
sence of visually disturbing scenes and events, 
working around inflammable substances, accidents, 
testifying in court concerning accidents at work. 
Conflicts (discrepancy) refer to unclear difference 
between various incoming signals, lack of important 
information needed for decision-making, obtaining 
contradictory information, facing unexpected events 
which demand changes in existing plans of work 
thus creating conflict and indecisiveness in decision-
making, interruptions by other people, working 
environment impaired by interpersonal conflicts, lack 
of support and help from colleagues, no possibility to 
progress, work for definite time, firing threats, 
breaking personal norms and behavior standards. 
Occupational stress index (OSI) is the sum of the 
complete model and provides characteristics and 
amount of stress at workplace.  

The literature data show that the total level of 
occupational stress 40 and above leads to significant 
increase in systole and diastole blood pressure in the 
experimental group (2). Possible pathogenic mecha-
nisms of blood pressure increased in this way are 
hyperactivity of adrenergic nervous system, in-
creased concentration of circulating catecholamines 
and adrenal steroids, increased activity of renin-
angiotensin-aldosterone system, increased produc-
tion of free radicals, disturbed serotonin secretion or 
changes in vasopressin receptors under the influ-
ence of occupational stressors (6).  

The results point to a high correlation be-
tween the presence of occupational stressors and 
reduced work ability. Such results are in accordance 
with the results obtained by other authors who have 
studied the problem of leave of absence and demon-
strated great financial losses due to absenteeism, as 
well as that they may be reduced by various anti-
stress interventions (7, 8). 
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Conclusion 
 

Occupational stress and stressors from the 

groups classified as high demands, conflicts, under-

load and time limits represent a significant factor in 

faster development of reduced temporary and 

permanent work disability of exposed workers. 
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UTICAJ PROFESIONALNIH STRESORA U JAVNIM PREDUZEĆIMA NA 
PRIVREMENU I TRAJNU RADNU SPOSOBNOST RADNIKA SA 

ARTERIJSKOM HIPERTENZIJOM 
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Cilj ovog istraživanja je da se utvrdi prisustvo profesionalnih stresora u javnim 

preduzećima i analizira njihov uticaj na privremenu i trajnu radnu sposobnost radnika sa 
arterijskom hipertenzijom. 

Istraživanje je obuhvatilo 500 radnika sa arterijskom hipertenzijom, bez drugih bolesti 
ili poremećaja, zaposlenih u javnim preduzećima. Izloženu grupu činilo je 350 radnika sa 
arterijskom hipertenzijom, izloženih indeksu profesionalnog stresa (OSI) iznad 50 bodova. 
Kontrolnu grupu činilo je 150 radnika sa arterijskom hipertenzijom, bez stresora na radnom 
mestu (OSI ispod 50 bodova).  

Kod radnika iz eksponovane grupe, registrovan je značajno viši nivo ukupnog OSI i 
visok indeks stresora iz grupa konfliktnosti, podopterećenja i vremenskog limita, u poređenju 
sa radnicima iz kontrolne grupe (p < 0,001). Analizom privremene radne nesposobnosti 
utvrđen je statistički značajno veći broj izgubljenih radnih dana po radniku u eksponovanoj 
grupi u poređenju s kontrolnom grupom (p < 0,05). Prosečan broj izgubljenih radnih dana po 
radniku (privremena radna nesposobnost) u jednoj godini u eksponovanoj grupi povećava se 
statistički značajno sa vrednostima OSI na njihovom radnom mestu (p < 0,001). U izloženoj 
grupi, broj radnika, koji su stekli uslov za invalidsku penziju (trajna radna nesposobnost) 
tokom jedne godine, bio je značajno veći u odnosu na broj radnika iz kontrolne grupe (p < 
0,05). Broj radnika koji su stekli uslov za invalidsku penziju u eksponovanoj grupi povećava 
se statistički značajno sa vrednostima OSI na radnom mestu (p < 0,001).  

Profesionalni stres je značajan faktor umanjenja privremene i trajne radne sposobnosti 
izloženih radnika, koji pate od arterijske hipertenzije. 
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A SINGLE SURGEON EXPERIENCE 
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The aim of the study was to describe a study of 43 patients operated using a 

transobturator tape (TOT). A prospective study was performed on forty free patients operated 
between 2014 and 2020. In all patients, the diagnosis of stress urinary incontinence (SUI) was 
based on clinical criteria: positive stress test or positive pad test, confirmed urethral 
hypermobility (> 30 degrees), ultrasound and bladder diary for three days. Cystoscopy was 
performed in all patients to document satisfactory bladder compliance and capacity, and to 
exclude ordinary pathology of the bladder. In all patients, TOT was performed. Follow up was 
performed one month, six months, and 12 months after the surgery. All patients, 42/43 
(97.6%), were in a generally good preoperative health state according to American Society of 
Anesthesia grading system (ASA 1-2). The subjective cure was achieved in 36/43 (83.7%) 
patients after one year. The objective cure was achieved in 32/43 (74.7%) patients after one 
year. OAB was present preoperatively in 19/43 (44.1%) patients, and postoperatively in 9/43 
(20.9%) patients (p < 0.02). Postoperative complications were minor (Clavien-Dindo grade ≤ 
2) in 42/43 (97.6%) patients. Transobturator tape can be successfully performed in selected 
patients in a small municipal hospital. 
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Introduction 

 

Urinary incontinence is a common problem in 
females, which strongly affects their health state, 
emotional, and social life. It appears in form of 
stress urinary incontinence (SUI), urgent urinary 
incontinence, or mixed urinary incontinence in 49%, 
21%, and 29% respectively (1). 

Continence in females is based on the func-

tional neural, muscular, and connective tissue in-
tegrity of the pelvic floor. Appearance of SUI is 
based on insufficient urethral support and urethral 
hypermobility. Consequently, temporary urethral in-
competence appears, during the physical efforts, 
coughing, or heavy lifting with the clinical presenta-
tion of SUI (2). 

Although the treatment of SUI is multimodal, 
surgical treatment is the most important and the 
most effective. Standard operation of SUI (Burch) 
was dominantly replaced by tension-free vaginal 

tape (TVT) introduced by Papa Petros and Ulf 
Ulmsten (3). However, although the TVT procedure 
is safe and efficient, serious complications and even 
four deaths were reported (4). Further simplification 
of the procedure, transobturator tape (TOT) was 
introduced by Delorme (5). It made the procedure 

safe and easy, convenient to perform in a small 
municipal hospital by a single urological surgeon. 

 
Materials and methods 

 
A total of forty free patients operated be-

tween 2014 and 2019 available for the one year 

follow-up were included in a prospective study. In all 
patients, standard diagnostic examinations were 
performed: positive stress test or positive 20’ pad 
test, confirmed urethral hypermobility (> 30 de-
grees), ultrasound which confirmed normal anatomy 
and bladder capacity and no residual urine. A 
bladder diary was done for three days. Cystoscopy 

was performed in all patients to document satis-
factory bladder compliance and capacity and to 
exclude ordinary pathology of the bladder. In four 
patients, a cystocele grade 2 was present (Baden-
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Walker). Other patients were without significant pel-

vic organ prolapse. 

Overactive bladder (OAB) syndrome was de-
fined when more than eight voidings/24 hours were 
found according to the bladder dairy, as well as, 
episodes of urgency with or without urgency incon-
tinence (6). In all patients, preoperative normal 

vaginal smear findings and sterile urine were con-
firmed before the surgery. 

The procedure was performed using standard 
industrial tapes: T sling (Herniamesh, Torino, Italy), 
Aris (Coloplast, Italy) or Obtryx (Boston Scientific, 
USA) sling. The procedure was performed "outside-
in" (5). Cystocele was repaired in four patients using 

a natural tissue repair. Intraoperative and post-
operative complications were recorded and classified 
according to the Clavien-Dindo scale of surgical 

complications severity (7). Postoperative follow-ups 
were performed after one, six, and 12 months. The 
objective outcome was evaluated as cure (negative 
stress test, or negative 20’ pad test) objective im-

provement (> 50% reduction of leakage at 20 
minutes pad test, with a minimally positive stress 
test), or failure (positive stress test, or pad test). 
The subjective cure was defined as no loss of urine 
with usual exercise or coughing and significant 

improvement of the overall health state, so the 

surgery was considered as worthwhile by the pa-

tient. Persistent urine loss at the same amount or 
with the minimal difference compared with the pre-
operative values was considered as a failure. Overall 
health state was evaluated in all patients according 
to internationally recognized ASA score (8). Sta-

tistics were performed by Chi-square test. 
 
Results 
 
Preoperative basic data about patients are 

shown in Table 1. The majority of patients were 
postmenopausal, overweight or obese, without or 

with mild systemic disease (ASA 1-2). Mean Body 
Mass Index (BMI) was 28.4 (normal BMI is ≤ 25). In 
the majority of patients, i.e., in 41/43 (96.6%) pa-

tients, there were no concomitant significant di-
seases (American Society of Anesthesiology ASA 
grade 1-2). 

The outcome of the surgery is shown in Table 

2. The subjective cure was achieved in 37/43 (86%) 
and remained in 36/43 (83.7%) patients after one 
year. The objective cure was achieved in 33/43 
(76.7%) patients and remained in 32/43 (74.7%) 
patients after one year. 

 

 
 

Table 1. Basic data about patients 

 

Patients data No 

Age 62.3 ± 12.2 

Parity (mean ± SD) 1.7 ± 0.6 

BMI (mean ± SD) 28.4 ± 1.7 

Postmenopausal 36 (83.7%) 

Previous gynecologic surgery 

Hospital stay (days, mean ± SD) 

11 (25.5%) 

3.7 ± 0.6 

ASA score  

1 20 (46.5%) 

2 21 (48.8%) 

3 2 (4.6%) 

 

 
 

Table 2. Outcome of surgery 

 

Objective outcome 
Postoperative 

1 month 

Postoperative 6 

months 

Postoperative 12 

months 

Cure 

Improvement 

Failure 

33 (76.7%) 

7 (16.3%) 

3 (7%) 

32 (74.4%) 

8 (18.6%) 

3 (7%) 

32 (74.4%) 

8 (18.6%) 

3 (7%) 

Subjective outcome    

Cure 

Improvement 

Failure 

37 (86%) 

3 (7%) 

3 (7%) 

36 (83.7%) 

4 (9.3%) 

3 (7%) 

36 (83.7%) 

4 (9.3%) 

3 (7%) 
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OAB syndrome is shown in Graph 1. It was 

present preoperatively in 19/43 (44.1%) patients, 

and postoperatively in 9/43 (20.9%) (p < 0.02). 
Complications and Clavien-Dindo classification of 

them are shown in Table 3. There was a single 

patient (2.4%) with Clavien-Dindo grade 3 compli-

cation. 

