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CINEOLE, THYMOL AND CAMPHOR NASAL CHALLENGES AND THEIR
EFFECT ON NASAL SYMPTOMS AND COUGH IN AN ANIMAL MODEL

Gavliakova S,  Dolak T,  Licha H,  Krizova S,  Plevkova J.

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

A b s t r a c t

Inhalation of aromatic vapours suppressed coughing induced by citric acid (CA) in naive animals. No data are
available about their effects in an animal model with primarily up-regulated cough reflex. New data indicate that
aromatic vapours suppress cough via effect on nasal sensory nerves. 

The aim of our study was to ascertain the efficacy of nasal application of 1,8-cineole, thymol and camphor on
nasal symptoms and CA induced cough in validated model of up-regulated cough reflex. Guinea pigs (n=13) were
sensitized by intraperitoneal administration of ovalbumin (OVA) and sensitization was confirmed 21 days later by
skin tests.  Sensitized animals were repeatedly challenged with nasal OVA to induce rhinitis, and further experi-
ments (cough challenges) were performed during the early phase of allergic inflammation. 

Cough was induced by CA in plethysmograph for 10 minutes after nasal pre-treatment with aromatic substances
(10-3M) in rhinitis model. Cough was recognized from record of sudden airflow changes interrupting breathing pat-
tern and cough sound. Final count of coughs was established by blind analysis using SonicVisualiser Software.
Dose responses curves, total cough count and cough latency were analyzed. 

Repeated intranasal challenge with OVA induces progressively worsening symptoms, and cough induced by CA
during acute phase of allergic rhinitis was enhanced. Nasal pre-treatment with 1,8-cineole, thymol and camphor
did not prevent onset of nasal symptoms, and the magnitude of symptoms was comparable to those without pre-
treatment. Camphor had the most potent antitussive effects (number of coughs 25±3 vs. 7±2, p<0.05) followed by
thymol (number of coughs 25±3 vs. 14±2, p<0.05). The data for nasal 1,8-cineole challenge did not reach statisti-
cal significance. Cough latency followed this trend. 

Although the magnitude of nasal symptoms is not influenced, the effect on cough is in case of camphor and thy-
mol significant. Our data showed that nasal application of aromatic substances suppress citric acid induced cough
in animals with up-regulated cough reflex. 

Key words: cough - upper airways - cineole - camphor – thymol – animal models

INTRODUCTION

Interesting papers documenting the effects of herbal extracts on upper airway diseases
including cough were published, sharing evidence about tolerability and efficacy of these
extracts [1, 2, 3, 4, 5]. Thymol, camphor and 1,8-cineole are known as aromatic compounds,
which have been widely used in the symptomatic treatment of upper respiratory tract dis-
eases and cough despite little objective evidence as to their benefit. The evidence of anti-
tussive effect of camphor and cineole in a vapour form was obtained in naive guinea pigs
[6] and antitussive effect of thymol nasal challenge was documented in human healthy vol-
unteers [7]. 

It is suggested that aromatic substances can suppress cough via their action on sensory
nerves in the upper airways. This evidence was obtained for menthol and the data are sup-
ported by the sc-rt-PCR studies detecting high expression of TRPM8 channels on trigeminal
sensory afferents [8]. Based on the data from human healthy volunteers, aromatic sub-
stances influence also the urge-to-cough [7, 9]. This is circumstantial evidence that effect
of aromatic substances on cough is complex, involving supramedullar mechanisms. 

Thymol, 1,8-cineole and camphor exert characteristic olfactory sensation and when
applied to the skin or mucosa, they have anti-irritating effect, which is accompanied by
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cooling sensation. The molecular background for this effect is the TRPM8 ion channel,
which is activated by these natural ligands, and also by temperatures ∼ 25°C [10, 11].
Thermosensors are expressed in a subset of small diameter sensory neurons, which con-
stitute a functionally distinct population [12]. Thymol activates TRPV3 channel which is
expressed on skin, tongue, brain and afferent somatosensory neurons [13]. Camphor is also
TRPV3 agonist, and same time it strongly desensitizes TRPV1 ion channel [14]. Activation of
TRPV1 on vagus nerves directly triggers coughing, or up-regulates it, when nasal TRPV1+

