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ABSTRACT

Microinflammation is a non-traditional risk factor for the
development of cardiovascular diseases in patients on
hemodialysis. It occurs in 30-50% of these patients, and its main
causes are: uremic toxins, oxidative stress, metabolic acidosis,
vitamin D  deficiency, overhydration, altered intestinal
microbiome, impaired intestinal epithelial barrier integrity,
increased translocation of endotoxin from the intestinal lumen
into the systemic circulation, occult infection of the vascular
approach  for  hemodialysis,  periodontal  disease,
bioincompatibility of the hemodialysis membrane and the
presence of endotoxin in the hemodialysis solution. The main
clinical consequences of microinflammation are: accelerated
atherosclerosis, malnutrition, anemia, resistance to the action of
erythropoietin, hemoglobin variability and dialysis-related
amyloidosis. Postdilution online hemodiafiltration, extended and
adsorptive  hemodialysis  prevent the development of
microinflammation. Optimal control of microinflammation
prevents the development of cardiovascular diseases, improves
the quality of life and the outcome of patients who are treated with
regular hemodialysis.

Keywords: Microinflammation, postdilution online hemodiafil-
tration, extended hemodialysis, adsorptive hemodialysis.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in
patients on regular hemodialysis treatment (1). They are the
leading cause of death of patients treated with kidney replace-
ment methods. In this patient population, the prevalence of
traditional and non-traditional risk factors for the develop-
ment of cardiovascular diseases is high. Non-traditional risk
factors include: anemia, inflammation, oxidative stress, hy-
perhomocysteinemia, hypervolemia, metabolism of calcium
and phosphate, and lack of vitamin D (1, 2).

Oxidative stress and pathophysiological mechanisms of
its generation

Oxidative stress is defined as organ damage caused by the
balance disturbance between the formation of free radicals
and the function of antioxidant systems (3, 4). A free radical
is any atom or molecule with one or more unpaired electrons.
The processes of protein, carbohydrate, lipid and nucleic acid
oxidation cause damage to the structure and function of organ
tissue cells (3, 4). Free oxygen radicals are produced in pol-
ymorphonuclear leukocytes under the action of NADPH
(nicotinamide-adenindinukleotide-phosphate oxidase),
which transforms the molecular oxygen into the superoxide
anion (3, 4). The superoxide anion is transformed into hydro-
gen peroxide (H20) under the action of superoxide diz-
mutase (SOD). The superoxide anion and hydrogen peroxide
are precursors in the formation of stronger oxidants. The su-
peroxide anion radical (O;”) reacts with nitric oxide (NO)
and, in that case, toxic nitrogen products, such as peroxyni-
trite (ONOO-) (nitrosative stress), are formed (3). Hydrogen
peroxide (H,0,) reacts with intracellular iron (Fe?*) forming
the hydroxyl radical (OH), and that reaction is known as the
Fenton reaction (classical oxidative stress) (3, 4). Within the
Haber-Weiss reaction, the hydroxyl radical (OH) is also gen-
erated by the interaction between the superoxide anion and
hydrogen peroxide. Under the action of myeloperoxidase
polymorphonuclear leukocytes (MPO), hydrogen peroxide is
converted into hypochloric acid (HOCI) in the presence of
chlorine anions (Cl’). Hypochloric acid can react with endog-
enous amines (R-NH) causing the production of chlora-
mines (RNH-CI) (chlorinated stress) (3, 4). The natural anti-
oxidant system consists of an enzyme and a non-enzymatic
component. Superoxide dismutase (SOD) is a representative
of the first line of the antioxidant system. It accelerates the
degree of superoxide anhydration in hydrogen peroxide. Cat-
alase (CAT) converts hydrogen peroxide into water, and this
also works with glutathione peroxidase (GSH-Px), but in the
presence of glutathione, a hydrogen source (3). The non-en-
zymatic components of defense include: vitamin C, vitamin
E, N-acetylcysteine, coenzyme Q10 (3, 4).

Oxidative stress induced by dialysis

Patients in the final stage of chronic kidney failure treated
with hemodialysis exhibit increased free oxygen radicals lev-
els due to prooxidative factors (age, diabetes mellitus,
chronic inflammatory status, uraemia, bioincompatible dial-
ysis membrane, presence of endotoxins in the hemodialysis

solution) and the reduced activity of antioxidant mechanisms
(lack of vitamin C and selenium, lack of vitamin E, reduced
glutathione system activity) (4, 5).

Hemodialysis is itself a trigger for the increased for-
mation of free oxygen radicals. The two major pathophysio-
logical mechanisms for the increased formation of free oxy-
gen radicals during the hemodialysis session are: bionicom-
patibility of the dialysis membrane and the presence of endo-
toxin in a hemodialysis solution (4, 5). Dialysis membranes
play a central role in the hemodialysis and hemodynamic
therapy process. They can be natural and artificial (syn-
thetic). Natural membranes are cellulose derivatives, "low-
flux", have low clearance of medium molecular weight ure-
mic toxins and a lower degree of biocompatibility compared
to synthetic membranes. Synthetic membranes (polysulphon,
polyamide, polyacrylonitrile) are highly permeable ("high-
flux"), biocompatible, have good clearance of uremic toxins
of medium molecular weight and are highly water-permeable
(high coefficient for ultrafiltration - Kuf) (6, 7). The param-
eter for the evaluation of the efficiency of the dialysis mem-
brane is the coefficient of mass transfer - KoA. It represents
the product of the coefficient of transmission (Ko) and the
surface of the membrane (A). Depending on KoA dialysers
can be: low-efficient dialysers KoA <300, moderately effec-
tive dialysers - KoA = 300-600 and high-efficiency dialysers
- KoA > 600-700 (6, 7). The ultrafiltration capacity of the
dialyser (provides clearance of uremic toxins of medium and
high molecular weight) is quantified based on the ultrafiltra-
tion coefficient - Kuf. Depending on the ultrafiltration coef-
ficient, the dialysers can be: "low-flux" (Kuf < 10 ml/h x
mmHg) and "high-flux" (Kuf > 20 ml/h x mmHg) (6, 7).
High-flux semipermeable dialysis membranes are used for
on-line hemodialysis, with an ultrafiltration coefficient
greater than 20 ml/h x mmHg (= 50 ml/h x mmHg, high water
permeability and water-soluble secondary molecular weight
substances) (6, 7). When the patient's blood is touched by the
hemodialysis system, the complement and blood coagulation
systems, platelets, mononuclear and polymorphonuclear
cells of the immune system are activated, and can also signal
hypersensitivity reactions (6, 7). During the hemodialysis
session, due to direct contact of the blood and the surface of
the membrane for hemodialysis, there is a direct activation of
the polymorphonuclear leukocytes, which, due to activated
myeloperoxidase (MPO), increase the free acidic radicals’
levels [8]. The measurement of myeloperoxidase concentra-
tion released from the serum neutrophils during the hemodi-
alysis is an indicator of the severity of oxidative stress in-
duced by the use of membranes for hemodialysis of a differ-
ent degree of bionicompatibility (8). Liquid that enters the
dialyser is a combination of dialysis water and electrolyte so-
Iution and is called a dialysis solution (dialysate, dialysis
fluid), and the fluid coming out of the dialyser is the combi-
nation of dialysis fluid and toxic molecules removed from the
patient's blood (9, 10). Water mixed with electrolytic solu-
tion, with prior treatment in the water treatment system, is
called dialysis water. During standard hemodialysis (3x
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weekly for 4h), the patient's organism is exposed to approxi-
mately 360 liters of dialysis solution. Therefore, high micro-
biological quality of the dialysis solution (ultra-pure dialysis
solution) is required, and clinical trials show its beneficial ef-
fect on the outcome of the treatment of patients (9, 10). Ac-
cording to the European Best Practice Guidelines/European
Renal Best Practice, ANSI/AAMI RD52 (American National
Standards Institute/Association for the Advancement of
Medical Instrumentation RD 52) and ANSI/AAMI/ISO
11663 for the Advancement of Medical Instrumentation ISO
11663), the ultra-pure dialysis solution is defined as a solu-
tion in which the number of colonies of bacteria is < 0.1
CFU/mL and the endotoxin concentration is E <0.03 EU/mL.
The ultrafine solution is used for high-flux hemodialysis
(HFHD) and hemodynamic filtration (HDF) (9, 10). For he-
modialysis with the low-flux membrane (LFHD), according
to current recommendations, the concentration of endotoxin
should be <0.50 EU/mL (< 0.25 EU/mL) and the number of
colonies < 100 CFU/mL (< 50 CFU/mL) (9, 10). Endotoxin
and other bacterial products, backdiffusion/backfiltration
processes, pass from a dialysis solution, through a dialysis
membrane (pore size on the dialysis membrane, the ability of
the membrane to adsorb endotoxins, the thickness of the
membrane) into the patient's blood and activate the mononu-
clears and polimorfonuclears to produce free oxygen radicals
and proinflammatory cytokines (interleukin-1, interleukin-6,
tumor necrosis factor - TNFa), all of which results in the de-
velopment of oxidative stress, microinflammatory and accel-
erated atherosclerosis (9, 10). To detect bacterial products in
a hemodialysis solution (dialysis), a biological assay of pe-
ripheral blood mononuclear cell induction is used to produce
cytokines - PBMC (cytokine induction in peripheral blood
mononuclear cells), and for the detection of lipopolysaccha-
ride (LPS) and endotoxin, LAL (Limulus-amebocyte-lysate
test) test (9, 10). Ultrapure dialysis solution prevents the de-
velopment of oxidative stress, microinflamation, slows down
the decrease in residual renal function of the kidney, im-
proves the nutritional status of patients, increases the sensi-
tivity of the red blood cell line to the effect of erythropoietin,
reduces the cardiovascular morbidity and mortality of pa-
tients treated with regular dialysis (9, 10).

In patients treated with regular hemodialysis, the activity
of enzymatic and non-enzymatic antioxidative systems is re-
duced. The decreased activity of antioxidant enzymes (super-
oxide dizmutase, glutathione peroxidase) is due to reduced
concentration of trace elements, such as selenium, copper and
zinc. Concentration of trace elements is reduced due to insuf-
ficient input, but also increased loss during hemodialysis ses-
sion (11). Because of the lack of vitamin C and vitamin E,
the capacity of non-enzymatic antioxidative protection sys-
tems is reduced (11, 12).

Clinical consequences of oxidative stress

The main clinical consequences of oxidative stress
include the development and acceleration of the atherosclero-
sis process, the development of anemia and the resistance to
erythropoietin activity, malnutrition and amyloidosis
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associated with hemodialysis (13). The superoxide anion oxi-
dizes tetrahydrobiopterin (an endogenous cofactor necessary
for the activity of nitric oxide (NO) synthetase enzyme) and
in this way reduces the production of NO. Nitric oxide is con-
tinuously produced in endothelial cells by the action of NO
synthetase on L-arginine. It has a protective effect on the car-
diovascular system (blocking the proliferation of vascular
smooth muscle cells, platelet aggregability and adhesion of
monocytes on endothelium). The activity of NO synthetase
can be blocked by endogenous methylarginins. Asymmetric
dimethylarginine is the most important endogenous blocking
agent of the NO synthesis. It is mostly excreted through the
kidneys, and partly under the influence of dimethyl-diamino-
hydrolase (DDAH), it is degraded to citrulline. Oxidative
stress blocks the activity of DDAH, which reduces the degra-
dation of asymmetric dimethylarginine, and its accumulation
in endothelial cells blocks the nitric oxide synthase, which
begins the process of atherosclerosis (13). Increased serum
homocysteine concentration is another significant blocker of
the activity of dimethyl-diamino-hydrolysis enzyme
(DDAH) in endothelial cells of arterial blood vessels. Incre-
ased serum homocysteine concentrations are present in 80%
of patients treated with regular hemodialysis. It is defined as
the concentration of homocysteine in the serum higher than
15 umol/L and is the result of a reduced activity of the
enzymes crucial in the metabolism of homocysteine, such as
the 5-methyltetrahydrofolate reductase, methionine synthase,
and beta-synthesis of cystation. The decreased activity of
these enzymes is due to the decreased concentration of vita-
mins B6, B12 and folic acid (cofacture of the enzymes men-
tioned) (14, 15). The lack of vitamin B6 occurs when the con-
centration of vitamin B6 in the serum is < 20 nmol/L, the lack
of vitamin B12 when the concentration of vitamin B12 in the
serum is < 200 pg/mL, and the lack of folic acid as the serum
folate concentration is < 2.2 mg/mL (14, 15). In healthy po-
pulation, the normal concentration of ADMA in plasmais 1.0
pmol/L, in hemodialysis patients 2.2 pmol/L, and at the con-
centrations of 3-15 umol/L, ADMA blocks the formation of
NO in the endothelial cells of the blood vessels and begins
the atherosclerosis process (16). In addition to oxidative
stress and hyperchomocysteinemia, a significant role in the
development of atherosclerosis in patients treated with regu-
lar hemodialysis is the role of microinflammation. It is pre-
sent in 30-50% of these patients and is defined as the concen-
tration of C-reactive protein in the serum > 10 mg/L. A sig-
nificant role in causing and maintaining chronic low-level
microinflammation in this population of patients belongs to
bio-compatibility of dialysis membrane, water quality for he-
modialysis and vascular approach for hemodialysis (17-19).
Microinflammation causes the accumulation of neutrophils
and monocytes in the atherosclerotic plaque, and the release
of free radicals of oxygen (oxidative stress), cytokines and
metalloproteinases can lead to rupture of the atherosclerotic
plaque cap and the development of acute coronary events (19,
20).

In 10-30% of patients treated with regular hemodialysis,
there is a resistance to erythropoietin activity. According to
the European recommendations, the resistance to
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erythropoietin activity is defined as the inability to achieve
the target hemoglobin concentration in the blood (Hb = 110-
120 g/L) using erythropoietin at a dose of > 300 [U/kg/week
(> 20.000 IU/week) or darbepoetin-a at a dose of > 1.5
ng/kg/week (> 100 pg/week) or as a constant need for high
doses of erythropoietin in order to maintain the target hemo-
globin concentration (21). For the measurement of the seve-
rity of resistance to erythropoietin, the erythropoietin resi-
stance index - ERI (Erythropoietin Resistance Index) is used
(21). It represents the ratio of weekly dose of erythropoietin
depending on body weight and blood hemoglobin
(EPO/kg/weekly/HDb). Erythropoietin resistance index > 0.02
ng/kg/week/g of Hb indicates the presence of erythropoietin
resistance (21). The main risk factors for the development of
resistance to erythropoietin activity are iron deficiency,
inflammation, oxidative stress, lack of vitamin D and se-
condary hyperparathyroidism, lack of vitamin C, vitamin
B12, folic acid and L-carnitine, anti-EPO antibodies (21). I-
ron deficiency, oxidative stress, microinflammation and lack
of vitamin C block the proliferation and differentiation of red
cell precursor cells, reduce the synthesis of endogenous
erythropoietin, stimulate the secretion of hepcidin and the de-
velopment of a functional iron deficiency (22, 23).

Parameters of oxidative stress in patients with
hemodialysis

Free oxygen radicals have a very short half-life (one se-
cond), so the clinical evaluation of oxidative stress is measu-
red by measuring stable oxidation products. Oxidative stress
parameters include lipid peroxidation products (such as:
acrolein, malonyldialdehyde, 4-hydroxynonenal, TBARS,
F2-isoprosthenes), lipid oxidation products (oxLDL, anti-
oxLDL antibodies), oxidatively altered proteins (final pro-
duct of protein oxidation - AOPP), final protein glycation
products (AGE), evaluation of the activity of antioxidant
enzymes (SOD and glutathione peroxidase in erythrocytes),
evaluation of non-enzymatic anti-oxidants (plasma vitamin
C, glutathione and vitamin E content in erythrocytes) and
inflammatory proteins CRP, albumin (23). 8-hydroxy-2'-de-
oxiguanosine (8-OHdG) is used as the parameter of nucleic
acids oxidation, and its concentration in the serum and leu-
kocytes is increased in patients treated with regular hemodi-
alysis (23, 24).

Treatment of oxidative stress in hemodialysis patients

The antioxidant treatment strategy consists of the supple-
mentation with vitamin C, vitamin E (a-tocopherol), sele-
nium, N-acetylcysteine, and coenzyme Q10. Patients treated
with regular hemodialysis have a deficiency of vitamin C due
to reduced dietary intake (fresh fruits and vegetables in addi-
tion to vitamin C also contain significant amounts of potas-
sium) and its elimination during the hemodialysis session
(low molecular weight - MW = 176.1 Da, in a small per-
centage it is bound for plasma proteins - PB = 25%, hydro-
soluble vitamin) (24, 25). During the hemodialysis session,
100-300 mg of vitamin C is removed (vitamin C concentra-
tion after hemodialysis is reduced by 30-50%) (24, 25). Nor-
mal serum vitamin C concentration is 30-60 pmol/L, and

patients treated with regular hemodialysis often have a severe
lack of vitamin C (vitamin C concentration in the serum < 10
umol/L) and require the substitution of this vitamin (24, 25).
In patients treated with regular hemodialysis, vitamin C is
administered per os at a dose of 100-200 mg/day, and can
also be applied i.v. at a dose of 300-500 mg after each hemo-
dialysis session over a period of 8-12 weeks, with a defective
monitoring for early detection of systemic oxalosis (measu-
rement of serum oxalate concentration required) (24, 25).
Intravenous use of vitamin C reduces the concentration of
ferritin and proinflammatory mediators in the serum, reduces
oxidative stress and resistance to the effect of erythropoietin
in patients on regular hemodialysis treatment (24, 25).

Vitamin E (o-tocopherol) has a very strong antioxidant
effect. It is administered per os, and the dose of vitamin E can
be expressed in international units or milligrams: 100 IU =
67 mg of natural vitamin E (26). When applied in a dose of
400-800 mg/day over a period of 8-12 weeks it significantly
reduces the concentration of malodialdehyde, oxLDL and
TBARS in the plasma of patients treated with regular hemo-
dialysis. The use of vitamin E reduces oxidative stress, pre-
vents the development and acceleration of atherosclerosis
and reduces the corpulence of intima-media of carotid arter-
ies in the population of patients treated with regular hemodi-
alysis (26).

N-acetylcysteine (NAC) increases the production of glu-
tathione, which plays an important role in the function of an-
tioxidant enzymes, such as glutathione peroxidase (GSH-Px).
Applied at a dose of 600-1200 mg/day for 3-6 months it sig-
nificantly reduces the concentration of malondialdehyde
(MDA) and asymmetric dimethylarginine (ADMA) in the
plasma, reduces the resistance index to the effect of erythro-
poietin and compensates for the treatment of anemia in pa-
tients treated with regular hemodialysis (23, 26).

Coenzyme Q provides homeostasis of mitochondria and
reduces oxidative stress (prevents oxidation of lipids, pro-
teins, and nucleic acids). Applied in a dose of 1200-1800 mg
daily for 4-6 months, it significantly reduces the concentra-
tion of final protein oxidation products (AOPP) and
malondialdehyde (MDA) in the plasma of patients treated
with regular hemodialysis (26, 27).

The choice of the modality of hemodialysis, the type of
dialysis membrane and the type of solution for hemodialysis
can significantly reduce oxidative stress, prevent the devel-
opment of accelerated atherosclerosis, and correct the treat-
ment of anemia in patients treated with hemodialysis (28-41).

On-line hemodiafiltration reduces the resistance to eryth-
ropoietin activity. The reduction of resistance to erythropoi-
etin activity results from an increased removal of hepcidin,
inflammatory mediators, and lipid, protein and nucleic acid
oxidation products during a hemodynamic filtration session.
Treatment on-line by hemodiafiltration over a period of three
to six months significantly reduces inflammation, oxidative
stress, serum hepcidin concentration, which increases the
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availability of iron for erythropoiesis and reduces the re-
sistance to erythropoietin activity (28, 29).

Vitamin E coated hemodialysis membranes reduce serum
lipid peroxidation parameters such as malondialdehyde
(MDA), thiobarbutyric acid reactive compounds (TBARS)
and oxidized LDL cholesterol (oxLDL). Studies have shown
that these membranes also reduce the concentration of oxida-
tive nucleic acid parameters, such as 8-OHdG, as well as the
concentration of microinflammatory parameters (CRP, inter-
leukin-6) (30-37). Vitamin E coated dialysis membranes re-
duce the content of 8-OHdG in leukocytes in patients treated
with regular hemodialysis (reduces DNA leukocyte oxida-
tion). These membranes provide good control of the function
of leukocytes, exhibit an antioxidant and antiinflammatory
effect (30-37). The treatment of high-flux hemodialysis with
polysulphonic membrane-bound vitamin E over a period of
six months significantly reduces oxidative stress, microin-
flammation, an erythropoietin resistance index and corrects
the treatment of anemia in patients treated with regular he-
modialysis (30-37).

The treatment of anemia in patients on hemodialysis in-
volves the use of erythropoiesis (ESA) stimulating agents and
intravenous iron (iron sucrose). After the administration of
intravenous iron at a dose of 100 mg (within 15-30 minutes
of infusion), the concentration of free oxygen radicals in
these patients significantly increased (38-41). In order to pre-
vent the development of oxidative stress after i.v., Ferrous
Pyrophosphate Citrate (FPC) for adult patients treated with
hemodialysis, administered through a solution for hemodial-
ysis, was approved by the US Food and Drug Administration
in 2015 (38-41). One 5 ml FPC (TrifericTM) ampoule is
added to every 2.5 gallons of bicarbonate concentrate so that
the final FPC concentration in the hemodialysis solution is
110 pg/L (2.0 pmol/L). FPC is used in every hemodialysis
treatment, and the serum ferritin concentration and iron trans-
fer (TSAT) saturation should be measured every three
months. In patients with a serum ferritin concentration
greater than 1000 ng/mL, and TSAT greater than 50% should
be discontinued, FCD should be used, standard bicarbonate
solution for hemodialysis should be used. In patients whose
serum ferritin concentration is less than 200 ng/mL, i.v. iron
400-500 mg, during the next 4-5 hemodialysis treatments
(100 mg/HD), and the FPC should be continuously applied.
When the target serum ferritin concentration and saturated
transfer of iron transfer is achieved, FPC should be applied
continuously because 5-7 mg of iron (maintenance of target
values of ferritin and TSAT) is lost during each hemodialysis
session (38-41). Iron application through hemodialysis solu-
tion reduces oxidative stress and reduces the resistance to
erythropoietin (dose of erythropoietin decreases by 35%)
(38-41).

CONCLUSION
Cardiovascular diseases are the leading cause of patients

with chronic kidney disease treated with kidney replacement
methods. In this patient population, there is a high prevalence
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of traditional but also new non-traditional risk factors for the
development of cardiovascular diseases. Oxidative stress is a
significant non-traditional risk factor for the progression of
chronic kidney disease and the development of cardiovascu-
lar diseases in the population of patients on regular hemodi-
alysis treatment. The main clinical effects of oxidative stress
are: atherosclerosis, amyloidosis associated with hemodialy-
sis, resistance to erythropoietin activity and malnutrition. The
antioxidant treatment strategy consists of replenishing vita-
min C, vitamin E, selenium, N-acetylcysteine and coenzyme
Q10. On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane and an ultra-pure solution for he-
modialysis prevent oxidative stress. Early detection of oxida-
tive stress and timely application of appropriate antioxidant
therapy can prevent the development of cardiovascular dis-
eases, reduce the rate of cardiovascular morbidity and mor-
tality, and improve the life quality of patients treated with re-
nal replacement methods.
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ABSTRACT
Corresponding author: The aim of this pilot study is a preliminary evaluation of previous
models / modalities of online teaching at the Faculty of Medical
Ljiljana Tasic Sciences in Serbia and to examine the attitudes of students and

academic staff about education during the COVID-19 pandemic,
as well as their previous experiences. The research was designed
as an observational qualitative epidemiological study which was
E-mail: tasicljiljana2020@gmail.com conducted on a population of students and academics staff at the
Faculty of biomedical sciences, University of Kragujevac during
the pandemic of SARS-CoV-2 infection in Serbia. The first phase
is a pilot study which included 332 participants performed
between December 2020 and January 2021. The pilot study
questionnaire is formed for the purposes of the research and
consists of 17 closed-ended questions with graduated answers.
Students and academic staff completed the questionnaire through
an online learning platform in all environments and from all
electronic devices. The importance of this study is reflected in the
fact that it provides detailed and valid data that can serve the
purpose of improving the efficiency of online teaching at the
faculties of medical sciences in Serbia In general, the results of
our study indicate that in addition to great inexperience, both
students and academic staff cope well during online education
and the changed environment and learning conditions despite all
the difficulties.
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INTRODUCTION

The outbreak of the SARS-CoV-2 virus pandemic de-
clared by the World Health Organization in early 2020 af-
fected the health system, the economy, education, and other
aspects of life (1). The first case of SARS-CoV-2 infection
was registered in the Republic Serbia on March 6, 2020, and
after only 9 days, due to the increase in the number of in-
fected, the Government of the Republic of Serbia declared a
state of emergency. The declaration of a state of emergency
has led to a number of restrictive measures, including the clo-
sure of state borders, restrictions on the movement of citizens
and the suspension of all educational institutions indefinitely

Q).

Due to the introduction of such measures, the teaching
process at all educational levels has reoriented from the clas-
sical model of teaching to different types of online teaching.
Accordingly, the Faculty of Medical Sciences of the Univer-
sity of Kragujevac has adapted the teaching process to the
current epidemiological situation and an online platform has
been formed. The platform for online teaching
(studije.fmn.rs) was created with the aim of providing quality
support to students but also to teachers and associates during
teaching activities with the possibility of checking students'
knowledge and testing them at a distance. Students of all
study programs of the Faculty of Medical Sciences, as well
as teachers and associates had the opportunity to access the
teaching content on the platform by creating a user account.
Other medical faculties in Serbia have also, in various tech-
nical and organizational formats, introduced online teaching
during the epidemic.

Due to the transition from the classic to the online way of
student education and teacher work, the quality and effi-
ciency of this form of teaching have become the subject of
research. An additional challenge is the specificity of the
teaching process at the faculties of health care, as well as in-
sufficient previous experience of both students and teachers.
Currently, there are only a few publications that assess the
impact of the pandemic and its consequences on the educa-
tional process in the field of medical sciences, especially in
terms of the attitudes and experiences of students and teach-
ers. Previous problems that students have encountered in re-
lation to teaching online methods described in the literature
are difficult communication and inability to discuss, inade-
quate assessment of student knowledge, difficult use of tech-
nological tools necessary for this type of education, time
management and anxiety and stress due to quarantine and
isolation (3, 4). As the most significant shortcoming of this
model of education, students state the impossibility of replac-
ing it with classical education, which enables direct contact
of the student with the patient. Also, students' attitude is that
they cannot learn practical skills through online education
(5). The advantages that students notice are reduced costs
during their studies and time savings. Also, as positive as-
pects, they mention the availability and quick access to learn-
ing materials, safety and reduced risk of infection. Previous
research has shown that students have a positive attitude

towards online teaching and believe that it should be in addi-
tion to the classical form of education (4). The literature
states that more attention should be paid to practical and in-
dividual learning needs of students during online education
in medical sciences. and clinical practice (6).

By analyzing the advantages and disadvantages of the
online learning model that students and teachers of the facul-
ties of medical sciences encounter, this type of teaching can
be improved. It is necessary to consider and further adapt this
form of education to the needs of all participants in the teach-
ing process due to the tendency to repeat pandemics over
time and the inability to predict their scale. Also, in the long
run, a mix model of on-site online teaching (hybrid learning)
seems to be suitable for teaching in medical and health sci-
ences (7, 8).

The aim of this pilot study is a preliminary evaluation of
previous models / modalities of online teaching at the Faculty
of Medical Sciences in Serbia and to examine the attitudes of
students and academic staff about education during the
COVID-19 pandemic, as well as their previous experiences.

PARTICIPANTS AND METHODS

Ethical concerns

Participation in the survey was voluntary, and completely
anonymous, identification data of the technical approach of
survey participants are available only to in accordance with
the standard operating procedure of the Faculty of Medical
Sciences, University of Kragujevac, Serbia. The conduct of
the study is in line with the principles of the Declaration of
Helsinki (revision 2013) and the protocol of the study was
approved by institutional ethics committee Faculty of Medi-
cal Sciences (Number 01-3491).

Participants and protocol of study

The research was designed as an observational qualitative
epidemiological study which was conducted on a population
of students and academics staff at the Faculty of biomedical
sciences, University of Kragujevac during the pandemic of
SARS-CoV-2 infection in Serbia. The first phase is a pilot
study which included 332 participants performed between
December 2020 and January 2021. The second phase at the
national level is in progress. The main including criteria for
participants were the following: undergraduate or vocational
or postgraduate student or teacher/associate of all faculties of
medical sciences in Serbia, the existence of the participant's
user account on the appropriate online platform or appropri-
ate online approach and voluntary participation. No special
exclusion criteria were defined.

Based on the results of the analysis in the first phase, the
redesign / improvement of the survey questionnaire will be
approached in order to improve its validity and feasibility.
Thus, the new format of the survey questionnaire-assessment
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instrument will be submitted again to the Ethics Committee
for consideration, and before the implementation of the sec-
ond phase, in the form of an Amendment to the Protocol. The
second phase of testing will be conducted according to the
same principles as the pilot study, and upon approval of the
protocol amendments. It is planned that in the second phase,
the participants will be students, teachers and associates of
medical faculties in Kragujevac, Belgrade, Novi Sad, Nis and
Pristina-Kosovska Mitrovica, as well as the Faculty of Phar-
macy and the Faculty of Dentistry of the University of Bel-
grade. The implementation of the study in this phase will be
coordinated by the Association of Medical Faculties of Ser-
bia, through coordinators appointed by each faculty that ac-
cepts to participate in the study, with the main coordinator-
manager being a representative of the Faculty of Medical Sci-
ences, University of Kragujevac.

