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APNEA IN PRETERM NEWBORNS:
DETERMINANTS, PATHOPHYSIOLOGY,
EFFECTS ON CARDIOVASCULAR PARAMETERS AND TREATMENT
Haskova K 1, Javorka K 2, Javorka M2, Matasova K 1, Zibolen M1.
1

Clinic of Neonatology and 2Department of Physiology, Jessenius Faculty of Medicine in Martin, Comenius
University and University Hospital Martin, Slovakia
Abst rac t

Apnea, especially in preterm newborns (AoP) is one of the common problems encountered at neonatal units.
Numerous factors are likely to play a role in the etiology of apnea. Recent data sugest a role for genetic predisposition of AoP. It seems, that physiological rather than pathological immaturity of the respiratory, or cardiorespiratory control, play a major part in the pathophysiology of AoP. Immaturity of the brainstem, cerebral cortex, receptors of the lungs and the airways as well as of the chemoreceptors contribute to the development of apnea in
preterm newborns. Several neurotransmitters (GABA, adenosin, endorphins) and their maturational changes are
including in pathogenesis of apnea, too. The instability of the upper airway in preterm infants, asynchrony of musculature of the upper airway and diaphragm, pathological changes in the upper airway and malformations of the
central nervous system might also contribute to the occurrence and severity of AoP.
In newborns, apnea occurs more frequently in active sleep than in quiet sleep and the frequency of apnea
in active sleep is higher in the warm conditions. Durations of apnea correlate with the body heat loss.
Cardiovascular changes during apnea - bradycardia, peripheral vasoconstriction and various changes in
peripheral blood flow and pressure occur together with changes in ECG. The standard clinical management of
apnea includes non-pharmacological treatment (eliciting arousal reactions and reflex breathing by mechanical
skin, or mucosa stimulations), pharmacological treatment (methylxanthines are preferred) and application of continuous positive airway pressure (CPAP) or in severe apnea - mechanical ventilation.
Keywods: apnea, apnea of prematurity, newborn, immaturity, chemoreflexes, heart rate, bradycardia, blood
pressure, oxygen desaturation, methylxanthines, treatment of apnea

INTRODUCTION
In the early postnatal period start and stabilization of (air) breathing is a major developmental milestone for premature infants. These infants may have problems with temperature instability, hypoglycaemia, feeding, hyperbilirubinemia, gastrointestinal complications (1)
as well as with cardiorespiratory control. One of the common respiratory disorder in the
early neonatal period is apnea - spontaneous and transient arrest of the exchange of the air
between atmosphere and alveolar compartments and/or the respiratory movements.
The definition of apnea of prematurity (AoP) has been changing in past years due to new
views on its physiopathology. Apnea was defined on the basis of the presence of cessation
in breathing > 20 seconds or shorter respiratory pauses accompanied by bradycardias
(< 100 beats per minutes) and oxygen desaturations (<90%) (2).
Apnea duration varying from 2 (3) to > 15 seconds (4, 5) have been established to make
more precise definition of apnea in newborns. At present, the most widely used definition
of apnea of prematurity (in infants born less than in 37th week of gestation) is a cessation
of breathing accompanied by heart rate and oxygen saturation changes, while there is
a pause of breathing for more than 15-20 s accompanied by oxygen desaturation
(SpO2d“80% for >10s) and/or bradycardia (heart rate<2/3 of baseline for ≥4 s) (6).
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Katarina Haskova, MD, Clinic of Neonatology, Jessenius Faculty of Medicine and University Hospital, Kollarova Str.
N.2, 03601 Martin, Slovakia; e-mail: haskova.katarinka@gmail.com
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According to the mentioned definitions, the most apnea alarm devices in neonatal units
are set up to detect apneas lasting for greater than 20 second (7), which are accompanied
with bradycardia (< 80 beats/per minutes) and oxygen desaturation (80 %).
Apnea is usually divided into three main types: central, obstructive and mixed. In central
apnea, there is a cessation of both respiratory effort and nasal airflow. With obstructive
apnea, nasal airflow ceases as the infant makes increasing respiratory efforts in attempts
to overcome partial or total upper airway obstruction. The third type of apnea is described
as mixed and has both central and obstructive components (5). Central apnea in newborns
accounts for approximately 10 % to 25 % of all cases of apnea, with obstructive apnea
accounting for 10 % to 25 % and mixed for 50 % to 75 % (8).
DETERMINANTS OF APNEA
Heritability of apnea in preterm infants
Heritability determines many vital characteristics through determination of development,
production and functions all body structures, receptors, neurotransmitters and molecules
involved in regulation of body functions including cardiovascular and respiratory system (9).
There is evidence that some infants may have a genetic prediposition towards experiencing
apnea of prematurity (5). Tamim et al. (10) first reported a higher proportion of first-degree
mating for infants with AoP compared with those without it. A genetic basis of apnea of prematurity has been demonstrated also in twin study (11), which suggesting apnea as a heritable disorders. The authors found greater concordance for apnea among monozygotic twins
(87%) than same-gender dizygotic twins (62%). A gender-dependent model revealed that
genetic factors accounted for 99% of the variance in male twins and 78% of the variance in
female twins.
Predispositions and pathophysiology of apnea
Mechanism leading to obstructions of airways include several processes, such as the
instability of the upper airway in preterm infants, asynchrony of the musculature of the
upper airway and diaphragm activities, other pathological changes in the upper airway and
also central nervous system disorders (5). The two most likely sites of loss of upper airway
patency based on anatomical and physiological basis are the larynx and pharynx.
Pharynx
Patency of the airways depends on a perfect respiratory, pharyngeal and laryngeal
muscles coordination. These muscle groups contract in synchrony during inspiration. The
generation of negative airway pressure by the respiratory muscles, in normal situations,
should be counteracted by contraction of upper airway muscles (7), mainly by genioglossus,
sternohyoid and posterior cricoarytenoid. Reduced tone in these muscles, as one might
expect in preterm infants may predispose to upper airway obstruction (12) and subsequently to apnea (mixed or obstructive).
Also spontaneous neck flection can lead to obstruction in healthy preterm newborns, as
well as in situation where there are anatomical abnormalities of the upper airway, such
can be seen in the Piere Robin and Down syndromes (5).
Nasal obstruction
Nasal area is the next typical location predisponing to the obstruction of the upper airway
in preterm infants. Nasal edema or the presence of a nasogastric feeding tube causes nasal
obstruction, that increases nasal airway resistance and can leads to apneic events in
newborns (23).
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Larynx
The newborn’s larynx has a characteristic laryngeal vestibule, which is small in diameter,
particulary in relation to the lumen of the trachea, making it anatomically a likely sites for
obstruction (12). The obstructing structures seem to be disproportionaly large arytenoid
masses and aryepiglotic folds.
Also the stimulation of laryngeal chemoreflex with bolus of fluid instilled into the oropharynx leads to the swallowing, airway obstruction (12) and apnea, bradycardia and hypotension may ocured in preterm infants (13). This reflex-induced apnea is mediated through
superior laryngeal nerve afferents (14, 15). The role of this reflex is a protection of the airway and seems that apnea can represent an exaggeration of this protective reflex in preterm
infants (12). It is interesting, that the severity of apnea depends of the degree of individual
maturation. This finding has been examined by direct electrical stimulation of superior
laryngeal nerve in monkeys, which produces glotic closure followed by prolonged apnea.
Preterm and newborn monkeys having more accentuated apnea after stimulation that older
monkeys (16).
Malformation of central nervous system such as meningomyelocele, Arnold-Chiari
deformity, hydrocephalus, which result in paralysis of the abductor cord secundary to raised intracranial pressure, comonly increases incidence of the apnea and upper airway
obstruction (5).
Muscle tone, sleep state and ambient temperature
The dominant inspiratory muscle in newborns is the diaphragm. Its position is higher
than in adults, but this advantage is ofset by the low tone of intercostal muscles and soft
and compliant chest. For the higher chest wall compliance are responsible soft ribs due to
low mineralisation of bones and a low intercostal muscle tone.
Important changes in the respiration of the newborns occurs during sleeping. There are
basically two types of sleep, quite, non-rapid eye movement (NREM) and active rapid eye
movement (REM) sleep. While adults have approximately 80% of their sleep in NREM, premature newborn infants with less than 32 weeks have approximately 80% of their sleep in
REM - active stage. The active stage is characterized by irregular breathing with intermittent respiratory pauses and apneas. During this active sleep, there is a central inhibition of
all postural muscles inducing a generalized muscle hypotonia. The inspiratory intercostal
muscles tone, which help to keep the thoracic cavity form, is affected, too. Hypotonia of
these muscles leads to distortion of the rib cage during inspiration causing so called paradoxical inspiratory motion of the abdomen (abdominal paradoxical movements). This distortion results in an increase in the diaphragmatic work, which have to contract more to
maintain adequate ventilation. Generalized muscle hypotonia also affects the upper airway
muscles, and it is responsible for a significant increase in airway resistance and respiratory work. Moreover, the respiratory muscles (especially the diaphragm) of these babies are
not well-developed, they have poor differentiation and low enzymatic capacity, what put the
premature newborn infant at risk for muscular fatigue (7).
The influence of thermal drive on central sleep apnea was studied in newborns. Bader et
al. (17) reported that the rate of apneic events in active sleep increased with warmer ambient
air temperature in full-term neonates but not in preterm neonates. Likewise, Franco et al.
(18) found that the apnea frequency significantly increased with a warmer ambient temperature during active sleep in neonates born between 37 to 41 weeks of gestation. In contrast, apnea episodes were less frequent and shorter in cold enviroment with higher metabolic rate and oxygen consumption even in premature newborns (19).
Immaturity
There is a strong negative reciprocal relationship between gestational age, birth weight
and frequency of apnea. In 7% percent of neonates born at 34 to 35 weeks gestation, in
15% at 32 to 33 weeks, in 54% at 30 to 31 weeks (20) and nearly in all infants born at <
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29 weeks gestation or < 1,000 g occur apnea of prematurity (21). The severity of apnea is
quite variable among infants of similar age, which suggests that a variety of other factors
may contribute to infant’s susceptibility to apnoeic episodes (11). Apnea of prematurity
(AoP) usually ocurs during the second and third rather than the first week of life (22).
Immaturity in the control of respiratory activity plays an important part in the pathophysiology of apnea in preterm newborns (12). In most cases, AoP likely reflects as a “physiological” rather than a “pathological” immature state of respiratory control (23). Signals for
the control of breathing which maintain rhytmic ventilation originate in the brainstem (respiratory centre, brainstem generator of breathing), in the area of the medulla oblongata.
Brainstem generator
Evidence of brainstem immaturity comes from measures of neuronal function in preterm
infants with apnea. Auditory evoked responses have been used to measure brainstem conduction times, which were significantly higher in babies with apnea compared with controls
matched for gestational age (24). In preterm infants, post mortem histological examination
was performed. The examination demonstrated a fewer synaptic connection, a reduce number of dendritic arborisation and a reduction in myelinisation (25).
Input into the respiratory center arises from three primary sources: chemoreceptors (chemical regulation), receptors of the lung and airways, and input from the higher CNS levels
(neural regulation). Delay maturation of any of these areas could potentially result in apnea
(5, 12).
Chemical regulation of breathing
To the chemical regulation of breathing by PaO2, PaCO2 and pH of blood are involved
peripheral and central chemoreceptors also in newborns, however with some peculiarities.
Peripheral chemoreceptors located in the carotid bodies are primarily responsible for the
ventilatory response to hypoxia. Newborns also respond to changes in PaCO2 and pH. The
response to hypercapnia is hyperventilation and term newborns have ventilatory response
to hypercapnia more pronounced than to hypoxia. Preterm newborns respond less to hypercapnia than term newborns what is likely centrally mediated. A decrease in arterial pH
stimnulates ventilation in newborns independently of PaCO2 and this reaction is expected
to be centrally mediated (26).
Term newborns during the first week of life, and preterm newborns for the first 2-3 weeks
of life typically show a biphasic reaction to hypoxia in that they have an initial rapid increase in ventilation followed by an inhibition of breathing (26, 27). It has been suggested that
hypoxia affects ventilation in two different ways: a stimulatory effect through peripheral
chemoreceptors and a direct depressive effect of hypoxia to the brainstem generator of
breathing.
Several neurotransmitters have been implicated in the development of the central hypoxic
respiratory depression. These include -aminobutyric acid (GABA), adenosine and endorphins (28). GABA is the major inhibitory neurotransmitter in the CNS (23) and GABAergic
neurons were activated during hypercapnia, in piglets (29). Adenosine is a product of adenosine triphosphate and is formed as a consequence of metabolic and neural activity in the
brain, especially during hypoxia (23). When the receptors for these neurotransmitters were
blocked in animal models using bicuculline, methylxanthines or naloxone, respectively, the
hypoxic respiratory depressive response was reduced (30) as well as respiratory rate in response to hypercapnia was increased (31). Experimental evidence suggests that adenosine
and the inhibitory neurotransmitter GABA might interact with each other to cause apnea
(30), because the binding of adenosine to its receptor may be involved with the release of
GABA and thus inhibit respiration leading to apnea (32). Hypoxic respiratory depression
may play a role in apnea of prematurity.
A key integrative function for central CO2 chemosensitivity and modulation of afferent
inputs from peripheral chemoreceptors and laryngeal afferents play the ventral surface of
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the medulla and adjacent areas. Maturational change in medullary neurotransmitter function appears to contribute to the apnea of prematurity (28). Also the recent findings provides a detailed information about the postnatal changes in the incidence of hypoxemic events
associated with apnea and an anecdotal evidence for a correlation with carotid chemoreceptor maturation. It also provides a hypothesis that sensitization of the carotid chemoreceptors could represent an important protective mechanism to defend against severe hypoxemia (33).
Neural regulation of breathing
Also neural regulation of breathing in newborns, especially in the preterm ones, has many
peculiarities that are unique in their control of ventilation. The specific responses of the ventilation to different stimuli (distension of the lungs, changes in intrapulmonary pressure,
etc.) may reflect and/or to be under the influence of the maturation process of the ventilatory control (34).
The Hering-Breuer inflation reflex (HBR), mediated by vagal stretch receptors in smooth
muscles of the airways, appears stronger in newborns than in adults (35, 36). The HBR, as
a simple control negative feedback system, may be used as a temporary regulator of breathing mainly in premature newborns.
Preterm infants also show special responses to mechanical or chemical stimulation of
irritant receptors in the bronchial mucosa, which often result in reduced respiratory
efforts and in apnea rather than the facilitatory response seen in mature infants (37).
Mechanical stimulation of the oropharyngeal region evoked transient respiratory arrest in
25% of studied premature newborns (38) and this percentage was higher in premature
newborns with respiratory distress syndrome (39).
Table 1. Factors exacerbating or causing apnea in newborns
Central nervous system

