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VENTRICULAR ARRHYTHMIAS AND GENETICS

ŠTEFAN KUJANÍK
Department of Physiology, Faculty of Medicine, P. J. Šafárik University, Košice, Slovakia

A b  s t  r  a c  t
Ventricular arrhythmias are a group of cardiac arrhythmias which can be hereditary or acquired. Sudden cardiac death in

younger patients is frequently due to genetic causes. Familial hypertrophic cardiomyopathy accounting for 30% to 40% is asso-
ciated with structural heart disease but the Brugada syndrome and the long QT syndrome (LQTS) are usually with normal car-
diac function. This review article deals with genetics of ventricular arrhythmias. LQTS is genetically caused by nine different
genes. Seven of them (dominant KCNQ1, KCNH2, KCNE1, KCNE2, and KCNJ2, recessive KCNQ1 and KCNQ2) encode the sub-
units of potassium channels, one a sodium subunit (SCN5A), and one mutation of ankyrin B protein (ANK2). Short QT syn-
drome is caused by mutations in three genes (KCNH2, KCNQ1 and KCNJ2) for potassium channel. Brugada syndrome is caused
by five mutations at the genetic loci ARVD 1 (14q23), ARVD 2 (1q42), ARVD 3 (14q12), and ARVD 4 (2q32). Familial hypertrophic
cardiomyopathy is the leading cause of sudden death in young people and athletes with mutations localised to chromosomes
14q12 and 15q14. Familial catecholaminergic polymorphic ventricular tachycardia is caused by mutations in genes 1q42–43
and calsequestrin 2, both involved genes are connected with the release and handling of calcium. There are 429 genes encod-
ing ion channel proteins (most important are in the potassium, calcium, sodium, and chloride channels) in the human recog-
nized now. The elucidation of genetic mutations causing the cardiovascular diseases is rapidly enhancing. 

K e y  w o r d s : arrhythmia, long QT syndrome, short QT syndrome, Brugada syndrome, familial hypertrophic car-
diomyopathy, familial catecholaminergic polymorphic ventricular tachycardia;

INTRODUCTION

Cardiac arrhythmias mean the irregular heartbeat, their origin is polyethiologic. They are pro-
duced by the disturbances in impulse generation and/or conduction. The pathogenesis of
arrhythmias falls into one of 3 basic mechanisms (enhanced suppressed automaticity, triggered
activity and reentry). They can be divided into congenital and acquired according to their origin,
tachyarrhythmias and bradyarrhythmias according to the rate, supraventricular (sinus, atrial,
nodal, His) and ventricular (monofascicular, bifascicular, trifascicular, right ventricular, left ven-
tricular) according to the site of origin. Arrhythmias can be produced also during various dis-
eases, such as cardiovascular, respiratory, renal, metabolic, endocrinologic, by hypoxia, auto-
nomic dysbalance, hypercapnia, surgical procedures, or various drugs. 

The role of genetics in cardiovascular diseases is known mainly in hypertension, atheroscle-
rosis with hypercholesterolemia, and congestive heart failure. Complex interactions of genes and
environmental factors underlie the etiology of these diseases. Ventricular arrhythmias can be
hereditary or acquired. 

Most frequently occurring ventricular arrhythmias of hereditary origin include the long QT
syndrome (LQTS), short QT syndrome (SQTS), Brugada syndrome (BS), familial hypertrophic
cardiomyopathy (FHC), and familial catecholaminergic polymorphic ventricular tachycardia
(FCVT). Discovery of the genes responsible for other ventricular arrhythmias is assumed. 

1. Long QT syndrome (LQTS)

The congenital LQTS was first described in individuals with structurally normal hearts in
1957 (1). It is caused by prolongation of ventricular repolarization and manifested by prolonga-
tion of the electrocardiographic QT interval (2). It is associated with a high risk of sudden death
from ventricular arrhythmias. There are two forms of this disease, autosomal dominant and
recessive (3). The dominant form is more frequent, the rare recessive form is associated with
deafness. Syncopal episodes, malignant ventricular tachycardia, and ventricular fibrillation are
typical clinically for the syndrome. Most of the patients with LQTS are asymptomatic and dis-
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covered by ECG recording, family history, or survived after syncope or severe ventricular
arrhythmias. The prognosis of untreated patients is quite poor. Approximately one-fifth of
untreated patients with syncope die within 1 year and 50% within 10 years. Long QT syndrome
can be acquired due to many drugs (primarily antiarrhythmics), electrolyte imbalance such as
hypokalemia, hypomagnesemia, hypocalcemia, and other causes (4). 
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Table 1: The range of physiological values of QT interval in males and females in dependence of the heart rate in seconds
(according to The American Heart Association; 5). 

40 0.42 0.45 0.46 0.49 0.50

43 0.39 0.44 0.45 0.48 0.49

46 0.38 0.43 0.44 0.47 0.48

48 0.37 0.42 0.43 0.46 0.47

50 0.36 0.41 0.43 0.45 0.46

52 0.35 0.41 0.42 0.45 0.46

55 0.34 0.40 0.41 0.44 0.45

57 0.34 0.39 0.40 0.43 0.44

60 0.33 0.39 0.40 0.42 0.43

63 0.32 0.38 0.39 0.41 0.42

67 0.31 0.37 0.38 0.40 0.41

71 0.31 0.36 0.37 0.38 0.41

75 0.30 0.35 0.36 0.38 0.39

80 0.29 0.34 0.35 0.37 0.38

86 0.28 0.33 0.34 0.36 0.37

93 0.28 0.32 0.33 0.35 0.36

100 0.27 0.31 0.32 0.34 0.35

109 0.26 0.30 0.31 0.33 0.33

120 0.25 0.28 0.29 0.31 0.32

133 0.24 0.27 0.28 0.29 0.30

150 0.23 0.25 0.26 0.28 0.28

172 0.22 0.23 0.24 0.26 0.26

Heart Rate
(per min)

Lower
Limit Men and Children Women Men and Children Women 

Average Value Upper Limit

Without genetic examination it could be very difficult to establish the cause of prolonged QT
interval for as much as its duration in healthy persons can be even over 460 ms sometimes, the
actual end of repolarization or QT interval is not known, duration of QT interval is influenced by
chosen electrocardiographic leads, gender (5, Table 1), method of measuring (automatic or man-
ual), and likewise (6). Except of it, the statistical significance of differences is also dependent on
the mode of QT expression (7), using the nonparametric tests is compared to parametric ones
better in not very large samples. If the patient has a prolonged QTc at baseline (>450 ms in men
and >460 ms in women in the absence of interventricular conduction defects – 8), it is important
to avoid all QT-prolonging medications (9, Table 2). 

LQTS is caused by mutations in nine different genes (Table 3). Seven of them encode the sub-
units of potassium channels, one a sodium subunit (SCN5A), and one the mutation of ankyrin
B protein (ANK2). Activation of these genes leads to changes in depolarization or repolarization
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Table 2: The list of drugs able to prolong the QT interval (according to 9, modified). 
BOLD = major significance (well-documented), REGULAR = low-moderate significance (fewer case reports), ITALIC = minor
significance (theoretical, few if any case reports). 
Abbreviations: ADHD – Attention Deficit Hyperactivity Disorder, SSRIs - Selective Serotonin Reuptake Inhibitors, SNRI –
Serotonine-Noradrenaline Reuptake Inhibitors, TCAs – Tricyclic Antidepressants.

Cardiovascular
Agents

CNS Agents/
Psychotropics

Anti-Infective
Agents

Miscellaneous
Agents

Cytochrome
P450 Inhibitors

Antiarrhythmics:
Amiodarone
(low risk of TdP
compared to other
class III agents such
as sotalol; however
potential for DIs)
Bepridil
Bretylium
Disopyramide
Dofetilide
Flecainide
Ibutilide
Procainamide
Propafenone
Quinidine
Sotalol
Dobutamine
Dopamine
Isradipine
Moexipril/HCTZ
Nicardipine
Norepinephrine

ADHD agents:
Amphetamine
Atomoxetine
Dextroamphetamine
Methylphenidate

Antiemetics:
Dolasetron
Domperidone
Droperidol
Granisetron
Ondansetron

Anticonvulsants:
Felbamate
Fosphenytoin
Lithium

Antipsychotics:
Clozapine
Phenothiazines 
Chlorpromazine
Perphenazine
Mesoridazine
Thioridazine
Butyrophenones
Haloperidol
Thioxanthines
Pimozide
Quetiapine
Risperidone
Ziprasidone
Chloral Hydrate

SSRIs:
Fluoxetine
Paroxetine
Sertraline

SNRI:
Venlafaxine

TCAs:
Amitriptyline
Amoxapine
Clomipramine
Desipramine
Doxepin
Imipramine
Maprotiline
Nortriptyline

Antibiotics:
Cotrimoxazole
Fluoroquinolones
Gatifloxacin
Gemifloxacin
Levofloxacin
Moxifloxacin
Ofloxacin
Macrolides
Azrithromycin
Clarithromycin
Erythromycin
Roxithromycin