neurons are stimulated [15, 16].
It is well known that cough undergoes up and down regulation by the mechanisms affect-

ing peripheral and/or central neuronal pathways involved in the neurogenesis of cough [17].
It has been documented already that stimulation of nasal afferents via TRPV1 receptor
enhances the cough response [15] and stimulation of TRPM8 channels down - regulates it
in healthy volunteers and naive animals [8,9]. No data are available about the effect of aro-
matic substances on cough, which is primarily up-regulated. This study was aimed to
ascertain the effect of 1,8-cineole, thymol, and camphor on nasal symptoms and citric acid
induced cough in animals with allergic rhinitis – a model validated by our colleagues [18].

METHODS

General notes
This study was conducted on male Dunking Hartley guinea pigs, obtained from an accred-

ited breeding facility (L. Sobota, Městec Králové, Czech Republic). The animals were housed
in an approved animal holding facility maintained at a controlled room temperature of 21-
22OC, with humidity 45 ± 10 %, ventilation, a 12-h light-dark cycle and had free access to
water and standard animal food.

Animal care was provided and the experiments were conducted in agreement with the
Animal Welfare Guidelines of the Comenius University and statutes and rules of the Slovak
Republic legislation. The current study was approved by decision No: 2999/07-221.

Animals were adapted twice to laboratory conditions in order to significantly reduce future
stress. They stayed in a plethysmographic box to familiarize themselves with the environ-
ment and the persons responsible for the experimental manipulations. In the plethysmo-
graphic box, they were exposed to aerosol of buffered saline for 2 minutes, which corre-
sponded to the future experimental procedure.  

Model of airway hyperresponsiveness and sensitization
Guinea pigs (n=13) were sensitized with intra peritoneal injection of ovalbumin (10 μg,

Sigma) administered with aluminium hydroxide in 1 ml of saline [19]. Successful sensiti-
zation was confirmed after 21 days by OVA skin prick test and oedema, redness/flare and
later infiltration were taken as evidence of successful sensitization. Allergic rhinitis was
induced by intranasal instillation of the antigen - ovalbumin (15 μl, 0.5 % OVA) and the
symptoms and signs appear almost immediately after the exposure. Magnitude of the
symptoms is individual, however, the duration of an acute episode of nasal symptoms last-
ed up to one hour in all animals with maximal magnitude after 15 min from the allergen
exposure. This model of allergic rhinitis was developed based on the Underwood’s study
and modified and validated in our laboratory [18, 19]. The most important advantage of
this model is up-regulation of cough, which allows to study the effects of defined aromat-
ic substances. 

Intranasal OVA challenge leads to nearly immediate response – since it induces nasal irri-
tation, sneezing, nasal discharge and audible acoustic phenomena – crackles. The symp-
toms intensity was evaluated by trained persons used a nasal symptom score which was
developed and validated by Brozmanova [18] matching symptoms intensity to numeric val-
ues giving maximum 6 and minimum 0 points of numeric scale as follows: 
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Nasal discharge: no discharge 0, mild/moderate 1, discharge falls in drops from nose 2
Eye/conjunctiva: no changes 0, hazy eyes 1, visible lacrimation 2
Nasal phenomenon: no crackles 0, audible crackles 1, crackles audible from a distance 2 

Nasal pre-treatment and protocol of the study
Citric acid - induced cough was assessed five times during the study, always in a week

intervals to avoid tachyphylaxis of the airway cough mediating afferents and maintain good
reproducibility of the cough response. The cough challenges were randomized, however, the
final expression of the data is in order 

Saline nasal challenge (negative control) – sensitized animals, but no rhinitis
OVA nasal challenge (positive control) – sensitized animals with rhinitis
OVA + 1,8-cineole – animals with rhinitis pre-treated with 1,8-cineole
OVA + thymol – animals with rhinitis pre-treated with thymol
OVA + camphor- animals with rhinitis pre-treated with camphor
This design was selected to ascertain the effects of selected aromatic substances on citric

acid induced cough. Aromatic compounds were administered to the both nostrils (0.015ml,
10-3M 2 min prior to the OVA challenge and the coughing was induced after 15 minutes after
the onset of nasal symptoms or in due time interval in control challenge. Concentrations
were selected based on our previous studies with menthol and other aromatic substances.

