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THE ACUTE EXPOSURE TO HIGH CONCENTRATION OF SULFUR DIOXIDE
DID NOT AFFECT NASAL REACTIVITY IN ANAESTHETIZED GUINEA PIGS

MILO‰ TATÁR, DAVID NUNEZ-FERNANDEZ, JANA PLEVKOVÁ, 
MARIANA BROZMANOVÁ

Department of Pathophysiology, Comenius University, Jessenius Faculty of Medicine, Martin, Slovak Republic

A b s t r a c t
This study was designed to test the hypothesis that sulfur dioxide, as a very important air pollutant, could affect react-

ivity of the nasal cavity to histamine at the period of 24 hours after the exposure in guinea pigs.
16 male TRIK strain guinea pigs were exposed to SO2 (400ppm for 3 hours) in special plastic box. Controls (n = 8) were

in the same conditions exposed to room air. 1 hour after the end of exposure animals of the control group and 8 animals
of the group exposed to SO2 were anaesthetized, tracheotomized and a tygon nasopharyngeal cannula was introduced
into their nasopharynx via proximal tracheal opening. The same procedure was performed in 8 animals of the group
exposed to SO2 24 hours after the end of exposure to SO2. Histamine (1.25; 5.0 and 20.0 mmol.l-1) was instilled into the
nasal cavity and nasal airway resistance (Rn) was measured to evaluate nasal reactivity to histamine.

Nasal airway resistance (Rn) was determined as a ratio of transnasal pressure and known airflow (1.0; 1.5; and
1.0 l.min-1) applied through the nasopharyngeal cannula and nasal cavity in expiratory direction.

Nasal reactivity to histamine was not significantly changed 1 hour and 24 hours after the end of exposure to high con-
centration of sulfur dioxide in comparison to control values. 

We can conclude that acute exposure to high concentration of sulfur dioxide did not affect nonspecific nasal reactivi-
ty in anaesthetized guinea pigs.

K e y  w o r d s : sulfur dioxide – nasal reactivity – guinea pigs

INTRODUCTION

Air pollution is an inevitable consequence of industrialization. A number of epidemiological
studies have shown acute effects of increased amounts of ambient air pollution on the preva-
lence of respiratory symptoms in population (1). Not only acute, but also continuous exposure
to air pollution may cause or trigger respiratory diseases, as well (2). This connection is very
important in persons with existing airway disease or airway hyperresponsiveness (3).

Sulfur dioxide of its high water solubility is primarily an upper respiratory tract irritant. This sub-
stance is extremely irritating to the nasopharynx and whole respiratory tract. Bronchoconstriction, tho-
racic pain, coughing, sneezing, wheezing, dyspnea and upper airway or pulmonary oedema with
cyanosis may occur. Reactive airway disease, obstructive and restrictive lung disease or chronic bron-
chitis may develop in victims that survive exposure to high concentrations (4). So the target organ for
the acute effects of sulfur dioxide appears to be confined to the upper respiratory tract and the lung (5)

We have found in our previous investigations that repeated inhalation of high concentration of
sulfur dioxide did not affect bronchial reactivity in guinea pigs determined 24 hours after expo-
sure to this gas (6). But it is known, that responsiveness to SO2 is not uniform throughout the
respiratory tract (7).

Absorption of SO2 is believed to be complete in the conducting airways only a small percent-
age of inspired SO2 appears to reach the trachea (8). Miller et al. (9) described the upper respi-
ratory tract and the large bronchi as the major site of absorption and toxicity of SO2. It is well
known that sulfur dioxide dissolves easily in the layer of fluid on the surface of the epithelium
of the nasal passages and upper airways with formation of reactive sulfite species. Major per-
centage of inspired SO2 acts in the nasal passages. 

Very high concentrations of inhaled SO2 and aerosols of sulfuric acid are surprisingly well tol-
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erated by many animal species and morphological damage of epithelial lining cells is detected in
the upper respiratory tract after high or prolonged exposures. Chronic exposure to urban levels
of air pollution induces secretory cells hypertrophy, combined with a shift toward mucus secre-
tion and ciliary damage (10) in rats – changes that causes mucociliary clearance impairment
(11). This finding is consistent with the idea that prolonged exposure to low levels of air pollu-
tion deteriorates respiratory defenses against infectious agents and may cause an increase in
respiratory morbidity and perhaps mortality. Takenaka et al. (12) also reported morphological
changes observed in nasal cavities of beagle dog after long term exposure to SO2 that were char-
acterized by thickening of epithelial layer resulting from epithelial proliferation, by a loss of
secretory material and by a moderate mononuclear cell infliltration. 

Brief exposure to SO2 at a concentration of 4ppm or less is unlikely to cause significant nasal
dysfunction in most subjects with e.g. rhinitis. Sulfur dioxide does not acutely increase nasal
symptoms or nasal resistance in subjects with rhinitis or in subjects with bronchial responsive-
ness to sulfur dioxide (7) Short-term exposure to low concentrations of sulfur dioxide did not
reveal any significant morphological differences in human nasal epithelium (13) on the other
hand Carson et al. (14) reported appearance of compound cilia in the nasal mucoa of normal
human subjects following acute exposure to sulfur dioxide at concentration 0.75 ppm.

AIM

This study was designed to ascertain whether acute short-term exposure to high concentra-
tion of sulfur dioxide could affect nasal reactivity to histamine during 24 hours after the end of
exposure to sulfur dioxide in anaesthetized guinea pigs.

METHODS
Animals 
24 male TRIK strain guinea pigs weighing 400g - 510g were recruited for the study. Animals were

housed in central animal house of Jessenius Faculty of Medicine and were kept in standard living
conditions. All of these animals undergo veterinary examination to exclude possible health disorders. 

Exposure to sulfur dioxide
16 animals were placed into the plastic box and exposed to sulfur dioxide with concentration

400 ppm (parts per million) during 3 hours. 8 controls were exposed to room air in the same
conditions.

Determination of nasal airway resistance (Rn)
Animals were anaesthetized with intraperitoneal administration of urethane 1,1g. kg-1 (Riedel de

Haen, AG Germany) and they were placed in the supine position on the heated pad. Rectal temper-
ature of the animals was continuously measured and maintained in the range 37- 38° C. The tra-
chea was explored and widely opened to allow spontaneous breathing. A thin tygon cannula (exter-
nal diameter 3.5 mm) was introduced into the nasopharynx through the proximal tracheal opening
and fixed by a ligature. Cannula was connected to electromanometer HSE (Hugo Sachs Electronic).

The principle of recording of the nasal resistance is the measurement of transnasal pressure
(difference between the pressure in the nasopharynx and atmospheric pressure) during the per-
sufflation of the known airflow through the nasal cavities. The resistance is given by the ratio of
transnasal pressure and the appertaining airflow. Nasal cavities were blowing with the constant
airflows of humidified and tempered air that was delivered by the airflow generator. The airflows
of 1.0; 1.5 and 1.0 l/min were bubbled through the water of the thermostat 57°C. The air mois-
tened with water vapors and warmed up to approximately 37°C was introduced to the nasopha-
ryngeal cannula. At the same time nasopharyngeal pressure was measured and recorded. Rn
was measured during gradually increasing airflows (1.0 to 1.5 l/min) - the first phase of meas-
urement, and back to1.0 l/min – the second phase of measurement.

Nasal airways resistance was determined from the formula:
Rn = Ptn/airflow- Rc

Ptn transnasal pressure  
Rc airflow resistance of nasopharyngeal cannula
Rn nasal airway resistance (kPa.min.l-1)    
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Nasal histamine challenge
Intranasal histamine challenge was used as nonspecific provoking stimulus to induce

a response of nasal mucosa. Histamine is one of the most frequently used stimulants of the nasal
mucosa in experimental examination of nasal reactivity (15).

Nasal passages were gently filled with histamine (Spofa) at concentrations 1.25; 5.0 and 20.0
mmol/l in increasing order. Intranasal stimulation with histamine lasted for 3 minutes and then
residual histamine solution was gently expressed from the nasal cavities. Just after the end of
this maneuver nasal airway resistance was measured.

Design of experiment
Nasal airway resistance (Rn) was determined in control animals (1st group, n = 8) that were

exposed to room air. These values were compared to these obtained for Rn in animals exposed
to SO2 – 1 hour after the end of exposure (2nd group, n = 8) and 24 hours after the end of SO2
exposure (3rd group, n = 8). Rn was determined in these above groups after intranasal saline and
histamine (from 1.25, 5 to 20 mmol/l), during airflows 1.0; 1.5 and again 1.0 l/min.

Statistics
Data obtained for nasal airway resistance are expressed as an arithmetic mean and standard

error of mean. Values were evaluated using Friedman test and Dunn’s test for multiplicative
comparisons, p <0.05 was considered to be significant.

RESULTS

Nasal airway resistance after intranasal histamine challenge was significantly higher in compari-
son to data obtained for Rn after intranasal saline challenge in all groups of animals. Significant
changes could be seen only for the 1st concentration of histamine (1.25 mmol/l), whereas Rn after
histamine with concentration 5 and 20 mmol/l did not reveal significant increase. Table 1.

Rn of animals that were exposed to SO2 is higher than that in controls exposed to room air,
measured both after 1 hour and 24 hours after the end of exposure, but this small increase is
not significant. Table 1. and Figure 1.

*p<0.05 – the effect of intranasal histamine challenge in comparison to saline challenge
1 st group – Rn in animals exposed to room air
2 nd group – Rn in animals exposed to sulfur dioxide 1 hour after the exposure
3 rd group – Rn in animals exposed to sulfur dioxide 24 hours after the exposure

Table 1. Changes of nasal airway resistance caused by intranasal histamine challenge in guinea pigs exposed to sulfur 
dioxide



According to known effects of action of sulfur dioxide on nasal structures (19) we supposed
that acute exposure to this gas could affect nasal reactivity at least by two ways. Firstly – SO2
stimulates sensory nerves in the mucosa (release of neuropeptides). Secondly - SO2 could cause
the damage of the airway epithelium causing migratory cells to release mediators that penetrate
to the target tissues within the mucosa (19).

Surprisingly we have found that acute exposure to sulfur dioxide did not affect nasal reactivi-
ty significantly. There is only a tendency for increasing of nasal resistance in animals exposed to
SO2 in comparison to controls who were not exposed to sulfur dioxide. Suchánková (20) report-
ed slight decrease in bronchoconstrictor response to histamine in animals exposed to the same
concentration of SO2 as in our study in early phase (1-3 hours after the end of exposure), this
values returned near to control values after 24 hours after the end of exposure. The possible
explanation may be as follows. Sulfur dioxide as an irritating gas stimulates sensitive nerve –
endings in the nasal cavity (C – fibres endings) with liberation of a number of neuropeptides –
CGRP, SP, NKA, NKB (21) and other substances. This process could be responsible for initiating
and sustaining of inflammatory changes termed as a neurogenic inflammation, which is another
important factor that could affect reactivity of the airways (22, 23). Acute exposure to the high
concentration of sulfur dioxide could lead to depletion of neuropeptides in the nerve – endings,
and so reactivity of neural structures could be less intense – appropriate to store of neuropep-
tides (20) that could be restored in the late phase of measurement (24 hours after the end of
exposure). But this hypothesis did not completely explain changes of nasal reactivity in the late
phase of measurement (24 hours after the exposure to sulfur dioxide).