Instrument

The pilot study questionnaire is formed for the purposes
of the research and consists of 17 closed-ended questions
with graduated answers. Students and academic staff com-
pleted the questionnaire through an online learning platform
in all environments and from all electronic devices.

The first three questions relate to the socio-demographic
characteristics of the participants such as gender, age and ac-
ademic status. Other questions were formed based on the ex-
isting published studies with the same or similar topic. The
answers to each of the 14 questions were ranked on a five-
point Likert scale (9), where respondents answered by choos-
ing one of the 5 answers offered (I very much support /I sup-
port; I do not support; dispute I do not support /I do not sup-
port very much; or There are very large ones; There are big
ones; There are moderates; There are small ones or They do
not exist at all). The questionnaire was modified according to
similar research methods (3, 4). In the second phase of the
study, a redesigned / improved questionnaire will be used,
according to the results of this pilot study.

Before completing the survey, the participants will be ex-
plained the purpose of the research and given brief instruc-
tions in text form. The technical format and content of the
informed consent of the respondents with full information
was adjusted to the online environment, in accordance with
the relevant recommendations (7).

Statistical analysis

The data were analyzed using IBM SPSS version 22.0.
All categorical variables were expressed in frequencies (N)
and percentages (%). The 2 goodness of fit test was used to
determine the differences in the distribution of the participant
responses. Differences between the groups were analyzed
with the y2 test of independence or by Fisher’s exact test if
assumptions for the y2 test were not met. The data were pre-
sented in tabular and graphical form. A p-value less than 0.05
was considered to be a measure of statistical significance for
all statistical tests used.
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The study sample was calculated according to the as-
sumption of a margin error of 5% and confidence interval of
95%. The total estimated available sample of participants at
the Faculty of Medical Sciences, University of Kragujevac
was 2700 and the response rate was estimated at 30%. Using
the online Raosoft sample size calculator (10), a sample of
289 respondents was calculated, which was rounded up to at
least 300 participants.

RESULTS
Basic characteristic of study population

This pilot study included 332 participants from Faculty of
Medical Sciences, University of Kragujevac in Serbia who
filled study online questionnaire between December 2020
and January 2021. Study population consisted of total 332
participants, of which 302 were students (91.96%) and 30 ac-
ademic staff (9.04%). In relation to gender, of the total num-
ber of participants 76.8 % were female and 23.2 % male
(*=95.434; df=1; p=0.000). All participant were divided into
three categories according to years old: below 19 years old
(46 (13.9%)), 20-29 (260 (78.3)) and above 30 years old (26
(7.8%)).

Table 1 shows the distribution of study participants in re-
lation to gender, but also gender representation in general in
the student and teaching population of the Faculty of Medical
Sciences in January 2021 which represent a similar gender-
distribution in study population to the official student-aca-
demic staff population at the Faculty of Medical Sciences in
Kragujevac.

Table 1. Distribution of male and female participants in
study population and in total student and academic
population at the Faculty of Medical Sciences.

Total Female o
number (%) Male (%)
Study population 255
332 (76.8) 77 (23.2)
Students at the 1181
Faculty of Medical 1572 391 (24.9)
. (75.1)
Sciences
Academic staff at the 165
Faculty of Medical 293 128 (43.7)
. (56.3)
Sciences

Results are presented as frequency in percent from total
number of selected participants.

Previous experiences of the study population with online
learning

In terms of previous experience with online education in
study population, the answers were expected. Figures 1-3
show distribution of response in study population. On ques-
tion (Q4): have you had previous experiences with online ed-
ucation? Most of participants responded that they had a little
or no experience. Female participants answered that they had
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no experience or very little in as many as 71.8%, while male
respondents gave the same answer in 67.5% (Figure 1). On
the other hand, students denied the presence of previous ex-
perience in 72.2% and academic staff in 56.7% (Figure 2). In
general, the majority of the study population had no experi-
ence or had very little (70.8%) and only a small number of
participants had extensive previous experience in viewing
online education (11.7%) (Figure 3). Using Chi squared test,
we not confirmed statistically significant differences between
distribution of response in relation to gender (y*=0.513;
p=0.774) nether in relation to academic status (y*=3.990;
p=0.125).

Figure 1. Distribution of responses on Question (Q4): Have
you had previous experiences with online education? in
relation to gender in study population. The answers are cate-
gorized into the following categories: Very great experi-
ences/great, Moderate experiences and Small/without expe-
riences. Results are presented as frequency in percent (%).

Figure 2. Distribution of responses on Question (Q4): Have
you had previous experiences with online education? in re-
lation academic status in study population. The answers are
categorized into the following categories: Very great experi-
ences/great, Moderate experiences and Small/without expe-
riences. Results are presented as frequency in percent (%).

Figure 3. Distribution of responses on Question (Q4):
Have you had previous experiences with online education?
in study population in general. The answers are categorized
into the following categories: Very great experiences/great,

Moderate experiences and Small/without experiences.

Results are presented as frequency in percent (%).

Attitudes and opinions during online teaching in
study population in COVID-19 pandemic

In the second part of study, we evaluated the attitudes on
online education with direct, online or combining contact of
the male and female students and academic staff. We have
founded that almost all responses on Q5, Q6 and Q7 were
significantly different in relation to academic status, but only
on Q7 in relation to gender of participants (Table 2). Interest-

ingly,

The majority of respondents largely supported the com-
bined way of learning (50% and 86.7%), as well as online
learning in student population (56%). On the other hand, the
attitude towards learning only through direct contact was di-
vided among students and academic workers with similar dis-
tribution of support for each type of education. In relation to
gender, in almost all questions there were no statistically sig-
nificant differences between response and attitudes on online
education with direct, online or combining contact of male
and female participants. Interestingly, students (56.0%) and
female participants (58.0%) are more supportive of online
learning than other participants, which is to be expected,
given the larger number of female participants in the study
population (Table 2).
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Table 2. Distribution of male and female participants and in relation to academic status
in responses about attitudes on online education. Results are presented as frequency in percent
from total number of selected participants.

Variables Academic Male Female
Students staff partici- | partici-
(n=302) (n=30) xp pants pants xp
(%) (%) m=77) | (n=255)
(%) (%)
(Q5) Attitude on combining online
teaching with direct contact teaching *
['very much support /I support 151 (50.0) | 26(86.7) 2(545) | 513 59)
I do not support or dispute 14.814/ 56 0.071/
PP P 70 (23.2) 2(6.7) 0001 | 16208 | 20 | 0963
I do not support / I do not support 64
very much 81 (26.8) 2 (6.7) 19 (24.7) (25.1)
(Q6) Attitude about teaching only in
direct contact
['very much support /T support 105 (34.8) | 15(50.0) 29 (37.7) (39517)
I do not support or dispute 5.971/ 55 4.333/
PP P 70 (23.2) 90300) | Goss | 2461 | e | o1ls
I do not support / I do not support 109
very much 127 (42.1) | 6(20.0) 24612 | (7
(Q7) Attitude about teaching only online
['very much support /T support 169 (56.0) | 10(33.3) 31(403) | 51;1 %)
I do not support or dispute 7.379/ 39 8.316/
bp P 49(162) | 10(333) | s | 200260) | (53 | glore
I do not support / I do not support 68
very much 84 (27.8) 10 (33.3) 26 (33.8) (26.7)

Difficulties and problems during online education in
study population in COVID-19 pandemic

Furthermore, questions from Q8 to Q16 are relate to dif-
ficulties during the duration of online education and concern
various aspects. All responses from study population are
shown in the form of Table 3. The main differences were ob-
served in testing knowledge, gaining of professional experi-
ence, assessing the quality of study during online teaching
and other difficulties (p<<0.05). A large number of students
and academic staff reported no or no difficulties at all in test-
ing the knowledge during online education. Then, most of
students reported that gaining professional experience during
online classes was went with large difficulties but not for ac-
ademic staff in the same time. Also, most of the student pop-
ulation reported that in assessing the quality of study during
online teaching were present some difficulties.

On the other hand, participants reported that difficulties
regarding the communication during classes, technical and
psychological aspects, organizing time as well as the

mastering new health technologies were equally present in
student and academic staff or in male and female participants
(p>0.05) (Table 3).

In relation to gender, all responses on Q8-Q16 are simi-
larly distributed in male and female participants (p>0.05)
(Table 3).
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Table 3. Distribution of male and female participants and in relation
to academic status in responses about difficulties during online education.

Academi Male | Female
Students CS taeff ¢ partic- | partici-
Variables (n=302) (n=30) 1lp ipants | pants xp
(%) (%) (n=77) | (n=255)
° (%) | (%)
(Q8) Difficulties in communication during online classes *
There are very large ones 16 (5.3) 0(0.0) (gg) 12 (4.7)
There are big ones 2906) | 1(33) (11300) 20 (7.8)
5.178/ 30 81 6.371/
There are moderates 96 (31.8) 15 (50.0) 0242 (39.0) (31.8) 0173
21 72
There are small ones 84 (27.8) 9 (30.0) (27.3) (28.2)
They do not exist at all 12 70
77 (25.5) 5(16.7) (15.6) (27.5)
(Q9) Difficulties in testing knowledge during online classes *
There are very large ones 30 (9.9) 2(6.7) (1200) 22 (8.6)
. 8 29
There are big ones 32 (10.6) 5(16.7) (10.4) (11.4)
10.352/ 18 55 6.371/
There are moderates 63 (20.9) 10 (33.3) 0.027 (23.4) (21.6) 0173
24 58
There are small ones 72 (23.8) 10 (33.3) (31.2) 22.7)
. 17 91
They do not exist at all 105 (34.8) 3(10.0) 22.1) (35.7)
(Q10) Difficulties in technical aspects during online teaching *
There are very large ones 15 (5.0) 0(0.0) 4(52) | 11(4.3)
There are big ones 16 (5.3) 0(0.0) 2(2.6) | 14(5.5)
22 70
There are moderates 84 (27.8 8 (26.7 2.912/ 1.120/
79 (267 0.556 | (28.6) | (27.5) | 0.905
30 96
There are small ones 114 (37.7) 12 (40.0) (39.0) (37.6)
. 19 64
They do not exist at all 73 (24.2) 10 (33.3) (24.7) (25.1)
(Q11) Difficulties in gaining professional experience during online classes *
24 74
There are very large ones 94 (31.1) 4(13.3) (31.2) (29.0)
Th bi 63 (20.9) 10 (33.3) 24 49
ere are big ones . . (31.2) (19.2)
11.809/ 12 49 7.405/
There are moderates 50 (16.6) 11 (36.7) 0.015 (15.6) (19.2) 0116
11 42
There are small ones 50 (16.6) 3(10.0) (14.3) (16.5)
They do not exist at all 45 (14.9) 2(6.7) 6 (7.8) 41

(16.1)
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Academic Male | Female
Students staff partic- | partici-
Variables (n=302) (n=30) 1lp ipants | pants 1p
(%) (%) (n=77) | (n=255)
° %) | (%)
(Q12) Difficulties in psychological aspects during online teaching *
There are very large ones 32 (10.6) 0(0.0) 5(6.5) (1%)76)
There are big ones 20 (6.6) 0(0.0) 4(5.2) | 16(6.3)
7.348/ 10 44 2.374/
There are moderates 48 (15.9) 6 (20.0) 0.096 (13.0) (17.3) 0.676
21 60
There are small ones 70 (23.2) 11 (36.7) (27.3) (23.5)
They do not exist at all 132 (43.7) | 13 (43.3) 37 108
ey do not exist at a . . (48.1) (42.4)
(Q13) Difficulties in mastering new health technologies during online teaching *
Th I 47(156) | 2(67) 12 37
ere are very large ones . . (15.6) (14.5)
. 10 38
There are big ones 40 (13.2) 8 (26.7) (13.0) (14.9)
5.000/ 23 51 4.648/
There are moderates 67 (22.2) 7 (23.3) 0275 (29.9) (20.0) 0325
17 56
There are small ones 66 (21.9) 7 (23.3) 22.1) (22.0)
. 15 73
They do not exist at all 82 (27.2) 6 (20.) (19.5) (28.6)
(Q14) Difficulties in organizing time during online classes *
There are very large ones 17 (5.6) 0(0.0) 4(5.2) | 13(5.1)
There are big ones 12 (4.0) 2(6.7) 6(7.8) | 8(3.1)
5.139/ 8 32 5.448/
There are moderates 35 (11.6) 5(16.7) 0.230 (10.4) (12.5) 0.239
22 55
There are small ones 67 (22.2) 10 (33.3) (28.6) (21.6)
They do not exist at all 171 (56.6) | 13 (43.3) 37 147
Y ' ' 48.1) | (57.6)
(Q15) Difficulties in assessing the quality of study during online teaching *
Th I 45(149) | 133) 12 34
ere are very large ones . . (15.6) (13.3)
Th bi 47 (15.6) 7 (23.3) 12 42
ere are big ones . . (15.6) (16.5)
11.139/ 27 54 7.948/
There are moderates 68 (22.5) 13 (43.3) 0.020 (35.1) (21.2) 0093
12 57
There are small ones 63 (20.9) 6 (20.0) (15.6) (22.4)
. 14 68
They do not exist at all 79 (26.2) 3(10.0) (18.2) (26.7)
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Academi Male | Female
Students ¢ taeff ¢ partic- | partici-
Variables (n=302) (§=3 0) xp ipants | pants xp
(%) (%) (n=77) | (n=255)
’ %) | (%)
(Q16) Other difficulties during online classes *
There are very large ones 20 (6.6) 0(0.0) a g 4) 12 (4.7)
There are big ones 16 (5.3) 2 (6.7) 339 | 15(59
21 62
There are moderates 67 (22.2 16 (53.3 13.409/ 9.438/
(222) 433 0.006 | (27.3) | (243) | 0.047
30 78
There are small ones 101 (33.4) | 7(23.33) (39.0) (30.6)
. 15 88
They do not exist at all 98 (32.5) 5(16.7) (19.5) (34.5)

Results are presented as frequency in percent from total number of selected participants.

Future intention of study population regarding
the online education

By filling in the questionnaire according to the principle
of self-evaluation of the participants, we followed the inten-
tions of students and academic staff to implement the ac-
quired knowledge, skills, and attitudes into professional prac-
tice (Q17) (Figs. 4-6). A large number of students (8.630;
p=0.055) and female participants (8.707; p=0.069) reported
that there was a very large or large intention for the future
intentions but statistically insignificant. In general, more than
half of all participants said yes to future intentions (Figure 6).

Figure 4. Distribution of responses on Question (Q17):
Intention to implement the acquired knowledge, skills,
and attitudes into professional practice, in relation to gender
in study population. The answers are categorized into the
following categories: Very great intention, Great intention,
Moderate intention, Small intention and without intention.
Results are presented as frequency in percent (%).

Figure 5. Distribution of responses on Question (Q17):
Intention to implement the acquired knowledge, skills,
and attitudes into professional practice, in relation to
academic status in study population. The answers are cate-
gorized into the following categories: Very great intention,
Great intention, Moderate intention, Small intention and
without intention. Results are presented as frequency in
percent (%).
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Figure 6. Distribution of responses on Question (Q17):
Intention to implement the acquired knowledge, skills,
and attitudes into professional practice, in study population
at all. The answers are categorized into the following cate-
gories: Very great intention, Great intention, Moderate
intention, Small intention and without intention. Results are
presented as frequency in percent (%).

DISCUSSION

The importance of this study is reflected in the fact that it
provides detailed and valid data that can serve the purpose of
improving the efficiency of online teaching at the faculties of
medical sciences in Serbia. In this way, you will gain insight
into previous experiences in educating students during the
COVID-19 pandemic. Also, their attitudes and perceived dif-
ficulties can serve as a guide for improving the quality of
online education in a specific field such as medical sciences
(11, 12).

This unique study indicated the attitudes and experiences
of students and teachers about the current model of education
at the faculties of medical sciences during the COVID-19
pandemic. Also, provided the analysis of the obtained re-
search results which shows what difficulties students and
teachers encounter during the teaching process in order to
take them into account when improving the existing model.
The results will be used as a basis for recommendations for
improving teaching as well as teaching competencies in the
field of medical and health sciences (13-17). Beside that, us-
ing the Likert scale as a technique for the measurement of
attitudes we are sure that obtained results are good instrument

).

Our study collected online responses from a large number
of participants students and academic staff and provided in-
teresting results. The majority of respondents largely sup-
ported the combined way of learning (50% and 86.7%), as
well as online learning in student population (56%). On the
other hand, the attitude towards learning only through direct
contact was divided among students and academic workers
with similar distribution of support for each type of educa-
tion. That means that academic staff is very despite the sud-
den changes in the way of education, it can be said that the
academic staff was well prepared and therefore had an atti-
tude that supports all ways of education. On the other hand,
the student population, as the most promising part of society,
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mostly supported modern technologies and thus online learn-
ing methods (Table 2).

Furthermore, a large number of students and academic
staff reported no or no difficulties at all in testing the
knowledge during online education. Then, most of students
reported that gaining professional experience during online
classes was went with large difficulties but not for academic
staff in the same time. Also, most of the student population
reported that in assessing the quality of study during online
teaching were present some difficulties.

On the other hand, participants reported that difficulties
regarding the communication during classes, technical and
psychological aspects, organizing time as well as the master-
ing new health technologies were equally present in student
and academic staff or in male and female participants
(p>0.05) (Table 3).

This study highlighted that faculty members, especially
students, were generally unsure if they are in favor of online
education (18). Ambivalence during the change process is an
expected response during the transition. According to Kurt
Lewin’s 3 Stage Change Model, transition during change is
typically accompanied by feelings of hesitation and confu-
sion (18, 19). The ambivalent attitude of faculty may possibly
be due to the fact that while faculty seem to have concerns
about online teaching and learning to include but not limited
to depersonalize instruction and proliferation of academic
dishonesty, faculty are left with less options as they are re-
quired to adopt the new normal of education (19).

Currently, there is a little literature data about the atti-
tudes and experiences of students and academic staff in the
field of biomedical sciences on the online education during
the COVID-19 pandemic.

One of the previous studies was conducted in the North
Macedonia. A significant number of teachers in North Mac-
edonia disagreed with changing the traditional teaching
method with e-learning (20).

Another study also included institutional, interpersonal,
training and technology, and cost/benefit analysis barriers to
online education (21). The finding of this research suggests
that problems and challenges associated with online educa-
tion must be addressed, and online courses must be carefully
planned and regulated (21, 22).

Unger Sema and coworkers examined responses of the
undergraduate student attitudes towards rapidly shifting to an
entirely online learning environment were assessed due to
COVID-19 in Pakistan. Also, they have founded that many
students (75.6%) responded they held some level of anxiety
towards rapidly shifting to finishing a semester online, with
84.2% having discussed disease transmission actively and yet
only 64.6% felt well prepared for emergency situations (23).

Also, in Cyprus, Umut Akcil et al tested by establishing a
relationship between digital citizenship and e-learning. The
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study was conducted among higher education students. It has
been observed that there is a positive relationship between
digital citizenship behaviors and e-learning attitudes. In ad-
dition, it has been observed that the negative anxiety of stu-
dents due to the pandemic is reflected in their e-learning pro-
cesses. However, overall results show that digital citizenship
behavior digital learning process could be a positive response
to COVID-19 closure period (24).

In Poland, Michal Baczek et al examined the students’
perception of online learning during the COVID-19 pan-
demic. Eight hundred four students answered the question-
naire. According to respondents’ answers, the main ad-
vantages of online learning were the ability to stay at home
(69%), continuous access to online materials (69%), learning
at your own pace (64%), and comfortable surroundings
(54%). The majority of respondents chose lack of interac-
tions with patients (70%) and technical problems with IT
equipment (54%) as the main disadvantages (25).

In Indonesia was evaluated the teachers’ attitude towards
online learning during Covid-19 pandemic. There were 71
teachers with different demographic background from differ-
ent state and private education levels in several parts of Indo-
nesia voluntarily participating the self-administered survey
using online google form. The results showed that 64.8% of
the institution the teachers worked provided online facilities,
but 73.2% of the respondent still used their own addition me-
dia. 52.1% of the respondent did not feel have problem with
online learning, but 23.9% were happy teaching in online
mode. Moreover, 22.5% respondent agreed and 16.9%
strongly agreed that online teaching must be implemented in
addition to conventional mode after COVID-19 pandemic is
over (26).

All these studies, as well as our study, confirmed that
online education is a powerful tool for teaching medical stu-
dents and useful tool education for academic staff. However,
successful implementation of online learning into the curric-
ulum requires a well thought-out strategy and a more active
approach (27).

In general, the results of our study also indicate that in
addition to great inexperience, both students and academic
staff cope well during online education and the changed en-
vironment and learning conditions despite all the difficulties.

Our study has a little limitations and further huge re-
searches are necessary to confirm these results. First, results
were obtained by online survey, and second, response rate
could be limited by this way of research. Although the scope
of the questionnaire is limited to fourteen questions, and the
number of the respondents represents a small group appropri-
ate for a pilot study, the analysis of the answers the respond-
ents wrote yields some consistent patterns which are repeti-
tive throughout the entire corpus, highlighting some im-
portant aspects related to the students’ attitudes towards the
nature of online education. Anyway, the outcome of this

study can be used as an input in the future educational and
research plans of the faculties of biomedical sciences.

CONCLUSION

In summary, the lack of past experience on using online
tools and education, were identified by students as the main
barrier to online educations but ability to adapt to modern
technologies as a characteristic of students as a vital part of
society were identified as main advantage of online teaching
model in biomedical sciences.

Although the pandemic of COVID-19 appeared as un-
common catalyst for promoting online education, further re-
search is needed to assess whether learners are ready and
willing to make greater use of online education to obtain high
quality teaching and learning opportunities, which could to-
tally change educators’ and students’ attitudes and impres-
sion, and subsequently the general themes of online educa-
tion.
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ABSTRACT

Anaplastic gliomas compromise about 5.9% of primary CNS tu-
mors. The main goal of the operation is the maximum removal of
the tumor, reduction of the tumor mass and reduction of the in-
creased intracranial pressure. Different pathohistological sub-
types of anaplastic gliomas show significantly different prognosis
depending on the applied oncological therapeutic protocol as
well as the modality of the applied radiotherapy. The study was
designed as a retrospective, clinical observational study. The
study included 34 participants who were diagnosed with anaplas-
tic glioma in the followed time period. Survival rates were calcu-
lated based on the localization, modality of therapy and compli-
cations. We concluded that 20,4% of anaplastic gliomas were
formed by transformation from previously operated lower grade
gliomas. The initial sign of the disease is the appearance of epi-
leptic seizures. Anaplastic gliomas most oftenly occur in the
frontal region, with a frequency of 47%. The incidence of ana-
plastic gliomas in the temporal lobe is 23,5%. The length of sur-
vival is in relation to the localization of tumor expansion(p<0.05).
The overall survival in the group of anaplastic gliomas operated
on in the Department of Neurooncology KCS in the follow-up pe-
riod of five years is 52.9%. The application of different chemo-
therapy modalities is not significant predictor in the length of sur-
vival. The radical nature of the operation has significance in the
length of patient survival, which confirms the conclusions of most
of the conducted studies cited in oncology textbooks.

Keywords: Anaplastic glioma, surgical treatment, survival rate,
neurooncology.
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INTRODUCTION

Classification and treatment of anaplastic gliomas (WHO
gr III) is the subject of numerous debates and discrepancies
in the field of neurooncology. [1] The incidence and preva-
lence of brain tumors has been inaccurately documented for
a long period of time, no benign tumors or metastatic diseases
were reported before the beginning of 2003. A database from
the U.S. Central Brain Tumor Registry from 2006 to 2010
indicates that the incidence of brain tumors in children aged
0 to 19 was 5.26 per 100,000, and 27.38 per 100,000 for
adults. [2] Secondary brain tumors are, depending on the lit-
erature data, three to ten times more common than primary
tumors. The classification of brain tumors lists about one
hundred subtypes of CNS malignancies. As testing for ge-
netic disorders is routinely used in diagnostic procedures for
gliomas, clinicians and pathologists also encounter certain
practical problems, such as conflicting outcomes due to dif-
ferent interpretations of genetic alterations, this segment may
be a somewhat variable part of diagnostic data. Within the
classification in which "genotype dominates over pheno-
type", the accuracy of molecular tests is crucial, which re-
quires adequate knowledge of the pathologist.[3]
Gliomas account for 80% of primary malignant brain tumors
[4] The group of anaplastic gliomas includes astrocytomas,
oligodendrogliomas, oligoastrocytomas, pleomorphic xan-
thoastrocytomas. Anaplastic gliomas compromise about
5.9% of primary CNS tumors. [5]

Therapy involves multimodal therapy that includes max-
imal surgical reduction, followed by chemotherapy and radi-
otherapy. The main goal of the operation is the maximum re-
moval of the tumor, reduction of the tumor mass and reduc-
tion of the increased intracranial pressure, as well as provid-
ing the tissue for pathological analysis in a way that mini-
mizes the risk of neurological deficit. Anaplastic gliomas are
infiltrative tumors, which makes complete surgical resection
virtually impossible. Nevertheless, the operation achieves the
effect of reducing the mass effect, edema and the potential
for development of hydrocephalus. Retrospective evidence
from the literature indicates that better treatment outcomes
are associated with radical surgery, because cells that are out
of the cell cycle and thus resistant to chemotherapy and radi-
otherapy are removed. Cytoreduction initiates the prolifera-
tion of GO tumor cells into a more vulnerable phase of the
cell cycle. Technological advances in surgical approaches,
techniques, and instrumentation have made most tumors
available for resection. [2] Different pathohistological sub-
types of anaplastic gliomas show significantly different prog-
nosis depending on the applied oncological therapeutic pro-
tocol as well as the modality of the applied radiotherapy. The
median survival after surgery for anaplastic astrocytoma is
about 19 months Survival estimates for these tumors vary
widely and seem to be associated with age,[6,7] Karnofsky
Performance Score (KPS) status,[8,9] extent of surgical re-
section,[ 10] use of adjuvant radiotherapy,[11] ki-67 immuno-
histochemical markers,[12-14] and sensitivity to chemother-
apy as determined by genetic mutations such as

IDHI1(Isocitrate dehydrogenase 1) [15], PTEN, EGFR ampli-
fication,[16] and 1p19q codeletion.[17].

MATERIALS AND METHODS
Study design

The study was designed as a retrospective, clinical obser-
vational study. The study used clinical and diagnostic data
from the patients that were treated surgically in the Clinic for
neurosurgery of Clinical center of Serbia diagnosed with
brain tumors that after PH verification confirmed to be ana-
plastic gliomas. Clinical data were collected retrospectively,
by reviewing medical histories and conciliatory decisions
recorded in an electronic database, and then analyzed pro-
spectively. All data were obtained from period of 2011 to
2014.

Examined variables:

The study included data on demographic and socio-eco-
nomic parameters, personal and family history, localization,
pathohistological subtype of tumor and applied oncological
protocol.

Pathohistological analysis was performed at the Clinic for
Neurosurgery KCS, using standard hematoxylin-eosin stain-
ing, as well as immunohistological staining.

Research instruments:

* Preoperative CT and MR of the endocranium

* Postoperative CT of the endocranium used to determine
the degree of tumor resection.

* Periodic control MRI of the endocranium used to deter-
mine the success of applied chemotherapy and radiotherapy.

* ECOG PS(Eastern Cooperative Oncology Group Per-
formance Score) and Karnofsky performance score

Statistical data processing

Data processing was performed in SPSS Windows 20.0.
All data are presented and analyzed by adequate mathemati-
cal and statistical methods appropriate to the type and type of
data, the results will be presented in tables and graphs. For
normal variables, mean and standard deviations were calcu-
lated. P-values less than 0.05 were considered statistically
significant.

RESULTS

The study included 34 patients diagnosed with anaplastic
gliomas that were treated in at the Department of Neuroon-
cology. In the group of patients with anaplastic gliomas there
were 15(44%) patients with anaplastic astrocytoma, 9(27%)
patients with anaplastic oligodendroglioma and 10(29%) pa-
tients with anaplastic oligoastrocytoma. Patients whose
pathohistological diagnosis would confirm the finding of
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anaplastic pleomorphic xanthoastrocytoma were not oper-
ated on in the monitored period.

The age median was 43 years. The youngest patient who
underwent surgery was 23 years old, while the oldest patient
was 63 years old. Of the total number of operated patients,
26(76.5%) of patients were female, 8(23.5%) were male.

By analyzing the data on previous hospitalizations and
previously applied surgical treatment, as well as insight into
pathohistological findings obtained in previous operations
we concluded that 20,4% of anaplastic gliomas were formed
by transformation from previously operated lower grade gli-
omas.

The initial, dominant sign of the disease is the appearance
of epileptic seizures, followed by signs of elevated
ICP(intracranial pressure), hemiparesis, psychoorganic syn-
drome, diplopia and other symptoms. The basic sociodemo-
graphic and clinical data can be seen in figure 1.