 
 

 

 
 
*preoperative -postoperative (12 months ) p < 0.02 

 
 

Graph 1. OAB syndrome before and after surgery 

 
 

 
 

Table 3. Complications of surgery 

 

Complication No (%) 
Clavien-Dindo Complication 

Severity Grade 

Infection 9/43 (20.1%) 2 

Regional hematoma  6/43 (13.9%) 2 

Residual urine (> 50ml) 4/43 (9.1%) 2 

Exteriorization of the sling 1/43 (2.3%) 3 

 
 
 
 

Discussion 

 
Our results have confirmed that the treat-

ment of TOT in a small municipal hospital is not 
inferior to the outcome in referral institutions pub-
lished in the literature (9, 10). 

Midurethral slings are now widely used in 
patients of almost all ages. However, failure rate 
increases with age with the reported subjective 
success rate of 91.0%, 80.6%, 66.7% and objective 
cure rates of 89.2%, 77.6%, 58.3% respectively, in 

ages less than 65 years, 66-75 years and older than 
75 years (11). There is a higher risk of operative 
failure in patients with an increased BMI five years 
after surgery (12). The mean age of patients in our 
series is 62.3 which makes them the most suitable 
for incontinence surgery. The overall prevalence of 
overweight and obesity in the Serbian population is 
57.4%, especially at the age of 60-69 years (13). 
Normal BMI should be surely considered as an 
"overselection". So, higher BMI than normal in older 
ages with SUI is expected according to a population 
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features but only one extremely obese patient was 
operated, sadly without success. 

Overall health state (ASA score) has a sig-
nificant risk on perioperative morbidity (14). Our 
series of patients were without serious overall 
morbidity, and the incidence of postoperative com-
plications was low. It also seems to contribute to the 
very good overall success.  

European Association of Urology advises pure 
clinical diagnosis of SUI in uncomplicated cases, 
based on the positive stress test, proved urethral 
hypermobility, adequate bladder capacity and com-
pliance based on bladder diary and absent residual 
urine on the standard bladder ultrasound (15). In 
our series of patients only "clear" cases were se-
lected for the surgery, and because of that outcome 
is expected to be in line with the referral center.  

There is a high diversity of the success in-
terpretation. Absolute dryness is surely the strictest 
criterion and does not reflect the overall satisfaction 
of the patients. More acceptable, but also not ideal, 
is an improvement of more than 50% and the 
personal feeling that performing surgery was worth-
while for global health improvement. Very important 
for the personal experience of success are real ex-
pectations regarding the outcome of the surgery, 
and consequently careful preoperative counseling 
(16). 

SUI affects different aspects of female life 
producing anxiety and depression, sexual function 
impairment, physical activity limitation, and even 
loss of independent living in the elderly (17). Be-
cause of that complete dryness is less important 
than the subjective outcome which reflects an over-
all improvement of the health. Overall impression of 
cure was present in 37/43 (86.2%) of patients 
although less number of patients, 33/43 (76.7%) 
were completely dry.  

Complications after the surgery were minor 
(Clavien-Dindo grade 2) and solved medically. In 
one case, exteriorization of the sling was present 
(Clavien-Dindo grade 3) and the sling had been cut 
and the vagina sutured in local anesthesia three 
months after surgery without compromising con-
tinence.  

OAB syndrome makes a significant deteriora-
tion of the quality of life. It is usually defined as the 
presence of frequency, urgency, or urinary incon-
tinence together with SUI (18). It is a common 
problem among the aging female population es-
pecially among the patients with SUI, and in our 
patients as well. It was reduced after the surgery 
from 19/43 (44.1%) to 9/43 (20.9%) after the 
surgery. There were five patients (11.6%) among 
them with de novo OAB syndrome. There are nu-
merous reports about the curative role of TOT after 
surgery. The mechanism of cure remains unclear yet 
(18, 19). Although some things remained unsolved, 
the first recognizable source of OAB was infection or 
obstruction caused by the sling (18, 19). In our pa-
tients, there were 4/43 (9.3%) patients with more 
than 50 ml of residual urine. In our study, post-
operative infection was present in 9/43 (20.1%) of 
cases and effectively suppressed using targeted 
antibiotic therapy. It could be supposed that residual 
urine was non sensitive enough to exclude residual 
obstruction. The hospital stay was longer than usual. 
It was necessary to provide surveillance which was 
impossible outside the hospital ward. There are 
reports with a similar incidence of infection, and the 
most important risk factor is longer hospital stay, 
and readmission rate (20). Shortcomings of the 
study are that selection criteria were very strict and 
did not include a complete cohort of interested pa-
tients, so this type of medical service was not 
available for all patients with incontinence who re-
quired treatment. All patients were selected and 
controlled by the same surgeon which usually in-
cludes some amount of subjectivity. Evaluation of 
symptoms was performed on the most simplified 
clinical criteria instead of standardized validated 
questionnaires, making them less reliable. Strengths 
are, that this study confirms that TOT can be safely 
performed both in small and tertiary care centers, in 
the former, surely in a selected group of patients. 

 
Conclusion 
 

TOT can be safely performed in a municipal 
hospital. Selection criteria must be very strict for 
successful treatment. 
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Zadatak istraživanja je prikaz prospektivne studije 43 slučaja operisana trans-

opturatornim tejpom (TOT). Učinjena je prospektivna studija 43 bolesnice operisane između 
2014. i 2020. godine, koje su imale najmanje jednogodišnje praćenje. Kod svih bolesnica, 
dijagnoza stres urinarne inkontinencije (SUI) zasnovana je na kliničkim parametrima: pozi-
tivan stres test i 20’ pad test, potvrđena hipermobilnost uretre ( ≥ 30 stepeni), ultrazvučni 
pregled i dnevnik mokrenja vođen najmanje tri dana. Cistoskopija je učinjena kod svih 
bolesnica da bi se potvrdili adekvatna distenzibilnost i kapacitet i isključila ostala oboljenja 
bešike. Sve bolesnice bile su u dobrom opštem zdravstvenom stanju, prema klasifikaciji 
Američkog anestezoiloškog udruženja (ASA 1-2). Subjektivno izlečenje postignuto je kod 36 
bolesnica od 43 bolesnice (83,7%), a objektivno izlečenje postignuto je kod 32 od 43 (72,7%) 
bolesnice, nakon godinu dana. Sindrom hiperaktivne bešike (OAB) postojao je preoperativno 
kod 19 bolesnica od 43 (44,1%) bolesnice, a kod 9 bolesnica od 43 bolesnice (20,9%) post-
operatovno (p < 0,02). Postoperativne komplikacije bile su lake kod 42 od 43 (97,6%) 
bolesnice (Clavien Dindo grade ≤ 2). TOT može da bude uspešno primenjivan i u malim 
opštinskim bolnicama, ukoliko se koriste strikni kriterijumi za odabir bolesnika. 
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HEAD TRAUMA IN A CHILD WITH STURGE-WEBER SYNDROME 
OVERLAPPING KLIPPEL-TRENAUNAY SYNDROME 
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Predrag Milošević1,2, Slavko Živković1,2, Bojan Stanojević1,2 

 

 
Here we present a case of a 10-year-old girl who was diagnosed with SWS at birth. The 

history of seizures and transient right-sided hemiparesis dates from the neonatal period. Port-
wine stains on the face, right hand and foot were present from the birth of the child which may 
suggest overlapping with KTS. When the girl suffered mild head trauma, some hours after, 
vomiting, aphasia, and hemiplegia occurred. The patient was admitted to the Clinic of 
Neurosurgery and after observation, she was commenced on symptomatic and antiepileptic 
therapy. Within the following 24 hours, aphasia resolved and hemiplegia turned into mild 
hemiparesis. As the neurological status improved and the patient felt better, after two more 

days of observation, the child was discharged from the hospital. 
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Introduction 
 

Sturge–Weber syndrome (SWS) is a rare 
congenital neurological and skin disorder. It is often 
associated with leptomeningeal angioma, port-wine 

stains on the face, and glaucoma. These features 
can vary in severity though not all individuals have 
all three elements. An estimated frequency of SWS 
occurrence is 1 per 50,000 live births, although some 

experts believe that there are many unidentified 
cases (1).  

Neurological symptoms often involve tempo-
rary hemiparesis (25-60%), hemianopsia (40-45%), 
glaucoma (30-70%), migraine headaches (40-60%), 
and seizures (75-90%) (2). Seizures that begin in 
infancy may worsen with age. They usually happen 

on the side of the body opposite the birthmark and 
vary in severity. The transient worsening of the 
hemiplegia manifests with seizures and episodes 
resembling hemiplegic migraine.  

Klippel-Trenaunay syndrome (KTS) is another 
very rare phacomatosis, characterized by a triad of 
vascular malformation, venous varicosity, and hyper-

plasia of soft tissue and bone of the affected limb 
(3). Just several cases of overlap between SWS & 
KTS have been encountered up to now (3-5). To our 

knowledge, this is the first published case report of a 
child with an overlap between SWS & KTS who had 
mild head trauma.  

Brain trauma is often associated with seizu-
res, but children are particularly prone to head in-
juries. A syndrome of transient hemiplegia following 
minor head trauma is described in healthy children. 

The acute effects can be severe with hemiparesis, 
altered consciousness, and evidence of raised intra-
cranial pressure but usually with full recovery (6). 
Hemiplegia in children with SWS after a mild head 
injury is known to occur in up to one-fifth of cases 
(7). 

 

Case report 
 
Here we present a case of a 10-year-old girl, 

who was diagnosed with SWS at birth. The history of 
seizures and transient mild right-sided hemiparesis 
date from the neonatal period. Port-wine stains on 

the face, right hand and foot were present from the 
birth of the child (Figure 1A, B, C, and D), which 
may suggest overlapping with KTS. 

The girl was successfully treated for status 
epilepticus two months before the mild head tra-
uma. The patient was treated with valproic acid 
(Eftil) in the dose of 500 mg twice a day and 

carbamazepine (Tegretol) 400 mg twice a day. 
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Figure 1. Phacomatosis present in SWS on the right side as a port-wine stain of the face (A, B),  

and present in Klippel-Trenaunay syndrome on the hand and the foot (C and D) 

 
 
 
 

The incident occurred in school when she 

accidentally hit the head against the wall. There was 
no loss of consciousness, but some hours after, 

vomiting, aphasia, and hemiplegia occurred. That 
was the reason for transferring the child to the 
Neurosurgery Department. A brain CT showed no 
brain or bone trauma findings. The bilateral brain 
atrophy with calcification was present (Figure 2A and 

2B).  
During hospitalization, the girl was treated 

with analgesics (Paracetamol 500 mg per os, three 
times a day), and intensive rehydration therapy. 
Antiepileptic therapy was continued as previously. 
The serum level of valproic acid and carbamazepine 

remained at required values inside the wanted 

range, namely, at 57.5 mg/ml and 4.1 mg/ml res-

pectively. In the first 24 hours, aphasia resolved and 
hemiplegia returned to mild hemiparesis. As the ne-

urological status resolved to previous and the pa-
tient felt better, after two more days of observation, 
the child was discharged from the hospital after con-
sultation with a pediatric neurologist. After a month, 
at the ambulatory follow-up, the patient had normal 

neurological findings. EEG showed normal basic acti-
vity, in the left temporal region some delta wave 
activity, without epileptic readiness. 