Rn was significantly increased only after intranasal histamine of 1.25 mmo.l-1, while no sig-
nificant changes were obtained for nasal resistance measured after intranasal instillation of his-
tamine with higher concentrations (5 and 20 mmol/l). The possible explanation of these differ-
ences could be in overcrowding of H1 receptors in the nasal mucosa by histamine with the first
concentration applied. 

Interesting finding was also the difference in nasal airway resistance measured in the 1st stage
of measurement and in the 2nd one that was lower than that in the 1st stage. Palecek (24) notes
that beside congestion end edema of the mucosa the resistance of the airways can be influenced
also by the quality of secretion. Tatár (25) reported that secretions that are permanently pro-
duced into the nasal cavity and transported by a mucociliary system up to the nasopharynx,
where due to nasophyryngeal cannula its swallowing was blocked. The accumulation of mucus
could contribute to the increase of nasal resistance in the 1st phase of measurement. In the sec-
ond phase of the measurement of nasal resistance it was decreased in comparison to the values
of 1st stage of measurement. This difference could be ascribed to removal of accumulated mucus
from the nasal cavity during airflow 1.5 l/min applied in expiratory direction, which allowed to
clean up the nasal cavities from accumulated secretions.

In conclusion: Acute exposition to high concentration of sulfur dioxide did not affect nasal
reactivity measured 1 and 24 hours after the exposure to SO2 in anaesthetized guinea pigs.
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DISCUSSION

It is well known, that SO2 is one of the most common air pollutants with important conse-
quences for respiratory tract organs. It is clear that the target organs for the acute exposure to
SO2 appear to be confined to the upper respiratory tract – especially nasal airway passages,
which acts as the first contact site with the inspired air (5).

Nasal reactivity is characterized by appearance of nasal symptoms – sneezing, nasal discharge
and decreased nasal patency as a response of nasal mucosa to appropriate stimuli.
Inappropriate reactivity of the structures of nasal mucosa is manifested as a nasal hyperreac-
tivity (hyperresponsiveness).

Nasal hyperreactivity play a crucial role in the pathogenetic process of diseases of nasal cavi-
ty and sinuses (16). The questions of hyperreactivity of respiratory tract are intensively studied,
mostly in the region of lower airways. Despite the fact that nasal cavities represent about a half
of the total airflow resistance of the respiratory passages, the limitation of airflow through the
upper respiratory ways is experimentally rarely studied (17).

Tatár et al. (18) developed a method for observing the nasal reactivity in anaesthetized guinea
pigs. Volume changes of the nasal mucosa (nasal patency) were estimated from the changes of
nasal airway resistance. As the nasal cavity is basically made up of a bony structure with a layer
of highly vascular mucosa, nasal airway resistance is dependent on the capacitance of nasal vas-
cular bed (16). This is largely due to distension of the vascular capacitance system of the nose -
an organ in which the mucosa is exceptionally “errectile” due to the extensive network of vascu-
lar sinuses in the mucosa. At the same time there may be oedema due to leakage of water and
plasma solutions, an increase in nasal secretions, primarily from the seromucous submucosal
glands and also plasma exudation.

In our study histamine was used as a provoking substance for nasal response. Histamine pro-
vides effects on the nasal vascular bed via activation of H1 receptors (15). This process leads to
the opening of capacitance vessels due to relaxation of precapilary resistance vessels (16), con-
gestion of nasal mucosa and decreased nasal patency. 

Fig. 1. 
Nasal airway resistance (Rn) kPa.min/l in
anaesthetized guinea pigs exposed to high
concentration of sulfur dioxide measured
after intranasal saline and histamine
(1.25; 5.0 and 20.0 mmol/l). No signifi-
cant changes of Rn induced by exposure
to sulfur dioxide were found in observed
groups of animals. Significant increase of
Rn was induced only by intranasal admin-
istration of histamine of 1.25 mmol/l.
*p<0.05 was considered to be significant.
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THE INFLUENCE OF AMINOPHYLLINE ON THE CONTRACTILITY OF 
URINARY BLADDER SMOOTH MUSCLE IN RABBITS

MICHAL HUDEC1, MÁRIA JAKUBESOVÁ1, JOZEF URDZIK1, JURAJ MOKR˘1, JÁN ·VIHRA2

1Department of Pharmacology, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak Republic
2Department of Urology, Jessenius Faculty of Medicine, Comenius University and Faculty Hospital, Martin, 

Slovak Republic

A b s t r a c t
Introduction: Urinary bladder smooth muscle is under the influence of autonomic nervous system. Its contractions

are evoked by parasympathetic nervous system, with its main mediator acetylcholine. Acetylcholine acts through the Gq-
protein (receptor M1, M3, M5) and activation of enzyme phospholipase C or through the inhibition of adenylate cyclase
on Gi protein (receptor M2, M4). The contractions can be inhibited by two basic mechanisms - inhibition of contraction
(anticholinergic drugs) or induction of relaxation (sympathomimetics, calcium channel blockers). In this study, we inves-
tigated the effect of aminophylline – inhibitor of phosphodiesterase – on urinary bladder smooth muscle contractions
evoked by acetylcholine.

Methods: Samples of smooth muscle from rabbit urinary bladders (11 rabbits, weight 1500-2500g) were analyzed by
in vitro method of organ baths. From the samples thin slices were made, which were adapted in Krebs-Henseleit`s solu-
tion for one hour (30 minutes under tension of 4 g and 30 minutes under tension of 2 g). The first recordings (control)
of contractions were made after gradual adding of cumulative doses of acetylcholine (concentration from 10-8 to 10-3 mol.l-1).
Thereafter aminophylline was added to the organ chamber in order to reach the concentration of 10-3 or 10-4 mol.l-1 and
after 15 minutes incubation, the second recordings were made.

Results: The contractile responses to cumulative doses of acetylcholine were significantly decreased after adding of
aminophylline in concentration of 10-3 mol.l-1. Aminophylline in concentration of 10-4 mol.l-1 caused only a non-significant
inhibition of contractile responses.

Conclusion: We found that aminophylline is an effective inhibitor of urinary bladder smooth muscle contractions in
rabbits evoked by acetylcholine in vitro in concentration of 10-3 mol.l-1.

K e y  w o r d s : aminophylline, contraction, acetylcholine, urinary bladder, rabbits, smooth muscle

INTRODUCTION

The urinary bladder smooth muscle, similarly to smooth muscles of other organs and systems,
possesses its own steady place in morphological as well as functional character of the organism.
Its characteristics influence the behavior of not only urinary bladder but of the whole body, as
the ability to cumulate urine and consecutively release it belongs to the basic social needs. Only
a normal and coordinated bladder function can maintain a good social adaptation of an individ-
ual. Any changes in this basic need can disturb its integration and social positioning and so
could lead to significant decrease of the quality of life. Therefore, it is very necessary to know all
the mechanisms participating in filling of the urinary bladder, voiding and in case of impairment
to be able to eliminate it. 

In clinical practice, we meet the problems of hyperresponsiveness or hyperreactivity of smooth
muscle in various organ systems, like respiratory system, gastrointestinal tract, skin, as well as
urinary system (1,2). Diseases of the lower urinary tract belong to the most frequent disorders
at all. They include a wide range of incontinencies, as well as disorders in urination, which in
serious cases can cause an impairment of the kidneys or renal failure. One of these disorders is
also hyperreactivity of the urinary bladder smooth muscle, leading to incontinence and so to the
decreasing quality of life (3). 
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both periods, the tissue strips were washed at 10 minutes intervals. Thereafter cumulative doses
of acetylcholine (10-8 to 10-3 mol.l-1, subst. Sigma-Aldrich) were added and continual graphical
recording of contractions was carried out. This recording was named “Control”. After 25 minutes
of washing up period, 200 µl of aminophylline (Syntophyllin, Hoechst-Biotika) was added into
each organ chamber to reach the concentration of aminophylline 10-4 or 10-3 mol.l-1. After a 15
minutes period of incubation the amplitudes of contractions (g / 100g) of urinary bladder smooth
muscle strips to the cumulative doses of acetylcholine (10-8 to 10-3 mol.l-1) were recorded. These
records were used for evaluation of contractile responses (11). 

Non-parametric ANOVA test was used for the statistical analysis and comparison of the „con-
trol“ recordings (strip contractility after stimulation by only cumulative doses of acetylcholine),
with the recordings after adding of aminophylline in concentrations of 10-4 or 10-3 mol.l-1. Results
are presented as mean ± standard error of the mean (SEM). A probability level of p < 0.05 was
accepted as significant. All experiments were conducted in accordance with basic ethical norms
and Helsinki Declaration of 1975, revised in 1983.

RESULTS

Addition of acetylcholine into organ bath with urinary bladder smooth muscle strip in cumu-
lative manner (10-8 to 10-3 mol/l) resulted in dose-dependent increasing of contractile responses
in controls. 

The recordings after adding of aminophylline (10-4 or 10-3 mol.l-1) showed increasing strength
of contraction evoked by cumulative doses of acetylcholine, too, but the strength was not so high
as in the “control” (Fig. 3).

We observed significant lowering of contractile responses to acetylcholine in cumulative man-
ner after incubation with aminophylline only in concentration of 10-3 mol.l-1. The concentration
of aminophylline of 10-4 mol.l-1 did not cause significant inhibition of contractile responses, but
the trend to decrease was observed (Fig. 3). 

DISCUSSION

There are various ways and levels how to influence the urinary bladder reactivity. The mic-
turition reflex represents classical reflex with its own receptors, afferent nerves, reflex center,
efferent nerves and finally effectors. The receptors are located in and under urothelial layer as
well as in urinary bladder smooth muscle. The sensory nerve endings can be irritated by various
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The modulation of contraction is possible by two basic mechanisms - inhibition of contraction
(anticholinergic drugs) or induction of relaxation (sympathomimetics, calcium channel blockers).
Both of these mechanisms work on the synaptic level.

Acetylcholine, as a major neurotransmitter of parasympathetic nervous system, mediates its
contractile responses through muscarinic receptors. Nowadays are known five pharmacological-
ly different muscarinic receptors subtypes – M1-M5, from which M2 and M3 receptors mostly
occur. Their stimulation leads to two different pathways. M3 receptor acts through activation of
Gq protein that activates phospholipase C with consecutive dissociation of phosphatidylinosi-
toldiphosphate (PIP2) into diacylglycerol (DAG) and inositoltriphosphate (IP3). IP3 mobilizes the
pool of intracellular calcium leading to increased contraction. (Fig. 1)

M2 receptor acts through Gi protein that inhibits adenylate cyclase. This inhibition leads to low-
ering of the formation of cAMP from ATP. The already created cAMP is dissociated into AMP by
enzyme phosphodiesterase. Decrease of intracellular level of cAMP leads to the increase of intra-
cellular calcium and to contraction (Fig. 2) (4).