Azole Antifungals:
Fluconazole
Itraconazole
Ketoconazole
Voriconazole

Antimalarials:
Chloroquine
Halofantrine
Mefloquine
Quinine
Pentamidine

Alfuzosin
Amantidine
Arsenic trioxide
Cisapride (Special
Access)
Cocaine
Cyclosporin
Foscarnet
Hydroxyzine
Indapamide
Methadone
Midodrine
Octreotide
Phenylephrine
Probucol
Pseudoephedrine
Ritodrine
Tacrolimus
Tamoxifen
Tizanidine
Triptans (Recently
off QT list)
Vardenafil

Antihistamines:
Diphenhydramine
Clemastine
Loratidine
(proposed but no
reports)

Withdrawn:
Astemizole & 
terfenadine

Appetite 
suppressants:
Ephedrine
Fenfluramine
Phentermine
Sibutramine

Bronchodilators:
Epinephrine
Isoproterenol
Levalbuterol
Metaproterenol
Salbutamol/albute-
rol
Salmeterol
Terbutaline

CYP3A4:
amiodarone

Azole antifungals:
Fluconazole
Itraconazole
Ketoconazole

Calcium channel
blockers:
Diltiazem
Verapamil
Cimetidine
Ciprofloxacin
Grapefruit juice

HIV: protease inhi-
bitors

Macrolides:
Erythromycin
Clarithromycin
Troleandomycin
(not with 
Azithromycin)
Methadone

SSRI’s:
Fluvoxamine
Norfluoxetine
Nefazodone
Paroxetine

CYP2D6:
Beta Blockers (BBs)
Haloperidol
Phenothiazines
Quinidine
SSRIs (not interact
with citalopram)
Terbinafine
TCAs
less significant

CYP1A2:
Fluoroquinolones
Fluvoxamine
Grapefruit juice



resulting into prolongation of the ventricular action potentials (AP). The most common causes of
LQTS are mutations in three loci – KCNQ1 (LQT1 locus), KCNH2 (LQT2 locus) and SCN5A (LQT3
locus). The sodium and potassium channels affect the AP duration oppositely. The sodium chan-
nel depolarizes the cardiomyocyte with the highest activity during the fast phase of depolarization.
An increased activity during the plateau phase prolongs depolarization and lengthens the AP.
Potassium channel activity restores the internal negativity of the cardiomyocyte and shortens the
AP. If potassium currents predominate during the plateau, repolarization will occur shortening the
AP as opposed to sodium currents if they predominate during plateau, it prolongs the AP (10). 

The role of genetics with respect to prognosis and therapy for LQTS is not yet clearly solved.
For example, the risk of the first cardiac event is before the age of 40 years in patients with muta-
tions in KCNQ1, KCNH2 and SCN5A genes (3). Female patients with a mutation in the KCNH2
gene showed a higher risk than male patients and patients with mutation in the SCN5A had been
at higher risk. A first cardiac arrest or sudden death was highest among female patients with a
mutation in the KCNH2 gene and male patients with a mutation in the SCNA5 gene (3). Thus,
the role of gender varies according to the genetic locus. There is a large number of mutations
(approximately 300) responsible for LQTS. It is evident that mutations in the KCNH2 or SCN5A
genes are associated with more cardiac pathologies (10). 
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Table 3: Dominant and recessive genetic loci responsible for long QT syndrome (10). 

Arrhythmia Chromosome Gene Frequency

Autosomal Dominant Loci

LQT1 Ilp15 KCNQ1 -50%

LQT2 7q35 KCNH2 30%–40%

LQT3 3p21 SCN5A 5%–10%

LQT4 4q25 ANK2 Rare

LQT5 21q22 KCNE1 Rare

LQT6 21q22 KCNE2 Rare

LQT7 17 KCNJ2 Rare

Recessive loci (and Deafness)

LQT Ilp15 KCNQ1 Rare

LQT 21q22 KCNQ2 Rare

2. Short QT syndrome (SQTS) 

This syndrome was discovered in 2000 (11). It is characterized by the abnormally short QT
interval (approximately 300 ms) and refractory period, enhanced repolarization dispersion, re-
entry mechanism, tendency to the occurrence of atrial or ventricular fibrillation and sudden
death (12). The disease is caused by mutations in genes for potassium channel (KCNH2 or
HERG, KCNQ1 and KCNJ2 or named as SQTS1, SQTS2, SQTS3). The KCNH2 gene, often named
as HERG, the human ether-a-go-go–related gene, expresses a protein that makes up the potas-
sium channel responsible for the rapidly activating rectifier outward current (IKr). The KCNQ1
gene encodes a subunit of the proteins responsible for the slowly activating delayed outward
potassium current (IKs). Mutations in the KCNJ2 gene code the channel protein responsible for
the inward rectifier current (IK1). Three forms of short QT syndrome, which link to three differ-
ent potassium channels that alter currents at different voltages, are the cause of the hetero-
geneity of this disease (10). 

Activation of these mutated genes produces a selective shortening of the ventricular action
potentials and a substantial reduction in the refractory period but not of the Purkinje fibres. This



heterogeneity in action potential durations and refractory periods produces the substrate for
reentrant arrhythmias. The increased heterogeneity of APs can also be present in the atrial
myocardium and may be responsible for the paroxysmal atrial fibrillation and other atrial
arrhythmias. The syndrome usually occurs in structurally normal hearts and can be recognized
by a short QT on the surface ECG. The prevalence of the SQTS is rare. 

3. Brugada syndrome (BS)

This syndrome is known from 1992 (13) and later was named „Brugada syndrome“ or „Sud-
den Unexpected Death Syndrome“. It is characterized by right bundle branch block, ST segment
elevation in V1 to V3 and sudden death. The detailed analysis has identified five responsible
genetic loci including ARVD 1 (14q23), ARVD 2 (1q42), ARVD 3 (14q12), and ARVD 4 (2q32) (14,
15). The genetic abnormalities causing BS have been linked to mutations in the subunit of sodi-
um channel SCN5A. Mutations in this gene result in a loss of function of the channels or rapid
recovery from inactivation. SCN5A was previously shown to be the cause of LQT3, a form of the
Romano-Ward long QT syndrome. This sodium channel behaves abnormally if the movement of
sodium ions into the cells is restricted. Before the episode, the patients present a regular sinus
rhythm and no changes in the duration of QT interval. BS is present in individuals who develop
idiopathic ventricular fibrillation or VT/VF (ventricular tachycardia and fibrillation) unassociat-
ed with any structural heart disease. 

BS and LQTS can both be caused by defects in the SCN5A but are opposite in function,
namely, the former is due to loss of function leading to an accelerated inactivation of the sodi-
um channel resulting in more rapid depolarization (16). Other locus has been localized in chro-
mosome 3 but that gene has not been identified yet. It is expected that more mutations and
genes would be discovered in the BS in the future. Probably a high vagal tone and low sympa-
thetic tone are specific properties of symptomatic Brugada syndrome (17).

4. Familial hypertrophic cardiomyopathy (FHC)

FHC is a genetic disease characterized by hypertrophy and thickness of the left ventricular
wall usually associated with myocyte hypertrophy and myocardial fiber disarray, known also as
hypertrophic cardiomyopathy, hereditary ventricular hypertrophy, asymmetrical septal hyper-
trophy, and hypertrophic subaortic stenosis. Its prevalence is approximately 1 in 500 and it is
the leading cause of sudden death in young people (18) and athletes. It is estimated that over 12
million individuals in the world carry the genetic defect for FHC (10). There are multiple genes
and proteins affected and multiple mutations in each of these genes localised to chromosomes
14q12 and 15q14. FHC is slightly more common in males than in females, it usually occurs at
an earlier age in females than in males at any age from newborn to elderly, worsens over time. 

5. Familial catecholaminergic polymorphic ventricular tachycardia (FCVT)

FCVT is inherited in autosomal dominant and recessive forms occurring without evidence of
structural myocardial disease (19, 20). It is characterized by bidirectional and polymorphic ven-
tricular tachycardia in response to heavy exercise and frequently deteriorates into ventricular
fibrillation and death. Its mortality is around 30%. The first suffering family was mapped to chro-
mosome 1q42–43 (19) and mutations were identified in the gene encoding ryanodine receptor 2
(20). Subsequently, mutations responsible for this disease were also shown to be present in
calsequestrin 2 (21). Thus, both genes are involved with the release and handling of calcium. The
mechanism of ventricular tachycardia induction remains unclear yet. The site of origin of ectopic
beats is epicardium. Probably delayed afterdepolarization induces extrasystolic activity trigger-
ing ventricular tachycardia under defective calcium handling (22). The origin of the ectopic beats
in the epicardium increases transmural dispersion, which provides a substrate for re-entrant
tachyarrhythmias. 
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Genetically conditioned ventricular arrhythmias can be produced also by the dilated car-
diomyopathy, right ventricular cardiomyopathy, and aortic stenosis (23). There are many genet-
ic predictors yet to be discovered.

