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SPLANCHNIC CIRCULATION IN SMALL FOR DATE
NEWBORNS

Paulusova E, Stillova L, Haskova K, Matasova K.

Clinic of Neonatology, Jessenius Faculty of Medicine, Comenius University and University Hospital in Martin,
Slovakia

A b s t r a c t

Hypotrophic newborn is a newborn with birth weight below the 5th percentile weight of corresponding gesta-
tional age. Hypotrophic infants have  higher morbidity and mortality in comparison with eutrophic neonates.
A  higher incidence of hypoglycemia, polycythemia, hyperbilirubinemia, thrombocytopenia, perinatal asphyxia
and  caesarean section occurs typically in hypotrophic newborns. Both, intrauterine hemodynamic dysbalance
and centralization of circulation due to hypotrophy cause decreased blood flow to the splanchnic circulation after
the birth. There was observed a lower increase in blood flow through the coeliac artery and superior mesenteric
artery in comparison with eutrophic newborns during the first postnatal week. These facts are likely to be associ-
ated with a higher frequency of abdominal problems and necrotizing enterocolitis.

Key words: small for date newborn, splanchnic circulation, necrotizing enterocolitis

INTRODUCTION

Hypotrophic newborn is defined as a newborn with birth weight below the 5th, eventual-
ly below the 10th percentile of weight for corresponding gestational age. More precise defi-
nitions are based on birth length and birth weight, or eventually also on head and chest cir-
cumference in association with thickness of subcutaneous fat. 

An equivalent term for “hypotrophic” newborn is “small for date” (or small for gestational
age - SGA). This term is often mistakenly associated with growth restricted fetus (or
intrauterine growth restriction - IUGR).  The mentioned terms are not synonymous. Growth
restricted fetus is defined as „a fetus that fails to reach his potential growth“, on the other
hand SGA is a different entity, and is defined as a newborn with birth weight below a given
(usually) the 10th percentile for gestational age. The term IUGR should be used only in
regard to the fetus whereas SGA should be used mainly in the newborn (but it can be esti-
mated from sonographic measurement of the fetus) (1).  

According to the etiopathogenesis, hypotrophy is either symmetric (proportional),  asym-
metric (disproportional) and combined. If a causative factor is present in early stages of
pregnancy and affects cell growth in the stage of hyperplasia, or if it is present during a long
period of pregnancy, symmetrical hypotrophy occurs. There is not only reduced birth weight
in such infants, but also head circumference, body length and size of body organs are
reduced. The causal factors include genetic anomalies, congenital infections and congenital
malformations. If the causative factor is active later during pregnancy, when cell growth is
mainly caused by hypertrophy, or if it is present during a short period of pregnancy, asym-
metric hypotrophy occurs. Then both, body weight and a  layer of subcutaneous fat are
decreased. Uteroplacental insufficiency and inadequate maternal nutrition during the third
trimester of pregnancy are the most frequent causes of asymmetric hypotrophy (2). 

Factors causing hypotrophy are generally accepted as a risk factor of neonatal and mater-
nal morbidity and mortality. Morbidity and mortality in hypotrophic infants are higher in
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comparison with eutrophic newborns. Conditions such as hypoglycemia, polycythemia,
thrombocytopenia, perinatal asphyxia and hyperbilirubinemia are more common in
hypotrophic newborns. Failure of splanchnic blood flow, which is due to intrauterine cen-
tralization of circulation and persists postnatally, is likely to cause more frequent occur-
rence of enteral feeding intolerance and necrotizing enterocolitis. 

CIRCULATION IN EUTROPHIC AND HYPOTROPHIC NEWBORNS

Factors leading to hypotrophy, cause that fetal blood is redistributed to the brain, heart
and adrenal glands. At the same time, the blood flow through kidneys, gastrointestinal
tract, liver, lung and spleen decreases. If the end - diastolic part of blood flow in uterine
artery does not increase gradually during the course of pregnancy, or if there is a little notch
in blood flow curves at the end of systole, fetal hypotrophy may be predicted with high prob-
ability (70-90%) (3).

The aim of the centralization of circulation is to ensure blood supply to the vital organs
such as the brain, heart and adrenal glands, and this is called brain sparing phenomenon,
as it was mentioned in the work by Hernandez-Andrade et al., (2008). The authors
described an increase in blood flow velocity in different parts of brain according to the seri-
ousness of fetal growth restriction. (4).

Mari et al. in 1995 compared the hemodynamic parameters in the splenic artery, superi-
or mesenteric artery and renal artery in eutrophic and hypotrophic fetuses. The lowest val-
ues of pulsatility index, which characterizes the resistence of vascular bed after the point
of measuring blood flow, have been reported in the splenic artery in the eutrophic and
hypotrophic fetuses. The hypotrophic fetuses have lower pulsatility index in the superior
mesenteric artery compared with the renal artery, while the pulsatility indices in these ves-
sels of eutrophic fetuses are not significantly different. Therefore, the blood supply to the
gastrointestinal tract of a hypotrohic fetus is preferred to the blood supply to fetal kidney
(5). Korszun et al., (2002) study has not confirmed the conclusions of Mari’s work, (1995).
His results indicate that the majority of fetuses (83.3 %) from risk pregnancies has index
pulsatility and resistance index in the superior mesenteric artery in the reference interface.
The pregnancies with induced hypertension and also pregnancies with suspected fetal
growth restriction were assessed as risk pregnancies. 12.5 % of fetuses from the study
group have increased resistance index in the superior mesenteric artery, and it was associ-
ated with poor postnatal adaptation (6). Mari’s (1995) observations and reported result were
probably influenced by the fact that gestational age of fetuses were not taken into consid-
eration in the study.

The effect of gestational age on the parameters characterizing the resistance of vascular
bed is confirmed. Until the 32nd gestational week, the resistance index and pulsatility index
in the superior mesenteric artery do not change significantly, and later they increase. In the
last trimester, the blood flow to visceral arteries decreases (7), while the blood flow to the
cerebral circulation increases (8). It is probably caused by a gradual reduction in the pla-
cental perfusion.

The splanchnic circulation of eutrophic versus hypotrophic newborns is evaluated in sev-
eral studies. The maximum speed of the blood flow in systole, the end-diastolic blood flow
velocity and the time - average velocity of blood flow are lower in the superior mesenteric
artery of  hypotrophic preterm newborns than in eutrophic preterm newborns within the
first seven days of life. At the same time, hypotrophic newborns have increased values of
parameters characterizing the resistance of vascular bed in the superior mesenteric artery.
These parameters rise during the first postnatal week, and the increase is lower in
hypotrophic newborns (9). Similar conclusions are reported in the study performed by
Martinussen, (1996) (10). These claims are contradictory to the results of van Bel’s study,
(1990). According to van Bel et al., (1990) the peak systolic velocity increases in hypotroph-
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ic newborns without increasing the end-diastolic velocity and mean blood flow velocity in
the superior mesenteric artery (11).  Splanchnic circulation is influenced by numerous fac-
tors. The blood flow velocity in the superior mesenteric artery is reduced by birth asphyx-
ia, patent ductus arteriosus, dopamin, dobutamin, indomethacin, caffein and umbilical
arterial catheter (12, 13). Van Bel, (1990) and Martinussen, (1996) have not taken into con-
sideration the impact of gestational age and the other mentioned factors, thus obtaining dif-
ferent results.

EFFECT OF ENTERAL NUTRITION ON THE SPLANCHNIC CIRCULATION

The splanchnic circulation is influenced by enteral feeding. Differences in blood flow
velocity are caused by volume and type of enteral nutrition and also by feeding intervals.
The maximum increase in the blood flow velocity in the superior mesenteric artery occurs
30 to 45 minutes after enteral feeding. The tissue oxygenation index of the splanchnic cir-
culation is assessed by near-infrared spectroscopy (NIRS) in stable preterm newborns, and
the index increases after enteral feeding. The tissue oxygenation index in cerebral circula-
tion does not change after enteral feeding (14). The mean blood flow velocity in the superi-
or mesenteric artery increases by 83% and end – diastolic velocity by 77% postprandially
(10). Peak systolic velocity and end-diastolic velocity in the splanchnic circulation rise also
after pacifier sucking. The resistance index decreases after milk feeding, but not after paci-
ficier sucking. During postprandial measurements the parameters characterizing blood flow
velocity were not influenced by pacifier sucking (15). The increase in blood flow velocity in
the superior mesenteric artery after pacifier sucking may be a result of the response medi-
ated by the nerve system – so called cephalic response. It is the same mechanism as the
one increasing gastric fluids secretion in adults due to smell stimulation (16). Unlike in
eutrophic newborns and in the hypotrophic newborns without prenatal hemodynamic dis-
turbances, the blood flow velocity does not increase and the pulsatility index does not
decrease after the first enteral feeding in the hypotrophic newborns with prenatal hemody-
namic disturbances.

INTOLERANCE OF ENTERAL FEEDING AND NECROTIZING ENTEROCOLITIS

Both, the intolerance of enteral feeding and necrotizing enterocolitis (NEC), occur more
often in hypotrophic newborns than in eutrophic infants. Necrotizing enterocolitis is the
most common gastrointestinal surgical emergency in neonates (17, 18). NEC is charac-
terized by the damage to the mucosal barrier in the bowel, inflammation caused by path-
ogenic microorganism, and necrosis of the intestinal wall (19, 20). The diseases, which
lead to reduced blood flow in the intestine and increase its metabolic activity, possibly
causing bowel ischemia, are generally considered being other risk factors (21).
Hemodynamic disturbance that occurs in hypotrophic fetuses often persists after the
birth. It leads to increased blood flow to the cerebral circulation and to an increased vas-
cular resistance in the descending aorta. The combination of the fetal hypoxia and
increased vascular resistance in the mesenteric circulation can cause hypoxic - ischemic
injury to the intestinal mucosa. Prolonged exposure may impair the development of
motoric and secretary functions of the small intestine, and promote the pathogenic bac-
teria and their overgrowth in the intestinal wall (22). Experimental animal studies have
shown that hypoxia reduces the blood flow velocity in the intestinal vessels and oxygen
delivery via adrenergic vasoconstriction. Reduction of blood flow velocity by 30% can be
compensated by increased oxygen extraction, but enteral feeding reduces the ability to
extract oxygen. Unlike in the hypotrophic preterm newborns without prenatal hemody-
namic disturbances, the blood flow velocity is lower and the pulsatility index in the supe-
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rior mesenteric artery and coeliac artery is higher on the first day after birth in the
preterm small for date newborns with prenatal hemodynamic disturbances. Eutrophic
newborns have a higher blood flow velocity compared with hypotrophic newborns irre-
spective of the presence of hemodynamic disturbance. There are no differences in the
blood flow velocity in the anterior cerebral artery at that time. The increase in the blood
flow velocity in the anterior cerebral artery of the small for date newborns with prenatal
hemodynamic disturbance occurs on the 3rd day after the birth, probably as a result of
postanoxic hyperperfusion (23). There is a reduced regional oxygen saturation in the
splanchnic circulation assessed by near - infrared spectroscopy in preterm newborns
with intolerance of enteral feeding. Persistent low oxygen saturation values had been
reported in newborns, in whom necrotizing enterocolitis developed subsequently (24).
Doppler studies have confirmed an association between a significant increase in the blood
flow velocity in the superior mesenteric artery, and a lower incidence of intestinal dys-
motility and better tolerance of enteral feeding in the first week after the birth (25, 26).
An increased risk for developing necrotizing enterocolitis is described in neonates with
a higher resistance index and absent end – diastolic velocity in the superior mesenteric
artery during the first day after the birth (27, 28). Pezzati et al., (2004) consider the mean
blood flow velocity of less than 0.38 m/s in 30 minutes after the first feeding as the most
sensitive predictor of intolerance of enteral feeding. Feeding of these newborns begins at
24 hours after the birth or later (29). Similarly, Fang et al., (2001) observed an increased
risk for enteral feeding intolerance, if the mean blood flow velocity has not increased more
than by 17% 60 minutes after the first feeding (26). Hypotrophic infants have more often
abdominal problems and delayed onset of tolerance of enteral feeding, compared with
eutrophic newborns. Abdominal signs manifest within 3 days after the birth, whereas in
eutrophic newborns they usually occur within 5 postnatal days (25). Moreover, meconi-
um passage is delayed and abdominal distension occurs more frequently in this group of
infants. The small for date newborns require parenteral nutrition for longer time and the
interruption of enteral feeding occurs more often (29).