Three years after mild head trauma, the child 
was in good clinical condition, without neurological 
deficit, and with a history of a seizure-free period of 

more than two years. 
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Figure 2. A. Brain CT axial slice presents bilateral hemisphere atrophy and calcification and  

B. coronal slice 

 
 
 
 

Discussion 

 
The child in our case report had two out of 

three signs of SWS. Preserved vision and negative 
ophthalmological exam eliminated glaucoma. The 
port-wine birthmark was located on the face, typi-
cally on the forehead, temple, eyelid, but also both 
cheeks. The port-wine birthmark is usually only on 
one side of the face but can be on both sides. Over 
time, the skin within the port-wine birthmark can 
darken and thicken. It is not common for SWS 
patients to have a port-wine birthmark on arms or 
legs.  

Brain CT showed discrete signs of preexisting 
leptomeningeal angioma in the left temporoocipital 
region. Leptomeningeal angioma, can affect one or 
both sides of the brain, impair blood flow in the brain 
and lead to atrophy and calcification in the brain 
below the angioma. Its most usual presentation is 
hemiconvulsion, which may lead to hemiplegia. Two 
months before the admission, the girl had a seizure 
attack which was followed by transient left-sided 
hemiparesis. At the admission to our clinic, the pa-
tient had localized small contusion of the epicranial 
tissue on the forehead, which was hidden with a 
port-wine birthmark, and there was no history or 
signs of previous seizure.  

In patients with Klippel-Trenaunay syndrome, 
the port-wine stain usually covers part of one limb. 
In our patient, there were some features of each 
syndrome and no glaucoma or hypertrophy of bones 
or soft tissue of limbs. 

Zolkipli et al. showed in their study 5 pediatric 
cases (aged from 10 months to 12 years) of SWS 
that had complete recovery of their neurologic deficit 
sometime after mild head trauma. In these patients, 
as well in our case, the episodes of head trauma 
appeared accidental and not caused by a seizure. 
The period in which the recovery occurred was from 
30 minutes to two weeks. The onset of the neuro-
logic deficit was noted from immediately after the 
trauma up to 24 hours (8).  

These are consistent with the case of our pa-
tient who developed neurological deficits a few hours 
later and it lasted for less than 24 hours. There was 
also a case that presented the diagnostic need for 
MRI, which had to be done to rule out venous mal-
formation, as the previously done brain CT misdiag-
nosed it as brain contusion (7). During the hospitali-
zation of our patient at the Clinic of Neurosurgery, 
brain CT was proved to be an adequate diagnostic 
measure, as very soon recovery occurred. 

CT findings showed astonishing brain atrophy 
in the child, with diffuse bilateral gyral calcification. 
This atrophy may be a precondition for more ex-
tensive acceleration-deceleration brain injuries. 
Bridging veins are stretched in brain atrophy and 
prone to laceration and formation of acute subdural 
hematomas, a fact usually associated with the geria-
tric population (9). Atrophy combined with calcifica-
tion also implies dysfunction of the cortical vascular 
network along with superficial cortical veins with 
persistent high flow to the deep venous system. This 
insufficient venous return system results in vascular 
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stasis with chronic hypoxia of the brain. This leads to 
morphologic changes of the deep venous wall fibro-
sis and thickening and insufficient blood flow throw 
its collaterals. The dysfunction or absence of vein 
collaterals makes the brain prone to congestion-
induced hypoxia even after mild trauma. This course 
of histological and physiological events has its 
genetic background (10). In 2013 a somatic non-
synonymous single-nucleotide variant (c.548G→A, 
p.Arg183Gln) in GNAQ was identified (11). This 
R183Q mutation is associated with most of the 
Sturge-Weber syndrome tissue and isolated port-
wine birthmark samples tested. In the study of 
Huang et al., the R183Q mutation of the GNAQ gene 
was identified as a probable cause for familial SWS 
through the sequencing of all of the exons of the 
GNAQ and RASA1 genes in 3 patients with familial 

SWS. The functional study confirmed that the 
genetic mutation R183Q affected the functions of 
the encoded protein, Gαq (12). On the other hand, 
some results are implying that KTS may be associa-
ted with a translocation at t (8;14)(q22.3;q13) (13). 

 
Conclusion 
 
Based on our experiences mentioned above, 

we can conclude that even mild head trauma can 
complicate preexisting SWS and cause transient 
hemiparesis. Overlapping of two mentioned syndro-
mes does not make substantial diagnostic or thera-
peutic differences compared to the treatment of 
SWS alone. Observation, symptomatic therapy, and 
continuation of antiepileptic therapy are mandatory. 
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U radu se prezentuje slučaj desetogodišnje devojčice, kojoj je dijagnostikovan Sturge–

Weber sindrom (SWS) na rođenju. Epileptični napadi i prolazne hemipareze datiraju još od 
neonatalnog perioda. Od rođenja su prisutni angiomi lica, desne ruke i stopala, što sugeriše na 
udruženost sa Klippel-Trenaunay sindromom (KTS). Nakon blage povrede glave, nekoliko sati 
kasnije javalju se povraćanje, afazija i hemiplegija. Dete je primljeno na lečenje na Kliniku za 
neurohirurgiju, radi posmataranja i davanja simptomatske i antiepileptične terapije. Unutar 
sledećih 24 sata, neurološki nalaz se bitno popravlja i nakon dva dana dalje opservacije, dete 
se otpušta iz bolnice. 
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Arterial hypertension is the condition where the blood pressure is higher than 140/90 

mm Hg. Along with its complications, it is the leading factor for cardiovascular mortality. Arterial 
hypertension can be systolic, diastolic and combined. Diagnosis of arterial hypertension cannot 
be established on the basis of a single measurement, but it is necessary to make measure-
ments in different situations and environments. The study aimed to evaluate efficacy of fixed 
combination antihypertensives in patients with stage I and II hypertension after antihyper-
tensive monotherapy failed to deliver results in reducing blood pressure. In this study, we 
analyzed data of 395 hypertension patients aged between 65-80 years, previously treated with 
monotherapy. During 4 months of examination, 3 doctor visits were scheduled when their TA 
values were measured, and each of them received fixed-dose combination antihypertensives. 
The data obtained were processed by appropriate statistical analyzes. 

At the third doctor visit, 69.8% patients achieved blood pressure target value, and the 
blood pressure decreased by 16.6/12.3% (р = 0.000). The noninvasive 24h Holter monitoring 
showed significantly less oscillation in blood pressure values throughout the day, and also, 
much smaller percentage of patients forgot to take therapy. During this study, the efficiency of 
fixed-dose combination antihypertensives was proved considering that in a considerable 
number of patients blood pressure reached the target values, there were no unwanted side 
effects, the patients rarely forgot to take the medicine, and there were significantly less 
oscillation in blood pressure on Holter monitoring. 
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Introduction 

 
Arterial hypertension (high blood pressure) is 

the condition where one or both components of the 
blood pressure are elevated. The normal value for 
systolic blood pressure is < 140 mm Hg and for 
diastolic < 90 mm Hg (3, 5). 

Arterial hypertension with its complications 

(ischemic heart disease, cardiomyopathies, cerebro-
vascular disease) is the leading factor of cardio-
vascular mortality (1).  

The condition where the systolic blood pres-
sure is ≥ 140 mm Hg and diastolic ≤ 90 mm Hg, is 
defined as isolated systolic hypertension. The values 

of systolic blood pressure ≤ 140 mm Hg and ≥ 90 
mm Hg for diastolic blood pressure are common for 
isolated diastolic hypertension.  

To diagnose arterial hypertension, several 
measurements are necessary. It is not recom-
mended to confirm diagnosis based on one mea-
surement, particularly not the one measured in the 

ambulance. The measurements should be done at 
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different times and different environment (home, 

office, ambulance) (1-4). 

The treatment has as a goal to lower the 
blood pressure to < 140/90 mm Hg in all patients. If 
the treatment is well tolerated, the values should go 
bellow 130/80 mm Hg in most patients. In patients 
younger than 65 it is recommended to lower systolic 

blood pressure to the range 120-129 mm Hg in 
most cases. In older patients (≥ 65-80 years old), it 
is recommended to keep the systolic blood pressure 
between 130 to 139 mm Hg. A target diastolic blood 
pressure at or below 80 mm Hg should be con-
sidered for all hypertensive patients, regardless of 
the degree of risk or comorbidity (3).  

Fixed combination is recommended as an 
initial treatment of arterial hypertension with the 
exception of old vulnerable persons and persons 

with low risk persons and stage one hypertension 
(3). 

 
The aim 

 
The study aimed to evaluate efficacy and 

safety of antihypertensive drugs in the fixed combi-
nation (ACE inhibitors/Ca-antagonist) in patients 
with stage I and II hypertension after the mono-
therapy failed to deliver results in reducing blood 

pressure. 
 
Materials and methods 
 
Patients 
 

Patients between 65-80 years old with stage I 

and II hypertension were included in the study after 
the monotherapy (beta blockers, calcium channel 
blockers, diuretics, etc.) failed to deliver results. 
According the newest ESH/ECS guidelines, target 
blood pressure in hypertensive patients between 60-
85 years old is 130-139/80 mm Hg.  

The exclusion criteria were: not signed in-

formed consent, non-compliance, hypersensitivity to 
calcium channel blockers and ACE inhibitors, preg-
nancy, neoplastic diseases with short life expec-
tancy, severe heart defect, abnormalities in bioche-
mical values that are clinically relevant, especially 
hyperkalemia. 

 
Blood pressure measurement and biochemical 

assays 
 
During four months, patients had three visits 

to a medical doctor (1 day = visit 1, the first month 
= visit 2, and the fourth month = visit 3). The blood 

pressure was measured twice at every visit in the 
range of 3 min. To every patient, one of four com-
binations of the fixed dose was prescribed (5/5 mg, 
5/10 mg, 10/5 mg or 10/10 mg) by the medical 
doctor, based on the blood pressure values with the 
possibility of drug dose titration. 

Furthermore, the biochemical assays were 

also performed during each visit: blood count, liver 
and kidney function tests, electrolytes values, blood 

glucose, serum cholesterol, uric acid, creatinine 

kinase. 

 
Statistical analysis 
 
The values are presented as mean ± standard 

deviation for continuous variables and numbers 

(percentages) for categorical variables. The data 
were analysed by descriptive statistics (mean and 
standard deviation) and by comparative parametric 
(t-test) and non-parametric (Fischer test) tests 
using GraphPad Prism 5.03 (San Diego, USA); p < 
0.05 was considered as statistically significant. 