The aim of the presented study was to examine the influence of aminophylline as a represen-
tative of xanthine derivatives (inhibitor of enzyme phosphodiesterase) on the mechanism of con-
traction of the urinary bladder smooth muscle. In literature, there are very rare references about
the use of xanthines as possible therapeutic tools for the treatment of detrusor hyperreactivity
(5,6,7). 

METHODS

The reactivity of urinary bladder smooth muscle was estimated by in vitro method (8,9,10). The
detrusor samples of 11 rabbits (weighting 1500-2500g) were used. The samples were cut into
small strips (2 x 2 x 15 mm), mounted between two hooks and placed into a 30 ml organ cham-
ber containing Krebs-Henseleit`s buffer of the following composition: NaCl 110.00 mmol.l-1, KCl
4.80 mmol.l-1, CaCl2 2.35 mmol.l-1, MgSO4 1.20 mmol.l-1, KHPO4 1.20 mmol.l-1, NaHCO3 25.00
mmol.l-1 and glucose 10.00 mmol.l-1 in glass-distilled water. Organ chambers were maintained at
36.5 ± 0.5 °C and were aerated continuously with a mixture of 95% O2 and 5% CO2, to maintain
pH 7.5 ± 0.1. One of the hooks was connected to force transducer (TSR 10G, V˘voj Martin,
Slovakia) and amplifier (M1101 SUPR, Mikrotechna Praha, Czech Republic) and tension record-
ings were made on Line Recorder TZ 4620 (Laboratorní pfiístroje Praha, Czech Republic). The tis-
sue strips were initially set to 4 g of tension (30 minutes loading phase). After this period, the
tension in each strip was readjusted to a baseline of 2 g (30 minutes adaptation phase). During

Fig. 1 Presynaptic and postsynaptic mus-
carinic and adrenergic receptors and
their interactions in urinary bladder
smooth muscle (Ach – acetylcholine, NA –
norepinephrine, M – muscarinic receptor,
β3 – beta adrenoceptor, PLC – phospholi-
pase C, AC – adenylate cyclase, IP3 – inos-
itol triphosphate, DAG – diacylglycerol,
cAMP – cyclic adenosin monophosphate)

Fig. 2 Mechanisms leading to contraction after
stimulation of different subtypes of muscarinic
(M) receptors (for explanation see Fig. 1, ATP –
adenosin triphosphate, PIP2 – phosphatidyli-
nositol bisphosphate, Gi – inhibitory G-protein,
Gq – G-protein coupled with PLC)



treatment and anticipating of possible adverse effects. Moreover, especially adverse effects and
lack of efficiency in lower doses of drugs are the reasons for looking for new therapeutic possi-
bilities. Currently we use the following drugs for the treatment of overactive bladder: a) antimus-
carinic drugs, drugs acting on membrane channels, drugs with mixed action, alpha-adrenocep-
tor antagonists, beta-adrenoceptor agonists, antidepressants, prostaglandin synthesis
inhibitors, vasopressin analogues and others (21) (Tab. 1).
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stimulants of different origin (chemical substances, temperature, distension, pressure) (12).
Over-stimulation (e.g. impairment of urothelium) and increased afferent mediation can lead to
increased voiding center reactivity and increased frequency of voiding (13,14,15).

In the regulation of urinary bladder smooth muscle a major role is played by parasympathe-
tic system similarly to other organ systems (16), with its muscarinic receptors. The most fre-
quently ocuring muscarinic receptors in urinary bladder smooth muscle in various animals and
in humans are M2 and M3 subtypes. M2 receptor represents 80% of all of them (in humans) (17),
but the major role in the mechanism of contraction during voiding phase possesses M3 receptor
(18,19). M3 receptors are responsible for the direct contraction of smooth muscle; M2 receptors
block the relaxation caused by sympathetic nervous system. Except of these two receptor sub-
types located mainly on the postsynaptic membrane, there are also M1 and M2/M4 receptors
located on the presynaptic membrane. Presynaptic muscarinic receptors cause facilitation (M1)
or inhibition (M2/M4) of secretion of acetylcholine dependent on the frequency of stimulation. The
result is stronger contraction of the detrusor after stimulation of M1 receptor and inducing of
relaxation after stimulation of M2/M4 receptors (20) (Fig. 1).

Failure to store urine can be due to involuntary detrusor contractions, which may or may not
be associated with symptoms of urge, frequency and urge incontinence, the components of the
overactive bladder syndrome. The prevalence of these symptoms increases with advancing age.
To learn the mechanisms underlying this condition is essential for adequate pharmacological
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Fig. 3 Reactivity of guinea pig urinary bladder
smooth muscle after adding of aminophyline in
concentrations of 10-4 and 10-3 mol.l-1 to cumu-
lative doses of acetylcholine. The columns rep-
resent the mean contraction (g/100 mg) and
the standard error of the mean (SEM). One and
two asterisks represent significance of differ-
ence with p < 0.05, and 0.01, respectively (AMP
= aminophylline)

Fig. 4 Mechanism of action of aminophylline
(for explanation see Fig. 2)

Pharmacological group Drugs 

Antimuscarinic drugs Tolterodine
Trospium
Propantheline
Atropine, hyoscyamine
(Darifenacin, solifenacin) 

Drugs acting on membrane channels Calcium antagonists
Potassium channel openers 

Drugs with mixed actions Oxybutynin
Propiverine
Dicyclomine
Flavoxate 

Alpha-adrenoceptor antagonists Afluzosin
Doxazosin
Prazosin
Terazosin
Tamsulosin 

Beta-adrenoceptor agonists Terbutaline
Clenbuterol
Salbutamol 

Antidepressants Imipramine 

Prostaglandin synthesis inhibitors Indomethacin
Flurbiprofen 

Vasopressin analogues Desmopressin 

Other drugs Baclofen
Capsaicin
Resiniferatoxin 

Tab. 1 Drugs used for the treatment of overactive bladder according to Andersson et al., 2001 (21)

Aminophylline is a xanthine derivative drug and its effects in the influencing of contraction are
present mainly on the postsynaptic level. The mechanism of action of xanthine derivatives is in
spite of their long clinical use not definitely clear. There are various theories, from which the
inhibition of enzyme phosphodiesterase plays a major role (Fig.4). Inhibition of this enzyme leads
to decreased metabolism of cAMP and so to the increase of its intracellular level. Cyclic AMP as
a second messenger participates in intracellular regulatory mechanisms and regulates cell con-
tractility. Cyclic AMP activates cAMP-dependent proteinkinase A mediating the phosphorylation
of myosin-kinase and so reduces the ability to activate myosin. This is not the only mechanism
leading to relaxation of smooth muscle, used especially in management of airways obstruction
diseases (23). The serum concentrations necessary for inhibition of phosphodiesterase should be
too high and are associated with adverse effects. In addition, not all of the xanthine derivatives
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are able to relax the smooth muscle. Therefore, other mechanisms were sought. One of them is
a competitive antagonism of adenosine receptors and a central action on A1 and A2 receptors.
Very interesting is also the anti-inflammatory activity of xanthines used especially in the thera-
py of bronchial asthma. Another effects, which could participate in relaxation of smooth muscle,
are hyperpolarisation of membrane with consecutive opening of K+ channels, influence on intra-
cellular calcium stores and releasing of calcium, on secretion of endogenous mediators, activity
of prostaglandins, etc. (22).

For our experiments, we chose aminophylline as a representative of xanthine derivatives rou-
tinely used in clinical practice for the treatment of obstructive diseases of airways (asthma,
COPD) (23). Pharmacodynamic properties of xanthines are based on their effect on many organ
systems (24). They stimulate central nervous system leading to positive stimulation of breathing,
tremor, convulsions, anxiety or vasoconstriction. In cardiovascular system their administration
lead to increase of cardiac output, decrease of heart fibrillation and dilatation of peripheral arter-
ies and veins. They increase blood flow through the kidneys, glomerular filtration and thus also
diuresis. Especially this effect could be a limiting factor in potential therapeutic ambitions of
xanthines, as increased diuresis could enhance the incontinence rate in individuals with clini-
cal predisposition. Xanthines possess weak tokolytic activity. In gastrointestinal tract, they
increase secretion of gastric acid, gastrin and glucagon. They relax bile and urinary tract,
esophageal sphincter, and bronchial smooth muscle. They increase secretion and release of cat-
echolamines, cortisol, insulin, and growth hormone. In airways, they lead to the increase of
mucociliar clearing, secretion of phlegm (mucus) and surfactant (25) as well as to the depression
of cough (26). They dilate the pulmonary vessels and so decrease the pulmonary hypertension,
vascular permeability and edemas (27,28). 

In our experiments, we observed that aminophylline significantly lowered the contractile
responses to acetylcholine in cumulative manner after incubation with aminophylline only in
concentration 10-3 mol.l-1. The concentration of aminophylline 10-4 mol.l-1 did not cause signifi-
cant inhibition of contractile responses, but tended to their decrease. The concentration of 10-3

mol.l-1 is relatively high, as the recommended serum concentrations of xanthines are 8-15 µg.ml-
1 and the concentration higher than 15 µg.ml-1 could lead to the increased risk of adverse effects
(24). More of xanthine derivatives have to be tested and wider spectrum of concentrations to be
used to get better aspect on their possible effect on urinary bladder smooth muscle and their
possible future therapeutic use. 

In conclusion, we can state that aminophylline is an effective inhibitor of urinary bladder
smooth muscle contractions in rabbits evoked by acetylcholine in vitro only in higher concen-
tration (10-3 mol.l-1). These findings are still subjected to further research. 
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a survey of 636 patients referred for surgical correction of severely symptomatic GER. More than
60 percent of these patients had symptoms of pulmonary diseases coexisting with the GER. The
prevalence of GER in patients with respiratory diseases is well described in numerous studies.
It ranges from 47 to 64 percent, depending on the pulmonary diagnosis and the diagnostic
parameter used to define GER. 

The mechanisms by which GER might induce such pulmonary abnormalities as bronchitis,
asthma, pneumonitis, and pulmonary fibrosis have been a subject of debate. 