CONCLUSION

Literary data confirm the increased risk of intolerance of enteral feeding and necrotizing
enterocolitis in hypotrophic newborns. Especially preterm small for date newborns with
reverse or absent end–diastolic velocity in the umbilical artery are at risk for the mentioned
conditions (30, 31). On the other hand, enteral nutrition is essential for intestinal matura-
tion and growth, it increases blood flow in the splanchnic circulation, stimulates intestinal
motility, and induces the release of trophic factors (32). It also reduces the need for par-
enteral nutrition, and thus reduces the risk of associated complications.

Doppler sonography is an excellent method evaluating of neonatal splanchnic circulation.
The method is easily accessible, bed-side, noninvasive and painless. The research that is
being realized at the Clinic of Neonatology of University Hospital in Martin and Jessenius
Medical Faculty of Comenius University, has a goal to add knowledge on neonatal Doppler
ultrasonography. Hopefully, measuring the parameters characterizing blood flow will help to
identify a newborn at risk as early as possible and to eliminate incidence of enteral feeding
intolerance and of necrotizing enterocolitis by means of planning an individual start of
enteral feeding. 
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THE RECENT VIEW ON THE OBSTRUCTIVE SLEEP
APNOEA SYNDROME IN CHILDREN – SHORT RÉSUMÉ

Sujanska A, Durdik P, Banovcin P.

Clinic of Children and Adolescents, Jessenius Faculty of Medicine, Comenius University and University Hospital
in Martin, Slovakia

A b s t r a c t 

The authors present a recent overview of the common clinical manifestations, management, diagnostic criteria
and currently accepted treatment approaches of children with obstructive sleep apnoea syndrome (OSAS).
Paediatric OSAS has become widely recognized as a frequent disorder and as a major public health problem.
Diagnosis of this problem is usually based on physical examination, history and clinical evaluation confirmed by
the polysomnography (PSG). PSG is considering as a gold-standard test for establishing the presence and severity
of sleep disordered breathing (SDB) in children. According to current understanding, OSAS is a dynamic process
in which increased upper airway collapsibility is present resulting from a combination of structural and neuro-
motor abnormalities, rather than from structural abnormalities alone. In children the OSAS has completely dif-
ferent clinical features and requires different management strategy. Snoring, difficult breathing and apnoea dur-
ing sleep, restless sleep, frequent awakening and behavioural disturbances are the typical symptoms usually pres-
ent in children with OSAS. Nowadays, the classic presentation of child with OSAS as underweight child with ade-
notonsillar hypertrophy is being replaced by younger overweight or obese patients usually without the hypertro-
phied adenoids and tonsils. Recently it has been reported that delayed diagnosis of OSAS can lead to neurobe-
havioural consequences and even serious cardiorespiratory morbidity, metabolic complications, as well as an
increase in insulin resistance, high blood pressure and the development of OSAS in adulthood. OSAS must be
diagnosed and managed aggressively with having these new repercussions. Evidence suggests that the surgical
intervention with removal of the tonsils and/or adenoids will lead to significant improvements in the most incom-
plicated cases, as recently reported from a meta-analysis. SDB and especially OSAS should be taken into serious
consideration by pediatricians to prevent comorbidities in adulthood.

Key words: Obstructive sleep apnoea syndrome, snoring, polysomnography, adenotonsillectomy.

Abbreviations: AASM – American Academy of Sleep Medicine, AHI – Apnoe hypopnoe
index, ALTE - Apparent life threatening events, AT – Adenotonsillectomy, BiPAP - Bilevel
positive airway pressure, CPAP - Continuous positive airway pressure, CRP – C-reactive
protein, EEG – Electroencephalogram, GERD - Gastroesophageal reflux disease, ICSD – 2 -
International Classification of Sleep Disorders, the Second edition, NREM – Non rapid eye
movement, OSAS – Obstructive sleep apnoea, PSG – Polysomnography, RDI – Respiratory
disturbance index, REM – Rapid eye movement, SDB – Sleep disordered breathing, TST –
Total sleep time, URI – Upper respiratory infection. 

INTRODUCTION

Sleep is the primary physiological phenomenon particularly during the childhood [1, 2].
The ontogenic development of sleep is dependent on age. Characteristics of normal sleep
change dramatically from infancy through childhood to adolescence. The cycle of
sleep/wake begins to evolve during fetal life. The first spontaneous movements have been
noted by 10 weeks of gestation age. Electroencephalogram (EEG) reveals the patterns of
active and quiet sleep, the forerunners of REM (Rapid eye movement) and NREM (Non-rapid
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eye movement) sleep during the 30 to 32 weeks of gestation. By term, 35-80% of total sleep
time (TST) is spent in active sleep. By 12 months REM stage of sleep occupies 20-25% of
TST, a proportion that remains through adulthood and sleep is no longer initiated by active
sleep. The stages of NREM sleep (I.,II.,III. and IV.) are differentiated by 3 to 6 months of age
[3, 4, 5]. An average daily sleep requirements for children shows Table 1.

Table 1 Average daily sleep requirements for children (adapted from Pearl [3 ])

Average daily sleep requirements for children 

Age                                            Hours of sleep                               Hours of sleep
Total                                    During the day

1 week                                              16                                                 8
1 month                                           15                                                 7
6 months                                          14                                                 4
12 months                                        14                                                 3
2 years                                            13                                                 2
3 years                                            12                                                 1
5 years                                            11                                                 0
9 years                                            10                                                 0
14 years                                             9                                                 0
Adult                                                 8                                                0

SLEEP DISORDERED BREATHING

Sleep disordered breathing (SDB) is increasingly being recognised as a cause of morbidi-
ty even in children. The International Classification of Sleep Disorders, the Second edition
(ICSD-2) by the American Academy of Sleep Medicine, 2005 (AASM) distinguishes five sleep
disordered breathing:

– Central Sleep Apnea Syndrome
– Obstructive Sleep Apnea Syndrome
– Central Alveolar Hypoventilation Syndrome
– Central Alveolar Hypoventilation Syndrome associated with other Disorders
– Others Sleep Disordered Breathing [5, 6].
SDB is defined as a spectrum of sleep-related breathing disturbances, resulting from hav-

ing a structurally narrow airway combined with reduced neuromuscular tone and increased
airway collapsibility [7]. Clinical ranging from mild obstruction of upper airway producing
primary snoring, through increased upper airway resistance syndrome (UARS) associated
with globally rather normal oxygenation patterns, but evidence for increased respiratory -
related arousals, sleep fragmentation to continuous events of complete upper airway
obstruction producing obstructive sleep apnoea syndrome (OSAS) [8, 9, 10]. The spectrum
of SDB occurs in children of all ages, from neonates through infants to adolescents. In pre-
pubertal children there is no significant gender difference, while in teenagers exist a high-
er incidence of SDB in males [7, 8]. Snoring, the main indicator of increased upper airway
resistance during sleep is a frequent symptom during childhood and it is occasionally
reported in up to 27% of children. Primary (habitual) snoring is considered as a relatively
benign condition and can be characterised as a noisy breathing caused by turbulent airflow
through the upper airway without frequent arousals from sleep, events of obstructive apnoe
or abnormality of gas exchange [8]. It is estimated to occur in 6 to 12 % of children
[7, 9, 11]. 
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OBSTRUCTIVE SLEEP APNOEA SYNDROME

Obstructive sleep apnoea syndrome (OSAS) is a sleep disordered breathing characterized
by a combination of repeated episodes of prolonged partial upper airway obstruction
(obstructive hypopnoea) and/or intermittent complete obstruction (obstructive apnoea) that
disturb normal sleep pattern, normal ventilation during sleep and resulting in disruption of
normal gas exchange (intermittent hypoxia and hypercapnia) [8, 12-14]. Apnoea is a term
which is usually used to describe pauses in breathing and is defined as a complete or near
cessation of airflow for a minimum of 10 seconds with or without associated oxygen desat-
uration or sleep fragmentation. It is divided to the central, obstructive and mixed apnoea.
An obstructive apnoea is scored when there is a ≥ 90% drop in the signal amplitude of air-
flow for ≥ 90% of the entire event, compared with the baseline amplitude. The event lasts
for at least two breaths (or the duration of two baseline breaths) with continued inspirato-
ry effort throughout the entire period of decreased airflow [15]. During the past decade
OSAS has become widely recognized as a frequent and relatively common disorder with
potentially serious clinical implications in childhood and has emerged as a major public
health problem [8]. Prevalence of OSAS has been traditionally estimated to be 1% to 5% in
the paediatric population [11, 16-18]. This syndrome was first described in 1976 in school
children, but OSAS has existed for a long time without being widely recognised as a clini-
cal syndrome. In 1889 Hill published an article on some causes of stupidity and back-
wardness in children and identified the main symptoms of OSAS [6, 11]. Since 1970s and
80s there has been a significant increase in the SDB in children [7]. Although the majority
of cases in children population are associated with adenoid and tonsil hypertrophy, OSAS
also occurs in children with obesity (13-78%), Down syndrome (57-100%), Prader-Willi syn-
drome (93%), neuromuscular disorders (Duchenne Muscular Dystrophy 53%), Chiari mal-
formations and myelomeningocele (60%), craniofacial anomalies  (achondroplasia 48%,
Piere Robin sequence 76% and 50-91% of craniofacial dysostoses) [19]. Intermediate level of
risk for OSAS have children with history of prematurity (7.3%), African American race, fam-
ily history of SDB, allergic rhinitis and chronic upper and lower respiratory tract diseases
[1, 12, 20]. Studies of family cohorts suggest that the genetic factors also play an important
role in the pathophysiology of OSAS (affect anatomic features and ventilator drive) [10]. 

PATHOPHYSIOLOGY

Although the pathophysiology of paediatric OSAS is still not well understood there are
some elements such as anatomical structure, neuromotor tone and inflammation which
seems to be important in the development of this syndrome. The etiology of OSAS is multi-
factorial. Pathophysiologic determinants include structural factors (in nonobese healthy
children the hypertrophied adenoids and tonsils), which may lead to anatomical obstruc-
tion in the pharyngeal airway, role of upper neuromotor tone, genetic predisposition or com-
bination of these factors [11,14]. The peak of occurring main symptoms is 2–8 years of age,
when the tonsils and adenoids are the largest in relation to the underlying airway size [1].
In paediatric population with allergic rhinitis, asthma, upper airway respiratory infections,
particularly viral and children exposed to cigarette smoke are shown disproportionate pro-
liferation of the adenoids and tonsils [8]. Anatomical obstruction of the airway is especially
important in young children who are usually obligate nose breathers. This may lead to
chronic mouth breathing and anatomical changes in facial growth. Patients with SDB usu-
ally have a structurally narrow airway which predisposes them to having increased resist-
ance and collapsibility when they asleep to lead reduced or absent airflow resulting in
apnoeas/hypopnoeas [1, 11]. In the obese children an increase of adipose tissue in the neck,
throat and chest wall creates an increase in the work of breathing and also increase in the
upper airway resistance [13]. Systematic and local inflammation can also contribute to the
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increased resistance at the adenotonsillar level in children. In paediatric population with
SDB  higher levels of cysteinyl leukotrienes, oedema and inflammatory cell infiltration have
been found in tissue removed surgically. But the situation is more complex than simple
obstruction by adenotonsillar hypertrophy because not all children with large lymphoid tis-
sue have OSAS. It appears that paediatric OSAS is a dynamic process that involves inter-
actions between sleep state, upper airway mechanics and respiratory drive. It is resulting
from a combination of structural and neuromotor abnormalities, rather than from struc-
tural abnormalities alone [1, 8, 11].

Children with gastroesophageal reflux disease (GERD) are also at increased risk of devel-
oping SDB or vice versa, sleep disordered breathing can precipitate or worsen GER due to
increased negative intrathoracic pressures. Apparent life threatening events (ALTE) can be
another presentation of witnessed apnoeas [7]. Also increased CRP levels have been demon-
strated in these patients. Obese subjects are predisposed to be snorers and to have other
symptoms of sleep-related obstructed breathing, which are independently related to the
development of hypertension, cardiovascular diseases, behavioral disorders, poor school
performance in children, daytime sleepiness, and poor quality of life in adults. Nowadays
the pathophysiological mechanism joining OSAS to insulin resistance and dyslipidemia is
still not well understood. There is a growing evidence from studies suggesting that the meta-
bolic abnormalities observed in OSAS are most likely the result of sleep disruption, inter-
mittent hypoxia through alteration of the hypothalamic-pituitary-adrenal and autonomic
axes, and potentiation of pathways involving inflammatory cytokines and adipokines [8].