 

Results 
 
Three hundred and ninety-five patients of 

average age 72.2 ± 7.0 were involved in the study 
(Table 1). Of them, 289 (73.16%) were males and 
106 (26.84%) were females. The average body 
mass index (BMI) was 31.6 ± 4.9 kg/m2. Before the 

study was started, the average blood pressure was 
157.5/91.3 ± 9.6/7.6 mm Hg. Hypertension was 
present in patients of average age 13.2 ± 7.9 years. 
One hundred and forty-six patients (36.96%) were 
diagnosed with stage I hypertension and 249 
(63.03%) with stage II hypertension. Cardiovascular 

risk factors were notices in 308 (77.97%) patients. 
Dyslipidemia was the most common risk factor for 
cardiovascular complications in 333 (84.4%) pa-
tients. Other risk factors, as obesity (BMI ≥ 30 
kg/m2) was noticed in 181 (45.9%) patients, 
smoking in 92 (23.4%), family anamnesis (early 

acute myocardial infarction) in 86 (21.7%) and 

hyperuricemia in 83 (21.1%) patients. The target 
organ lesions were detected in 192 (48.7%) pa-
tients, left ventricular hypertrophy in 128 (32.5%), 
elevated values of serum creatinine in 22 (5.6%) 
and microalbuminuria in 36 (9.2%) patients. 

 
The effects of fixed dose ACE inhibitors/Ca-

antagonists combination  
 
The treatment was successful in 276 (69.8%) 

patients after four months (visit 3). Based on the 
blood pressure values, the recommended fixed dose 
of ACE inhibitors/Ca-antagonists was proposed by 

cardiologists (Table 2).  
The blood pressure was significantly reduced 

(16.6/12.3%) from 157.5/91.3 ± 9.6/7.6 mm Hg at 
visit 1 to 130.9/79.6 ± 7.4/5.9 mm Hg at visit 3    
(p = 0.000). During the 2nd and 3rd visit, in 32.3% 
and 69.8% of patients the blood pressure was re-
duced, respectively. The level of blood pressure re-

duction depended on the fixed dose used during the 
treatment. After four months of treatment, at the 3rd 
visit, targeted blood pressure values were achieved 
in 24.1% of patients taking 10/10 mg, 21.8% of 
patients taking 5/5 mg, 20.5% taking 10/5 mg, and 
1.8% of patients who were treated with 5/10 mg 
(Table 3). The reduced blood pressure was followed 

with the changes in the heart rate. Heart rate sig-
nificantly decreased (5.1 ± 7.5/min, p = 0.000) 
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from 78.0 ± 8.5/min at visit 1 to 72.9 ± 6.0/min at 

visit 3. 

The second aim of the study was to evaluate 
the efficacy and safety and the effects on the 
metabolism of the fixed dose of ACE inhibitors and 
Ca-antagonists. Considering lipid profile, total cho-
lesterol was reduced from 5.50 ± 1.13 mmol/L at 

visit 1 to 5.20 ± 0.95 mmol/L at visit 3 (p = 0.000), 
LDL cholesterol from 3.20 ± 0.93 mmol/L at visit 1 

to 3.00 ± 0.77 mmol/L at visit 3 (p = 0.000), tri-

glycerides were reduced from 2.20 ± 1.14 mmol/L 

at visit 1 to 2.00 ± 1.97 mmol/L at visit 3 (p = 
0.000), while the levels of HDL cholesterol increased 
from 1.30 ± 0.42 mmol/L at visit 1 to 1.35 ± 0.30 
mmol/L at visit 3 (p = 0.001). There were no 
changes in the other biochemical parameters. The 

fixed doses of ACE inhibitors/Ca-antagonists were 
well tolerated and no adverse effects were reported.  

 
 
 

Table 1. Patients previously on antihypertensive monotherapy (n = 395) 

 

Drugs (%) 

Beta-blockers 23 (5.9) 

Diuretics 41 (10.3) 

ACE inhibitors 193 (48.9) 

Ca-antagonists 138 (34.9) 

 
 
 

Table 2. Subsequent dosing of ACEI/Ca antagonists in a fixed dose within each visit (n = 395), n (%) 

 

Doses of ACEI/Ca-antagonists  

fixed combination 
Visit 1 Visit 2 Visit 3 

5/5 mg 155 (39.3) 115(29.2) 111 (28.1) 

5/10 mg 22 (5.6) 21 (5.3) 21 (5.2) 

10/5 mg 105 (26.5) 118 (29.9) 116 (29.3) 

10/10 mg 113 (28.5) 141 (35.7) 148 (37.5) 

 
 
 

Table 3. Doses of fixed combination of ACEI/Ca antagonists in patients reached  
the target blood pressure values at visits 2 and 3 (n =395), n (%) 

 

Drugs Dose 
Visit 2 Visit 3 p 

126 (32.3) 276 (69.8) 0.000 

5/5 mg 47 (11.8) 86 (21.8) 0.000 

5/10 mg 7 (1.8) 13 (3.4) 0.000 

10/5 mg 37 (9.4) 81 (20.5) 0.000 

10/10 mg 37 (9.3) 95 (24.1) 0.000 

 
 
 
 

The noninvasive Holter monitoring was used 
for 24h (Schiller BR-102 plus system) in 176 (44%) 
patients. The system was programed to measure 
the blood pressure at every 15 min from 07 am to 
11 pm, and at every 20 min from 11 pm to 07 am. 
The patients were practicing a normal daily routine. 
This monitoring revealed that patients treated with 

the antihypertensive in fixed dose had statistically 
significant reduction in the blood pressure oscillation 
during 24h (Graph 1). The blood pressure was in the 
range 130.4/78.7 ± 6.5/3.8 mm Hg. However, the 

blood pressure significantly oscillated during 24h in 
patients treated with monotherapy, i.e., the values 
were 143.9/89.7 ± 9.8/7.6 mm Hg.  

The patients involved in the study have been 
checking the blood pressure on their own. It was 
noticed that patients treated with fixed dose were 
taking the therapy more regularly (96.5%) than 

patients treated with monotherapy. The patients on 
combined monotherapy mostly forgot evening dose 
of the drug (26.6%).  
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Graph 1. Blood pressure oscillations during ingestion of fixed dose/monotherapy detected with 24h Holter 

 

 
 
 

Discussion 

 
In this clinical study, it has been shown that 

the combination of fixed dose of ACE inhibitors/Ca-
antagonists significantly reduced blood pressure in 
patients with high risk factor for cardiovascular di-
seases. In patients in whom previous mono-anti-
hypertensive therapy had failed to achieve target 
blood pressure (130-139/80 mm Hg), the treatment 
was continued with combined fixed dose of ACE 
inhibitors/Ca-antagonists. This approach led to a 
moderate decrease in the blood pressure values 
(26.6/11.7 mm Hg) and the rate of achieving the 
target level of blood pressure was 69.8%. In these 
patients, the lower level of blood pressure was 
noticed already after one month of treatment with 
the fixed dose of ACE inhibitors/Ca-antagonists (10).  

Our data suggest that this approach can have 
long-lasting benefits in later cardiovascular events. 
The rate of achieving the target level of blood pres-
sure could be even higher with a higher dose of 
combined fixed dose therapy (10/10 mg) because 
until last visit only 37.5% of patients took this dose 
of the drug. Furthermore, the metabolic effect of this 
therapy approach was significant in patients with 
dyslipidemia. The lipid profile was improved after 
four months of treatment. During the treatment, no 
adverse effects were noticed.  

It has been shown that a fixed combination of 
antihypertensive drugs significantly lower oscillation 
in blood pressure during 24h compared to the mono-
therapy approach. Moreover, this study showed that 
patients using this treatment approach forget less to 
take the therapy, what significantly increases the 
comfort for the patient.  

The randomized, prospective, 18 weeks last-
ing double-blind study was carried out in Brazil with 
an aim to compare the efficacy and tolerability of the 
fixed dose of amlodipine/ramipril (8, 11). The pa-
tients involved in the study with basic hypertension 
type I and II. They were taking 2.5/2.5 mg ra-

mipril/amlodipine or 5 mg amlodipine. Thereafter, 
the doses were titrated based on blood pressure, 
ramipril/amlodipine 5/5 mg, then 10/10 mg or 
amlodipine 5 mg, and then 10 mg. This study 
proved that fixed combined therapy ramipril/amlo-
dipine significantly reduced average changing of 
blood pressure during 24h, compared to the patients 
using the monotherapy approach.  

Recent ESC/ESH guidelines emphasized the 
importance of RAAS activity inhibition in the treat-
ment of primary hypertension (5, 6). The inhibition 
of RAAS activity could be achieved with ACE in-
hibitors or angiotensin receptor blockers (ARB). A 
recent meta-analysis revealed that the treatment 
with ACE inhibitors decreased all-cause mortality, 
mortality from cerebrovascular events, whereas ARB 
didn’t show these effects. Therefore, ACE inhibitors 
are considered as the first-line therapy to avoid the 
increase in mortality and morbidity in this popula-
tion. ACE inhibitors in the combination with Ca-anta-
gonists have a synergistic antihypertensive effect, 
what can have an additional advantage in mini-
mizing adverse effects of individual components 
(e.g., Edema with dihydropyridine CCBs). Anglo-
Scandinavian cardiac outcome trials for reducing the 
blood pressure showed that ACE inhibitors/Ca-anta-
gonists combination was more effective in reducing 
blood pressure and also decreased the risk of morta-
lity and major cerebrovascular events, compared to 
the traditional combination of beta-blockers and 
thiazide (7, 9, 13). 

 
Conclusion 
 

In patients with stage I and II hypertension 
and with a high risk of cerebrovascular events when 
the previous treatment with the usage of a single 
antihypertensive drug failed to deliver results, the 
combination of the fixed does of ACE inhibitors/Ca-
antagonists therapy approach was effective. Further-

more, this combination of drugs was well tolerable 
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with good metabolic effects. It has been shown that 

this fixed combination prevents huge oscillation in 

blood pressure during 24h, compared to mono-

therapy. Patients did not forget to take therapy on 

time, compared to the patients who were taking 

combined monotherapy. 
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Arterijska hipertenzija je stanje u kome je krvni pritisak povišen iznad 140/90 mmHg. 

