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quency of mental problems in students. In this study, we 

aimed to establish the frequency of depression in medical 

students in our country .  

 

PATIENTS AND METHODS

Patients

This research was conducted as an observational 

cross-sectional study from May to June 2010. A total of 

131 fourth-year students, representing more than half of 

all students (response rate = 54%) at the Medical Faculty in 

Kragujevac participated in the study. Students participated 

in the research voluntarily and anonymously. 

Methods

To measure depression, we used Beck’s Depression 

Inventory (BDI), a 21-item self-report questionnaire. The 

BDI is a well-known scale used for the self-assessment of 

depression in clinical and non-clinical populations (20).  

Currently, the BDI-II is most widely employed, but we 

used the BDI-IA. We did thisused this version because the 

results presented in this paper are a part of larger study 

that,  began at a time during whichwhen the BDI-II version 

was not widely used and because this version is free. The 

BDI-II version was validated in 2011 on a Serbian student 

sample. A study showed that the psychometric character-

istics of this version were in agreement with the literature 

(internal consistency was 0.87) (21). The cut-off points for 

the BDI were as follows: 0-9, no depression; 10-15, mild de-

pression; 16-19, mild to moderate depression; 20-29, mod-

erate to severe depression; and 30-63, severe depression 

(22). The various symptoms of depression can be grouped 

into a limited number of clusters. The structure of BDI 

consists of several factors (23,24,25). Some of these factors 

were established in the BDI-I . The first factor, the affective 

cluster (the sum of scores on items 1, 4, 10, 11, and 12 from 

the BDI), represents the core elements of depression and 

are represented by the following symptoms: 1, sadness; 4, 

dissatisfaction; 10, crying episodes; 11, irritability; and 12, 

social withdrawal. The second factor, the cognitive cluster 

(items 2, 3, 5, 6, 7, 8, 9, 13, 14, and 20), addresses the fol-

lowing cognitive symptoms: 2, pessimism; 3, sense of fail-

ure; 5, guilt; 6, expectation of punishment; 7, self-dislike; 8, 

self-accusation; 9, suicidal ideation; 13, indecisiveness; 14, 

change in body image; and 20, somatic preoccupation. The 

third factor, the somatic cluster (items 15, 16, 17, 18, 19, 

and 21), assesses the presence of the following symptoms: 

15, slowness ; 16, insomnia; 17, fatigue; 18, change in appe-

tite; 19, loss of weight; and 21, loss of sexual interest (25).

  

Statistical methods

The data are expressed as the mean±standard devia-

tion and percentage (%). To establish the difference in the 

frequency of depression with respect to gender, the Chi-

squared test was used.  The Mann-Whitney test was used 

to determine differences in levels of depression between 

male and female students (the scores for the various items 

are not normally distributed in these groups ). Analyses 

were performed with the Statistical Package for the Social 

Sciences (SPSS), version 13.0. P-values ≤ 0.05 were consid-

ered statistically significant. 

 

RESULTS

In the examined student sample, 47.3% (62) of partici-

pants were male. 

Symptoms of some type of depression were found in 

26.7% (35) of the students (Table 1). Of the males, 25.8% 

(16) were depressed, and of the females, 27.5% (19) were 

depressed. The mean BDI score was 7.51±7.62 (Table 2). 

There was no statistically significant difference in the fre-

quency (p=0.823) and level (p=0.921) of depression among 

male and female students.  

Depression level (BDI) % (N*)

No depression (0-9) 73.3% (96)

Mild depression (10-15) 14.5% (19)

Mild to moderate depression (16-19) 3% (4)

Moderate to severe depression (20-29) 7.6% (10)

Severe depression (30-63) 1.5% (2)

BDI

Men 8.16±9.17

Women 6.93±5.90

Total 7.51±7.62

Cluster Score

Aff ective 2.56±2.67

Cognitive 2.66±3.46

Somatic 2.28±2.86

BDI total 7.51±7.62

Table 1: Number of examinees by category on the BDI scale

              (*number of examinees)

Table 2: Mean scores on the BDI scale

Table 3: Cluster analysis of depressive symptoms

DISCUSSION

In our sample, the depression was identified in 26.7% of 

participating studentswho participated in the sample. This 

frequency is 2-3 times greater than that notedreported for 

in the general population (26). Studies in which the BDI 

was used to reportdetermine the prevalence of depression 

have reported a wide range of results (Table 3). In addition-

Additionally, our findings waswere similar to the results of 

many studies in which the BDI or similar diagnostic in-
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struments were used (5, 9, 10, 13, 27-31), including studies 

that have been carried out in the same region. A study of 

medical students in the Republic of Macedonia indicated 

that 10.4% of students had a BDI score greater than 17 (13). 

Twelve per cent of students in the present study had a BDI 

score greater than 16. In a study conducted in adolescents 

in Croatia, 9.7% of adolescents fulfilled the criteria for a 

moderate or severe depressive episode (32). In our sample, 

the prevalence was 9.1% of students. 

later in life (40). Thus, we could also interpret our findings 

in that manner. Another implication of our finding is that 

the causes of depression in medical students are of such a 

nature that both men and women are equally sensitive to 

them. ThishasSimilar results have already been reported 

for medical students in other studies (9). 

 The limitations of our study includeing the follow-

ing: self-assessment scales were used for establishing the 

frequency of depression and suicidal risk, the investigated 

sample was relatively small, and the number of measured 

variables was also small.  Future research in a similar popu-

lation that includes a larger number of variables should be 

conducted to replicate our results, especiallyparticularly 

the absence of a significant difference in scores between 

genders.  