6. Conclusions 

Most of the genetic defects involve some aspect of the subunits of ion channels. There are 429
genes encoding ion channel proteins recognized in human. In detail, 170 of them encode potas-
sium channels, 38 calcium channels, 29 sodium channels, 58 chloride channels, and 15 are glu-
tamate receptors (24). However, ion channels represent about 5% of the molecular targets of
modern medicine only (25, 26). It is now recognized that in addition to the role of ion channels
regulating membrane potential they also control many other functions including cell volume and
hormone secretion (27, 28). The locus of the causative mutation affects the clinical course of the
long QT syndrome and modulates the effects of the QTc and gender on clinical manifestations.
An approach to risk stratification based on these variables is proposed (3). The elucidation of
mutations causing CVDs is rapidly enhancing and a higher occurrence of genetically conditioned
CVDs is soon expected. The occurrence of all genetically conditioned ventricular arrhythmias in
the Slovak population was not studied yet. 
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HEART RATE VARIABILITY IN SMALL-FOR-AGE NEWBORNS 
DURING FIRST DAYS OF LIFE

ZUZANA LEHOTSKÁ1,3, KAMIL JAVORKA2, MICHAL JAVORKA2, MIRKO ZIBOLEN1,
ALENA ĽUPTÁKOVÁ3

1 Clinic of Neonatology, Comenius University, Jessenius Medical Faculty and Faculty Hospital, 2Department of
Physiology, Comenius University, Jessenius Medical Faculty, Martin, 3Clinic of Anaesthesiology and Intensive

Medicine, Comenius University, Jessenius Medical Faculty and Faculty Hospital Martin

A b  s t  r  a c  t
Small-for-age newborns comprise 10 % of newborn population. Incidence of intrauterine growth retardation varies

from 3-5 % in a healthy maternity population, and 25 % in certain risk groups. Retarded intrauterine growth has been
linked to increased risk of perinatal mortality and morbidity. Heart rate variability (HRV) is the sensitive and clinically
often used method in clinical practice. We determined reference data for a group of small-for-gestational-age newborns
in a range from 10th to 90th percentile. We compared the obtained data with reference group of appropriate-for-age new-
borns. Comparison of a group of small-for-age newborns with appropriate-for-age newborns showed no differences in
parameters of time and frequency analysis and Poincaré plot. We detect significant differences in sequence plot during
1st day of life – decreased ratio in IInd and IVth qvadrant and increased ratio in IIIrd qvadrant in small-for-age new-
borns. There were not significant differences between these two groups in parameters of sequence plot in 4th day of life.
There was significant increase in all HRV parameters from 1st to 4th day of the life, while RR interval stayed almost
unchanged - from 510 ± 10 ms to 528 ± 13 ms. In control group of appropriate-for-age newborns mean RR interval
lenghtens significantly from 485 ± 10 ms to 522 ± 8 ms (p=0,003). In the first day of the life predominates activity of sympa-
thetic nervous system and sympathetic activity rose untill 4th day of the life. Parasympathetic activity was lower, but
increasing significantly until 4th day too.

K e y  w o r d s :  small-for-age newborns, appropriate-for-age newborns, heart rate variability

INTRODUCTION

Small-for-age newborns comprise 10 % of newborn population. Incidence of intrauterine
growth retardation varies from 3-5 % in a healthy maternity population, and 25 % in certain risk
groups. Retarded intrauterine growth has been linked to increased risk of perinatal mortality and
morbidity. Intrauterine growth retardation is frequently followed by fetal distress and surgical
delivery. Small-for-age newborns are the risk group for asphyxia, necrotising enterocolitis, hypo-
glycaemia, hypocalcaemia, polycytaemia, sudden infant death (2,4,7,9) and they are exposed to
higher risk of devolopment of cardiovascular diseases in adulthood (3). Ethiology of hypotrophy
is multifactorial, fetal ( e.g. genetic factors, infections), maternal (e.g. drug abuse, smoking, alco-
hol, placenta insufficiency, maternal morbidity, late conception). All these factors are the reason
of increased interest in and thorough examination of cardiovascular system of small-for-age
newborns. Heart rate variability (HRV) seems to be a sensitive method for detection of subclini-
cal changes in functioning of cardiovascular system. HRV pattern is typical for individual and its
changes can indicate the pathologic process in cardiovascular system or follow pathological
changes of other systems and organs. Because of development of autonomic nervous system,
detection of pathological changes of HRV is dependent on determination and knowledge of phys-
iological values and principles of changes of HRV in specific internal or external conditions. HRV
is a sensitive method to detect early pathological changes in cardiovascular system before clini-
cal manifestation of the disease.
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METHODS

Study group: We examined 30 small-for-age newborns (16 girls, 14 boys) delivered at the
Clinic of Obstetrics and Gynaecology, Jessenius Medical Faculty in Martin in period from March
2004 to July 2005. We excluded newborns with impaired postnatal adaptation, signs of infec-
tion, hyperbilirubinaemia, weight losts exceeded 10 % of birthweight. We performed 2 examina-
tions in 1st and 4th day of the life. Later we compared our small-for-age group with control group
of appropriate-for-age newborns. Mean birthweight in group of SGA newborns was 2500 ± 285 g
(1770 – 2920 g). Mean length 47.3 ± 2.1 cm (41 – 51 cm). They were born in 38th- 42nd week of
gestational age. Apgar score in 1st minute was 9.0 (8-10), in 5th minute 9.0 (8-10) and in 10th
minute 9.7 (9-10). 60 % was delivered spontaneously and 40 % by cesarean section. 

Procedures: We used system VarCor PF for recording data during examination. This system
enable non-invasive examination of heart functions, recording electrocardiogram and evaluating
RR intervals. The interface contain amplifier, an active filter and microprocessor for digitalisa-
tion of sampling and enable the transfer data into Pocket PC, which manages examination, does
the calculation of RR intervals, filter artefacts and create on-line graphic Picture of ECG signal
and RR-intervals. We transferred recorded data through the Pocket i PAQ H 3970 into PC. We
can remove artefacts automatically or manually.
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Standardisation of examination: We used protocol elaborated by Kantor (6). We realised
examination in a calm room without any disturbances and noise, room temperature 20-23 °C,
newborns dressed in comfortable clothes, without restriction of spontaneous moving. Examina-
tion is performed 1-2 hours after breastfeeding. Taking into account the need of long record in
stable circumstances, we performed our examination during sleep using Stefanski classification
(11) of newborn behaviour during sleep, which enables to distinguish REM and non REM phase
of sleep in a routine clinical practice. We made record of standard length of 2200 intervals
(approximately 40 minutes) and observed the behaviour of neonate during examination. Later,
we chose stable interval of 256 RR (5 minutes) and evaluated it by time and frequency analysis
and sequence and Poincare plot. For frequency analysis we used processed records to 2 Hz (func-
tion cubic spline) with standard length of 600 RR intervals. We repeated fast Fourier transfor-
mation in window with length of 256 points and repeated it with drift of 10 points.

Fig 1. System VarCor PF



Statistics: Because of non-gaussian distribution of HRV parameters detected by Liliefors test
we decided to use non-parametric tests. We used Wilcoxon’s test for evaluating changes in HRV
between 1st and 4th day of life. Mann-Whitney U-test was used for comparing female and male
newborns and differences between group of SGA and AGA newborns. We consider p<0.05 as the
significant value.

RESULTS

1/ We determined reference data for group of small-for-gestational age newborns in a
range from 10th to 90th percentile. We compared obtained data with reference group of appro-
priate-for-age newborns.
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Table 1. Results of HRV in gropus of small-for- gestational age and appropriate for gestational age newborns in 1st and
4th day of life (mean value ± SEM).
(AGA= appropriate-for-gestational age, SGA = small-for-gestational age)

MeanRR 485 ± 10 522 ± 8 510 ± 10 528 ± 13

SDRR 24 ± 2 38 ± 3 29 ± 3 46 ± 4

RMSSD 12 ± 1 23 ± 2 12 ± 1 26 ± 4

pNN50 0.019±0.013 0.061±0.012 0.010±0.004 0.091±0.023

pNNL10 0.71±0.03 0.46±0.035 0.73±0.025 0.47±0.035

LF 109 ± 18 279 ± 38 134 ± 21 376 ± 41

HF 71 ± 15 233 ± 33 67 ± 13 281 ± 46

TP 260±42 664±83 314±53 809±91

Length 62 ± 5 100 ± 8 77 ± 8 119 ± 11

W10 23 ± 2 40 ± 4 24 ± 2 42 ± 6

W25 27 ± 2 49 ± 5 28 ± 2 51 ± 7

W50 28 ± 2 50 ± 4 30 ± 3 57 ± 7

W75 32 ± 3 54 ± 5 31 ± 2 64 ± 9

W90 35 ± 4 55 ± 4 33 ± 3 60 ± 8

P-Ist (%) 19 ± 1 20 ± 1 22 ± 1 23 ± 1

P-IInd (%) 28 ± 1 28 ± 1 25 ± 1 25 ± 1

P-IIIrd (%) 23 ± 1 24 ± 1 28 ± 1 26 ± 1

P-IVth (%) 29 ± 1 29 ± 1 26 ± 1 26 ± 1

1st day 4th day 1st day 4th day

AGA newborns SGA newborns

2/ Comparison of the group of small-for-age newborns with appropriate-for-age new-
borns showed no differences in parameters of time and frequency analysis and Poincaré plot. We
detect significant differences in sequence plot during 1st day of life – decreased ratio in IInd and
IVth quadrant and increased ratio in III. kvadrant in small-for-age newborns. There were no sig-
nificant differences between these two groups in parameters of sequence plot in 4th day of life.