SYMPTOMS

Clinical manifestations, diagnostic criteria, pathophysiology, treatment approaches and
PSG findings of paediatric OSAS differ significantly from adults [1, 8, 11]. The presentation
in children is much more varied and often difficult to diagnose based on individual symp-
toms [7]. Excessive daytime sleepiness, the predominant features in adults, is not a signif-
icant symptom of paediatric OSAS [7, 11]. Only 7 % of children with sleep disorders breath-
ing present to a physician with excessive sleepiness during the day. Another difference in
children is that the symptoms change with age shows Table 2 [7]. Abnormal narrowing in
the nose, nasopharynx, oropharynx and hypopharynx causes abnormal air exchange dur-
ing sleep, which in turn leads to clinical symptoms.

We can divide the symptoms of OSAS in children into daytime and night time symptoms.
Difficulty breathing and apnoeic pauses during sleep, snoring, restless sleep and frequent
awakening are main nocturnal symptoms and the most common complaints of patients with
OSAS. Children with OSAS often snore continuously and loudly. Parents describe episodes
of retraction with increased respiratory effort and may be often anxious about their child’s
breathing during sleep [9, 11]. Other common nocturnal findings are frequently changing
sleep positions, sleeping in a position with the head extended in an effort to open his or her
airway and increased diaphoresis as a sign of increased effort of breathing at night and
changed activity of autonomous system. Parents also reported secondary enuresis.
Evidence also exist of an association of primary enuresis with habitual snoring from a pop-
ulation based study. Dry mouth is associated with mouth breathing at night and the patient
often keeps water by the bedside. Obese children may prefer sleeping while sitting upright
or propped on pillows [7, 9, 11]. These symptoms may exacerbate when the child has a res-
piratory tract infection [11]. Children with SDB are at increased risk for recurrent upper air-
way infections such as tonsillitis and otitis media [7]. The classic symptoms during the day-
time are usually present as behavioural disturbances - from subtle impairments of learn-
ing, attention and behaviour to prominent neurobehavioral deficits that may mimic atten-
tion-deficit/hyperactivity disorder-ADHD or learning disabilities [10, 12, 16, 18]. The stud-
ies showed universally poorer concentration, attention, behaviour and quality of life in the
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child and also in parents and family [11]. Mouth breathing is associated with structural
changes in the face, known as “adenoid face”. More severe causes of OSAS may be associ-
ated with failure to thrive, somnolence, growth retardation and with many deadly diseases
such as systemic hypertension, metabolic syndrome, cor pulmonale, pulmonary hyperten-
sion and developmental delay [8, 12, 21]. 

DIAGNOSIS

OSAS in children has completely different clinical features and requires differ manage-
ment strategy from adult OSAS [11]. The process of diagnose the paediatric OSAS contin-
ues to evolve as more morbidity is recognized and more precise diagnostic methodologies
become available [9]. Nowadays, diagnostic approaches to paediatric OSAS vary widely. On
one hand PSG has been recommended to establish the presence and severity of SDB in chil-
dren population by the American Academy of Pediatrics (AAP) and the American Thoracic
Society. On the other hand, some otolaryngologists decide to perform adenotonsillectomy
based on the physical examination and personal history of the patient.  Well-designed
prospective cohort studies showed, that the clinical parameters such as history, physical
examination, standardized questionnaires and audio or visual recording have poor positive
value for OSAS in children and do not consistently identify the presence or absence of OSAS
when compared with PSG. PSG parameters correlated best with a combination of symptoms
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Table 2 The main symptoms of sleep disorders breathing in children by age. Infants (3-12 months), Toddlers
(1-3 years), Pre-school (3-5 years), School (5-18 years). Adapted from Sinha [7] 

Infants Toddlers Pre – school children School children 

Snoring Snoring Snoring Snoring
Witnessed apnoeas Witnessed apnoeas Witnessed apnoeas Witnessed apnoeas
Arousals Arousals Arousals Arousals
Mouth breathing Mouth breathing Mouth breathing Mouth breathing
Dry mouth Dry mouth Dry mouth Dry mouth
Noctural sweating Noctural sweating Noctural sweating Noctural sweating
Failure to thrive Failure to thrive Failure to thrive Failure to thrive
Hyper extended neck Hyper extended neck Hyper extended neck Hyper extended neck
Nasal congestion Nasal congestion Nasal congestion Nasal congestion
Recurrent  URI Recurrent  URI Recurrent  URI Recurrent  URI
Noisy breathing Noisy breathing Drooling Nightmares
Poor suck Sleep terrors Sleep terrors Sleeptalking
ALTE Confusional arousal Confusional arousal Sleepwalking
Poor day/night cycle Irritability Sleep walking Confusional arousal
Stridor Daytime sleepines Daytime sleepines Daytime sleepines
Breath holding spells Restless sleep Persistent naps  Restless sleep               

Restless sleep Enuresis                        
Enuresis Hyperactivity,inattention  
Hyperactivity Droolong
Difficulty waking up Difficulty waking up
Morning headache Morning headache

Insomnia                       
Learning difficulties
Delayed puberty
Crossbite,malocclusion
Mood disturbance  
Depression            
Hypertension
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and signs rather than for any individual parameter. PSG in children is a reliable and valid
measure of the presence of OSAS [11, 19]. In 2011 American Academy of Sleep Medicine
(AASM) published the Practice Parameters for the Respiratory Indications for
Polysomnography in children with SDB. It is reported that the evaluation for SDB mostly
based only clinical evaluation alone does not have sufficient specificity and sensitivity to
establish a diagnosis of OSAS. The gold standard for the diagnosis of SDB is overnight PSG.
It also demonstrates the severity of OSAS, which is helpful in planning treatment and in
postoperative shortand long-term management [22]. Nowadays, some questionnaires have
been created and developed in an effort to find a simple screening instrument to identify
subjects who are at high risk for OSA. The results of these questionnaires are still contro-
versy [6, 15, 17]. 

A diagnosis of OSA is usually confirmed by a laboratory PSG revealing RDI (Respiratory
disturbance index) > 5 respiratory events/hour, according to the AASM criteria [17]. Some
experts use the AHI (apnoea hypopnoea index - the average number of apnoe and hypop-
noea episodes per hour) as the main parameter; others use RDI while it includes minor res-
piratory events such as RERA (respiratory event related arousal) or changes in the pleural
pressure [14]. AHI greater than 1 is abnormal in a child [10]. 

DIAGNOSTIC PROCESS OF OSAS IN CHILDREN

The diagnostic recommendations to children with suspected OSAS are following:
1. Screening for OSAS. Every child should be screened for snoring, apnoe and arousals dur-

ing sleep. If child or adolescent snores or presents another signs and symptoms of OSAS,
clinicians should perform a more focused evaluation. 

2. History (Family diseases, history of the present illness, past and acute medical history,
review of systems, social history, gynecological history).

3. Physical objective examination.
4. Questionnaire.
5. Otorhinolaryngology.
6. The gold standard test is being considered nocturnal in-laboratory PSG.
7. If PSG is not available, other alternative diagnostic methods such as nocturnal oximetry,

nocturnal video recording, daytime nap or ambulatory PSG are needed [22].     

TREATMENT

Interventions for paediatric OSAS are varied and often multidisciplinary. The goal of treat-
ment is to restore optimal breathing during night and to relieve associated symptoms
(improved daytime functioning and minimizing negative impact). The most common defini-
tive treatment in children is surgical intervention with removal of the tonsils and/or ade-
noids (adenoidectomy, tonsillectomy or adenotonsillectomy), which provide more airway
space. Outcome-based data report the effectives of adenotonsillectomy (AT) as the first line
surgical procedure for uncomplicated OSAS in children with hypertrophy of lymphoid tis-
sues [20]. The main risk of AT is postoperative haemorrhage and there is an increased risk
of perioperative respiratory complication [6]. Nasal CPAP (Continuous positive airway pres-
sure) or BiPAP (Bilevel positive airway pressure) are used for children who are not good sur-
gical candidates, have SDB associated with major craniofacial deformities, residual OSAS
after upper airway surgery or who have failed previous surgical treatment. This therapy is
sometimes not good tolerated by young children and also by their parents. Important is
training of the family and child, behavioural modification techniques, daytime training as
well as finding the appropriate nasal interface. Various alternative treatments (craniofacial
surgery or orthodontic treatment such as rapid maxillary distraction and oral appliances)

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2   12 / 316

maketa 12/3_MAKETA  7/1  12/11/12  7:21 AM  Stránka 16



are used on an individualised basis that cannot underwear the two first-line therapies for
sleep apnoea [18]. Tracheostomy is rarely indicated [12]. It is now being investigated the
incorporation of nonsurgical approaches for milder forms of the disorder and for residual
OSAS after AT. An intensive weight reduction program is an important first line step for
obese or overweight paediatric patients, which can also lead to improvement in number of
child with OSAS. Some recent randomized controlled studies have demonstrated beneficial
effects and significant reduction of the RDI with using of intranasal steroids in paediatric
patients with mild OSAS. It is reported that leukotriene receptor antagonists have also
resulted improvements in sleep-related respiratory disturbance in children [8]. Good sleep
hygiene is very important for any individuals [13].

There is still a continued debate whether AT should be routinely based on clinical suspi-
cion of OSAS or whether objective confirmation of the diagnosis with PSG should be
required before surgery. This question – selection of patient for treatment/clinical evalua-
tion versus PSG remains still controversial. The arguments supported PSG before AT are fol-
lowing: it is a standard of care for adults with suspected OSAS, PSG can provide objective
confirmation of the presence of OSAS, it can help predict, which children are at increased
risk for postoperative airway complications after AT and other objective screening tools
(oximetry, validated questionnaires) show much more limited specificity and sensitivity.
Equally compelling arguments are against the requisite use of PSG. Many sleep children
laboratories have limited experiences in doing and interpreting PSG in children, norms for
interpretation of paediatric PSG are still not well established, the lengthy waiting lists can
result to delayed treatment for some symptomatic children, routine PSG is not always sen-
sitive to detective UARS and specialized technology for detection of these disturbances is not
widely available [13].

CONCLUSION

Paediatric sleep medicine is a dynamic, complex and multidisciplinary field of medicine.
In the diagnosis and management of SDB in children has performance of nocturnal PSG
strong clinical utility. Better understanding of individual risk factors and importance of
sleep disturbances in children population, improved screening, diagnostic tools and meth-
ods of the patients suspected of SDB, using evidence-based treatment modalities seems to
be important goals for future research [23]. Early identification of OSAS is desirable,
because it is a highprevalence disorder and identification, accurate diagnosis and treatment
can result in alleviation of current symptoms, improved quality of life, prevention of seque-
laes, education of parents and decreased health care utilization [13, 22].
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A b s t r a c t

Inflammation is a key component of obesity and type 2 diabetes mellitus also as risk factors of cardiovascular
disease.  Patients with chronic inflammatory diseases such as rheumatoid arthritis or systemic lupus erythe-
matosus have an increased risk of cardiovascular diseases. The expected higher prevalence of metabolic syndrome
and its components in rheumatic diseases (such as possible cause of increased cardiovascular risk) was confirmed
in rheumatoid arthritis, systemic lupus, ankylosing spondylitis and psoriatic arthritis.

The aim of our study was to assess the relationship of rheumatoid arthritis to increased cardiovascular risk in
the presence of risk factors involved in complex of metabolic syndrome, including prediabetic state, central obesi-
ty, atherogenic dyslipidemia, and  hypertension. In the sample of patients with rheumatoid arthritis, the preva-
lence of the metabolic syndrome according to IDF, AHA/NHLBI and also NCEP ATPIII criteria compared with the
Slovak population in all age groups is higher. In patients older than 60 years according to IDF criteria was more
than 55 %. Patients treated with methotrexate had the lowest prevalence of metabolic syndrome, even lower than
the control population. The most frequented component of the metabolic syndrome was obesity (whether in the
evaluation of waist circumference or BMI). Also, patients with higher inflammatory activity (evaluated by CRP) had
a higher prevalence of metabolic syndrome. 

Key words: metabolic syndrome, insulin resistance, cardiovascular risk, inflammatory connective tissue disease

INTRODUCTION

As in other sciences as well in medicine the progress for many centuries was do to  acci-
dental discoveries. Only with the birth of rationalism human effort begins slowly to turn on
long-term focused research. One example is the work of the American endocrinologist
Gerald Reaven, who researched diabetes and insulin resistance since 1968. Twenty years
after he presented the revolutionary theory of link between central obesity, diabetes and
hypertension as a sequel of insulin resistance or impaired glucose tolerance (1).