CONCLUSION 

With a 26.7% prevalence of depression, which is more 

than twice as high as that in the general population, medi-

cal student represent a population that is vulnerable to 

developing depressive mood disorders. The results of our 

study emphasise the need to develop programs to support 

and assist students in their health environment, with the 

objective identifying depression early to prevent future 

consequences. 
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ABSTRACT

Uterine myomas are comprised of smooth muscle cells from 

blood vessel walls of the uterus and fi broblasts, and constitute 

the basic components of fi broids. Th e aim of our study was to 

evaluate the cytotoxic and apoptotic eff ects of serum depri-

vation on fi broblasts originating from the Th ESC myoma cell 

line. Cell viability, morphological changes and the percentage 

of apoptotic cells were determined in the presence and absence 

of serum. Th e experimental group was cultured in medium 

lacking serum for 24- and 48-hour periods, and the control 

group was cultured in complete medium. Cell viability was 

evaluated using the MTT  assay. Changes in cell morphology 

were investigated using native microscopy. Th e percentage of 

apoptotic cells was determined using ethidium bromide/acri-

dine orange staining. Th ere was a time-dependent and statisti-

cally signifi cant decrease in cell viability in the experimental 

group when compared to the control group. Cells in the ex-

perimental group displayed morphological changes that are 

characteristic of apoptosis. Th ese changes were not detected 

in the control group. In the experimental group, there was a 

statistically signifi cant increase in the percentage of apoptotic 

cells, while this percentage was not statistically signifi cant in 

the control group. Th e obtained results suggest that the time-

duration of serum deprivation directly correlates to the induc-

tion of apoptosis in the Th ESC cell line.

Key words: fibroma, apoptosis, serum deprivation, 

viability
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SAŽETAK

Miomi uterusa izgrađeni su od glatkih mišićnih ćelija 

zidova krvnih sudova uterusa i fi broblasta koji sačinjavaju 

osnovnu komponentu fi broida. Cilj našeg istraživanja bilo 

je ispitivanje citotoksičnog i apototičnog efekta serumske de-

privacije na fi broblaste koji vode poreklo iz mioma, Th ESC 

ćelijska linija. Vijabilnost ćelija, morfološke promene kao 

i procenat apoptotičnih ćelija određivani su u prisustvu 

i odsustvu seruma. Eksperimentalna grupa ćelija bila je 

uzgajana u medijumu koji nije sadržao serum u toku 24 i 

48 časova, dok je kontrolna grupa ćelija uzgajana u kom-

pletnom medijumu. Vijabilnost ćelija bila je određivana 

pomoću MTT testa; morfološke promene detektovane su 

pomoću nativne mikroskopije dok je procenat apoptotičnih 

ćelija bio određen bojenjem pomoću etidijum bromid/akril 

oranžom. Primećeno je statistički značajano smanjenje vi-

jabilnosit ćelija eksperimentalne grupe u poređenju sa kon-

tronom grupom ćelija. Ćelije eksperimentalne grupe poka-

zivale su morfološke promene karakteristične za apotozu. 

Ove promene nisu detektovane u kontrolnoj grupi ćelija. 

Statistički značajno povećanje u procentu apoptotičnih ćelija 

primećeno je u eksperimentalnoj grupi, dok u kontrolnoj 

grupi procenat apoptotičnih ćelija nije ispoljavao statističku 

značajnost. Dobijeni rezultati ukazuju da je dužina serumske 

deprivacije u direktnoj korelaciji sa indukcijom apoptotične 

smrti u Th ESC ćelijskoj liniji. 

Ključne reči: fibroidi, apoptoza, serumska deprivaci-

ja, vijabilnost
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INTRODUCTION

Uterine fibroids (myomas) are the most common pel-

vic tumours in women and the most common indication 

for hysterectomy. They occur primarily during the repro-

ductive years (1). Fibroids are benign tumours that de-

velop within the walls of uterine blood vessels and consist 

of smooth muscle cells and fibrous connective tissue (2). 

Their size varies from tiny nodules of approximately 10 

mm to large tumours of greater than 20 cm. Fibroids can 

be found protruding into the uterine cavity (submucosal), 

within the uterine wall (intramural), beneath the uter-

ine serosa (subserosal), a nd, in rare instances, attached 

to abdominopelvic structures (parasitic) (3). Symptoms 

caused by fibroids include prolonged or heavy menstrual 

bleeding, pelvic pressure or pain, and, in rare cases, repro-

ductive dysfunction (4). This is the most common gynae-

cological problem experienced by women, with clinical 

significance in 20–40% of women of childbearing age (2). 

Fibroid growth primarily depends on the hormone state 

of the organism. The ovarian steroid hormones oestro-

gen and progesterone stimulate fibroid growth (5). Other 

studies pinpoint diet, stress and ecological factors as sig-

nificant in the aetiology of these tumours (6, 7). Fibroids 

are composed of smooth muscle cells and fibroblasts, 

which, according to some authors, originate from myo-

metrial cells undergoing mitotic changes. As a result of 

these changes and myofibroblast formation, both oestro-

gen and progesterone have proliferation effects on these 

cells after binding to their receptors.  The ThESC cell line 

is a human endometrium fibroblast–like cell (HESC) line 

obtained from an endometrial myoma that was immor-

talised with human telomerase reverse transcriptase 

(hTERT). Telomerase is an enzyme shown to confer 

unlimited replicative capacity to normal cells without 

causing the deregulation of normal growth control. The 

immortalised HESC line (ThESC) is karyotypically, mor-

phologically, and phenotypically similar to the primary 

parent cells, and it is a powerful and consistent resource 

for in vitro research (8). The ThESC cell line is culti-

vated in basal growth medium supplemented with foetal 

bovine serum (FBS), which is also referred to as foetal 

calf serum (FCS). Serum provides a broad spectrum of 

macromolecules necessary for in vitro cell growth, such 

as glucose, albumin and other energy molecules. FBS is a 

very complex mixture of a large number of constituents, 

such as growth factors, hormones, lipoid substances, 

carrier proteins, and attachment and spreading factors 

(9). Compared to plasma, FBS shows a better mytogenic 

effect (stimulation of proliferation) because it contains 

growth factors referred to as insulin-like growth factor 

I (IGF-I) and insulin-like growth factor II (IGF-II) (10). 

Lipoids are essential for cell growth. Also present in FBS 

are cholesterol, fatty acids, phospholipids and triacylg-

lycerols. The maintenance of normal processes involved 

in cell proliferation, maturation and differentiation re-

quires the presence of hormones found in FBS, such as 

insulin, cortisone, triiodthyronine, thyroxine and PTH 

(9). Proteins found in serum, including vitronectin and 

fibronectin-like molecules, have important roles in cell 

attachment and cell adhesion (11).  Iα-I is a serum pro-

tein that stabilises the cumulus extracellular matrix (12). 