3/ Development of HRV in the first days of life in small-for-age newborns. There was sig-
nificant increase in all HRV parameters from 1st to 4th day of life, while RR interval stayed
almost unchanged - from 510 ± 10 ms to 528 ± 13 ms. In control group of appropriate for age
newborns mean RR interval lenghtens significantly from 485 ± 10 ms to 522 ± 8 ms (p=0.003).
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Table 2. Reference data of SGA newborns in the 1st day of the life from 10th to 90th percentile. (Power LF, Power HF,
TP - Total Power, PI-IV -percent of points in quadrant of sequence plot, Length , dispersion at W10 - W90, mean RR,
SDRR- standard deviation of RR interval, rMSSD-root mean square succesive difference, pNN50-percent of intervals with
difference longer than 50 ms, pNNL10-percent of intervals with difference less than 10 ms)

Power LF (ms2) 34.051 61.6775 93.245 170.662 267.764

Power HF (ms2) 12.885 18.692 40.825 92.995 145.527

TP (ms2) 74.504 117.9 223.005 416.04 607.432

PIst (%) 16.24 17 21.37 25.4 29.58

PIInd (%) 19.53 20.46 23.84 29.43 31.68

PIIIrd (%) 20.05 23.92 29.62 32.27 34.53

PIVth (%) 20.73 22.25 23.92 29.93 33.02

Length (ms) 40 48.25 68 99 103.3

W10 (ms) 16 18 20 24.75 34.2

W25 (ms) 16.9 20 22.5 29.75 45.5

W50 (ms) 18.9 20.25 25 38 45.4

W75 (ms) 18.9 21 27.5 39.25 49.3

W90 (ms) 40 48.25 68 99 103.3

MeanRR (ms) 451.7 475.5 510.5 535.75 562.4

SDRR (ms) 15.9 18 26.5 37 40.1

rMSSD (ms@) 5.6 6.825 10.15 16.175 20.59

pNN50 0 0 0 0.01 0.023

pNNL10 0.478 0.6325 0.775 0.87 0.921

SGA newborns – 
1st day

10th
percentile

25th
percentile

50th
percentile

75th
percentile

90th
percentile

In the first day of the life predominates activity of sympathetic nervous system and sympathetic
activity rose untill 4th day of life. Parasympathetic activity was lower, but increasing significantly
until 4th day too. 

Frequency analysis. In the first day of life predominates activity in LF bound. In 4th day of
the life we found significant increase in TP, LF and HF. We didn’t find significant changes
between SGA and AGA newborns. 

Sequence plot. We found significant changes in 1st day of life between SGA and AGA new-
borns – lower ratio in IInd and IVth quadrant and higher ratio in IInd quadrant comparing with
AGA newborns(*p<0.05). There were not any differences between these two groups in the 4th day
of life. In the 1st and 4th day predominates in both groups activity in IIIrd quadrant (sympathetic
nervous system). We didn’t detect significant increase of activity in any of the followed parame-
ters in either group. 

Poincaré plot. Length – determining long-term variability increase in the first day of life sig-
nificantly. The same trend was observed in dispersion 10th, 25th, 50th, 75th, 90th percentile,
which determine short term variability (*p<0.05). 

Mean RR didn’t change significantly in the first days of life in SGA group. In control group of
AGA newborns RR interval lengthen significantly (*p<0.05). We detected significant increase in
SDRR, which characterises total variability. Increasing of rMSSD mention of increasing activi-
ty of parasympathetic nervous system(*p<0.05). pNN50 as parameter defining activity of
parasympathetic nervous system increase significantly too.



DISCUSSION

Evaluation of the HRV in neonatal period is a complex problem. It is necessary taking into
account complex of factors and external circumstances which take part on resulting HRV. The
important condition for evaluating of obtained records is to determine reference values for cer-
tain age group. We evaluated our results by time analysis like Mehta et al. (8) and frequency
analysis like Kantor (6). Mehta used method of Holter monitoring and set standard values for
newborns under 72 hours. Our protocol approach more to Kantor, who examined HRV in new-
borns in the 1st and 3rd day of life. Our contribution to this task was evaluation HRV in new-
borns by non-linear methods – sequence and Poincaré plot. It seems that sequence plot is a sen-
sitive method which detects changes in HRV missed by linear methods. HRV is a sensitive
parameter changing with external and internal circumstances. We used standard protocol of
examination HRV in newborns elaborated by Kantor in 2003 (6). The important fact in newborn
period is character of breathing, characterised by higher frequency. Breathing changes occur
during sleep too. For evaluating phase of sleep in clinical practice we used Stefanski score sys-
tem (11) suitable for SGA and AGA newborns. It is supposed that the lower birthweight is accom-
panied by decreased HRV (1). Vinkestein et al. (13) found in small-for-age group decreased HRV
and decreased LF/HF ratio. Spassov et al. (10) examined HR and HRV in small-for-age newborns
born in 37th -41st gestational week during sleep. In both sleep stages small-for-age newborns
differred from appropriate-for-age ones by decreased HRV in all bounds and shorter RR inter-
vals. Non-REM sleep differs from REM sleep longer RR intervals, increased variability in HF band
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Table 3. Reference data of SGA newborns in the 4th day of the life from 10th to 90th percentile (Power LF, Power HF, TP
- Total Power, PI-IV -percent of points in quadrant of sequence plot, length, dispersion at W10 - W90, mean RR, SDRR-
standard deviation of RR interval, rMSSD-root mean square succesive difference, pNN50-percent of intervals with diffe-
rence longer than 50 ms, pNNL10-percent of intervals with difference less than 10 ms).

Power LF (ms2) 135.479 198.55 339.715 551.597 634.638

Power HF (ms2) 45.953 77.98625 162.84 482.1625 594.343

Total Power (ms2) 289.691 391.555 634.965 1263.898 1583.514

Pist (%) 17 19.16 22.64 26.16 29.51

PIInd (%) 19.48 22.09 24.97 28.03 32.05

PIIIrd (%) 19.97 23.05 26.23 30.36 33.35

PIVth (%) 19.97 23.45 25.84 28.3 31.18

Length (ms) 53.7 77.25 102.5 152.5 189.6

W10 (ms) 17 22.25 30 52.25 86.7

W25 (ms) 22.8 28 34 64.25 105.1

W50 (ms) 23.7 30.5 41 68.25 123.5

W75 (ms) 27.6 33 41 76.25 110.3

W90 (ms) 29.5 36.75 49 72.5 84.2

Mean RR (ms) 449.5 473.5 522 586.5 620.5

SDRR (ms) 24.3 28.75 42 58 72

rMSSD (ms@) 10.47 13.05 19.55 31.075 49.23

pNN50 0 0 0.02 0.1575 0.258

pNNL10 0.189 0.315 0.45 0.6325 0.73

SGA newborns – 
4th day

10th
percentile

25th
percentile

50th
percentile

75th
percentile

90th
percentile



in both groups, decreased variability in LF band. It was the evidence of changed activity of
autonomous nervous system in a risk group small-for-age newborns. These changes are proba-
bly caused by higher metabolic exchange in small-for-age group. In our study we observed ten-
dency to higher HRV in small-for-age group. We examined newborns in the 1st and 4th day of
life. There were no significant differences between group of small-for-age and appropriate-for-age
newborns in time and frequency domain analysis and Poincaré plot. There were significant dif-
ferences between these two groups in the first day of life in parametres of the sequence plot (P IInd,
PIIIrd, PIVth). We didn’t find these differences in 4th day of life. There was significant increase
in HRV parametres of time and frequency domain analysis and Poincaré plot in both groups.
There were not significant increase in parametres of the sequence plot between the 1st and 4th
day of life. Our results were similar to Kantor (6). In contrast to increased HRV, the length of RR
interval in small-for-age newborns stayed unchanged. In a group of appropriate-for-age new-
borns was RR interval significantly longer in comparison with the 1st day of life.