Citric acid -  induced cough in conscious guinea pig model
The awake animals (n = 13) were individually placed in the plethysmograph (type 855,

Hugo Sachs Electronic, Germany) which consists of a head chamber and a body chamber.
The opening between the head chamber and body chamber was equipped with a plastic col-
lar lining around the animal’s neck to prevent communication between the chambers. The
appropriate collar size was chosen for each animal to prevent neck compression. The head
chamber was connected to a nebuliser (Pari Provokation Test I, Menzel, Germany, manufac-
turer’s specification: output 5 l.min-1, particle mass median aerodynamic diameter 1.2μm).
A suction device adjusted to the same input (5 l.min-1) was connected to the head chamber
to maintain constant airflow through the chamber during the aerosol administration.

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 3   13 / 2 7

Fig. 1 The screen of the software Sonic Visualiser, which is helpful tool in assessment of the cough sound, as the
second characteristic phenomenon of coughing. Cough sound is produced by the resonances of the airway struc-
tures, mainly structures of the supralaryngeal vocal tract. It also has a typical power spectrum, but Fast Fourrier
Transformation provided specificity at the level of trained observer – person experienced in cough sound analysis.
Sonic Visualiser is used together with the data for the airflow obtained by ACQ Knowledge. Matching the airflow
and sound optimizes the results for final count of coughs. 
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Respiratory changes, in particular airflow, were measured using a pneumotachograph
(Godart, Germany) with a Fleisch head connected to the head chamber. The data were
recorded with the acquisition system ACQ Knowledge (Biopack, Santa Barbara, CA, USA).
Respiratory sounds, including sounds during coughing and sneezing, were recorded by
a microphone placed in the roof of the head chamber and connected to a preamplifier and
MP3 recorder. The pneumotachograph and microphone output were simultaneously record-
ed for off-line analysis.  

The cough challenge was performed using an inhalation of 0.4M citric acid for 10 min.
Cough was defined as expiratory airflow interrupting the basic respiratory pattern accom-
panied by a coughing sound. Coughs were analyzed using cough-related sounds (Sonic
Visualiser Software) (Fig. 1) and airflow, by two trained persons, both were blind to the car-
ried out procedures. Their results were compared and (if no statistically significant differ-
ences occurred) averaged.  The animals were challenged by citric acid (CA) several times,
always with a one week interval between the challenges. The cough challenges began after
the onset of nasal symptoms in animals with rhinitis or in a due time interval in pre-treat-
ed animals or control challenge. 

Reagents 
Citric acid was purchased from Fisher (Slovak Republic) and freshly diluted to 0.4 M in

distilled water at the day of use. OVA, 1,8-cineole, thymol and camphor were purchased
from Sigma-Aldrich (Slovak Republic). 1,8-cineole, thymol and camphor were dissolved to
the stock solutions and further diluted to 10-3 M at the day of use. Aromatic substances
(10-3M; 0.015 ml of each) were instilled locally to the nostrils using thin flexible catheter. 

Statistical analysis
For count of coughs and cough latency data non- parametric not- paired tests and multi-

ple comparison ANOVA tests were used as appropriate. Data for final count of coughs and
cough latency are expressed as median ± interquartile range or mean ± standard error of
mean, respectively. P<0.05 was considered as statistically significant. 

RESULTS

Effects of aromatic substances on upper airway symptoms
Nasal administration of ovalbumin induced reproducible nasal symptoms such are irrita-

tion, sneezing, nasal discharge, nasal crackles and ocular symptoms starting with hazy
eyes, leading to fully developed conjunctivitis. All mentioned symptoms were carefully
observed and recorded by trained staff during fully developed rhinitis with no treatment,
and then in animals with rhinitis, but pre-treated with selected aromatic substances. Nasal
pre-treatment with camphor, thymol and 1,8-cineole did not minimize the nasal symptoms,
and the symptom score was similar after all observations. No tendency to improvement was
observed after all pre-treatments. Data not shown.