Serum also provides beneficial factors to the culture en-

vironment, including energy substrates, vitamins, amino 

acids, and binding and transport proteins (13, 14). In ad-

dition to the above-mentioned functions, serum is im-

portant for the early expression of some genes encoding 

regulatory proteins, and serum components are known 

to activate protein kinase C (PKC) (15, 16).  Serum also 

enables the maintenance of optimal pH and the elimina-

tion of the toxic products from the medium (9). Serum 

deprivation is one of many methods used to induce pro-

grammed cell death, or apoptosis (17, 18, 19). Previous 

research has demonstrated that cells in serum-deprived 

media undergo numerous changes that lead to apopto-

sis. After 2 hours of serum deprivation, some cultures 

show a retraction of the cytoskeleton, the rounding of 

cells, and the compaction of nuclear chromatin along 

the nuclear periphery (20). All of these morphological 

changes can be observed in cells in the very early stages 

of apoptosis.  Serum depletion has a time-dependent ef-

fect on the number of apoptotic cells (20, 21). Morpho-

logical changes occur in the entire cell, and the dynamics 

of both protein synthesis and degradation change (22). 

As the protein dynamics change, so do the dynamics of 

DNA synthesis and degradation. Further serum depri-

vation results both in DNA fragmentation and slower 

DNA synthesis. Changes in the genetic material cause 

a decrease in the mitotic potential of serum-deprived 

cells. Short periods of 24 hours of serum deprivation 

significantly decrease the proportion of cells in mitosis, 

and after 48 h  of serum deprivation, only 2% of cells 

are able to undergo mitosis (23). Prolonged treatment 

with serum-deprived medium induces massive DNA 

fragmentation in cells, which results in decreased viabil-

ity in culture (24, 25, 26). All of the described changes 

that occur in the absence of serum are hallmarks of ap-

optosis. Prolonged serum deprivation finally results in 

programmed cell death. Apoptosis in treated samples is 

significantly higher when compared to control cells cul-

tivated in serum-supplemented medium. The percent-

age of apoptotic cells depends on the cell culture, type of 

serum, and volume of serum in the medium. However, 

most studies indicate that apoptosis is enhanced 2 to 8 

times in serum-deprived cells. After 24 h of treatment, 

the percentage of apoptosis is 5 times higher when com-

pared to the number of spontaneous apoptotic cells in 

the control group, while the ratio in the cells treated for 

48 hours is 8 times higher when compared to control 

cells. The data demonstrate that the percentage of apop-

tosis induced by serum deprivation is time-dependent. 

To date, studies have shown that serum deprivation in-

duces apoptosis in a caspase-dependent manner (17, 18, 

21, 26, 27).
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MATERIALS AND METHODS

In our experiments, we used the ThESC cell line (ATCC®: 

CRL-4003tm) of human fibroblasts derived from a uterine 

myoma that have been immortalised with human telomerase 

reverse transcriptase (hTERT). The cells were cultured and 

maintained in DMEM complete growing medium contain-

ing 4.5 g/L of glucose, 2% L-glutamine (2 mM), 1% penicillin/

streptomycin, 1% non-essential amino acids, 1% insulin trans-

ferrin supplement and 10% FBS in a controlled environment 

at 37°C and 5% CO
2
. Cells were washed three times in 1xPBS 

before treatment. The cells were divided into two groups: the 

experimental group (FBS-deprived DMEM medium) and the 

control group (complete DMEM medium). The experimental 

group was treated with serum-deprived medium for 24 and 

48 h and was then assayed using the MTT viability test and 

acridine orange/ethidium bromide staining. The MTT assay 

was used to determine the effect of serum starvation on the vi-

ability of experimental cells in comparison to the control cells. 

The percentage of viable cells in the experimental group was 

calculated in comparison to the viable cells in control group. 

To evaluate changes in morphology, cells were examined us-

ing phase-contrast microscopy following serum starvation 

for 24 and 48 h. To visualise early and late apoptotic changes, 

the staining procedure for both control and treated cells was 

performed using both 0.01 %  acridine orange and ethidium 

bromide. The aim of our study was to investigate the effect of 

serum starvation on the viability of the human uterine myoma 

cells in vitro  and its potential role in apoptosis. 

RESULTS

We used the MTT assay to evaluate the effect of serum de-

privation on the viability of ThESC cells. After treatment, the 

percentage of viable cells in the treatment group was calculated 

in comparison to the control group. Our results show that the 

serum-starved cells experienced a time-dependent and statis-

tically significant decrease in viability when compared to the 

untreated cells. Furthermore, our results show a 9 times greater 

percentage of viable cells in the group of cells that were serum-

starved for 24 h compared to the group that was serum-starved 

for 48 h (Figure 1.). This result correlates to the literature find-

ings in which serum provides a broad spectrum of molecules 

necessary for the in vitro growth of cells (9).

Following the MTT assay, phase-contrast microscopy was 

performed to determine the morphological changes that oc-

curred in serum-starved cells.  Data presented in the literature 

demonstrates that serum is crucial for cell attachment and cell 

adhesion (11) and that the Iα-I protein present in serum stabi-

lises the cumulus extracellular matrix (12). These data suggest 

that serum provides molecules that are essential for maintain-

ing normal cell morphology. To compare our findings to the 

available literature data, the morphological changes of ThESC 

cells were evaluated after serum deprivation (Figure 2.). Our 

results show that the morphological changes after serum-de-

privation corresponded to the literature results and our MTT 

assay results. Control cells maintained normal morphology, 

including a normal nuclear shape and the appearance of the 

cytoplasmic skeleton. Control cells exhibited normal and un-

disrupted continuity of all features, including the integrity of 

the cell membrane, actin filaments, and the shape of the nu-

clear membrane,. Following 24 h of serum deprivation, cell 

morphology was slightly altered when compared to the control 

cells. Both the shape of the nucleus and the continuity of the 

cytoskeleton were different in the absence of FBS in the growth 

medium (Figure 2.). Chromatin condensation and disruption 

in normal cell morphology were obvious. After 48 h of serum 

starvation, the cells exhibited distinct morphological changes 

that clearly affected the nucleus, including both chromosomal 

defragmentation and nuclear shrinkage. The changes in cell 

morphology corresponded to the time of serum deprivation. 

The described changes are clear indicators of on-going apop-

totic changes in the serum-deprived cells (Figure 2.). 

Figure 1. Th e percentage of viable Th ESC cells after 24- and 48-h periods 

of serum starvation compared to the control cells.

Figure 2. Morphological changes of Th ESC cells following both 24- and 

48-h periods of serum starvation. A. Normal morphology of control cells 

grown in complete medium. B. Partially disrupted morphology of cells 

grown in serum-deprived conditions after 24 hours. C. Completely dis-

rupted cell morphology of the experimental group after 48 hours of se-

rum deprivation.