Two different mechanisms for GER-induced symptoms have been postulated: 
1/activation of a GER-induced vagal reflex arc (vagal mediation) from esophagus to the lungs,

resulting in bronchoconstriction
2/ microaspiration of gastric contents into the lung, resulting in an exudative mucosal reac-

tion. 
Evidence for vagal mediation (reflex theory ) was demonstrated by many studies. Four studies

attempted to demonstrate vagal mediation of bronchoconstriction by using acid esophageal infu-
sion in asthmatic patients. This study by Mansfield and colleagues [14] demonstrated increased
airway flow resistance that rapidly reversed when reflux symptoms were relieved by antacids.
These pulmonary changes occurred even during maximal bronchodilator therapy. The changes
were statistically significant only for the sensitive measurements of total respiratory resistance
and flow at 25 percent of vital capacity. In a later study [15] in dogs they reported a similar fall
in respiratory conductance that disappeared with bilateral interruption of the vagal nerves.
Using 24-hour pH monitoring, Herbst and co-workers identified 14 infants in whom GER caused
apnea. Cessation of apnea and improvement in pulmonary disease occurred in 8 infants after
pharmacotherapy and in 6 infants after surgical correction of GER. Instillation of diluted acid
into esophagus of these infants reproduced the apnea. The mechanism by which GER caused
apnea is unclear, but the investigators suggested an esophageal pulmonary reflex. Another study
by Davis and associates [10] further emphasized a role for GER in causing bronchospasm by
infusing acid into the distal esophagus of asthmatic children during sleep. Bronchoconstriction
developed in all 4 children with a positive response to the esophageal acid infusion (Bernstein)
test, but none of the 5 with a negative response. All of the respiratory abnormalities occurred
during 4 to 5 am infusion but not during the midnight infusion. The authors suggested that
a GER-induced exacerbation of asthma required several factors: 1, reflux of gastric acid into the
esophagus, 2, an acid-sensitive esophagus (positive Bernstein test response) and 3, a low noc-
turnal threshold to bronchoconstrictive stimuli. Despite the elegance of these studies, the clini-
cal significance of the findings is highly questionable, especially since clinically detectable bron-
chospasm did not occur. A recent clinical study using dual-electrode ambulatory pH monitoring
added support to the reflex theory. Abnormal distal esophageal acid exposure was prevalent in
patients with chronic cough (50%), asthma (44%) and unexplained chest pain (54%). The preva-
lence of abnormal proximal esophageal (20 cm above the LES) reflux was significantly higher in
chest pain patients without pulmonary complains (44%) than in patients with either asthma
(24%) or chronic cough (11%). 

A lot of investigators tried to demonstrate the reflux theory. Three retrospective radiographic stud-
ies reported on the prevalence of hiatal hernia and barium reflux in patients with pulmonary dis-
ease. Friedland and associates [13], in retrospective radiographic review of 54 children with unremit-
ting asthma reported a 48 percent prevalence rate of hiatal hernia. Mays and coauthors [16] report-
ed on the barium x-ray findings of 48 patients with idiopathic pulmonary fibrosis, 73 percent of
whom had hiatus hernia and 44 percent of whom had reflux. These prevalence rates were signifi-
cantly higher than the 19 percent prevalence of hiatus hernia and 5 percent prevalence of barium
reflux seen in the matched control group. In addition to barium studies, evidence of microaspiration
as a cause of asthma is supported by other methods. Danus and colleagues [9] used cineradiogra-
phy and manometry to demonstrate GER in 60 percent of children with recurrent bronchitis, and
Euler and associates [12] used esophageal manometry, pH testing and endoscopy to demonstrate
GER in 63 percent of children with chronic asthma or recurrent pneumonia.
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MANOMETRIC PROFILE OF ESOPHAGUS IN CHILDREN WITH 
BRONCHIAL ASTHMA AND RECURENT RESPIRATORY DISEASES.

VLADIMÍR ZOĽÁK, PETER BÁNOVČIN JR., MILAN DRAGULA, DANIEL BOČÍNEC
Clinic of Pediatric Surgery, Comenius University, Jessenius Faculty of Medicine, and Faculty Hospital, Martin,

Slovak Republic

A b s t r a c t
Gastroesophageal reflux (GER) is a distinguished pathomechanism of the bronchial asthma and pulmonary infections.

The prevalence of GER ranges from 47 to 64 percent in children with chronic respiratory diseases. Esophageal manom-
etry is a diagnostic test that measures intraluminal pressures and coordination of pressure activity of the muscles of the
esophagus. It provides both qualitative and quantitative assessment of esophageal pressures, coordination and motility. 

The aim of the study was to compare esophageal manometric profile in children with positive 24-hour pH study (group
B) to children with respiratory complications of gastroesophageal reflux disease (GERD) (group C). Results of manomet-
ric profiles from children with negative 24-hour pH study (group A) were used as standard manometric profiles of the
esophagus. 

The water infusion system was used to demonstrate the manometric profile of the esophagus. The results of the mano-
metric profiles from groups A and B were used from the previous study at the Clinic of Pediatric Surgery in Martin.

The only statistically significant difference in the parameters of the lower esophageal sphincter (LES) was in total
lenght of the LES – group B: 3.6 cm and group C: 2.75 cm, group A: 3.6 cm. The intraabdominal LES lenght, resting LES
pressure (LESP) and LES relaxation (LESR) were not significantly different. The parameters of the distal esophagus (DE):
percentage of the peristaltic contraction was actually lower in group C (43.75%) than in group B (68%), group A (93.4%).
Also, group C has a higher presence in non-coordinated contraction of DE than group B. No significant difference was
in the amplitude of contraction.

Our study has confirmed the importance of the gastroesophageal reflux disease for the etiology of chronic pulmonary
infections and bronchial asthma. Patients with these affections have manometric parameters of the esophagus similar
to that of 24-hour pH study of the confirmed GERD patients. 

K e y  w o r d s :  esophageal manometry, GERD, pulmonary infections

INTRODUCTION

The observation that pulmonary disease might, in some unknown way, be influenced by
a malfunction of the gut, was first recorded in the holy books. In the Talmud the treatment for
unwanted pulmonary symptoms usually involved some types of food. Coughing was treated with
a fish oil drink, and asthma was treated with three wheat cakes soaked in honey followed by
a drink of undiluted wine. In 1802, William Heberden wrote that in asthmatics, “ the breath is
shorter and more difficult after a meal.” In 1892, in The Principles and Practice of Medicine, Sir
William Osler [17] wrote in his textbook that “severe paroxysms of asthma may be induced by
overloading the stomach, or by taking certain articles of food.” In this century, the story has
begun to unravel, and the relationship between gastroesophageal reflux (GER) and pulmonary
abnormalities has become more clear. In 1934, a study by Bray reported that in some patients
dietary indiscreation could lead to asthmatic attacks. He believed that late-evening overindul-
gence caused gastric distention and led to reflex-mediated bronchoconstriction via the vagus
nerve. In 1962, Kennedy opened a new era by suggesting that “silent” GER may be an important
but little known cause of pulmonary complications.

In a review on pulmonary complications of esophageal disease, Belsey reported that patients
with GER were liable to severe, progressive and disabling pulmonary damage. The results of
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with proximal transducer, the distal transducer is placed in the high-pressure zone to evaluate
sphincter relaxation during deglutition. Dry swallows often do not induce complete relaxation of
the sphincter so we use a 5-ml water bolus. Following a swallow, the pressure should drop
approximately to the level of the gastric baseline. Parameters normally evaluated include percent
relaxation and the duration of the relaxation. Recent studies proposed that the residual pressure
(RP), which is defined as the difference between the lowest pressure achieved during relaxation
and the gastric baseline pressure, is a better indicator of function than is percent relaxation
since this residual pressure is independent of the resting LES baseline pressure [7].

Low LES pressure can be associated with gastroesophageal reflux disease (GERD), whereas
abnormally high LES pressures are often associated with symptoms of dysphagia or noncardiac
chest pain. Failure of the sphincter to relax adequately contributes to symptoms of dysphagia
and is usually associated with diffuse esophageal spasm and achalasia. Manometric studies of
the esophageal body are used to assess the strenght and duration of the muscular contractions,
to evaluate peristaltic activity, and to detect any motility abnormalities. A complete evaluation
should include measurements of both the smooth muscle of the distal esophagus and the stri-
ated muscle of the proximal esophagus. Measures are made of at least the following peristaltic
parameters: amplitude, duration and velocity. Amplitude is a measure of strenght of the con-
traction and is expressed in mmHg. In children it is about 30 – 80 mmHg. Duration of the con-
traction is expressed in seconds. Velocity is a rate of progression of the contraction down the
esophagus and is expressed in centimeters per second. In children the velocity in proximal
esophagus is about 3.0 ± 0.6 cm/sec, in the distal esophagus it is 3.5 ± 0.9 cm/sec. It should not
be higher than 20 cm/sec because of the dismotility of the esophagus. Initially esophageal peri-
stalsis was evaluated with dry swallows. However, it soon became apparent that affernet stimu-
lation by a liquid bolus was important for reproducible and accurate quantitative assessment of
the peristaltic sequence [6]. Normal peristalsis in the distal esophagus is an orderly, sequential
contraction down the esophagus, with amplitude, duration and velocity in normal range. Wet
swallows in the proximal esophagus produce a somewhat different appearance. The contraction
in the striated-muscle segments is usually sharper, with shorter duration. If a transducer is
placed in the transition zone between the striated- and smooth-muscle portions of the esopha-
gus, no or at best very low contraction will be seen. 

A manometric evaluation of the upper esophageal sphincter (UES) and pharynx includes
a determination of the resting pressure of the UES, the relaxation of the UES, pharyngeal con-
traction and peristalsis, and an assessment of the coordination between UES relaxation and the
pharyngeal contraction. The UES and pharyngeal region differs from the body of the esophagus
in several ways that markedly affect the manner in which manometry must be performed. They
are composed of striated muscle, therefore, the muscular contractions and responses are much
more rapid than those in the smooth-muscle distal esophagus. The second difference that affects
UES-pharyngeal manometry concerns the anatomy of the UES. The highest pressures are
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METHODS

Esophageal manometry is a diagnostic test that measures intraluminal pressures and coordi-
nation of pressure activity of the muscles of the esophagus. It provides both qualitative and
quantitative assessment of esophageal pressures, coordination and motility. Manometric studies
are used in the assessment of patients with symptomatology suggestive of esophageal origin
such as dysphagia, odynophagia and noncardiac chest pain. A manometric study is also indi-
cated prior to antireflux surgery and in assessing possible esophageal involvement in systemic
disorders such as scleroderma and chronic idiopathic pneumonia [4].

The catheter is a specially designed, long, flexible tube. It has four capillary tubes around
a larger central tube with an overall diameter of 4.5 mm. Each lumen is connected to an exter-
nal transducer. The infusion pump perfuses the capillary tubes with water at a constant rate of
5 ml/min. This system consisting of a catheter composed of small capillary tubes, a low-compli-
ance hydraulic capillary infusion pump and external transducer is called water infusion system.
The computer receives the electrical signal from the transducers and produces a graphic record
that is easy to read, measure and interpret. Software that we created transforms the esophageal
pressures into the 2D model that simulates the esophageal peristalsis. 