Other scientists soon discovered the relationship of metabolic syndrome to other patho-
logical entities including inflammatory connective tissue diseases (2,3,4,5,6,7,8,9). They
also found that despite the absence of traditional risk factors, the prevalence of the meta-
bolic syndrome in some diseases is higher (7,10). Currently, scientists directed effort to fully
understand the etiopathogenetic processes common to both humoral and cellular level.

Definition of metabolic syndrome has undergone quite a long way. There is a longstand-
ing effort by the most accurate quantitative criteria select from a population people with the
metabolic syndrome and then stratified them according to risk level. In this sense, nearly
every new definition tightens the criteria for metabolic syndrome (MS) and thus increases
the prevalence of metabolic syndrome in the population, although at the cost of a reduction
in the prediction of cardiovascular risk.

The aim of this study was to assess the relationship of selected inflammatory diseases of
connective tissue to increased cardiovascular risk in the presence of risk factors involved in
a complex of the metabolic syndrome, including prediabetic state, central obesity, athero-
genic dyslipidemia, and hypertension. Given the prevalence of connective tissue diseases,
we chose to study patients with rheumatoid arthritis.
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The specific study objectives were: 
1. analyze the file in terms of demographic data, available case history data, obtained clin-

ical and laboratory parameters,
2. evaluate the prevalence of MS according to NCEP ATPIII, AHA/NHLBI and the IDF crite-

ria in patients with rheumatoid arthritis (RA), including age groups, compare with the
prevalence in control group - Slovak population,

3. determine the prevalence of components of MS, their average values   and compare them
with the Slovak population,

4. compare the prevalence of MS in relation to the inflammatory activity, compare the
prevalence of components of MS in groups with normal and high inflammatory activity,

5. compare the prevalence of MS in groups of RA patients with various types of drugs (clas-
sic DMARDS, modern immunosuppresive drugs), also examine the possible impact of
treatment with glucocorticoids (GC),

6. express the prevalence of  components of MS in patients with RA treated with methotrex-
ate, compare with the rest. 

METHODS

In the clinical study there were examined 87 patients with rheumatoid arthritis over 18
years of life. To avoid seasonal effects, all patients were examined in the third quarters of
2009 to 2011. All patients met the following criteria: history of RA according to criteria of
American College of Rheumatology (of 1987, new of 2011), age over 18 years, signed
informed consent, this corresponds to a random sample of treated or monitored adult
patients with RA. The examined patients were 4 men (4.6%) and 83 women (95.4%). Basic
demographic data were obtained from case sheets.

In the age group 30-39 years were examined two women, in the age group 40-49 years 13
women, in the age group 50-59 years one man and 33 women, and finally in the age group
above 60 years 3 men and 35 women. The mean age was 58.8 ± 9.4 years, median 58 years.
The average age for men was 65.2 ± 9.2 years, median 65.5 years. The average age of women
was 58.5 ± 9.3 years, median 58 years. 

In each patient a questionnaire was carried out assessing the presence of selected com-
ponents of the metabolic syndrome and its treatment (hypertension, diabetes mellitus, dys-
lipidemia). To obtain other selected parameters such as length of treatment of rheumatic
diseases and risk factors outpatient medical records were used.

Before the rheumatologic examination fasting blood test was performed to determine
serum levels of C-reactive protein (CRP), rheumatoid factor (RF), glucose, lipidogram - lev-
els of triglycerides (TG), HDL and LDL cholesterol. To assess the presence of metabolic syn-
drome anthropometric measurements (height, weight, calculating BMI, waist circumference
in cm, blood pressure) were also carried out. The presence of metabolic syndrome was
determined based on the NCEP ATPIII, AHA / NHLBI and IDF criteria.

As a control group in the assessment of the prevalence of MS we used subjects in the proj-
ect Prevalence of diabetes mellitus and metabolic syndrome in Slovakia (2) (3).

To evaluate the results, we used standard statistical methods. The prevalence was
expressed as a percentage, mean values   were calculated using the arithmetic mean and
median. Variability is expressed as arithmetic mean ± standard deviation (SD).

In comparison of individual groups or comparison of the parameters we used the unpaired
Student’s t-test and Pearson’s chi-square test. The limit of statistical significance were
determined by the value of α=0.01. The p-value <0.01 was accepted alternative hypothesis
and the difference between the data we considered nonrandom. In determining the correla-
tion relationships, we used Pearson correlation coefficient. 
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RESULTS

Prevalence of metabolic syndrome in patients with rheumatoid arthritis
The prevalence of MS in patients with RA according to the NCEP ATPIII criteria was

44.8%,  47.1% according to AHA/NHLBI criteria and 48.3% by IDF criteria (Table 1).
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Table 1 Prevalence of metabolic syndrome in patients with rheumatoid arthritis in different age groups accord-
ing to NCEP ATPIII, AHA/NHLBI and IDF criteria (n = 87)

NCEP ATPIII

AHA/NHLBI

IDF

40-49 years
n=13

38.4 %

38.4 %

46.1 %

50-59 years
n=34

38.2 %

44.1 %

41.1 %

>60 years
n=38

52.6 %

52.6 %

55.2 %

All results are significantly higher than in the control group - the Slovak population (p
<0.01). To some extent this is due to different age structure of the compared groups. Taking
into account the age in different age groups, the difference in the prevalence of MS is lower,
but still statistically significant (p <0.01).

Prevalence of components of metabolic syndrome
The individual components of MS are most often represented by the parameters of central

obesity - waist circumference (whether by NCEP ATPIII criteria or AHA/NHLBI and IDF cri-
teria) up to 73.6% respectively 86.2% of patients. The second most common component of
MS was elevated blood pressure in 55.2%. Followed by metabolic components such as
increased levels of TAG (43.7%), low HDL (33.3%) and hyperglycemia (Fig. 1).

Fig. 1 Prevalence of individual components of metabolic syndrome according to NCEP ATPIII, AHA/NHLBI and IDF
criteria in patients with rheumatoid arthritis and in the control group (n = 1604)
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As in the control group and the parameters of overall and central obesity is closely corre-
lated (r = 0.91, p <0.01). Obese (BMI> 30) patients were 35.6%, 78.2% patients were over-
weight (BMI> 25).

Prevalence of metabolic syndrome components, depending on age
Prevalence of metabolic syndrome components in the age group 40-49 years:
In the age group 40-49 years is the representation of individual components of MS in

patients with RA compared with the control group more frequently (p <0.01) except the preva-
lence of elevated blood pressure, which is in patients with RA  less than one third (p <0,01)

Prevalence of metabolic syndrome components in the age group 50-59 years:
In the age decade from 50 to 59 years the prevalence of individual components of MS in

patients with RA (with adequate increase) is similar to the control group (p <0.01). Also there
is a paradox from the previous decade, where the prevalence of elevated blood pressure in
patients with RA is lower (p <0.01). The second paradox is significantly lower prevalence of
low HDL levels in patients with RA (p <0.01).

Prevalence of metabolic syndrome components in the age group over 60 years:
In the age group above 60 years the individual components of MS in patients with RA is

comparable to the previous decade. There remains a paradox of a lower prevalence of ele-
vated blood pressure in patients with RA and also the paradox of significantly lower preva-
lence of low HDL levels in patients with RA (p <0.01). Interesting is a significant increase in
the prevalence of hyperglycemia - which is almost twice higher (p <0.01).

Effect of inf lammatory activity on the prevalence of metabolic syndrome
We compared two groups of patients, one group with normal inflammatory activity char-

acterized by level of CRP <5 mg/l and a second group with increased inflammatory activity
characterized by level of CRP 5 mg/l and more. The average age of patients was compara-
ble in both groups (58.8 and 60.1 years). We confirmed the assumption - patients with
increased inflammatory activity have a higher prevalence of metabolic syndrome according
to NCEP ATPIII, AHA/NHLBI and IDF criteria (p <0.01) (Table 2).

Table 2 Comparison of the prevalence of metabolic syndrome in patients with rheumatoid arthritis according to
inflammatory activity 

NCEP ATPIII AHA/NHLBI IDF

CRP < 5mg/l
n=55 40.0 % 41.8 % 41.8 %

CRP >= 5mg/l
n=32 47.8 % 52.2 % 56.5 %

p < 0.01 < 0.01 < 0.01

Almost all components of the metabolic syndrome were higher in patients with higher
inflammatory activity, except the prevalence of low HDL (30.9% versus 31.8%).

Effect of treatment on the prevalence of metabolic syndrome
Most studied patients with RA were treated with methotrexate (n = 28; 33%), the second

most numerous group of patients was treated with coloid gold (n = 15; 18%), 16% (n = 14)
with sulfasalazine, 12% (n = 10) with antimalarials, less than 10% of patients were treated
with leflunomide or any other drug, and finally - 7% of patients were not on the basal treat-
ment.
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Prevalence of metabolic syndrome was low in patients treated with modern aggressive
treatment such as methotrexate or leflunomide. In patients treated with methotrexate was
even significantly lower than the same age group in the Slovak population (p <0.01). The
average age in each group was comparable (Fig. 2).
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Fig. 2 The modifying effect of treatment on the prevalence of metabolic syndrome in patients with rheumatoid
arthritis (n = 87)

Effect of corticosteroids on the prevalence of metabolic syndrome
30% of all patients were receiving combination therapy with GC. Generally, we assume

that the GC side effects which increase weight will increase the prevalence of MS, on the
other hand, immunosuppressive effect of the GC should  improve the metabolic parameters
and thus reduce prevalence of MS.

Given the number of patients in each group, we divided and examined the prevalence
of MS in four groups - those taking GC, those not taking GC patients, patients receiving
methotrexate in combination with GC and patients receiving methotrexate alone (without
GC). Mean age was comparable in all groups.

When comparing all patients, patients treated by GC had a lower prevalence of MS (NCEP
ATPIII criteria - 38.5% versus 47.5%, p <0.01). In assessing the prevalence in patients treat-
ed with methotrexate - patients treated with combination of methotrexate and GC had
prevalence of MS significantly higher than patients treated with monotherapy (NCEP
ATPIII criteria - 33.3% versus 25%, p <0.01) (Fig. 3). 

Effect of methotrexate therapy on the prevalence of metabolic syndrome
We also examined by which parameters of MS methotrexate treatment positively or nega-

tively affects the prevalence of MS.
The average age in the methotrexate group (58.2 years) were comparable with the average

age of all patients (58.8 years). Patients treated with methotrexate have significantly lower
prevalence of metabolic components such as lipids, or glycemia, differences in the preva-
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lence of elevated blood pressure (p = 0.75) or in the prevalence of central obesity (p = 0.92)
were not significant.

DISCUSSION

The prevalence of MS in patients with RA was significantly higher than in the control pop-
ulation (according to NCEP ATPIII 44.8% in RA versus 20.1% in control population exam-
ined in the project of Prevalence of metabolic syndrome in Slovakia). Adjusted for age and
divided into age groups, the prevalence MS patients with RA in each age group are still sig-
nificantly higher. Similar results of higher prevalence of MS according to various criteria in
patients with RA and with other rheumatic diseases published also other authors (2) (4) (5)
(6) (11) (7) (9) (8) (3).

If we compare the prevalence of MS in patients with RA according to various criteria, the
differences are not as strong as when using different criteria in the control group (preva-
lence of MS in the Slovak population according to NCEP ATPIII 20.1%, according to IDF and
38.1%). We conclude that the different criteria according to NCEP ATPIII and IDF (different
values   of the marginal blood glucose, waist circumference limit, and the assessment of BMI
at IDF) do not play in patients with RA a large part and therefore patients with borderline
values (according to NCEP ATPIII and to IDF criteria) and with RA are few. Also, we see that
the tightening of criteria for MS to better prediction of cardiovascular risk and identify risk
individuals is not as important in patients with RA as in the whole population.
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Fig. 3 Comparison of the prevalence of metabolic syndrome in patients with rheumatoid arthritis: modifying effect
of treatment with corticosteroids (n = 87)
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Prevalence of components of metabolic syndrome 
The most frequent component of MS in patient with RA in all age groups was central obe-

sity. We observed a number of paradoxes. One is the low prevalence of low HDL levels in
patients with RA in older age groups compared with the control population. In part this may
be due to the effect of GC. The average level of HDL in patients with RA treated with GC was
1.57 mmol/l, but in patients not treated with GC only 1.39 mmol/l. Similar results were
published by García-Gómez et al. from University Hospital in Barcelona (12); and Boers et
al., who confirmed low levels of HDL in the early stages of RA and a significant increase in
HDL levels after treatment (13). 