We wanted to further analyse if the results obtained 

using the MTT assay and the observed morphological 

changes corresponded to the apoptotic changes as deter-

mined using ethidium bromide-acridine orange  staining 

(Figure 3.). Ethidium bromide is used to identify cells that 

are in the final stages of apoptosis. To determine which of 

the treated cells exhibited early or late apoptotic chang-

es, ethidium bromide-acridine orange staining was per-

formed. The EB/AO combined stain causes live cells to 

fluoresce green, while apoptotic cells display distinctive 

red-orange fluorescence. The control cells (24 and 48 h) 

displayed clear green fluorescence, which confirmed their 

viability. However, treated cells displayed fluorescence that 

ranged from light orange (24 h) to intense red (48 h). These 

results correspond to the previously described early and 

late apoptotic changes (Figure 3.).
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DISCUSSION

In the present study, we evaluated the effect of serum dep-

rivation in a cultured human endometrium fibroblast-like 

cell line that was obtained from an endometrial myoma and 

immortalised with human telomerase reverse transcriptase. 

Serum provides viability for cells in culture due to the pres-

ence of tropic factors. In accordance with previous studies 

(12, 13, 20, 21, 23), our results showed a large increase in the 

number of apoptotic cells after serum deprivation for both 

24 and 48 hours when compared to untreated cells that were 

grown in medium supplemented with FBS. First, we investi-

gated the influence of serum starvation on cultured ThESC 

cells using the MTT assay. Our results clearly suggest that 

serum-starved cells displayed a decrease in viability com-

pared to untreated cells. The decrease in viability of serum-

starved cells occurred in a time-dependent manner. These 

findings correlate to those obtained in other studies (21, 28) 

and confirm our hypothesis that serum provides a broad 

spectrum of molecules necessary for the in vitro growth of 

cells. The decrease in the number of viable cells was much 

larger after 48 h. The number of the viable cells was reduced 

by five times after the first 24 hours and by nine times after 

the next 24 hours of treatment. This result suggests that cells 

undergo apoptosis more frequently after serum starvation 

for longer than 24 hours than when they are serum-starved 

for less than 24 hours.  These results also indicate that ap-

proximately 10% of cells can overcome serum withdrawal 

for 24 hours but that a much smaller number of cells can 

overcome prolonged starvation. As trophic factor deficiency 

(29, 30, 31) is known to induce apoptosis, we analysed cell 

Figure 3. Morphological changes in Th ESC cells were visualised using 

0.01% acridine orange and ethidium bromide staining. A. Control cells 

grown in complete medium for 24 h. B. Morphological changes of cells 

after 24 h of serum starvation. Th e arrows indicate defragmented DNA 

and a complete loss of normal morphology. C. Control cells grown in 

complete medium for 48 h. D. Morphological changes of cells after 48 h 

of serum starvation, showing complete degradation of the nucleus. Th e 

observed morphological changes correspond to the typical changes for 

cells undergoing the late stages of apoptosis. 

morphology using phase-contrast microscopy. The phase-

contrast microscopy results correlated with literature data 

(12, 13, 20, 21, 23) and the results we obtained using the 

MTT assay. Images taken after 24 hours of serum starvation 

showed a significant number of deformed cells with mem-

brane shrinkage and differences in chromatin condensation 
. The loss in the normal shape of the cells indicated that the 

cytoskeleton was also interrupted and that actin filaments 

had lost their structure and function. Some cells had almost 

normal shapes, which indicated that they still had not un-

dergone apoptosis. Their nuclei were condensed, but mostly 

without shrinkage of the nuclear membrane. After 48 h of 

treatment, cells displayed a total loss of structure and mem-

brane continuity. The chromatin was more condensed, and 

products of defragmentation were observed. Additionally, 

nuclei were smaller after 48 hr of treatment when compared 

tothan after 24 h of treatment. Cells did not have distinct 

shapes, which indicated a total loss of cytoskeletal struc-

tures. We concluded that after 24 h of serum starvation, 

cells lose their membrane integrity but mostly keep their 

nuclear shape, while after 48 hours of starvation, most cells 

lose both membrane and nuclear integrity. Our results 

correlate with the results of previous studies (20, 32). The 

MTT assay and phase-contrast microscopy demonstrated 

that ThESC cells undergo apoptosis after serum starvation. 

Our next step was to confirm the viability of these cells by 

using staining to differentiate viable cells from apoptotic 

cells. To confirm our hypothesis and visualise the early 

and late apoptotic changes, we used an acridine orange/

ethidium bromide staining procedure. We used ethidium 

bromide/acridine orange viable staining, which causes live 

cells to fluoresce green and dead cells to fluoresce orange 

to red. The shade of red fluorescence depends on the ap-

optotic phase of the cell. Green fluorescence of control 

cells indicates that cells in the untreated control group 

are viable. Cells that had been treated for 24 h fluoresced 

light red, which indicated that these cells were in an early 

phase of apoptosis. Dark red fluorescence in cells that had 

been treated for 48 h indicated that these cells were in a 

late phase of apoptosis. The light green colour of control 

cells after 48 h can be explained by the fact that cells had 

already used most of the components of the medium and, 

as a result, their viability was decreased. This correlates 

to the intensity of fluorescence in apoptotic cells. This 

staining confirmed our conclusion that serum starvation 

induces apoptosis in ThESC cells. These results correlate 

to the data obtained using the MTT assay and phase-con-

trast microscopy. The serum deprivation of ThESC cells 

for various durations resulted in characteristics typical of 

apoptosis, such as chromatin condensation, chromosomal 

defragmentation, and nuclear shrinkage. Although DNA 

fragmentation has been considered a hallmark of apoptosis, 

there is a consensus on the dispensability of this character-

istic in certain cell types under defined conditions (33, 34). 