Effect of aromatic substances on cough latency and total cough response
Cough latency was measured from the beginning of the citric acid challenge until the first

cough appeared. The data are indicative for the strong anti-irritating effect of the aromatic
substances. Cough latency after intranasal administration of saline was 2.5±0.3 min, and
it declined to 1.5±0.5 min after nasal allergen challenge followed by rhinitis documenting
predisposition for the earlier cough appearance after the exposure to the tussive aerosol of
citric acid. The pre-treatment with 1,8-cineole, thymol and camphor prolonged the period
the animals remained free off coughing after the exposure to citric acid to 2±0.4 vs. 3.3±0.3
vs. 2.8±0.3, p<0.05 for thymol and camphor, data for 1,8-cineole did not reach statistical
significance (Fig. 2).
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Total count of coughs measured during 10 min exposure to citric acid followed this pat-
tern of changes. Number of coughs obtained during control condition after nasal adminis-
tration of saline was 10±2 coughs and this number increased to the 25±3 coughs after nasal
allergen challenge. Significant up-regulation of cough was expected to appear and it demon-
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Fig. 2 The data or the cough latency measured from the start of the exposure to citric acid. Cough latency after
intranasal administration of saline was 2.5±0.3 min, and it declined to 1.5±0.5 min after nasal allergen challenge
and rhinitis documenting the predisposition for the earlier cough appearance after the exposure to the tussive
aerosol in animals with upper airway pathology. The pre-treatment with 1,8-cineole, thymol and camphor pro-
longed the period the animals remained free off coughing after the exposure to citric acid to 2±0.4 vs 3.3±0.3 vs
2.8±0.3, p<0.05 for thymol and camphor, data for 1,8-cineole did not reach the level of statistical significance.
* p<0.05, SEM – standard error of mean, OVA – ovalbumin

Fig. 3 The total count of the cough efforts obtained in a provocation with 0.4 M citric acid in animals with
intranasal saline, OVA, and animals with rhinitis, but pretreated with aromatic substances. See legend. Number
of coughs obtained during control condition after nasal administration of saline was 10±2 coughs and this num-
ber arose to the 25±3 coughs after nasal allergen challenge. Significant up-regulation of cough was expected and
it demonstrates the effect of pathological process located in the upper airways on coughing. Observed reduction of
coughing to citric acid was most significant for camphor and also significant for thymol nasal challenge, again,
data for 1,8-cineole did not reach the level of statistical significance (17±3 vs 13±3 vs 7±2, p<0.05) in order
1,8-cineole-thymol-camphor. * p<0.05, med – median, IQR – interquartil range, OVA – ovalbumin.

maketa 13/2_MAKETA  7/1  11/21/13  11:37 AM  Stránka 9



strated the effect of pathological process in the upper airways on coughing. Observed reduc-
tion of coughing to citric acid was most significant for camphor and also significant for thy-
mol nasal challenge. Data for 1,8-cineole did not reach statistical  significance (17±3 vs.
13±3 vs. 7±2, p<0.05) in order 1,8-cineole-thymol-camphor. (Fig. 3). 

DISCUSSION

This study demonstrated that intranasal administration of thymol and camphor (0.015ml,
10-3 M each) significantly reduced total count of coughs and prolonged the cough latency in
the conscious guinea pig model of allergic upper airway inflammation. 1,8-cineole only
showed the tendency to reduce coughing, however,  the data did not reach statistical sig-
nificance. 

At the other hand no one of selected aromatic substances influenced the onset, duration
or the magnitude of the nasal symptoms induced by the nasal administration of the aller-
gen ovalbumin. In our experiment, trained observers were in charge to measure and quan-
tify the magnitude and duration of nasal symptoms provoked by nasal allergen challenge as
the only way of objective assessment. Although this method was validated to objectively
measure and quantify nasal symptom score, we failed to observe any changes. This finding
is in agreement with previously published data that aromatic substances mainly improve
the subjective interpretation and perception of reduced upper airway  symptoms, however,
the objective measurement - for example acoustic rhino-manometry  remain unchanged
[20, 21]. And since the animal studies lack the subjective aspect, we have to conclude, that
effect of thymol, camphor and 1,8-cineole pre - treatment on nasal symptoms in allergic
rhinitis is not considerable. 