Table 1. Basic sociodemographic and clinical data

of the patients.
Male 8(23.5%)
Gender Female 26(76.5%)
Minimum 23
Age maximum 63

median 43
astrocytoma-15 (44%)

Anaplastic glioma

oligodendroglioma-9(27%)
subtype

oligoastrocyoma-10(29%)
xanthoastrocytoma-0(0%)

de novo tumor 79.4%
previously operated lower grade
glioma-20.6%

epileptic seisure 44.1%
Hemiparesis 11.8%

signs of elevated ICP 20.6%
psychoorganic syndrome 8.8%
diplopia 2.9%

other symptoms 11.8%

Classification based
on previous existence
of gliomas

Dominant symptoms

According to the localization of anaplastic gliomas, they
most often occurred in the frontal region, with a frequency of
47%. When examining on which side tumors appeared more
often, we concluded that more often tumors appear the right
side, then on the left side and then on both sides of the frontal
region. percentual representation of most common tumor lo-
calizations in this study can be seen in figure 1.
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Figure 1: percentual representation of most
common tumor localizations in this study.

The incidence of anaplastic gliomas in the temporal lobe
is 23.5%. Statistical analysis revealed a statistically signifi-
cant difference (p <0.05) in the length of survival in relation
to the localization of tumor expansion.

Figure 2. Survival functions in patients
with anaplastic gliomas depending of localization.

In over 50% of cases, tumor extirpation was achieved in-
traoperatively, based on data from operative lists and dis-
charge letters, as well as postoperative computed tomogra-
phy, in the early postoperative period. Intraoperative subtotal
reduction was achieved in 32% of cases. In the group of op-
erated patients with anaplastic gliomas, early postoperative
complications were verified in 14 patients. In 5 patients,
bleeding in the operative lodge was observed in the early
postoperative course, which was the reason for reoperation.
In 3 patients, internal hydrocephalus developed, due to which
the cerebrospinal fluid drainage system was placed, in 3 pa-
tients, postoperative cerebrospinal fluid was observed at the
site of the operative wound, which was resolved by repeated
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lumbar punctures. Statistical analysis showed that there was
no significant difference in the length of survival in relation
to the occurrence of postoperative complications (p> 0.05).

Postoperative chemotherapy and radiation therapy were
not administered to five patients, due to the Karnofsky score
below 60 and the inclusion of symptomatic therapy. In 67.6%
of cases, chemotherapy was used as BCNU monotherapy.
The combined PCV protocol was applied in 14.7% of cases
(Figure 3). Statistical analysis did not determine the signifi-
cance in the length of survival, in relation to the applied
chemotherapy modality. 3D conformal radiotherapy was ap-
plied in 85% of cases.

Figure 3. Overall survival in the group of anaplastic
gliomas in patients with adjuvant radiotherapy.

The overall survival in the group of anaplastic gliomas
operated on in the Department of Neurooncology KCS in the
follow-up period of five years is 52.9%.In the group of astro-
cytomas 80% of patients survive for one year, while the
three-year survival is 46.67%. A five-year follow-up resulted
in a survival result of 40%.

Survival Function

—1Survival Function
1.0 1 —+—Censored

|

0.6

H

0.2

Cum Survival

0.0

T T T T T T
o 20 40 &0 B0 100

Figure 4. Overall survival in patients
with anaplastic gliomas.

In the group of oligodendrogliomas, 88.89% survived the
first year after surgery, while the three-year survival in our
series is equal to the five-year survival and amounts to
55.56%.

DISCUSION

Our paper studied the data on patients treated for anaplas-
tic gliomas in the period from October 2011 to December 31,
2014, who were treated at the Clinic for Neurosurgery, De-
partment of Neurooncology. All patients were operated by
the same team of neurosurgeons, which contributes to the
uniformity of the approach. Decisions on the modality of
treatment were made by the Council for CNS Tumors, which
consists of a multidisciplinary team of neurosurgeons, medi-
cal oncologists, radiation oncologists and pathologists.

According to the literature, the frequency of gliomas in
the group of primary brain tumors is 26.4% of all tumors,
while the so-called high-grade tumors (grade III and grade
IV) make up 19.9% of primary brain tumors. Glioblastoma,
according to the US Central Registry, occur with 15.6%,
while the incidence of anaplastic gliomas is 4.3%. From this
we conclude that about 21.6% of high-grade gliomas are an-
aplastic gliomas.[2]

According to our results, in a three-year period, in the De-
partment of Neurooncology of the Clinic for Neurosurgery
KCS, in the group of operated patients there were 22.7% of
patients with anaplastic gliomas, in the group of patients with
high - grade gliomas, grades 3 and 4.

In our study, the group of anaplastic astrocytoma makes
up 10% of high-grade tumors, while anaplastic oligodendro-
glioma make up to 6% of high-grade gliomas. According to
some published studies, astrocytomas occur with an inci-
dence of 1.7% of primary brain tumors while oligodendrogli-
omas occur with an incidence of 0.5% of all primary brain
tumors. The ratio of astrocytomas and anaplastic oligoden-
drogliomas in our study is 1.6:1. oligoastrocytoma, NOS
(Not Otherwise Specified), is a rare tumor because most
high-grade gliomas with mixed or ambiguous histology can
be classified as IDH mutated anaplastic astrocyte or IDH mu-
tated anaplastic oligodendroglioma with 1p / 19q correlation
[2]. Bearing in mind that in the analyzed period we did not
perform, systematically, cytogenetic molecular analyzes, in
our work the incidence of anaplastic oligoastrocytomas is
identical to the incidence of astrocytomas. histological mate-
rial is classified in the group of oligoastrocytomas, which is
why their incidence in our work is statistically significantly
higher than the data from the literature. The results obtained
in this study indicate that 76.5% of patients are female, in
contrast to studies cited in the literature where 55% of pa-
tients with high grade gliomas are male. Until the discovery
of the IDH mutation as a molecular marker, the diagnosis of
anaplastic glioma was based only on histological evi-
dence.[18] In this era, the peak age was considered to be 45
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years of age. In our work, the median occurrence of anaplas-
tic gliomas is 43 years.

The initial symptomatology in terms of the occurrence of
EPI seizures is a better prognostic factor, compared to the ap-
pearance of other symptoms and signs of the disease. The lo-
calization of the tumor in the frontal region has a favorable
prognostic significance, which can be associated with the
possibility of more radical surgical treatment, as well as more
frequent localization of oligodendroglioma in this region.
Our study also confirms a statistically significantly worse
prognosis in astrocytomas compared to other histological
forms of anaplastic gliomas. Proliferative activity, deter-
mined with Ki-67 index, is not prognostically significant for
astrocytomas. are not connected with the outcome of astro-
cytoma. Genetic changes of IDH 1/2 mutations are associated
with a better outcome, while IDH wild-type anaplastic astro-
cytoma has an outcome similar to that of IDH wild-type gli-
oblastoma. (19) EGFR amplification as well as genotype
with 7q amplification and 10q deletion were associated with
a poorer outcome. Proliferative activity, determined with Ki-
67 index, is not prognostically significant for astrocytomas.
are not associated with outcome in astrocytoma. Genetic
changes of IDH 1/2 mutations are associated with better out-
come, whereas IDH wild-type anaplastic astrocytoma has an
outcome similar to that of IDH wild-type glioblastoma.
EGFR amplification as well as genotype with 7q amplifica-
tion and 10q deletion are associated with a poorer outcome.
By monitoring the impact of surgical complications in the
early postoperative course, we do not obtain their statistical
significance as a prognostic factor. We seem to explain the
seemingly illogical result by the need for continuous moni-
toring of patients and timely resolution of complications.

Due to the low performance score in 5 patients, no adju-
vant radio or chemotherapy was applied. Having that in mind
in our study there is no comparation between survival rates
in these patients and patients with high performance status
and had adjuvant radio and chemotherapy. Other studies
showed that patients with Karnofsky Performance Score
(KPS) of >70 have a significantly better 5-year OS(Overall
Survival) as compared to those with KPS <70 (33%) . The
use of adjuvant temozolomide (TMZ) shows longer 5-year
OS compared to 36% in patients who did not receive adjuvant
chemotherapy (20)

Unfortunately, we cannot get a general conclusion about
the epidemiological characteristics of anaplastic gliomas on
the entire territory of the Republic of Serbia, due to the lack
of precise unified data. Radical surgery, which is not an end
in itself, is one of the basic prognostic factors. In addition to
age, general condition, IDH mutational status, and the extent
of surgical resection affect the outcome of treatment, which
is confirmed by statistical processing of the results obtained
in our work. The use of a new generation operating micro-
scope, cavintron ultrasound aspirator, intraoperative naviga-
tion and neuromonitoring contribute to the radicality of the
operative approach. In that sense, uniform use of the same in
all neurosurgical centers in Serbia is necessary. Genetic
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changes of the IDH 1/2 mutation are associated with a better
outcome, whereas the IDH wild-type anaplastic astrocytoma
has an outcome similar to that of the IDH wild-type glioblas-
toma. [21] In the period we analyzed, and unfortunately not
even today, genetic mutations are not systematically exam-
ined in all patients operated on for anaplastic gliomas in our
country, which is why we cannot compare our results with
data from the literature. What is necessary to introduce into
routine use in our country is to increase the number of cyto-
genetic laboratories, bearing in mind the results that indicate
that molecular and genetic analysis directly determine the
prognosis in the treated patient, but also oncological therapy
of anaplastic gliomas directly depends on its cytogenetic
characteristics. which would exclude a general approach to
the treatment of anaplastic gliomas, but we would apply dif-
ferent therapeutic modalities depending on the characteristics
of the tumor, i.e., an individual approach to each patient.

CONCLUSION

The incidence of anaplastic gliomas operated on in the
Department of Neurooncology of the Clinic for Neurosur-
gery of the Clinical Center of Serbia corresponds to their fre-
quency, which is published in the available literature.

During the follow-up period, a significantly higher inci-
dence of oligoastrocytomas is observed, which is explained
by the impossibility of determining the isocitrate dehydro-
genase mutation and 1p/ 19q codeletion, which could be used
to classify most high-grade gliomas with mixed or ambigu-
ous histology as anaplastic IDH mutant oligodendroglioma
with 1p / 19q codeletion.

The application of different chemotherapy modalities
does not show statistical significance in the length of sur-
vival, in the follow-up period.

Bearing in mind that RT was applied in all patients in
whom the Karnofsky score was over 70, we were not able to
estimate the prognostic value of RT application.

The radical nature of the operation has statistical signifi-
cance in the length of patient survival, which confirms the
conclusions of most of the conducted studies cited in oncol-
ogy textbooks.
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ABSTRACT
Corresponding author: The aim of this study was to analyze the prevalence of
Helicobacter pylori infection and gastroduodenal lesions in
Olgica Mihaljevic Montenegrin  patients with chronic kidney disease on

hemodialysis. The study included 55 hemodialysis patients with
dyspeptic symptoms and 50 control subjects with normal kidney
function who had also dyspepsia. After dyspepsia assessment by
an interview, all subjects underwent gastroduodenoscopy and
E-mail: vrndic07@yahoo.com histopathological analysis of biopsy specimens, taken from the
corpus and antrum of the stomach. Helicobacter pylori was
confirmed in 50.9% of corpus mucosa ie. 60.6% of antrum
mucosa of maintenance hemodialysis patients. There were no
significantly differences in endoscopic findings of the stomach
and bacterial presence between the two study groups of
participants (p = 0.451), while duodenal lesions were prevalent
in control subjects (p < 0.001). The atrophy of corpus mucosa was
more common in hemodialysis patients (p = 0.007), especially in
those who have been on hemodialysis for a longer time (p <
0.001) and had lower pH (p = 0.011). The prevalence of
Helicobacter pylori infection shown an inverse relationship with
dialysis duration. Contrary, a positive relationship between
Helicobacter pylori and the concentration of bicarbonate was
demonstrated (p = 0.031). The prevalence of Helicobacter pylori
and atrophic mucosal changes in Montenegrin hemodialysis
patients depends on dialysis duration and acid-base balance.
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INTRODUCTION

Chronic kidney disease (CKD) is a progressive loss of
kidney function that is presented by glomerular filtration rate
below 60 ml/min/1.73m? for a period longer than 3 months
(1). Because of growing prevalence, it has been recognised
as one of the main death causes among the chronic non-com-
municable diseases (2). Data from 2017 testify the age-stand-
ardised morbidity rate for Montenegrin population was
13.1% (3).

Progressive CKD has been associated with a number
of serious complications including gastrointestinal disturb-
ances (4, 5). Most often it is about dyspeptic symptoms like
occasional or constant epigastric pain, early satiety, bloating,
nausea, excessive belching and postprandial fullness (6, 7).
The pathogenetic aspects of dyspepsia have been sufficiently
unexplored. Many factors are thought to be involved in path-
ogenesis of this condition like uremic toxins (8), digestive
hypomotility (9), amyloid protein deposition (10), sensory
disturbances (11), and Helicobacter pylori (HP) infection
(12).

The prevalence of HP infection and its relationship to
gastroduodenal lesions in hemodialysis patients have been
extensively studied (13). Nevertheless, the available litera-
ture data on the HP presence in hemodialysis patients are
quite unequal with a wide range of variation (20-80%) (14,
15). There are also different opinions on the frequency of gas-
troduodenal lesions in hemodialysis CKD patients compared
to non-CKD subjects (16). Some authors reported that hemo-
dialysis patients suffered more often from gastroduodenal
disorders while the others not found the differences between
hemodialysis and the general population (13, 17, 18).

Thus, the aim of our study was to determine the preva-
lence of HP infection and gastroduodenal lesions as well as
their connections with certain biochemical findings and he-
modialysis quality in Montenegrin CKD patients with dys-
peptic symptoms.

PATIENTS AND METHODS
Study population

The investigation has been conducted as a single center,
cross-sectional study with one-time point evaluation during
2019 and early 2020s in Clinical Center of Montenegro, Pod-
gorica. The study initially enrolled 70 patients with diagnosis
of CKD undergoing hemodialysis, but further research was
continued with 55 patients in whom dyspeptic symptoms
have been identified for at least 3 months. The control group
consisted of 50 consecutive, age and gender matched, sub-
jects with preserved kidney function referred for endoscopic
examination due to dyspepsia. The exclusion criteria for par-
ticipation in the study were: (1) recent active infections, (2)
chronic inflammatory or autoimmune diseases; (3) previ-
ously diagnosed gastroduodenal structural changes like in-
flammation or ulcer; (4) contraindications for performing

upper gastrointestinal endoscopy, (5) therapy with H inhibi-
tors, proton pump antagonists and/or nonsteroidal anti-in-
flammatory drugs; (6) under 18 years of age and (7) preg-
nancy.

The study was planned according to the Declaration of
Helsinki. All patients and control subjects gave informed
consent for the participation. The investigation has been ap-
proved by the institutional Ethical Committee according to
local research regulations.

Measurements

We performed an interview about dyspeptic symptoms in
all study subjects as well as physical and biochemical exami-
nation. Gastroduodenoscopy with pathohistological analysis
of biopsy specimens was applied only in the cases of confir-
med dyspepsia. The study also concerned to dialysis param-
eters such as the duration of hemodialysis (in months) and its
efficiency.

Dyspepsia assessment

Dyspepsia was defined based on Roma III criteria (19):
the presence of certain symptoms, which exist for the last 3
months onset and continue at least 6 months prior to diagno-
sis (excluding structural gastroduodenal disease). A ques-
tionnaire included the following dyspeptic symptoms: con-
stant and occasional epigastric pain, bloating, early satiety,
nausea, vomiting and heartburn.

Biochemical parameters

Biochemical parameters (hemoglobin, urea, creatinine)
were investigated by standard laboratory methods, while the
acid-base balance was assessed by pH and bicarbonate
(HCOs") concentration.

Chemiluminescent immunoassay and Architect Intact
PTH reagent by Abbott was used for determination of para-
thyroid hormone (PTH) level (range 1.6-7.2 pg/ml).

The efficiency of hemodialysis was assessed by calcula-
tion of Kt/V with dialysis machine software. Kt/V presents
dialyzer clearance of urea (expressed in ml/min) multiplied
by the dialysis time (expressed in minutes) and divided by
volume of distribution of urea.

Gastroduodenoscopy

Gastroduodenoscopy with Olympus XQ 40 endoscope
was performed in all study participants in whom the presence
of dyspeptic symptoms was previously determined by the
questionnaire. During the procedure, the biopsy specimens
were taken from the corpus and antrum of the stomach, and
stored in 4% formalin to further processing. The final diag-
nosis was made by endoscopic and histopathological findings
of mucosal lesions regarding the degree of inflammation and
its activity, the degree of atrophy, intestinal metaplasia and
Helicobacter pylori presence.
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Statistical analysis

The commercial software SPSS version 22.0 for Win-
dows was used for the statistical analysis. Data are presented
as mean + standard deviation (SD). Differences in the param-
eters between the groups of patients were estimated by the
Independent samples T-test or Mann-Whitney U-test (de-
pending on the distribution). Chi-square (y?) test served to
compare the frequency of categorical variables. For all tests
described above, p values less than 0.05 were considered to
be statistically significant.

RESULTS

The results of our study are presented in Tables 1-3 and
Figures 1-3.

The study included 55 maintenance hemodialysis patients
with dyspepsia and 50 control subjects, who underwent endo-
scopic examination because of dyspeptic symptoms. There
were 29 (52.8%) males and 26 (47.2%) females in the group
of hemodialysis patients, respectively 27 males (54%) and 23
females (46%) in the control group. The average age of he-
modialysis patients was 56.48 + 13.66ys, while in the control
group it was 54.45 + 11.38ys (Independent samples T test, p
=0.311).

Analysis of dyspeptic symptoms showed that occasional
epigastric pain, bloating and nausea were the dominant
symptoms in the group of hemodialysis patients, while the
control group mostly showed early satiety, bloating and nau-
sea (Figure 1). It estimated the significant difference in the
frequency of constant epigastric pain (y~ = 4.335, p=0.037)
and vomiting (y*= 10.772, p=0.005) between the groups.

Data obtained by gastroduodenal examination did not
confirm a statistically significant difference in endoscopic
findings of the stomach between hemodialysis patients and
control subjects (y*=5.758, p=0.451).
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The most common finding in both study groups was gastritis,
confirmed in 27 (49.1%) hemodialysis patients and 28 (56%)
control subjects. When it comes to duodenal lesions, majority
of hemodialysis patients had a normal endoscopic finding
(67.9%), while in control participants duodenitis was the
most frequent (42%) (p < 0.001) (Figures 2-3).

The results of pathohistological examination of biopsy
samples taken from the corpus and antrum of the stomach are
shown in Tables 1-2.

We found that atrophy of corpus mucosa was signifi-
cantly more prevalent in hemodialysis patients (p = 0.007)
compared to control subjects, who mainly showed the signs
of inflammatory activity in the corpus. There was no statisti-
cally significant difference in the presence of HP infection
neither in the samples of a corpus or an antrum between two
study groups. HP was confirmed in 50.9% of corpus mucosa
i.e. 60.6% of antrum mucosa of hemodialysis maintain pa-
tients.

In further research, we analyzed the influence of certain
biochemical parameters and dialysis treatment on the occur-
rence of gastric atrophy and HP positivity. It has been esti-
mated that gastric atrophy was more common to CKD pati-
ents that underwent hemodialysis for a longer time (p <
0.001). No influence of Kt/V (p = 0.385), concentration of
hemoglobin (p = 0.338), creatinine (p = 0.100) and PTH (p =
0.201) on atrophic changes was observed. The disturbance of
acid-base balance (lower pH) had a positive effect on the
occurrence of gastric atrophy (p =0.011).

When it comes to relationships of HP presence and the
above-mentioned parameters, the data are shown in Table 3.

HP presence was higher in both corpus and antrum sam-
ples of CKD patients that underwent hemodialysis for a
shorter period. Also, a positive relationship between bicar-
bonate concentration and HP infection was demonstrated
(p=0.031).

Table 1. Frequency of pathohistological categories of corpus mucosa in two study groups

Hemodialysis Control
Category patients patients v significance
n=1>55 n=50
Inflammation Yes 28 (50.9%) 31 (62.5%)
activity No 27 (49.1%) 19 (37.5%) 1.084 p=10.298
Atrophy Yes 23 (41.9%) 8 (15%)
7.274 p =0.007
No 32 (58.1%) 42 (85%)
Intestinal metaplasia Yes 0 0
No 55 (100%) 50 (100%) - -
Yes 28 (50.9%) 22 (44%)
Helicobacter pylori No 37 (@9.1%) 28 (56%) 0.315 p=0.574
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Table 2. Frequency of pathohistological categories of antrum mucosa in two study groups

Hemodialysis .
. Control patients 5 .
Category patients _ X significance
n=55 n=50
Inflammation activity Yes 39 (72.1%) 21 (42.5%)
No 16 (27.9%) 29 (57.5%) 0.485 p=10.486
Atrophy Yes 24 (44.2%) 21 (42.5%)
No 31 (55.8%) 29 (57.5%) 0.024 p=0.877
Intestinal metaplasia Yes 2 (4.7%) 0
No 53 (95.3%) 50 (100%) 1.906 p=0.167
Yes 33 (60.6%) 26 (52.5%)
Helicobacter pylori No 22 (39.4%) 24 (47.5%) 0.890 p=0.355
Table 3. The relationships of HP presence and laboratory parameters
Parameter Corpus mucosa Antrum mucosa
Mean value p Mean value p
Hemoglobin HP- 10.47 0269 10.52 o8
/dl p=0. =0.5
(g/dD HP+ 10.89 10.78 P
Creatinine HP- 1017.0 = 0.394 1024.3
(umol/l) HP+ 963.64 P 969.18 p =039
PTH (pg/ml) HP- 473.73 ~ 0537 480.59
HP+ 396.87 P 407.01 p=0.568
pH HP- 7.310 7.309
=0.133 =
HP+ 7.323 P 7322 p=0.169
HCO5™ (mmol/l) HP- 13.70 — 0.031 13.78
HpP+ 14.70 p=5 14.47 p=0.156
Dialysis duration HP- 91.10 106.38
(months) HP+ 3168 p<0.001 33.63 p < 0.001
Kt/V HP- 1.226 0447 1.199
HP+ 1.190 P 1213 p=0.765
80 - 71.5 o9 82.7 70.8
70 - 658 68.1 705
60 - 58.3
;\3 50
T 40 - 36.5
g
% 30 A
g 20 -
=< 10 -
0
Constant ~ Occasional ~ Bloating  Early satiety = Nausea Vomiting  Heartburn
pain pain
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H controls

Figure 1. The prevalence of dyspeptic symptoms in hemodialysis patients and control subjects
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DISCUSSION

The current study analyzed the presence of gastroduode-
nal lesions and Helicobacter pylori infection in Montenegrin
hemodialysis patients with dyspeptic symptoms.

We estimated that CKD patients undergoing hemodialy-
sis commonly presented as dyspepsia as occasional epigastric
pain, bloating and nausea. However, dyspeptic symptoms
were more pronounced in control subjects. There were no
significantly differences in endoscopic findings between the
two study groups of participants, although control subjects
had more often the lesions of the duodenum.

Pathohistological analysis demonstrated that atrophy of cor-
pus mucosa was more prevalent in hemodialysis patients and
it positively correlated with dialysis duration. Lower pH also
stimulated atrophic changes. The prevalence of HP was over
50 percent so that its presence was higher in the patients that
underwent hemodialysis for a shorter time.

HP is a gram-negative bacillus that inhabits the gastric
mucosa and it seems to have an important role in the patho-
genesis of gastroduodenal disorders in hemodialysis patients
(20, 21). Namely, HP modulates gastric secretion by



230

increasing serum gastrin concentration and decreasing the
level of somatostatin in the gastric mucosa (22). On the other
hand, the inflammatory response to HP can induce the dys-
function of gastric smooth muscles and lower sensation for
gastric distension (5, 23).

The results of previous studies on gastroduodenal lesions
and HP infection in hemodialysis patients are quite incon-
sistent (13, 17). There is no single view on the frequency of
endoscopic findings in CKD patients that underwent hemo-
dialysis (existence of an equal or higher rate of lesions com-
pared to the general population). Our investigation showed
that duodenal lesions were more common in control subjects,
who mainly had a histopathological finding of inflammation
and a pronounced clinical presentation of dyspepsia. Con-
trary, atrophic mucosal changes and HP presence was higher
in hemodialysis patients. These results indicate the potential
effect of HP on the occurrence of mucosal atrophy. Namely,
ammonia, a product of urea /hydrolysis, formed by the action
of bacterial urease, has a pro-atrophic effect on the cells of
gastric mucosa (24). Additionally, it has been shown that HP
could induce the apoptosis of gastric cells by increasing the
expression of pro-apoptotic Bax protein (25).

Our results are in agreement with the findings of Khedmat
and coworkers (13), who also reported higher prevalence of
HP infection in CKD patients. Here, we must emphasize that,
although higher in hemodialysis patients, the prevalence of
HP did not differ significantly between two groups enrolled
in the study. A meta-analysis conducted by Wijarnpreecha
(26) estimated HP infection prevalence of 44% in end-stage
CKB patients, which is similar to our findings in the stomach
(HP confirmed in just over 50% of cases). However, current
literature data indicates a wide range of variation in HP pos-
itivity in hemodialysis patients (14, 27, 28), which could be
a consequence of the different design and methodology of the
conducted studies.

Interestingly, we have shown the reduction of HP positiv-
ity in the patients that underwent hemodialysis for a longer
time. In other words, the duration of dialysis was signifi-
cantly longer in HP negative patients and vice versa. The as-
sociation between HP infection and dialysis duration is a sub-
ject of scientific discussion (29). Thus, Nakajima et al. (30)
estimated a negative correlation between the duration of di-
alysis and HP infection, unlike Rasmi (31) who found posi-
tive effect of hemodialysis length on HP prevalence. Un-
doubtedly, the duration of dialysis is an important factor af-
fecting the HP infection. Growing evidence suggests HP
eradication in CKD patients over time due to high serum con-
centration of urea (32), decreased gastric acid secretion and
higher pH value (33), an adequate therapeutic approach (34),
as well as the secretion of proinflammatory cytokines (14). It
is assumed that mentioned factors induce the atrophic
changes of gastric mucosa and prevent the survival of HP in
altered conditions.

However, further investigations are needed to determine
the association between the duration of dialysis and HP

prevalence by continuous monitoring of CKD patients at
multiple time points. Previous research, including ours, have
focused on HP infection in dialysis patients by single sam-
pling and measurement of appropriate variables.

CONCLUSION

The estimated prevalence of Helicobacter pylori in Mon-
tenegrin hemodialysis patients was over 50%, with a some-
what greater presence in the antral mucosa. There were no
significant differences in endoscopic findings between CKD
patients undergoing hemodialysis and non-CKD patients
with dyspepsia. Atrophic mucosal changes were more com-
mon in hemodialysis patients and they positively correlated
with dialysis duration. Helicobacter pylori presence was re-
duced in the patients that underwent hemodialysis for a
longer time.
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ABSTRACT

Calcium hydroxyapatite is a widely used material for replacing
bone defects. However, the effectiveness of nano-crystalline
calcium  hydroxyapatite produced from eggshells in the
replacement of bone defects has not been investigated yet. The
study aimed to evaluate the effectiveness of using nano-crystalline
calcium hydroxyapatite made from eggshell for the healing of
bone defect of the femur in rats. Forty-eight (n=48) rats
underwent a surgical procedure to simulate femoral defect. The
animals were sub-divided into 4 groups (each with n=12)
depending on the methods of bone defect replacement: I control
group (CG) (without bone defect replacement); Il intervention
group (the bone defect was replaced by PRP (PRP); Il
intervention group (the bone defect was replaced by nano-
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Accepted: 19.07.2021.

crystalline hydroxyapatite obtained from eggshell) (HA) and IV
interventional group (the bone defect was replaced by a
combination of hydroxyapatite and PRP) (HA+PRP). The degree
of effectiveness of studied methods was assessed using
radiological (on the 14th day), histological (on the 61st day), and
biomechanical analysis (on the 6l1st day). According to
radiographic data, the CG group had the lowest level of bone
regeneration after 14 days (4.2 £1.7%). In the HA + PRP group,
the level of bone regeneration was 22.1+7.1 %, which was higher
in comparison with the rates of consolidation of bone defects in
the HA group (20.7+ 9.3) (p = 0.023). According to the histo-
morphometry data, the rates of bone tissue regeneration in the
PRP group (19.8 £4.2%) were higher in comparison with the CG
group (12.7 £ 7.3%), (p>0.05). In the HA+PRP group, bone
regeneration rates (48.9+9.4 %) were significantly higher
(p=0.001) than in the HA group (35.1£9.8%). According to the
results of biomechanical assessment under the maximum stress
(121.0722), the maximum bending deformation of the
contralateral bone without defect was 0.028746, which was
higher than the indicators of the HA+PRP group, where at the
maximum  stress (90.67979) the bending deformation was
0.024953 (p>0.05). Compared to CG, PRP, and HA,
biomechanical bone strength was significantly higher in the HA
+ PRP group (p<0.01). At the maximum stress (51.81391), the
maximum bending strain in the CG group was 0.03869, which
was lower than in the PRP group, where the maximum stress and
bending strain were 59.45824 and 0.055171, respectively
(p>0.05). However, the bone strength of the HA group was
statistically significantly higher compared to the CG and PRP
groups (p<0.01). The results demonstrated the effectiveness of the
use of nano-crystalline calcium hydroxyapatite obtained from
eggshell in the healing of a bone defect. The best results were
observed in the group of the combined use of nano-crystalline
calcium hydroxyapatite and PRP.