Conceivably, the regulation and kinetics of DNA degrada-

tion in the fibroblast-like cell line may be different from 

that of thymocyte (35, 36) or lymphocyte (20, 37) models. 
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The serum-deprived cells also demonstrated several oth-

er characteristic morphological features of apoptotic cell 

death (20), including rounding, loss of cell-to-cell contact, 

cellular condensation, and the preservation of membrane 

integrity and organelle structures. Our findings are con-

sistent with studies using other cell lines (20, 21, 28). How-

ever, unlike the study of G. V. Kulkarni and C. A. G. Mc-

Culloch, we detected DNA fragmentation. The previously 

described apoptotic changes correlate with the intensity of 

red-orange fluorescence observed by EB/AO staining. Our 

results agree with previous studies that suggest that serum 

starvation causes the release of cytochrome c from the mi-

tochondria with a loss of mitochondrial membrane poten-

tial (38). Thus, our findings suggest a hypothesis by which 

serum deprivation results in the apoptotic death of ThESC 

cells through mitochondrial pathways. If our assumption 

is correct, the results would be consistent with previous 

studies demonstrating that the release of cytochrome c ac-

tivates caspase-9, which then activates caspase-3 and leads 

to DNA fragmentation (39, 40, 41). This pathway repre-

sents the classic mitochondrial or intrinsic pathway to ap-

optosis. Similar results have been obtained in other studies 

(42, 43). Serum deprivation may also be associated with the 

activation of caspase-8, which represents a key player in 

the extrinsic or death receptor-mediated pathway of apop-

tosis (44 ). Although this and other similar factors have not 

yet been investigated in ThESC cells, the serum depriva-

tion of ThESC cells could also result in the activation of the 

extrinsic pathway of apoptosis. Further studies are needed 

to delineate the exact mechanism and pathway of apoptosis 

in serum-starved ThESC cells.
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ABSTRACT

Haemodialysis patients are at high risk for sudden car-

diac death (SCD), with the annual mortality rate from 

SCD ranging from 5-7%. Th e risk factors for SCD on hae-

modialysis include left ventricular remodelling, coronary 

disease, heart failure, rapid electrolyte and fl uid shifts dur-

ing dialysis sessions and secondary hyperparathyroidism. 

Echocardiography and standard electrocardiography can 

help identify patients at risk for SCD. Th e strategy for pre-

venting SCD in haemodialysis patients includes primary 

(medicamentous treatment and adjusting dialysis parame-

ters) and secondary (coronary revascularisation and place-

ment of cardioverter defi brillator) treatment planning. 

Key words: sudden cardiac death, haemodialysis, treat-

ment plan

SAŽETAK

Bolesnici koji se leče ponavljanim hemodijalizama imaju visok 

rizik od iznenadne srčane smrti. Jednogodišnja stopa iznenadne 

srčane smrti kod ovih bolesnika iznosi 5-7%. U faktore rizika za 

nastanak iznenadne srčane smrti spadaju: preoblikovanje leve ko-

more srca, koronarna arterijska bolest, srčana slabost, brza izme-

na elektrolita i tečnosti u toku seanse hemodijalize, i sekundarni 

hiperparatireoidizam. Ehokardiografi ja i standardna elektrokar-

diografi ja omogućavaju izdvajanje bolesnika koji imaju povećan 

rizik od iznenadne srčane smrti. Strategija za sprečavanje nastan-

ka iznenadne srčane smrti kod bolesnika koji se leče ponavljanim 

hemodijalizama sastoji se u primeni primarnog i sekundarnog 

plana lečenja. Primarni plan lečenja uključuje medikamente i 

prilagođavanje uslova hemodijalize bolesniku, dok sekundarni 

plan lečenja uključuje revaskularizaciju koronarnih arterija i 

ugradnju implantabilnog kardioverter defi brilatora.

Ključne reči: iznenadna srčana smrt, faktori rizika, he-

modijaliza, plan lečenja

UDK: 616.61-78-06 ; 616.12-036.886-084 / Ser J Exp Clin Res 2013; 14 (1): 29-33

DOI: 10.5937/SJECR143642

INTRODUCTION

Sudden cardiac death (SCD) is unexpected death due 

to cardiac causes occurring within one hour of symptom 

onset (1). Although the most frequent cause of SCD is cor-

onary artery disease, other contributing factors in mainte-

nance haemodialysis (HD) patients include left ventricular 

remodelling, volume overload, disturbed electrolyte bal-

ance, rapid electrolyte and fluid shifts and secondary hy-

perparathyroidism (1, 2). The annual mortality rate from 

SCD in HD patients is 5-7% (2).

Aetiopathogenesis of sudden cardiac death

Risk factors and cardiovascular diseases

Uraemia in general and HD in particular carry numer-

ous risk factors for the development of cardiovascular dis-

ease. These include high arterial blood pressure, multiple 

lipid abnormalities, oxidative stress, microinflammation, 

hyperhomocysteinaemia, anaemia, high shunt blood flow 

and secondary hyperparathyroidism (3-5). All these fac-

tors are responsible for the development of atherosclero-

sis, arteriosclerosis and cardiomyopathy (5). 

Atherosclerosis occurs when fatty plaques build up in the 

intimal layer of arterial walls, narrowing the lumen of the ves-

sel. Atherosclerosis of the coronary arteries causes ischaemic 

heart disease (6). Arteriosclerosis is a condition in which the 

artery wall thickens due to media thickening, calcification and 

remodelling of the smooth muscle cells of the tunica media into 

osteoblasts-like cells. Hardening of the arterial walls in arterio-

sclerosis decreases their elasticity and causes pressure overload 

to the left ventricle (3-7). Cardiomyopathy occurs due to left 

ventricular pressure and/or volume overload, which causes left 

ventricular wall thickening, decreased myocardial vasculari-
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sation, myocardial scarring and alterations of the small blood 

vessels in the myocardial interstitium. Clinical manifestations 

of cardiomyopathy include heart failure, myocardial hypersen-

sitivity to ischaemia, prolonged ventricular repolarisation (pro-

longed QT interval), increased risk for ventricular arrhythmias 

and SCD (5, 8, 9). Left ventricular hypertrophy, coronary artery 

disease and disturbed systolic function of the left ventricle (left 

ventricular ejection fraction  35%) represent major risk factors 

for SCD in maintenance HD patients (5, 8, 9).  

Risk factors for sudden cardiac death related
to haemodialysis

Rapid electrolyte shift

Haemodialysis per se is a risk factor for arrhythmias due 

to rapid the electrolyte shifts and cardiovascular instability 

(intradialytic hypotension) that can occur with this treat-

ment (10-13). Rapid potassium and calcium shifts during 

HD sessions and low levels of electrolytes in the dialysate 

increase the risk for cardiac arrhythmia (10-13). The use of 

potassium-free or low-potassium dialysates (K+ d = 1.0 

mmol/L), particularly at the beginning of a dialysis session, 

removes potassium quickly, causing a rapid decline in the 

patient’s serum potassium concentration, which may lead 

to a disturbance of ventricular myocardial repolarisation, 

an increase in the corrected QTc interval (QTd) dispersion 

and increased risk for ventricular arrhythmias (10-13).