Intracranial haemorrhage
Seizures
Drugs (sedatives, narcotics, postanaesthesia, prostaglandin E2)

Sepsis

Necrotizing enterocolities
Meningitis
Bronchiolitis

Metabolic
abnormalities

Hypoglycaemia
Hyponatraemia
Hypocalcaemia
Inborn errors of metabolism

Enviromental

Hyperthermia
Hypothermia

Upper airway
obstruction

Choanal atresia
Micrognathia (Piere Robin sequence)
Macroglossia
Hypotonia of Down syndrome

Circulatory

Patent ductus arteriosus
Heart failure
Anaemia

Immunisation
(Modified by Rennie)(5)

maketa 13/3_MAKETA 7/1 2/6/14 1:35 PM Stránka 10

10

A

C

T

A

M

E

D

I

C

A

M

A

R

T

I

N

I

A

N

A

2

0

1

3

13 / 3

Apart from the reflexes described above, there are other sensory pathways (e.g. visual,
acoustic, vestibular, tactile, thermal, pain, etc.) that could influence the pattern of breathing in newborns. For example, the breathing can be stimulated and apnea interrupted by
mechanical stimulation of the skin (pain or tactile stimuli) or of the airway mucosa to evoke
so called „reflex breathing.“ The described effect exceeds time of the stimulation and persists for several minutes. This is why Kattwinkel et al. (40) recommended that in premature newborns suffering from frequent apneic pauses, mechanical stimulation of the skin
every 20 ÷ 30 minutes helped prevent the apneic pauses.
Another factors involved in apnea
There are many conditions that causing apnea, but most apnoeic episodes occur spontaneously in preterm babies who are otherwise healthy. It is due to a immaturity of their systems, mainly of the central nervous system. Therefore, it is necessary to exclude secondary
causes of apnea before a diagnosis apnea of prematurity (AoP) is done (41).
There are many next conditions that cause or accentuate apnea (Table 1).
CHANGES OF CARDIOVASCULAR PARAMETERS
Timing of the cardiovascular changes in apnea
Usually, a gradual inbition of the respiratory movements for a few seconds before the
onset of apnea occured or alternatively, breathing stopped abruptly without any prior
change. Apnea may terminate spontaneously, but with increasing duration, stimulation and
resuscitation is neccesary to restart breathing.
Storrs (42) by examination of cardiovascular changes during apnea in premature newborns found that apnea could be as short as five seconds in which cardiovascular changes
occured. On the other side, Curzi-Dascalova et al. (43) described that in some cases the cardiac deceleration reactions preceed the respiratory arrest and therefore they are not at least
at this initial stage a cosequence of the apnea. These results suggest close interconnections
of functional integration of central structures that regulate breathing and circulation in
newborns (44).
Clinically, after the onset of apnea the infant become bradycardic, cyanosed and hypotonic. Changes of cardiovascular parameters mainly relate to the heart rate, ECG, blood
presure and blood flow even in immature infants with gestations as low as 27 weeks (42).
Exact determination of the timing - relationships between start of apnea and start/end of
changes in cardiovascular parameters needs further study.
Heart rate
In adult experimental animals, stimulation of peripheral chemoreceptors by hypoxia elicits tachycardia which is reversed to bradycardia by peripheral vasoconstriction and hypertensive reaction. In newborns, inhalation of hypoxic mixture evokes tachycardia, spontaneus apneic pauses are accompanied usually by a deceleration of heart rate - apneic bradycardia.
As the definition of apnea, also definitions of bradycardia in the preterm infants are various. However, a fall in heart rate to less than 100 beats/min in preterm infant for over a 5
seconds is generally considered as a neonatal bradycardia (45). Alternatively, a fall in heart
rate of more than 30% below baseline has been used as a criterion for bradycardia (46).
At present, there are different views about the mechanisms of the apneic bradycardia. One
of the views is that bradycardia occurs before (43) or simultaneously with apnea without
oxygen desaturation, possibly mediated by central structures, vagal nerve and not necessarily by hypoxemia (23).
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However, in the majority of cases, there is apnea closely followed by a fall in oxygen saturation and almost all bradycardias begin after the onset of apnea and after the onset of
desaturation (47, 48). Initially it was thought that this bradycardia accompanied by hypoxia is the direct result of cardiac depression. It is now clear that the bradycardia occurs too
early in apnea to be due to this effect (49). Stop of the respiratory movements and of the
cyclic distension of the lungs may also have a role in the development of the bradycardia,
perhaps due to the lack of stimulation of a pulmonary inflation receptors (50) and loss of
the respiratory sinus arrhytmia. It seems that mechanisms of the apneic bradycardia are
complex, perhaps including baroreflexes in the cases when the hypertonic reaction during
apnea occurs. These mechanisms should be studied in more details.
Bradycardia can influence both, hemodynamics as well as saturation of hemoglobin by
oxygen (SaO2). There is evidence, that apneic episodes in preterm babies not associated with
bradycardia had a median 5% reduction in SaO2, whereas those associated with bradycardia had a median reduction 9% (51). The relation between bradycardia and SaO2 is mutual. The greather reduction in HR during apnoeic attacks had infants with poor baseline
values of oxygenation, than those who were well oxygenated (51). Therefore is neccesary to
keep infants with recurent apnoeic attacks well oxygenated.
ECG changes
Recently, analysis of electrocardiogram (ECG) for episodes apnea-bradycardia characterization was carried out on preterm infants. RR interval, R-wave amplitude and QRS
duration were studied for periods at rest, before, during and after apnea-bradycardia episodes.
Results reveal modification in the amplitude of the R-wave and duration of the QRS
complex, in meaning reduction of the R-wave amplitude and prolongation of the QRS
complex. The first minor variations of the time series appeared after the onset of apnea,
while the most significant changes were reflected during apnea-bradycardia episodes with
their normalization after a short time of the heart rate returning to its rest value. Analysis
of the first less significant changes in the first minutes of apnea, the authors try to detect
a signal that is potentially useful for the early detection and characterization of these episodes (52).
Blood pressure
In adults, hypoxia usually causes peripheral vasoconstriction, redistribution - centralization of blood associated with hypertensive response, but in newborns were observed only
variable changes in systemic blood pressure. Storrs (42) did not seen the consistent changes
in mean blood pressure during apnea in preterm babies. Only a small rise (never more than
10 mmHg), or a small fall, or blood pressure remain unchanged. Sometimes, he also recorded a rebound rise in blood pressure associated with cardiac acceleration. In all infants he
noted beat-to-beat variations (up to 33%) in pulse pressure (pulsus paradoxus) while breathing, which were eliminated during apnea.
Gootman (53), in experiments in newborn piglets found that during hypoxia is a rise of
vascular resistance in the mesenteric circulation, but blood pressure in the aorta decreases. Older (bimonthly) piglets responded to hypoxia not only by the increase of the vascular
resistance in the splanchnic area, but also by the rise of aortic pressure. It demonstrates
the postnatal maturation of the cardiovascular regulation.
Recently, we study the changes in cardiovascular parameters during spontaneous apnea
(Figs.1,2) in preterm newborns. Parameters are continously monitored by using device
Portapres (FMS). The device enables registration of peripheral blood pressure non invasively so, it is possible to use this method also in newborns without indications for catheterization for invasive BP monitoring.
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Fig. 1 Record of the blood pressure by means of Portapres. Blood pressure reaction during apnea (arrow) accompanied by a decrease SatO2 to 89%.

Fig. 2 Blood pressure recording in repetitive apneas accompanied by a decrease saturation (SatO2 88% and 78%)
as well as by changes of blood pressure.
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Blood f low
Changes in blood flow during apnea in premature newborns are influenced by the peripheral vasoconstriction and by a presence of transitional circulation in which the shunts may
re-open.
In pulmonary circulation hypoxia can elicit vasoconstriction, but the effect may be modified by a blood flow through ductus arteriosus.
The effect of episodes of apnea with bradycardia on cerebral circulation was studied by
measuring blood flow velocity in the anterior cerebral arteries (54). With episodes of