In healthy neonates HR decreases during the first few days of life. Suzuki at al. (12) exam-
ined HRV in appropriate-for-age, small-for-age fetuses and fetuses suffering hypoxaemia. Diur-
nal changes in HRV were not present in a condition of chronic hypoxaemia. Autonomous nerv-
ous system is an important factor in regulation of metabolism, energetic balance and fat
reserves. This fact can explain trend to higher HRV in small-for-age newborns, although there
are no significant differences. We can ask what is the underlying condition of these changes? Is
it delivery stress, postnatal maturation of autonomic nervous system or postnatal adaptation
of cardiovascular or respiratory system (5)? Explanation of postnatal changes of HRV remain
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Table 4. Comparison of small-for-age newborns with appropriate-for-age newborns in 1st and 4th day of the life by Mann-
Whitney U-test ((Power LF, Power HF, TP - Total Power, PI-IV -percent of points in quadrant of sequence plot, length, dis-
persion at W10 - W90, mean RR, SDRR- standard deviation of RR interval, rMSSD-root mean square succesive difference,
pNN50-percent of intervals with difference longer than 50 ms, pNNL10-percent of intervals with difference less than 10 ms)

Power LF 0.258 0.109

Power HF 0.877 0.706

Total power 0.311 0.258

P Ist 0.112 0.056

P Iind 0.030 0.122

P IIIrd 0.005 0.149

P Ivth 0.016 0.056

DO 0.128 0.271

W10 0.92 0.652

W25 0.813 0.559

W50 0.935 0.994

W75 0.912 0.848

W90 0.594 0.813

Mean RR 0.063 0.988

SDRR 0.124 0.164

RMSSD 0.853 0.971

pNN50 0.368 0.970

pNNL10 0.824 0.824

U-test AGA vs. SGA newborns 
1st day (p)

AGA vs. SGA newborns
4th day (p)



open to investigation. Physiological values for certain age groups are indispensable condition for
examination of autonomic nervous system in pathological conditions and in making access to
early recognition and treatment of newborns with impaired postnatal adaptation.
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A b  s t  r  a c  t
Kaposi’s sarcoma is an unusual neoplasm that has proven to be an enigma in many ways since its first description

in 1872. The lesions contain spindle cells that share features with endothelial cells and smooth muscle cells and are in
all likelihood primitive mesenchymal cells that can form vascular channels. Kaposi-like hemangiomatous lesions are
infiltrative diseases that closely resemble both normal vessels and Kaposi’s-like structures. Morphological picture of
these lesions may be similar so it is sometimes difficult to distinguish clearly hamartomas, malformations, and tumors
- benign or malignant. The authors present a case and a review of the present knowledge on bioptic differential diagno-
sis between some histologically close lesions.

K e y  w o r d s :  Kaposi’s sarcoma, spindle-cell hemangioendothelioma, Kaposiform hemangioendothelioma, acquired
tufted angioma, histology, differential diagnosis

INTRODUCTION

In 1872 Hungarian pathologist Moritz Kaposi (9) described five cases of an unusual tumor
that principally affected the skin of the lower extremites in a multifocal, often symmetrical fash-
ion. He considered the condition a round cell sarcoma that he termed „idiopathic multiple pig-
mented sarcoma of the skin“. Since his original description there have been dissenting opinions
as to whether the lesions of Kaposi’s sarcoma (KS) are hyperplasias or neoplasias.

The similar lesions termed Kaposiform hemangioendothelioma (KHE) are rare tumors that
occur nearly exclusively during childhood (19). In the past, these lesions were reported under
a variety of names, including „Kaposi-like infantile hemangioendothelioma“, „hemangioma with
Kaposi sarcoma-like features“, and simply „hemangioendothelioma“ (17). The lesions occur in
either superficial or deep soft tissue. (11). 

Another lesions similar to KS are benign tumors described as „spindle cell hemangioen-
dotheliomas“ (SCH) (13). They are acral vascular tumors characterised by cavernous blood ves-
sels and areas reminiscent of KS, and acquired tufted hemangioma or angioblastoma of Naka-
gava (ATH), first described by Wilson-Jones and Orkin in 1989 (18). The latter tumor more like-
ly represents a limited form of KHE in adults (12). Taxonomic distinctions have been made all
the more difficult by the fact that classifications of vascular lesions as proposed by clinicians,
pathologists and radiologists vary because of the reliance on different parameters. In this paper,
we present a a case and a review of the present knowledge on bioptic differential diagnosis of the
histologically similar lesions.

PATIENT AND METHODS

The patient, 71-year-old woman with rheumatoid arthritis was treated with systemic
immunosuppressants for nearly 4 years. Two months before the bioptic diagnosis, red to purple
skin plaques developed on the lower and upper extremities. Within a few weeks, the nodules
gradually increased in number.
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The formalin fixed tissue of the surgically removed specimen was routinely processed and the
sections were stained with hematoxylin and eosin, PAS with and without diastase treatment,
alcian blue at pH 2.5, Gomori’s stain for reticulin fibers and Perals and Giemsa method for
hemosiderin and cellular details. For immunohistochemistry, the sections were stained with
antibody against vimentin (V9), a-smooth muscle actin (1A4), S-100 protein (monoclonal), CD34
(Qbend 10), HMB-45, melan A (A103) (all from DAKO) and KI-67 (MIB1, Immunotech) using the
avidin-biotin peroxidase complex technique. Appropriate controls were used.

RESULTS

In microscopic examination a flat lesion involving most of the dermis was characterized by
proliferation of miniature vessels surrounding larger ectatic vessels. A slightly more advanced
patch lesion displaied, in addition, a loosely ramifying network of jagged vessels in the upper and
middle dermis. A discernible but relatively bland spindle cell component, initially centered
around the proliferating vascular channels was detected, too (Fig. 1). There was also a sparse
inflammatory infiltrate of lymphocytes and plasma cells surrounding the patch lesion (Fig. 2).
Hemosiderin deposits and dilated vessels were seen at the periphery of nodular lesions. Seldom
hyaline globule was present. These PAS-positive, diastase resistant spherules 0.5 – 10 Ķm indi-
ameter were located both intracellularly and extracellularly. There was little mitotic activity and
cellular atypia of the spindle cells.
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Fig. 1. Our case of Kaposi’s sarcoma illustrating monomorphic spindle cells in ill-defined fascicles (HE, 120x)



Immunohistochemically the spindle shape cell component was positive for vimentin and a
quarter of tumorous cells expressed CD34. Ki-67 was positive in 5 % of nuclei. All other antibod-
ies gave negative results. Histologically differential diagnosis between KS and tumors reminiscent
of KS was established after exact clinical information which was obtained from the physician of
the patient. Based upon histological and clinical pictures, supported with the information about
immunomodulation therapy of the patient due to a systemic disease, the authors defined the case
as KS developed most probably as a result of immunosuppresion of the organism.

.
DISCUSSION

KS occurs in four well-defined clinical settings: chronic, called classic, occurring primarily in
older men of Eastern Europe or of Mediterranean descent. Lymfadenopathic or endemic (African)
KS is prevalent among young Bantu children in whom the disease is extremely aggressive. Trans-
plant-associated KS appears months to years after receiving high doses of immunosuppressive
therapy. AIDS-associated (epidemic) KS is found in over one fourth of AIDS patients (11,17).

While thorough medical history can help the clinician to suppose and diagnosis of KS, the
histological picture of this disease lacks any substantial differences both in various clinical
forms of KS and in various Kaposi like hemangiomatous lesions (6, 7,). Brief overview of the clin-
ical data found in various KS forms is shown in Tab. 1. Basic overview of the clinical data, his-
tological ones with characteristics, and biological behaviour of KLHL is shown in Tab. 2.
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Fig. 2. Groups of spindle cells are separated by slit-like spaces containing erythrocytes (Masson’s stain, 240x)



The most important histological feature of differential diagnosis in KS, SCH, KHE and ATA
are the presence of cavernous vessels lined by flattened endothelial cells containing a mixture of
erythrocytes and thrombi (9, 11, 17). They contain distinctive round or epitheloid cells with intra-
cytoplasmatic lumen in SCH (3,14), glomeruloid nests of rounded epitheloid endothelial cells in
KHE (4, 10) and capillary-sized vessels that grow in „cannonball“ in ATA fashion (1, 11). Immuno-
histochemical detection of FVIII is usually negative in KS, and KHE (5,11). ATA is negative in all
cases (5, 17). In SCH, FVIII is positive in proliferative and involuting phases (17). CD34 is positive
in KS, SCH and KHE (3, 4, 12) while in ATA it is only occasionally positive (18). Ki67 labeling index
is below 10% for plump endothelial cells of well differentiated KS and KLHL (8, 17).