Calcium ions, however, play an important role in myo-

cardial and arterial contractility. The use of low-calcium 

(Ca2+ = 1.25 mmol/L) dialysates decreases ionised serum 

calcium and prolongs and increases the dispersion of the 

QTc interval, thus contributing to ventricular arrhythmias 

and SCD (10-13). 

Educating patients to maintain an optimum predialy-

sis potassium level of 4.6-5.3 mmol/L and individual ad-

justment of dialysis parameters decreases the risk of SCD 

death in HD patients (13).

Rapid fluid shifts (haemodynamic instability)

Dialysis-induced hypotension is represented by a sud-

den drop of systolic blood pressure below 90 mmHg or of 

at least 30 mmHg during HD (13, 14). Acute intradialytic 

hypotension reduces coronary blood flow and may lead to 

myocardial ischaemia, disturbances of regional myocardial 

motility and ventricular arrhythmia even in the absence 

of coronary heart disease (15). Haemodynamic instability 

during HD sessions can be prevented by the early identi-

fication of patients at higher risk for hypotension and by 

the individual adjustment of dialysis parameters. Patients 

at risk are those with malnutrition and hypoalbuminaemia, 

left ventricular hypertrophy, diabetes and diseases of the 

autonomous nervous system. Individualised dialysis strate-

gies to obtain haemodynamic stability include the adequate 

choice of dialysers, adjusting the dialysate temperature, the 

use of sodium-modelling profiles, the careful adjustment 

of ultrafiltration and sequential dialysis (13-15).

Interdialytic restriction of fluid and dietary sodium in-

take (recommended maximum intake 2.0 g/24 h) and an 

interdialytic weight gain of less than 4% of the dry body 

weight decrease left ventricular overload, haemodynamic 

stress and the risk for ventricular arrhythmias (16).

Identifying patients at risk for sudden cardiac death

All HD patients have increased risk for SCD (17-19). 

The plan for the early detection of patients at risk for SCD 

should include the following: clinical assessment of the pa-

tient (anamnesis and physical examination), echocardio-

graphic examination (measuring QT/QTc interval, mea-

surement of QTc interval dispersion, variation of T wave 

amplitude and duration), measuring heart rate variability 

(HRV) and determining serum troponin T and troponin I 

concentrations (20-24).

The QT interval is easily measured and enables the 

identification of patients at higher risk for SCD. The QT 

interval is a measure of the time between the start of the Q 

wave and the end of the T wave on an electrocardiogram 

(ECG). It represents the time required for the completion 

of both ventricular depolarisation and repolarisation. The 

standard clinical correction is to use Bazett’s formula to 

calculate the heart rate-corrected QT interval. Bazett’s for-

mula is QTc= , where RR is the interval from the 

onset of one QRS complex to the onset of the next QRS 

complex, measured in milliseconds. In HD patients, a QTc 

interval longer than 500 ms suggests an increased risk for 

ventricular dysrhythmia (24, 25). Furthermore, increased 

QTc dispersion, as measured on standard ECG, is a useful 

and reliable predictor of susceptibility to life-threatening 

ventricular arrhythmias in HD patients. QTc interval vari-

ability is the difference between the longest and the short-

est QTc interval registered on a standard ECG (25, 26); 

normal QTc variability is 40 - 50 ms. QTc variability over 

50 ms in HD patients suggests higher risk for ventricular 

arrhythmias and SCD (26).

Heart rate variability is an electrocardiographic param-

eter of sympathetic and parasympathetic control of the 

heart rate. A decrease or loss of HRV is associated with 

increased risk for ventricular arrhythmias and SCD (27, 

28). Drugs that induce parasympathetic activity also de-

crease the rate of SCD in HD patients. ACE inhibitors and 

beta-blockers enhance the parasympathetic influence on 

the heart, increase HRV and decrease the risk for SCD in 

HD patients (27, 28). Nocturnal HD, performed for 8 to 

10 hours, 6 times/week, decreases sympathetic activity and 

increases HRV and the partial pressure of arterial blood 

overnight compared to the standard HD scheme of 3 times 

for 4 hours each week (20).

Treatment plan

The plan to reduce the risk for SCD in maintenance HD 

patients includes primary and secondary measures (29-32). 

The primary plan requires medicamentous therapy and 
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individual adjustment of HD parameters, while second-

ary intervention includes coronary revascularisation and 

the placement of an implantable cardioverter defibrillator 

(ICD) (29-32).

Primary treatment plan

Medicamentous therapy

Medicamentous therapy to control risk factors for SCD in 

maintenance HD patients includes beta-blockers, angiotensin 

convertase inhibitors, angiotensin receptor blockers, vitamin 

D active metabolites, calcimimetics and erythropoietin. Be-

ta-blockers decrease the risk for SCD in HD patients by de-

creasing myocardial sympathetic activity, lowering the rate of 

ventricular arrhythmias and increasing HRV and barorecep-

tor sensitivity (28-33). Carvedilol improves left ventricular 

ejection fraction and survival in heart failure patients with 

NYHA II and NYHA III on maintenance HD (34, 35). Other 

treatments are focused on increasing HRV (beta-blockers, 

angiotensin convertase inhibitors), stabilising arteriosclerotic 

plaques (anti-aggregation agents and statins) and controlling 

left ventricular hypertrophy (beta-blockers, angiotensin con-

vertase blockers and erythropoietin) (28-33).