The esophageal manometry study is performed while patient is awake and alert; therefore, the
cooperation and comfort of the patient are essential for a good study. The patient should have
fasted for at least 6 hours. Medications that might alter normal esophageal function should be
discontinued at least 48 hours before the study. These includes nitrates, calcium channel block-
ers, anticholinergics, H2-blockers, PPI, promotility agents and sedatives. Intubation with the
manometry catheter is generally the most uncomfortable part of the entire study. Viscous lido-
caine (Mesocaine gel) or a similar topical anesthetic can be applied to the tip of the catheter if
necessary. The patient should be seated comfortably and should remove any eyeglasses or den-
tures. The tip of the catheter is inserted into the nose and moving slowly straight back. As it
drops into the back of the throat, the gag reflex will be stimulated. Having the patient sip some
water and bend the neck forward will facilitate passage of the catheter into the esophagus. Than
advance to the 40-45 cm level (depends on the age of the child) and tape it in place. At this point
the recording sites are in the stomach. Manometric assessment of the lower esophageal sfincter
(LES) is aimed at measuring the resting pressure (LESP) of the sfincter and assessing relaxation
(LESR) of the sfincter during swallowing. The LES is first identified in the proximal channel by
an increase in the respiratory variation, followed by the bottom of the pressure tracing rising
above the baseline. As the catheter is advanced, the pressure will increase,and at the point where
the transducer moves from abdominal portion of the sphincter to the thoracic portion, the trac-
ing will show a marked change in configuration, with a fall in pressure during inspiration instead
of rise in pressure. This is called the respiratory inversion point (RIP). RIP is a landmark within
the sphincter that is used to calculate the ratio of intraabdominal to intrathoracic LES lenght.
This ratio, along with total LES lenght, may be important parameters in the assessment of the
LES as a competent reflux barrier. Measurement of the resting LES pressure (LESP) must take
into account the added influence of respirations. Once the resting pressure has been measured
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Fig.1 Schematic representation of pressure parameters measurable during lower esophageal sphincter (LES) relaxation.
Resting LES pressure (LESP) is the pressure rise measured from gastric pressure; residual pressure (RP) is the differnce
between the pressure at the nadir of the relaxation and gastric pressure; LES relaxation (LESR) is the differnce between
LESP and RP, expressed as a percentage. Duration and area of the relaxation are also shown.

Fig. 2 Manometric profile of esophagus – healthy child. Fig. 3 Manometric profile of esophagus a patient with
GERD and asthma bronchiale



amplitude of the contraction, they were approximately similar – group B / 32.7 mmHg/ and
group C /33.0 mmHg/. The results of the parameters of the distal esophagus of group C are
approaching parameters of group B.

In conclusion, our study has confirmed the importance of the gastroesophageal reflux disease
for the etiology of chronic pulmonary infections and bronchial asthma. Patients with these dis-
eases have manometric parameters of the esophagus similar to that of 24-hour pH study in con-
firmed GERD patients. 
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recorded from the anterior and posterior directions, and the lowest from the lateral direction. The
asymmetry of the UES pressure profile has been resolved by the development of a circumferen-
tial sphincter transducer, that has allowed for accurate sphincter measurements without the
need to control catheter orientation. The resting UES pressure in children is 30 – 80 mmHg.

RESULTS

In the previous study at the Clinic of Pediatric Surgery in Martin the manometric profile of the
esophagus in a file of 40 children was done. Their average age was 9.7 ± 3.3 years. This file was divid-
ed in 2 groups. Group A: 15 children with negative 24-hour pH monitoring, and group B: with posi-
tive 24-hour pH monitoring. In our own study we had a group of 16 pediatric patients with pulmonary
complications of GERD. 7 children had confirmed GERD by pH monitoring, in 2 cases the Water-
Siphon test was positive, in 1 child gastrofibroscopic view of reflux esophagitis and 2 children had
also the esophageal symptoms of GERD. We compared the manometric profiles of the esophagus of
group B with group C. The parameters of the lower esophageal sphincter (LES), total LES lenght,
intraabdominal LES lenght, resting LES pressure (LESP) and LES relaxation (LESR) are in Table 1.
The control group A shows the normal rates for LES parameters. Significant difference was only in
total LES lenght - group B: 3.6 ± 0.86 cm and group C: 2.75 ± 0.75 cm. The intraabdominal LES
lenght was approximately similar, LESP in group C was lower (7.3 ± 3.98 mmHg) than LESP in group
B (7.9 ± 4.01 mmHg) but not significantly, and LESR was not statistically significant too. We can see,
that the results of the LES parameters of group C are approaching the parameters of group B. 
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p
(B-C) 

<0.001 

>0.05 

>0.05 

>0.05 

Table 1. Parameters of the LES

Total LES lenght 
(cm)

Intraabdominal LES
lenght (cm)

LESP

LESR 

Group A – neg. 
24-hour monitoring

3.6
SD 1.1 

2.7
SD 0.97

13.1
SD 6.35

139.4
SD 46.66

Group B – pos. 
24-hour monitoring

3.6
SD 0.86 

2.1
SD 0.60

7.9
SD 4.01

168.4
SD 84.5

Group C – GERD 
+ pulmonary diseases

2.75
SD 0.75 

2.1
SD 0.75

7.3
SD 3.98

138.9
SD 57.85

p
(B-C) 

>0.05 

Table 2. Parameters of the distal esophagus

Percentage of the 
peristaltic contraction

non-coordinated 
contraction 

amplitude of the 
contraction

Group A – neg. 
24-hour monitoring

93.4

< 30%  =2
30 – 50%  =9
>50%  =4 1

43.7
SD 4.43

Group B – pos. 
24-hour monitoring

68

1
7
17

32.7
SD 7.52

Group C – GERD 
+ pulmonary diseases

43.75

0
1
15

33.0
SD 9.13

Percentage of the peristaltic contraction was actually lower in group C (43.75%) than in group
B (68%), group A (93.4%). Also, group C (<30% : 0 children, 30 – 50% : 1 child, >50% : 15
patients) has higher representation in non-coordinated contraction of DE than group B( <30% :
1 child, 30 – 50% : 7 children, >50% : 17 patients). There was no significant difference in the
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METHODS

Heart rate variability was measured in healthy mature newborns. We examined 56 neonates,
30 boys and 26 girls. The following data are given as mean ± SD: Gestation age: 40.3 ± 2.16 (37
– 42) weeks, birth weight: 3 565 ± 374 (2 650 – 4 400) grams, birth length: 50.2 ± 1.55 (44 – 54)
cm. Cord blood pH: 7.31 ± 0.04, (7.25 – 7.42), Apgar score: 1st min: 9.71 (8-10), 5th min: 9.95
(9-10) and 10th min: 10. Body weight was at 3rd day of life: 3 420 ± 334 (2 580 – 4280) g. 

The measurements were taken in strictly standardised settings about two hours after feed. The
room temperature was between 20 - 230C and the external stimuli were minimalized. The new-
borns were examined in the third stage of behaviour according to Prechtl (18). Their eyes were
open, breathing regular, almost no movements and they did not cry. 

HRV was recorded in three intervals consisted of 300 R-R intervals (i1, i2, i3). The first inter-
val (i1) was recorded in supine position, the second (i2) in semiverticalisation of a newborn to
45o, and the third (i3) again in the supination. The recordings were taken during the first day of
life (Z1) and the 2nd examination was performed during 48 – 72 hours of life (Z2).

The registrations were done through one lead of the ECG and telemetric transfer of the 
R-R intervals to the HRV analyser VariaCardio, TF4 (neonatal version) made by SIMA MEDIA
Olomouc (21). The analyser VariaCardio TF4 enables radio-transmission with high fidelity of the
ECG signal, tachogram of R-R intervals and on-line spectral analysis. The obtained values were
evaluated using computer software calculating parameters in time domain and spectral analysis
of the HRV using Fast Fourier Transforms (FFT).

The Very Low Frequency (VLF) band was defined as 0.01 – 0.05 Hz, the Low Frequency (LF)
band as 0.05 – 0.15 Hz and the High Frequency (HF) band as 0.15 – 1.0 Hz. We evaluated param-
eters of HRV: Mean R-R interval, mean squared successive difference (MSSD), total power, spec-
tral power in the frequency bands (power VLF, power LF, power HF), power spectral density in
frequency bands, power ratios in the frequency bands (VLF/HF, VLF/LF, LF/HF), coefficients of
variation (CCV VLF, CCV LF, CCV HF), relative power in bands in relation to total power
(relVLF,rel LF, rel HF) and modal (central) frequency (Freq VLF, Freq LF, Freq HF). 

Non-parametric Mann-Whitney test or Kruskl – Wallis analysis were used to evaluate the val-
ues statistically. The significance of the difference between the intervals i1, i2 and i3 during the
first Z1 or second Z2 recordings to determine the difference between the positions during one
recording (Z1 or Z2) for the whole cohort and for the sexes were tested separately. We also test-
ed the significance of the difference between the first and third day of life for the whole cohort
and both genders. A statistically significant results were considered as one with p<0.05.

Parents of the examined newborns gave informed written consent. The study was approved by
the Ethical Committee and the examination was performed according to the Helsinki
Declaration. 

RESULTS

a) Changes of the HRV during the first three days of life
Duration of RR intevals, values of MSSD and Total Power (TP) are given in Table 1. The com-

parison of the HRV parameters from the first and third day (Z1 and Z2) in the sum of all inter-
vals (i1, i2, i3) and then between the intervals regardless of the gender is summarized in Table
2. Significant differences were found between most of the HRV parameters both in the record-
ings Z1:Z2 with combined intervals (i1 + i2 + i3) and in individual parameters (i1:i1, i2:i2, i3:i3). 

The significant (p<0.05) differences of HRV (+=increase, - decrease) were in the parameters:
Total Power (+), MSSD (+), RR (+), Power VLF(+), Power LF(+), Power HF (+), PSD VLF(+), PSD
LF(+), PSD HF(+), VLF/HF(-) ,CCV VLF(+), CCV LF (+), CCV HF (+), RR in i3(+), , PSD VLF in i3(+).
An increase in almost all parameters was observed, the only fall was in the ratio VLF/HF. 

The HRV parameters changes in boys between the first and third day of life are in the Table 3.
There were significant differences - increases in most of the HRV parameters between the first
and third day of life. We found the following significant differences: Total Power (+), MSSD (+),
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DEVELOPMENT OF HEART RATE VARIABILITY DURING THE FIRST
THREE DAYS OF LIFE
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A b s t r a c t
Recently, spectral analysis of the heart rate variability is regarded as the most accurate method for heart regulation

and autonomous nervous system (ANS) study. The aim of this work was to determine the development of the heart rate
variability in the first three days of life and gender differences of this phenomenon. 

The values were measured in 56 healthy term newborns (26 girls, 30 boys). The measurements were taken during the
first and third day of life in supine position, in semi-verticalization (45 degrees) and in laying position again. 

The results show that between the first and third day of life there is a significant increase in the parameters of heart rate
variability reflecting regulation ability of the heart and both sympathetic and parasympathetic ANS divisions. The heart rate
variability is higher in newborn boys than in girls, the gender differences being more marked in the third day of life.