These findings can be found only in typical cases. In the stage of poor differentiation or de-
differentiation, immunohistochemical phenotype of tumors can be different. This is what makes
differential diagnosis of KLHL in practice difficult. It is necessary to note that the problems of the
differential diagnosis of KS do not confine just to the vascular tumors, they occur, for example
also in the differential diagnosis of non- neoplastic (reactive) lesions (2,3,15,16). Cutaneous reac-
tive angiomatosis may show atypia in endothelial cells and mimic KS or KLHL (11). 
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Table 1. Overview of clinical findings of Kaposi’s sarcoma (KS)

Form of KS / Typical
features 

Chronic Lymphadenopathic Transplantation-
associated

AIDS-related

Location

Clinics

Macroscopic

Biological 
characteristic

Other

Lower extremities,
multiple cutaneous
lesions

Adult men (90%)

Initial lesions-a
blue-red nodule
Later-lesions-deep
soft tissue or lymp-
hatic involvement

Malignant

1/2 cases are second
tumors, primarily
present are neo-
plasms of lympho-
reticular origin
(lymphoma, leuke-
mia, multiple mye-
loma)

Localized or genera-
lized lymphadeno-
pathy, with involve-
ment of cervical,
inguinal and hilar
LN, occasionaly
ocular tissues and
salivary gland

Young African child-
ren

Skin lesion are
sparse

Course of the 
disease is fulminant

Tendency toward
internal involve-
ment.

Lesions are on the
skin or widely
metastatic

Developed in renal
transplant patients
(1%-4%) average on
16 months after the
transplant

Blue-red skin 
plaques or nodules
sometime 
exulcerated

Course of the 
disease depends on
the stage of the
disease and the
ability to manipulate
the immunosupp-
ressive dosage
successfully

Immunosuppression
affection present a
risk

Predilection for
lines of the skin
cleavage.
Some lesions are
on the tip of the
nose, multiple oral
lesions and many
internal lesions

Young adult

Small, flat, pink
patches. They later
acquire the classic
blue-violet papular
appearance

KS in AIDS
patients has a far
more aggressive
course

Approximately 30
% of patients with
AIDS have develo-
ped KS
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Table 2. Overwiev of clinical, histological and biological characteristics of Kaposi@s Sarcoma, Spindle-cell hemangioen-
dothelioma, Kaposiform Hemangioendothelioma and Acquired Tufted Angioma

Diagnosis Kaposi’s Sarcoma Spindle-cell
Hemangio-
endothelioma

Kaposiform
Hemangio-
endothelioma

Acquired 
Tufted 
Angioma

Clinic

Histology

Special staining

Dignity

See tab.1

The earliest (patch)
stage: proliferation
of miniature vessels
surrounding larger
ectatic vessels.
A slightly more
advanced patch
lesions display loo-
sely ramifying net-
work of jagged ves-
sels.The more
advanced (plaques)
stage produced the
vascular proliferati-
on with spindle cells
component with
slit-like spaces and
Er, Ly, Pc

PAS + and diasta-
se-resistant intra-
and extra-cellularly
spherules,
iron +, 

FVIII usually -,
PAL-E early +/ late
-, VEGFR3 +++,
CD34 occasionally +

Malignant see tab. 1

Young adults, the
subcutis of the
distal extremities
affected,, particular-
ly the hand. Someti-
mes associated with
Maffucci syndrome

Thin-walled caver-
nous vessels lined
by flattened endot-
helial cells and con-
tain a mixture of Er,
and a thrombi. Bet-
ween the cavernous
spaces are bland
spindle areas remi-
niscent of KS. They
contain distinctive
round or epitheloid
cells containing
vacuoles or intracy-
toplasmic lumens.

FVIII +, CD34 + (in
proliferative and
involuting phases),
VEGFR3 -

Tumor originally in
groups with limited
metastatic potenti-
al, it is regarded as
a benign, multifocal
lesion. About 60 %
of tumors reccur.

In the childhood in
soft tissue, particu-
larly the retroperi-
toneum (with con-
sumption coagulo-
pathy and throm-
bocytopenia’-
Kasabach-Merritt
syndrome)

The ill-defined
nodules that sug-
gest both capillary
hemangioma and
KS-like structures.
Mixture of small,
round, capillary-
size vessels that
blend with slit-like
vessels. Glomerulo-
id nests of rounded
or epitheloid endot-
helial cells. Mic-
rothrombi occasio-
nally present

Iron +, hyalin glo-
bules PAS + pre-
sent in the spindle
zone.
VEGFR3 strongly
+, FVIII occasional-
ly -, CD34 +.

The behavior is
strongly influenced
by site, clinical
extent, and the
development of
consumption coa-
gulopathy

Older group of
patients. Slowly
growing erythema-
tous macules or
plaques involving
the dermis of the
upper portions of
the body

Nodules of capilla-
ry-sized vessels
that grow in
a „cannonball“ fas-
hion throughout
the deep dermis.
Vessels may be
imperfectly canali-
zed with impressi-
on of solid nests of
endothelial cells.
At periphery some
of the vessels
appear flattened or
slit-like, reminis-
cent of KS

Solid endothelial
nests do not
express FVIII (-)
Antigen CD34 can
be +

Progressive spread
with ultimate sta-
bilisation
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STRATIFICATION OF RISK FACTORS IN MINIINVASIVE GALLBLADDER
SURGERY
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A b  s t  r  a c  t
The laparoscopic cholecystectomy (LCHE) is currently a standard therapeutic method.The possibility of estimating

the difficulty of the LCHE according to the pre-operational risk parameters is a subject of clinical research.
In a retrospective study, which lasted from January until November 2005, the authors observed the occurrence of

selected risk factors in a group of 222 patients with indicated cholecystectomy. In accordance with the acquired data,
we searched for statistical importance and correlation of their occurrence with the operation type.

Following the various occurrence of the signs by laparoscopically or open cholecystectomically done operation, the
authors determined risk parameters useful for preoperational specification of operation.

Correct indication of operation method can help to avoid possible conversions, which are unwanted as for the pati-
ent, as for the medical facility. Despite the popularity of mini-invasional gallbladder surgery it is essential to consider the
patient’s benefit in the first place, and not to execute the LCHE by all means.

K e y  w o r d s :  laparoscopic cholecystectomy, risk factors, conversion

INTRODUCTION

The laparoscopic cholecystectomy (LCHE) is considered to be the golden standard in the gallb-
ladder diseases therapy. In comparison to open cholecystectomy, it offers a wide range of advanta-
ges (shorter hospitalization, minor chirurgical wound, shorter convalescence, milder stress reacti-
on during the surgery, soon return to ordinary life). In spite of aforementioned advantages it is not
possible to completely avoid the laparotomic operation. The absolute LCHE contraindications are:
decompensated coagulopathy, diffuse peritonitis, pre-operationally diagnosed gallbladder carcino-
ma, proven biliodigestive fistula, gravidity and capnoperitoneal intolerance because of concomitant
diseases, mainly cardiovascular and respiratory system (1,2). These contraindications are totally
obvious even to a less experienced surgeon. On the contrary, the knowledge of relative contraindi-
cations of LCHE requires an experienced surgeon and a careful consideration.

Identification of signs defining the relative LCHE contraindications is essential when choosing
the operational strategy, operation type and mainly when avoding conversions, which are not a
complication of operational method indeed, but elective or rational finishing of the operation, but
they cause elongation of the execution of operation, increase of patient’s preoperational stress,
prolongation of post-operational healing, disturbation of the operational programme and last but
not least increase of the financial requirements.

PATIENTS AND METHODS

The work is based on a retrospective study. 222 patients with gallbladder diseases operated
on in the period from January to November 2005 in Faculty Hospital of Martin took part in this
study. The indication to operation was cholecystolithiasis of various character.

To maximize the limpidity of observed signs we recorded these to Microsoft Excel sheets. We
observed the most commonly stated risk factors in literature: sex (men have stronger tissues -
more difficult gallbladder preparation, more anatomical variations), previous abdominal operati-
ons above the umbilicus level (massive intergrowths blocking the kapnoperitoneum genesis),
overcome acute cholecystitis (CHC) in last 3 weeks (intergrowths), biliary colic within last 3
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weeks (tissue saturation, increased tendency to bleeding and fragility - risk of bleeding and gallb-
ladder perforation with laparoscopical instuments), palpable mass in right hypochondrium
(gallbladder hydrops, gallbladder or adjacent tissue tumor, cholecystitis with inflammatory infilt-
rate), palpation pain in right hypochondrium (inflammation changes), elevated white blood cell
count of peripheral blood above 10x109/ l (unspecific inflammation symptom), gallbladder wall
= 4 mm (USG) (hindered grasp and holding of the gallbladder in the instruments), enlarged (hyd-
roptic) gallbladder above 4.5 cm (USG) (hindered grasp, frequent need of perioperational gallb-
ladder punction), shrunken gallbladder (USG) (difficult preparation) (3). Presence of given sign
was labeled „1“, absence „0“ (in the table).

Besides the stated risk factors we recorded patient’s identification data and data on the sur-
gery (date, surgeon, lenght of operation).

With the help of Student’s t-test we compared the occurrence of each of the signs in patients
operated on laparoscopically and open cholecystectomically and we were searching for any sta-
tistical dependence between the operation type and the occurrence of each of the signs. We were
verifying the hypothesis, according to which there are pre-operational risk parameters, which
(when present) increase the difficulty of the surgery. Thier identification and correct considerati-
on allow the operator to choose the optimal operational method. The group of converted patients
served us to find out if it was possible (according to the pre-operationally identified factors) to cho-
ose an open cholecystectomic method from the start and so to avoid unwanted conversion.