Another paradox is glycemia. The prevalence of hyperglycemia (according to NCEP ATPIII
criteria) was in patients with RA in the age groups up to 59 years comparable to the con-
trol group, but in the age group over 60 is growing dramatically (39.5% in RA versus 25.0%
control group, p <0.01). This fact can not be attributed to the effect of GC, whereas in the
group of patients in 59 years used the GC even more patients than in the group over 60
years (32.7% versus 26.3%, p <0.01).

Effect of inf lammatory activity on the prevalence of metabolic syndrome
It was important to examine the impact of inflammatory activity in MS prevalence and

thus indirectly influence of aggressive medical management. We confirmed the assumption
(14) (10) - patients with increased inflammatory activity (defined by level of CRP 5 mg/l and
more) have a higher prevalence of metabolic syndrome. Interestingly, in patients with nor-
mal inflammatory activity (defined by levels of CRP 5 mg/l), the prevalence of MS accord-
ing to various criteria was very similar, but in patients with higher inflammatory activity
with tightness criteria increased.

Almost all components of the metabolic syndrome were more frequent in patients with
higher inflammatory activity (p <0.01), except for the prevalence of low HDL (30.9% versus
31.8%, p = 0.97). In the pathogenesis of acute and chronic inflammation plays an impor-
tant role phospholipase A2 (15),  which level in the sites of inflammation and in plasma
grow. One of the pleiotropic effects is a reduction in HDL cholesterol (16). If we compare the
levels of HDL cholesterol, HDL cholesterol is lower in patients with increased inflammatory
activity (although not significantly) (1.46 ± 0.42 mmol/l versus 1.43 ± 0.34 mmol/l, p = 0.4).
If we turn our attention to a compare groups receiving the same treatment (e.g. methotrex-
ate), the differences are more pronounced and statistical significance increases (1.73 ± 0.44
mmol/l versus 1.59 ± 0.28 mmol/l, p = 0.19 ).

The effect of treatment on the prevalence of metabolic syndrome 
Prevalence of metabolic syndrome was low in patients treated with modern aggressive

treatment (such as methotrexate or leflunomide), in patients treated with methotrexate was
even significantly lower than in the same age group in the Slovak population. Patients tak-
ing other drugs had a similar prevalence of MS, respectively higher than the control group.

In 2009, Toms et al. examined the prevalence of MS in 400 patients with RA. This study
confirmed the prevalence of MS in 45.3% of patients with RA according to IDF criteria
(48.3% according to IDF in our series). In patients receiving methotrexate, the prevalence
was significantly lower than in other treatments (17).

We see that the prevalence of MS in populations with different treatment varies, ranging
from values   lower than in the control population, to higher values  . Thus, when publishing
the results of the prevalence of MS in different studies it is necessary to specify the compo-
sition of the file according to treatment.

Effect of corticosteroids use on the prevalence of metabolic syndrome
In our work we have not confirmed the assumption that the patient treated with GC have

higher prevalence of MS. When comparing all patients, patients treated with GC had a lower
prevalence of MS (by NCEP ATPIII 38.5% versus 47.5%, p <0.01). In assessing the preva-
lence in patients treated with methotrexate - patients treated with combination of
methotrexate and GC had the prevalence of MS significantly higher than others (according
to NCEP ATPIII 33.3% versus 25%, p <0.01).
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It seems that when we used GC in the treatment alone or with drugs with a weaker effect
- anti-inflammatory effect is greater than the adverse effects (in terms of central obesity) and
the overall prevalence of MS is lower. However, when we used GC as a complementary ther-
apy to aggressive treatment - dual anti-inflammatory therapy is not as significant to out-
weight adverse effects in terms of central obesity and overall prevalence of MS is higher.

Effect of methotrexate therapy on the prevalence of metabolic syndrome 
The next logical step was to analyze which parameters of MS are in patients with RA treat-

ed with methotrexate positively or negatively affected. In comparison with all patients there
was significantly reduced the frequency of elevated levels of TAG (25% versus 47.4%, p
<0.01), low HDL (7.1% versus 31.6%, p <0.01 ) and hyperglycemia (14.3% versus 39.5%
according to NCEP ATPIII criteria, p <0.01). The frequency of elevated blood pressure was
also reduced, but not significantly (p = 0.75). There was no difference in the prevalence of
central obesity.

Study strengths and limitations
One of the limitations of the study should be small sample size, but this is outweighed by

using a more stringent statistical criteria for significance (p<0.01). Other limitation appears
to be a sex of the sample group (95,4 % women). But also in the control groups were more
women and the prevalence of MS in higher age groups were similar between men and
women (little bit higher in men). Otherwise, if we find significant differences in comparing
groups with more women and with nearly all women, differences between the same sex
groups will be bigger.

CONCLUSION 

The prevalence of MS in patients with RA is significantly higher than in the Slovak popu-
lation. This is partly due to differences in average age in both groups. When comparing the
prevalence of the same age group - differences are not as pronounced but still significant.

The prevalence of MS in patients with RA depends (in addition to age) on treatment.
Patients treated with modern aggressive treatment such as methotrexate or leflunomide
have a lower prevalence of MS, patients receiving methotrexate, even lower than the control
population.

Similarly, patients with low inflammatory activity (evaluated by level of C-reactive protein)
have a significantly lower prevalence of MS. Patients with low inflammatory activity com-
pared to patients with higher inflammatory activity have lower prevalence of almost all com-
ponents of MS (except for low HDL levels).

These data point to a chronic inflammation as a key  copartner of metabolic syndrome
and accelerated atherosclerosis. Aggressive treatment of underlying disease, associated with
the reduction of inflammatory burden, could reduce cardiovascular morbidity and mor -
tality.
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A b s t r a c t

Attention-deficit/hyperactivity disorder (ADHD) in childhood or adolescence is associated with a significantly
higher lifetime risk of oppositional defiant disorder, anxiety disorder, conduct disorder, among others. Reports of
co-morbidity rates are variable and influenced by assesment methodology and refferal bias, and may reflect life-
time rates within clinical groups. Up-to date studies revealed that as many as 85% of patients with ADHD  have
at least one psychiatric comorbidity and approximately 60% have at least two. Research and clinical practice has
shown that having multiple co-existing psychiatric problems increase the severity of ADHD and behavioural prob-
lems, and is associated with incereased psychosocial impairment. The high rate of psychiatric problems co-occur-
ing with ADHD has strong implications for the management of these patients. The presence of co-existing psychi-
atric conditions may moderate the response to treatment of ADHD and ADHD treatments may adversely affect and
exacerbate the symptoms of the co-morbit condition.  

The aim of this article was to summarize the use of atomoxetine in the most frequent co-morbid disorders
accompaining ADHD, ODD (oppositional defiant disorder) and anxiety, and to emphazise decrease of co-morbid
symptoms with treatment of atomoxetine what exhort us to think about them as about possible subtypes of ADHD.

Key words: ADHD, comorbidity, ODD, anxiety, atomoxetine

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a central nervous system disorder that
has an onset in childhood and has been estimated to occur in 3 to 7% of school-aged chil-
dren around the world [1]. According to ICD-10, to diagnose ADHD, symptoms of hyperac-
tivity, impulsivity and inattention are needed. Disorder typically begins in pre-school age of
children and have chronical course. 

Children with ADHD often present with behavioral problems, impaired academic per-
formance, and decreased social functioning [2]. Longitudinal studies have demostrated,that
while there is a clear reduction and modification in symptoms with age, ADHD can persist
into adulthood with estimated persistance rates of 15% for full ADHD diagnosis [3]. ADHD
was taken as a mythus for a long time, with denies of its biological base. Only psychosocial
context was accepeted as a trigger of disease. In the 20th century, with extension of scien-
tific approaches into psychiatry, neurophysiological, structural, biochemical and genetic
diferences were discovered between ADHD patients and healthy controls [4]. 

ADHD can be considered as a disorder of neurotransmitter function, with particular focus
on decrease of the neurotransmitters dopamine and norepinephrine. There has been exten-
sive research conducted that demonstrates that dopamine is critical in the regulation of
learning, as well as maintaining trained or conditioned responses and motivated (goal-
directed) behaviors [5]. Dopamine also plays an important role in working memory, the abil-
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ity to „keep something in mind“ for a brief period of time [6].  Thus, dopamine can modu-
late neuronal activity related to motor activity that is guided by external cues and is goal
directed [7].  Dopamine plays an important role in the function of the prefrontal-subcorti-
cal system. Norepinephrine (noradrenaline) is involved in maintaining alertness and atten-
tion. Norepinephrine neurons are triggered by novel and important stimuli and are quies-
cent during sleep [8].

According to the neurobiological findings, as etiology of ADHD, the only efficient therapy
is medicamentous. Several studies confirmed efficiacy of medicamentous therapy itself or
in combination with behavioral approaches as  superior to behavioral treatment alone or
community care [9].

Nowadays, there are two registrated drugs as a specific treatment for ADHD in Slovakia.
Atomoxetine and metylphenidate in new formulation-OROS form. The osmotic-controlled
release oral delivery system, OROS, is an advanced drug delivery technology that uses
osmotic pressure as the driving force to deliver pharmacotherapy, usually once-daily, in
several therapeutic areas. Drug delivery using the various OROS products can result in an
improved safety profile, stable drug concentrations, uniform drug effects, and reduced
dosing frequency. OROS technology has also enabled the use of an effective starting dose,
without the need for dose titration, which allows the achievement of symptom control much
earlier than that observed with immediate-release preparations. Such attributes can enhan-
ce patient compliance and convenience, thereby ensuring efficacy and improving patient
outcomes [10].

Atomoxetine is a selective norepinephrine reuptake inhibitor, indicated for the treatment
of Attention-Deficit/Hyperactivity Disorder (ADHD) in children 6 years of age and older,
adolescents, and adults.  Atomoxetine affects the regulation of norepinephrine by acting as
a potent and highly specific inhibitor of the presynaptic norepinephrine transporter.
Atomoxetine has minimal affinity for other transporter or receptor systems.

Metylphenidate is a stimulant of central nervous system, which probably inhibits reup-
take of dopamine in brain [11]. Therapheutic role of metyfenidat s effect on noradrenergic
system is discussed in several studies [12].

Nonstimulant agents, such as atomoxetine (FDA-approved), and several non-approved
agents, bupropion, guanfacine and clonidine, may offer necessary alternatives to the stim-
ulants [13]. This is especially important for patients who have comorbidities that are con-
traindicated for stimulant use based on medical issues and/or risk for stimulant abuse.
Approximately 10–30% of patients either do not respond to or must avoid stimulant thera-
py [13].

Pharmacologic properties of atomoxetine
Atomoxetine is a (-) isomer of an ortho-methylphenoxy analogue of nisoxetine, and is

a derivate of phenoxypropylamine [14]. Its mechanism of action in the treatment is related
to its selective inhibition of presynaptic norephinephrine reuptake in the prefrontal cortex,
resulting in increased noradrenergic transmission, important for attention, learning, mem-
ory and adaptive response [15]. Atomoxetine has a high affinity and selectivity for noreph-
nephrine transporters. 

When norephinephrine and serotonine depletion was induced in the rat brain in vivo,
using the transporter – specific neurotoxins, atomoxetine was shown to inhibit the deple-
tion of norephinephrine, but not serotonin, in a dose-depent manner [16]. Localization stud-
ies, using quantitative autoradiography in the rat brain,  suggest that atomoxetine prefer-
entially binds to areas of known high distribution of naoradrenergic neurons, such as fron-
to-subcortical system, which controls attention and motor behaviour [17].

In rats, intraperitoneal atomoxetine significantly (p <0.025) increased extracellular nor-
epinephrine and dopamine levels in the prefrontal cortex. Extracellular dopamine levels in
the nucleus accumbens and striatum remained constant, what suggests that atomoxetine
is unlikely to produce tics or have abuse potential [16].
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Atomoxetine was associatd with modest increases in heart rate and BP in children and
adolescents with ADHD, according to the pooled analysis of clinical trial data [18]. 