K e y  w o r d s :  autonomous nervous system, heart rate variability, newborn, spectral analysis

INTRODUCTION

Spectral analysis of the heart rate variability (HRV) is regarded as the most accurate method
for heart regulation and autonomous nervous system (ANS) study. The HRV can be seen on fluc-
tuations of the R-R intervals on ECG record. These intervals are variable in length - duration and
they can be described by oscillations in frequencies and amplitudes. The variability of the R-
R intervals depends on many factors (respiratory sinus arrhythmia, baroreflexes - changes in
blood pressure, changes in the activity of ANS, endocrine systems, state of arousal, mental activ-
ity,etc.). The analysis of the R-R interval variability provides information about the control of
heart activity and the ability of the heart to react to these regulatory inputs (7).

Study of the HRV started long time ago. Hon and Lee (5) published key work on this topic in
fetuses in 1965. Recently, the HRV analysis is mostly used in fetuses as a part of routine car-
diotocographic examination. Wolf et al. (25) showed in their work published in 1978 an increased
risk of mortality following myocardial infarction in adult patients with a diminished heart rate
variability. In 1981, Akselrod et al. (1) introduced spectral analysis as a method for HRV quan-
tification and they determined the dependence of spectral power in the individual frequency
bands on activities of individual divisions of the ANS. Spectral analysis became an accepted
examination method in adults (13). The Task Force of The European Society of Cardiology and
The North American Society of Pacing and Electrophysiology was established, and in 1996 pub-
lished guidelines (22) called “Heart rate variability. Standards of measurement, physiological
interpretation and clinical use”. Recently, nonconventional and nonlinear mathematical meth-
ods in biosignal analysis including the HRV are used for gaining information about cardiovas-
cular controlling system in physiological and pathological conditions (9-11). 

The knowledge of HRV in newborns is much smaller than in adults and preschool children.
The aims of this study were to develop a standard method of the HRV examination in newborns,
to determine appropriate values of the heart rate variability (HRV) in newborns, developmental
changes of the HRV in the first three postnatal days and gender differences.

A d d r e s s  f o r  c o r r e s p o n d e n c e :
Lumír Kantor,M.D., Department of Neonatology Faculty Hospital, I.P.Pavlova 6, 
775 20 Olomouc,Czech Republic
Phone: +420588442791, Fax. +420585414293
e-mail: Lumir.Kantor@fnol.cz
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Table 3. Relation between parameters of HRV between the recordings from the first day (Z1) and third day (Z3) depend-
ing on gender. Boldly printed values denote p<0.05.

Boys Girls 

i1 i2 i3 i1 i2 i3 

POWERVLF 0.001 0.001 0.013 0.878 0.334 0.795 

POWERLF 0.0002 0.0002 0.0001 0.081 0.27 0.254 

POWERHF 0.18 0.341 0.141 0.015 0.27 0.126 

PSD VLF 0.0001 0.0006 0.038 0.878 0.219 0.773 

PSD LF 0.0002 0.0003 0.001 0.023 0.447 0.286 

PSD HF 0.237 0.034 0.1 0.001 0.096 0.012 

FREQ VLF 0.24 0.508 0.641 0.967 0.209 0.583 

FREQ LF 0.638 0.741 0.47 0.459 0.246 0.341 

FREQ HF 0.733 0.733 0.483 0.043 0.125 0.275 

VLF HF 0.05 0.952 0.815 0.572 0.337 0.423 

LF HF 0.81 0.173 0.984 0.313 0.629 0.665 

VLF LF 0.465 0.508 0.262 0.128 0.834 0.403 

RR 0.023 0.053 0.106 0.394 0.727 0.321 

CCV VLF 0.001 0.0001 0.042 0.748 0.235 0.645 

CCV LF 0.0002 0.0003 0.002 0.056 0.175 0.128 

CCV HF 0.207 0.167 0.193 0.02 0.117 0.04 

REL VLF 0.035 0.575 0.689 0.55 0.181 0.069 

REL LF 0.423 0.155 0.271 0.065 0.572 0.031 

REL HF 0.214 0.4 1.001 0.98 0.21 0.473 

MSSD 0.021 0.254 0.062 0.061 0.33 0.11 

TOTALPWR 0.2 0.085 0.019 0.001 0.014 0.009 
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Table 1. Physiological values of the RR intervals, MSSD and Total Power of the heart rate variability in the newborns in
the 1st and 3rd postnatal days. The values are given as median (Me) and difference (D) of the maximal and minimal values.

1st Day 3rd Day

Parameter Whole cohort Boys Girls Whole cohort Boys Girls    

Me = 486 504 467 507 533 482
RR

D = 226 224 182 286 286 244

Me = 184 169 159 343 372 287
MSSD

D = 7472 7470 2494 9372 5447 9372    

Me = 336 362 276 652 703 501
TP

D = 2707 2687 2210 4918 3750 4918

Table 2.Relation between parameters of HRV between the recordings from the first day (Z1) and third day (Z3) regard-
less of sexes. Boldly printed values denote p<0.05

Whole cohort Whole cohort
Z1 : Z2 Z1 : Z2 

i1+i2+i3 i1 i2 i3 

POWERVLF 0.0002 0.012 0.0001 0.03

POWERLF 0.0002 0.0002 0.0003 0.0002

POWERHF 0.0003 0.0001 0.071 0.011 

PSD VLF 0.0004 0.0002 0.0002 0.05 

PSD LF 0.0002 0.0001 0.0003 0.0002 

PSD HF 0.0001 0.001 0.006 0.002 

FREQ VLF 0.653 0.269 0.74 0.98 

FREQ LF 0.18 0.517 0.57 0.28 

FREQ HF 0.205 0.287 0.474 0.665 

VLF HF 0.346 0.068 0.542 0.608 

LF HF 0.934 0.603 0.564 0.771 

VLF LF 0.055 0.11 0.76 0.18 

RR 0.0002 0.02 0.06 0.04 

CCV VLF 0.0003 0.02 0.0004 0.04 

CCV LF 0.0006 0.0001 0.0002 0.0005 

CCV HF 0.0008 0.01 0.047 0.015 

REL VLF 0.207 0.064 0.178 0.1 

REL LF 0.04 0.047 0.566 0.02 

REL HF 0.584 0.356 0.739 0.704 

MSSD 0.0001 0.004 0.16 0.02 

TOTALPWR 0.0004 0.001 0.003 0.001 

List of abbrevations used in the tables:
Z1 – first day of life recording, Z2 – third day of life recording, i1 – first supine measurement, i2 – measurement in semi-
verticalisation, i3 – second supine measurement, POWER VLF – spectral power in very low frequency band (ms2), POWER
LF – spectral power in low frequency band (ms2), POWER HF – spectral power in high frequency band (ms2), PSD VLF –
power spectral density in very low frequency band, PSD LF – power spectral density in low frequency band, PSD HF –
power spectral density in high frequency band, FREQ VLF – modal frequency in very low frequency band, FREQ LF – modal
frequency in low frequency band, FREQ HF – modal frequency in high frequency band, VLF/ HF – power ratios of very low
frequency and high ferquency band, LF/ HF – power ratios of low frequency and high frequency band, VLF/ LF – power
ratios of very low frequency and low ferquency band,, RR – the distance of R-R intervals (ms), CCV VLF – coefficient of
variation in very low frequency band, CCV LF – coefficient of variation in low frequency band, CCV HF – coefficient of
variation in high frequency band, Rel. P VLF – relative power in very low frequency band, Rel P LF – relative power in low
frequency band, Rel. P HF – relative power in high frequency band MSSD - mean squared successive difference (ms2), Total
Power (ms2)
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Table 4. Differences between sexes and in the whole cohort in the first and third day of life. Boldly printed values denote
p<0.05.

Whole cohort RECORDING  1 RECORDING 2 

Z1+Z2 Z1   Z2 

POWERVLF 0.001 0.480 0.0007 

POWERLF 0.005 0.829 0.0003 

POWERHF 0.044 0.281 0.041 

PSD VLF 0.0005 0.377 0.0005 

PSD LF 0.0006 0.432 0.0003 

PSD HF 0.089 0.400 0.081 

FREQ VLF 0.223 0.915 0.097 

FREQ LF 0.379 0.886 0.179 

FREQ HF 0.897 0.129 0.144 

VLF HF 0.752 0.381 0.567 

LF HF 0.818 0.377 0.22 

VLF LF 0.303 0.388 0.395 

RR 0.0003 0.006 0.0005 

CCV VLF 0.012 0.746 0.008 

CCV LF 0.048 0.773 0.004 

CCV HF 0.32 0.579 0.292 

REL VLF 0.644 0.490 0.896 

REL LF 0.241 0.733 0.043 

REL HF 0.84 0.297 0.346 

MSSD 0.049 0.049 0.267 

TOTALPWR 0.008 0.229 0.01 
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b) Comparison of the HRV parameters between boys and girls in the first 3 days of their post-
natal age

The comparison between the parameters of HRV in boys and girls during the whole recording
(Z1 + Z2) and during separate recordings (Z1 or Z2) is summarized in Table 4. 

The following significant differences (+ = bigger, – = smaller comparing boys with girls) were
found in the majority of the parameters: Total Power (+), MSSD (+), RR (+), Power VLF (+), Power
LF(+), Power HF (+), PSD VLF (+), PSD LF (+), PSD HF (+), CCV VLF (+), CCV LF (+), CCV HF (+).

During the first day of life (Z1) the differences between boys and girls were found only sporad-
ically. There were significant differences (p<0.05) only in MSSD (+) and RR intervals (+) and no
statistical differences depending on gender in the first day of life. The significant (p<0.02) differ-
ences were found between boys and girls in the third day of life (Table 4): Total Power (+), MSSD
(+), RR (+), Power VLF (+), Power LF (+), Power HF (+), PSD VLF (+), PSD LF (+), PSD HF (+), CCV
VLF (+), CCV LF (+), CCV HF (+).

That means that at the third day of postnatal life there is a significant difference of the HRV
and of the speed of the heart rate regulation maturation between boys and girls.

DISCUSSION

Theoretical and practical aspects of HRV have been studied in neonatology since the 1970’s.
The first author who studied HRV in newborns was Kero (12). He found that the lower is the ges-
tational age and birth weight the smaller is the heart rate variability probably as a result of the
ANS centres immaturity. 