apnea complicated by mild-to-moderate bradycardia, a decrease in diastolic flow velocity was noted with little or no change in systolic flow velocity. With episodes complicated
by severe bradycardia (heart rate less than 80/min), the diastolic flow velocity as well as
progressive decrease in systolic flow velocity also were observed. Accompanying the
changes in cerebral blood flow velocity were similar changes in arterial blood pressure.
These data clearly suggest potential deleterious hypoxic-ischemic effects from apnea on
brain with severe bradycardia in the preterm infant. Therefore, apnea alarm limits
should be set up to keep the heart rate above 80 beats/minute and to prevent oxygen
desaturation (51).
TREATMENT OF APNOEA OF PREMATURITY
The management of apnoea of prematurity is influenced by the presence of any underlying conditions causing the apnoeic episodes and the mode of clinical interventions depends
also on the type of apnoea (central, obstructive or mixed apnoea).
Apnoeic episodes with an underlying cause (generally referred to as secondary apnoea)
should be eliminated by treating such a cause, including infection, patent ductus arteriosus, seizures, maternal or neonatal medication exposure and possibly gastro-oesophageal
reflux.
Treatment of symptomatic idiopathic apnoea generally involves pharmacologic and nonpharmacologic approaches. Some management options have been demonstrated as beneficial, while other require further study. Therapeutic interventions with proven benefit are
the use of continuous positive airway pressure (CPAP) and methylxanthines. Interventions
requiring further study include body positioning, sensory stimulation, improving oxygencarrying capacity and oxygen intake, control of hyperbilirubinaemia, nutritional supplementation (L-Carnitine, Creatine), Doxapram and anti-reflux medication (55).
CPAP
Apnoea of prematurity is frequently managed by the nasal CPAP. It has been found to
decrease the incidence of obstructive and mixed apnoeic episodes, but its effect on central
apnoea is less clear. The beneficial effects of nasal CPAP may be augmented by the use of
the nasal intermittent positive pressure ventilation (NIPPV). It is a mean of respiratory support, when intermittent ventilator-derived inflations are superimposed on CPAP (55).
In the neonatal intensive care unit (NICU) reccurent apnea unresponsible to nasal CPAP
or administration of methylxanthines is considered as a relative indication for mechanical
ventilation, while prolonged apnea or sudden collapse with apnea and bradycardia, with failure to establish satisfactory ventilation after a short period of face mask ventilation is absolute indication to starting mechanical ventilation (56,57,58). Minimal ventilator settings
should be used to allow for spontaneous breathing efforts and to minimize lung injury (55).
Methylxanthines
Methylxanthines (aminophylline, theophylline and caffeine) have been used for treatment
of apnoea of prematurity for more than 30 years. Their clinical effects are equivalent, but
caffeine is the preferred treatment because of its wider therapeutic index and longer half-
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life that allows once-daily administration (59). Caffeine has appropriately been described as
a “silver bullet” in neonatology (60). Methylxanthines acting both, peripherally and centrally, stimulate medullary respiratory centres, increase carbon dioxide sensitivity, induce
bronchodilation and enhance diaphragmatic function. It leads to increased minute ventilation, improved respiratory pattern and reduced hypoxic ventilatory depression. Recent data
indicate that initiation of caffeine treatment before a postnatal age of 3 days may have incremental beneficial effects on later outcomes (61). The recommended dosing for caffeine citrate is a loading dose of 20 mg/kg (10 mg/kg of caffeine base) followed by a daily maintenance dose of 5 mg/kg (59, 62). Treatment is typically discontinued by 33 to 34 weeks of
postmenstrual age, following resolution of clinically apparent apnoea of prematurity. The
CAP trial confirmed that caffeine is effective in reducing or eliminating of apnoea episodes
in premature infants and in reducing the need for respiratory support. Moreover the treatment with caffeine results in reduced incidence of bronchopulmonary dysplasia and
improved rates of survival without neurodevelopmental disability at 18 to 21 months (62,
63). Although the Cochrane review concludes that the available evidence does not supply
the use of caffeine as prophylaxis to prevent apnoea, the CAP trial and other benefits of early
caffeine therapy with minimal risk justify the use of early caffeine prophylaxis in premature
infants (64). Infants with very low birth weight should routinely receive caffeine therapy and
caffeine levels do not need to be obtained as a part of routine clinical management (59).
Caffeine should be used in babies with apnoea and to facilitate weaning from mechanical
ventilation (65). Caffeine should also be considered for babies at high risk of needing mechanical ventilation, such as those <1,250 g birth weight who are managing on non-invasive
respiratory support (65).
Therapeutic interventions requiring further study
Body position can influence lung function. Probably the optimal body position for prevention of apnea in an infant with an accompanying lung disease is prone (55). The prone,
head-up tilt position may be considered as a first-line intervention for infants with apnoea
of prematurity (66). Nevertheless it should be avoided as the infant is being prepared for discharge. Several modes of sensory stimulation (somatic, olfactory or skin-to-skin contact)
have been proposed for the prevention of apnoea of prematurity but there is a lack of data
confirming their effectiveness. Oxygen supplementation with the aim to increase the baseline oxygen saturation as a strategy to prevent or treat clinical apnoea of prematurity has
currently insufficient evidence. The results of clinical studies evaluating the impact of red
blood cell transfusions on the incidence and frequency of apnoeic episodes in premature
infants were conflicting. The presence of apnoea of prematurity on its own probably should
not be the indication for blood transfusion but should be taken into account when forming
guidelines for blood transfusion in premature babies. Hyperbilirubinaemia and transient
bilirubin encephalopathy have been linked to an increased incidence of apnoea in premature infants but further research will be needed to demonstrate whether more strict control
of neonatal jaundice can decrease the incidence of apnoea in such infants. Gastrooesophageal reflux has been implicated in causing apnoea but treatment of reflux has been
shown to have no effect on frequency of apnoea of prematurity in premature infants.
Doxapram is a respiratory stimulant used in some countries for the treatment of methylxanthine-resistant apnoea of prematurity. The use of doxapram is controversial due to the
side effects. Short-term adverse effects include sleeplessness, jitteriness, seizures, feeding
intolerance and life-threatening cardiac conduction disorders. Long-term adverse effects are
related to the decrease in cerebral blood flow velocity and decrease in oxygen delivery, coupled with increased cerebral oxygen consumption in preterm infants receiving doxapram.
Careful evaluation of risk and benefit must be used in prescribing this drug (55).
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CONCLUSION
Apnea is one of the common problems encountered at neonatal units. Recent data sugest
that in the etiology of apnea genetic predisposition can play a role. It seems, that physiological rather than pathological immaturity of the cardiorespiratory regulation and central
integration of this control play a major part in the etiology and pathophysiology of apnea
in premature newborns (AoP). Immaturity of the brainstem, receptors of the lungs and airways as well as peculiarities in chemoreflexes contribute to the development of apnea in
preterm newborns. Several neurotransmiters (GABA, adenosin, endorphins) and their
maturational changes are including in pathogenesis of apnea, too. The instability of the
upper airway in preterm infants, asynchrony of musculature of the upper airway and diaphragm and other pathological changes might also contribute to the occurrence and severity of AoP.
Before, during and after apnea occur cardiovascular changes: bradycardia, peripheral
vasoconstriction and various changes in peripheral blood flow/pressure together with
changes in ECG. Typical finding is bradycardia, worsing perfusion of most organs and saturation of hemoglobin by oxygen.
The standard clinical management of apnea includes non-pharmacological treatment
(eliciting arousal reactions and reflex breathing by mechanical skin, or mucosa stimulations), pharmacological treatment (methylxanthines are preferred) and application of CPAP
or in severe apnea - mechanical ventilation.
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Abst rac t