Keywords: Bone defect, bone fracture, hydroxyapatite, PRP, ex-
perimental study.
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INTRODUCTION

Autologous replacement of bone defects is the gold stand-
ard of the treatment of bone defects in orthopaedics (1). How-
ever, difficulties associated with obtaining donor materials
hamper a wide implication of such methods in the clinics (2).

Up to date, different types of bone substitute materials
have been proposed (with properties close to autologous ma-
terials) (3). It encompasses organic and synthetic com-
pounds such as type I collagen, calcium phosphate, calcium
hydroxyapatite and others (4). Materials for bone replace-
ment should demonstrate excellent conductive and biological
properties. In addition, the concentration of bone minerals
has to be as close as possible to the physiological composi-
tion of bone tissue (5). For example, calcium hydroxyapatite,
consisting of a complex of phosphorus and calcium, is a key
material of skeletal tissue, and for this reason, many types of
bone grafts contain it as a basic component (6).

One of the sources of calcium hydroxyapatite is eggshell.
The eggshell is the end-product of the food industry, and it
has been considered waste, which contributes to pollution.
The use of the eggshell as a material for a bone graft is eco-
nomically beneficial and environmentally friendly (7). It
should be noted, that the size and biological properties of the
resulting particles of the calcium-phosphate complex (from
calcium hydroxyapatite) are very convenient for bio-engi-
neering applications (8). In this study, we utilized nano-crys-
talline calcium hydroxyapatite obtained from eggshell, which
is a biologically soluble film based on nano-sized polymer
fibres (9).

The calcium hydroxyapatite obtained from eggshells
possesses the ability to degrade rapidly, which leads to the
increase in the local concentration of calcium at the site of a
bone defect (10). Moreover, it has been shown that it can
facilitate sufficient osseo-integration during bone regenera-
tion (11) . However, the level of degradability of synthetic
calcium hydroxyapatite is low compared to calcium hydrox-
yapatite obtained from the eggshell (11). Apart from that,
no preclinical study has been carried out to evaluate the ef-
fectiveness of a biologically soluble film obtained from egg-
shells based on nano-sized polymer fibers and calcium hy-
droxyapatite.

The aim of this study was to assess the effectiveness of
the use of nano-crystalline calcium hydroxyapatite made
from eggshell for the healing of a critical bone defect in vivo.

MATERIAL AND METHODS
Ethical issues

The study was carried out in the Laboratory of Experi-
mental Medicine of NJSC " S.D. Asfendiyarov KazNMU",
Almaty, Kazakhstan. The experimental study protocol was
approved by the Local Ethics Committee of S. D. Asfendi-
yarov Kazakh National Medical University (Approval No.
871), dated January 29, 2020.

The animals were kept in accordance with the interna-
tional rules "Guide for the Care and Use of Laboratory Ani-
mals" (National Research Council, 2011), as well as with the
ethical principles of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 2006).

An experimental study was carried out on outbred rats (n
= 48) weighing 175 + 42 grams. Animals before and after the
operation were kept in the conditions of the Vivarium of the
Atchabarov Research Institute of Fundamental and Applied
Medicine (Republic of Kazakhstan, Almaty) with a standard
diet and care.

In order to minimize the number of animals used in the
experiment, the required number of samples was adjusted
and optimized up to n = 48 outbred rats.

Study design

Laboratory animals (n = 48) were divided by random ran-
domization into 4 groups:

1) group I - Control group (CG), formation of a bone
defect, without additional interventions (n = 12);

2) group II - Interventional group (PRP-G): bone defect
formation + PRP (n = 12);

3) group III - Interventional group (CH-G): bone defect
formation + nanocrystalline calcium hydroxyapatite
(n=12);

4) group IV - Interventional group (PRP + CH): nano-
crystalline calcium hydroxyapatite + PRP (n = 12).

PRP preparation

Venous blood obtained from the tail vein in a volume of
1 ml (vacutainer with EDTA, China). Then it was centrifuged
for 5 minutes at a force of 2000 xg 1200 rpm (12). After
centrifugation, plasma was aspirated from the top of the tube.
Quality control of platelet-rich plasma was carried out using
a Sysmex XE-2100 hematology analyzer (Sysmex, Kobe, Ja-

pan).

Synthesis of nano-crystalline calcium hydroxyapatite

Nano-crystalline calcium hydroxyapatite was obtained
from eggshell, which was annealed for 2 - 3 hours at a tem-
perature of 900 © - 1000 ° C. After annealing, the powder was
loaded into an enamel reactor, and then, a 6-9% solution of
ortho-phosphoric acid was introduced with constant stirring
and heating up to 60 - 80 ° C to accelerate the chemical reac-
tion. The resulting solution was exposed to ultrasound for 1—-
2 h at a frequency of 32-36 kHz to ensure the same size of
calcium hydroxyapatite nanocrystals. The resulting micron-
dispersed powder was a material with dimensions equal to 1-
2 microns. The Ca / P ratio in the synthesized nano-
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crystalline calcium hydroxyapatite was 1.67, which corre-
sponds to the stoichiometric ratio of calcium hydroxyapatite
in the human bone structure. The synthesized nano-crystal-
line calcium hydroxyapatite was used to obtain films based
on nano-sized polymer (9).

The modelling of a bone defect

The bone defect was simulated under sterile conditions
with a pre-shaved surgical field, under general anaesthesia
(ketamine 70 mg / kg + xylazine 6 mg/ kg) (13) the dose and
time of administration of the substances were recorded. Dur-
ing the procedure, the rats were fixed on the operating table
in a lateral position. All animals underwent the formation of
a bone defect in the middle third of the right femur using a
Strong 204-102L dental drill with a 2 mm drill (Figure 1).
The defect was formed by drilling the cortical layer and form-
ing an oval-shaped defect with a length of 3 mm (3, 13) while
maintaining the integrity of the bone marrow and medullary
vessels (14).

In the group I (CG), a bone defect was formed without
additional interventions. In the group II (PRP), PRP was used
to replace the formed bone defect. Plasma was injected into
the bone defect with an excess of a syringe with a short nee-
dle (18G1'%) (14).

In group I1I (CH), a bone defect was formed using nano-
crystalline calcium hydroxyapatite in the form of a paste (9).

In group IV (PRP + CH), after the formation of a bone
defect, nano-crystalline calcium hydroxyapatite was used in
the form of a paste in combination with PRP.

In animals of all studied groups, after manipulations on
the bone tissue, the surgical wound was closed with intermit-
tent sutures. After this, the animals were returned to their
cages, with no restrictions in activity.

Laboratory animals were withdrawn from the experiment
on days 21 and 61 after the formation of a bone defect by the
method of cervical dislocation (15).

Animals monitoring

The animals were weighed from the first day (before the
simulation of the bone defect) to 14 days every day, the be-
haviour and physical activity of the rats were monitored. The
wound was examined for oedema, hyperaemia, swelling and
pain on palpation, according to the described method (16).
Pain on palpation of the injured area and with full extension
of the injured limb was assessed based on the reaction of the
animal according to the method of Meimandi-Parizi et al.

17).
X-Ray procedure

On the 14th day after the surgical procedure, the animals
were examined using an X-ray method to assess the process
of bone consolidation at the site of the defect (18). From each
group, n = 3 rats were randomly selected. The procedure was
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performed using a PROX-S device, DigiMed (South Korea).
For the analysis, a scanner was used with the parameters of
the generating tube current value of 2 mA, the exposure range
(0.01 s - 1.6 s). For scanning, the animals were preliminarily
anesthetized with xylazine hydrochloride at a dose of 0.10 ml
/100 g of body weight in the supine position (19). Bone tis-
sue consolidation was determined by the absence of a bone
gap or the presence of a pontine callus on the cortical layer
(20).

Morphological evaluation

On days 21 and 61 after removing the animals from the
experiment, the femurs were extracted. The bone defects
were evaluated depending on the type and density of tissue
replaced in the area of the defect. From each experimental
group, n = 3 rats were randomly selected.

Histological studies

Prepared slides with histological sections 4 um thick were
stained with hematoxylin-eosin. Microscopic analysis of
bone tissue sections of animals from different experimental
groups was performed using a Leica DM 2000 binocular light
microscope (Leica Microsystems, Wetzlar, Germany) and
digital software (Image-Pro plus 6.0; Media Cybernetics,
USA).

A histo-morphometric evaluation was conducted by two
independent histologists and performed on compiled images
showing the entire cavity at x100 magnification (21). The
formation of new bone and the line between the old and new
bone were investigated. Bone regeneration was measured and
averaged over multiple sites. Bone regeneration was ex-
pressed as a percentage of the height of the main bone at the
periphery of the lesions (22).

Biomechanical analysis

On day 61 after euthanasia, n = 3 rats were randomly se-
lected from each group, the femur was dissected under sterile
conditions, and the muscles and surrounding defect site were
removed for biomechanical evaluation. After processing, the
bones were placed into a PBC solution for further testing for
mechanical strength. The contralateral femur without defect
was used as a control. A standardized three-point bend test
was performed using an LR5K Plus electromechanical uni-
versal testing machine. Each bone sample was placed hori-
zontally on two support rods at a distance of 26 mm, and the
third rod was lowered into the middle of the defect (23, 24).
The applied loads and deformation of the sample were rec-
orded continuously throughout the experiment. The limits of
the permissible relative error of the force meter were equal to
0.5 %, the discreteness of the digital reading device was
0.005 % of the rated load of the force meter. The procedures
were conducted at the room temperature (20°C). All tests
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were performed on the same day to minimize variations due
to temperature or biomechanical setting.

The results were evaluated using the NEXYGEN Plus
software. The bending rate was 1 mm / min, then the maxi-
mum bending stress (o, MPa) and the maximum bending de-
formation (relative unit) were determined based on the results
of mechanical tests. The maximum bending load leading to
rupture was considered as a fracture force.

Statistical analysis

To calculate the sample size of animals, we used the G *
Power v. 3.1.9.4. programme (Germany). Statistical analysis
was performed using SPSS v 25.0 for Windows. Arithmetic
mean value (M), a standard deviation (SD) were derived from
the quantitative indicators. Qualitative characteristics were
described in absolute (n) and relative values (%). Differences
between the considered parameters were considered statisti-
cally significant at p < 0.05. One-dimensional analysis of var-
iance ANOVA was chosen for the statistical test. This test
assumes that the samples from the groups are independent,
and the F-distribution was used to test the hypothesis in the
case of analysis of variance. Mann-Whitney U-test (Wil-
coxon test) was performed to assess deformity.

RESULTS

All animals were clinically stable after wound simulation.
In the postoperative period, the rats quickly recovered, re-
turning to routine activities (regardless of the method of bone
defect replacement). None of the five groups showed either
macroscopic or microscopic signs of cellular inflammation or
rejection of bone graft material.

There were n = 48 animals in total, no one died, and no
bone fractures were found. Laboratory animals were with-
drawn from the experiment only within the established
timeframe according to the study protocol, no serious com-
plications or diseases were observed during the study. The
monitoring of indicators of the local inflammatory response,
such as oedema, redness, pain during palpation, pain during
flexing, and limb activity, showed that all groups had identi-
cal results (no significant differences were found in these in-
dicators). Although there were minor changes in the severity
of symptoms in the control group, they were not statistically
significant.

In blood samples taken from laboratory animals, the av-
erage haematocrit level was 38 + 5.4%, the number of leuko-
cytes was 7.9 £ 4.1 - 10 3 / pl, and the average number of
platelets was 580 + 190 10% / pl. 0.7-0.8 ml of PRP was ob-
tained, with an average platelet concentration of 1302 + 480
10% / pl. Thus, we managed to achieve a threefold increase in
the concentration of platelets in comparison with the initial
count, the number of leukocytes in the PRP samples was - 1.1
+£0.6-103/pL.

X-Ray evaluation

Representative radiographic findings from the study
showed (Figure 2) that after 14 days, the CG group had the
lowest bone regeneration rate of 4.2 + 1.7 %. In the PRP
group in comparison with the CG group, the rates of bone
defect healing were almost twice as high, which amounted to
8.4 + 3.3 %, but there was no statistically significant differ-
ence (p > 0.05). In the HA + PRP group, the level of bone
regeneration was 22.1 + 7.1 %, which was higher compared
to the rates of consolidation of bone defects in the HA group
(20.7 + 9.3 %), which was regarded as a statistically signifi-
cant difference (p = 0.023).

Histological analysis

According to the results of the histo-morphometric anal-
ysis carried out on day 61, it was revealed (Table 1) that the
percentage of bone tissue regeneration varied from 12.7 to
48.9 % in all groups. In the CG control group, bone regener-
ation rates of 12.7 + 7.3 % were lower than the rate of bone
healing in the PRP group (19.8 + 4.2 %). However, there was
no statistically significant difference in the regeneration of
bone defects in the CG and PRP groups (p =0.214 and p =
0.095, respectively). In the HA + PRP group, the regenera-
tion rates (48.9 + 9.4 %) were significantly higher than in the
HA group (35.1 £9.8 %) (p = 0.001).

In control group I, CG, histological examination (Figure
3, a) showed that scattered fragments of bone trabeculae with
periosteocytic voids were located among the connective tis-
sue. In places, the space between the trabeculae was filled out
with bone marrow content. Osteoblasts were arranged in
chains along the bone beams and vessels. Bone formation
was incomplete: a scarce newly formed osteoid without min-
eralization prevailed.

In the group II, PRP in the area of the wound cut (Figure
3, b), neo-angiogenesis was poorly presented (just a few sin-
gle vessels). The site of injury was filled with fibro-reticular
tissue with scant lymphoid infiltration. Bony trabeculae were
scattered, with foci of periosteocytic voids. The space be-
tween them was filled out with bone marrow. Osteoid depos-
its are scarce, with no signs of mineralization. In areas remote
from the injury, bone tissue was detected.

In the group IIT HA, on day 61 of the experiment, the mor-
phological pattern of the fracture zone (Figure 3, c¢) showed
a variegated picture. The bulk of callus consisted of fibro-
reticular tissue with foci of incomplete osteogenesis. The os-
teoid, located among the fibres of the connective tissue, had
blurred outlines, and it was surrounded by groups of active
osteoblasts. Areas represented exclusively by cartilaginous
tissue were recorded. Sites of mineralization were located
haphazardly, mainly in distal bone fragments. The lesion was
filled out with lamellar spongy bone with small foci of im-
perfect osteogenesis.

The bone tissue of laboratory animals of group IV HA +
PRP on the 61st day of the experiment was normally
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structured. The area of the defect was represented by a lamel-
lar bone with a system of osteons and Haversian canals (Fig-
ure 3d). The cancellous bone was transformed into a compact
one, and the thickness of the cortical layer increased. There
were single osteoclasts forming lacunae of resorption in the
projection of osteogenesis, as well as in the distal regions.

Biomechanical analysis

On day 61, according to the study protocol, the bones
were placed in an LR5K Plus electromechanical universal
testing machine (Figure 4).

The results of the biomechanical assessment indicated
(Figure 5) that the highest strength of the femur was recorded
in the contralateral bone without defect (p <0.01), which was
selected as a control. It was revealed that at the highest load
the maximum bending deformation was 0.028746 (at maxi-
mum bending stress equal to 121.0722 MPa).

Apart from that, the bone tissues of the animals of the HA
+ PRP group also showed a high strength of the regenerated
bone in comparison with the rest of the experimental groups
(p £0.05). In the HA + PRP group, the maximum bending
stress of the tested bone was 90.67979, and the maximum
bending strain was 0.024953. There was no statistically sig-
nificant difference in bone strength between the contralateral
bone without a defect and the HA + PRP group (p > 0.05).
However, compared with CG, PRP, and HA, the biomechan-
ical parameters of bone strength were significantly high in
the HA + PRP group, which was regarded as a statistically
significant difference (p < 0.01).

a) Processing of the operating field of the
femoral region;

b) Performing a skin incision;

¢) Gaining access to the femur;

d) Periosteum removal procedure;
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In third place in terms of bone strength, samples of fe-
murs were identified, whose defects were replaced by nano-
crystalline calcium hydroxyapatite (group HA) with the max-
imum bending stress and maximum bending deformation
equal to 58.32674 and 0.032192, respectively. In addition,
the bone strength of the HA group compared to the CG and
PRP groups was statistically significantly higher (p <0.05).

In the CG group with an unsubstituted bone defect in
comparison with the PRP group, the resistance and mechan-
ical strength of the bone tissue was slightly lower, where the
maximum bending deformation was determined equal to
0.03869, with a maximum bending stress of 51.81391. In the
PRP group, when exposed to the maximum load at a maxi-
mum bending stress of 59.45824, the highest bending defor-
mation was recorded with an index of 0.055171. However,
there was no statistically significant difference in the strength
of the regenerated bone between these CG and PRP groups
(p > 0.05).

Table 1. Histomorphometric analyzes of the
level of regeneration of the rat femoral defect.

Group number fg::ﬁ :‘f/og)e ner- P

Group 1 CG 12,7 + 7,3 0,214
Group 2 PRP 19.8+ 4,2 0,095
Group 3 HA 35,1 £ 9,8 0,028*
Group 4 HA+PRP 48,9 £ 9.4 0,001*

Measurement of bone formation after 61 days of regeneration

¢) Formation of a defect of the rat femur with
a diameter of 2 mm;

f) Replacement of the femur defect with the

studied components

Figure 1. Stages of surgical formation of bone defects in an experiment on rats.
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a) group CG;

b) PRP group;

¢) HA group;

d) group HA + PRP

Figure 2. Radiological images of the regeneration of bone

defects of the femur in each group on day 14.

a) group CG;b) PRP group; c) HA group; d) HA + PRP group

Figure 3. Histological picture of the femoral bone defect

in the study groups on the 14th day.
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Figure 4. The process of preparing bone tissue for biomechanical strength testing.

red - contralateral bone without defect; green - group HA + PRP;
yellow - group HA; brown - CG group with bone defect;
black - PRP group

Figure 5. Indicators of biomechanical assessment
of bone tissue in the study groups.

DISCUSSION

Normal healthy bone has the ability to self-regenerate
during remodelling process or after minor trauma. However,
if the site of the defect exceeds the critical size, the bone will
not be able to spontaneously heal during life. In this case,
bone replacement is required to regenerate new tissue (25).

The use of an animal model to reproduce a prototype of
bone defects or other bone pathology is an effective method
for comparing the approaches of bone tissue restoration (26).
In our study, we investigated the comparative characteristics
of the replacement of bone defects with nano-crystalline

hydroxyapatite calcium obtained from eggshell, PRP, and
their combination.

The results showed the advantage of the application of
biological hydroxyapatite obtained from eggshell for tissue
regeneration and replacement. The effectiveness of the use of
hydroxyapatite from eggshells was described in previous re-
ports, not only in terms of biological properties for replacing
a bone defect, but also in connection with economic expedi-
ency (27, 28). Biological apatite has been known to be nano-
structured material with unique chemical, physical, and elec-
trical properties (29) . Calcium hydroxyapatite, resulting
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from the direct action of a living organism, so-called "bio-
genic" hydroxyapatites, provides a possibility to overcome
the limitations of synthetic apatites, including poor adhesion
and low mechanical strength. In fact, calcium hydroxyapatite
possesses very useful properties such as reduced solubility
and convenient particle size (30).

It must be also noted that calcium hydroxyapatite does not
contain osteogenic cells and signal substances that are essen-
tial for the correct regeneration process of bone tissue (31).
In this regard, it should be emphasized that PRP contains a
number of different growth factors, such as platelet growth
factors (PDGF), vascular endothelial growth factor (VEGF),
insulin growth factor (IGF) and transforming growth factor
(TGF ) (5, 32). These growth factors (in platelets) play an
important role in bone regeneration through cascade reac-
tions of angiogenesis and bone repair (33).

The results of the histo-morphometric analysis indicated
that the use of nano-crystalline calcium hydroxyapatite on the
61st day after the formation of the defect led to the increase
in bone regeneration (equal to 35.1 + 9.8 %), which was
higher than in the CG and PRP groups (p = 0.028). However,
the percentage of regeneration of bone defects with the com-
bined use of nano-crystalline calcium hydroxyapatite and
PRP (48.9 + 9.4 %) demonstrated a high efficiency in com-
parison with the data of the HA group (p = 0.001).

In addition, our results indicated that the individual use of
hydroxyapatite in comparison with the CG and PRP groups
provided a comparatively better biomechanical strength of
the regenerated bone tissue (p < 0.05). The high efficiency of
the HA + PRP complex for mechanical stability of the regen-
erated bone did not statistically significantly different from
the high biomechanical properties of the contralateral bone
without a defect (p > 0.05). In addition, the radiographic pic-
ture of the healing of the bone defect of the femur of rats on
day 14 in the HA group was almost 2.5 times better than in
the PRP group and almost 5 times higher than in the CG

group.

The results of previous studies showed that PRP is highly
effective in replacing a bone defect only when used together
with a bone graft (34, 35). There is also evidence of the ef-
fectiveness of the combined use of PRP and synthetic hy-
droxyapatite, in contrast to the separate use in a rabbit bone
defect model (36). Nevertheless, there are some contradict-
ory data on histological and biomechanical bone repair after
PRP application without bone grafts (37).

Our results showed their consistency, since the bone de-
fect must certainly be filled with a material acting as a bone
framework, for example, calcium hydroxyapatite (38). PRP,
due to its known properties, can act as only an auxiliary ma-
terial that potentiates the process of restoring the strength of
bone tissue, but not paramount (39). It can be explained by
the fact that hydroxyapatite has the ability to activate plate-
lets, due to its bio-degradability and bio-absorbability, which
allows calcium ions to be released (40).

The nano-crystalline calcium hydroxyapatite used in our
study had a calcium / phosphorus ratio of 1.67, which is iden-
tical to the level of calcium hydroxyapatite in the human bone
structure. In fact, the eggshell contained 94 % calcium bicar-
bonate (9), which indicates its applicability and availability
for the effective replacement of bone defects. It has been
shown that the use of nano-structured hydroxyapatite in bone
tissue replacement increases its bioactivity in comparison
with the application of large hydroxyapatite particles (3). The
abovementioned properties of nano-crystalline calcium hy-
droxyapatite might contribute to the effectiveness in the re-
placement of induced defect of the rat femur observed in our
study.

The results of this preclinical study indicate that nano-
crystalline calcium hydroxyapatite obtained from eggshells
is effective in the regeneration of bone defects. The ad-
vantages of the use of natural calcium hydroxyapatite are as-
sociated with its good bioavailability, safety and cost-effec-
tiveness. The application of hydroxyapatite in combination
with PRP demonstrated the high efficacy in high consolida-
tion of the bone defect, marinating the mechanical strength
and improved resistance of the regenerated bone tissue. Our
findings indicate the need in further intensive research re-
garding clinical relevance, safety and effectiveness.
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ABSTRACT

Symptoms of depression are often present in patients with chronic
obstructive pulmonary disease (COPD) and treatment of
depression may substantially improve the quality of life of such
patients. The aim of our study was to investigate factors that
influence the efficacy of antidepressant therapy in terms of the
quality of life in patients with COPD and a depressive disorder.
The study was designed as a prospective cross-sectional study and
conducted between October 2016 and December 2019 in the
Primary Health Center, Kragujevac, Serbia. The study sample
included 87 patients. Associations between putative risk factors
and change in the quality-of-life score were tested by a
multivariate linear regression model and interpreted by the
regression coefficients. Our study showed a clear positive effect
of therapy with SSRIs on the severity of depression symptoms and
the quality of life of patients with co-occurrence of COPD and
depression. However, multiple linear regression shows that the
effect of SSRIs was more prominent in patients with a higher
degree of COPD severity since patients with lower FEV1 values
had a more extensive increase in the Q-LES-Q-SF score (B=-
0,034, p=0,020). Treatment of depression that accompanies
COPD is an important segment of managing such patients, which
significantly improves HRQoL. Patients with more severe COPD
would especially benefit from such treatment since their response
to SSRIs is more pronounced.

Keywords: Chronic obstructive pulmonary disease, depression,
antidepres-sants, quality of life.




244

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
progressive lung disease and is the third leading cause of
death worldwide (1). COPD adversely affects the quality of
life of patients, decreasing the number of Disability Adjusted
Life Years (DALY) one can get during lifetime (2). A
number of countries organized national registries of COPD
patients, showing a relatively high prevalence of this disease,
which ranges between 4 and 5% (3-5). Numerous factors
contribute to the development of COPD. Long-term tobacco
smoking associated with outdoor, occupational and indoor air
pollution and genetic predisposition is one of the main factors
contributing to the development of obstructive pulmonary
disease (1,2,6). The severity of COPD also depends on the
age and sex of the patient, frequency of exacerbations,
clinical picture, and results of diagnostic procedures (2,7).

There are many other serious diseases and chronic
medical conditions that may co-occur in individuals with
COPD. Symptoms of depression are often present in COPD
patients, with prevalence of 15,2% to 35,7% (8). However, it
is difficult to distinguish between true depression and the
depressive reaction of COPD patients, because COPD itself
affects some basic life functions and roles. A lot of mental
and physical symptoms are related to both disorders:
increased fatigue, sleep and appetite disorders, reduced
physical activity, difficulty with concentration (9,10). People
with depression also smoke more often and more intensely,
further aggravating COPD. Depression in patients with
COPD further reduces their working ability as well as the
quality of life (11). Several studies showed that some
respiratory and physical symptoms were directly related to
depression symptoms in patients with COPD (12,13).

The aim of our study was to investigate the factors that
influence the efficacy of antidepressant therapy in terms of
the quality of life in patients with COPD and a depressive
disorder.

MATERIAL AND METODS

The study was set up as a prospective cross-sectional
study and conducted between October 2016 and December
2019 in the Primary Health Center, Kragujevac, Serbia. The
inclusion criteria were adulthood, diagnosis of COPD
established by a specialist of pulmonology and diagnosis of
any type of depression by a specialist of psychiatry. The
exclusion criteria were pregnancy and co-morbid malignant
diseases. A diagnosis of COPD was established on medical
history, current symptoms, suggestive findings from physical
examination, and available pulmonary function tests, as per
the definitions provided by GOLD criteria. The estimate of
COPD severity was based on the post-bronchodilator forced
expiratory volume in the 1% second (FEV)). The study sample

included 87 patients. The study was approved by the
Institutional Ethical Review Board and Ethics Committee of
the Primary Health Center, Kragujevac, Serbia (No: 01-
542/2, 2016).

The severity of depression in the study patients was
evaluated by the Hamilton Scale (HAM-D), and health-
related quality of life was assessed by short form of the
Quality of Life Enjoyment and Satisfaction Questionnaire
(Q-LES-Q-SF) (14-16). The evaluations were made before
and after 8 weeks of treatment with selective serotonin
reuptake inhibitors (SSRIs) administered according to the
preference of psychiatrists who treated the patients. The data
about demography, habits, concomitant diseases and
concomitant therapy were extracted from the patient files.

The data were described by descriptive statistics, using
measures of central tendency (mean or median), variability
(standard deviation from the mean) and relative numbers.
The differences in the values of continuous variables in the
same patients at the beginning and the end of the study were
tested by Wilcoxon signed rank test, or by Friedman’s test,
where applicable.

The differences were considered significant if the
probability of the null hypothesis was < 0.05. Associations
between putative risk factors and change in the quality of life
score were tested by a multivariate linear regression model,
and interpreted by the regression coefficients. Previously it
was tested whether the data met assumptions for linear
regression (linear relationship, homoscedasticity, no-
multicollinearity and normal distribution of residuals). All
calculations were performed by the SPSS (Statistical
Package for Social Science for Windows) software, version
18.

RESULTS

Characteristics of the study group are shown in Table 1,
as well as changes in HAM-D scale score and Q-LES-Q-SF
score from basal to values after 8§ weeks of therapy. Both
scores showed statistically significant improvement after 8-
week therapy with SSRIs. Patients' overall satisfaction with
the treatment and life, in general, were rated with questions
15 and 16 of the Q-LES-Q-SF scale. Friedman’s test showed
that ratings of both questions significantly improved after
treatment with the SSRIs: (Fr=15.00, df=1, p<0.001) and
(Fr=78.00, df=1, p<0.001), respectively.
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Table 1. Characteristics of the study (n=87) group, and main outcomes.

Variable Values

Age (years) 48.84+7.43
Gender (male) 30 (34.5%)
FEV, (%) 74.79+15.07

Stage 1 34 (39.1%)
mMRC Stage 2 43 (49.4%)

Stage 3 10 (11.5%)
HAM-D scale score before SSRIs 157944 43 Related samples
therapy Wilcoxon signed rank test
HAM-D scale score after 8 weeks of 10.0243.97 p<0.001
SSRIs therapy ) ) '
Q-LES-Q-SF score before AD 32.43+5.51 Related samples
Q-LES-Q-SF score after AD 46.65+4.79 Wﬂcox"‘;t)ggg‘} rank test

Difference in Q-LES-Q-SF score
(after — before)

14.20+2.02

A multiple linear regression model was built including the following predictors of difference between values of the Q-
LES-Q-SF score after and before the treatment with SSRIs: gender, age, nMRC, FEV,, HAM-D scale scores before and after
8 weeks of SSRI therapy. The only significant predictor turned out to be the FEV, (p=0,020) (Table 2).

Table 2. Significant predictor of difference between values of the Q-LES-Q-SF score
after and before the treatment with SSRIs.