The maturity of sympathetics and parasympathetics and the resulting control of heart are at
birth not complet. According to Javorka (10), the activity and influence of the parasympathetics
on a newborn’s heart is small which results in a higher heart rate and smaller heart rate fluc-
tuations. HRV decreases during the first month of postnatal life with a subsequent rise in the
following months. A decreased maturity mainly in preterm newborns was shown e.g. by Drouin
et al. (3). During sleep a higher frequency component becomes more prominent in term neonates,
which is not observed in preterm ones. This is probably as a result of the lack of maturity of sleep
organisation and parasympathetic system in preterms (24). Patzak (17) and Mehta (14) examined
physiological values of term neonates. Changes of HRV were shown during different phases of
sleep in preterm neonates (4). There are also differences depending on supine or prone position
during sleep (20). Following analysis of HRV it was shown that term neonates do not have 24-
hour sleep cycles, but three-hourly cycles. Twelve-hourly cycles develop around the 15th to 30th

day of life (2). Studies of pathological states concentrate on separate problems rather than on
a complex view (15,19 and others).

a) Changes of the heart rate variability (HRV) during the first three days of life
The measurements were taken during the first and third day of life and comparison of the

results – differences reflect continuous maturation of the ANS. Significant differences were found
between the majority of the parameters of HRV. Patzak et al. (17) studied the spectral analysis
of HRV in the first and fifth day of life (and up to 6 months of life) and their results as well as
those of other authors (16,24) support our findings.

We found an increase of the R-R intervals, that means progressive slowing down of the heart
rate. From the majority of significantly changed parameters of HRV follows that during the first
three days of postnatal life the activity of both ANS divisions increased. The increase in HF band
activity is comparable with that of Patzak (17).

Our findings showed a significant difference in the HRV parameters during the first and third
day. The HRV parameters both in the sympathetic and parasympathetic component were
increased during the early postantal period.

An interesting finding is the decrease of the VLF/HF ratio. We suggest the decrease is a result
of the enhancements of parasympathetic activity seen on prolongation of the R-R intervals (low-

RR in i1 (+), VLF/LF (-), Power VLF (+), Power LF (+), Power HF (+), PSD VLF (+), PSD LF (+), PSD
HF (+), CCV VLF (+), CCV LF (+), CCV HF (+).

In the Table 3 are also results of the evaluation of HRV changes between the first and third
day of life depending on gender. We found the following significant differences of HRV parame-
ters: MSSD (i1, i3) (+), Rel HF(+), Rel VF(+), CCV HF(+), VLF/HF(-), Freq HF(+), Power HF(+), PSD
LF(+), PSD HF(+). A significant increase of the HRV parameters occurs between the first and third
day of life mainly in boys. The rise of the values was evident in girls too, but in a lesser degree
than in boys.
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ering of heart rate). We did not find any evident signs of respiratory sinus arrhythmia (RSA). This
is probably due to a higher heart and respiratory rate and smaller tidal volumes in newborns. 

b) Gender differences of the HRV
In our study, the HRV was higher in boys compared to girls in all measurements. The differ-

ences were more pronounced in the third day of life than in the first day. 
These findings are original and to a certain extent surprising. Many functions are better devel-

oped in newborn girls than in boys (e.g. production and metabolism of surfactant) (6).
We did not find any work comparing the differences of HRV between boys and girls in the

neonatal period. However, a similar trend can be seen in young population aged 15 –19 years.
HRV parameters increase in boys during the mentioned four years, though there were no
changes in HRV parameters in girls (23). 

In conclusion, the heart rate variability parameters were determined in healthy mature new-
borns in early period of their postnatal life. HRV examinations revealed faster development of
chronotropic regulation of the heart activity during the first three postnatal days in boys in com-
parison to girls. Determination of the HRV parameters provides accurate and valuable method
for examination of the heart rate regulation even in the newborn’s period.

REFERENCES

1. Akselrod, S., Gordon, D., Ubel, F.A., Shannon, D.C., Barger, A.C., Cohen, R.J.: Power spectrum analysis of heart rate
fluctuation: a quantitative probe of beat-to-beat cardiovascular control. Science, 1981, 213, s.220-222. 

2. Ardura, J., Andrés, J., Aldana, J., Revilla, M.A., Aragón, M.P.: Heart Rate Biorhythm Changes during the First Three
Months of Life. Biol Neonate, 72, 1997, s.94-101.

3. Drouin, E., Guarnay, V., Calamel, J., Mouzard, A., Roze, J.CH.: Assessment of spontaneous baroreflex sensitivity in
neonates. Arch. Dis. Child., 76, 1997, 2, s.108-112.

4. Goto, K., Sato, K., Izumi, T.: Sleep stage transition and changes in autonomic function in newborn infants.
Psychiatry Clin. Neurosci, 54, 2000, 3, s.303-304.

5. Hon, E.H., Lee, S.T.: Electronic evaluations of the fetal heart rate patterns preceding fetal death: further observa-
tions. Am.J.Obstet.Gynecol., 87, 1965, s.814-826.

6. Javorka, K.: Klinická fyziológia pre pediatrov. Martin: Osveta. 1996.
7. Javorka M., Îila I., Javorka K., âalkovská A.: “Respiratory” oscillations of cardiovascular parameters during volun-

tary apnea. Resp. Physiol. 126, 2001,s.251-254.
8. Javorka M., Îila I., Javorka K., âalkovská A.:Do the oscillations of cardiovascular parameters persist during volun-

tary apnea in humans’ Physiol. Res. 51, 2002, s. 227 – 238.
9. Javorka M.: Approximate entropy – parameter kvantifikujúci komplexitu regulácie. âsl.Fyziol. 51 (1), 2002, s. 21-27.
10. Javorka M.: Anal˘za variability fyziologick˘ch parametrov pomocou Poincaré plotu. âsl. Fyziol. 51(2), 2002, s. 75 – 81.
11. Javorka M.: Anal˘za variability fyziologick˘ch parametrov pomocou sekvenãného plotu. âsl. Fyziol. 52(3), 2003,

s.103-106.
12. Kero, P.: Heart rate variation in infants with the respiratory distress syndrome. Acta Paediat. Scand., 250, 1974,

Suppl., s.1-70.
13. Kleiger, R.E., Miller, J.P., Bigger, J.T., Moss, A.J.: Decreased heart rate variability and its association with increased

mortality after acute myocardial infarction. Am.J.Cardiol., 59, 1987, s.256-262.
14. Mehta, S.K., Super, D.M., Connuuck, D., Salvator, A., Singer, L., Fradley, L.G., Harcar-Sevcik, R.A., Kirchner, H.L.,

Kaufman, E.S.: Heart rate variability in healthly newborn infants. Am J Cardiol, 90, 2002, 3, s.50-53.
15. Oberlander, T.F., Grunau R.E., Fitzgerald, C., Whitfield, M.F.: Does parenchymal brain injury affect biobehavioural

pain responses in very low birth weight infants at 32 weeks postconceptional age’ Paediatrics, 110, 2002, 3, s.570-
576.

16. Odemuyiwa O, Malik M, Farell T, Bashir Y, Poloniecki J, Camm AJ: Comparison of the predictive characteristics of
heart rate variability index and left ventricular ejection fraction for all-cause mortality, arrhythmic events and sud-
den death after myocardial infarction. Am J Cardiol, 1991, 68, s.434-439.

17. Patzak, A., Lipke, K., Orlow, W., Mrowka, R., Stauss, H., Windt, E., Persson, P.B., Schubert, E.: Development of heart
rate power spectral reveals neonatal peculiarities of cardiorespiratory control. Am.J.Physiol.,271, 1996, (Regulatory
Integrative Comp. Physiol.), 40 , s.R1025-1032.

18. Prechtl, H.F.R.: The behavioural states of the newborn infants.(A review). Brain Research, 1974, 76, s. 185 – 212.
19. Robles, P., Poblano, A., Hernandez, G., Ibarra, J., Guzman, I., Sosa, J.: Cortical, brainstem and autonomic nervous

system dysfunction in infants with post-hemorrhagic hydrocephalus. Rev. Invest. Clin., 54, 2002, 2, s.133-138.
20. Sahni,R., Schulze, K.F., Kashyap, S., Ohira-Kist K., Fifer, W.P., Myers, M.M.: Postural differences in cardiac dynam-

ics during quiet and active sleep in low birthweight infants. Acta Paediatr, 88, 1999, 12, s.1396-1401.
21. Salinger, J., Vychodil, R., Opavsk˘, J., Novotn˘, J., Vaverka, F., Hudcová, Z.: Telemetrick˘ systém pro mûfiení

a vyhodnocování variací R-R intervalu, typ TF-2. Lék. a Tech., 5, 1993, s.113-117.



A C T A  M E D I C A  M A R T I N I A N A  3 / 3 31A C T A  M E D I C A  M A R T I N I A N A  3 / 330

deoxycoformicin (2-DCF, pentostatin) and 2 chlorodeoxyadenosin (2-CdA, leustatin – cladribin)
has prolonged survival /2,4/.

Recently, there are more frequent reports about the increased incidence of other malignancies
in patients with HCL. These secondary tumors are observed in about 10 % of patients with this
diagnosis and various nonhemopoetic neoplasms (pulmonary, colorectal, renal, pancreatic,
breast, prostatic and other carcinomas) as well as large cell non-Hodgkin lymphomas, and sec-
ondary myelodysplastic syndrome associated with the therapy were described /5-12/. We pres-
ent the case of a patient with HCL associated with three secondary malignant tumors.

MATERIAL AND METHODS

Case Report 
75 years old male patient was repeatedly treated in urological department for recurrent tomor

of scrotum on the right. The tumor was surgicaly removed for the first time in February 1993
(orchiectomia), in October 1996 for the second and January 1999 for the third time. Following
histopathological examination the diagnosis of myxoid liposarcoma was made. Then control
abdominal CT examination in March 1993 revealed splenomegaly (22 x 17 x 7 cm). Owing to mild
leukopenia in January 1995, bone marrow tap was made with the conclusion of marrow
hypoplasia. The patient was treated with anabolics and corticoids. In January 1996, thrombo-
cytopenia was associated to leukopenia and in November a repeated bone marrow tap was made
with the suspicion of HCL. Examination of bone marrow trephine biopsy confirmed this diagno-
sis with the range of infiltration circa 50 %. Therapy with leustatin in 2mg/m2 s. c. was com-
menced in December 1996. The patient was without splenomegaly and cytopenia at the control
clinical examination in December 1998 and complained of anorexia. Restaging trepanobiopsy
was made in August 1998 and revealed infiltration of bone marrow by hairy cells within 5 %.
Moderate sideropenic anemia was detected in December 1998. Because of the anorexia and
sideropenic anemia the patient was completely examined in February 1999 in order to exclude
of gastrointestinal malignancy. Endoscopic examination disclosed gastric tumor. The patient was
referred to surgical department for melena and hematemesis in March 1999. Subtotal gastrec-
tomy secundum Bilroth II was carried out. Histopathologic examination confirmed gastric ade-
nocarcinoma. The blood picture was normalised. The patient was admitted to surgical depart-
ment again in August 1999 for sustained abdominal pain. He had signs of peritonitis, Kussmaul
breathing and metabolic breakdown. Abdominal surgery could not be performed because of the
bad general condition. The patient died on August 30th ,1999.