In the short term study (up to 9 week’s therapy), significantly greater increases in mean
heart rate and mean diastolic BP were seen with atomoxetine than with place; there were
no significant between - group difference in the change in systolic BP. Patients recieving ato-
moxetine for ≥1year had increases in mean heart rate of < 10 bpm and mean increases in
BP that were small and considered to be of  clinical significance [18]. 

Atomoxetine recipients demonstrated an initial loss in both expected weight and height,
althought these shortfalls peaked at 15 and 18 month, respectively, and returned to expect-
ed measurements by 36 and 24 month [19]. Persistent decrease from the expected meas-
urements appeared to occur in patients who were taller or heavier than avarage before treat-
ment [19]. 

Atomoxetine appears less likely than methylphenidate to exacerbate disordered sleep in
pediatric patients with ADHD [20].

Oral atomoxetine is rapidly absorbed; Cmax is reached in 2 hours among children and
adolescents with ADHD [21]. Studies demonstrated an absolute oral bioavailability of 63%
in extensive metabolizers and 94% in poor metabolizers [22]. Atomoxetine demonstrates
dose-proportional increases in plasma exposure, slightly affected by administration with
food. Plasma protein binding (mainly to albumin) of atomoxetine was 98% at therapeutic
concentration [22].

Atomoxetine undergoes extensive biotransformation, mainly via the CYP2D4 enzymatic
pathway in which atomoxetine is oxidated to form 4-hydroxyatomoxetine (the major metabo-
lite), which is then glucuronidated to form 4-hydroxyatomoxetine-O-glucuronide, the main
execreted. Poor metabolizers are unable to metabolize as efficiently using the CYP2D6 path-
way; metabolism in these individuals occurs mainly via CYP2C19 pathway, forming N-
desmethoxyatomoxetine. 4-Hydroxyatomoxetine has similar pharmacologic activity to ato-
moxetine, N-desmethoxyatomoxetine has much less pharmacologic activity than atomoxe-
tine and 4-Hydroxyatomoxetine. Extensive metabolizers with moderate (Child-Pugh clss B)
or severe (Child-Pugh class C) hepatic insufificiency have increased atomoxetine exposure
compared with voluntares [22]. In extensive metabolizers is a half-life of atomoxetine 5.2
hours [23] in compare with slow metabolizers, in which atomoxetine is metabolized through
several alternative CYP pathways, that last 22 hours

The effectiveness and safety of atomoxetine in treating ADHD in children and adolescents
were originally established in several short-term studies and some long-term studies,
preferably aimed on core symptoms. Only few studies have prospectively addressed the
effect of nonstimulant treatment with ATX on comorbidity disorder (note: comorbidity
means coexistence of at least 2 mental disorders in one patient at the same time), and with
conflicting results. The same little number of studies was focused on effectivness of ATX on
core symptoms of ADHD with comorbidity.  Next systematic and detailed research in this
area is needed mostly for clinical practice. 

Atomoxetine improved ADHD symptoms compared to placebo as rated by statistically sig-
nificant improvements versus placebo in the total score of the Attention-
Deficit/Hyperactivity Disorder Rating Scale (ADHD-RS).  An investigator administered the
ADHD-RS to the parent and/or teacher and clinical investigation of psychiatrists, depend-
ing on the study design.  Symptom improvement was also observed using secondary meas-
ures, and these results demonstrate the efficacy of atomoxetine in children and adolescents
in both home and school settings. Atomoxetine improved symptoms equally well in the inat-
tentive and hyperactive/impulsive domains [25]. The response to treatment was dose-
dependent, with an optimal dose of approximately 1.2  mg/kg/day and no additional
improvement in group-results of core symptoms at 1.8 mg/kg/day.  The full effect of thera-
py is seen in 6-8 weeks. Atomoxetine is efficacious when dosed once daily in the morning,
or as a divided dose in the morning and early evening.
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Co-existing disorders with ADHD pervasively affect research and clinical practice as
a result of its influence on diagnosis, prognosis and treatment. Patients with ADHD having
comorbidity were usually excluded from studies, so despite the thousands of scientific arti-
cles, little is known about effect of atomoxetine on comorbidity in ADHD (ODD, anxiety).
And that is the reason, why next research would be contributive.

The efficacy of atomoxetine in treating core symptoms of ADHD seems to be unaffected by
the presence of co-morbid conditions so far. The tolerability profile of atomoxetine in
patients with ADHD and comorbid conditions was similar to that of patients with uncom-
plicated ADHD. Atomoxetine was well tolerated, with adverse events generally mild and
transient; the most frequent adverse events in patients with ADHD include abdominal pain,
decreased appetite, nausea and vomiting. 

Oppositional defiant disorder
Oppositional defiant disorder (ODD), one of the conduct disorders,  is the most com-

mon comorbid condition associated with ADHD, occurring in 30 to 60% of children with
ADHD [15, 26]. ODD is characterized by a pattern of developmentally inappropriate
nega tivistic, hostile, and defiant behaviors causing clinically significant impairment in
social, family, or academic functioning. Children and adolescents with ADHD and
comorbid ODD tend to present with more severe ADHD symptoms, peer problems, and
family distress, which in turn are associated with increased severity of the disorder and
a poorer prognosis [27].

The etiology of conduct disorder involves an interaction of genetic/constitutional, biologi-
cal and psychosocial factors. Children who have conduct disorder may inherit decreased
baseline autonomic nervous system activity, requiring greater stimulation to achieve opti-
mal arousal [28]. 

This hereditary factor may account for the high level of sensation-seeking activity associ-
ated with conduct disorder [29].

Current research focuses on defining neurotransmitters that play a role in aggression,
with serotonin most strongly implicated [30]. Changes in testosteron and serotonine blood
levels eventually decreased activity of dopamin – beta-hydroxylasis are common laboratory
findings in children with ODD.

Because of the multifaceted nature of conduct problems, particularly related comorbidi-
ties, treatment usually includes medication, teaching parenting skills, family therapy, and
consultation with the school. Studies have shown that youth with predatory and severe
aggression are not likely to respond without medication and they have a better response to
a multimodal approach [31]. Medications may help, however, when there are co-occurring
disorders, making it more likely that the youth will be able to participate and benefit from
intervention strategies. Pharmacological interventions may be helpful, for example, when
a child or adolescent has a disorder that is responsive to medication, such as ADHD or bipo-
lar disorder. Medications often prescribed for ADHD, such as stimulants and atomoxetine,
may help improve oppositional behaviors as well. There is also limited research suggesting
that mood stabilizers or selective serotonin reuptake inhibitors (SSRIs) may be helpful when
there is a co-occurring mood disorder, such as bipolar or major depressive disorder.
Atypical antipsychotics are the most commonly prescribed medication for aggression asso-
ciated with ODD and CD. Medications should be started only after an appropriate baseline
of symptoms or behaviors has been obtained and only in conjunction with psychosocial
treatment [32].
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Table 1  Pharmacotherapy ussually used in treating comorbid ODD

Medication

Methyphenidate

Atomoxetine

Risperidone 

Lithium 

Carbamazepine

Valproic acids

Bupropion 

Dosage range

0,3-0,6 mg/kg/day
max 54 mg/day

After 6 year
Starting dose
0.5 mg/kg/day to
therapeutical dose
1.2 mg/kg/day

Low doses
½-1 mg per day

First week 150-300
mg ped day, after 14
days increase by
300 mg/day 

>7 years: 
Start with 100 mg
in 2 doses, max
400-800 mg/day in
2-4 doses
6 to 12 years: 200
mg twice daily;
increase by 100 mg
at weekly intervals;
maximum dosage of
1.000 mg per day

10 to 15 mg per kg
per day in 1 to 3
divided doses;
increase by 5 to 10
mg per kg per day
at weekly intervals
Max 500-2000 mg
day

3 mg/kg/day, 3x
day, max 400
mg/day

Mechanism of action

Central nervous sys-
tem stimulant
Inhibition of
dopamine reuptake

Selective reuptake
inhibition of nora-
drenalin 

Selective agonist of
5HT2 and D2 recep-
tors

Several ways of effect:
Effect on G-protein,
second messangers,
inhibition of adenyl-
cyklasis and inositol-
1-fosfatasis proteinki-
nasis C, agonist of
S1A receptors, block-
age of oversenzitivity
in dopamin receptors

Influence on seroton-
ergic system, agonist
of GABA-B receptors,
stabilization of Na+ an
Ca+ membrane canals
Specific affinity to
limbic structures and
inhibition of perme-
ability reticulothalam-
ic and thalamocorti-
calis circuits. Supress
activity of efferent
conections from thal-
amus and aferenta-
tion to hippocampus
and decrease activity
of connections
between amygdala to
thalamus and hip-
pocampus to thala-
mus

Inhibition of nora-
drenaline and
dopamin reuptake

Common adverse
effects

Anorexia, nervous-
ness, sleep delay, rest-
lessness, dysrhyth-
mias, palpitations,
tachycardia, anemia,
leukopenia

Lack of appetite,
wieght loss, nausea,
increase of BP and
HR

Extrapyramidal syn-
drome, somnolence,
higher level of hyper-
prolakctinemia, getting
on weight, orthostatic
hypotension

Enuresis, fatigue,
ataxie, diplopia,
dysatrie, cefalea,
nauzea, tremor

Ataxia, drowsiness,
constipation, diarrhea,
nausea

Drowsiness, sedation,
constipation, diarrhea,
heartburn, nausea,
vomiting, rash

Agitation, anxiety,
confusion,
headache/migraine,
insomnia, seizures,
arrhythmias, nausea,
vomiting

Monitoring/special
considerations

Periodic CBC with
differential and
platelet count, blood
pressure, height,
weight, heart rate

Regular control of CV
parameters

Drug interactions
Serum lithium con-
centrations prior to
next dose, monitor
biweekly until stable
then every 2 to 3
months; serum crea-
tinine, CBC, urinaly-
sis, serum elec-
trolyte, fasting glu-
cose, echocardio-
gram, TSH

CBC with platelet
count, liver function
tests

Liver function tests,
bilirubin, CBC with
platelet count
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The co-occurrence of ADHD and ODD symptoms is greater than might be expected from
chance, raising the possibility that some association exists between the two sets of symp-
toms [33] and indeed it has been suggested that greater severity, at least in the hyperactiv-
ity/impulsivity dimension of ADHD symptoms, may predict the later development of oppo-
sitional symptoms [34]. Moreover, these externalizing disorders may share some common
genetic underpinnings, as genetic variation in both dopaminergic [35] and androgenic
receptors [36] appears to play a role in their expression. On the other hand, factor analysis
points to the independence of the inattentive, hyperactive/impulsive, and oppositional
symptom clusters [34] and evidence from both cognitive tests [37] and electrophysiology [38]
supports this notion. Despite such analyses, surprisingly few clinical studies have evaluat-
ed actual methods to treat children with ADHD and comorbid ODD.

Two double-blind, placebo-controlled studies had been specifically designed to evaluate
the efficacy of ATX in treating ODD symptoms in children with ADHD and comorbid
ODD/CD, as measured by the ODD subscale of the investigator-rated Swanson, Nolan, and
Pelham Rating Scale-Revised (SNAP-IV) [39].

In one study, ATX was superior in reducing ODD symptoms over time, significantly better
at week 2 and week 5, but no longer at week 8 [40]. Thus, it remained uncertain whether
ATX exerts a specific and enduring effect on ODD symptoms. Of note, the patient popula-
tion in this study was restricted to patients with severe ADHD and ODD symptoms and poor
Clinical Global Impressions (CGI) ratings. 

The second study evaluated the efficacy of ATX in improving ADHD and ODD symptoms
in pediatric patients with ADHD and comorbid ODD who were nonresponders to a previous
parent training intervention [3]. In this 8-week study, both ADHD and ODD symptoms had
significantly improved compared with placebo at the end of the 8-week double-blind treat-
ment period. In addition, post-hoc analyses have also been conducted on data of the place-
bo-controlled core registration studies of ATX conducted in children and adolescents with
ADHD [41]. In these studies, comorbid ODD was typically present in 30%–40% of patients,
and ODD symptoms had been measured by the oppositional subscale of the Conners’
Parent Rating Scale-Revised Short Form (CPRS-R:S). These post-hoc analyses had also
given inconclusive results: A first subset analysis of 98 children with ADHD and comorbid
ODD from two early placebo-controlled trials revealed significant improvement of ADHD
symptoms, but no significant reduction of ODD symptoms versus placebo [42]. A second,
more detailed subgroup analysis based on a larger placebo controlled ATX study in 226 chil-
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Clonidine

Trazodone

Tiaprid

0.05 mg per day;
increase every 3 to
7 days by 0.05 mg
per day to 3 to 5 g
per kg per day in 3
to 4 divided doses

Maximum dose: 0.3
to 0.4 mg per day

4.8+/- 1.7
mg/kg/day

50-200 mg per day

presynaptic selective
reuptake inhibition of
5-HT receptors

Selective inhibition of
D2 and D3 receptors

Dizziness, drowsiness,
sedation, constipation,
dry mouth

Orthostatic hypoten-
sion, drowsiness,
fatigue, irritability,
painfull erection

Fatigue, insomnia, agi-
tation, vertigo, cefalea

Blood pressure,
heart rate
Do not discontinue
abruptly or with-
drawal symptoms
may occur.