Ovo stanje, zajedno sa komplikacijama koje izaziva, vodeći je faktor kardiovaskularnog 
mortaliteta. Arterijska hipertenzija može biti sistolna, dijastolna i kombinovana. Dijagnoza 
arterijske hipertenzije ne može se postaviti samo na osnovu jednog merenja, već je ne-
ophodno izvršiti merenja u različitim situacijama i različitom okruženju. Cilj ove studije je da 
nadgleda efikasnost fiksne kombinacije antihipertenziva kod bolesnika sa hipertenzijom prvog 
ili drugog stepena, kod kojih se antihipertenzivnom monoterapijom nisu postigle adekvatne 
vrednosti krvnog pritiska. U ovom istraživanju analizirali smo podatke 395 bolesnika, starosti 
između 65 i 80 godina, koji boluju od hipertenzije prvog i drugog stepena i koji pomoću 
monoterapije nisu dostigli adekvatnu vrednost krvnog pritiska. Tokom 4 meseca ispitivanja, 
bolesnici su dolazili na kontrole u 3 navrata, pri čemu su im merene vrednosti krvnog pritiska i 
svaki od njih je primio kombinaciju fiksne doze antihipertenziva. Dobijeni podaci obrađeni su 
odgovarajućim statističkim analizama. Prilikom treće posete lekaru, ciljnu vrednost krvnog 
pritiska dostiglo je 69,8% bolesnika, a pritisak se smanjio za 16,6, odnoso za 12,3% (p = 
0,000). Neinvazivni dvadesetčetvoročasovni holter monitoring pokazao je znatno manje 
oscilacije u vrednostima krvnog pritiska u toku dana, a takođe, bolesnici su u mnogo manjem 
procentu zaboravljali da uzimaju terapiju. Tokom ove studije dokazana je efikasnost fiksne 
doze antihipertenziva, s obzirom na to da je kod znatnog broja bolesnika krvni pritisak 
doveden na ciljne vrednosti, da nije bilo neželjenih efekata, da su bolesnici ređe zaboravljali 
da uzimaju lek i da su na holter monitoringu zabeležene znatno manje oscilacije krvnog 
pritiska. 
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Swallowing disorders (dysphagia) include difficulty in swallowing and controlling saliva, 

as well as feeding difficulties. These disorders affect all age groups from newborns to the elderly 
and can be the result of congenital abnormalities, damage of anatomical structures that affect 
swallowing, as well as various medical conditions. Dysphagia may be acute (eg. stroke) or may 
progress over time (eg. tumors and progressive neurological diseases). Numerous regions 
participate in the act of swallowing and they include precentral gyrus, postcentral gyrus, 
premotor zone, the supplementary motor area, operculum, insula, precuneus, prefrontal 
cortex, temporal lobe, cerebellum, brainstem, the frontal lobe, association areas, thalamus, and 
basal ganglia. It is extremely important to understand the swallowing process in order to 
further give an adequate approach in the treatment of disorders of this function. 
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Introduction 
 
Swallowing disorders (dysphagia) include 

difficulty in swallowing and controlling saliva, as well 
as feeding difficulties. In the broadest sense, dys-
phagia encompasses all behavioral, sensory, and 
preliminary motor actions in preparation for swal-
lowing, including awareness of the upcoming feeding 
situation, visual recognition of food, and increased 
production of saliva as a physiological response to 
food (1). Dysphagia affects all age groups from 
newborns to the elderly and can be a consequence 
of congenital abnormalities, damage of anatomical 
structures that affect swallowing, as well as various 
medical conditions. Neurological disorders that affect 
the occurrence of swallowing disorders can be cate-

gorized by anatomic location of the lesion in the 
central nervous system (CNS) and peripheral nerv-
ous system (PNS). CNS disorders can be degenera-
tive and neurodegenerative, while as a rule, PNS 
disorders are degenerative. Degenerative disorders 
can be progressive and relapsing-remitting (2). 

This paper aims to make a correlation be-
tween swallowing and the localization of the lesion 
that affects the physiology of swallowing. The lack of 
a more precise study of the association between 
brain lesion localization and swallowing physiology 
derives from the limitations of neuroimaging meth-
ods as well as quantitative swallowing evaluations. 
Research has been largely limited to broader areas 
such as infratentorial, supratentorial, cortical, sub-
cortical, and bulbar (3). 

 
Dysphagia in neurological diseases 
 
Dysphagia is a common deficit after a stroke 

and is associated with pneumonia, malnutrition, 
dehydration, but also with a decline in quality of life. 
Swallowing disorders are found in 55 to 88% of 
stroke survivors. Researches of the connections 
between the location of the brain lesion and the phy-
siological aspects of swallowing showed different and 
overlapping localizations of lesions mainly in the 
right hemisphere, including cortical regions, sub-
cortical regions, and white matter (4). There are 
many studies that link swallowing disorders to acute 
ischemic stroke and that have found an association 
between parietal-temporal or medullary lesions and 
damage to laryngeal elevation (5) and they are 
followed by insular lesions and delayed pharyngeal 
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reflex triggering (6) and nonspecific subcortical 
regions and slow bolus transit. 

Traumatic brain injuries that result in 
swallowing disorders depend on the location of the 
injury and are more often diffuse in relation to 
stroke-related lesions. Cognitive disorders are also 
emphasized in traumatic brain injuries and there are 
studies that indicate an association between cog-
nitive deficits and swallowing disorders (5). In brain 
tumors, swallowing disorders are common if there is 
an infiltration of the tumor in an area important for 
the act of swallowing. 

Patients with dementia exhibit numerous 
swallowing and eating disorders. The most common 
form of dementia is Alzheimer's disease. These pa-
tients develop food agnosia, and as the disease pro-
gresses, apraxia for feeding and swallowing de-
velops. Swallowing apraxia makes it difficult to 
initiate the oral phase of swallowing. Oral tactile food 
agnosia is also reported. Patients with dementia 
often keep food in their mouths without swallowing 
it (8). 

Parkinson's disease is the most common form 
of movement disorder and these patients can de-
velop disorders in each of the phases of swallowing. 
The most common disorders are in the oral phase 
and can be the initial symptoms of the disease. The 
limited range of motion of the mandible increases 
the time of food preparation in the oral phase (9). 

Repetitive tongue movement back and forth 
is specific for Parkinson's disease with the inability of 
the bolus to leave the oral cavity as well as the 
inability to control saliva. In Parkinson's disease, 
there is also a decrease in the frequency of sponta-
neous swallowing, xerostomia, delay in triggering 
the pharyngeal reflex, cough. Laryngeal closure may 
be incomplete during the pharyngeal swallowing 
phase. These symptoms increase the risk of food 
aspiration. In the terminal stages of the disease, 
dementia, as well as impulsive behavior during feed-
ing, further complicate swallowing that is already 
difficult (9). 

Amyotrophic lateral sclerosis (ALS) is also a 
progressive neurological disease. In ALS, swallowing 
disorders begin with a reduction in tongue move-
ment, inability to lateralize food, lips occlusion weak-
ening, as well as velar weakening. The act of swal-
lowing disorder continues with the delay of the 
trigger of the swallowing reflex and the weakened 
movements of the base of the tongue (10). 

Patients with multiple sclerosis (MS) may 
have swallowing disorders that correlate with any 
neurological lesion, from the cerebral cortex, through 
the brainstem to the cranial nerves. Precisely be-
cause the damage can affect one or more cranial 
nerves, patients with MS can have different degrees 
of swallowing disorders. Delay in triggering the 
pharyngeal swallowing reflex as well as reduction of 
tongue movement and pharyngeal constrictor are 
most commonly described swallowing disorders in 
MS (11). 

 
Physiology of swallowing 
 
Eating and swallowing are complex motor 

actions and they include voluntary and reflex 

activities of 30 muscles and five cranial nerves and 
have two biological roles:  

1) food transfer from the oral cavity to the 
stomach and  

2) respiratory organs protection. 
Different authors point to different divisions of 

swallowing phases. According to Logeman (8), swal-
lowing has four phases:  

a) oral preparatory phase,  
b) oral transit phase,  
c) pharyngeal and  
d) esophageal phase. Matsuo and Palmer (12) 

additionally divide the oral transit phase into three 
more levels:  

- food transfer through the oral cavity, food 
processing by chewing and saliva, and  

- food transfer to the oropharynx.  
A rough division into only three phases can be 

found in the literature: oral, pharyngeal and eso-
phageal. 

Eating, swallowing and breathing are closely 
related. In healthy adults, breathing is interrupted 
during swallowing due to both physical closure of the 
airways by lifting of the soft palate and closure of 
the epiglottis and neural control of respiration in the 
brainstem. When sucking, the newborn swallows 
and breathes at the same time. Understanding the 
physiology and pathophysiology of eating and swal-
lowing are key to the evaluation and treatment of 
swallowing disorders. 

 
Oral Preparatory phase 
 
The patterns of movement in the oral pre-

paratory phase vary depending on the viscosity of 
the food, its quantity as well as the degree of 
pleasantness (subjective sense of taste). At the 
moment when the liquid is placed in the mouth, the 
lips close, which requires nasal breathing, and the 
posterior soft palate and tongue prevent premature 
leakage of fluid into the pharynx. In the case of solid 
food, the tongue rotates laterally by placing food on 
the teeth due to chewing. At this stage, the food 
bolus is softened by saliva. 

 
Oral transit phase 
 
During the oral transit phase, the tip of the 

tongue is raised, touches the alveolar ridge and the 
posterior part is lowered and opens the passage to 
the pharynx. The dorsal surface of the tongue 
moves upwards, expanding the area of contact with 
the palate and pressing the fluid against the palate. 
In the case of solid food, the oral transit phase has 
the role of completely preparing the food and 
facilitating the pharyngeal phase. 

 
Pharyngeal phase 
 
The pharyngeal phase starts with triggering 

the pharyngeal swallowing reflex. The velopharyn-
geal sphincter rises and closes the path to the oro-
pharynx, the suprahyoid muscles push the larynx up 
and forward, and the epiglottis closes. Pushing the 
larynx forward and under the base of the tongue 
also causes the abduction of the vocal cords, which 
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closes the glottis and thus prevents the penetration 
of food inside the larynx and further into the air-
ways. These actions achieve the separation of the 
digestive and respiratory tract, filling the pharynx, 
its passive emptying and active peristalsis of the 
pharyngeal muscles. 

 
Esophageal phase 
 
The esophagus (esophagus) consists of stri-

ated and smooth muscles and its role is to transfer 
food to the stomach. With peristaltic movements, 
the food goes down. This is an involuntary phase of 
swallowing and is slower than the pharyngeal phase. 

 
Brain lesions and swallowing disorders 
 
Papers on swallowing disorders most often list 

unilateral and bilateral brainstem lesions, as well as 
cortical and subcortical lesions. In persons who had 
damage in the posterior regions, which do not have 
a motor component, no swallowing disorders were 
recorded, except in the case of edema that affected 
the anterior areas of the cortex. Numerous regions 
participate in the act of swallowing and include 
precentral gyrus, postcentral gyrus, premotor area, 
supplementary motor area, operculum, insula, pre-
cuneus, prefrontal area, temporal lobe, cerebellum, 
brainstem, frontal lobe, association areas, thalamus, 
and basal ganglia (4). 

 
The role of the cerebral cortex in the act 

of swallowing 
 
Swallowing begins as sensory information 

that moves from the pharynx to the spinal nerves to 
the brainstem and thalamus, which then sends 
information to specific areas of the somatosensory 
areas of the parietal lobe where the sensations of a 
bolus (bite) in the oropharynx are registered. 
Studies examined on the activity of the cerebral 
cortex in the act of swallowing report the activity of 
the postcentral gyrus (gyrus postcentralis) in both 
voluntary and automatic swallowing (13). This area 
is responsible for processing the oropharyngeal sti-
mulation created by the movements of the tongue, 
lower jaw, palate and pharyngeal musculature. Acti-
vations of the supplementary motor zone and the 
premotor zone in voluntary swallowing are also 
mentioned, and parallel processes of swallowing and 
movement of the tongue in the supplementary 
motor zone and postcentral gyrus are indicated. The 
supplemental motor zone activated for premotor 
aspects of swallowing and receiving subcortical input 
from the basal ganglia activates the precentral 
gyrus. 