95,0% Confidence
. Adjusted Interval for B
Predictor R2 F t p Lower Upper
Bound Bound
FEV 0.051 >-625 -0.034 | -2.372 | 0.020 -0.062 -0.005
1 . (p=0.020) . . . . .
DISCUSSION

Our study showed a clear positive effect of therapy with
SSRIs on both severity of depression symptoms and the
quality of life of patients with co-occurrence of COPD and
depression. However, the effect of SSRIs is more prominent
in patients with a higher degree of COPD severity, since
patients with lower FEV, values had a more extensive
increase in the Q-LES-Q-SF score.

Inverse correlation between the severity of COPD and
health-related quality of life (HRQoL) was shown in many
studies: dyspnea, nocturnal symptoms, reduced physical
activity, and frequent exacerbations affect adversely
physical, psychological and social aspects of a patient’s life
(17). More severe symptoms result in lower quality of life,
and vice versa. On the other hand, it is well known that
patients with worse depression have more visible
improvement after a period of treatment with antidepressant
medication, because their baseline was lower in the
beginning and maximal therapeutic response cannot be
pushed further (18). This effect was first proven for tricyclic
antidepressants, and then shown also for SSRIs. It seems that
the same holds true for other types of antidepressants,

including noradrenaline reuptake inhibitors (NARIs) like
reboxetine (19). Our results speak in favor of the fact that
improvement in depressive symptoms is more pronounced in
patients with more severe COPD; this underlines the
necessity to recognize early symptoms of depression in
patients with COPD and implement treatment with SSRIs or
other antidepressants.

Adherence to prescribed medication is crucial for the
beneficial outcome of treatment in COPD patients (20). Since
the adherence is improved if the patients are less depressive
and anxious (21), if depressive symptoms are recognized
early in a patient with COPD, and treatment with SSRIs
started without delay, the patients will be more adherent to
prescribed bronchodilators and other COPD medication, with
resultant improved outcome. Improved COPD would then
additionally help with the decrease of symptoms of
depression, and a beneficial circle will be established,
resulting in the end with minimized COPD symptoms and
maximized quality of life.
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There are certain limitations of our study. In the first
place, our study was based on a non-randomized sample,
which may introduce a certain degree of selection bias.
Second, the size of the sample was relatively small, so only
the factor with really strong statistical influence could have
been delimited as significant (severity of COPD), while a
number of also important factors were subject to type two
statistical error.

In conclusion, our study showed that treatment of
depression that accompanies COPD is an important segment
of managing such patients, which significantly improves
HRQoL. The patients with more severe COPD would
especially benefit from such treatment since their response to
SSRIs is more pronounced.
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ABSTRACT

The study aimed to assess the impact of isolation and quarantine
on the frequency of registration and the treatment of fractures of
the proximal femur in Kazakhstan in the context of the COVID-19
pandemic in 2020 (compared to the pre-pandemic period).

This retrospective observational comparative study included all
primary patients with injuries (the code S72) in the period 2019-
2020 according to the national register.

In 2020, the number of S72 fractures was 6.6 % higher compared
to 2019. In comparison with 2019, in 2020 the number of bed-

days of patients was reduced to 7.1+3.8 days (p<0.001). Both in

2019 and in 2020, the number of women predominated among all
patients (p < 0.05). The frequency of conservative treatment in

2020 compared to 2019 was increased from 26.6% to 35.6%,

while the surgical procedure for internal fixation was reduced to

34.2% in 2020. In 2020, the highest number of cases among
women with S72 fractures cases were recorded in the age groups

60-74 years and 75-90 years. In 2019 in female patients (42%)

with S72 cases were registered in the age group 75-90 years.

The incidence of fractures of the proximal femur did not change

significantly in 2020 compared to 2019. However, the number of
conservative treatment methods has increased along with the de-

crease in the frequency of surgical interventions. We observed the

growth of the frequency of non-surgical treatment methods in

2020 that might impose the possible risks of mortality of these pa-

tients in the long term after conservative treatment.

Keywords: Fracture, femur hip, epidemiology;, COVID-19 pan-
demic, Kazakhstan.
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INTRODUCTION

In December 2019, an outbreak of a new coronavirus in-
fection (COVID-19) caused by the SARS-CoV-2 virus was
reported in the Chinese province of Wuhan (1). The first case
outside China was reported on January 13, 2020, in Thailand
(2). The outbreak quickly spread from China to many coun-
tries around the world, and extremely concerned about the
alarming spread of the infection and the severity of the con-
sequences, the World Health Organization (WHO) declared
the COVID-19 outbreak as a pandemic on March 11, 2020
(3). In Kazakhstan, since the registration of the first cases of
COVID-19 infection on March 13, 2020 (4), despite the anti-
epidemiological measures taken, there was a fairly high inci-
dence amongst various age groups of the population (5).
Given the severity of the epidemiological situation, health
care providers have never faced such a dramatic epidemic
wave before. Moreover, most health systems around the
world were insufficiently equipped to deal with this serious
disease (6).

In order to provide adequate medical care to combat the
epidemic and growing need for drugs and intensive care
units, almost all departments of hospitals in most countries of
the world, including the departments of orthopedics and trau-
matology, were forced to re-profile into infectious diseases
departments (7, 8).

The COVID-19 pandemic forced orthopaedic surgeons to
consider alternative treatments for many aspects of orthopae-
dic emergencies and injuries, by modifying standard manage-
ment plans to minimize patient exposure and overall impact
on resources (9). In many countries, this also led to a delib-
erate reduction in planned operations, which led to an in-
crease in morbidity rates (10).

The reduction in the number of planned hospitalizations
has also led to the freeing of hospital beds and equipment
(including ventilators) for the care of patients with COVID-
19 (11). Although, due to the severe restrictions on move-
ment associated with the lockdown, there was a significant
reduction in the number of some injuries, such as sports, road
transport, industrial ones (12). According to some reports,
COVID-19 led to a slight decrease in the number of patients
with fractures around the world, although according to some
reports, it was noted that the frequency of brittle fractures re-
mained unchanged (12). A brittle fracture of the proximal fe-
mur, otherwise called a “hip fracture,” is of particular im-
portance in the management of trauma in elderly patients
(13). Fractures of the proximal femur are cause of a high mor-
tality, and they require the provision of surgical intervention
within 48 hours after injury (12). However, in some cases
conservative treatment methods are also applicable (14).

In general, the COVID-19 pandemic has made a negative
impact on the healthcare system of all countries, including
the Republic of Kazakhstan (15). However, due to an unsta-
ble epidemiological situation caused by COVID-19, its im-
pact on the prevalence rate is still unclear. It also

encompasses the problems of treatment choice (operative or
conservative) for fractures of the proximal femur.

This study was aimed at assessing the impact of isolation
and quarantine on the frequency of registration and the nature
of the treatment of fractures of the proximal femur in the Re-
public of Kazakhstan in the context of the COVID-19 pan-
demic in 2020 (compared to the pre-pandemic period).

MATERIALS AND METHODS
Ethical Issue

To form the study cohort, we used patient data of regis-
tered cases of fractures of the proximal femur in the 2019-
2020. For this study, anonymous information from the na-
tional registry of inpatients was utilized. The study was con-
ducted in accordance with the high ethical standards of the
state and national research committee. Due to the retrospec-
tive nature of the epidemiological study and the use of anon-
ymous patient data, there was no need to obtain informed
consent.

Data collection

Data for this multicenter, observational, retrospective, de-
scriptive study were obtained from the electronic patient reg-
istry of trauma hospitals from all 17 regions of the Republic
of Kazakhstan. The electronic register is a common base for
collecting and storing medical data from all public trauma
hospitals. Materials from the electronic register for the period
from 01.01.2019 to 31.12.2020 were provided and approved
by the "Republican Center for Electronic Health" of the Min-
istry of Health of the Republic of Kazakhstan.

For the study, the medical information of patients with
fractures of the proximal femur under the code S72 was used
in accordance with the 10th revision of the International Clas-
sification of Diseases (ICD-10). According to the ICD-10
classifier, the following pathologies from the S72 pathology
groups were analyzed: S72.0 Fracture of the femoral neck;
S72.1 Transtrochanteric fracture; S72.2 Subtrochanteric frac-
ture; S72.3 Fracture of the body of the femur; S72.4 Fracture
of the lower end of the femur; S72.7 Multiple fractures of the
femur; S72.8 Fractures of other parts of the femur; S72.9
Fracture of the part of the femur, unspecified.

Demographic data such as age and gender of patients
were analyzed as well. By age, the patients were divided into
6 age groups: 0-17; 18-44; 45-59; 60-74; 75-90; and 90 years
of age or older.

In addition, the following indicators were determined as
well: the place of residence (city or village), the capacity of
the hospital for hospitalized patients depending on the num-
ber of beds, and the month of admission of patients (less than
300; from 300 to 500; more than 500 beds).

By the type of hospitalization: patients with planned or
emergency hospitalization were involved in the study.
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The patients were divided into 7 groups based on the type
of referral of patients to the hospital: referred by ambulance,
KDP, another hospital, self-referral, primary care, maternity
hospital and others.

According to the outcome of inpatient treatment, the fol-
lowing categories were identified: improvement, recovery,
no change, death and deterioration.

The patients received the following assistance in regard
to the type of treatment performed: conservative treatment
(non-surgical), internal fixation, total arthroplasty, hemiar-
throplasty, and more.

Besides, we also studied the gender and age characteris-
tics of patients and the territorial feature of cases of fracture
of the proximal femur, depending on the period of hospitali-
zation.

Statistical analysis

Statistical analysis was conducted using SPSS software
(version 25.0, IBM SPSS Inc., Chicago, Illinois, USA). A
general descriptive analysis was carried out in general and by
period, including indicators of the central trend for quantita-
tive variables. Continuous variables were presented as mean
and standard deviation, and categorical variables were pre-
sented as number and percentage. We utilized demographic
information obtained from the Committee on Statistics of the
Ministry of National Economy of the Republic of Kazakhstan
on the total population of the Republic of Kazakhstan.

RESULTS

20351 patients with fractures of the proximal femur were
registered for 2019-2020 in Kazakhstan, of which n = 9514
(46.7 %) in 2019 and n = 10837 (53.3 %) in 2020. Clinical
and demographic characteristics of hospitalized patients are
presented in Table 1.

The average age of patients in 2019 was 58.8 + 24.92
years, and in 2020, 57.32 £ 25.2 years. By sex, both in 2019
and in 2020, women prevailed among patients, the number of
whom was 56 % (n = 5329) and 55.7 % (n = 6041),
respectively.

By place of residence in 2019 and in 2020, urban
residents also prevailed, with indicators equal to 59.7 % (n =
5682) and 64.1% (n = 6944), respectively (p <0.05).

Depending on the hospital capacity in 2019, 58.5 % (n=
5565) of patients were hospitalized in hospitals with less than
300 beds, and 7.4 % (n = 701) of patients were hospitalized
in inpatients with more than 500 beds (p < 0.001). In 2020,
65.4 % (n = 7087) were hospitalized in hospitals with less
than 300 beds, and 3.4 % (n=371) patients were hospitalized
in hospitals with more than 500 beds (n = 371) (» <0.001).

According to the admission period, the highest frequency
of registration of fractures of the proximal femur was
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observed in the autumn-winter period. In 2020, the highest
patient registration rate was registered in December 10.9 %
(n=1185) compared to December 2019 6.8 % (n=674) (p <
0.001). Apart from that, in April, July and October 2020,
cases of fractures of the proximal femur were recorded more
compared to identical months in 2019, which was regarded
as a statistically significant difference (p <0.05).

By the type of hospitalization, in 2020 the number of
patients 21.6 % (n = 2344), hospitalized in a planned manner,
in contrast to 2019, was 4.3 % (n = 408) (p < 0.001). The
number of patients hospitalized for emergency indications in
2019, 95.7 % (n = 9106), was 78.4 % (n = 8493) (p < 0.05)
compared to 2020.

By type of referral to inpatient treatment, the largest
number of admissions was for emergency ambulance, which
amounted to 47.7 % (n=4538) in 2019 and 38.3 % (n=4142)
in 2020 (p <0.05).

According to the outcome of hospital treatment in 2019,
patients were discharged with an improvement of 90.7 % (n
= 8632) and 91.4 % (n =9903).

By type of treatment, in 2020 n = 3848 (35.6 %) patients
were treated without surgery, and in 2019 the number of
patients treated with a conservative method was less (26.6 %,
n = 2530). Internal fixing operations were carried out more
in 2019 in 54.7 % (n = 5202) cases, compared to 2020, where
this indicator was 34.2 % (n = 3706). Total arthroplasty in
2019 and 2020 was performed in 11.5 % (n=1091) and 13.6
% (n = 1474) cases, respectively. Statistically significant
differences were found for hemiarthroplasty, since in 2020
compared to 2019, the number of this surgical procedure
increased from n = 418 to n = 819 cases (p <0.05). In
addition, the number of other medical measures carried out
in 2019 was 2.9 % (n = 273), which was lower than the
indicators of this procedure in 2020 equal to 9.1 % (n = 990),
with a statistically significant difference (p < 0.05).

The frequency of registration of various forms of S72
according to ICD-10, depending on the age category of
patients in the context of 2019-2020 in the territory of the
Republic of Kazakhstan, is presented in Table 2. In the age
category 0-17 years in 2019, the number of fractures in
general was n = 1150, and in 2020, the number of cases of
S72 children was increased to n = 1397, with no statistically
significant difference. In pediatric patients in 2020, n=5 (0.4
%) cases of fracture of the unspecified part of the femur
(S72.9) were recorded. In 2019, in children aged 0-17 years,
this diagnosis was not made at all, which was considered
statistically significant difference (p < 0.001). In the age
group 60-74 years compared to 2019 (n = 2849), the total
number of S72 in 2020 was higher, amounting to n = 3398,
but no statistically significant difference was found. And in
the group of patients 75-90 years old for all groups of
nosology S72, both in 2019 and in 2020, there were almost
identical rates of registration of these fractures with an
insignificant difference, except for the diagnosis S72.9,
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which in 2020 was defined as n = 7 (0.2 %) cases in compar-
ison with 2019 without a single registration S72.9 (p <
0.001).

It should be noted that in the oldest age group of patients
(90 years and older) diagnosed with S72.0 (hip fracture) in
comparison with 2019. In 2020, there was a decrease in the
number of cases of registration of this type of fracture (n =
75 vs n = 58), with a statistically significant difference (p =
0.041). However, according to the diagnosis S72.1
(pertrochanteric fracture) in patients aged 90 years and older
compared to 2019, in 2020 there was a statistically significant
increase in the detection of these injuries from n = 95 (45.0
%) ton= 112 (59.3 %) cases, respectively (p = 0.012).

The gender and age characteristics of patients with frac-
tures of the proximal femur are presented in figure 1. In 2019,
among all hospitalized female patients, 42 % (n = 2239) of
cases of fractures of the proximal femur were recorded in the
age group 75-90 years, and among men in a given year, 24 %
(n = 1006) of patients were 60-74 years old. In 2020, the
highest number of cases of fractures of the proximal femur
among women in 37.1 % (n = 2239) and 37.5 % (n = 2265)
cases were recorded in the age groups 60-74 and 75-90 years,
respectively. And among men in 2020, the highest number of
cases of fractures of the proximal femur was determined in
the age group 60-74 years with an indicator equal to 24.2 %
(n =1159) cases.

The territorial characteristics of cases of registration of
fractures of the proximal femur, in the context of 2019 and
2020 are presented in figure 2. In 2019, in the territory of the
Republic of Kazakhstan, the largest number of cases of frac-
tures of the proximal femur was registered in the city of Al-
maty (n = 1419). However, in Almaty city (2020), there was
an increase in the number of these fractures (n = 1545), which
was regarded as a statistically significant difference (p <
0.05). Apart from that, high registrations of fractures of the
proximal femur were identified in 2019 (n = 1545) and 2020
(n = 1545), in the Karaganda region, but without a statisti-
cally significant difference. A statistically significant differ-
ence was determined for cases of femoral fractures in the Al-
maty region, where in 2020 (n = 1324), this pathology was
recorded more in comparison with 2019 (n=1116), p <0.05.
In addition, in the Zhamby! region, in comparison with 2030
(n=0651) in 2019 (n = 478), fewer cases of femoral fractures
were recorded (p < 0.05). In the Turkestan region, a high
level of registration of this pathology was also determined in
2020 (n=1011), in contrast to 2019 (n = 847), p <0.05.

DISCUSSION

To the best of our knowledge, this is the first analysis of
trauma care and treatment outcomes for patients with
proximal femur fractures in Kazakhstan in the context of the
COVID-19 pandemic in 2020. It should be taken into account
that, according to statistical sources, more than 130
nationalities live on the territory of Kazakhstan (14), among
ethnic groups Central Asians make up a large share

(Kazakhs, Uzbeks, Tatars, Kyrgyz, Uighurs, Tajiks,
Turkmen, etc.) (14). This fact provides an opportunity to ex-
trapolate the results obtained from this study for the entire
Central Asian region. The statistics available for review
shows that in the orthopedic area the largest number of oper-
ations is associated with fractures of the proximal femur,
which are the most common cause of disability in patients
over 65 years of age (16).

According to the results obtained in Kazakhstan in 2020
(regardless of the fact that since March 2020 there was a strict
lockdown in the country), the number of cases of fracture of
the proximal femur did not decrease in comparison with
2019. Moreover, we observed a slight increase of 6.6 % (p <
0.05).

Relative growth in S72 cases in 2020 compared to 2019
was observed in both men and women. It should also be noted
that, as in 2019 and in 2020, the S72 fracture was more
typical for women aged 75-90 years in comparison with men
(p < 0.05). However, the results of our study do not find
agreement with a study conducted in Italy, where, thanks to
restrictive measures for the free movement of people during
quarantine, the number of S72 fractures, like other fractures,
was reduced (16). In addition, our results do not conform
with the data of another study conducted in Turkey, where
the number of fractures in 2020 due to strict restrictive quar-
antine and due to a fairly high proportion of postponement of
planned operations during the quarantine period was reduced
by 1/3 of cases compared to COVID period (17).

There is some evidence that there is a link between falling
and aging, as the frequency of falls increases significantly
with age (18). The increase in the number of femoral frac-
tures among the elderly population revealed in 2020 could be
associated with the mechanism of femoral fractures. It is
known that such injuries are often the result of low-energy
trauma (falling from a standing height and falling from a low
height) that usually occur at home, which emphasizes the im-
portance of primary prevention measures (prevention at
home). This finding finds an agreement with the results of a
retrospective multicenter cohort study conducted in the UK,
where the number of femoral fractures in 2020 was almost
identical to the rates of this type of fracture in 2019 (19). This
reflected the fact that for this category of patients, falling at
home is the most common cause for a femur fracture. There-
fore, social distancing and isolation during the COVID-19
pandemic could not affect the frequency of its registration
(20).

The same features were revealed in Spain, where the ab-
solute volume of hospitalizations with osteoporotic hip frac-
tures remained stable during the state of emergency in Spain
(21). In another study conducted in Turkey, an increase in the
number of cases of fractures of the proximal femur was
noted, which could be explained by a decrease in mobility of
people during a pandemic, and it was also published that the
etiology of the development of this type of hip fracture of
osteoroporotic genesis was associated in 31.2 % as a result of
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slipping during ablution (a Muslim ceremony before prayer,
which consists of washing the face, neck, hands and feet)
(22). Given the fact that a high proportion of residents of Ka-
zakhstan are Muslims (23), there is an assumption that this
reason could also affect the increase in the frequency of falls
for this reason, which could lead to the development of a
fracture of the femur.

During the worst phase of the pandemic in China, accord-
ing to an earlier study, 87 % of fractures were from standing
falls in people with an average age of 76; and 72.7 % of pa-
tients suffered their fractures at home (24). Of the 453 frac-
tures analyzed by these authors, 264 (53.8 %) were hip frac-
tures (24).

It should be noted that according to the results of this
study, osteoporosis in women and in older men could poten-
tiate the risks of fractures due to low-energy trauma. In fact,
the risk of developing any osteoporotic fracture at the age of
50 ranges from 40 to 50 % in women and 13-22 % in men
(25). In addition, in patients with osteoporosis after a hip
fracture, the risk of developing another hip fracture doubles
in women and triplets in men (26). The risk increases to 9%
in the first year and up to 20 % in 5 years (27). These findings
indicate the necessity of proper prevention and treatment of
osteoporosis at all stages of medical care (28). The high rate
of osteoporotic fractures increases the risks of non-car-
marked expenses from the state budget. Instead of directing
funds to prevent fractures, the budget will be spent on the
treatment and social benefits for disability (29).

Apart from that, the results of our study demonstrate that
the frequency of S72 fractures increased in winter periods
(2019-2020). This finding agrees with the results of previous
studies (30, 31). It indicates that an activity of elderly in cold
period plays an important role in the development of this type
of fracture (31).

There was an increase in the rate of hospitalization of pa-
tients with S72 fractures in hospitals with fewer than 300
beds (65.4%) in 2020 compared with hospitals with more
than 500 beds (p <0.001). Such a finding could be explained
by the fact that large multidisciplinary hospitals (more than
500 beds) were converted into infectious diseases hospitals
in 2020 due to pandemics. In fact, the same temporary reor-
ganization aimed at providing care to patients with COVID-
19 (32) was carried in all countries around the world.

The number of conservative treatments of fractures of the
proximal femur increased in 2020, with a decrease in the
number of internal fixation operations. The rise of the fre-
quency of conservative therapy in the treatment of fractures
in 2020 could be associated not only with direct indications,
but could also be linked with the epidemiological situation
with COVID-19. First of all, it can be caused by lowering of
the incidence of invasive surgical procedures. In an earlier
study in a rural hospital in the UK, it was also noted that in
the COVID period, the frequency of conservative treatment
of femoral fractures increased 3 times compared with the pre-
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COVID period, and the length of stay of these patients in the
hospital decreased (p < 0.001) (33). This finding can be
explained by the exacerbation of chronic concomitant
diseases, including in a number of patients with unstable
cardiac pathology, which required intensive medical
intervention (33). Despite the increase in the use of conserva-
tive methods in the treatment of S72 fractures in 2020, no
statistically significant differences were found in 2019-2020
in treatment outcomes (mortality, etc.) at the time of dis-
charge from the hospital.

The data obtained in our study find some agreement with
the results of another study, where, hospital mortality was the
same between patients treated promptly (14.9 %) and conser-
vatively (18.1 %) (14). In the same study, when assessing
one-year mortality rates, mortality was significantly higher in
the group of patients treated conservatively (67.0 %) in com-
parison with patients who underwent surgery (48.2 %) (p =
0.005) (14). However, there is a range of studies where no
significant differences were found in one-year mortality after
conservative or surgical treatment of fractures of the proxi-
mal femur (34). Given that the frequency of conservative
treatment was increased in 2020, it should be noted that this
circumstance may have some undesirable effect on treatment
outcomes in the long-term perspective. In our study, among
all S72 pathologies, femoral neck fracture (S72.0) and per-
trochanteric femoral fracture (S72.1) were the most fre-
quently reported types of femoral fracture. The results ob-
tained show that in the context of 2019-2020, the age cate-
gory of people from 60 to 90 years old is a risk group for the
development of S72.

The results of study conducted by Lv et al. indicate that
the most common mechanism of injury during a pandemic
was low energy trauma (i.e. sliding, stumbling, or falling at
home), in 79.1 % of cases compared with 34.4 % of low
energy fractures in the control group (2019) (35). All these
facts demonstrate the need for appropriate preventive
measures to prevent osteoporosis (36) and reduce the inci-
dence of low-energy household injuries among the elderly
population.

In 2020, compared with the pre-COVID period (2019),
the incidence of fractures of the proximal femur did not
change significantly. However, the number of conservative
treatment methods was increased with a corresponding de-
crease in the frequency of surgical interventions. Given the
increase in the frequency of use of non-surgical methods of
treatment in 2020, and the potential risks of mortality in pa-
tients in the long term after this type of treatment, the results
of this study can be useful for the health care system. It in-
cludes the optimization of rehabilitation of patients who un-
derwent conservative treatment at the PHC level. In addition,
the findings of this study can be used for forecasting the pos-
sible shortage of hospital beds and management of patients
with priority diseases in the case of high hospital occupancy
caused by an epidemiological emergency.
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Table 1. Clinical and demographic characteristics of hospitalized patients with S72.

Characteristics 2019 2020 p
Age 58.8+24.92 57.32425.2
Number of bed days 10.8+4.7 7.1£3.8 | 0.001*
Sex

male 4185(44.0) 4796(44.3)

female 5329(56.0) 6041(55.7)
Residence

city 5682(59.7) 6944(64.1) | 9.05

village 3832(40.3) 3893(35.9) | 0.05
Number of beds

less 300 5565(58.5) 7087(65.4) | 0.001

300 to 500 3248(34.1) 3379(31.2)

more 500 701(7.4) 371(3.4) | 0.001
Time of admittance

January 1004(10.6) 978(9.0)

February 818(8.6) 1046(9.7)

March 799(8.4) 935(8.6)

April 783(8.2) 648(6.0) | 0.05

May 825(8.7) 891(8.2)

June 767(8.1) 841(7.8)

July 754(7.9) 688(6.3) | 0.05

August 783(8.2) 857(7.9)

September 802(8.4) 920(8.5)

October 735(7.7) 942(8.7) | 0.05

November 770(8.1) 906(8.4)

December 674(6.8) 1185(10.9) | ¢.001
Type of hospitalization

Planned 408(4.3) 2344(21.6)

0.001

Emergency 9106(95.7) 8493(78.4) | 0.05
Who is directed to hospitalization

Emergency team 4538(47.7) 4142(38.3)

0.05

Out-patient clinic 600(6.3) 751(6.9)

Other hospital 801(8.4) 937(8.6)

Self-admittance 1800(18.9) | 2540 (23.5)

PCP 1453(15.3) 2466(22.7)

pMaternity Unit 322(3.4) 1(0.01) | g.001
Outcome

improvement 8632(90.7) 9903(91.4)

convalescence 359(3.8) 319(2.9)
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Characteristics 2019 2020 p

no changes 395(4.2) 485(4.5)

death 124(1.3) 119(1.1)

deterioration 4(0.04) 11(0.1)
Treatment types

No operation (standard) 2530(26.6) 3848(35.6)

Innner fixation 5202(54.7) 3706(34.2)

Total arthroplasty 1091(11.5) 1474(13.6)

hemiarthroplasty 418(4.4) 819(7.5) 0.05

Others 273(2.9) 990(9.1) 0.05
Total 9514(46.7) | 10837(53.3)

Data presented as a frequency (%);

Table 2. The frequency of registration of various forms of S72 according to ICD-10 in patients
standardized by age in the context of 2019-2020 in the territory of the Republic of Kazakhstan.
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Age according to the WHO classification

Diagnosis
according to 0-17 18-44 45-59
ICD-10 2019 2020 | p 2019 2020 p 2019 2020 p
72.0 Fracture 69
of the femoral 68 (5.9) 4.9) 0.245 190(18.2) | 221(16.9) | 0.475 | 479(34.4) | 632(38.4) | 0.548
neck )
72.1 Transtro- 18
chanteric frac- 8(0.7) (1.3) 0.452 129(12.4) | 189(14.4) | 0.221 | 422(30.3) | 404(24.6) | 0.079
ture )
72.2 Subtro- 105
chanteric frac- 61(5.3) (7.5) 0.324 | 104(10.0) | 131(10.0) | 0.854 | 106(7.6) 130(7.9) | 0.354
ture )
72.3 Fracture 973
of the body of | 816 (71.0) (69.6) 0.108 | 384(36.8) | 495(37.8) | 0.763 | 160(11.5) | 200(12.2) | 0.124
the femur )
72.4 Fracture
of the lower 153(133) | 182 | 0789 | 148(142) | 168(12.8) | 0.367 | 176(12.7) | 214(13.0) | 0.842
end of the fe- ’ (13.0) ) ’ ’ ’ ’ ’ ’
mur
72.7 Multiple 11
fractures of 13 (1.1) 0.8) 0.452 53(5.1) 51(3.9) 0.471 19(1.4) 20(1.2) 0.541
the femur )
72.8 Fractures 34
of other parts 31 (2.7) 2.4) 0.951 33(3.2) 53(4.0) 0.168 27(1.9) 39(2.4) 0.681
of the femur )
72.9 Fracture
of part of fe- "
mur, unspeci- 0(0) 5(0.4) | 0.001 2(0.2) 2(0.2) 0.978 2(0.1) 5(0.3) 0.251
fied
Total 1150 1397 | 0.547 1043 1310 1391 1644
Age according to the WHO classification
Diagnosis
60-74 75-90 90 and more
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according to
ICD-10

2019

2020

2019

2020

2019

2020

72.0 Fracture
of the femoral
neck

1141(40.0)

1403(41.3)

0.121

1145(39.9)

1193(41.2)

0.321

75(35.5)

58(30.7)

0.041*

72.1 Transtro-
chanteric frac-
ture

988(34.7)

1231(36.2)

0.781

1343(46.8)

1289(44.5)

0.135

95(45.0)

112(59.3)

0.012*

72.2 Subtro-
chanteric frac-
ture

185(6.5)

194(5.7)

0.982

133(4.6)

138(4.8)

0.148

13(6.2)

5(2.6)

0.2978

72.3 Fracture
of the body of
the femur

221(7.8)

229(6.7)

0.457

123(4.3)

110(3.8)

0.625

13(6.2)

6(3.2)

0.752

72.4 Fracture
of the lower
end of the fe-
mur

269(9.4)

282(8.3)

0.247

106(3.7)

126(4.3)

0.425

11(5.2)

8(4.2)

0.097

72.7 Multiple
fractures of
the femur

18(0.6)

16(0.5)

0.657

9(0.3)

11(0.4)

0.177

0(0)

0(0)

72.8 Fractures
of other parts
of the femur

25(0.9)

40(1.2)

0.197

11(0.4)

25(0.9)

0.684

4(1.9)

0(0)

72.9 Fracture
of part of fe-
mur, unspeci-
fied

2(0.1)

3(0.1)

0.541

0(0)

7(0.2)

0.001*

0(0)

0(0)

Total

2849

3398

2870

2899

211

189

Figure 1. Age and sex characteristics of hospitalized patients
with S72 for 2019, 2020.