Autopsy was made by standard means. The bioptic and necroptic specimens were fixed in 10 %
formalin, embedded in paraffin and routinely stained with hematoxylin and eosin. Bone marrow
biopsies were fixed in 10 % formalin and embedded in solution of chelaton for 24 hours.
Additional histochemical studies included periodic acid-Schiff (PAS), Pearls stain for iron,
Giemsa stain, Gomory impregnation silver stain and alpha-naphthol chloracetatesterase.
Specimens from tumors were also stained with PAS and alcian blue stain. Immunohistochemical
studies were performed on formalin-fixed, paraffin-embedded sections, using following antibod-
ies – anti CD20 (monoclonal, 1: 20, Dako), mouse anti- human leukemia, hairy cell, clone
DBA.44 (monoclonal, 1: 35, Dako). The bound antibodies were visualised using the streptavidin-
biotin-peroxidase complex with 3,3-diaminobenzidine (Sigma) as chromogen.

RESULTS

Pathologic findings
Grossly, three tumorous lesions were found in sheathings of testis: 4.5 x 3.3 cm, 7 x 4.5 cm

and 2.5 x 2.5 cm. Tissue was glistening, with sallow, dun and slimy areas on cut surfaces and
had elastic consistency. Microscopically, lesions were composed of adipose tissue with wide-
spread sclerohyalinised regions with calcificationes, areas composed of small to medium size,
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INTRODUCTION

Buroncle, Wiseman and Doan /1/ published in 1958 a unique clinical entity under the name
„leukemic reticuloendoteliosis“, currently known as „hairy cell leukemia“ (HCL). HCL is the vari-
ant of chronic lymphocytic leukemia with typical fine hairy, filamentous cytoplasmatic projec-
tions on the surface of the neoplastic cells. A B lymphocyte lineage is almost always demon-
strated. This disease affects mostly patients of male sex and represents only 2 % of all leukemias.
About 25 % of patients are initially asymptomatic. The suspicion of HCL is suggested by the find-
ing of isolated splenomegaly or cytopenia. Sometimes the first sign of the disease is abdominal
fullness owing to splenomegaly, bleeding, recurrent infection or nonspecific conditions, includ-
ing weight loss, fatigue and weakness. The most frequent cause of death is infection /2/. The
diagnosis of HCL is possible by demonstration of hairy cells in Giemsa stained blood smears, the
tartarate-resistant acid phosphatase positive stain in tumorous cells and distinctive histopatho-
logic finding in bone marrow biopsy with positive reaction to leukemic cells with DBA-44 anti-
body. CD 20 antigen is mostly also expressed /3/. Evaluation of bone marrow biopsy is a „basic
stone“ of the diagnosis HCL. The majority of patients has hypercellular bone marrow, others have
only focal infiltration with hairy cells. The groups of hairy cells have distinct appearance in low
power microscopical evaluation. 

Their cytoplasm is abundant water-clear to eosinophilic which creates a perinuclear halo, so
there are no contacts of nuclei in thin histological cuts („mosaic-like“ pattern). Hairy cells have
bland nuclei in high power magnification, homogenous, round to oval, bilobated or indented,
with grooves. Nucleoli are not prominent and mitotic figures are sparse. Silver stain demon-
strates modical reticular fibrosis, but dense collagenous fibrosis is absent /2/. Prior to modern
therapy, the only treatment available was splenectomy. The introduction of interferon alpha, 2-
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round to elongated or stellate cells and dispersed lipoblasts and myxoid hyaluronic acid rich
(positive with alcian blue stain) stroma with characteristic prominent plexiform vasculature pre-
dominated /Fig. 1/. Mitotic figures were minimal. There was more prominent cytonuclear atyp-
ia in some areas with mononuclear and multinuclear lipoblasts. More mature adipose tissue and
hemorrhages were also present. The diagnosis of paratesticular myxoid liposarcoma was estab-
lished. Testis was without tumorous changes. 

Recurrent tumors had infiltrative growth and similar histomorphology, but their cellularity was
higher, had more numerous regressive changes and transition to round cell liposarcoma was
evident in some areas.

Bone marrow biopsy samples were characteristic with the finding of irregular cellularity in first
biopsy. Areas of moderate hypoplasia predominated. There was mild hypercellularity in some
regions. The confluent interstitial small cell lymphoid infiltration was present in all areas with
reduction of normal hemopoesis. Lymphoid cells had small round to ovoid nuclei, eosinophilic
to clear cytoplasm. Immunohistochemically, these cells were DBA 44 and CD20 positive and
alphanaphtholchloracetesterase negative. Histomorphological and immunohistochemical find-
ings in bone marrow biopsy respond to the diagnosis of HCL with the range of infiltration 50 %
(Fig. 2). Diffuse mild reticular fibrosis was also present. 

The second restaging bone marrow biopsy revealed discontinous interstitial lymphoid infiltra-
tion (DBA 44+, CD20+), responding to minimal residual infiltration, in range to 5 %.

The structures of intestinal adenocarcinoma grade II-III were present in bioptic samples
stripped by endoscopic forceps from ulcerous lesion localised in mediogastric region (Fig. 3).
Grossly, there was central ulcerated tumor with elevated margins and hard consistency, 3 cm in
maximal diameter in gastric postoperative preparation. Microscopically, tumor had identical
structure as in biopsy, but admixture of signet ring cells carcinoma and infiltration through all
gastric layers was also evident. 

Fig. 1. Paratesticular tumor – myxoid liposarcoma. Small to medium size tumorous cells embedded in myxoid stroma
with typical plexiform vasculature (hematoxylin and eosin, x 240) 

Fig. 2. Bone marrow with characteristic infiltration by hairy cells (hematoxylin and eosin, x 480).

Fig. 3. Intestinal type of gastric adenocarcinoma in bioptic samples (hematoxylin and eosin, x 480).  



alpha, deoxycoformicin and cladribin, 10.2 % patients had diagnosed secondary malignancies
preceding HCL, 2.6 % concurrent with HCL and 21.3 % after therapy. Kurzrock at al. /13/
observed in a series of 350 patients with HCL incidence of secondary malignancy in 7.4 %. This
incidence did not reach statistical significance and was not associated with the therapy. Alan
Saven at al. /14/ in the long term followed up 358 patients with HCL. Secondary malignancies
occurred in 27 patients (8 %).

Therapy is one of the possible factors contributing to the incidence of subsequent malignan-
cies in patients with HCL. Double risk of secondary malignancies was recorded in patients with
HCL treated with nucleoside /9/. Because leustatin (cladribine) is powerfully immunosuppre-
sive, reducing CD4 lymphocytes for up to 2 years, it was initially speculated that cladribine
might be responsible for an increased incidence of secondary cancers. In addition, the phospho-
rylated derivative of cladribine (2-chlorodeoxyadenosine-5´-triphosphate), impairs DNA synthe-
sis through its preferential use by DNA polymerase and by retardation of DNA chain elongation.
Its incorporation into the DNA of the vulnerable lymphocytes is potentially mutegenic. It is most
intriguing that only 1 of 27 patients with second malignancies had a hematopoietic cancer, the
rest being solid tumors, because the prolonged immunosuppresion is generally associated with
an increased incidence of lymphoid cancers /14,15/. Increased risk of secondary malignancies
in patients treated by interferon-alpha is also controversial. Secondary neoplasms are more fre-
quently haemic in these patients compared to those ones treated by nucleoside /16/. The study
of Pawson at al. /17/, however, advised of increased incidence of secondary malignancies in
patients with HCL treated by interferon-alpha2b, that gives incidence of second neoplasms in
18.8 %. This indicates to a possible role of interferon-alpha in pathogenesis of these second
malignancies.

The distinctive feature of HCL is a disturbance of immune T-cell lymphocyte dependent
response with disturbed function of natural killers. Lower rate of CD4+ and CD45RO+ cells is
indicated in patients with active HCL compared to healthy persons. It is in contrast with the high
number of these cells in chronic lymphocytic leukemia, myeloma multiplex and Waldenstrom
macroglobulinemia. The hairy cells probably produce factors with the ability to interfere with
some specific functions of T-lymphocytes or to inhibit their immune response. Hairy cells spon-
teneously produce interleukin 10 (IL-10). The level IL-10 is markedly higher in patients with
HCL. IL-10 considerably inhibits expression and production of IL-2, interferon-gamma, TNF-
alpha by activated T-lymphocytes. It si probable that IL-10 contributes to the suppression of
immune response by T-lymphocytes. Suppressive role of high level of TNF-alpha in bone marrow
and peripheral blood is also probable /4/.

We have noticed intriguing incidence of multiple nonhematological malignant neoplasms in
patient who was treated by leustatin because of HCL. Our finding of multiple malignancies in
HCL is in accordance with the results of reports as listed above, but here described malignant
neoplastic „quadruplicity“ in one patient is very unusual. An interesting and significant fact is
that our patient had more striking splenomegaly diagnosed in CT examination of abdomen
already in time of the diagnosis of paratesticular tumor as the first malignancy. It is very feasi-
ble that the patient had also HCL much earlier. Infiltration of bone marrow, spleen and eventu-
ally lymph nodes by hairy cell could have had constituent influence on the suppression of
immune attendance, too. 

Described incidence of the multiple secondary malignancies can have immediate connection
with leukemic infiltration of immunocompetent organs but can be also a consequence of
leustatin treatment.
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Autopsy findings. Grossly, there were constituent pathological changes in abdominal cavity
with sodden brown contents of large bowel. Intestinal tags were markedly dilated, parietal and
visceral peritoneum was the sick, congested, with sheetings of stool. Rectum was empty. There
was a cauliflower tumor in a distance of 10 cm from the anus, bulging and obstructing the
bowel´s lumen and outgrowing to posterior vesical wall. Its maximal diameter was 8 cm. The
large bowel ante tumor was dilated and overcrowded with stool. Perforation was found in the
region of colon transversum with a 3 cm diameter. Bleedings were found around perforation in
the colonic wall and mucosa around the perforation. The gastric stump had no tumor. The gray
neoplastic bulks 6 x 4 x 2.5 cm of soft consistency were evident in right scrotum. The lymph
nodes around pylorus, hilus hepatis, the lymph nodes in regions pancreatoduodenalis and
paraaortalis were enlarged brightly gray on the cut surface. Spleen was moderately enlarged (320
g), with finely wrinkled capsule, had soft consistency and violet colour. Histological examination
of rectosigmoid tumor shows conventional tubular adenocarcinoma, grade 2, with transmural
infiltration of bowel to posterior vesical wall (Fig 4). Examination of abdominal lymph nodes
revealed metastases of adenocarcinoma with extensive regressive changes. Histomorphology of
paratesticular tumor was identical with the bioptic findings (see above). 

No signs of generalisation were found. The bone marrow was hypocellular. There were no hairy
cells identified in basic hematoxylin and eosin stain.

DISCUSION

Frequency of secondary neoplasms in patients with HCL is 3 – 9 % according to various reports
/4/. From Au WY at al. /7/ series of 117 followed patients treated by splenectomia, interferon-
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Fig 4. Colonic tubular adenocarcinoma of in autoptic sample (hematoxylin and eosin, x 480).
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