 
Cerebral cortex lesions and swallowing 

disorders 
 
Patients with lesions in the left or right 

hemisphere of the cerebral cortex show various 
disorders of the swallowing function. Damage to the 
left hemisphere may be accompanied by mild to 
severe swallowing apraxia, which is mainly associa-
ted with oral apraxia. Swallowing apraxia is charac-

terized by a delay in the initiation of the oral phase 
of swallowing with the absence of tongue move-
ment, which is expected in response to the presence 
of food in the mouth. These patients eat and drink 
more easily without verbal orders to do so even if it 
is a spontaneous action. In the mentioned lesions, 
there is a slight delay in the oral phase (3 to 5 
seconds) and a delay in the triggering of the pha-
ryngeal swallowing reflex (2 to 3 seconds) (4). 
Recent studies have indicated that disorders of the 
oral swallowing phase are mostly correlated with 
lesions in the frontal lobe and precentral gyrus of the 
left hemisphere (14). With damage in the right 
hemisphere of the cerebral cortex, there is a longer 
delay in triggering the pharyngeal swallowing reflex 
and a delay in the elevation of the larynx, so aspi-
ration of food and drink is possible. Moon et al. (15) 
claim that lesions in the left frontal lobe are closely 
associated with a delay in the oral phase of swal-
lowing and a disorder of practice. 

 
The role of the brainstem in the act of 

swallowing and disorders 
 
Sensory information from the pharynx is 

transmitted by the afferent fibers V, VII, IX and X of 
the cranial nerve and terminates in the nucleus trac-
tus solitarius (the medulla oblongata) in the brain-
stem. Through afferent fibers, information reaches 
the cerebral cortex where the cortical response to 
swallowing begins (16). 

Lesions in the lower brain stem (medulla ob-
longata) are accompanied by a significant disturb-
ance of the oropharyngeal phase of swallowing due 
to the location of important swallowing centers 
n.tractus solitarii and n. ambiguous. Most patients 
with a unilateral medullary lesion have an intacted 
oral bolus control (bite) but they do have significant 
trigger damage and neuromotor control of the 
pharyngeal swallowing phase. If the trigger of the 
pharyngeal swallowing reflex exists, it is generally 
delayed by as much as 10 to 15 seconds. When 
pharyngeal swallowing is triggered, the following is 
observed in these patients:  

1) reduced laryngeal elevation, which leads to 
reduced opening of the cricopharyngeal region and 
collection of food residues in the pyriform sinuses;  

2) unilateral weakness of the pharynx, which 
again leads to the collection of food residues in the 
pyriform sinuses. Unilateral paresis or paralysis of 
the vocal cords has been observed in a certain 
number of patients (17). 

Also, in a certain percentage of patients, 
swallowing function will not recover to even four to 
six months after a stroke in the medulla oblongata 
caused by a stroke. In most cases, it is not possible 
to take food orally in the first two weeks after the 
stroke, while after the third week, the swallowing 
function gradually recovers only if there are no other 
factors that complicate recovery. In patients with a 
lesion in the brainstem, the possibility of cricopha-
ryngeal myotomy remains, if there is spasticity of 
the cricopharyngeal muscle (m. Cricopharyngeus) 
even after six months. Lesions in the middle part of 
the brainstem (pons) leave patients with severe 
pharyngeal hypertonia and delayed pharyngeal 
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swallowing triggers or complete absence of pha-
ryngeal swallowing, with unilateral spastic paresis or 
pharyngeal wall paralysis as well as reduction of cla-
vicular pharyngeal elevation and laryngeal dys-
function. Recovery of patients with brainstem dam-
age is lengthy and difficult. Dysphagia of this origin 
requires intensive therapy and care. 

 
The role of insula and operculum in the 

act of swallowing and their damage 
 
Martin et al. (17) stated that the operculum 

contributes to the temporal organization of swal-
lowing, i.e. the control and coordination of chewing 
as well as the sensory function of the oral cavity and 
pharynx. Other authors (16) state that the insula 
plays an important role in the act of swallowing due 
to its connection with the primary and supple-
mentary motor zone, thalamus and n. tractus soli-
tarii which are important centers in the mediation of 
oropharyngeal swallowing. 

According to Logeman (8), discrete lesions of 
the anterior part of the insula can result in swal-
lowing disorders. One recent study indicates a sig-
nificant delay in the pharyngeal swallowing phase 
(16). 

 
The role of the cerebellum in the act of 

swallowing 
 
The cerebellum, together with the pons, par-

ticipates in maintaining balance and controlling 
movement (19). The role of the cerebellum in the 
act of swallowing was studied in 24 studies (20) and 
it was concluded that the cerebellum has a func-
tional (not anatomical) connection with the primary 
motor zone, basal ganglia and thalamus in the vo-
luntary act of swallowing. Activated structures work 
as independent modules and each module has a 
special role in swallowing. 

The cerebellum has a role in controlling the 
sequencing and coordination of movements of the 
orolingual and pharyngeal musculature. Malandraki 
et al. (21) investigated brain activation within the 
act of swallowing and came to the result that when 
swallowing fluid, certain anterior and posterior parts 
of the cerebellum are activated together with other 
cortical and subcortical structures. Grabski et al. 
(22) investigated the role of the cerebellum in 
supralaryngeal and laryngeal movement control and 
they concluded the positive role of the cerebellum in 
the coordination of oral motor movements in the act 
of swallowing. 

 
Subcortical lesions and swallowing disorders 

 
Subcortical lesions may involve sensory path-

ways to and from the cerebral cortex. Subcortical 
brain lesions are accompanied by:  

- a slight delay (3 to 5 seconds) in the oral 
phase;  

- delay (3 to 5 seconds) in the pharyngeal 
swallow trigger;  

- mild to moderate impairment of neuro-
muscular control of pharyngeal swallowing.  

There are studies that indicate a positive cor-
relation between the extent of subcortical hemorrh-
age and the severity of swallowing disorders as well 
as the association of pharyngeal swallowing phase 
disorders and basal ganglia lesions in the right hemi-
sphere and corona radiata (23). Aspiration was 
associated with lesions in the putamen of the right 
hemisphere (14). The research conducted by Im. I 
et al. (16) also showed that lesions in the caudate 
nucleus affect aspiration or airway dysfunction. 

 
Screening and diagnosis of swallowing 

disorders 
 
Screening for dysphagia includes early detec-

tion of signs and symptoms in patients who are at 
high risk of developing swallowing disorders. Screen-
ing procedures provide information on the presence 
of aspiration, inadequate swallowing, the presence 
of food debris in the mouth and pharynx, the pre-
sence of a hoarse voice, and coughing during or 
immediately after a meal. The purpose of screening 
is to determine the likelihood that swallowing dis-
order exists as well as the need for further assess-
ment of swallowing (24). 

There are indications for instrumental and 
non-instrumental screening methods. For patients 
with signs and symptoms of pharyngeal dysphagia, 
instrumental examination methods provide more 
objective findings. 

Non-instrumental examination involves ob-
serving the patient's behavior in relation to swal-
lowing function, whether signs and symptoms of 
swallowing disorders are present, taking into 
account fatigue during feeding, body posture and 
environment. This type of examination can provide 
enough data to the clinician to diagnose oral dys-
phagia. Non-instrumental assessment of swallowing 
includes insight into the history of the case (exa-
mination of medical records), examination of the 
oral cavity, assessment of cranial nerves which in-
cludes assessment of the structure of the face, jaw, 
lips, tongue, hard and soft palate, oral cavity and 
mucous membranes. Non-instrumental examination 
includes functional assessment of muscles used in 
swallowing, symmetry, tone, strength and range 
and coordination of movements, observation of head 
and neck movement control, assessment of overall 
physical, social and cognitive status and observation 
of feeding flow within which salivation and chewing 
are observed (24). 

Instrumental techniques are used to evaluate 
oral, pharyngeal, laryngeal, and esophageal 
functions as well as to determine the appropriate-
ness and efficacy of treatment strategies. Video-
fluoroscopy or modified ingestion of barium is a 
radiological procedure that provides insight into the 
oral, pharyngeal and esophageal function. The most 
comprehensive assessment of swallowing disorders 
and the recognized gold standard is modified barium 
ingestion. Fiberoptic endoscopic assessment of swal-
lowing is a procedure that can be performed in the 
field but does not allow the visualization of the 
swallowing phases such as video fluoroscopy. 
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Treatment of swallowing disorders 
 
Regardless of the type of swallowing disorder, 

there are conditions that must be met in order to 
start treatment. Special attention is paid to the 
patient's posture, his vigilance, respiratory status 
and the oral cavity. When these conditions are met, 
i.e. when the patient is able to be in an upright 
position, if they are awake, without respiratory 
difficulties and if the denture is adequate, we can 
rely on: possible adaptations of the environment and 
food, specific exercises that will strengthen muscu-
lature involved in swallowing and provide protective 
mechanisms during the act of swallowing. The 
patient should sit upright, during the meal the 
environment must be free of noise and distractions. 
In case of difficulty grasping by hand, custom cutlery 
set can be used. 

 
Compensatory techniques 
 
Compensatory techniques control the course 

of feeding or drinking and eliminate symptoms, but 
they do not necessarily change the physiology of 
swallowing. These techniques are:  

1) changes in body posture that potentially 
change the dimensions of the pharynx or direct food 
transfer without patient effort,  

2) sensory input reduction,  
3) modify food volume and intake rate,  
4) change consistency and viscosity of food,  
5) intraoral prosthetics (8) (25). 
Changing body posture involves several tech-

niques. The lowering of the chin towards the chest 
enables the narrowing of the pharynx by moving the 
tongue and epiglottis to the posterior position. The 
risk of food aspiration is reduced. By rotating the 
head to the weaker side, in case of unilateral paresis 
or paralysis of the larynx, a wider opening of the 
healthy side of the pharynx is provided. By rotating 
the head to the stronger side, we enable the bolus 
to follow the stronger wall of the pharynx (25). 

Sometimes it is necessary to change the 
consistency of food, if chewing is difficult, the food 
softens. This reduces the risk of food suffocation. 
Food also adapts in cases of poor salivation, poor 
tongue mobility and loss of sensory function. The 
choice of contrasting temperatures and flavors can 
facilitate sensitivity in the oral cavity and pharynx 
and contribute to faster swallowing. If there is a 

delay in triggering the pharyngeal reflex, a change in 
viscosity will reduce the risk of direct aspirations. 
The longer the pharyngeal reflex delay the higher 
the viscosity must be. 

 
Therapeutic procedures 
 
Therapeutic procedures are designed to 

change the physiology of swallowing. They improve 
the range of motion of the oral and pharyngeal 
structures. These techniques improve a sensory in-
put before the act of swallowing, teach the patient to 
voluntarily take over the coordination of oro-
pharyngeal movements during swallowing (8). 