2024;25(3)

251

Figure 2. Territorial characteristics of cases of registration of S72
in the Republic of Kazakhstan for 2019-2020.

STRENGTHS AND LIMITATIONS
OF STUDY

The retrospective observational design can be considered
a limitation of the current study. In addition, the lack of data
on long-term outcomes for S72 fractures cannot fully reflect
an objective assessment of the impact of the COVID-19 pan-
demic on the quality of trauma care for this cohort of patients.
So that it requires further research in this direction. On the
other hand, the study strong sides, including a multicenter ap-
proach, a fairly large sample and the fact that this study was
conducted for the first time on the territory of Kazakhstan
during the pandemics.
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ABSTRACT

Implantable cardioverter defibrillators (ICD) effectively reduce
risk of sudden cardiac death in both primary and secondary pre-
vention, but only a small proportion of patients included in the
clinical trials had atrial fibrillation. 1t is still unclear whether pa-
tients with atrial fibrillation have the same benefit from ICD
implantation as patients in sinus rhythm. This is a clinical, pro-
spective study which included 210 patients in the period 2014-
2018. ICD was implanted in the Clinical Center Kragujevac and
a two-year follow-up was performed. Patients were divided into 2
groups: a group in sinus rhythm and a group of patients with
atrial fibrillation (paroxysmal, persistent and permanent). At the
end of the two-year follow-up, there was no difference in survival
between the compared groups. The total number of cardioverter
defibrillator activations did not differ between the groups, but a
significantly higher number of inappropriate cardioverter
defibrillator activations was registered in the group with atrial
fibrillation. In most patients who had inappropriate defibrillator
activation  during the two-year follow-up, appropriate
defibrillator activation was also registered.

Keywords: Atrial fibrillation, implantable cardioverter defibrilla-
tor, ICD, heart failure, sudden cardiac death.
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INTRODUCTION

Implantable Cardiverter Defibrillator (ICD) is device
that is implanted in the patient's body, capable of performing
cardioversion, defibrillation and electrostimulation (pacing)
of the heart muscle. Today, the use of ICD is the most impor-
tant primary and secondary prevention of sudden cardiac de-
ath (SCD). Primary prevention refers to patients who did not
have life-threatening arrhythmia, but based on clinical cha-
racteristics, predominantly reduced left ventricular ejection
fraction (less than 35%) have an increased risk of life-threa-
tening arrhythmias and SCD. Secondary prevention refers to
patients who have previously been successfully resuscitated
after cardiac arrest (most commonly caused by ventricular
fibrillation) or after life-threatening ventricular arrhythmias,
when there is a risk of cardiac arrest recurrence. Large clini-
cal studies have shown superiority of ICD in reducing the
incidence of SCD over drug therapy in both primary and se-
condary prevention (1-5). Atrial fibrillation as the most
common arrhythmia is a common comorbidity in patients
with reduced left ventricular EF who underwent ICD implan-
tation. Epidemiological studies have shown that atrial
fibrillation is associated with increased overall mortality (6),
but it is still unclear to what extent it affects mortality in pa-
tients with implanted ICD. As one of the potential causes, re-
searchers state a higher frequency of heart failure in the po-
pulation of patients with atrial fibrillation (7, 8). Heart failure
and left ventricular dysfunction affect the development of
atrial fibrillation, and atrial fibrillation itself leads to electri-
cal and structural remodeling of the atrial and ventricular
myocardium, thus closing the vicious circle. Accelerated
heart rate during an atrial arrhythmia, especially in combina-
tion with interventricular conduction disorders, may lead to
inappropriate activation of the ICD. Inaproppriate ICD acti-
vation is device activation and delivery of therapy when there
is no life-threatening heart rhythm disorder (e.g. supraven-
tricular arrhythmia or atrial fibrillation) in contrast to appro-
priate ICD activation. In the MADIT II study 13% of patients
with ICD had inappropriate defibrillation shock, where in
44% of cases atrial fibrillation was identified as the main
cause (5). Inaproppriate defibrillation shocks as well as
appropriate defibrillation shocks may be associated with
increased mortality in patients with implanted ICD (9, 10)
indicating the need for programming, treatment of underlying
disease and heart rhythm disorders to minimize the number
of shocks delivered.

Despite the fact that the effective use of ICD devices has
been studied in a large number of clinical studies, only a
small proportion of patients included in the trials had atrial
fibrillation, so it is still unclear whether patients with atrial
fibrillation benefit equally from ICD implantation as the pa-
tient in synus rhythm.

THE AIM OF THE RESEARCH

To examine whether the presence of atrial fibrillation in
patients with implanted cardioverter defibrillators has led to

increased mortality and frequency of ICD activation in com-
parison to patients in sinus rhythm.

PATIENTS AND METHODS

Clinical, prospective study which included 210 patients
in the period 2014-2018. who underwent ICD implantation
in Clinical Center Kragujevac and had completed two-year
follow-up after the implantation. Patients were divided into 2
groups depending on the registered presence of atrial fibrilla-
tion. The group of patients with atrial fibrillation consisted of
patients who were diagnosed atrial fibrillation (ECG re-
cording of atrial fibrillation lasting minimal 30 seconds),
whether paroxysmal, persistent or permanent at any time du-
ring follow-up. Group of patients in sinus rhythm consisted
of patients without recordings of atrial fibrillalion or other
forms of atrial arrhythmias (atrial flutter/atrial tachycardia).
All the patients have to meet criteria for ICD implantation
(primary or secondary SCD profilaxis). For each ICD
implantation, the patient was hospitalized in the Kragujevac
Clinical Center, where hospitalization could be elective or
urgent. During hospitalization, the following data were
collected for each patient: demographic data, risk factors,
echocardiographic findings, indications for the implantation
of ICD, previous arrhythmic events, associated cardiovascu-
lar diseases, lab analysis (blood count, cardiac enzymes, NT-
proBNP, CRP, BUN, electrolytes).

ICD device implantation was performed in local anesthe-
sia. Venous approaches were used for placement of electrode
catheters: ligation and incision of the cephalic vein or via the
subclavian or axillary vein by the puncture method. The po-
sitioning of the electrode catheter in the right ventricle was
performed under radioscopic control, usually in the interven-
tricular septum or the apex of the right ventricle. The pulse
generator is placed subcutaneously prepectorally. Patients
who underwent an ICD device implantation came for regular,
quarterly check-ups during the next period of 2 years. Exept
regular controls urgent or symptom driven check-ups of the
petents were also recorded. The following data were
collected each time the patient arrived: ICD device function
parameters, recorded arrhythmic events, data on the patient's
subjective sympthoms, findings of subsequent diagnostic and
therapeutic procedures. Controls of ICD devices are perfor-
med with the help of appropriate programmers of device ma-
nufacturers. All data obtained during the control examination
were recorded in the patient's card and in electronic form. In
case of absence of follow-up examinations patient data were
obtained by telephone or by insight in the hospital's electro-
nic information system.

In the statistical analysis we used descriptive methods and
methods of analytical statistics.To compare the categorical
variables we used Chi square test. For the analysis of nume-
rical variables T test or Mann-Whitney test were used. In
order to assess the survival between different groups of pati-
ents, we used Kaplan-Maier curve and Log-rank test.



261

2024;25(3)

RESULTS

The study included 210 patients (47,1% in sinus rhythm
and 52.9% in the atrial fibrillation). Demographic characteri-
stics of the groups are shown in Table 1.

Table 1. Demographic characteristics of patient groups

Group rlslly‘;l‘:fn Atrial fibrillation P

Number(%) 99 (47,1%) 111 (52,9%)

Age (years) 67,7+11,3 67,7+9,6 p=0,517*

Man 68 (68,7%) 78(703%) |

e Woman 31 (31,3%) 33 (29,7%) p=0.062"
Hypertension 77,8% 88,3% | p=0.064°
Diabetes mellitus 41,4% 28,8% p=0.056"
Hyperlipidemia 65,6% 60,0% | p=0.399°
Smoking 27,3% 21,6% p=0.340°
Heredity 27.2% 21,6% p=0.340b
T test, " Xi square test, * significance level 0.05

The groups did not differ statistically significant accord-
ing to the age of the patients, gender, nor the presence of risk  has not been achieved.
factors. There is trend of higher prevalence of diabetes

are shown in Table 2.

Table 2. Value of laboratory parameters between compared groups

mellitus in the sinus rhythm group, but statistical significance

The values of laboratory parameters monitored in patients

Group Sinus rhythm Atrial fibrillation p
NT-proBNP Mean + SD 4037.5 + 5474.5 48523 + 6645.1 o
(pg/mL) Median 1519.5 2036 p=0.177
Troponin Mean + SD 0.065 = 0.138 0.065+0.20 o
(pg/mL) Nedi p=0.978

edian 0.019 0.019

Hemoglobin Mean + SD 1251+ 185 129.4+22.9 o113
(g/L) Median 129 132 p=-
CRP Mean + SD 8.39 + 12.28 833+10.8 0815
(mg/L) Median 4.95 420 p=
Urea Mean + SD 9.00 £ 4.01 8.38 £ 4.25 o
(mmol/L) Median 8.15 7.6 p=0.362
Creatinine Mean + SD 125.9 + 157.5 114.1+52.0 _ c
(umol/L) Median % 104 p=0.104
Na' Mean + SD 139.6+3.8 135.42 £14.25 o
(mmol/L) Median 140 140 p=0.794
¢ Mann-Whitney test * significance level 0.05

between the compared groups. The prevalence of cardiovas-
cular drug therapy is shown in Table 3.

The values of laboratory parameters: NT-proBNP, tro-
ponin, hemoglobin concentrations, CRP, urea, creatinine and
serum sodium ion concentrations did not differ significantly
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Table 3. Prevalence of cardiovascular drug groups in patient groups.

Group Sinus rhythm Atrial fibrillation p
Amiodarone 49.5% 68.5% p=0.005""
Beta blocker 84.5% 91.0% p=0.154°
ACE inhibitor 74.7% 71.2% p=0.481°
Anticoagulant therapy 61.0% 95.5% p=0.000""
ASA 56.1% 25.2% p=0.000""
Thienopyridine 19.1% 9.0% p=0.028""
Statin 67.7% 58.6% p=0.143°

" Xi square test, * significance level 0.05

A statistically significantly higher prevalence of amioda-
rone was observed in atrial fibrillation group in comparison
to sinus rhythm group (p = 0.005). Patients with atrial fibril-
lation had a statistically significantly higher prevalence of
oral anticoagulant drugs in therapy, while patients with sinus
rhythm had a statistically significantly higher prevalence of
antiplatelet drugs (ASA and thienopyridines) (p=0.000).

Out of the total number of patients, 46.5% (99 patients)
had myocardial disease of ischemic etiology, while 53.5% of
patients (111 patients) had non-ischemic etiology of heart
disease. The prevalence of associated cardiovascular diseases
between the compared groups is shown in Table 4.

Table 4. Prevalence of associated cardiovascular diseases.

Group Sinus rhythm Atrial fibrillation p
Ischemic heart disease 60.6% 35.1%
Non-ischemic heart disease 39.4% 64.9% p=0.000""
Peripheral artery disease 21.2% 9.9% p=0.023""
Cerebrovascular event 5.0% 14.4% p=0.024""
Chronic renal failure 7.1% 10.8% p=0.346"
" Xi square test, * significance level 0.05

Myocardial disease of ischemic etiology and peripheral
artery disease were significantly more prevalent in the group
of patients in sinus rhythm compared to atrial fibrillation
group. The group of patients with atrial fibrillation had a sig-
nificantly higher number of patients who had cerebrovascular
event, compared to sinus thythm group, as well as a signifi-
cantly higher number of patients with non-ischemic etiology
of heart muscle disease.

At the end of the two-year follow-up 89.9% of patients
in the sinus rhythm group and 91.0% of patients with atrial
fibrillation were alive. There was no statistically significant
difference in patient survival between the compared groups
during the two-year follow-up of patients (Log rank, p =
0.785). Patient survival curves are shown in Figure 1.

Figure 1. Patient survival curves.

During a two-year follow-up of a total of 210 patients en-
rolled in the study, 39 patients (18.3%) had activation od ICD
in the form of antitachycardia pacing and/or defibrillation
shock. Table 5. shows the distribution of patients with ICD
activation between the groups.
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Table 5. Distribution of patients with ICD activation between the compared groups.

Group

Sinus rhythm

Atrial fibrillation

Number of patients

0
with ICD activation 16 (16.2%)

23 (20.7%) P=0.396"

" Xi square test, * significance level 0.05

There was no difference in the number of ICD activation
between the compared groups at the end of the two-year fol-
low-up.

Out of total of 39 patients in whom ICD activation oc-
curred during the two-year follow-up, in 25 patients (64.1%)
the appropriate ICD activation was registered. In 14 patients
(35.9%), inappropriate activation of the ICD was registered.
Appropriate and inappropriate defibrillation shock may be
reported in same patients during follow-up. Figure 2 shows
the types of activation of the ICD during the two-year follow-

up.

Most patients with ICD activation had appropriate ICD
therapy. In patients who had inappropriate therapy in most
cases during two-year follow-up in addition to inappropriate
an appropriate ICD therapy was registered. Distribution of
ICD activation types between the groups was shown in
Table 6.

Figure 2. Types of activation of the implanted
cardioverter defibrillator.

Table 6. Distribution of types ICD activation between the groups.

Group Sinus rhythm Atrial fibrillation P
Inc}del-lce of appropriate ICD 16 (48.5%) 17 (51,5%) p=0.863"
activation
Inc}del}ce of inappropriate ICD 3 (21,4%) 11 (78,6%) P=0.046""
activation

There was no difference between compared groups in the
number of patients with appropriate activation of ICD. The
group of patients with atrial fibrillation had significantly
more patients with inappropriate ICD activation compared to
the sinus rhythm group (p=0.046).

DISCUSSION

Out of the total number of patients included in the inve-
stigation, 52,9% had atrial fibrillation (paroxysmal and per-
manent), while 47,1% of the patients were in sinus rhythm.
The prevalence of atrial fibrillation in our investigation can
be compared with study of authors from Leiden (11) which
included 913 patients (27% with atrial fibrillation: pa-
roxysmal, persistent, permanent) followed for an average of
three years after ICD implantation. This study revealed
higher mortality of patients with permanent atrial fibrillation
compared to patients in sinus rhythm (35% vs. 12% ), while
patients with paroxysmal and persistent atrial fibrillation had

similar mortality compared to patients in sinus rhythm. Pati-
ents with permanent atrial fibrillation in this study had signi-
ficantly higher NYHA class of heart failure, lower creatinine
clearance, wider QRS complexes, more frequent use of anti-
arrhythmics and diuretics than sinus rhythm group, which po-
ints association between patients risk profile and survival
rather than the impact of atrial fibrillation itself. The presence
of ischemic heart disease was more common in patients with
sinus rhythm, paroxysmal and persistent atrial fibrillation,
while the presence of non-ischemic heart disease was more
common in the permanent atrial fibrillation group, similar to
our research. In our study, there was no difference in morta-
lity between the groups, but there was no difference in the
risk profile that existed in the Leiden study. Investigators
from Leiden have included patients in the study since 1996,
while our study included patients who had an ICD implanted
since 2014. so it should be taken into consideration that sig-
nificant progress has been made in the treatment of heart
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failure in recent years which could improve survival of the
patients.

In the MADIT II study (12) patients with atrial fibrillation
accounted for only 8% of patients (102 patients) and had sig-
nificantly higher risk profile than sinus rhythm patients:
elderly patients, higher incidence of chronic renal failure,
wider QRS complex, higher NYHA class of heart failure.
After twenty months follow-up patients with atrial fibrilla-
tion had higher cumulative frequency of hospitalizations and
mortality compared with patients in sinus rhythm, noting that
the presence of atrial fibrillation was not in itself an indepen-
dent predictor of increased mortality, but affected more
frequent hospitalizations. Sub-analysis of the MADIT II
study (13) identified risk factors which reduced the benefit of
ICD in reducing SCD such as: advanced age (over 70 years
of age), severe heart failure, presence of chronic renal failure,
presence of atrial fibrillation and wider QRS complexes. In
our trial risk profile did not differ significantly between pati-
ent groups (exept higher serum concentration of NT-proBNP
in patients with permanent atrial fibrillation), which may
explain the equally two-year survival in all patient groups.

Sub-analysis of another important study which examined
the optimal programming of ICD algorithms (PREPARE
study), assesed the impact of atrial atrial fibrillation/tachy-
cardia on mortality and ICD function (14). After one year fol-
low-up 8% patients experienced ICD shock with higher num-
ber of ICD shocks in patients with atriall fibrillation and in-
appropriate shocks accounting for the majority of the differ-
ence (6.9% vs 2.6%, P = 0.02), but the mortality was similar
in patients with and without atrial fibrillation/tachycardia.

In accordance with the current recommendations for the
treatment of heart failure, most patients in our study were
treated with beta-blockers, statins and ACE inhibitors. There
was no statistically significant difference in the prevalence of
these drugs between the compared groups of patients. Preva-
lence of amiodarone was significantly higher in the group of
patients with paroxysmal and permanent atrial fibrillation
compared to patients in sinus rhythm, which can be explained
by strategy of rate and rhythm control, beside its use to sup-
press ventricular arrhythmias in both groups. According to
the recommendations for the treatment of atrial fibrillation,
use of anticoagulant therapy in order to reduce ischemic
thromboembolic events is the basis of treatment. As the pa-
tients with atrial fibrillation included in our investigation
were already with significant structural myocardial disease,
even without the presence of other risk factors they had ele-
vated CHA2DS-VA2SC score which justifies anticoagulant
therapy.

As the presence of atrial arrhythmias may be one of the
reasons for inappropriate activation of ICD devices, in our
study we examined the causes that led to device activation
and delivery of therapy, based on which we classified the de-
livered antitachycardia therapy as appropriate and inappro-
priate. During the two-year follow-up of patients with ICD in
our study, out of the total number of patients who had ICD

activation and delivery of antitachycardia therapy, 36% of
patients had inappropriate device activation. There was no
statistically significant difference in the number of patients
with appropriate ICD activation between the groups, but in
the group of patients with atrial fibrillation in our study we
observed significantly higher number of patients with inap-
propriate ICD activation and defibrillation shock delivery (11
patients versus 3 patients). In the already mentioned Leiden
group study (15), during three-years follow-up there was sin-
gifficantly higher number of patients with inappropriate ICD
activations in permanent atrial fibrillation group (32% of pa-
tients) and paroxysmal atrial fibrillation group (28% of pa-
tients) in comparisson sinus rhythm group (13% of the pa-
tients). This trial has also reported higher inicedence of ap-
propriate ICD activations in the permanent atrial fibrillation
group in comparison to other forms of atrial fibrillation and
to sinus rthythm group, which could be attributed to higher
risk profile of patients and more severe form of heart failure
in this group.

Higher rate of inappropriate defibrillator activations in
patients with atrial fibrillation in our investigation could be
explained by the effort to keep patients with paroxysmal
atrial fibrillation in sinus rhythm for as long as possible, but
also to feel good in daily activities, which affects the choice
and dose of antiarrhythmic drugs. In patients with atrial fi-
brillation, attacks of paroxysmal atrial fibrillation, even in the
short term, could lead to an acceleration of the heart rate, en-
try into the ICD therapeutic zone and delivery of antitachy-
cardia therapy. In our study, we found that the majority of
patients (57%) who had inappropriate ICD activation and de-
fibrillation shock delivery had also appropriate defibrillator
activation during the two-year follow-up, which may explain
the fact that there was no difference in morality between the
compared patient groups. Patients in whom inappropriate ac-
tivation of ICD devices occurred in most cases benefited
from implantation because they also had appropriate defibril-
lator activations which interrupted life-threatening heart
rhythm disorders.

CONCLUSION

1. In patients with ICD, there was no statistically signifi-
cant difference in mortality after two years follow-up
between patients with atrial fibrillation and patients in sinus
rhythm.

2. In patients with ICD, there was no statistically signifi-
cant difference in the number of patients with activation of
ICD after two years follow-up between patients with atrial
fibrillation and patients in sinus rhythm.

3. During the two-year follow-up of patients with ICD,
inappropriate activation of the ICD was registered in 36% of
patients who had activation of ICD. There was significantly
higher number of patients with inappropriate ICD activation
in patients who had atrial fibrillation compared to patients in
sinus rhythm.
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4. The majority of patients (57%) who had inappropriate
activation of the ICD and delivery of defibrillation shock,
also had appropriate ICD activation during the follow-up.
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ABSTRACT

The goal of all medical treatments is a better quality of life for
patients. Post-stroke rehabilitation is a long process with
uncertain result. The aim of this study was to explore the factors
which affect the quality of life of patients recovering from a
cerebrovascular disease. This is a prospective study evaluating
the quality of life of one hundred patients one month and six
months after a stroke, and patients also answered questions
retrospectively, of how they felt before the stroke. As assessment
tools we used a questionnaire on general and clinical data and
Medical Outcomes Study Short Form (SF-36) questionnaire.
Physical functioning and Physical role domains of SF-36 show
significant differences in both measured periods (p<0.001).
Emotional role, Social functioning, Mental health, Vitality and
General health domains show a statistically significant change
during first six months, while Bodily pain domain did not change
(p>0.05). Physical summary score has changed significantly
during 6 months (p <0.001). Mental summary score showed no
significant difference in both periods (p <0.687; p <0.958). The
brain localization is important factor (p<0.0002). Gender, age,
education, employment status and previous strokes did not have a
statistically significant influence (p> 0.05). Post-stroke physical
impairment is not always accompanied by emotional impairment.
Emotional functioning impairments generally return to the
premorbid level during the period of six months, while physical
impairments continue to occur. Further research is needed for
better understanding of these relationships.

Keywords: Quality of life, stroke, SF-36.
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INTRODUCTION

Medical science is in a period of transition from
biomedical to socio-economic phase. In this context, the
main objective of medicine is not merely prolongation of
human life, but also the achievement of a higher quality of
life (1, 2).

Quality of life as a technical term has been present in the
literature for more than three decades. Quality of life can also
be understood as an individual perception of one’s own
position in life in the context of cultural and the system of
social values in which the individual lives and it is always
closely related to goals, expectations, standards and interests
of the person (3).

All questionnaires for assessing the quality of life include
a large number of questions from various fields of human life
and they assess its functioning in terms of physical, mental
and social recovery, especially in terms of personal
perception of patient’s health (4).

Medical Outcomes Study questionnaires (Short Form SF-
8, SF-12, SF-20, SF-36) are most commonly used among the
general health questionnaires (5, 6). The major disadvantage
of general health questionnaires is the fact that they do not
have the appropriate sensitivity for specific diseases (7).

Cerebrovascular diseases, which are the subject of this

study, represent more or less a heterogeneous group of
diseases associated with various forms of brain circulation
disorders.
The aim of this study was to explore the most important
factors which affect the quality of life by analyzing physical
and mental state, as well as the social capability of patients
recovering from a cerebrovascular disease.

MATERIAL AND METHODS
Research methodology

Examinees completed questionnaires one month and six
months after their cerebral stroke. Questionnaires were
completed under the code, in accordance with the ethical
principles of scientific research. Participation in the study
was voluntary after signing the voluntary consent. The
research was carried out after the approval of the Ethics
Committee of the Clinical Center of Vojvodina.

Instruments

Two questionnaires were used: a questionnaire on general
and clinical data and a questionnaire about the overall quality
of life (Short Form SF-36).

The general information questionnaire was designed for
this research and included socio-demographic data (gender,
age, education and employment status), the data about previ-
ous strokes or transient ischemic attacks (TIA), as well as

data about the type and localization of a stroke. We used the
SF-36 questionnaire which assesses eight domains of the
quality of life within the last year through 36 items.

Assessments were performed on two occasions: before
the incident, one month and six months after the cerebral
stroke. Patients also answered questions retrospectively, of
how they felt before the incident. (8, 9).

Sample

The sample consisted of 100 patients diagnosed with cer-
ebral stroke who were treated at the Clinic of Neurology,
Clinical Center of Vojvodina from 1st January 2019 to 1st
June 2019. The inclusion criteria implied that the patients
suffered from a cerebral stroke, belonged to both genders,
were older than 30, lived on the territory of Novi Sad, were
cooperative (regularly attended control check-ups and signed
the Informed consent form). Before all the study procedures
we evaluated examinee’s cognitive state using Mini-Mental
State Examination (MMSE) and excluded patients whose
scores were less than 19 because those patients were unable
to meet the study demands. The exclusion criteria were un-
cooperativeness due to severe motor disorders and other
medical states which could affect the quality of life of sub-
jects.

Characteristics of a group:

The average MMSE score one month after the stroke was
26.8 £ 2.3 (range 21-30) and 28.1 + 1.2 (range 23-30) six
months after the stroke.

There were 46 women and 56 men in the study sample.
The average age was 57.7 + 7.6 years (41 - 77 years). The
average age was 58.9 for men and 56.4 for women. 11% of
the group finished elementary school, 64% high school and
25% college. There were employed subjects with regular in-
come (37%) and unemployed subjects without regular in-
come (63%). In terms of etiology of the stroke, most of the
group had ischemic stroke (93%) and others had hemorrhagic
stroke. Supratentorial localization of the stroke was more fre-
quent (67%) than infratentorial (33%). Brain stem lesions
were observed in 29% and cerebellar lesions in 3% of the
sample. Every fifth (20%) patient had previous insult without
permanent neurological deficit and 19% of patients previ-
ously experienced transient ischemic attack (TIA).

Collected data was verified by the author and entered in a
specially created database. During the database entry addi-
tional validation of the data was performed. Statistical anal-
ysis included: comparison of distribution of responses in re-
lation to the time point of measurement (y2 test), then the
calculation of the standard values for domains, subgroup
analysis and hypotheses testing concerning the respondents’
state during the follow-up (Pearson’s t-test, paired t-test, gen-
eral linear model (GLM) and ANOVA for repeated
measures).
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RESULTS

Comparison of the average values of Physical health and
Role limitation in both time points of the study is statistically
significant at p <0.001.

Comparison of the average Role limitations due to emo-
tional problems and Social functioning domain values are
significantly different after 1 month and after 6 months, while
do not differ in the period before and six months after the
stroke.

Comparison of the average values of Bodily pain domain
in both time points do not differ.

The average values of the Mental health, Vitality and
General health domain show statistically significant differ-
ences between the time points 1 month and 6 months after the
stroke, while there is no difference between the domains be-
fore and 6 months after the stroke.

Analysis of the Physical summary score and Mental
summary score

In order to facilitate the interpretation of the results we
created a mathematical model that synthesized the values of
all eight domains into two summary scores: Physical sum-
mary score (PSS) and Mental summary score (MSS).

Physical summary score consists of Physical functioning,
Role limitations due to physical health, Bodily pain and Gen-
eral health domains, while Mental summary score consists of
Role limitations due to mental health, Social relations, Men-
tal health and Vitality domains (Table 1).
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Table 2 shows the average values for Physical summary
score presented in relation to the time points of the study.
Comparison of the average values of Physical summary score
in both points (1 month vs. 6 months after the stroke and be-
fore vs. 6 months after the stroke) show a significant differ-
ence at p <0.001.

Average values for Mental summary score do not show a
significant difference in relation to the time points of the
study (Table 2).

With respect to the age, the average value was observed
(57,7 years). Values of one standard deviation more or less
(from 50 to 60 years) formed the group of the average age,
and above and over that younger and older group. Analysis
of demographic and neurological parameters in relation to the
Physical summary score indicated that there was a statisti-
cally significant difference only in relation to the location of
the stroke (Table 3).

There is statistically significant difference in the Physical
summary score between all three time points of the study (Ta-
ble 4).

Statistically significant difference is between the time
points for Physical summary score in supratentorial left, both
sided and brain stem localization of the stroke, while there is
no difference in this score in right or cerebellar localization
of the stroke (Table 5).

Table 1. Average values of SF-36 scale domains

Domain Time point Min Max Average SD P
before the stroke 40.00 100.00 92.2 134 -

PF 1 month after 0.00 100.00 61.7 304 Im/6m<0,001
6 months after 10.00 100.00 78.5 22.8 6 m / before < 0,001
before the stroke 25.00 100.00 87.1 21.7 -

RP 1 month after 0.00 100.00 46.2 33.0 Im/6m<0,001
6 months after 0.00 100.00 68.1 27.1 6 m / before < 0,001
before the stroke 25.00 100.00 92.2 17.1 -

RE 1 month after 0.00 100.00 86.1 26.0 Im/6m=0.037
6 months after 50.00 100.00 91.9 13.4 6 m / before = (0.149
before the stroke 12.50 100.00 92.5 22.4 -

SF 1 month after 0.00 100.00 82.1 25.1 Im/6m=0.034
6 months after 25.00 100.00 86.7 20.7 6 m / before =0.170
before the stroke 12.00 100.00 94 .4 17.7 -

BP 1 month after 0.00 100.00 84.4 25.7 1 m/6m=0.062
6 months after 12.00 100.00 91.6 21.3 6 m / before =0.126
before the stroke 10.00 100.00 82.5 17.1 -

MH 1 month after 0.00 100.00 76.7 21.3 Im/6m=0.021
6 months after 35.00 100.00 81.2 18.8 6 m / before = 0.227
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Domain Time point Min Max Average SD p
before the stroke 18.75 100.00 81.4 18.2 -
VT 1 month after 0.00 100.00 71.0 21.2 Im/6m=0.011
6 months after 25.00 100.00 72.1 21.9 6 m / before = 0.807
before the stroke 35.00 100.00 75.6 19.1 -
GH 1 month after 0.00 100.00 61.5 20.9 Im/6m<0,001
6 months after 25.00 100.00 66.0 19.3 6m / before =0,214

* PF - physical functioning; RP - role limitations due to physical health;
RE - role limitations due to emotional problems; SF - social functioning; BP — bodily pain;
MH - mental health; VT - vitality, GH - general health.