Nasal administration of these substances, except of the 1,8-cineole, significantly pro-
longed the cough latency and reduced the total count of coughs induced by citric acid. The
data from study performed on naive animals were obtained after inhalation of vaporized
camphor, thymol and 1,8-cineole [6]. Although the guinea pigs are obligatory nasal
breathers, it is probable that considerable amount of the vapours was trapped in the nasal
passages and that only a small proportion reached the lower airways. Therefore the effect
of nasal sensory afferents in cough down- regulation cannot be excluded in that study [6].

It is known, that terpenes have also direct effect on vessels, smooth muscles and glands
in the airways [22] and these direct effects must be taken into consideration when possible
antitussive action is discussed. However, our experiment was designed to apply the sub-
stances exclusively to the upper airway in 0.015 ml volume. It was identified using the
Evans blue dye that this volume is distributed over the nasal mucosa, and no staining was
observed in the more distal airways. Since the airways were not separated, it is not com-
pletely possible to exclude the alternative that some of the molecules of terpenes were
inhaled to the lower airways, but we suppose, that major effects were induced in the nasal
mucosa. 

The antitussive affect of our tested substances after their administration to the nose
together with the data obtained in our previous studies [8, 9] indicate that antitussive effect
of aromatic substances is probably mediated by trigeminal sensory afferents, possibly
involving olfactory and supramedullar influences. 

While the study in naive animals documented that 1,8-cineole has the most potent anti-
tussive effect [6] our data indicate that 1,8-cineole provided weak, statistically not signifi-
cant effect on cough latency and total cough count. This conflicting evidence could be a con-
sequence of the nature and the design of the experiments (naive versus allergic animals,
inhalation of vaporized cineole versus intranasal administration of it) and finally natural
variability of the studied populations. A confounding feature of all studies where multiple
challenges are performed on animals is a variation in response due to high variability of the
conscious guinea pigs cough response. This factor could be responsible for non significance
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in final statistical evaluation. Another factor must be taken into consideration. It is the
amount of the cineole and also all of the substances applied to the nose with ability to stim-
ulate nasal afferents as the guinea pigs may expel some amount of it as soon as it was
applied. It is possible to anaesthetize the nasal mucosa prior to the challenge of allergen for
example, but this modification is absolutely in disagreement with the concept when the role
of the nasal afferents is investigated [23].

It is known that antitussive effect of menthol - one of the aromatic terpenes is exclusive-
ly mediated by TRPM8 expressing afferents, which produce different sensations when com-
paring to TRPV1. TRPV1 activation is known to either provoke or facilitate coughing [15, 16].
In our experiment we used TRPM8 agonists – camphor and 1,8-cineole, but also thymol.
Thymol and camphor are known TRPV3 agonists [24] and their intranasal administration
reduced coughing as well. This is indirect evidence, that cough suppressing effect is not
necessarily channel - specific process. The results obtained after the camphor and thymol
challenges could be circumstantial evidence about the importance of TRPV1 as the channel
responsible for induction and up-regulation of cough, as they both strongly desensitize
TRPV1 ion channel [14]. Camphor also activates and sensitizes TRPM8 channel, which is in
agreement with our previous findings [8, 9]. 

It is speculated that mechanism of the action for all aromatic substances applied to the
nose (menthol, thymol, cineole, camphor) is mediated via changes of the breathing pattern.
We did not measure the respiratory rate and the tidal volume through the entire experiment,
because it is modified by citric acid inhalation which considerably influences the breathing
pattern and the airway lumen [24, 25].  There are studies in which the authors described
reduction of ventilation followed by reduction of the cough response after nasal challenges
of water, allyl-iso-thiocyanate and menthol respectively [26, 27].  

It is generally accepted, that respiratory and - cough related neuronal networks overlap
significantly and that stimuli that increase ventilatory drive also frequently potentiate cough
and vice versa, the depression of ventilation usually results in the depression of cough [28,
29] at least in rodents.

The explanation relies so far on a mechanistic understanding of the airway reflexes, where
cough with its deep inspiration should be inhibited to prevent “aspiration” of the substances
entering the nose [27]. Whether this orchestration of the airway protective and defensive
reflexes exists is not know at the moment and further studies are necessary to clarify inter-
action between individual airway reflex responses. 