Prolactinemia blood
levels controls

CBC- complete blood count, CV- cardiovascular, HR- heart rate, HT- 5-hydroxytryptamine receptors, D-
dopamine receptors, S-serotonine receptors, TSH- Thyroid-stimulating hormone
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dren and adolescents with ADHD with and without comorbid ODD [25] concluded that ATX
significantly reduced both ADHD and ODD symptoms and improved quality-of-life meas-
ures compared with placebo [43]. Data also suggested that the comorbid group may require
higher ATX doses (1.8 mg/kg per day). In an additional post-hoc meta-analysis, acutephase
data were analyzed from three double-blind placebo controlled ATX studies in 512 children
and adolescents with ADHD (age 6–16 years); 158 had comorbid ODD. ATX significantly
reduced ADHD symptoms in patients with and without ODD to a similar extent. However,
the reduction of ODD symptoms in patients with comorbid ODD was not significantly high-
er than with placebo [45].   Finally, Cheng et al. (2007) performed a systematic meta-analy-
sis on nine placebo-controlled ATX trials in children and adolescents (ATX 1,150, placebo
678 patients). In the smaller subgroup of comorbid ADHD/ODD patients, both ADHD and
ODD symptoms were significantly reduced with ATX compared with placebo. Comorbid
ODD status was significantly associated with smaller treatment-related reductions in
ADHD symptoms. Cheng et al. concluded that ATX may have a role in treating comorbid
ODD. In the light of these inconclusive results, additional prospective studies evaluating the
efficacy and safety of ATX in pediatric patients with comorbid ADHD and ODD/CD are sug-
gested.

Anxiety disorders
Pediatric anxiety disorders are the most common psychiatric disorders of childhood,

affecting 8% to 21% of children [45]. Symptoms vary between individuals and can be
expressed as a finger sucking, onychophagy, psychosomatic symptoms as a cefalea, abdom-
inal pain, nauzea, sleep disturbances, tension, fatigue, „too good child“- when child is too
quite, masturbation, encopresis, enuresis, conduct symptoms etc.

Comorbid anxiety disorder is estimated to occur in 25% to 35% of children with ADHD
[41].

Investigators have noted higher rates of ADHD in children of parents with anxiety disor-
ders than in children of comparison groups. Lahey et al. noted that children with diagnosis
of attention deficit disorder without hyperactivity had higher rates of anxiety disorders than
children with attention deficit hyperactivity disorder. A recent investigation of the familial
interrelationship between attention deficit hyperactivity disorder and anxiety disorders pro-
vided evidence for an association between the two disorders. In 16-53% patients with
generalized anxiety disorder (GAD) was found an evidence of existence of ADHD in child-
hood, compared to 2-9% in whole child population [46].

Milberger et al. (1995) examined the overlap between ADHD and generalized anxiety dis-
order in a clinical sample. For adults, when overlapping symptoms were subtracted, 75% of
the sample still met criteria for ADHD, and 76% of the sample still met criteria for GAD.
Thus, comorbidity between anxiety disorders and ADHD is not just an artifact of diagnos-
tic overlap. Substantive hypotheses for the covariation between internalizing and external-
izing disorders include where one disorder directly causes or contributes to another disor-
der. It is difficult to conceptualize how anxiety in a child could cause the development of
ADHD; however it may be possible that anxiety alters the expression of ADHD. For exam-
ple, children with comorbid ADHD and anxiety are often reported to be less impulsive than
children with ADHD alone [47]. Alternatively, anxiety early in life might affect a child’s abil-
ity to concentrate and finish schoolwork, and consequently may present with ADHD-type
symptoms.

Furthermore, children with comorbid anxiety demonstrated a different pattern of respond-
ing to treatments leading to recommended modifications to treatments when comorbid anx-
iety is a factor [48]. Several studies have assessed the effects of mood or anxiety disorders
in the treatment of ADHD. In youths with ADHD and comorbid anxiety, reports of trials with
stimulants are inconsistent. Several reports have suggested diminished effectiveness
and/or tolerability when monotherapy with stimulants was used in the treatment of ADHD
comorbid with anxiety symptoms [49] or a diagnosis of an anxiety disorder [48, 49].
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Diamond et al., however, reported similar tolerability and response to stimulant monother-
apy in those with or without diagnosis of an anxiety disorder. Similarly, the MTA study
found the response to stimulant monotherapy to be good irrespective of diagnosis with an
anxiety disorder. Clinical practice shows, that stimulants can increase anxiety in some
patients, so we have to consider ATX as a choice for treatment.

Systematic research about influence of ATX and methylphenydate on anxiety have not
been performed (52), so next research is essential. We can mention only a few studies.

Geller et al. in a double-blind study compared atomoxetine with placebo for treating pedi-
atric ADHD with comorbid anxiety, as measured by the ADHD Rating Scale-IV-Parent
Version: Investigator Administered and Scored (ADHDRS-IVPI) and the Pediatric Anxiety
Rating Scale (PARS). Atomoxetine was efficacious in reducing ADHD symptoms in patients
who have ADHD with comorbid anxiety and was well tolerated. There was also a significant
reduction in independently assessed anxiety symptoms using both clinician-rated and self-
rated measures, which merits further investigation. Results support consideration of atom-
oxetine for the treatment of ADHD in youths who have ADHD with comorbid anxiety disor-
der. Kratochvil et al. (51) assessed the safety and effectiveness of atomoxetine monotherapy
compared with combined atomoxetine/ fluoxetine therapy in a population of children and
adolescents with ADHD and concurrent symptoms of depression or anxiety. In pediatric
patients with ADHD and comorbid symptoms of anxiety, atomoxetine monotherapy appears
to be effective for treating ADHD. Up to date studies, as well as clinical practise show pos-
sibility of positive effect of ATX on anxiety with ADHD.

CONCLUSION

More than two-thirds of children with ADHD may have at least one co-morbid condition,
and the presence of co-morbid conditions complicates the pharmacological management of
individuals with ADHD. Despite this, there are relatively few systematic studies that specif-
ically address the co-morbidity associated with ADHD. The majority of ADHD clinical stud-
ies in children and adolescents specifically exclude patients with co-existing disorder.Even
though atomoxetine seems to be an effective and well tolerated option for ADHD treatment
in the presence of co-morbid conditions. In spite of this, there are still some significant gaps
in our knowledge of the most appropriate treatment options for ADHD with co-morbid con-
ditions

In addition to improving symptoms of ADHD, findings suggest atomoxetine may improve
symptoms of ODD, has a mild-to-moderate benefit on co-occurring symptoms of anxiety,
and does not worsen tics in patients with Tourette’s syndrome or chronic tic disorders Next
research can reveal, if ODD and anxiety could be possible subtypes of ADHD what would
bring a new perspective on disorder itself and efficient treatment.

These issues serve to emphasize the need for appropriate prospective clinical studies that
are sufficiently powered, and that investigate different pharmacological approaches head to-
head in patients with ADHD and co-existing co-morbid conditions.
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A b s t r a c t

Many methods of minimally invasive therapy have been developed in recent years to eliminate tumours in organs
like the liver. One of the most promising methods is called radiofrequency ablation, occasionally referred to as RFA.
In radiofrequency ablation, a special needle electrode is placed in the tumour under the guidance of an imaging
technique such as ultrasound (US), computed tomography (CT) scanning, or magnetic resonance (MR) imaging.
A radiofrequency current is then passed through the electrode to heat the tumour tissue near the needle tip to
cause tumour ablation.  The heat from radiofrequency energy also closes up small blood vessels, thereby mini-
mizing the risk of bleeding. In general, radiofrequency ablation causes only negligible discomfort and may be done
as an outpatient procedure without general anaesthesia

In some cases radiofrequency ablation has made it possible to operate on patients that might not be good sur-
gical candidates. Two types of liver tumour have been the main target of radiofrequency ablation; hepatocellular
carcinoma, which is a primary liver cancer, and metastases from colorectal cancers to the liver. Many patients with
a malignant liver tumour are not ideal surgical candidates as their tumours are so multifocal and inaccessible,
that hepatectomy can lead to liver failure due to insufficient tissue reserve for adequate liver function.  Other
patients are poor surgical candidates due to poor performance status, as a consequence of other comorbidities,
making major liver surgery exceedingly high risk. For many of these patients, radiofrequency ablation is a viable
and effective treatment option. 

Key words: radiofrequency ablation, minimally invasive therapy, liver tumour, colorectal liver metastases.

INTRODUCTION

The liver is a frequent target of primary and secondary malignant tumours. The most
common liver malignancies are the hepatocellular carcinoma and metastases from the col-
orectal carcinomas. Hepatocellular carcinoma ranks fourth as the cause of death from
malignant cancers worldwide. Approximately one million new cases of hepatocellular carci-
nomas are documented each year (1). If malignant tumours of the liver are not treated mor-
tality can reach 100%. The standard treatment option, in these tumours when appropriate
is the surgical therapy that leads to significant survival benefits.  In contrast, radiotherapy
and chemotherapy alone or in combination  have been not proven to be as beneficial for
long-term survivals of these patients.

After lymph nodes, the most common site for the metastases of colorectal adenocarcino-
ma is the liver. Liver is also common target for metastasis from other types of cancers also.
Surgical resection of the liver metastases in patients with colorectal adenocarcinoma in
properly selected patients can lead to long-term survival interval in the range of 20%-35%
(6). Nevertheless, only 5% to 15% of patients with primary or metastatic liver cancers, are
deemed suitable for curative liver resection (2, 3). The limiting factor for such surgical ther-
apy is the number of tumours, their size, location, and the degree of  invasion into the vas-
cular  or biliary structures as well as the reduced remaining functional parenchyma post-
operatively which can lead to hepatic failure especially in those with underlying   cirrhosis. 

ACTA MEDICA MARTINIANA 2012 12/3     DOI:  10.2478/v10201-011-0041-5 39

A d d r e s s  f o r  c o r r e s p o n d e n c e :
Robert Adamov, MD, Department of Surgery, Faculty Hospital, Vojtecha Spanyola 1739/43, 
01001 Zilina, Slovakia
Phone:. +415110322; e-mail: robadamov@mail.t-com.sk

maketa 12/3_MAKETA  7/1  12/11/12  7:22 AM  Stránka 39



5-year survival rate after successful surgical resection of the hepatocellular carcinoma
with metastasis fluctuates in the range from 20% to 40% (2). Due to the high percentage of
unresectable tumours of the liver the locoregional treatment is the only option in many
cases (5). As an alternative to surgical therapy a number of minimally invasive procedures
have been developed for patients with primary or metastatic liver cancer, who are not suit-
able surgical candidates. Procedures such as percutaneous ethanol injection (PEI),
chemoembolization of liver tumours, radioembolization treatment and various other ther-
mal ablation techniques compromise some of the most frequently used effective treatment
modalities. PEI technique is mostly used to treat small hepatocellular carcinomas and is not
usually applied for the treatment of metastatic liver disease. Chemoembolization is most fre-
quently used for unresectable tumours (2, 4). In the field of thermal ablation there are two
categories. One delivering extremely low-temperature to the target tissue leading to cryoab-
lation, the other high temperature, leading to selective tissue necrosis using radiofrequen-
cy, focused ultrasound, microwave and laser for attainment of high temperature.
Radiofrequency ablation (RFA) is a minimally invasive technique which has been utilized in
cardiology, treatment of trigeminal neuralgia and osteoma for a very long time. Lately it has
been applied with good results for the treatment of liver and lungs tumours. Even though
the liver and the lungs are the most common place of use of the radiofrequency ablation,
this technique is also used in the treatment of malignant tumours of kidneys, adrenal
glands , breast and other malignant soft tissues tumours (7). In recent years, RFA is gain-
ing greater popularity due to favourable results in the treatment of primary and secondary
liver tumours. Recent studies point to a favourable rate of survival and effective local abla-
tion effect (2). 