Table 2. Results of Physical summary score and Mental summary score.

Data point Average value| Min Max SD p
PHYSICAL Before 53,7 37,5 61,6 5,6 -
SUMMARY 1 month after 41,6 23,4 57,4 9,4 Ilm/6m <0,001
SCORE 6 months after 47,7 32,1 58,0 6,7 6 m / before < 0,001
MENTAL Before 55,2 29,4 65,8 9,1 -
SUMMARY 1 month after 54,8 17,9 64,7 10,1 Il m/6m <0,687
SCORE 6 months after 55,1 21,0 65,1 8,6 6 m / before < 0,958
Table 3. Results of general and neurological caracteristics in relation
to the Physical summary score results.
Variable SS degree MS F P
Gender 2.75 1 2.75 2.017 0.158
Age 0.66 4 0.16 0.470 0.757
Education 1.56 4 1.39 1.993 0.241
Employment 0.98 1 0.76 0.376 0.845
Stroke localization 11.43 8 1.429 4.711 0.0002
Previous cerebral incidents 0.74 4 0.187 0.520 0.714
Table 4. Analysis of the Physical summary score in relation to the time point
of the study and the location of the stroke.
PHYSICAL Time point DF SS MS F P
SUMMARY before 4 6.158 1.540 3.150 0.017
SCORE 1 month after 4 12.325 3.081 3.048 0.020
6 months after 4 9.563 2.390 6.484 0.000
Table 5. Mean value, standard deviation and the significance of differences
of the Physical summary score in relation to the location of stroke
Localization | Before SD After 1 SD After 6 SD P P
of the stroke | stroke month months Im/6m | 6 m/before
Left 4.454 1.175 4.181 1.424 4.818 0.583 0.000 0.000
Right 5.000 | 0.000 4.777 0.427 5.000 0.000 0.209 1.000
Cerebellum 5.000 | 0.000 4.647 0.485 4.764 0.430 0.190 0.945
Both sides 4.750 | 0.452 4.250 1.356 4.000 1.279 0.505 0.046
Brain stem 5.000 | 0.000 3.000 0.000 4.000 0.000 0.000 0.047
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DISCUSSION

Patients have better results 6 months after than one month
after the stroke, but some domain scores do not reach the val-
ues prior to the cerebrovascular incident.

Lowest achievements can be observed in the field of
Physical role and General health domains, and the best-pre-
served domain is Emotional role. Results suggest that physi-
cal damage is not necessarily accompanied by an emotional
damage. Kong and Singaporean group of authors assessed
the quality of life in patients after stroke and stated that there
was a significant impact of depression on the outcome (10).
Our research did not confirm that claim.

Physical functioning and Physical role dimensions
showed a significant difference in both time points of the
study. There was a significant recovery six months after the
stroke, but the quality of life measured by these dimensions
was still significantly lower than before the stroke. All other
dimensions showed a significant improvement after six
months and came to the state similar to the state before the
insult. Bodily pain is approximately the same during the
whole period, which means that there is no significant differ-
ence between the period before and after the stroke in terms
of pain. Widar et al. investigated the impact of pain on the
quality of life in patients who suffered from a stroke with
long-lasting pain (11).

The average value of the Physical summary score one
month after the stroke is significantly reduced compared to
the value before the stroke and is significantly improved after
six months, but still does not reach the premorbid level.

This result is in accordance with scores of individual do-
mains that make the Physical summary score. Identical re-
sults were found by Gallien et al, Pickard et al, Carod-Artal,
and Xie (12-15).

Comparison of the average values of the Mental summary
scores are no statistically significant changes in mental func-
tion of patients. This result is probably a consequence of the
previously mentioned selection of patients. This is already
mentioned shortcoming of the SF-36 questionnaire in terms
of the inability to be applied on patients with severe mental
deterioration after the stroke, which Hagen and his associates
also noted (16). They also noted lower sensitivity of the ques-
tionnaire in the period of 3-6 months after the stroke, which
was not detected in this study.

Physical summary score is dependant on the location of
the cerebral stroke, whereas gender, age, education, employ-
ment status and history of previous strokes do not have a sig-
nificant influence.

There were slightly fewer women (46%) in the sample.
According to the data from the world reference cerebral
stroke is more common in male, but mortality is higher in
female population. Increasing trend of the incidence of stroke
has been noted in the female population, and it is approaching
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male incidence during the last decade. Lai with a group of
authors from the Pamela Duncan team examined the differ-
ences in the quality of life with respect to gender and reached
the conclusion that women recovered more slowly, especially
if they had depressive symptoms (17). Gall and associates, as
well as Bushnell and Appelros found that women have worse
functional outcome and a lower quality of life after the stroke,
especially if their occupations involve physical work, but this
was not confirmed by our research (18, 19).

Divani and associates studied the effect of subject’s age
on the outcome and came to the conclusion that the occur-
rence of stroke in later years have a worse outcome. How-
ever, age did not prove to be a significant factor in our study
(20).

Hardie gives data on the importance of recurrent strokes
for the outcome of patients. Earlier strokes did not have a sig-
nificant impact on the quality of life in our study, which can
be explained by the fact that patients already had a personal
experience with stroke and thereby less fear of the unknown
(21). Mackenbach et al. found positive correlation between
the level of education and outcome after stroke. However,
educational level and employment status showed no influ-
ence on the quality of life of patients after the stroke in our
study (22).

Location of the cerebral stroke has significant impact on
the quality of life in all observed time points in our study.
Brain stem localization is associated with lower scores and
supratentorial right with higher scores of the quality of life
questionnaires. Our results indicate that brain stem, supraten-
torial left and bilateral localizations produce significant
changes of the quality of life, while these changes are not so
prominent in supratentorial and cerebellar localizations. Hin-
duja and Eminovic have not found a relation of the outcome
and localization of the stroke (23, 24). De Haan found that
patient with left-sided lesions have worse quality of life prob-
ably because of the speech disabilities, that is confirmed in
our study. Infratentorial lesions have a better outcome ac-
cording to his research (25).

CONCLUSION

This study shows that the stroke leads to the decline in the
quality of life of patients as a rule. Physical symptoms, which
are dominant, are not always accompanied by the emotional
symptoms. Emotional functioning deficits generally with-
draw to the premorbid level after 6 months, while physical
deficits are retained. Change in the quality of life after stroke
is not dependant on gender, education, employment status
and previous strokes. However, the localization of the lesion
is substantial in terms of the quality of life, and is most af-
fected in patients with bilateral lesions, left-sided lesions and
lesions of the brain stem. Further research will lead to better
understanding of these relationships with special emphasis
on the risk factors that diminish the quality of life.
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ABSTRACT

Cisplatin (cis-diamminedichloroplatinum II) is a widely used
chemotherapeutic agent. However, efficacy and clinical utility of
this drug is significantly limited by severe side effects such as ne-

phrotoxicity which develops due to renal accumulation and bio-

transformation in proximal tubular epithelial cells. Cisplatin-in-

duced nephrotoxicity can be manifested as acute kidney injury
(AK1), or as different types of tubulopathies, salt wasting, loss of
urinary concentrating ability, and magnesium wasting. The atten-

uation of cisplatin-caused AKI is currently accomplished by hy-

dration, magnesium supplementation or mannitol-induced forced
diuresis. However, mannitol treatment causes over-diuresis and
consequent dehydration, indicating an urgent need for the clinical
use of newly designed, safe and efficacious renoprotective drug,

as an additive therapy for high dose cisplatin-treated patients. Ac-

cordingly, we emphasized current knowledge regarding molecu-

lar mechanisms responsible for cisplatin-caused nephrotoxicity
and we described in detail the main clinical manifestations of cis-
platin-induced renal dysfunction in order to pave the way for the
design of new therapeutic approaches that can minimize detri-
mental effects of cisplatin in the kidneys. Having in mind that most
of cisplatin-induced cytotoxic effects against renal cells are, at the
same time, involved in anti-tumor activity of cisplatin, new
nephroprotective therapeutic strategies have to prevent renal in-
jury and inflammation without affecting cisplatin-induced toxicity
against malignant cells.

Keywords: Cisplatin, nephrotoxicity, acute kidney injury, apopto-
sis, inflam-mation.
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INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum II) is one of the
most potent antitumor drugs, which is used to treat various
types of malignancies, such as head and neck, gastrointesti-
nal, urogenital, breast and lung cancers (1-13). Nevertheless,
efficacy of cisplatin is significantly limited by severe side ef-
fects, including nephrotoxicity, ototoxicity and myelosup-
pression (14,15). Cisplatin-induced nephrotoxicity is a result
of renal accumulation and biotransformation of cisplatin and
is manifested as acute kidney injury (AKI), or as different
types of tubulopathies, salt wasting, loss of urinary concen-
trating ability, and magnesium wasting (16,17). AKI is dose-
dependent complication, noticed in 25-30% of cisplatin-
treated patients (18-20). The attenuation of cisplatin-caused
renal injury is currently accomplished by hydration, magne-
sium supplementation or by mannitol-induced forced diure-
sis (20). However, mannitol treatment may cause over-diure-
sis and consequent life-treating dehydration (16), indicating
an urgent need for the clinical implementation of newly de-
signed, safe and efficacious nephroprotective drug, as an ad-
ditive therapy for cisplain-treated patients. Until now,
amifostine [(ethanethiol, 2-[(3-aminopropyl)amino] dihydro-
gen phosphate ester)] was most usually used against cispla-
tin-induced renal injury, but its adverse effects, such as oto-
toxicity, hypotension, vertigo, hypocalciemia, nausea and
vomiting, significantly limited its clinical use (16,17). Ac-
cordingly, there still remains an unmet need for the develop-
ment of new, nephroprotective agent against cisplatin-caused
AKI. Having in mind that most of cisplatin-induced cytotoxic
effects against renal cells are, at the same time, involved in
anti-tumor activity of cisplatin (13), this new, nephroprotec-
tive agent will have to prevent AKI without affecting cispla-
tin-induced toxicity against malignant cells. Design of novel
therapeutic strategies against cisplatin-provoked nephrotoxi-
city requires understanding of molecular mechanisms which
are involved in cisplatin-induced renal injury and inflamma-
tion and which are responsible for the development of main
clinical manifestations and complications of cisplatin treat-
ment. Accordingly, in this review article, we emphasized cur-
rent knowledge about signaling pathways and cellular mech-
anisms which are responsible for the development of renal
inflammation and activation of detrimental immune response
elicited after cisplatin-caused injury of proximal tubular epi-
thelial cells (PTECs). Additionally, herewith we described in
detail the main clinical manifestations of cisplatin-induced
renal dysfunction in order to pave the way for the design of
new therapeutic approaches that can minimize detrimental
effects of cisplatin in the kidneys. Our hope is that clinicians
and scientists will use information presented herein as a start-
ing point for the design of novel, effective nephroprotective
strategies against cisplatin-induced nephrotoxicity.

Molecular mechanisms responsible for the development
of cisplatin-induced nephrotoxicity

Cisplatin is mainly excreted by the kidneys, by both glo-
merular filtration and tubular secretion (21). During renal ex-
cretion cisplatin accumulates in the kidneys, and levels of this

drug in PTECs are about five times greater than in the blood
(18). Accordingly, toxic effects occur primarily in PTECs
(21,22). The copper transporter 1 and 2 (Ctrl and Ctr2), the
P-type copper-transporting ATPases (ATP7A and ATP7B),
the organic cation transporter 2 (OCT2), and the multidrug
extrusion transporter 1 (MATE]) are the most important
membrane transporters involved in the cellular uptake of cis-
platin (23). Although cisplatin may enter PTEC through pas-
sive diffusion, Ctrl and OCT2-mediated uptake of cisplatin
are mainly responsible for the import of cisplatin in PTECs
and for high accumulation of cisplatin in the kidneys (21).
Accordingly, genetic deletion of Ctrl significantly reduced
cisplatin-induced apoptosis of PTECs (24). Similarly, defi-
ciency of OCT2 notably attenuated toxicity of cisplatin (25),
while cimetidine, an OCT2 substrate, reduced cisplatin up-
take by PTECs and alleviated nephrotoxicity (26).

Cisplatin-induced toxicity is a consequence of cisplatin
conversion into several nephrotoxic molecules within the
PTECs. Several studies have shown that glutathione-conju-
gate of cisplatin in the kidneys is metabolized via gamma glu-
tamyl transpeptidase (GGT) expressed on the surface of
PTECs. These conjugates are further degradated into highly
reactive thiols by the activity of aminopeptidase N (APN)
and cisteine-S-conjugate beta-lyase (CCBL). Since among
all tissues, GGT, APN and CCBL have the highest activity in
the kidneys, these enzymes were considered as potential tar-
gets for the attenuation of cisplatin-induced nephrotoxicity
(20,27). Accordingly, several ongoing experimental and clin-
ical trials investigate potential therapeutic effects of GGT,
APN and CCBL inhibition as new approach for alleviation of
cisplatin-induced AKI.

Once cisplatin enters the PTECs, it forms intrastrand
crosslinks among two adjacent guanine residues within DNA
affecting replication and transcription which results in the ac-
tivation of DNA repair mechanisms. Accordingly, an in-
creased activity of nucleotide excision repair (NER) and mis-
match repair (MMR) system has been associated with re-
sistance to cisplatin-induced AKI and enhancement of NER
and MMR system activity is considered a new approach for
prevention of cisplatin-induced AKI (28).

In addition, regulators of cell cycle play an important role
in the development of cisplatin-induced AKI and these mol-
ecules could also be taken into account as potential targets
for prevention of cisplatin-induced renal injury. After cispla-
tin administration, normally quiescent kidney cells enter the
cell cycle and consequently the cell cycle-inhibitory proteins
(p21, 14-3-3 and p27), which coordinate cell cycle and play
a protective role against toxicity, become induced. Accord-
ingly, deletion of the p21 or 14-3-3 genes resulted in en-
hanced nephrotoxicity elicited by cisplatin (29-31). Since cis-
platin treatment causes an increased activity of Checkpoint
kinase 2 (Cdk2), p21-mediated protection from cisplatin-in-
duced injury is relied on inhibition of Cdk2 (32). Accord-
ingly, several lines of evidence suggested the importance of
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Cdk2-inhibitory drugs in prevention of cisplatin-induced ne-
phrotoxicity (32).

Oxidative stress is crucially involved in cisplatin-induced
AKI. Within the cell, cisplatin is converted into a highly re-
active form, which can rapidly react with thiol-containing an-
tioxidant molecules, such as glutathione, methionine and
metallothionein (33,34). Consequently, depletion of glutathi-
one and similar antioxidants leads to increased accumulation
of endogenous reactive oxygen species (ROS) resulting in in-
duction of oxidative stress within cisplatin-injured PTECs.
ROS may target and modify cell components, including li-
pids, proteins, and DNA, resulting in cellular stress (35). Ad-
ditionally, cisplatin may promote ROS generation by direct
binding to P450 (CYP) system in microsomes (18,36) or may
induce mitochondrial dysfunction by distorting respiratory
chain (37). In line with these observations, several studies
demonstrated that treatment with antioxidants significantly
attenuated cisplatin-induced AKI (38-41), indicating crucial
role of oxidative stress in the pathogenesis of cisplatin-in-
duced AKL

Importantly, cisplatin-induced extensive generation of
ROS and free radicals in PTECs accelerate production of ad-
vanced glycation end products (AGEs) which further contrib-
ute to the progression of renal injury and inflammation (35).
Since kidneys have a crucial role in AGEs disposal, cisplatin-
induced renal dysfunction increases AGE levels in injured
kidneys resulting in the development of glomerulosclerosis,
interstitial fibrosis, and tubular atrophy (35).

Treatment with cisplatin in vivo causes a great increase in
both necrosis and apoptosis of PTECs (42). Extrinsic, intrin-
sic (mitochondrial) and endoplasmic reticulum (ER)-stress
pathway are involved in cisplatin-induced AKI. Cisplatin
treatment of PTECs resulted in translocation of Bax to mito-
chondria and releasing of cytohrome c (43,44), apoptosis-in-
ducing factor (AIF) (45) and endonuclease G (46) from mi-
tochondria, accompanied by activation of caspase-3,-8 and -
9 (47) and caspase-12 which has been designated as initiator
caspase in ER-stress pathway regulated by the expression of
calcium-independent phospholipase A2 (ER-iPLA2) (48-
50).

Cisplatin is known to activate all three mitogen-activated
protein kinases (MAPK3s) in the kidney, including p38, extra-
cellular signal-regulated kinase (ERK), and Jun N-terminal
Kinase/Stress-Activated Pathway Kinase JNK/SAPK (51).
The ERK was shown to mediate cisplatin-induced ne-
phrotoxicity via phosphorylation of the proapoptotic p66 shc
protein (52). Furthermore, inhibition of ERK resulted in at-
tenuated expression and activation of caspase-3, and conse-
quently decreased apoptosis in cisplatin-treated renal cells

(51).

P53 protein has an important role in cisplatin-induced
AKI (53-55). Cisplatin treatment induces a DNA damage,
leading to the activation of molecular sensor for DNA dam-
age- ataxia telangiectasia and Rad3-related protein (ATR),
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which activates Chk2. Both ATR and Chk2 can phosphory-
late p53 for its activation. Also, ROS may promote activation
of p53 by inducing DNA damage or through ATR, Chk2, nu-
clear factor kappa B (NF-kB) or p38 activation (53). Acti-
vated p53 increases transcription of pro-apoptotic genes,
such as PUMA-a and ER-iPLA2, and down-regulates ex-
pression of anti-apoptotic genes (p21 and taurine transporter
(TauT)) (53-55). Additionally, p53 promotes apoptosis of
PTEC:s through the interactions with Bcl-XL, Bax, Bak pro-
teins in mitochondria and/or cytosol (53) (Figure 1).

Figure 1. Cisplatin-induced activation of p53 results in
apoptosis of tubular cells.

Activated p53 increases transcription of pro-apoptotic genes,
such as PUMA-a and ER-iPLA2, and down-regulates expression
of anti-apoptotic genes (p21 and taurine transporter (TauT)). Addi-
tionally, p53 promotes apoptosis of tubular cells through the inter-
actions with Bel-XL, Bax, Bak proteins in mitochondria and/or cy-
tosol. Abbreviations: Bcl-2: B-cell lymphoma 2; Bel-xL: B-cell
lymphoma-extra large; Bax: Bcl-2-associated X protein; Bak: Bcl-
2 homologous antagonist killer; PUMA-a: p53 upregulated modu-
lator of apoptosis; PIDD: p53-induced protein with a death do-
main; ER-iIPLA2: Ca2+-independent phospholipase A2; Cdk2: Cy-
clin-dependent kinase complex; TauT: taurine transporter.

In addition to the regulation of apoptosis, p5S3 may con-
tribute to the development of cisplatin-caused nephrotoxicity
by modulating autophagy which, as an adaptive mechanism,
promotes PTECs survival during AKI (56). Within hours af-
ter cisplatin administration, markers of autophagy, such as
Beclin 1, LC3, and AtgS5 are significantly up-regulated in in-
jured PTECs (56-58). Importantly, DNA damage, activation
of p53, and mitochondrial injury are increased in proximal
tubules of autophagy-deficient mice, suggesting protective
role of autophagy in cisplatin-injured kidneys (57,59-62).

It is important to highlight that, in addition to apoptosis
and autophagy, necroptosis was also detected in renal tubules
after injection of cisplatin (63,64). Receptor-interacting pro-
tein 1 (RIP1) and mixed lineage kinase domain-like protein
(MLKL) — deficiency, as well as pharmacological inhibition
of necroptosis, significantly reduced cisplatin-induced AKI
(63,64).
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The important role of inflammation in the development
of cisplatin-induced aki

Inflammation plays a key role in the progression of cis-
platin-induced AKI (65-72). After cisplatin treatment, sev-
eral alarmins are produced by injured renal cells such as
mesangial cells, glomerular cells, endothelial and renal tubu-
lar cells which can initiate enhanced production of inflamma-
tory cytokines (70). Among them, tumor necrosis factor al-
pha (TNF-a) was significantly elevated in the serum as well
as urine of cisplatin-treated animals, indicating important
pathophysiological role of TNF-a in cisplatin-induced ne-
phrotoxicity (65,66). The biological activities of TNF-a are
mediated by two different receptors, TNFR1 and TNFR2
(71,72). Although TNFR1 was responsible for TNF-a-
induced systemic and anti-tumor effects (71), several lines of
evidence demonstrated that TNFR2 rather than TNFR1 me-
diates cytotoxic and inflammatory actions of TNF-a in cis-
platin-injured kidneys (72). Accordingly, inhibition of
TNFR2 should be further explored in up-coming experi-
mental studies as a potentially new therapeutic approach that
could reduce AKI without affecting anti-tumor effects of cis-
platin mediated by TNF-o.

Some research demonstrated an important role of TLR-4
for enhanced production of TNF-a in resident and renal-in-
filtrating immune cells. One of possible endogenous mole-
cules which can bind TLR-4 and initiate an innate immune
response after cisplatin-treatment is gp96, which is increased
after cisplatin administration (68). Activation of TLR-4 pro-
motes p38 MAPK dependent signaling which induces en-
hanced secretion of TNF-a in cisplatin-injured kidneys
(67,68). In addition to TLR-4 dependent production of TNF-
a, cisplatin treatment also activates inflammasome complex
in renal infiltrated leukocytes, resulting in enhanced secretion
of interleukin (IL)-1B (69).

Elevated levels of TNF-a and IL-1 are isially accompa-
nied with enhanced production of other inflammatory cyto-
kines, particularly IL-18, and IL-6 resulting in the increased
recruitment of circulating immune cells into cisplatin-injured
kidneys (73-76). Intercellular adhesion molecule-1 (ICAM-
1) has been considered a crucially important adhesion mole-
cule for migration of immune cells into cisplatin-injured kid-
neys since the inhibition of this integrin significantly reduced
total number of renal-infiltrated leukocytes (77).

Although expression of IFN-y, well known inflammatory
cytokine, is increased in cisplatin-injured kidneys, neutrali-
zation of this cytokine had no impact on renal dysfunction,
suggesting the existence of IFN-y-independent development
of cisplatin-induced AKI (78). Recently published studies in-
dicated important pathogenic role of IL-33 in cisplatin-in-
duced AKI. Serum levels of IL-33 were increased in cispla-
tin-injured animals. Mice with cisplatin-induced AKI in-
jected with fusion protein, which neutralized 1L-33, had a
significant decrease in creatinine, pathohistological score,
and showed reduced apoptosis of cisplatin-induced PTECs,

while injection of recombinant IL-33 notably aggravated cis-
platin-induced AKI (79).

IL-10 is a cytokine with potent anti-inflammatory prop-
erties that suppresses the activation of leukocytes and the
production of proinflammatory cytokines and chemokines in
cisplatin-injured kidneys (80). Several studies demonstrated
that IL-10, secreted mainly by regulatory T cells (Tregs),
tolerogenic dendritic cells, and alternatively activated mac-
rophages, reduces cisplatin nephrotoxicity, and may act, in
part, by inhibiting the maladaptive activation of genes that
cause leukocyte activation and adhesion, and induction of
iNOS (78,80-82).

Different types of immune cells, including neutrophils,
macrophages, mast cells, natural killer (NK) cells, T and B
cells produce inflammatory cytokines or anti-inflammatory
IL-10 and other immunomodulatory factors which play an
important role in the pathogenesis of cisplatin-induced AKI
(Figure 2).

Mast cells have important pathogenic role in cisplatin-in-
duced nephrotoxicity. Depletion of mast cells resulted in sig-
nificantly reduced renal injury in cisplatin-treated mice (82).
Deficiency of mast cells was accompanied by lower number
of renal-infiltrated leukocytes and notably down-regulated
serum levels of TNF-0, suggesting that mast cells mediated
cisplatin-induced AKI by promoting recruitment of circulat-
ing immune cells in the kidneys in TNF-a-dependent manner
(82,83).

Renal-infiltrated neutrophils produce large amounts of
ROS, proteases, and inflammatory cytokines, leading to renal
epithelial injury (84-86). In contrast, an inhibition of TNF-a
or TLR-4 signaling pathways, administration of IL-10 as well
as inhibition of ICAM-1 (68,77,80,87) are associated with a
decreased number of activated neutrophils in renal paren-
chyma of cisplatin-treated animals which corresponds to the
attenuation of renal injury and inflammation. It has to be
noted that neutrophils, which infiltrate cisplatin-injured kid-
neys, may alter their inflammatory phenotype depending on
the cross-talk with immunosuppressive cells (86).
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Figure 2. Inmunomodulatory molecules which expression
is enhanced in renal parenchymal and immune cells upon
cisplatin treatment.

Cisplatin treatment induces enhanced expression of reactive
oxygen species (ROS), inflammatory cytokines and chemokines as
well as integrins in the kidneys enabling crosstalk between
cisplatin-injured proximal tubular epithelial cells, endothelial cells
and renal-infiltrated innate and adaptive immune cells.
Abbreviations: ROS: Reactive oxygen species; IL: Interleukin;
TNF-a: Tumor necrosis factor alpha; MIF: Macrophage migration
inhibitory factor; Mincle: Macrophage-inducible C-type lectin;
CXCLI1: Chemokine (C-X-C motif) ligand 1; Kim-1: Kidney
injury molecule-1; ICAM-1: Intercellular adhesion molecule-1.

Tolerogenic renal DCs and T regulatory cells (Tregs), in
juxtracrine and paracrine manner, promote enhanced expres-
sion of IL-10 in renal-infiltrated neutrophils resulting in their
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differentiation into immunosuppressive and anti-inflamma-
tory cells. Accordingly, depletion of neutrophils as well as
their adoptive transfer may result in either alleviation or ag-
gravation of cisplatin-induced AKI, depending on the cellu-
lar-make up and microenvironment of the cisplatin-injured
kidneys (86).

Macrophages play an important inflammatory role in the
initial phase of cisplatin-caused AKI. Cisplatin treatment in-
duces activation of inflammasome, p38 MAPK and NF-kB
pathways in renal macrophages resulting in enhanced pro-
duction of superoxide anions, nitric oxide (NO), IL-1 and
TNF-a (73,89). In addition, cisplatin-induced activation of
TLR-4 induces expression of macrophage-inducible C-type
lectin (Mincle) in renal infiltrating macrophages. Mincle pro-
motes generation of inflammatory M1 macrophages which
are capable to produce large amounts of inflammatory cyto-
kines. Accordingly, cisplatin-induced activation of Mincle on
macrophages results in exacerbation and progression of renal
inflammation (90). In line with these findings, suppressed ex-
pression of Mincle on renal macrophages completely abro-
gates their inflammatory phenotype and adoptive transfer of
Mincle-silenced macrophages protects against cisplatin-in-
duced nephrotoxicity (90). Accordingly, Mincle is consid-
ered a potential molecular target for macrophage dependent
attenuation of cisplatin-induced AKI and its therapeutic po-
tential is going to be explored in future experimental studies.
In addition to Mincle, macrophage migration inhibitory fac-
tor (MIF) plays an important pathogenic role in cisplatin-in-
duced nephrotoxicity. Deletion of MIF suppressed influx of
M1 macrophages and reduced concentration of macrophage-
derived inflammatory cytokines and chemokines in the kid-
neys, attenuated recruitment of circulating immune cells in
the cisplatin-injured kidneys which resulted in alleviation of
AKI (91).

CD4+ and CD8&+ T cells are crucially important in orches-
trating immune response during cisplatin-induced AKI
(66,79,92). Cisplatin-injured renal cells release IL-33 which
activates CD4+ T cells and increase production of inflamma-
tory cytokines, such as TNF-a, and chemokine CXCLI1 (79).
CXCL1 induces enhanced recruitment of neutrophils and
may directly induce apoptosis of tubular epithelial cells
(66,79). Cisplatin treatment increases expression of Fas re-
ceptor on renal tubular cells enabling apoptosis of these cells
due to their interaction with FasL expressing renal infiltrating
CD8+ T lymphocytes and NK cells (92).

Cisplatin treatment provokes enhanced expression of T
cell immunoglobulin mucin 1 (Tim-1) on PTECs which acts
as a costimulatory molecule for activation of renal-infiltrated
T cells (93). Consequently, use of Tim-1-blocking antibody
suppressed activation of renal-infiltrated CD4+ helper T cells
and their cross-talk with CD8+ cytotoxic T cells, signifi-
cantly reduced apoptosis of PTECs and protected against cis-
platin-induced AKI (93). Due to its important role in the de-
velopment and progression of AKI, Tim-1 was designated as
kidney injury molecule-1 (Kim-1) and has been considered
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as potential molecular target for the attenuation of T cell-
driven renal inflammation (93).