Cough is modulated by the cortical influences [30] and many other factors like behav-
ioural, attentional, cognitive influences [31]. In this aspect it is very important to note olfac-
tory signalling, or trigeminal-olfactory relationships. The nature and extend of interactions
between trigeminal and olfactory stimulation are poorly understood however TRPM8 and
TRPV3 were detected both on trigeminal and olfactory nerve terminals [32]. For example
exposure of the nose to the malodorants  increases the responsiveness of trigeminal nerves,
and this mechanism is mediated by paracrine signalling pathway between olfactory and
trigeminal nerves [33]. Also, patients with acquired olfactory loss exhibit reduced trigemi-
nal sensitivity, possibly due to the lack of the interactions. Therefore the contribution of the
olfactory influences must be considered. 

In conclusion, we demonstrated that nasal administration of the camphor and thymol sig-
nificantly reduces coughing induced by citric acid in the animal model of airway hyperre-
sponsiveness. Empirical use of the over-the-counter medication against cough and common
cold is getting stepwise explained by our recent understanding of the cough plasticity, ion
channels activation, and the role of some natural ligands capable to activate them (34).
Further studies are necessary to clarify for example the effects of aromatherapy and other
approaches using natural volatile substances. The message from our study for symptomatic
treatment of the airway diseases is very promising, as the most frequently used preparation
as nasal drops, sprays or instillations. As it was demonstrated, even intranasal administra-
tion of aromatic substances can suppress coughing via mechanisms of cough plasticity.  
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A b s t r a c t

Objective. Purpose of the study was to evaluate the diagnostic accuracy of fetal pulse oximetry (FPO) and ST-
analysis of the fetal ECG (STAN) in prediction of fetal acidemia at birth. Methods. A prospective clinical study was
conducted at the Department of Obstetrics and Gynaecology, Jessenius Faculty of Medicine, Martin, Slovakia. In
total, 63 out of 70 women with non-reassuring CTG patterns in labour were enrolled. Fetal surveillance during the
labour continued with simultaneous CTG plus FPO and STAN monitoring. A receiver operating curve (ROC) analy-
sis was performed to ascertain diagnostic accuracy of individual methods. Results. The study confirmed FPO has
a significant ability to detect fetal acidemia at birth (UA-pH ≤ 7.2). The optimum diagnostic cut-off value of SpO2
was 33%, with FPO’s diagnostic sensitivity 60%, and specificity 85.2%. The diagnostic accuracies of STAN + CTG
and CTG alone were inferior to that of FPO. Conclusions. FPO has an ability to predict fetal birth acidemia (UA-pH
≤ 7.2), and its diagnostic accuracy is superior to STAN + CTG, or CTG alone monitoring. Condensation.FPO has
ability to predict fetal birth acidemia (UA - pH≤7.2), and its diagnostic accuracy is superior to STAN + CTG, or CTG
alone monitoring.

Key words: fetal pulse oximetry; ST-analysis of the fetal ECG; cardiotocography; diagnostic accuracy; fetal mon-
itoring

INTRODUCTION

At present, cardiotocography (CTG) is considered a standard of fetal surveillance in
labour, despite it has caused escalation in Caesarean rates for non-reassuring CTG pat-
terns [1]. Adding fetal scalp blood sampling (FBS) to CTG has been shown to combat this
adverse effect, nonetheless, its invasive nature, and a need for repeated testing have limit-
ed its current use to minimum [2].

During the past decade 2 novel non-invasive biophysical fetal monitoring methods, the
fetal pulse oximetry (FPO) and the ST-analysis of the fetal ECG (STAN), have become clini-
cally available with the aim at increasing diagnostic accuracy of CTG in prediction of fetal
acidosis at birth. FPO enables continuous measurement of the oxygen saturation (SpO2) of
the fetal haemoglobin. Studies have shown a shift in SpO2 correlates well with the pH
changes in the fetal blood. Several RCT trials then reported on a reduction in Caesarean
rate for non-reassuring CTG patterns if FPO is used as adjunct to CTG. However, these
studies proved also a lack for an effect on the total number of Caesarean deliveries [3 – 5].
Surprisingly, during the U.S. multi-centre study fetal SpO2 readings were also found in
fetuses with normal CTG patterns [6].