RESULTS

A group contained 162 women (72.97%) and 60 men (27.03%). The ratio of operated on
women to men was 2.7:1. From 222 operations 172 were executed by laparoscopy, 41 by open
cholecystectomy and 9 conversions. (Fig.1).                                        

The average age of operated on women was 54.32 years and of men 56.47 years. The total
average patients‘ age was 54.9 years. The youngest operated patient was 24, the oldest 93. The
average operation time was 1 hour 9 minutes, the shortest cholecystectomy took 23 minutes, the
longest one 3 hours 31 minutes.

The laparoscopical method was converted in 9 cases (4.97 %; the European average is 5.2 %)
(4). Three patients were converted for unclear anatomic conditions in Calot’s triangle, three for
occurrence of intergrowths, two for bleeding from the area of gallbladder and one for gallbladder
perforation.

By using the t-test we found out that the open cholecystectomically operated patients had sig-
nificantly (p < 0,05) higher occurrence of observed risk factors, except for USG gallbladder
shrunkage, at which the statistical importance was not proven (p>0,05).
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Fig. 1: From 222 operations, 172 were executed by lapa-
roscopy, 41 by open cholecystectomy and 9 conversions.O
(red) = open cholecystectomy, C (blue) = conversion, S
(brown) = laparoscopy.

Fig. 2: The most important signs and their percentage of
occurrence according to the operation type.



According to occurrence frequency of single factors we created an order of seriousness of sing-
le factors. Fig. 2 shows 6 of the most important signs and their percentage of occurrence accor-
ding to the operation type.

DISCUSSION

The possibility of a sufficiently exact estimation of LCHE difficulty based on easily interpre-
table pre-operational risk factors is a long-term question of interest of clinical research. A suffi-
ciently responsible, universal and valid system would identify patients with indicated elective
laparotomy and would enable to organize an optimal operational team with experienced opera-
tors as well.

Undoubtedly, it is generally difficult to determine which of the observed signs is the most seri-
ous at choosing the operation method. Every operator, following his experiences, considers the
given status differently, but it is certain that the presence of signs significantly hinders the lapa-
roscopical method at cholecystectomy. Cases with higher number of risk factors deserve well
experienced operators.

By the method of statistical analysis, we have identified 9 risk parameters (male sex, previ-
ous abdominal operations above the umbilicus level, overcome acute cholecystitis (CHC) in last
3 weeks, biliary colic within last 3 weeks, palpable mass in right hypochondrium, palpation pain
in right hypochondrium, elevated white blood cell count of peripheral blood above 10x109/ l,
gallbladder wall = 4 mm (USG) and enlarged (hydroptic) gallbladder above 4.5 cm (USG)), which
make the laparoscopic method more difficult and in the case of their multiple presence it’s
appropriate to choose elective laparotomy.

According to the literary sources, 0.8 – 17.2 % (6) of LCHE in the world is converted. Such a
huge interval is a sign of lacking of a universally valid scoring system and of missing unity in
judging of the pre-operational risk parameters. Even between European and non-European
countries there is a difference in the number of conversions (Table 1) (7).
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Table 1. Occurrence of conversions in chosen countries.

Author Country File % of conversions

Martinez Cuba 1300 0.8

Modrzejewski Poland 4000 1.1

Dubois France 2006 2.1

Cala Croatia 1000 3.5

Morlang Germany 1775 4.4

Fried Canada 1676 5.4

Only 2 from 9 conversions were originally started as a laparoscopy despite the occurrence of
risk parameters. The remaining 7 conversions were unpredictable and did not have the occur-
rence of risk factors. That means that the operators of surgical clinic MFN have high success-
fulness at determining the operational method and the number of conversions is lower than in
majority of European countries.

The difficulty of laparoscopic cholecystectomy, determined according to simple pre-operatio-
nal risk parameters, gives us the possibility to reach the real limits of operations and so to achi-
eve the optimal limits of operation and potentional ideal results at the rutine application in cli-
nical practice.   

Despite the popularity of mini-invasional gallbladder surgery (80 % of all gallbladder operati-
ons) (5) it is essential to consider the patient’s benefit in the first place, and not to execute the
LCHE by all means.
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A  b  s  t  r  a  c  t
Disability of social functioning is a severe problem which disturbs social relations, increases a level of dependence

and needs compensation by nursing care.   
The purpose of this study was to compare social functioning of seniors relating to gender and type of care required

by residents of a home for retired and a hostel for retired. Further objective of our study was to identify out relations
between particular fields of senior’s social functioning and factors influencing disability of social functioning of seniors. 

Study sample consisted of 60 subjects, 30 of which lived in a hostel for retired and 30 lived in a home for retired.
There were 30 women and 30 men.

All participants were interviewed by researcher and completed WHO Disablement Scale, Barthell Index (ADL), Bech’s
PCASEE Scale for measuring quality of life, LOGO-Test for measuring meaning of life and WHO Well-Being Question-
naire for measuring well-being.

The seniors were disabled in all fields of social functioning. All fields of social functioning were significantly lower in
residents of the home for retired than in those living in hostel for retired. Men reported significantly higher disablement
in family and home than women. There were significant correlations among all fields of social functioning. The level of
dependence in activities of daily living (ADL) also correlated with those all fields of social functioning. All fields of social
functioning including dependence of daily living significantly correlated with physical problems (P), social problems (S),
overall quality of life (PCASEE), well-being (WBQ), and senior’s meaning of life (LOGO). Social functioning in old age is a
whole that is determined by bio-psycho-spiritual state and needs. The care of elderly has to be provided in accordance
with these findings. 

K e y w o r d s :  social functioning, disablement, senior, nursing care

INTRODUCTION

Disability of social functioning is one of negative changes occurring during ageing and in
elderly. Although, it is often present in ageing population, it is not an unchanging and inevitable
phenomenon. We can prolong the life without disability, retard progression and soften aftermath
of disability by adequate special care. Appraisal of functional state always has to be a part of gen-
eral examination of the senior (1).

Social functioning is interaction of person with environment, functioning in social role. We
can distinguish instrumental and expressive roles. Instrumental roles relate especially to indi-
vidual’s adaptation in wider society and individual’s relations to external objects. They include:
housework, job, economic management. Expressive roles are connected with keeping integrating
and emotive relations among members of family. Expressive roles include: a) partner, b) parents,
c) relatives, d) social participation in broader social context (2).

Functionality, function’s ability: superior term for physical functions, physique, activity and
participation. It expresses positive aspects of interaction among individual and environmental
factors (3). 

Social functioning is one of factors that determine resultant quality of life. (4, 5). It is a part
of various conceptions and models of quality of life (6, 7, 8).

According WHO social functioning consists of following fields: self-care, job performance,
functioning in family and household, functioning of wider society. We include dependence or
independence of activity of daily living there, as well. 
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METHODS

Aim of work. The aim of work was to compare senior’s social functioning relating to gender
and type of care required by residents of a home for retired and hostel for retired. Our further
objective was to identify relations between particular fields of senior’s social functioning and fac-
tors influencing disability of senior’s social functioning as a comprehensive phenomenon. These
factors have to correlate with all fields of social functioning. 

Characteristics of group. Study sample consisted of 60 subjects, 30 of which lived in a hos-
tel for retired and 30 lived in a home for retired. There were 30 women and 30 men in the sam-
ple. The mean age of those living in a hostel for retired was 72.1 ± 5.1 ys. (x ± SD), those living
in home for retired was 76.2 ± 5.2 ys. The mean age of women was 74.3 ± 5.7 ys. and of men
was 74.1 ± 5.3 ys. 

The mean length of stay at the hostel for retired was 3.6 ± 3.6 ys. and for those in the home
for retired was 5.3 ± 3.5 ys; for women 4.7 ± 3.6 ys. and for men 4.2 ± 3.6 ys. 

The inclusion criteria were: age 65 or higher, willingness to participate, informed consent,
ability to understand instructions related to the research methods. 

The exclusion criteria were: hearing disability, inability or difficulty to communicate, acute or
chronic mental disorder, acute somatic disease.

For collecting the data, WHO Disablement Scale for measure level of disability was used (9).
On the scale of 0 - no disablement until 5 – severe disablement, the respondents rated four top-
ics: DS – A: self care – daily activities, DS – B: work – various activities, care of own home, DS –
C: family and home – contacts with a spouse, children, relatives, DS – D: acting on broad social
context, participation in social events, leisure time. 

The dependence on self-care activities of daily living was assessed by Barthel Index (ADL),
where higher value means higher independence of the individual scale from 0 to 100 (10). 

The meaning of life was assessed by LOGO – Test (11), where higher score means lower mean-
ing of life and higher existential frustration. 