Among immunosuppressive cells, Tregs and tolerogenic
DCs have the most important role for the attenuation of det-
rimental inflammatory response in cisplatin-injured kidneys
(94-96). Soon after cisplatin injection, forkhead box P3
(FoxP3)-expressing CD4+CD25+ circulating Tregs migrate
into the injured kidneys where, in IL-10 dependent manner,
suppress activation of M1 macrophages, inflammatory neu-
trophils, Thl and Thl7 cells (94). Accordingly, adoptive
transfer of Tregs significantly attenuated renal dysfunction
and mortality of cisplatin-treated T cell-deficient mice (94).
Treg-induced alleviation of cisplatin-caused AKI was ac-
companied by down-regulated serum levels of inflammatory
cytokines (TNF-a and IL-1b), reduced number of M1 macro-
phages and inflammatory IFN-y and IL-17-producing leuko-
cytes in the injured kidneys, indicating therapeutic potential
of Treg-based therapy for attenuation of cisplatin-induced
nephrotoxicity.

Tolerogenic DCs represent specific sub-population of
resident renal immune cells which have important immuno-
suppressive and nephroprotective role in cisplatin-induced
AKI (95,96). Damage associated molecular patterns
(DAMPs) and alarmins, released from cisplatin-injured
PTECs, down-regulate expression of costimulatory mole-
cules and enhance expression of anti-inflammatory IL-10 in
renal DCs (78,88,95,96). These immunosuppressive DCs,
mainly in IL-10 dependent manner, inhibit activation of M1
macrophages, inflammatory neutrophils and Th17 cells in the
cisplatin-injured kidneys contributing to the alleviation of in-
flammation (78,88,95,96). Accordingly, depletion of tolero-
genic DCs significantly enhanced inflammatory response in
the kidneys and aggravated cisplatin-induced AKI (88,95).

Clinical manifestations of cisplatin-induced renal injury

Acute renal failure, thrombotic microangiopathy, hypo-
magnesemia, anemia, salt wasting and Fanconi-like syn-
drome have been the most usually observed clinical manifes-
tations of cisplatin-induced nephrotoxicity (97).

Generally, acute renal failure begins a few days after cis-
platin treatment. It is manifested by an increase in the blood
urea nitrogen and serum creatinine concentrations and de-
crease of glomerular filtration rate. Cisplatin-treated patients
usually develop non-oliguric AKI, and glucosuria and mini-
mal proteinuria might be observed as a result of PTEC injury
(20).

Significant decrease in renal blood flow occurs three
hours after cisplatin administration, resulting in deterioration
in glomerular filtration rate (GFR). Increased sodium chlo-
ride delivery to macula densa and tubulo-glomerular feed-
back are related to an increased vascular resistance and re-
duced GFR (98).

The proximal renal tubules are the major site of sodium
and water reabsorption (98). Cisplatin treatment causes re-
duction activity of ATPase, disturbed transport of water and
electrolytes, mitochondrial dysfunction and altered cation
balance in PTECs, leading to the decreased reabsorption of
sodium and water and increased salt and water excretion (98).
Accordingly, renal salt wasting syndrome occurs in 10% pa-
tients and represents one of the most usually observed com-
plication of cisplatin therapy (99). Renal salt wasting syn-
drome is associated with intensive polyuria, hyponatremia,
hypovolaemia, severe orthostatic hypotension, and prerenal
AKI accompanied by dysfunction of the renin-aldosterone
system which regulate salt and water wasting in the kidneys
(98-101).

Also, cisplatin treatment may decrease the reabsorption
of the filtered magnesium which causes refractory hypomag-
nesemia. This complication occurs in 90% of patients, and
depends on the cumulative dose of administered cisplatin
(17,99). Having in mind that hypomagnesemia may be ob-
served in some patients 6 years after initial cisplatin treat-
ment, there is a possibility that cisplatin-induced hypomag-
nesemia has been developed in two phases. The first phase,
which is manifested by malabsorption of magnesium, hap-
pens due to the cisplatin-caused damage of calcium/magne-
sium-sensing receptor (99), while the second phase, charac-
terized by patchy necrosis of tubular cells, is manifested by
progressive renal injury and extensive magnesium loss (99).
It has to be noted that magnesium deficiency may be associ-
ated with hypokalemia and hypocalcemia and, accordingly,
malignant cardiac arrhythmias and neuromuscular dysfunc-
tion may be observed in cisplatin-treated patients (99).

Renal Fanconi syndrome has also been reported in some
of cisplatin-treated patients (20). This syndrome is character-
ized by glycosuria, urinary lack of low molecular weight pro-
teins (B2- microglobulin, retinol- binding protein and al-
macroglobulin), aminoaciduria (loss of amino acids such as
alanine, valine, leucine, methionine), proximal tubular acido-
sis, phosphate and potassium wasting (97,98,102,103). Addi-
tionally, long-term exposure to cisplatin may result in the de-
velopment of tubulointerstitial injury and interstitial fibrosis
which may be life-thretening complication of cisplatin
(98,104).

CONCLUSIONS

Cisplatin treatment induces apoptosis and oxidative stress
in PTEC:s eliciting strong inflammatory response in the in-
jured kidneys. Having in mind that these cisplatin-induced
effects are, at the same time, involved in anti-tumor activity
of cisplatin, newly designed renoprotective strategies against
cisplatin-caused nephrotoxicity should rely on the identifica-
tion of the structural and functional differences between cis-
platin-injured renal and tumor cells. In that way, the preven-
tion of cisplatin-induced nephrotoxicity will not affect anti-
tumor effects of cisplatin and will significantly improve its
clinical utility.
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ABSTRACT
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myeloproliferative disorder, which, due to its specificity for many
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witnessed the evolution of the therapeutic approach in the
treatment of CGL from oral cystostatic therapy, radiotherapy,
through  recombinant  interferon  alpha  (IFN-alpha),
haematopoeza stem cell transplantation, to the targeted
molecular therapy of the tyrosine kinase inhibitor (TKI). In this
report we present patient with a diagnosis of CGL,
Ph + in the early chronic phase at the age of 13 years based on
all relevant analyzes. During the past 26 years, all therapeutic
modalities of CGL treatment were applied in patients, according
to the time period, concluding with the second generation TKI,
resulting in complete remission of diseases with excellent quality

" of life and identical expectations for the future, as well as in the
} scien d o healthy population.
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INTRODUCTION

Chronic granulocytic leukemia (CGL) is a highly specific
disease that is defined by strict hematologic parameters that
include a pathognomonic differential leukocyte count. Usu-
ally CGL is accompanied by the presence, in bone marrow
cells, of the Ph chromosome, the first chromosomal anomaly
to be regularly associated with a human neoplastic disease
(1). CGL is predominantly a disease of the productive middle
years of life, which maximizes its adverse impact on family
life and family economics. The disease is of worldwide dis-
tribution and there is a slight male preponderance. The dis-
ease is characterized by an initial chronic phase when it be-
haves as a differentiated neoplasm and responds very well to
simple, nonintensive therapy (1-3).

CASE PRESENTATION

We present male patients with whom he was diagnosed
with CGL, Ph + in early chronic phase in 1992, when he was
13 years old. Clinical characteristics of the disease at the
presentation were signs of anemia syndrome in the presence
of organomegaly (hepatosplenomegaly). In haematological
parameters, leukocytosis up to 275x109 / L was detected with
the presence of all forms of white lines in the peripheral blood
smear, with anemia with hemoglobin of 89 g / L and mild
thrombocytosis up to 499x109 / L. Biopsy of the bone mar-
row confirmed the diagnosis of CGL with a chronic phase
image, and cytogenetic analysis was confirmed by Ph chro-
mosome. Introductory treatment was carried out with Hy-
droxiureom in a dose dependent on haematological parame-
ters, which achieved cytoreduction, and in the next five
months, the patient received recombinant IFN alpha at a dose
of 9 U per week. Clinical and hematologic remission of the
disease with the maintenance of the cytogenetic marker was
achieved on the applied therapy. Bearing in mind the nature
of the underlying disease, allogeneic haemopoietic stem cell
transplant (MHH) transplantation from the family matched
(in the HLA and ABO system) of the donor, born brother,
was done in the future. The conditional regimen was con-
ducted according to the myeloablative protocol in combina-
tion with oral formulation of Busulphan-Cyclophosphamide
2 with complete supportive therapy (adequate hydration,
urotoprotection, prevention of mucositis and possible forms
of infection). The source of the MSH was the bone marrow,
with the patient on 27.12.1993 receiving a total of 1.56x108
cells with a nucleus (total nucelar cells -TNC) / kgTM in a
suspension of 1170 ml of bone marrow. Prevention of graft
versus host disease (GvHD) was carried out with dual immu-
nosuppressive therapy (Cyclosporine A + Methotrexate ac-
cording to the "short Seatle" protocol). The period of iatro-
genic bone marrow aplasia was accompanied by oropharyn-
geal mucositis of grade 2. The acceptance of the allogeneic
coil, measured by the parameters of the blood count (neutro-
phil and platelet counts), was recorded from +18. days after
transplantation. Dana +40. After transplantation complete
donor chimerism has been proven. No signs of acute or
chronic GVHD are registered. Remission of the disease to the
cytogenetic level was maintained until August 1996. During

this period, relapses of the disease were confirmed on cyto-
genetic and then haematological level, 32 months after the
primary allogeneic transplantation of the MSH. Treatment of
the first relapse begins with recombinant INF alpha at a dose
of 9 MU per week for three months. The therapy did not
achieve the desired response at the cytogenetic level, so treat-
ment was continued using immunoadaptive therapy, by infu-
sion of lymphocytes taken from the same donor. The patient
received three units of donor lymphocytes (DLI) on 10.12.
and 30.12.1996. and February 17, 1997, in escalating doses
(2.6x107,4.1x107,4.1x107 / kg/bw). Clinical monitoring did
not record signs of acute GvHD. Hematological monitoring
detects a gradual occurrence of pancytopenia, and in April
1997, bone marrow biopsy and myocardial infarction con-
firmed bone marrow aplasia as a potential adverse effect of
DLI. Further treatment was carried out by the secondary al-
logeneic transplantation of the MSH from the identical fam-
ily donor. In a conditioned regimen, according to bone mar-
row aplasia, the patient received only antitomocyte globulin
(ATG - Fresenius) at a dose of 5 mg / kg/bw for four days.
The MSH source was the peripheral blood of the donor after
a five-day preparation of recombinant G-CSF at a dose of 5
mcg /kg/bw. Secondary transplantation was done on May 19,
1997. where the patient received 5.3x108 TNC / kgTM, i.e.,
15.5x106 / kg/bw CD34 + cells). Prevention of GvHD was
not applied. Acceptance of the allogeneic coil is recorded via
the number of neutrophils and platelets of +15. days after
transplantation, while cytogenetic and molecular analysis de-
termine the complete remission of the disease with complete
donor chiberism. Clinical monitoring did not show signs of
acute or chronic GVHD. A complete remission of the disease
was maintained until December 2002 (67 months after sec-
ondary allogeneic MHH transplantation). During this period,
late relapses of the disease were recorded at the cytogenetic
level, and the treatment continued with the first generation
tyrosine kinase inhibitor (Glivec) at a dose of 400 mg per day.
The desired therapeutic response (parsing of the disease at
the cytogenetic level) was not achieved, and since October
2004 the preparation of the second generation TKI - Nilotinib
was included in the therapy. This form of treatment achieves
a complete remission of the disease down to the molecular
level that has been maintained over the past 14 years.

DISCUSSION

Chronic granulocytic leukemia is a chronic myeloprolif-
erative disease, a hematopoietic stem cell disease, character-
ized by a specific Phyladelphia chromosome, or reciprocal
translocation between chromosomes 9 and 22 (1-3). Thanks
to the significant advances in basic diagnostic procedures,
CGL is one of the rare hematological diseases that has its own
ID card from clinical symptoms and signs, through physical
findings, haematological parameters, peripheral blood smear,
bone marrow biopsy, cytogenetics to molecular markers (4).
The incidence of CGL is 10-15 people per 100 000 inhabit-
ants per year and occurs most frequently in the age between
60-65 years (5).
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The disease passes through three characteristic clinical
phases, chronic, phase of acceleration and blast transfor-
mation phase, which are clearly defined on the basis of clin-
ical, hematological and cytogenetic-molecular criteria (5, 6).
Over the past decades, the therapeutic approach to treating
patients with CGL has been reduced and evolved along with
a more precise clarification of the pathogenesis of the dis-
ease. The end of the 19th century was marked by the use of a
arsenic preparation in the treatment of CGL or X radiation of
enlarged spleen. The fifties of the 20th century began with
the use of chemotherapy, initially Busulphanom, and then
Hydroxiuree in patients with CGL. Hydroxiurea has been the
most effective cytoreduction agent for this disease for dec-
ades, as was the case with our patients at the initial stage.
Using various forms of cytoreductive therapy, clinical and
hematologic remission of the disease in a negligible percent-
age of patients could be achieved, while the causative action
on the disease itself was absent. In the early 1990s, patients
with CGL were treated with recombinant IFN-alpha, a pow-
erful immunomodulatory agent that opened a new era in the
control of this malignant disease. Namely, for the first time,
one agent acted at the cytogenetic level, bringing in the truth
in a small group of patients, and a complete cytogenetic re-
sponse. The next period was marked by the establishment of
new cytogenetic response scales (from minimal to complete),
which dictated the therapeutic approach (monotherapy with
IFN alpha or combinations with other cytoreductive agents)
(7). In the case of our patient, the proposed CGL treatment
algorithm was followed in full according to the time period,
and immunomodulatory therapy with IFN-alpha was also ap-
plied. Transplantation of stem cell hematopoiesis since 1979
(single transplantation) over the eighties and nineties of the
20th century was the standard in the treatment of patients
with CGL, and this diagnosis was the most common indica-
tion for allogeneic transplantation from a related matched do-
nor.

Based on clinical experience, the European Bone Marrow
Transplantation Group(EBMT) has designed an EBMT prog-
nostic score for predicting mortality rates in patients with
CGL-treated allogeneic MSH transplantation based on a
combination of a number of parameters related to patients
and potential donors (7-9). In the case of our patient, since
the initial treatment with cytoreductive and immunomodula-
tory therapy has achieved clinical and hematological control
of the disease, without the desired response at the cytogenetic
level, an indication is given that the treatment will continue
with the allogeneic transplantation of the MSH from the fam-
ily fully matching donor. In accordance with the current atti-
tudes and the fact that it is a hematopoietic stem cell disease,
the preparatory regime was myeloablative, thesource of the
stem cells of the bone marrow, and the prevention of GvHD
double immunosuppressive therapy (8, 9). In the post-trans-
plant period, a timely engrafment was confirmed in our pa-
tient with the achievement of complete donor chimerism,
and no clinicalor acute GvHD signs were recorded by clini-
cal monitoring. Opinions regarding the monitoring of pa-
tients with CGL in whom allogeneic transplantation of the
MSH occurred in the 1990s implied a three-month analysis
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of the cytogenetic finding, and then over the years and a mo-
lecular marker of the disease in order to timely diagnose the
possible relapse of the underlying disease. In 1990, for the
first time, infusion of donor lymphocytes (DLI) was used in
the treatment of relapse of the disease after allogeneic trans-
plantation (7, 10). Clinical observations have unambiguously
confirmed that CGL disease is in the first place by degree of
sensitivity to applied DLI, that is, that this therapeutic proce-
dure can achieve a significant degree of secondary remission
of the disease (11). The most common side effects of DLI
include GvHD and bone marrow aplasia (12, 13). In our pa-
tient, three years after allogeneic transplantation, a rough re-
lapse of the disease was diagnosed, and treatment was per-
formed with three escalating doses of DLI from the original
family donor, according to current recommendations for
treatment in these situations. Newborn bone marrow aplasia
with potentially fatal infectious complications can be inter-
preted as an adverse effect of DLIapplication. In this situa-
tion, the therapeutic approach for our patients was extremely
limited. It is known that secondary allogeneic transplantation
of the MSH in the case of leukemia relapse is an extremely
complicated procedure, followed by a high degree of post-
transplant morbidity and mortality, especially if one of the
modalabative preparatory regimes (13, 14) is applied. In the
late nineties of the last century, in order to overcome these
complications, conditioned regimens of "reduced" intensity
were designed primarily for secondary allogeneic transplan-
tation of the MHH or elderly patients with associated ill-
nesses (2, 13-15). In the phase of bone marrow aplasia after
DLI our patient was only prepared with ATG, and the source
of the MSH from the original family donor was peripheral
blood in order to achieve the "graft-versus-leukemia" (GvL)
effect needed to control the minimum residual illness. No ad-
ditional immunosuppressive therapy has been applied to gen-
erate GvL effects. This treatment regimen again achieved a
multi-year remission condition.

Further development of the therapeutic approach in the
treatment of CGL patients afterthe MSH transplantation and
the DLI application was based on the understanding of the
molecular mechanism of the disease, and implied the use of
tyrosine kinase inhibitors (TKI), starting in 1998 (15-17).
The application of different generations of TKI led to the rev-
olutionary control of CGL, concluding with the achievement
of complete molecular remission of the disease (4, 10, 14).
Thanks to the introduction of TKI in CGL therapy and the
achievement of molecular disease control, it can rightly be
said that patients with CGL have identical life expectations
as well as a healthy population. After the onset of the
secondrelapse of the disease due to secondary allogeneic
transplantation, our patient was initially included in the first,
and then due to the incomplete response and the second gen-
eration TKI with long-term complete control of the disease
and excellent quality of life.
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CONCLUSION

Current treatment of CGL over the past 130 years signif-
icantly evolved follow-up achievements in medicine and
basic biological sciences. Due to a more precise view of the
pathogenetic process in the onset and progression of CGL
from the chronic phase to the form of acute leukemia, con-
currently with molecular mechanisms, targeted drugs have
been synthesized that stop the proliferation of malignant
clones in this disease (TKI). The displayof our patients fully
supports the development of a therapeutic approach in the
treatment of CGL, cytoreductive therapy, immunomodula-
tory agents, MHC transplantation, application of cell therapy
such as DLI to first and second generation TKI.
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ABSTRACT

Appendiceal mucoceles represent neoplastic and non-neoplastic,

dilatated, mucus filled appendix vermiformix. Appendectomy is
obligatory due to a possible malignancy. It is crucially important
to avoid rupturing of the mucocele because it can result in pseu-

domyxoma peritonei, with high morbidity and mortality. We pre-

sented a 52-year-old man with pain and palpable mass in the
lower right quadrant of the abdomen. The mucocele was removed
without a rupture, and the patient was discharged from the surgi-
cal department one day after the surgery without a complication.

The resection must be done very carefully, because the rupture of
a mucocele can cause pseudomyxoma peritonei, a very dangerous
and often lethal condition. Due to the concern of rupture, we per-
formed the classical resection through laparotomy. It is very im-

portant, especially for young, inexperienced surgeons to be aware
of this rare diagnosis and perform a surgical intervention accord-
ing to the guidelines of good clinical practice.

Keywords: Appendiceal Mucocele, Pseudomixoma Peritoneli,
Case Report.
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BACKGROUND

Appendiceal mucocele, first described in 1842 by
Rokitansky, is a rare diagnosis, with less than 1% of pathol-
ogies related to the appendiceal disease. It represents a dis-
tended appendix filled with mucus, not some specific disease.
Mucoceles of the appendix are diagnosed as incidentaloma in
about 50% of cases. The symptoms can include the ab-
dominal pain or mass, weight loss, nausea, changes in bowel
habits, or they can be presented as acute appendicitis (1).
Sometimes, appendiceal mucocele can be presented as acute
appendicitis or an adnexal mass, mimicking the true nature
of a disease (2). US and CT exams are usually sufficient im-
aging diagnostic tools. Colonoscopic findings may be char-
acteristic with a “volcano sign”, presenting the appendiceal
orifice elevated and covered by normal mucosa or sometimes
with a lipoma-like submucosal tissue (3).

CASE PRESENTATION

We presented an otherwise healthy 52-year-old man with
the symptoms of the right-lower quadrant abdominal pain
and palpable mass. The abdominal ultrasonography revealed
suspicion of appendiceal mucocele, which was confirmed by
MSCT of the abdomen (Figure 1). CEA, CA 19-9 and CA
125 were within a normal range.

Figure 1. MSCT findings of appendiceal mucocele.

During the open access appendectomy, we clearly identi-
fied basis of the appendix, whose diameter was cc Smm and
after careful manipulation, the appendix and mucocele were
removed intact, without a rupture of the mucocele wall or
mucin leakage (Figure 2). A carefully maintained exploration
of the peritoneal cavity excluded any mucin deposits. We
performed the “ex tempore”- frozen section biopsy which re-
vealed benign characteristics of the specimen and simple ap-
pendectomy was a sufficient treatment. The patient was dis-
charged from the surgery department one day after the sur-
gery without any complaint.

Figure 2. Surgical specimen of AM with an intact wall,
basis of the appendix is not affected.

Consecutive pathology demonstrated appendiceal muco-
cele, with the wall covered by a single-line epithelium of be-
nign histomorphological characteristics, and the lumen filled
with a non-structural eosinophilic mucin (Figure 3 and 4).

Figure 3 and 4. The wall of the mucocele coated with
a single-stranded epithelium of benign histomorphological
characteristics and the lumen filled with a non-structural eo-
sinophilic mucin.
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DISCUSSION

Historically, appendiceal mucoceles have been classified
into four types: A. Non-neoplastic, including (1) a simple
mucocele-retention cyst often caused by a fecalith or struc-
ture obstructing the appendiceal outflow, (2) mucosal hyper-
plasia, and B. neoplastic, including (3) a benign mucinous
cystadenoma, and (4) a mucinous cystadenocarcinoma. The
cystadenomas are typically referred to as low grade appendi-
ceal mucinous neoplasms (LAMNSs) (4).

A recent international Delphi consensus has suggested
that the term “cystadenoma” should no longer be used for ap-
pendiceal tumors. “Mucinous adenocarcinoma” should be
used to describe mucinous tumors with infiltrative invasion,
“low-grade appendiceal mucinous neoplasm” for describing
those with spreading growth but without destruction, “high-
grade appendiceal mucinous neoplasm” describes tumors
with low-grade architectural features but high-grade cytolog-
ical features, and term “signet ring carcinoma” for those with
over half of the cells with the signet ring morphology. Pseu-
domyxoma peritonei can be of low-grade, high-grade, and
signet ring cell histological type (5).

Mucoceles <2 cm are usually benign, while sizes >6 cm
are more often associated with malignancy and a higher rate
of perforation (6).

A mucocele is usually diagnosed by the abdominal CT
scan. The typical finding of appendiceal mucocele is a low
attenuated, well-encapsulated, thin-walled cystic mass in the
right lower quadrant of the abdomen (7).

The most feared complication, occurring secondary to a
spontaneous or iatrogenic rupture, is pseudomyxoma perito-
nei (PMP), which represents mucinous deposits within the
peritoneal cavity. PMP is poorly understood; however, it is
known to develop insidiously as a result of mucin producing
neoplastic, epithelial goblet cells forming mucinous implants
throughout the abdominopelvic peritoneum and it is associ-
ated with significant morbidity and mortality (8).

Both benign and malignant mucoceles can produce mu-
cinous peritoneal deposits known as pseudomixoma peritonei
(PMP). A 5-year survival rate in the first case is about 91—
100%, while the prognosis for a malignant mucocele is much
worse, with only 25% of a 5-year survival rate (9).

With some aggressive regimens, such as HIPEC (heated
intraperitoneal chemotherapy) and cytoreductive surgery, 10-
year survival can raise close to 50% (10).

For a long time, laparoscopy has been considered as a
contraindication for the surgical treatment of appendiceal
mucocele. Also, some authorities suggested laparotomy for
better exploration of the peritoneal cavity searching for mu-
cin deposits (11).

However, with technical development and general im-
provement in surgical skills, there is a raising number of
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recent reports describing safe laparoscopic or robotic assisted
removal of appendiceal mucocele (12, 13).

Apart from the dilemma regarding the surgical approach
(open vs laparoscopic surgery), there is still a debate concern-
ing the extent of resection, from appendectomy as the only
treatment to a right hemicolectomy. To determine indications
for the right hemicolectomy, Gonzalez Moreno and Sugar-
baker recommended the use of a sentinel lymph node biopsy,
with a frozen section examination. According to them, the
indications for the right hemicolectomy are: (1) inability to
achieve total removal of the primary tumor or complete cy-
toreduction by appendectomy, (2) appendiceal or ileocolic
lymph nodes involvement, and (3) a non-mucinous neoplasm
confirmed by the histopathological examination (14).

A useful practical algorithm, proposed by Filho and col-
laborators, suggests appendectomy with excision of the
mesoappendiceal fat and lymph nodes if appendiceal base is
not affected. If the base is involved, typhlectomy or partial
right hemicolectomy is indicated. The frozen section is man-
datory in both cases, and if a specimen is benign, the right
colectomy is not indicated. A malignant specimen indicates
an oncologic right hemicolectomy (15).

If a rupture of AM occurs, followed by adenomucinosis,
a 5-yearfollow-up period with CT scans and CEA and CA19-
9 levels monitored every six months are recommended. In the
case of AM perforation with a confirmed diagnosis of mucin-
ous adenocarcinoma, a second-look surgery is recommended,
six months after the initial intervention (16).

CONCLUSION

The diagnosis of AM should always be considered in all
cases of cystic lesions of the right lower quadrant. The surgi-
cal resection of a mucocele is the therapy of choice, open ap-
proach or laparoscopy, depending on the surgeon’s skills. Be-
nign and especially malignant AMs rupture must be avoided
due to PMP and a consequent high mortality rate. The man-
agement of appendiceal mucocele is simple, ranging from ap-
pendectomy only to the right hemicolectomy followed by
HIPEC, depending on the intraoperative and pathological
findings. Clear understanding of this rare condition and opti-
mal surgical treatment based on algorithms of good clinical
practice are critical.
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Tables, figures and images

Tables

Tables should always be cited in text in consecutive numerical order. For each table,
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previously published material by giving the original source in the form of a reference at the
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Figures

Please submit each figure as an individual file separate from the manuscript text. All
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the fonts embedded in the files.
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e Vector graphics containing fonts must have the fonts embedded in the files.
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properly prepared and follow the ethical policies of Experimental and Applied Biomedical
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further comments.

o Reconsider after Major Revision - the acceptance of the manuscript would depend on
the revisions. The authors are required to perform extensive and significant
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improvements in their manuscript. Authors will be asked to resubmit the revised

manuscript within a suitable time frame, and the revised version will be returned to

the reviewer for further comments.

e Reject - the manuscript is rejected for two reasons: 1. it has serious flaws, and/or
makes no original significant contribution; 2. corrections and improvements during
the (major) revision were not sufficient and satisfactory. No offer of resubmission to
the journal is provided.

All reviewer comments should be responded point-by-point in a separate document
entitled ‘Answers to reviewers comments’. Corrections should be marked within the text in a
red colour or as a track changes. During the submission process, author should suggest two
potential reviewers with the appropriate expertise to review the manuscript. Proposed
reviewers should be from different institutions than the authors.

Upon editor’s approval, after received positive manuscript reviews, the manuscript is
accepted in the system, and the corresponding author receives information about the
manuscript accepted for publication to the email address. Once accepted, the manuscript will
undergo professional copy-editing, English editing, proofreading by the authors, pagination
and publication. The Editorial board reserves the right to correct the English language after
proofreading by the authors.

DOI number is assigned to the paper and, after proofreading and text break according
to the Journal instructions, the paper is published as Ahead of Print first on Sciendo platform
(https://sciendo.com/journal/sjecr) and then in one of the next issues of the Journal.

RESEARCH AND PUBLICATION ETHICS

Research Involving Human Subjects

When reporting on research that involves human subjects, human material, human
tissues, or human data, authors must declare that the investigation was carried out following
the rules of the Declaration of Helsinki of 1975 (https://www.wma.net/what-we-do/medical-
ethics/declaration-of-helsinki/), revised in 2013. As a minimum, a statement including
number of approval and name of the ethics committee must be stated in Section ‘Statement of
Human Rights’ of the article. In addition, the protection of privacy is a legal right that must
not be breached without individual informed consent. In cases where the identification of
personal information is necessary for scientific reasons, authors should obtain full
documentation of informed consent, including written permission from the patient prior to
inclusion in the study.

Example of Statement of Human Rights: “The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of
Name of the Institution (No. number of approval).”

Example of Statement of Informed Consent: “All subjects gave their informed consent
for inclusion before they participated in the study”.

For non-interventional studies (e.g. surveys, questionnaires, social media research),
all participants must be fully informed if the anonymity is assured, why the research is being
conducted, how their data will be used and if there are any risks associated. As with all
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research involving humans, ethical approval from an appropriate ethics committee must be
obtained prior to conducting the study.

Research involving Animals

When reporting on research that involves animal subjects, animal material or animal
tissues, authors must declare that the investigation was carried out following the rules of the
European Directive for the welfare of laboratory animals (No. 2010/63/EU) and national and
institutional regulations. As a minimum, a statement including number of approval and name
of the ethics committee must be stated in Section ‘Statement of Animal Rights’ of the article.
Statements on animal welfare should confirm that the study complied with all relevant
legislation. Also, authors must include details on housing, husbandry and pain management
in their manuscript (section Materials and methods).

Example of Statement of Animal Rights: “All research procedures were carried out in
strict accordance with the European Union Directive for the welfare of laboratory animals
(No. 2010/63/EU) and approved by the Ethics Committee of Name of the Institution (No.
number of approval).”
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