Drug resistant tuberculosis is a serious and increasing problem worldwide, particularly in countries with a high
incidence of tuberculosis and HIV infections. Resistant tuberculosis in children is usually due to the transmission of resistant strains from the environment where they live. Most often it is a transfer from the parents, or other
relatives. A paucibacillary nature of the disease in children associated with difficulties in a collection of adequate
sputum samples means that the samples are often microscopically negative. If the cultivation is negative, any bacteriological confirmation of the drug resistance is impossible.
The aim of this study was to review current diagnostic and therapeutic principles in tuberculosis in children and
to demonstrate its incidence in population of the Slovak Republic during 2010-2012.
We have retrospectively analyzed all children sputum samples from children with diagnosed tuberculosis in
Slovakia. The classical bacteriological analysis (culture on solid eggs-based media) was used to confirm the mycobacterium tuberculosis infection and the proportion method was applied to test its susceptibility or resistance to
mostly used antituberculotics.
In years 2010-2012, three cases of resistant form of tuberculosis have been diagnosed in Slovakia among 16 children with cultivation positive to tuberculosis. In all of the cases the INH mono-resistance was confirmed (with the
same strains present in their relatives), suggesting primary resistance origin of infection.
To ensure an appropriate and successful treatment of tuberculosis in children, accurate and timely diagnostics
and determination of susceptibility to anti-tuberculotics is essential.