The Bech’s PCASEE Scale for Measuring Quality of life was used with P for physical problems,
C for cognitive problems, A for affective problems, S for social dysfunction, E1 for economic prob-
lems and E2 for ego problems (12). In each group there are five items which are marked by
respondents with a number, from 0-bad, to 5- good. The summary of single items with the high-
est mark is 150.

We also used the WHO Well-Being Questionnaire to assess well-being (12). Ten items which
are marked by respondents with a number, from 0 – minimal well-being to 3 – maximal well-
being.

Statistical analyses. Data analysis was based on a two-step process:
1. The Mann-Whitney test was used to assess the significance of changes in the values of

items. Probability of less than 5% was taken as indicative of statistical significance.
2. The relations between assessed items were analyzed by Spearman correlations. 

RESULTS

The seniors were disabled in all fields of social functioning (Table 1, 2). Residents of the home
for retired were most disabled in acting on broad social context (DS-D). The most frequent dis-
ability was found in family and home – contacts with a spouse, children, relations (DS-C) in
clients of hostel for retired. Women were most disabled in acting on broad social context (DS-D)
and men were most disabled in family and home – contacts with a spouse, children, relations
(DS-C).

All fields of social functioning were significantly lower in residents of the home for retired than
in those living in hostel for retired. The seniors living in home for retired were significantly more
disabled in following areas:

DS – A: self care – daily activities, DS – B: work – various activities, care of own home, DS –
C: family and home – contacts with a spouse, children, relatives, DS – D: acting on broader social
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context, participation in social events, leisure time, and they are more dependent in activities of
daily living in comparison with seniors living in hostel for retired (table 1). 

Men reported significantly higher disablement in family and home (DS-C) than women.
There were no significant differences in self-care (DS-A), in work (DS-B), in acting on broad-
er social context (DS-D), in dependence in activities of daily living (ADL) between men and
women (table 2).

There were significant correlations among all fields of social functioning (DS-A, DS-B, DS-C,
DS-D) according to WHO-DS, as we supposed. The level of dependence in activities of daily liv-
ing (ADL) also correlated with all those fields of social functioning. All fields of social functioning
including dependence of daily living significantly correlated with following fields: physical prob-
lems (P), social problems (S), overall quality of life (PCASEE), well-being (WBQ), and senior’s
meaning of life (LOGO) (Table 3).   
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Table 1. Significance of comparison

a30, b30 x SD P

DSA-a 1.47 1.36

DSA-b 0.31 0.54 <0.001

DSB-a 2.27 1.34

DSB-b 1.21 0.82 <0.001

DSC-a 2.1 1.32

DSC-b 1.45 0.87 < 0.05

DSD-a 2.33 1.18

DSD-b 1.24 0.83 <0.001

ADL-a 79.83 16.37

ADL-b 97.41 3.44 <0.001

a – residents of the home for retired
b – residents of the hostel for retired
x – average
SD – standard deviation
p – significance of correlation

Table 2. Significance of comparison

w30,m30 x SD p

DSA-w 0.76 1.18

DSA-m 1.03 1.19 n.s.

DSB-w 1.59 1.15

DSB-m 1.9 1.3 n.s.

DSC-w 1.48 1.21

DSC-m 2.07 1.05 < 0.05

DSD-w 1.76 1.18

DSD-m 1.83 1.15 n.s.

ADL-w 88.97 12.49

ADL-m 88 16.9 n.s.

w – women /female
m – men/male
n.s. – not significant



DISCUSSION

Seniors were disabled in all fields of social functioning, but in different severity. The most
frequent reasons of these problems are skeletal and muscular disorders, acute or chronic pain
and various diseases. Management of interventions to decrease disability has to consider these
possible reasons of function’s disability. 

Higher level of disablement in all fields of social functioning in seniors living in home for
retired is associated with different inclusion criteria for admission to home and hostel for retired.
In Slovakia institutionalized community care is provided to seniors in a home and in a hostel for
retired. Residents of the home for retired require combined health and social care.  Residents liv-
ing in a hostel for retired require mainly social care.

Men were more disabled in family and home (DS-C) than women. Possible reasons are dif-
ferent cultural norms for men and women. In the past man was presented as a bread-winner
and woman should take care of household and children. Acceptation of this cultural norms
and social roles should lead to more serious problems in widower and lonely living men. It is
similar in contacts with family. There are different socialization processes among men and
women, it means women incline to more frequent contacts with family members in compari-
son with men (13). 

In our work we found significant correlations among all components of social functioning
and social functioning in elderly and ageing composes comprehensive phenomenon, as we
supposed. Therefore, negative causal factors affect social functioning as a whole, and not
affect only its single domains. 

Disability is a complex, characterized by physical disability, which lead to loss of job,
decrease of living standard and quality of life. Disability has two components: medical com-
ponent: characterized by systematic therapeutic and rehabilitating care lead to keeping func-
tion’s capacity social component: efforts for reintegration of disabled individual to society (14).

Aim of nursing component of disability is nomenclature and classification of nursing phe-
nomenon, choosing interventions for individual, family, community and description of out-
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Table 3. Correlations

r DSA DSB DSC DSD ADL P S PCASEE WBQ LOGO

DSA 0.68 0.45 0.52 -0.68 -0.63 -0.52 -0.58 -0.54 0.55

DSB 0.68 0.31 0.64 -0.76 -0.5 -0.47 -0.43 -0.4 0.48

DSC 0.45 0.45 0.55 -0.34 -0.36 -0.35 -0.36 -0.39 0.38

DSD 0.52 0.64 0.55 -0.54 -0.31 -0.41 -0.37 -0.35 0.42

ADL -0.68 -0.76 -0.34 -0.54 0.54 0.4 0.48 0.47 -0.46

p DSA DSB DSC DSD ADL P S PCASEE WBQ LOGO

DSA *** *** *** *** *** *** *** *** ***

DSB *** * *** *** *** *** *** ** ***

DSC *** * *** *** * ** ** ** *

DSD *** *** *** *** * *** ** * **

ADL *** *** *** *** *** ** *** *** ***

p = significance of correlation

* < 0,05      ** <0,01     *** <0,001

r – correlation coefficient



comes of nursing activities, which are needed for determination of objectives and assessment
of care (15).

Level of physical and social problems, senior’s quality of life, well-being of seniors and senior’s
meaning of life are factors with positive or negative influence on social functioning. 

Social functioning and physical problems
Each illness has not only physical and mental impact but it affects social functioning, too.

Acute and chronic pain, multimorbidity, physical changes in ageing, etc. are the most frequent
reasons of reduced functional ability (16).

Nursing care should be considered in prevention of illnesses, should complement medical
treatment and provide adequate and long-term rehabilitation. Motivation of seniors to utilize
maximal capacity of self-sufficiency is needed, too. Important aspect of care is to give social role
to seniors. There is often present social exclusion of senior, because they are „not producing
money“, but seniors can produce another society’s values. They can be friends, grandparents,
educators, volunteers and play many other positive roles. Cooperation with senior’s family and
engaging of volunteers to care of seniors is important, too.

Social functioning and well-being 
Negative emotions, emotional reaction, low well-being, fear, anxiety and depressive symptoms

are factors which decrease functional abilities and self-sufficiency, satisfaction with relationship.
These factors may be reasons of loneliness and senior’s social isolation (17). 

It’s necessary to consider these factors during assessing of senior’s functional status. Conse-
quently, there is important screening of risk factors including assessment of emotional state and
prevention of social isolation and exclusion of seniors from society. Missing of life contents dur-
ing retirement can lead to negative emotions. Community care of seniors should include creation
of daily programs and new activities in leisure time, engagement of seniors into closer and broad-
er society. Short-term and long-term preparation for retirement should play important role in
prevention of senior’s adjustment disorders.

Social functioning and meaning of life 
Low meaningfulness can be associated with loosening of social relationship, reducing adjust-

ment abilities and it can be a reason of psychopathological conditions such as depression, hope-
lessness, helplessness, noogenic neurosis, suicide, and so on. And vice versa, higher meaning of
life reduces mental distress (18) and its implementation is valid criterion of mental normality (19)
and result of mental health (20). Good relationships can positively influence level of meaning-
fulness by two ways: 
– involvement to personal relationships, interactions
– creation of new relations with others and it is prevention of social isolation (21).

In community care it is necessary to assess meaningfulness, help by finding of new life con-
tents, life plans and goals. Spiritual needs can be influenced by means of psychotherapy –
logotherapy, cognitive-behavioral therapy. In clinical acute and severe cases it is necessary to
provide psychiatric care.

Conclusions 
Disability of functioning is a severe problem which disturbs social relations, increases a level

of dependence and need of compensation by nursing care. Domains of social functioning and
independence in activities of daily living create a complex and between domains are correlations.
This complex of social functioning is determined by physical, mental and spiritual factors. These
factors negatively or positively influence the level of social functioning and disability in old age.
The nursing practice should be focused on bio-psycho-social and spiritual needs and using a
multi-disciplinary approach can prolong period of age without disability, slow-down progression
and soften aftermath of disability. 
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