The latter of the methods, STAN, checks for hypoxia-related changes in the fetal ECG.
These appear as increases (baseline, episodic) in the T/QRS ratio and/or bi-phasic ST wave-
forms (BP). If changes become significant, these would be designated as ‘ST event’ on CTG
strip. STAN interpretation depends on a concurrent CTG interpretation. A Swedish RCT
trial showed that STAN could improve not only fetal assessment, but perinatal outcome, as
well [7, 8]. These findings, however, were brought in question in a later study by Ojala et al.,
who have proved the only benefit of STAN in the decreased need for FBS testing in labour.
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Moreover, the higher frequency of fetal metabolic acidosis was observed during CTG + STAN
compared to CTG alone monitoring [9, 10]. Recently, a few cases of missed severe fetal meta-
bolic acidosis with no ST changes in labour have been described [11].

The purpose of this study was to assess the diagnostic accuracy of FPO and STAN as
adjuncts to a standard CTG monitoring in prediction of fetal metabolic acidemia at birth.
Both ancillary techniques were used simultaneously during labour in order to ease com-
parison.

METHODS

A prospective clinical trial was conducted at the Department of Obstetrics and
Gynaecology, Jessenius Faculty of Medicine, Martin, Slovakia. Women were included if dur-
ing their labour non-reassuring CTG patterns developed necessitating further fetal assess-
ment. This was accomplished by simultaneous and continuous CTG plus FPO and STAN
monitoring. The information on the SpO2 and STAN data has been left clinically available
and all labours could have been managed accordingly. Nevertheless, final decision on man-
agement was left upon discretion of a trained attending obstetrician. The scalp FBS was not
a part of the labour management protocol. All women were informed about the aims of the
study and gave their consent. The local faculty’s Ethics committee has approved the study
protocol. 

Study inclusion criteria were as follows: a singleton pregnancy >36 weeks, vertex presen-
tation, the cervix dilated to at least 3cm to allow for fetal sensors placement, and ruptured
membranes. Women were excluded if there were a serious vaginal bleeding, maternal infec-
tions (HSV 2, HBV), and if the lastly registered readings of FPO and STAN preceded deliv-
ery by > 20 minutes. In this situation readings were not expected to accurately correspond
to the birth umbilical pH values. Therefore, fetal sensors were left in place until the fetus
was delivered or the preparation for a Caesarean section started. 

Fetal SpO2 measurement was accomplished using a Nellcor N-400 oximeter with FS-14C
fetal sensor (Nellcor Puritan Bennett, Pleasanton, USA) that was interfaced to a CTG mon-
itor series 50A (Philips Medical Systems). SpO2 data were simultaneously recorded onto
a CTG strip within the uterine contractions scale. As a SpO2 value suggestive of fetal
acidemia we assumed values < 30% lasting ≥ 10 minutes [12]. 

STAN monitoring was accomplished with STAN S21 monitor (Neoventa Medical,
Gotheborg, Sweden) that simultaneously records CTG and STAN data on a CTG strip. STAN
clinical assessment was done using the proposed clinical guidelines [13].

During non-reassuring CTG patterns general measures to improve fetal oxygenation and
placental perfusion (maternal mask oxygen and lateral positioning, fetal scalp stimulation,
intravenous fluids and oxytocin cessation) could have been exploited to elicit fetal reactivi-
ty and to exclude fetal acidosis [14]. Preterminal CTG patterns (complete loss of variability
and reactivity with or without decelerations and bradycardia) would have led to expedited
delivery. Common medication including oxytocin, spasmolytic agents, and epidural analge-
sia were allowed during all labours. 

Neonatal condition was thoroughly evaluated by an attending neonatologist. In each case,
a paired umbilical blood sample was taken for acid-base balance analysis. All samples have
been analysed on a Rapidlab 1265 blood gas analyser (Bayer Diagnostics, Sudbury, UK)
installed in the delivery room.