Keywords: tuberculosis, children, resistance, anti-tuberculotics, Slovakia

INTRODUCTION
Although tuberculosis (TB) belongs to the rare respiratory diseases in Slovak Republic
(SR) and SR itself belongs to countries with low incidence of TB, the incidence in other
(especially Eastern European) countries is still emerging (1). However, the mycobacterial
strains resistant to various anti-tuberculotic drugs are emerging in the world. The former
Soviet Union countries belong to areas where these strains appear very often. As immigrants often use Slovakia as a transit country, the problem of resistant TB strains may not
be underestimated.
Drug resistance to anti-tuberculotics
The resistance of Mycobacterium tuberculosis (M. tuberculosis) to anti-tuberculotic drugs
is mostly based on spontaneous genetic mutation superimposed by improper human policy. From the molecular-biological perspective, the resistance is based on gene mutations in
mycobacteria, which frequently leads to a change in the target molecule associated with
loosing the drug efficacy (2).
Traditionally, patients with drug-resistant tuberculosis (DR-TB) are classified into two
major groups: 1) those who have acquired drug-resistant strain from community; 2) those
where drug-resistant TB has been developed due to previous tuberculosis drug therapy.
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Only the cases of primary drug resistance are assumed to be due to transmission of drugresistant strains (3). A person with fully susceptible TB may develop secondary (acquired)
resistance during therapy (4). However, the clinical term “acquired” drug resistance should
be replaced with the term “drug resistance in previously treated cases”, which includes
cases with drug resistance due to true acquisition as well as that due to transmitted drugresistant strains (3).
Classification of drug resistance
Generally, the resistance to anti-tuberculotic drugs in patients with TB can be classified
as follows (5):
• Mono-resistance – resistance to one of first line drugs;
• Poly-resistance – resistance to two and more drugs;
• Multi-resistance – resistance at least to isoniazid and rifampicin;
• XDR – extensively drug-drug resistant – resistance at least to isoniazid and rifampicin
and to any fluoroquinolone, and to any of the three second-line injectables (amikacin,
capreomycin, and kanamycin).
The terms “extremely drug resistant” (“XXDR-TB”) and “totally drug-resistant TB” (“TDRTB”) are used by the authors reporting on this group of patients (6). Nevertheless, “totally
drug resistant” have not been yet clearly defined for tuberculosis. While the concept of “total
drug resistance” is easily understood in general terms, in practice, in vitro drug susceptibility testing (DST) is technically challenging and limitations on the use of results remain
(6). Conventional DST for the drugs that define MDR and XDR-TB has been thoroughly
studied and consensus reached on appropriate methods, critical drug concentrations that
define resistance, and reliability and reproducibility of testing. Data on the reproducibility
and reliability of DST for the remaining second-line drugs are either much more limited or
have not yet been established, or the methodology for testing does not exist. Most importantly, correlation of DST results with clinical response to treatment has not yet been adequately established. Thus, a strain of TB with in vitro DST results showing resistance could
in fact, in the patient, be susceptible to these drugs. The prognostic relevance of in vitro
resistance to drugs without an internationally accepted and standardized drug susceptibility test therefore remains unclear and current WHO recommendations advise against the
use of these results to guide treatment (7).
Diagnosis of DR-TB in children
DR – TB should be suspected in children with active TB in following situations:
• A child, who is a close contact of an DR-TB patient,
• A child, who is a contact of a TB patient who died while on treatment when there are
reasons to suspect that disease was DR-TB (i.e. deceased patient had been a contact of
another DR – TB case, had poor adherence to treatment or had received more than two
courses of anti-tuberculotics treatment),
• Children with bacteriological proof of TB who are not responding to first-line drugs given
under direct observation (8).
The diagnosis of TB is more difficult in children than in adults. Symptoms of TB in young
children can be nonspecific, e.g. chronic cough or wheeze, failure to thrive and recurrent
fever (4). Bacteriological confirmation may be difficult to obtain because of the inability of
children to generate a sputum sample, as well as the paucibacillary nature of pediatric TB
and increased likelihood of extra-pulmonary TB in children (9). While every effort should be
made to establish a bacteriological diagnosis and obtain drug susceptibility testing in
a child with suspected DR-TB, in practice pediatric cases are often not confirmed bacteriologically (10). Use of scoring system that has been developed to aid screening and diagnosis
of active TB is strongly recommended.
Children with DR – TB generally have primary resistance transmitted from an index case
with DT – TB. Symptomatic pediatric household contacts should receive (10):
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• an evaluation by a physician, including history and physical examination;
• tuberculin skin testing (TST) with purified protein derivative;
• a chest X-ray examination (computerized tomography is helpful especially in documenting hilar adenopathy);
• a sputum smear, culture and DST. The bacteriological confirmation may include more
aggressive measures such as induced sputum, gastric aspirate, lymph node aspirate or
other relevant sample. Gastric aspirate should only be undertaken where culture facilities are available due to the low yield from microscopy and the distress involved for the
children. Culture specimens need to be processed within the hour, because the acidic
juices will kill the mycobacteria relatively quickly;
• HIV counseling and testing (in areas of high HIV prevalence or if parent(s) known, or
suspected to be HIV infected).
When TST result is > 5 mm but chest radiograph and gastric aspirate or sputum smear
are negative, the symptomatic child can be treated with a broad-spectrum antibiotics that
is not active against TB, such as trimethoprim/sulfamethoxazole. The child should be followed closely, with evaluations including smear test and culture on samples from induced
sputum or gastric aspirates, or sputum samples whenever is possible, as well as chest Xrays. The optimal frequency of these evaluations had not yet been determined. It is not clear
whether the frequency of evaluation recommended for adults can be applied to children. If
a child s clinical condition is highly suggestive of TB, or progressively deteriorates, empirical therapy designed according to the DTS pattern of the strain from the index case can be
started (11).
Treatment of DR-TB in children
Treatment of children with DR-TB should be guided according to the DST results (in case
of successful bacteriological evidence of disease). In case of absence of bacteriological confirmation, therapy should be based on the DST pattern of contact. If DST of contact is not
available, therapy can be based on the common DST patterns of resistance in the community (12).
There is only limited experience with the use of second-line drugs for extended periods in
children. The risk and benefits of each drug should be carefully considered in designing
a regimen. Frank discussion with family member is critical, especially at the outset of therapy. DR-TB is life-threatening, and none of anti-tuberculotic drugs is absolutely contraindicated in children. Children who have received treatment for DR-TB have generally tolerated the second-line drugs well (13).
Although fluoroqinolones have been shown to retard cartilage development and degenerative changes in beagle puppies, experience with the use of fluoroquinolones has not
demonstrated similar effects in humans. Therefore, the benefit of fluoroquinolones in treating DR-TB in children outweighs any risk. Additionally, ethionamide, PAS and cycloserine
have been used effectively in children and are well tolerated (14).
In general, anti-tuberculotic drugs should be dosed according to the body weight. Regular
monitoring of body weight (every month in neonates, later every 6 months) is therefore especially important in pediatric cases, with adjustment of doses as children gain weight. All
drugs, including the fluoroquinolones, should be dosed at the higher part of the recommended ranges whenever possible, except ethambutol. Ethambutol should be dosed at 15.0
g/kg, and not at 25.0 mg/kg as sometimes used in adults with DR-TB; the reason is a worse
and more difficult monitoring of optic neuritis in children (15).
In children who are not culture-positive initially, treatment failure is difficult to assess.
Persistent abnormalities on chest X-rays do not necessarily signify a lack of improvement.
In children, weight loss or, more commonly failure to gain weight adequately, is of particular concern and often one of the first (or only) signs of treatment failure. This is another key
reason to monitor weight carefully in children.
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The situation in Slovakia
The incidence of tuberculosis is decreasing during last decades in Slovakia. However, despite
continual decrease of overall incidence, the number of DR-TB is increasing continuously, with
occurrence of mono-resistance (mostly to izoniazid) and poly-resistance (mostly to streptomycin and isoniazid). In 2011, one case o MDR-TB was diagnosed, with M. tuberculosis strain
resistant to all first-line anti-tuberculotics, kanamycine, ethionamid and cycloserine (16).
Compared to other countries in Eastern Europe, the incidence of MDR-TB in Slovakia is relatively small, similarly to Czech Republic (17). The results of older periodic surveys showed that
more than 10% of new tuberculosis cases in former Soviet Union countries are MDR-TB (18).
Although parts of Eastern Europe are clearly hotspots for MDR-TB, only 3% of all the new
tuberculosis cases that arise worldwide every year are estimated to be multidrug resistant.
However, the frequency of MDR-TB among previously treated cases is higher (19).
Over the years 2010-2012, totally 47 children with TB were detected in Slovakia - only 16
cases were associated with positive results of microbiological cultivation (Fig. 1). In this pilot
study, we have retrospectively analyzed all children sputum samples from children with
microbiologically diagnosed TB. The classical bacteriological analysis (culture on solid eggsbased media) was used to confirm the M. tuberculosis infection and the proportion method
was applied to test its susceptibility or resistance to mostly used antituberculotics. Three
cases of resistant TB in children have been diagnosed in the National Reference Center for
Mycobacteria (2010 - one case, 2012- two cases). In all three cases mono-resistance to isoniazid had been confirmed, which is the most common mono-resistance.

Fig. 1 Number of children with bacteriologically confirmed susceptible and resistant tuberculosis in years 20102012 in Slovakia.

All three children with confirmed resistance to isoniazid were treated at Children Institute
of Tuberculosis and Respiratory Diseases in the Dolný Smokovec. At the same time, in the
National Institute of Tuberculosis, Lung Diseases and Thoracic Surgery in Vyšné Hágy have
been hospitalized relatives of these children. They have been diagnosed with identical monoresistance. Despite the fact that the number of included patients is limited, it confirms the
theory that resistant tuberculosis in children is generally the primary one.
CONCLUSION
Resistance to anti-tuberculotic drugs in children exists also in Slovakia. Although currently it does not represent a serious problem, the globalization increases risks of its import,
especially the more dangerous forms like MDR and XDR. Resistant tuberculosis is a diag-
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nostic and therapeutic problem not only in adults. Therefore, it is necessary to manage
pediatric patients with suspected resistant TB in specialized institutions, with capabilities
of the bacteriological quality diagnostics using the most advanced methods available.
Furthermore, the proven resistance contacts must be taken into consideration during the
diagnostic process.
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EFFECTS OF HIGH-ENERGY IONIZING RADIATION
ON ORGAN SYSTEMS IN HUMAN MEDICINE
Visnovcova N1, Simera M1, Visnovcova N Jr2, Jakusova V3, Jakus J 1.
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Abst rac t
The aim of our study was to investigate acute post-radiation changes after therapy with ionizing radiation
manifested by erythema or dry, squamous and scurfy skin on a breast. We observed 100 female patients suffering from an early stage of breast carcinoma. The entering criteria were: age below 70 years, 100% of the
Karnofsky s Score, no tumor bilaterality, tumor in the stage of T1 or T2. The female patients had finished nonradical surgery consisting from quadrantectomy and deviation of the axilla. Our results showed relationships
between the localization and the level of breast skin change as well as between adjuvant chemotherapy and the
level of breast skin change and, finally, between the size of the average dose of high energy radiation and the
level of breast skin change.
Key words: radiotherapy, breast skin change, skin erythema, total dose of radiation

INTRODUCTION
Radiotherapy is, after surgery, the second oldest way of treatment of breast cancer.
Historically, radiation therapy (doses and fields) were selected empirically based mainly on
experience of empiric guidelines neglecting the underlying anatomy, physiology and dosimetry (1). Over 90% of female patients treated with radiotherapy have suffered in different
extent from development of skin reactions, mostly during or shortly after the treatment with
ionizing radiation (2). In literature there is not enough information about undesirable
effects of ionizing radiation on tissues and organs since they are described more frequently as a part of a treatment schedule (3).
Since there are different responses to ionizing radiation between healthy and malignant tissues the oncologists have endeavoured to classify and explain the core of the
pathophysiological mechanism of undesirable post-radiation changes. The work of
Stone (1948) was the first to clasify late undesirable side effects on tissues following
radiation by fast neutrons. Also Lawrence (1970) decribed scoring criteria for late undesirable side effects caused by fast neutrons. Investigators from the European
Organization for Research and Treatment of Cancer (EORTC), headed by William
Duncam from Western General Hospital of Edinburgh, created common criteria in anticipation of joint studies. Radiation Therapy Oncology Group (RTOG) protocols were
introduced in 1980. Although the RTOG began to use these criteria in reporting toxicity in patients enrolled in all studies from 1981 (beginning with RTOG Protocol 8115),
the criteria became a published part of the protocols only in 1983 (4). These criteria
were launched into practice in 1995 and are used nowadays for acute and chronic toxic
undesirable side effects for all organ systems.
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MATERIAL AND METHODS
We observed 100 female patients suffering from an early stage of mammary gland carcinoma. The entering criteria were: age below 70 years, 100% of the Karnofsky s Score, no
tumor bilaterality, tumor in the stage of T1 or T2. The female patients had finished nonradical surgery consisting from quadrantectomy and deviation (excentration) of the axilla (at
1st. and 2nd level). In the patients of our experimental group adjuvant chemotherapy and
then curative radiotherapy were applied. In the patients there were three phototypes of skin
(Tab.No3) which were classified and consulted with the dermatologist. Median of observation of the patients was 5 weeks.
Radiotherapy was applied to all patients by means of high-energy linear accelerator (CONCOR f. Siemens ), the high-energy of X-rays was 6 MeV and 18 MeV in an average total dose
(TD) of 43.44 ± 1,07 Gy . High-energy electrons were accelerated to 6 and 9 MeV. TD of 11.6
± 0.33 Gy was applied as “ boots“. The patients were irradiated by 2 tangential technic fields
on the breast area. In our group the patients underwent radiotherapy along with conventional fractionation schedule: 2.0 Gy daily, 5 times in week, 25 fractions within 33 days. The
“boots“ was applied in all patients (Fig. 1).
Chemotherapeutic treatment started after the surgery and fluorouracil/doxorubicin/ cyclofosfamide (FAC) and fluorouracil/epirubicin/cyclofosfamide (FEC) chemotherapeutic
schedule was used within the length of 2 – 4 cycles.
Statistical evaluation: Pearson Chi-kvadrat test