PATIENTS AND METHODS

This study included patients with liver metastasis from colorectal carcinoma from
January 2011 to February 2012. The patients were treated by hepatic surgical resection in
combination with RFA. Resections were performed at the Department of Surgery FNsP Žili-
na and systematic chemo-radiotherapy was continued at the Department of Oncology of the
same hospital. During the study, 19 hepatic resections were performed, 13 of which were
for metastatic colorectal carcinoma.   Of the total of 13 metastases of colorectal carcinoma,
11 were treated with hepatic resection alone and 2 underwent hepatic resection combined
with RFA  (15.3%). Before embarking on surgical therapy all patients were histologically ver-
ified to have colorectal carcinomas and had their radiological staging by Computed
Tomography (CT). Patients that underwent combined hepatic resection and radiofrequency
ablation had both procedures performed concurrently during one operative session. All 13
patients were deemed eligible candidates for treatment of metastatic disease by hepatic
resection or combined RFA and resections.  Due to involvement of both lobes of liver and
anatomic proximity of some of these metastatic lesions to main vessels, 2 patients were
selected prospectively to undergo combined surgical and ablation therapy. Radiofrequency
ablation was in both cases accomplished during the open procedure. This approach was
preferred due to significant benefit achieved using intra operative ultrasound, which allows
better and more accurate identification of the lesions, its size, location, and relation to vas-
cular structures leading to better oncological control and also better preservation of healthy
liver tissue.  Perioperative US examination and Doppler US examination realised also in
these patients. For the above RFA, Cool-Tip tm RF System RADIONICS - Model CC-1220VAC
50 Hz was used. The application and positioning of the Cool-Tip RFA needle and subse-
quently the process of ablation was guided with perioperative or intraoperative US. The
process, in one of the patients, failed due to damage to the RFA needle, without the possi-
bility of assessing the effectiveness of the therapy. A patient with problematic location of
metastasis underwent RFA in hepatic segment V and resection of metastases in segments

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2   12 / 340

maketa 12/3_MAKETA  7/1  12/11/12  7:22 AM  Stránka 40



II and VIII. The surgical intervention was supplemented by axial transversostomy.
Surveillance CT examination with a focus on the dynamics and character of changes in the
liver after RFA was carried in the postoperative period, on the 5th day, after 2 months and
4 months. On the basis of the surveillance CT examinations the effectiveness of radiofre-
quency ablation was evaluated. The patients underwent the systematic chemo-radiothera-
py, with a total dose of 50.4 Gy and concomitant application of Xeloda and monoclonal anti-
body therapy with Avastin. In the second phase of surgical treatment, laparoscopic resec-
tion of rectal adenocarcinoma was performed.

RESULTS

The aim of this study was the assessment of effectiveness and contribution of the RFA in
combination with surgical resection in the management of patients with metastatic col-
orectal carcinoma. Patient with colorectal adenocarcinoma, who was designated to undergo
combined ablative and hepatic resection as the first line treatment, underwent complex pre-
operative spiral CT scan and synchronous metastases in hepatic segments II, V and VIII
were found. The size of the metastases in the 2nd segment was 17.4 mm x 16.6 mm and in
the 8th segment was 15.6 mm x 15.4 mm. Metastases in the 2nd and 8th segment were
located on the surface, and appropriate to wedge resection. The size of the metastasis in the
5th hepatic segment was 30.2 mm x 28.0 mm. The metastatic lesions were in close prox-
imity to the right branch of the portal vein and branches for hepatic segments V and VI,
therefore RFA was indicated. Regular CT scans of the liver with dynamic phases were per-
formed to assess the tumour status with a structured CT imaging protocol at day 5, 2
months and 4 months after the RFA. The patient was discharged from the hospital without
complications on the 7th day postoperatively. Subsequently the patient underwent system-
atic chemotherapy in the frame of outpatient care.

CT scan on the 5th day after the RFA
Due to secondary inflammatory reaction of surrounding tissue, in the immediate post-

operative period the ablation area increases progressively and the maximum change occurs
on the 4th or the 5th day postoperatively.

Under identical conditions, RFA generator creates a spherical shape of an ablation zone,
about 7 cm in long-axis diameter. The size and shape of the ablation zone varies according
to the type of RF device used, the local environment of hepatic tissue, the proximity of the
vascular structures and type of tumour.  On the 5th post-operative day characteristic symp-
toms after RFA of hepatic metastasis were presented. On the CT scan after complete abla-
tion, the defect was at the centre of the tumour location, and was initially larger, from
30.2 mm x 28.0 mm to 52.1 mm x 29.1 mm (which ensures desired tumour-free margins).
The interface was sharp, smooth, and devoid of nodularity. When CT contrast agents were
used there was a complete lack of tumour enhancement, with thin, smooth rim enhance-
ment at the interface (the interface between normal liver tissue and the ablation defect). The
rim represented ablation-induced hyperaemia, and continued approximately 4 weeks after
RFA. The finding usually persists for a few weeks, disappearing by 4th weeks post opera-
tively.
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CT examination 2 months after the RFA
The next CT scan confirmed complete destruction of metastases by occurrence
of hypovascularity.  The next surveillance CT scan displayed that enlargement of the abla-

tion area did not occur. An important indicator of successful ablation is stable size of the
ablation defect or gradual decrease of the ablation area. A sudden increase in ablation
defect is suspicious for the relapse of hepatic metastasis. In the case of relapse focal irreg-
ular area with extending size of the edge of lesion is frequently visualized   on CT scans.
A successfully treated tumour appears as a stable area of low density with the tendency of
gradual shrinkage. Ablation area, which on subsequent surveillance CT displays as
increase in size, is considered to be a local relapse. After 2 months no waistband of hyper-
aemia at the interface of the ablation area with liver tissue was observed. The edges of the
ablation lesion were smooth, sharply bounded and the size of the ablation lesion was
52.3 mm x 28.5 mm.

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2   12 / 342

Fig. 1 CT scan shows a thin enhancing rim due to ablation-induced hyperaemia. Note the thin smooth appearance and the lack
of nodularity

Fig. 2 CT scan 2 months after RFA with the image of the successful ablation of metastasis
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CT examination 4 months after the RFA
The last surveillance CT scan, before the second stage surgical therapy, was carried out

4 months after resection of metastases in segment II, VIII and after RFA of metastasis in
segment V. During this period the patient underwent complex chemo radiotherapy. The CT
scan displayed the area, of radiofrequency ablation as deposit with low density and a ten-
dency to decrease in size without displaying irregular extensions to the size of the edge. The
size of the deposit after ablation was 39.4 x 21.6 mm (Fig.3). In the area of rectal adeno-
carcinoma down staging was achieved.
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Fig. 3 CT 4 months after RFA, without image of metastatic relapse
Dynamic changes, using CT in the RF ablated area of metastasis in the 5th segment of liver were monitored for 4
months.  The changes observed demonstrated a successful course of treatment, without complications and signs
of progression or metastatic relapse (Table 1).

Table 1 Postoperative monitoring of dynamic changes in the RFA area

Metastaic 
Lesion

Size

Change of size

Bounderies.

CT prior to RFA

5th day after RFA

52.1 mm x 29.1 mm

Increase in size

Hypereamic rim

CT 5 days post RFA

2 months after RFA

52.,3 mm x 28.5 mm

No change in size

sharp, smooth, and
devoid of nodularity

CT 2 months post RFA 

4 months after RFA

39.4mm x 21.6mm

Shrinkage in size

Without progerssion

CT 4 months post RFA
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Localization of metastasis near the main vascular structures in the segment of right por-
tal vein and the concurrent metastatic disease within the segment II of the left hepatic lobe
made curative right hemihepatectomy unfeasible as the sole therapy, so segmental resec-
tion of metastasis in segment II was carried out, in combination with ablation of the other
metastatic lesion by RFA. This method brought about surgical desired effect and subse-
quently allowed surgical resection of colorectal cancer to be carried out at a later date. 

DISCUSSION

Anatomic or partial resection are established therapies for patients with liver tumours. In
patients with liver metastases from colorectal cancer, partial hepatectomy is a potentially
curative treatment in about 30–50% of patients (8). While in the early days of surgical ther-
apy for colorectal liver metastases the criteria for surgical resection was quite strict.
Gradually new guidelines were adopted that extended indication criteria for partial liver
resection in metastatic colorectal cancers, as it was shown that the procedure improves sur-
vival and at times leads to cure. With the expansion of criteria for surgical resection the lim-
its of hepatic surgery were attained and additional procedures became necessary to render
patients’ tumour free. Thermoablation is one of these advanced techniques, which is being
used with increased frequency in recent times.  RFA is a technique which is based on the
conversion of electromagnetic energy into heat. It is used for the destruction of tumour tis-
sue. Ablative technique is often used in combination with partial liver resection and pro-
vides the possibility of treatment for patients with liver tumours, who cannot be cured by
partial liver resection. Many newly diagnosed liver tumours are surgically unresectable.
However, in selected cases radiofrequency ablation seems to be the only option. The factors
limiting feasibility of surgical resection are the tumour size, the total number, location of
tumours and its relation to main blood vessel and other vital structures. Radical surgical
therapy can leads to the reduced liver function reserve which can be devastating, especial-
ly in patients with underlying liver disease such as cirrhosis. Radiofrequency ablation in
patients who are not suitable candidates for surgical therapy, offers a minimally invasive
therapeutic technique with low level of mortality and serious complications. It is suitable
option that can be considered in patients that have resectable metastatic disease but one
or more of the metastatic lesions are impossible  or difficult to safely  resect due to its
anatomical proximity  to vasculature. In these patients surgical resection may be combined
with RFA.  RFA cannot replace surgical resection, which should remain as the gold stan-
dard in the treatment of malignant liver tumours. However, it should be considered in cases
where surgical resection leads to considerable loss of hepatic reserve, or when surgical
resection is not feasible  due to anatomic positions of tumour. In appropriate situation it
can be utilized as sole therapy or in combination with surgical resection. The aim of this
study was to assess the feasibility and efficiency  of combined hepatic resection and RFA in
the treatment of colorectal liver metastases. Despite many positive theoretical benefits
about the influence of the combined therapy, there are also some doubts in the surgical
community, as the ablative therapy combined with wide surgical resection is considered
unsafe and thought to complicate an already demanding surgical resection (9). Moreover,
there is an assumption that patients who are candidates for surgical resection represent
a group with a unfavourable prognosis because of the high risk disease. Obviously the
application of combined resection and RFA, which increases the operative risk and also
postoperative complication is unfounded, if it does not brings positive results in term of
increasing the long-term survival (9). According to other studies the complication rate for
combined hepatic resection and RFA was 19,8%, which is comparable to the 11% to 35%
morbidity rates reported for hepatic resection alone (9). During the study period,  there were
no complications neither during the operation nor during the observation period after the
surgical treatment of colorectal liver metastases. Ablative destruction of the problematic
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metastasis in segment V was realized without damaging the right branch of  portal vein and
branches for segment V and VI, which were located in close proximity to the liver metasta-
sis. In general, RFA combined with liver resection is regarded as a safe and well tolerated
method of surgical therapy. However, in some studies 2.3% mortality after combined surgi-
cal therapy is reported and this points out the seriousness of the radical surgical therapy
of malignant liver tumours (9). Although, the combined surgical therapy seems to be safe in
most cases liver resection combined with thermal destruction of extensive liver volume may
lead to liver failure and to death. Patients with liver cirrhosis with reduced hepatic reserve
and also patients’ with normal liver that have or should undergo extensive liver resection
and RFA must be properly assessed for risk of hepatic failure and selected accordingly.
Malignancies of the liver must be properly assessed in relation to the volume of remaining
functional hepatic parenchyma. In a recent systematic review of reported series on the com-
bination of RFA with liver resection 3- and 5-year survival rates of 45 and 30% for patients
with colorectal liver metastases were reported (10). Patients with rectal carcinoma present-
ing with simultaneous liver metastases , who are treated with surgical resection combined
with RFA represent a special category  from an oncosurgical point of view. Multiple metas-
tases, bi-lobar lesions or  relapse after previous liver resection gives these patient poor prog-
nosis . Despite these adverse factors survival results are comparable with the results of sur-
vival in patients with colorectal metastases treated with partial liver resection. Clinical stud-
ies have shown that surgical resection alone or in conjunction with RFA therapy leads to
improved survival rate in comparison with chemotherapy alone. 
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