 
Swallowing maneuvers 
 
Swallowing maneuvers are designed to bring 

specific aspects of pharyngeal swallowing under 
voluntary control. There are four maneuvers:  

a) supraglottic swallowing;  
b) supersupraglottic swallowing;  
c) swallowing with effort;  
d) Mendelssohn maneuver.  
Supraglottic swallowing involves holding the 

breath just before the act of swallowing. Super-
supraglottic swallowing involves supraglottic swal-
lowing with the chin down. Mendelssohn's maneuver 
involves digital manipulation of the larynx during 
swallowing in the upper position for a few seconds 
(8). 

 
Conclusion 
 

Based on a critical review of studies on swal-
lowing disorders ranging from 1998 to the present, 
it can be concluded that many cortical and sub-

cortical structures play a significant role in the act of 
swallowing and that lesions of these structures affect 
dysphagia in different ways. The research was 
mainly based on brain lesions that lead to swal-
lowing disorders after a stroke, and most informa-
tion is presented in that area. Future studies are 

needed to expand knowledge and support the deve-
lopment of a neuroanatomical model of swallowing 
physiology and an approach to adequate and opti-
mal treatment of swallowing disorders. 
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Poremećaji gutanja (disfagija) obuhvataju kako teškoće u gutanju i kontrolisanju 

pljuvačke, tako i teškoće prilikom hranjenja. Ove smetnje pogađaju sve starosne grupe, od 
novorođenčeta do starijih i mogu biti posledica kongenitalnih abnormalnosti, oštećenja 
anatomskih struktura, koje utiču na gutanje, kao i različitih medicinskih stanja. Disfagija može 
da bude akutna (npr. izazvana moždanim udarom) ili može da progredira tokom vremena 
(npr. izazvana tumorima i progresivnim neurološkim bolestima). Brojne regije učestvuju u 
aktu gutanja i uključuju precentralni girus, postcentralni girus, premotornu zonu, suplementa-
rnu motornu zonu, operculum, insulu, precuneus, prefrontalnu areu, temporalni režanj, mali 
mozak, moždano stablo, frontalni režanj, capsulu interna, asocijativna polja, talamus i bazalne 
ganglije. Od izuzetne je važnosti razumevanje procesa gutanja, radi daljeg planiranja 
adekvatnog pristupa u tretmanu poremećaja ove funkcije. 
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JEDINSTVENI KRITERIJUMI ZA OBJAVLJIVANJE NAUČNIH RADOVA U 
BIOMEDICINSKIM ČASOPISIMA 

 
 
 
 

Ideja o postavljanju jedinstvenih kriterijuma za 
objavljivanje radova u časopisima za biomedicinske 
nauke iskristalisana je 1978. godine u Vankuveru. Ovi 
kriterijumi za rukopise, uključujući pravila za pisanje 
bibliografije, prvi put su objavljeni 1979. godine. 
Vankuverska grupa je vremenom prerasla u 
Međunarodni komitet urednika medicinskih časopisa — 
International Committee of Medical Journal Editors 
(ICMJE). Trenutno je na snazi peta revizija kriterijuma 
za objavljivanje radova u biomedicinskim časopisima, 
doneta 1997. godine. 

 

Kriterijumi za citiranje i navođenje 
referenci 
 
Reference se obeležavaju arapskim brojevima u 

zagradama, pri čemu se reference obele-žavaju 
brojevima onim redosledom kojim se pojavljuju u 
tekstu. Reference citirane jedino u tabelama ili legen-di 
moraju se obeležiti brojem u skladu sa redosledom 
pojavljivanja u tekstu.  

Naslove medicinskih časopisa treba pisati u 
skraćenom obliku onako kako su navedeni u poglavlju 
List of Journals Indexed in Index Medicus. Lista 
skraćenih naziva medicinskih časopisa objavljuje se 
svake godine u januarskom broju Index Medicusa. 
Ova lista se takođe može naći na adresi www.nlm.nih.gov 

Izbegavati upotrebu apstrakata kao referenci, 
već koristiti samo izvorne tekstove (in extenso članci). 
Reference koje se odnose na radove koji su prihvaćeni, 
ali još nisu odštampani, treba označiti sa “u štampi”, pri 
čemu autor mora imati pismeno odobrenje da citira 
takve radove i da priloži pismeni dokaz da je citirani rad 
prihvaćen za štampu. Informacije iz rukopisa koji nisu 
prihvaćeni za štampanje mogu se citirati u tekstu kao 
“neobjavljeni rezultati”, ali sa pismenom dozvolom 
autora. 

Izbegavati citiranje prethodnih saopštenja 
(personal communication) ukoliko ona ne obezbeđuju 
esencijalne rezultate koji još nigde nisu objavljeni. U 
ovom slučaju, neophodno je u zagradi navesti ime 
osobe i datum usmenog saopštenja rezultata. Za 
objavljivanje ovih podataka neophodno je pismeno 
odobrenje autora. 

 

Kriterijumi za pisanje referenci 
korišćenih u radu 
 
U ovom pregledu biće obrađena pravila za pi-

sanje literaturnih referenci samo za najčešće korišćene 
tipove publikacija. 

 
Članci u časopisima 
 
1. Standardni članak u časopisu 
 

Navesti prvih šest autora, ukoliko ih je više iza 
šestog dodati et al. ukoliko je referenca na engleskom 
jeziku ili i sar. ukoliko je referenca na srpskom jeziku. 

Vega KJ, Pina I, Krevsky B. Heart transplantation 
is associated with an increased risk for pancreatobiliary 
disease. Ann Intern Med 1996; 124(11):980-3. 

Parkin DM, Clayton D, Black RJ, Masuyer E, 
Friedl HP, Ivanov E, et al. Childhood–leukaemia in 
Europe after Chernobyl: 5 year follow-up. Br J Cancer 
1996;73:1006-12.  

 

2. Organizacija kao autor  
 
The Cardiac Society of Australia and New 

Zealand. Clinical exercise stress testing. Safety and 
performance guidelines. Med J Aust 1996;164:282-4.  

 

3. Članak bez poznatih autora  
 
Cancer in South Africa (editorial). S Afr Med J 

1994;84:15. 
 

4. Volumen sa suplementom  
 
Shen HM, Zhang QF. Risk assessment of nickel 

carcinogenicity and occupational lung cancer. Environ 

Health Perspect 1994; 102 Suppl 1:275-82.  

 

5. Broj sa suplementom 
 

Payne DK, Sullivan MD, Massie MJ. Women's 

psychological reactions to breast cancer. Semin Oncol 
1996;23(1 Suppl 2):89-97. 

 

6. Volumen sa više delova  
 
Ozben T, Nacitarhan S, Tuncer N. Plasma and 

urine sialic acid in non-insulin dependent diabetes 

mellitus. Ann Clin Biochem 1995;32(Pt 3):303-6. 
 

7. Broj sa više delova 
 

Poole GH, Mills SM. One hundred consecutive 
cases of flap lacerations of the leg in ageing patients. N 

Z Med J 1994;107(986 Pt 1):377-8.  

 

 

8. Časopisi sa brojem bez volumena  

 
Turan I, Wredmark T, Fellander-Tsai L. Arthros-

copic ankle arthrodesis in rheumatoid arthritis. Clin 
Orthop 1995;(320):110-4.  

 

9. Časopisi bez volumena i broja  
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Browell DA, Lennard TW. Immunologic status of 
the cancer patient and the effects of blood transfusion on 
antitumor responses. Curr Opin Gen Surg 1993:325-33. 

 

10. Reference u obliku apstrakta ili 

prethodnih saopštenja  
 
Enzensberger W, Fischer PA. Metronome in 

Parkinson's disease (letter)  Lancet 1996;347:1337. 
Clement J, De Bock R. Hematological complica–

tions of hantavirus nephropathy (HVN) (abstract). 
Kidney Int 1992; 42:1285. 

 

Udžbenici i monografije 
 
11. Monografija  
 
Ringsven MK, Bond D. Gerontology and 

leadership skills for nurses. 2nd ed. Albany (NY): 
Delmar Publishers; 1996.  

 

12. Autori kao urednici  
 
Norman IJ, Redfern SJ, editors. Mental health 

care for elderly people. New York: Churchill Livingstone; 
1996. 

 

13. Organizacija kao autor i izdavač  
 
Institute of Medicine (US). Looking at the future 

of the Medicaid program. Washington: The Institute; 
1992.  

 

14. Poglavlje u knjizi 
 
Phillips SJ, Whisnant JP. Hypertension and 

stroke. In: Laragh JH, Brenner BM, editors. Hypertension: 
pathophysiology, diagnosis, and management. 2nd ed. 
New York: Raven Press; 1995. p. 465-78.  

 

15. Conference proceedings  
 
Kimura J, Shibasaki H, editors. Recent advances 

in clinical neurophysiology. Proceedings of the 10th 
International Congress of EMG and Clinical Neurophysiology; 
1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 
1996.  

 

16. Conference paper  
 
Bengtsson S, Solheim BG. Enforcement of data 

protection, privacy and security in medical informatics. 
In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors.  
 
MEDINFO 92. Proceedings of the 7th World Congress 
on Medical Informatics; 1992 Sep 6-10; Geneva, 
Switzerland. Amsterdam: North-Holland; 1992. p. 1561-
5.  

17. Istraživački ili tehnički izveštaji  
 

Službeni izveštaji (Issued by funding / 
sponsoring agency): 
 
Smith P, Golladay K. Payment for durable medical 

equipment billed during skilled nursing facility stays. Final  
report. Dallas (TX): Dept. of Health and Human Services 
(US), Office of Evaluation and Inspections; 1994 Oct. 
Report No.: HHSIGOEI69200860.  

 

Sponzorisani izveštaji (Issued by 
performing agency)  
 
Field MJ, Tranquada RE, Feasley JC, editors. 

Health services research: work force and educational 
issues. Washington: National Academy Press; 1995. 
Contract No.: AHCPR282942008. Sponsored by the 
Agency for Health Care Policy and Research.  

 

18. Magistarske i doktorske disertacije  
 
Kaplan SJ. Post-hospital home health care: the 

elderly's access and utilization [dissertation]. St. Louis 
(MO): Washington Univ.; 1995.  

 

Druge vrste publikovanog materijala 
 

Neobjavljeni materijal 
 

19. U štampi (In press) 
 
Leshner AI. Molecular mechanisms of cocaine 

addiction. N Engl J Med. In press 1996.  
 

Elektronski zapisi 
 
20. Internet članak u elektronskom formatu  
 
Morse SS. Factors in the emergence of infectious 

diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar 
“cited 1996 Jun 5”; 1(1)(24 screens). Available from: 
URL: http://www.cdc.gov/ncidod/EID/eid.htm  

 

21. Monografija u elektronskom formatu 
 
CDI, clinical dermatology illustrated (monograph 

on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia 
Group, producers. 2nd ed. Version 2.0. San Diego: 
CMEA; 1995.  

 

22. Kompjuterski podaci  
 
Hemodynamics III: the ups and downs of 

hemodynamics (computer program). Version 2.2. 
Orlando (FL): Computerized Educational Systems; 1993.  
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PROPOZICIJE ZA PISANJE RADOVA U ACTA MEDICA MEDIANAE 

 
 

 
Acta Medica Medianae (AMM) je tematski časopis 

iz oblasti medicinskih nauka. Časopis objavljuje origi-
nalne radove koji nisu prethodno publikovani.  