Fig. 1 Position of patient during radiotherapy
(Oncologic Centre, University Hospital in Martin, published with patient’s permission)

RESULTS
During and after adjuvant curative radiotherapy we observed local acute toxic reactions
on patient s skin. Toxicity was evaluated in accordance with RTOG/EORTC for clasification of acute toxicity. Toxicity was estimated clinically in cooperation with a dermathologist.
We assessed acute toxic reaction on the skin both within and out of irradiated fields. We
aimed to determine the following parameters: an average dose of high energy radiation and
the level of breast skin change, the relationship between localization and the level of breast
skin change, as well as the relationship between skin phototype and the level of breast skin
change and the relationship between adjuvant chemotherapy treatment and the level of
breast change.
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The 1st parameter we observed an average dose of high energy radiation and the level of
breast skin change (No. 1 and 2). The change was observed using a light microscope in
accordance with RTOG/EORTC. Level 1 of breast skin change appeared at an average dose
of 37 Gy and level 2 of breast skin change was visible at an average dose of 44 Gy ( Fig.2).

Fig.2 An average dose of high energy radiation and the level of breast skin change
(No. 1 and 2), with median 37 Gy for 1 level and 44 Gy for 2 level.

The 2nd parameter was dependence of skin phototype and an average dose on a level of
change on the breast skin. In our experimental group we had patients with 3 skin phototypes (No.1 light or ginger hair, blue eyes, light skin , No.2 flaxen or light brown hair, green
or gray eyes, light skin, No.3 brown or black hair, brown or black eyes, brown or black eyes,
dark skin).
There was a tendency to prove a significant relationships in phototype No.1 for the level
of change 1 and 2. It corresponds with clinical experience that in patients with light /blond
hair and blue eyes there is a higher possibility to suffer from postradiation changes on the
skin and, in addition, they have the worst progress of sickness in comparison with patients
with dark hair and dark eyes. There was no significant dependence between phototypes No.
2 and No. 3 and the levels of skin breast change No. 1 and No. 2. (Tab.1)

Table 1 Dependence of phototype and average dose and a level fo change on the breast skin.
Tendency for first phototype to change of level 1 and 2.
Phototype
Level of change 1
Level of change 2

No.1
ns (p 0.127)
ns (p 0.1)

No.2
ns (p 0.259)
ns (p 0.610)

No.3
ns (p 0.605)
ns (p 0.163)

The 3rd observed parameter was the relationship between localization and the level
of breast skin change (Table 2).We had predicted that the area of intermammar linea and
papilla will be the most frequent acute area of postradiation breast skin change.
Our results showed that the areas of intermammar linea are significantly affected by level
change No.1, No.2 and areas of papila are significantly affected by level change No. 1.

maketa 13/3_MAKETA 7/1 2/6/14 1:35 PM Stránka 26

26

A

C

T

A

M

E

D

I

C

A

M

A

R

T

I

N

I

A

N

A

2

0

1

3

13 / 3

Table 2 Relationship between localization and the level of a breast skin change
Level of change
No.1
No.2

Intermamar linea
p 0.001
p 0.003

Papilla
p 0.003
ns

Area of all breasts
ns
ns

Axilla
ns
ns

The 4th observed parameter was the relationship between adjuvant chemotherapy treatment (Table 3) and the level of breast skin change. Our results showed that presence of
applicated adjuvant chemotherapy significantly affected presence of level change 1.
Table 3 Relationship between adjuvant chemotherapy treatment and the level of breast skin
change. Type of chemotherapy: FAC (fluorouracil/doxorubicin/cyclofosfamide) FEC(fluorouracil/epirubicin/cyclofosfamide). Statistic by Kruskal – Wallis test
Level
No.1
No.2

Chemotherapy schedule
FAC, FEC
FAC, FEC

Relationship
p 0.033
ns

DISCUSSION
Our aim was a clinical study focusing on treatment by means of high energy ionizing (photons and electrons) radiations. First level of skin change appeared with an average dose of
37 Gy and the second level at an average dose of 44 Gy (Fig.2). The occurrence of acute
postradiation skin changes on breast are similar but delyed with high-energy X-rays photons and electrons in comparison with high-energy megavolt Cobalt60 radiation, where
a time of skin change is faster (5). There is a reason to use continual radiotherapy without
interruption to prevent postradiation skin changes. Interruption of radiotherapy is not supported by radiobiology findings because it supports growth of tumor cells and may shorten
lives of oncology patients (6). Although clinical experience (7) have shown a higher predisposition for skin changes in women with blue eyes and blond hair (Tab.1), the skin phototype has no time influence on an occurrence of acute postradiation skin changes .
We proved that local skin breast changes in the area of intermammar linea and papila
were affected in a highly significant manner. Presence of level change No.1, No.2 was affected significantly in evaluation of local skin breast changes in intermammar linea and level
change No.1 of papila vs the whole breast area (Tab. 2).
It is important to make prevention and care for breast skin during and after radiotherapy
(8). The relationship of adjuvant chemotherapy and subsequent curative radioterapy showed that adjuvant chemotherapy significantly affected the presence of level change No.1
visible on the breast skin (Tab.3). It means that in women who were treated with adjuvant
chemotherapy prior to the high-energy radiation treatment there was a higher risk of occurrence of undesirable skin effects (9).
CONCLUSION
On the basis of our results, we proposed standards for skin care during and after radiotherapy. However, there is still no appropriate skin care standard in clinical practice. We
hope that our results will help to make a progress in skin care before, during and after radiotherapy in clinical practice.

maketa 13/3_MAKETA 7/1 2/6/14 1:35 PM Stránka 27

A

C

T

A

M

E

D

I

C

A

M

A

R

T

I

N

I

A

N

A

2

0

1

3

13 / 3

27

REFERENCES
1. Lawrence, B., Marks, MD., Ellen, D., Jackons, A.: Use normal tissue complication probability modles in clinic.
In: Radiation Oncology Biology Physic, 2010, 76, (3)10-19.
2. D’haese S et al.: Management of skin reactions during radiotherapy in Flanders (Belgium): A study of nursing
practice before and after the introduction of a skin care protocol. Eur J Oncol Nurs, 2009. doi:
10.1016/j.ejon.2009.10.006
3. Hopewell JW.: The skin, its structure and response to ionizing radiation. In: Radiation Oncology Biology, Physic
1990 Apr, 57(4), 751-73.
4. Hoeller U, Tribius S, Kuhlmey A, Grader K, Fehlauer F, Alberti W.: Increasing the rate of late toxicity by changing the score ? A comparison of RTOG/EORTC toxicity by changing the score ? A comparison of RTOG/EORTC
and LENT/SOMA scores. In: Radiation Oncology Biology Physic, 2003, 55, 1013-8.
5. Steel G.: Basic clinical radiobiology, 3rd edition. Arnold, London 2002, 192-204.
6. Back, M., Guerrieri, M., et al.: Impact of Radiation Therapy on Acute Toxicity in Breast Conservation Therapy
for early Breast cancer. In: Clinic Oncology, 2004, 16, 12-6.
7. Emami, B., Lyman, J., Brown, A., et al.: Tolerance of normal tissue to therapeutic irradiation. In: Radiation
Oncology Biology Physic, 1991, (21), 109-122.
8. Malkinson, FD., Keane, JT.: Radiobiology of the skin: review of some effects on epidermis and hair. In: Invest
Dermatology, 2001, 77(1), 133-8.
9. Weissberg, MT., Dahmke, L., Schem, C., et al.: In vitro effects of imatinib mesylate on radiosenzitivity and chemosenzitivity of breast cancer cells. In: BMC Cancer, 2010, 9(10), 412-14.
Acknowledgement
This work was supported by the Slovak Research and Development Agency under the contract No. APVV-0189-11
(prof. Jakus)
Received: August, 26, 2013
Accepted: December, 18, 2013

maketa 13/3_MAKETA 7/1 2/6/14 1:35 PM Stránka 28

28

AC T A M E D I C A M A R T I N I A N A 2 013 13 / 3

DOI: 102478/acm-2013-0020

THE SPREAD OF INFECTION THROUGH
THE DANGER SPACE TO THE MEDIASTINUM
CASE REPORT
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Abst rac t
Deep neck infection is an infection in the potential space and fascial planes of the neck, either with abscess formation or cellulitis. Cervical fascias create space and plane, which define and limit the spread of infection. Danger
space is the area of thin connective tissue extending from the skull base down to the diaphragm. This space is enclosed on all sides, therefore inflammation in this area arises from penetration and spreads of infection from surrounding structures. This risk is in the rapid spread of infection in the chest, due to the low resistance of thin connective tissue. Formation of the descending necrotizing mediastinitis is the most common and most feared complication of danger space.
Authors describe a case of extensive dental infection that despite intensive surgical and antibiotic treatement
spread to other anatomical areas and caused descending necrotizing mediastinitis.
Key words : danger space, deep neck infection, descending necrotizing mediastinitis