Haemodialysis treatment

A biocompatible high-flux membrane, ultrapure dialysate 

(bacteria < 0.1 CFU/mL and endotoxin < 0.03 EU/mL) and 

an optimal dialysis dose (Kt/V  1.4) significantly contribute 

to lowering the mortality rate in HD patients (34). Haemodia-

filtration (HDF) achieves optimal transfer for both small ( 5 

kDa) and mid-size (5-50 kDa) molecules, including mediators 

of inflammation, complement factor D and other molecules 

involved in the development of heart disease (36). The opti-

mal treatment with standard HD or HDF (≥ 3 times per week 

for ≥ 4 h), with blood flow ≥ 300 mL/min, adequate dietary 

intake, interdialysis weight gain < 4% and adequate medica-

mentous treatment (phosphate binders, vitamin D active me-

tabolites, calcimimetics, iron supplements and erythropoie-

tin), should provide a Kt/V ≥ 1.4, mean arterial pressure  105 

mmHg, predialysis serum potassium concentration of 4.6-5.3 

mmol/L, serum phosphate concentration of 0.8-1.6 mmol/L, 

serum calcium concentration of 2.2-2.5 mmol/L, solubility 

product  4.4 mmol2/L2, parathormone levels of 150-300 pg/

mL, bicarbonate level ≥ 20 mmol/L, transferrin saturation of 

30-50%, serum ferritin concentration of 200-500 ng/mL, hae-

moglobin concentration of 100-120 g/L and serum albumin 

concentration ≥ 35 g/L (37). 

In patients with disturbed left ventricular systolic func-

tion, hypotension and haemodynamic instability limit the 

achievement of optimal ultrafiltration during an HD ses-

sion. These patients are candidates for peritoneal dialysis 

because it provides better haemodynamic stability (38). The 

treatment plan for haemodynamically unstable patients 

should also include some of the new HD modalities, such as 

short daily haemodialysis (SDHD) or nocturnal home hae-

modialysis (NHD). SDHD is performed 5 to 6 days per week 

for 1.5-2 hours, whereas NHD is performed while sleeping, 

usually for 6-8 hours, 4-6 nights per week (38).

Secondary treatment plan

Coronary revascularisation

According to coronarographic findings, HD patients are at 

either high risk (coronary disease of the main left ventricular 

artery; three-vessel coronary disease, mild symptoms and de-

creased left ventricular function; two-vessel disease involving 

the proximal left coronary artery) or low risk for acute coro-

nary syndrome (single-vessel coronary disease - only one ves-

sel involved and preserved myocardial function) (6, 39, 40). 

Coronary artery bypass grafting (CABG) decreases the risk of 

acute coronary syndrome in the high-risk group, whereas pa-

tients at low risk are usually treated with drugs, percutaneous 

transluminal angioplasty (PTCA) or coronary artery stenting 

(CAS) (6, 39, 40). HD patients have a significantly higher in-

hospital mortality rate in the first 30 days following CABG 

and are at significantly higher risk for postoperative compli-

cations (sepsis, respiratory insufficiency and gastrointestinal 

complications) compared to HD patients after CAS and non-

renal patients (41, 42). More studies are needed to determine 

the criteria for selecting HD patients and adequate coronary 

revascularisation procedures (41, 42).

Implantable cardioverter defibrillator

ICDs decrease mortality risk by 42% in HD patients sur-

viving cardiac arrest (19, 23, 43). However, only 8% of main-

tenance HD patients who survive cardiac arrest actually 

have preventively placed ICDs (19, 23, 42). ICD implanta-

tion is associated with a high risk of bleeding, infection and 

venous subocclusion and occlusion. Therefore, it is typically 

placed on the side opposite to the vascular access for HD 

(43). ICDs are placed in HD patients with a left ventricular 

ejection fraction < 35% following cardiac arrest caused by 

ventricular dysrhythmias (ventricular tachycardia or fibril-

lation). More clinical studies are needed to define the crite-

ria for choosing patients for this procedure and to assess its 

validity, cost-effectiveness and budget impact in a manner 

similar to other health technologies (43-47).

CASE REPORT

Patient CR, born in 1955, started regular haemo-
dialysis therapy in 1994. (Insuffitientia renalis chron-
ica terminalis, Status post-nephrectomiam lat.dex. 
pp calculosis, Haemodialysis chronica regularis). As a 
part of uncontrolled secondary hyperparathyroidism 
(Secondary hyperparathyroidism, Osteodystrophia 
chronica renalis, iPTH = 1500 pg/ml), the patient 
developed significant vascular (coronary artery) and 
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valvular calcification, which called for triple aorto-
coronary by-pass and implantation of a synthetic mi-
tral valve (Status post-IM inferolateralis aa III, Status 
post-by-pass AC triplex et implantationem valvulae 
mitralis aa III). The patient received regular hae-
modialysis therapy, erythropoietin, statins and anti-
aggregation and anticoagulant therapy with adequate 
laboratory monitoring. Sudden and rapid deteriora-
tion of chronic heart insufficiency (Myocardiopathia 
chronica ischaemica decompensata) and the develop-
ment of cardiogenic shock (Shock cardiogenes) result-
ed in the patient’s death (Exitus letalis).

CONCLUSION

Early identification of maintenance HD patients at risk 

of ventricular dysrhythmias and SCD enables timely and 

adequate treatment to decrease the risk for SCD mortality 

and improve survival.
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te the ob jec ti ve, fin dings, and con clu si ons of the stu di es 

de scri bed in the ma nu script. The ab stract do es not con-

tain ab bre vi a ti ons, fo ot no tes or re fe ren ces.

Be low the ab stract, 3 to 8 keywords or short phra ses 

are pro vi ded for in de xing pur po ses. The use of words from 

Medline thesaurus is recommended.

IN TRO DUC TION 

The in tro duc tion is con ci se, and sta tes the re a son and 

spe ci fic pur po se of the study.

PA TI ENTS AND MET HODS/MA TE RIAL 

AND MET HODS

The se lec tion of pa ti ents or ex pe ri men tal ani mals, in-

clu ding con trols, should be de scri bed. Pa ti ents’ na mes and 

ho spi tal num bers are not used.

Met hods should be de scri bed in suf fi ci ent de tail to per mit 

eva lu a tion and du pli ca tion of the work by ot her in ve sti ga tors.

When re por ting ex pe ri ments on hu man su bjects, it 

should be in di ca ted whet her the pro ce du res fol lo wed we re 

in ac cor dan ce with et hi cal stan dards of the Com mit tee on 

hu man ex pe ri men ta ti on (or Ethics Committee) of the in sti-

tu tion in which they we re do ne and in ac cor dan ce with the 

Hel sin ki Dec la ra tion. Ha zar do us pro ce du res or che mi cals, 

if used, should be de scri bed in de ta ils, in clu ding the sa-

fety pre ca u ti ons ob ser ved. When ap pro pri a te, a sta te ment 

should be in clu ded ve rifying that the ca re of la bo ra tory ani-

mals fol lo wed ac cep ted stan dards.