U AMM se objavljuju: uvodnici, naučni i stručni 
članci, prethodna ili kratka saopštenja, revijski radovi 
tipa opšteg pregleda, aktuelne teme, meta-analize, 
prikazi slučajeva, prikazi knjiga i drugi prilozi. Radovi 
se štampaju na srpskom ili engleskom jeziku sa 
apstrak-tom na srpskom i engleskom jeziku. Radovi na 
engles-kom jeziku se prezentuju u elektronskom 
formatu na sajtu Medicinskog fakulteta u Nišu, kao i na 
među-narodnim sajtovima iz oblasti medicinskih nauka. 
Acta Medica Medianae izlazi četiri puta godišnje, od 
1962 godine. 

Svi radovi koji se objavljuju u AMM podležu 

anonimnoj recenziji, a Uređivački odbor određuje 
redosled njihovog štampanja. Primedbe i sugestije 
urednika i recenzenata dostavljaju se autoru radi 
konačnog oblikovanja. Radovi se predaju u pisanom ili 
elektronskom obliku na srpskom i engleskom jeziku. 
Rukopisi radova prihvaćenih za štampu ne vraćaju se 
autoru. 

Rukopis treba predati sa jednostrukim 
proredom, formata A4, sa levom marginom od 3 cm. 

Prva strana rada treba da sadrži: a) naslov 
rada b) puna imena i prezimena autora c) puni nazivi 
ustanova i organizacijskih jedinica u kojima je rad 
realizovan i mesta u kojima se ustanove nalaze, d) 
znacima *, **, ***, #, ##, ###,…označavaju se 
redom autori i njihove institucije e) puna adresa, broj 
telefona i e-mail osobe zadužene za korespondenciju u 
vezi predatog rukopisa.  

Druga strana treba da sadrži samo naslov 
rada, rezime i ključne reči, bez imena autora i 
institucija. Veličina rezimea za naučne i stručne članke, 
revijske radove tipa opšteg pregleda i meta–analize 
može da bude do 250 reči. Ispod rezimea sa 
podnaslovom “Klučne reči” navesti 3-5 ključnih reči ili 
izraza. Poželjno je da autori za ključne reči koriste 
odgovarajuće deskriptore, tj. definisane termine iz 
Medical Subject Heading (MeSH) liste Index Medicus-a. 
Prva i druga strana se predaju na srpskom i engleskom 
jeziku i ne obeležavaju se brojevima.  

Tekst članka: Naučni i stručni članci, kao i opšti 
pregledi i meta-analize ne smeju prelaziti 11 stranica 
sa prilozima; aktuelne teme– 6 stranica; kazuistika 6– 
stranica; prethodna saopštenja– 5 stranica, a izveštaji 
sa skupova i prikazi knjiga 2 stranice. Naučni i stručni 
članci obavezno treba da sadrže poglavlja: uvod, cilj, 
materijal i metode, rezultati, diskusija i zaključak. 
Zahvalnost ili komentar povodom sponzorstva rada dati 
na kraju teksta članka iza poglavlja “zaključak”.  

 

U tekstu naznačiti mesta priloga i obeležiti ih 
onako kako su obeleženi u prilogu. 

Literatura se daje u posebnom poglavlju, pri 
čemu se navodi onim redosledom kojim se citati pojav-
ljuju u tekstu. Broj literaturne reference se u tekstu 
označava arapskim brojem u zagradi. Za navođenje li-
terature koristiti pravila Vankuverske konvencije. 
Strane se numerišu arapskim brojevima u donjem des-
nom uglu  

Priloge u vidu teksta, tabela i ilustracija (gra-
fikoni, crteži i dr.) ne unositi u tekst članka, već na 
kraju teksta, na posebnim stranicama obeleženim u 
gor-njem levom uglu sa “Tabela, Grafikon, Ilustracija” i 
arapskim brojem redosledom pojavljivanja u tekstu 
(npr. Tabela 1, Grafikon 1 i dr.) i svakoj se daje kratak 

naslov. Kratka objašnjenja i skraćenice daju se u 
fusnoti. Za fusnotu koristiti sledeće simbole: *, **, 
***, #, ##, ###, …itd. Tabele, grafikone i ilustracije 
treba praviti korišćenjem nekog od programa iz 
Microsoft Office paketa. Izbegavati upotrebu boja kod 
izrade grafika. 

Za izradu grafičkih priloga može se koristiti bilo 
koji grafički program, pri čemu slike moraju biti 
snimljene u jpg formatu rezolucije 300 dpi (u 
originalnoj veličini). Grafički prilozi se ne unose u Word 
dokument već se predaju kao posebni JPG fajlovi.  

Ukoliko je tabela ili ilustracija već negde 
objavljena, citirati izvor i priložiti pismeno odo-brenje, 
ukoliko se radi o zaštićenom materijalu. Ukoliko je na 
fotografiji prikazan bolesnik tako da se može 
prepoznati, potrebno je njegovo pismeno odobrenje, u 
suprotnom, delovi fotografije se moraju izbrisati da 
bolesnik ne može biti identifikovan.  

Uz rad, na posebnom listu, treba dostaviti: a) 
izjavu da rad do sada nije objavljivan, b) potpise svih 
autora, c) ime, prezime, tačnu adresu i broj telefona 
prvog autora.  

Rad je preporučljivo predati u elektronskom obliku 
na e-mail adresu uredništva: acta@medfak.ni.ac.rs ili 
poslati poštom na CD ili DVD disku sa materijalom u 
celini na srpskom i engleskom jeziku. 

Rad treba otkucati u programu ms office Word 
verzija 2003. ili novija. Za verziju na engleskom jeziku 
koristiti font Verdana, veličine 9 pt, kodna stranica 
(English). Za verziju na srpskom jeziku koristiti font 
Verdana, veličine 9 pt, kodna stranica (Serbian lat ili 
Croatian).  

U radu je obavezno korišćenje međunarodnog 
sistema mera (SI) i standardnih međunarodno prihva-
ćenih termina. 

AMM zadržava pravo dalje distribucije i štam-
panja radova. 
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SECRETARIAT 

 

 
 

GUIDELINES FOR PAPER SUBMISSION TO ACTA MEDICA MEDIANAE 
 

 
 

Acta Medica Medianae (AMM) is a thematic 
journal for medical sciences. The Journal publishes 
original reasearch articles that have not been published 
before. 

AMM also publishes editorials, observational and 
experimental articles, procedings or short communicati-
ons, review articles, meta-analyses, case reports, 
current topics, articles from the history of medicine as 
well as other contributions related to medical sciences. 
All articles are printed in Serbian or English with short 
abstracts in both Serbian and English. Articles in 
English are published in electronic form on the 
University of Nis Medical Faculty website as well as 
international sites related to medical sciences. Acta 
Medica Medianae is published four times a year. The 
first issue appeared as early as 1962. 

 
General Guidelines 

Paper Submission  
All research articles published in this journal 

undergo rigorous peer review, based on initial editor 
screening and anonymized refereeing by at least two 
anonymous referees. Remarks and suggestions made 
by the editors and reviewers are sent to the author for 
final revision. The papers in English are to be submitted 
by e-mail: acta@medfak.ni.ac.rs. Manuscripts accepted 
for publication are not returned to authors. 

The first page of a research article must 
contain: a) article title b) full name of author(s) c) full 
name(s) of institutions and/or address(es) of department(s) 
where either reasearch was conducted or research 
article written d) following signs *, **, ***, #, ##, 
### signifying author(s) and institutions e) full 
address, phone number and e-mail of a corresponding 
author.  

The second page should contain only research 
article title, abstract and key words without names of 
author(s) and institution(s). Abstract for research and 
professional articles, review articles and meta-analyses 
should  have up to 350 words while abstract for all 
other types of publications should consist of 250 words. 
Key Words section should have up to 5 key words or 
phrases related to a submitted article. It is desirable 

that authors use corresponding descriptors from 
Medical Subject Heading (MeSH) that can be found on 
Index Medicus list for key words. The first and the 
second page should not be numbered. 

Body of a Research Article – Research and 
professional articles, as well as general surveys and 
meta-analyses should not exceed 11 pages altogether; 
current topics - 6 pages, casuistics - 6 pages and 
proceding statements - 5 pages, history of medicine 
articles - 3 pages while conference reports and book 
reviews - 2 pages. Research and professional articles 
should comprise the following mandatory chapters: 
introduction, aim(s), material and method(s), result(s), 
discussion and conclusion(s). Result(s) and discussion  

can be comprized into one chapter. Acknowledgments 
of any kind in a submitted article should be written at 
the end of the paper after "Conclusion(s)". It is necessary 
to clearly mark a place for additions in the text. 

References should be written in a separate 
chapter in the same order of appearance as in a 
research article. Reference numbers that appear in the 
text should be written in Arabic numerals and put in 
brackets. All authors should be listed. If there are more 
than six authors this should be indicated with et al. Use 
the rules of the Vancouver convention when quoting 
literature. Pages should be enumerated in Arabic 
numerals in the bottom right corner. 

Additions in form of texts, tables and 

illustrations (photos, drawings, diagrams, etc) should 

not be inserted in the reasearch article body but at the 

end of the text on separate pages which should be 

marked in the upper left corner as "Table(s), 

Graphic(s), Illustration(s) etc) with Arabic numeral in 

the same order of appearance as in the text (for 

instance, Table 1, Graph 1, etc) with a short title. Short 

explanations and abbreviations should be stated in 

footnotes where the following symbols should be used: 

*, **, ***, #, ##, ###, etc. Table(s), graph(s) and 

ilustration(s) should be drawn in a Microsoft Office 

Program. Color should be avoided. 
Any graphic program can be used for making 

graphic addition(s) while picture(s) should be saved in 

.jpg format with 300 dpi resolution (original size). 

Graphic addition(s) should be sent as separate jpg 

file(s), and not inserted in the body of a research or 

any other article submitted to AMM. 

If some additions, included in a submitted 

reasearch article, have already been published, source 

of publication should be clearly stated, alongside 

written approval in case the material is copyright 

protected. Patients on photographs have privacy rights 

that should not be infringed without their consent. 

Namely, if a photograph shows a patient who can be 

recognized, his/her written approval should also be 

submitted; otherwise, visible and recognisable facial or 

bodily parts should be blackened so that the patient 

cannot be identified by readership. 

On a separate sheet the author should also 

enclose: a) his/her statement that a submitted article 

has not been published before, b) signatures of all 

authors, c) full name, address, e-mail and phone 

number of the first author.  

Submitted article should be typed in Word 
Version 2003 for Windows (or more recent ones), font 
Verdana 9 pt size; code page (English) should be used.  

The authors are required to use international 
measurement standards (SI) and internationally accepted 

standard terms.  
Acta Medica Medianae reserves the right for further 

distribution and printing of published reasearch articles.
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