INTRODUCTION
Danger space is the area of thin connective tissue extending from the sculll base to the
diaphragm. In the front, it is bordered by alar fascia, at the back by prevertebral fascia and
laterally it extends to the transverse processes of the vertebrae. From parapharyngeal space,
danger zone is separated by sagittal oriented fascia on each side of the neck, which extends
from the anterior tubercule of the cervical vertebrae to the fascia of the posterolateral pharyngeal wall called Cloisonne sagittalis (3). Since this area is closed on all sides, inflammatory process in this space may arise from penetration of the infection from the surrounding
spaces - retropharyngeal, parapharyngeal and prevertebral (2,3) .
CASE REPORT
A 57-year old patient was transferred from district hospital to the Department of
Otorhinolaryngology and Head and Neck Surgery, Jessenius faculty of Medicine, Comenius
University, Martin, for extensive abscess of the neck affecting peritonsillar, parapharyngeal,
retropharyngeal, submandibular, visceral and front mediastinal spaces.
Three days prior to patients’ admission to our department, a tooth in the upper teeth was
extracted by outpatient dentist. One day after dental treatment patient was admitted to the
Department of Otorhinolaryngology in the district hospital for dysphagia, fever and pain in
area after tooth extraction. Peritonsillar abscess on the right site was diagnosed with subsequent incision and evacuation of purulent content and administeration of combined
parenteral antibiotic therapy (Klimicin+Metronidazole). For rapid progression of neck
A d d r e s s f o r c o r r e s p o n d e n c e:
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swelling, elevation of inflammatory parameters and highlight the subjective complaints of
patient, CT examination of the neck was performed, that showed deep neck infection.
Patient was transfered to our department and immediately operated. Tracheotomy was
perfomed under local anesthesia (Fig.1 ), and subsequently under general anesthesia revision of the affected cervical spaces bilaterally with the evacuation of a large number of
putrid smelling pus was made. Abscess collections under superficial and deep cervical fascia in the anterior part of the neck were opened and the drainages’ tubes were inserted. On
the right side, the abscess cavity was spread to the submandibular salivary gland, dorsomedial to the base of the oral cavity and to the right parafaryngeal space. On the left side,
the abscess was located under the superficial cervical fascia with extension to the angle of
the mandibule, and ended at the front edge of the sternocleidomastoid muscle. Perijugular
area on the right side of the neck was revised and abscess collection extending 2 cm below
the clavicle inferiorly from m. omohyoideus was identified. Internal jugular vein was functional throughout the course and its thrombosis wasn’t found. Drainage of the deep neck
space was ensured by three rough Redon drains (Fig. 2). Abscess tonsillectomy on the right
side was performed, and the abscess cavity was widely drained in to the tonsillar area.
Systematic combined intravenous antibiotic (Klimicin, Metronidazole, Ciphin) and antifungal therapy was administered.

Fig.1 Tracheotomy

Fig.2 Drainage of the deep neck space by three rough
Redon drains

Despite the treatment disease had progressed - torticollis and swelling of the right cheek
were created. CT scans confirmed new collection of buccal as well as in the danger space,
with the spread of the abscess in the posterior mediastinum. Several inspection operations
were made, abscess content from deep neck space was evacuated and endoscopic surgery
of the right maxillary sinus was also performed. Areas of the posterior mediastinum and
retrostyloid spaces were also revised, with no abscess collection findings. Abscess cavity in
the buccal area was incised from the oral approach and ranged up to the to the zygomatic
area. Space after tonsillectomy was also inspected, where bounded pus collection was not
detected.
Control CT examination previewed progression of abscesses in the upper mediastinum
(retrosternal, pretracheal and retroezofageal), progression of abscesses in the neck, especially in the parapharyngeal and carotid space on the right side, and fluidothorax on both
sides (Fig. 3-6). Thoracic surgeon was consulted, that evaluated CT findings as phlegmona
of mediastinum, with no evidence of abscess collection. Revision of mediastinum was not
indicated and drainage of right hemithorax with fluidothorax was made. During repeated
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revision of the upper pole of the tonsillar area, wall of abscess cavity was found, its external opening and evacuation of pus was made, buccal and zygomatis areas on the same side
were dilated with evacuation of a smaller amount of pus. Pus content from the retrosternal
area was also evacuated. Due to the infection of ostiomeatal unit, anthrostomy of the right
maxillary sinus was made, followed by the penetration into the residual abscess of the front
wall of the jaw throw the original incision in the fossa canina and granular tissues were
removed.

Fig. 3-6 CT scans ( progression of abscesses in the upper mediastinum)

Microbiological examination of exsudate confirmed polymicrobial infection – Viridans
streptococci, Streptococcus pneumoniae resistant to the empirically given klimicin and
ciprofloxacin, Acinetobacter species resistant to the empirically given klimicin, occasionally
Klebsiella pneumoniae. Anaerobic bacterial flora was not detected. Therefore, after consultation with infectologist, the combination of given antibiotics was modified by antimicrobial
sensitivity (Meropenem, Bitamon).
Several consultations with specialists from the Department of Thoracic Surgery, Dental
Surgery, Immunology and Heamatology were made. After this treatment the clinical condition of the patient gradually improved, control laboratory findings showed a decrease of inflammatory activity and CT scans showed regression of all abscess collections. All drains
from the right hemithorax from cervical spaces were successivelly removed. After 19 days
patient was transferred to the district hospital for aftercare.
DISCUSSION
Infection in the danger space most commonly occurs when an abscess in the retropharyngeal space ruptures throught the alar fascia (7). According to the literature, dental infection is not a common cause of inflammation in the retropharyngeal space (9). Involvement
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of two or more spaces, especially the retropharyngeal space, indicates a higer risk of spreading of infection to mediastinum (1).
The most common and most feared complication of inflammation in the danger space is
descending necrotizing mediastinitis (DNM). This complication is caused by the spread of
infection along the deep cervical soft tissues to the mediastinum. It was first reported in
1938 by Pears . The disease can rapidly progress to sepsis, its mortality rates ranging from
30-50% (7). Infection may be a long time clinically dull, or its symptoms are masked by analgesics, which may cause delay in diagnosis. DNM is manifested by chest pain and dyspnea (8).
From the neck to the mediastinum, there are three potential major pathways for the infection to spread along the fascial spaces in DNM: the pretracheal route to the anterior
mediastinum, the lateral pharyngeal route to the middle mediastinum, and the retropharyngeal and danger space to posterior mediastinum - the most common cause (7). Criteria
for the descending necrotizing mediastinitis were clearly establisched by Estrera in 1983.
These include clinical manifestations such as severe infection, characteristic radiology features, necrotizing mediastinal infection confirmed at surgery or autopsy, and the causal
relationship of oropharyngeal infection to the development of deep neck infection (1). CT
scan of Endo et al . classified 3 types of the descending necrotizing mediastinitis:
Type I: is localized in the upper mediastinum above the tracheal bifurcation.
Type IIA: extends to the lower anterior mediastinum.
Type IIB : extends to the anterior and lower posterior mediastinum (5).
In the presented case report, there was the primary cause of aggressive dental cause of
deep neck infection. Despite the intensive surgical and antibiotic treatment descending
necrotizing mediastinitis spread by danger space. This complication was probably the result
of resistance to empiric antibiotic therapy, aggressive dental primary infection and persistence of depostis in the right maxillary sinus and parapharyngeal space. Despite the development of the descending necrotizing mediastinitis, complicated process of infection was
handled in a relatively short time.
The effectiveness of empirical antibiotic therapy is closely linked with the development of
complications. According to Yang (2008), the duration of hospital stay of the patient with
ineffective antibiotics was significantly longer (30.6 ± 20.1 days), compared with the patients
with effective antibiotics treatment (14.8 ± 8.2 days) (9). The average admission time for
patients with DNM according to Freeman was 46 ± 30 days (6), in a study of Kanga from
2012, the average length of hospitalization was 41.4 ± 29.4 days (1) .
CONCLUSION
In spite of advances in the diagnostic, surgical and intensive antimicrobial treatment of
deep nect infections, life-threatening infections are still present. The disease requires a multidisciplinary approach, repeated revisions and updates of antibiotic therapy according to
the antimicrobial sensitivity. It is necessary to perform the CT examination of the neck and
mediastinum to the level of the carina in patients with retropharyngeal abscess. A CT scan
should be obtained routinely every 48 hours until the disease improves (1). Progress of the
disease depends on excellent diagnosis and radical treatment, that should be performed in
experienced and fully equiped medical department.
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Abst rac t
Primary hepatic yolk sac tumour (YST) is an extremely rare tumour of the liver. The exact etiology of primary
hepatic YST is still unclear. This tumour is very aggressive with ability to spread into distant sites, where it can
lead to the first clinical presentation. The authors present a case of a 20-year-old woman with fever and pain in
the epigastrium, which later on moved to the right hypogastrium clinically resembling acute appendicitis.
Ultrasound revealed tumorous mass in the liver and hypoechogenous tumorous mass in the area of right adnexes and terminal ileum. Tumorous mass in the liver was confirmed on the CT scan. Markedly raised levels of serum
α-fetoprotein concentration were detected. Laparoscopic appendectomy was performed and there was bioptically
verified a diagnosis of YST. Afterwards, patient underwent right hemihepatectomy, right hemicolectomy and right
adnexectomy. There was found no evidence of the gonadal, mediastinal, retroperitoneal and central nervous system origin of the YST. Histological findings from the liver proved primary yolk sac tumour of the liver with the
metastatic spread into the appendix, caecum and regional lymph nodes.
Key words: liver neoplasm – yolk sac tumour – endodermal sinus tumour – alpha-fetoprotein