Sta ti sti cal met hods used should be outli ned.

RE SULTS

Re sults should be cle ar and con ci se, and in clu de a mi-

ni mum num ber of ta bles and fi gu res ne ces sary for pro per 

pre sen ta tion.

DI SCUS SION

An ex ha u sti ve re vi ew of li te ra tu re is not ne ces sary. The 

ma jor fin dings sho uld be di scus sed in re la tion to ot her pu-

blis hed work. At tempts sho uld be ma de to ex pla in dif fe-

ren ces bet we en the re sults of the pre sent study and tho se 

of  the ot hers. The hypot he sis and spe cu la ti ve sta te ments 

sho uld be cle arly iden ti fied. The Di scus sion sec tion sho uld 

not be a re sta te ment of re sults, and new re sults sho uld not 

be in tro du ced in the di scus sion.
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RE FE REN CES

Re fe ren ces should be iden ti fied in the text by Ara bic 

nu me rals in pa rent he ses. They should be num be red con-

se cu ti vely, as they ap pe ared in the text. Per so nal com mu ni-

ca ti ons and un pu blis hed ob ser va ti ons should not be ci ted 

in the re fe ren ce list, but may be men ti o ned in the text in 

pa rent he ses. Ab bre vi a ti ons of jo ur nals should con form to 

tho se in In dex Serbian Journal of Experimental and Clini-

cal Research. The style and pun ctu a tion should con form to 

the Serbian Journal of Experimental and Clinical Research 

style re qu i re ments. The fol lo wing are exam ples:

Ar tic le: (all aut hors are li sted if the re are six or fe wer; 

ot her wi se only the first three are li sted fol lo wed by “et al.”)

12. Tal ley NJ, Zin sme i ster AR, Schleck CD, Mel ton LJ. 

Dyspep sia and dyspep tic sub gro ups: a po pu la tion-ba sed 

study. Ga stro en te ro logy 1992; 102: 1259-68.

Bo ok: 17. Sher lock S. Di se a ses of the li ver and bi li ary 

system. 8th ed. Ox ford: Blac kwell Sc Publ, 1989.
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Chap ter or ar tic le in a bo ok: 24. Tri er JJ. Ce li ac sprue. 

In: Sle i sen ger MH, For dtran JS, eds. Ga stro-in te sti nal di se-

a se. 4th ed. Phi la delp hia: WB Sa un ders Co, 1989: 1134-52.

The aut hors are re spon si ble for the exac tness of re-

fe ren ce da ta.

For other types of references, style and interpunction, 

the authors should refer to a recent issue of Serbian Jour-

nal of Experimental and Clinical Research or contact the 

editorial staff.

Non-English citation should be preferably translated to 

English language adding at the end in the brackets native 

langauage source,  e.g. (in Serbian). Citation in old lan-

guage recognised in medicine (eg. Latin, Greek) should be 

left in their own. For internet soruces add at the end in 

small bracckets ULR address and date of access, eg. (Ac-

cessed in Sep 2007 at www.medf.kg.ac.yu). If available, in-

stead of ULR cite DOI code e.g. (doi: 10.1111/j.1442-2042

.2007.01834.x)

TA BLES

Ta bles should be typed on se pa ra te she ets with ta ble 

num bers (Ara bic) and ti tle abo ve the ta ble and ex pla na tory 

no tes, if any, be low the ta ble.

FI GU RES AND FI GU RE LE GENDS

All il lu stra ti ons (pho to graphs, graphs, di a grams) will 

be con si de red as fi gu res, and num be red con se cu ti vely in 

Ara bic nu me rals. The num ber of fi gu res in clu ded should 

be the le ast re qu i red to con vey the mes sa ge of the pa per, 

and no fi gu re should du pli ca te the da ta pre sented in the 

ta bles or text. Fi gu res should not ha ve ti tles. Let ters, nu-

me rals and symbols must be cle ar, in pro por tion to each 

ot her, and lar ge eno ugh to be readable when re du ced for 

pu bli ca tion. Fi gu res should be sub mit ted as ne ar to the ir 

prin ted si ze as pos si ble. Fi gu res are re pro du ced in one of 

the fol lo wing width si zes: 8 cm, 12 cm or 17 cm, and with 

a ma xi mal length of 20 cm. Le gends for fi gu res sho uld be 

gi ven on se pa ra te pa ges.

If mag ni fi ca tion is sig ni fi cant (pho to mic ro graphs) 

it should be in di ca ted by a ca li bra tion bar on the print, 

not by a mag ni fi ca tion fac tor in the fi gu re le gend. The 

length of the bar should be in di ca ted on the fi gu re or in 

the fi gu re le gend.

Two com ple te sets of high qu a lity un mo un ted glossy 

prints should be sub mit ted in two se pa ra te en ve lo pes, and 

shi el ded by an ap pro pri a te card bo ard. The backs of sin-

gle or gro u ped il lu stra ti ons (pla tes) should be ar the first 

aut hors last na me, fi gu re num ber, and an ar row in di ca ting 

the top. This in for ma tion should be pen ci led in lightly or 

pla ced on a typed self-ad he si ve la bel in or der to pre vent 

mar king the front sur fa ce of the il lu stra tion.

Pho to graphs of iden ti fi a ble pa ti ents must be ac com pa-

nied by writ ten per mis sion from the pa ti ent.

For fi gu res pu blis hed pre vi o usly the ori gi nal so ur ce 

should be ac know led ged, and writ ten per mis sion from the 

copyright hol der to re pro du ce it sub mit ted.

Co lor prints are ava i la ble by re qu est at the aut hors 

ex pen se.

LET TERS TO THE EDI TOR

Both let ters con cer ning and tho se not con cer ning 

the ar tic les that ha ve been pu blis hed in Serbian Journal 

of Experimental and Clinical Research will be con si de-

red for pu bli ca tion. They may con tain one ta ble or fi gu-

re and up to fi ve re fe ren ces.

PRO OFS

All ma nu scripts will be ca re fully re vi sed by the pu blis her 

desk edi tor. Only in ca se of ex ten si ve cor rec ti ons will the 

ma nu script be re tur ned to the aut hors for fi nal ap pro val. In 

or der to speed up pu bli ca tion no pro of will be sent to the 

aut hors, but will be read by the edi tor and the desk edi tor. 
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