INTRODUCTION
Yolk sac tumour (or endodermal sinus tumour) is a very rare germ cell tumour, which
usually arise from the ovary or testis, although there have been reports of such tumours
arising in extragonadal sites. Extragonadal yolk sac tumour is a rare malignancy; which
occurs in approximately 20% of cases from all yolk sac tumours. Its main distribution is
along the midline of the body at three principal sites: mediastinum, central nervous system
and retroperitoneum. The most common extragonadal sites are sacrococcygeal (78%), mediastinal, intracranial (pineal gland: 62%; suprasellar region: 31%; both areas: 7%) and
retroperitoneal. Other locations include the pelvis, cervix or uterus, vagina, prostate,
abdominal wall, bile duct, omentum, kidney, hernia sac, stomach, nasal cavity, lip and neck
[1, 2, 3, 4, 5, 6]. Primary yolk sac tumour of the liver was first time reported in 1975 by Hart
in an 18-month-old boy who died 6.5 months after an extended hemihepatectomy [7]. Since
then a further 17 cases have been reported.
The etiopathogenesis of the extragonadal yolk sac tumours is still controversial. One
hypothesis suggests these tumours may arise from misplaced or arrested germ cells during
embryogenesis [8], while others have proposed these tumours arise from aberrant differentiation of somatic cells [9].
CASE REPORT
A 20-year-old woman was admitted to our department with 3 days lasting pain in the epigastrium and with fever lasting for one week. Her medical history was unremarkable. Her
A d d r e s s f o r c o r r e s p o n d e n c e:
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only regular medication was the combined oral contraceptive pill. On admission, physical
examination revealed pain in periumbilical area and epigastrium during palpation and percussion, which later moved to the right hypogastrium. It also showed abdominal distension
and swollen lymph nodes in both groins, but without signs of peritoneal irritation. On the
ultrasound of the abdomen there was found hypoechogenous tumorous mass sized 4.4 x
2.6 in the area of right adnexes and terminal ileum and also nonhomogenous structure
sized 7.9 x 8.7 cm in the right lobe of the liver. Subsequently, the CT scan was done, which
revealed big tumorous mass in the right lobe of the liver sized AP x LL CC 15 x 12 x 15 cm
and tumorous mass on the caecum sized 2.8 x 3.9 cm (Fig. 1, 2). The laboratory tests
showed an increased white blood cell count to 14.6 x 109/L (reference: 4-10 x 109/L) and
CRP was 133 mg/L (reference: < 5 mg/L). Laparoscopic exploration was performed with
findings of big tumour localized in the right lobe of the liver and phlegmonously changed
appendix. In the first phase laparoscopic appendectomy was done and biopsy from the liver
tumour was taken. The most probable diagnosis was considered hepatocellular carcinoma.
In serum was detected extremely high level of α-fetoprotein (AFP) > 71 753 – 100 000 ng/mL
(reference: < 20 ng/mL), The carbohydrate antigen (CA) 19-9, CA 125, CEA, the human
chorionic gonadotropin level, blood amylase, aspartate transferase (AST), alanine transferase (ALT), Quick time and bilirubin levels were within the normal ranges. Serology testing was negative for viral hepatitis. Later on, histological samples from appendix proved the
diagnosis of yolk sac tumour. According to the results of histology, right hemihepatectomy,
right hemicolectomy and right adnexectomy were performed.

Fig. 1. Primary yolk sac tumour of the liver in 20-yearold woman.
Axial CT scan enhanced with contrast shows a welldefined solid mass of the right lobe of the liver

Fig.2. Metastasis of YST to the caecum
Axial CT scan shows the metastasis of the tumour to
the caecum

Sectioning of the right lobe of the liver revealed a tumorous mass infiltrating capsule
(about 15 cm in diameter) (Fig. 3). On the resected part of the large intestine was found exophytically growing tumour with 2.5 -3 cm in diameter. In the resected part of mesocolon
were 17 lymph nodes. In 3 of them were present metastases. Tumorous mass has soft consistency, mixed solid and cystic character, with areas of haemorrhage and necrosis. Right
adnexa looked macroscopically normal.
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Fig.3. Sectioning of the right lobe of the liver
Sectioning of the right lobe of the liver revealed a tumorous mass infiltrating capsule (about 15 cm in diameter)

Microscopically, the tumours were characterized by almost identical histomorphologic
characteristics and in its image contained a variety of somatic and extraembryonic endodermal differentiation. There were present districts with solid, glandular, hepatoid, papillary, intestinal and polyvesical growth patterns. The most characteristic feature of tumour
was reticular growth pattern with sparse oedematous stroma, with typical cytoplasmic PASpositive and diastasis-resistant hyaline globules, as well as pathognomic papillary formations with a central vessels (Schiller-Duval Bodies) (Fig. 4). Tumorous cells were characterized by high mitotic activity. Tumorous cells were imunohistochemically positive for
CK8/18, AFP, CEA, Vim (+/-), PLAP (+/-) and negative for hCG, CD30 and hepar1. On the
right ovarium were found cystic changes, but without signs of tumorous infiltration.

Fig.4. Histological features of yolk sac tumour with pathognomic Schiller-Duval Bodies (in circles).
H&E, magnification x200

In early postoperative period were not present any complications. The patient was discharged in good condition and a month after the operation received standard adjuvant
chemotherapy with the BEP regimen (bleomycin, etoposide and cisplatin). A total of four
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cycles of systemic chemotherapy were performed. Patient was admitted with signs of intestinal sub-occlusion 15 months after second operation. Explorative laparotomy revealed
numerous small intestinal adhesions and the adhesiolysis was performed. No other complications were present and relapse was not seen during 3, 6, 9, 12, 24, 36 and 48-month
follow ups (Fig. 5).

Fig.5. CT scan of abdomen 6 months after operation
Axial CT scan of abdomen reveals regeneration of the liver parenchyma 6 months after operation

DISCUSSION
Yolk sac tumour accounts for less than 1% of germ cell tumours [10]. An extragonadal
location of YST is very rare and the tumour is usually localized in the mediastinum, pineal
gland, sacrococcygeal region and vagina [11]. Primary hepatic YST usually arise in children
or young adults [12. 13]. Only 17 cases of primary hepatic YST were described in literature
so far. This tumour is very aggressive with ability to spread into distant sites, where it can
lead to the first clinical presentation. To our knowledge, there has not yet been reported
any case of primary yolk sac tumour, with first symptomatology arising from the metastatic affection of the caecum and appendix, which had resembling acute appendicitis.
In differential diagnoses of hepatic YST are considered hepatocellular carcinoma and
hepatoblastoma, which are also presented by increased levels of serum α-fetoprotein [14].
Diagnosis of a yolk-sac tumour can be made by taking a biopsy during surgery and freezing sections, which can then be pathologically assessed. A skilled pathologist should be
used for such assessment, especially for mixed germ-cell tumours. There is required very
close cooperation between surgeon, pathologist and oncologist.
Regular follow ups of our patient were performed. There was found no evidence of tumour
recurrence even 4 years after surgery. Since YST is a neoplasm with an unpredictable biological behaviour, we will continue with close clinical follow up. There is a need to establish
long term outcome of surgically treated primary yolk sac tumours of the liver.
In conclusion, primary yolk sac tumour of the liver, even if it is a rare malignancy, should
always be considered as an alternative diagnosis to hepatocellular carcinoma in a young
patient with highly elevated serum α-fetoprotein concentrations and a tumour within a noncirrhotic liver.
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