Registered data handling and statistical analyses
The diagnostic accuracy of the methods was evaluated using a receiver operating curve

(ROC) analysis. The study-specific fetal acidemia at birth was defined by umbilical arterial
UA - pH ≤ 7.2. Fetal SpO2 data, STAN recordings and CTG patterns were statistically
analysed and correlated to the umbilical artery pH values. The SpO2 mean value was cal-
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culated and used as a reference value representing fetal oxygenation status before delivery.
This was calculated out of 10 readings separated by 60s intervals within the lastly regis-
tered SpO2 readings. This method was chosen for 2 reasons: a) the Nellcor oximeter always
displays SpO2 mean for 45 seconds of its measurement, and b) the 10-minute duration of
low SpO2 readings (< 30%) was recognized by previous studies as suggestive of fetal hypox-
ia [12]. The last 30 minutes of CTG monitoring before the delivery was used as a reference
for CTG patterns that were evaluated in accordance with the FIGO classification (1987).
This study specific scoring system for CTG patterns was devised to ease statistical analysis
of the registered data (Tab. 1). An analogous scoring system was devised to analyse STAN +
CTG recordings, too (Tab. 2). The level  of statistical significance was assumed P = 0.05.
Statistical analysis was done using MedCalc 9.2.0.0 statistical software (MedCalc,
Mariakerke, Belgium).
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Table 1. The study’s scoring system for CTG patterns.

CTG patterns

Normal                      Suspicious                      Pathological                      Preterminal

0                                 1                                     2                                    3

Table 2. The study’s scoring system for STAN + CTG recordings. Scores 2 and 3 necessitate expedited delivery
while continuous monitoring is assumed for scores 0 and 1.

STAN
(ST changes)

Normal
(no)

Suspicious
(non-significant)

Pathological
(significant)

CTG patterns

Suspicious
0

1

2

Pathological
0

1

2

Preterminal

3

RESULTS

The concomitant fetal sensor placement (FPO and STAN) was successfully accomplished
in 70 women enrolled to the study. However, 7 of these were excluded from further analy-
sis, because of the lastly registered SpO2 and/or STAN data preceded delivery by more than
20 minutes. Out of 63 labours analysed, 19 (30%) women delivered by a Caesarean section,
9 (14%) of these were indicated for non-reassuring fetal status in labour, and 10 (16%) for
labour dystocia. There were no instrumental vaginal deliveries.

Thirty-one women in total (49%) had epidural analgesia, 17 (27%) of these delivered vagi-
nally, and 14 (22%) had a Caesarean section. The mean age was 28.5 +- 5.5 (SD) years, and
parity 1.8 +- 1.5 (SD). The mean birth weight of the neonates was 3422 +- 352 (SD) grams.
The mean Apgar score at 1, 5 and 10 minutes of life were 9, 9 and 10, respectively. There
were 5 cases of significant birth acidemia study-defined with UA - pH ≤ 7.2. Out of these, 2
neonates had 1’ Apgar score 7, the rest ≥ 8 (Tab. 3). There were no perinatal deaths, or cases
of neonatal sepsis.
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An ROC analysis showed that out of the methods, FPO has the best and significant accu-
racy in prediction of fetal acidemia at birth, here defined by UA pH ≤ 7.2 (Tab. 4 and Fig.
1). The related optimal diagnostic SpO2 cut-off value was 33%, with sensitivity 60.0 %, and
specificity 85.2 %. A combined STAN + CTG monitoring had inferior diagnostic accuracy. In
this case, the optimal diagnostic cut-off was significant ST changes with non-reassuring
CTG patterns (score 2 in Tab. 2). However, diagnostic accuracy of CTG alone monitoring
was superior to that of CTG + STAN monitoring, though insignificantly (Tab. 4). The opti-
mal CTG alone cut-off criterion was represented by a pathological CTG pattern (score 2 in
Tab. 1).
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Table 3 Characteristics of cases with birth metabolic acidemia as defined by UA-pH ≤ 7.2. All CTG patterns were
pathological except No. 3 that was suspicious.

Case 
No.

1

2

3

4

5

Parity

0

0

3

1

0

Delivery 
mode

Caesarean

Caesarean

Vaginal

Vaginal

Vaginal

Indication

Dystocia

Fetal distress 
(CTG)

T/QRS 
baseline

0.11

0.14

0.15

0.08

0.17

T/QRS 
rise

-

-

Episodic

-

-

BP

-

-

-

-

-

(%)

52

26

43

33

46

pH

7.2

7.19

7.15

7.12

7.1

BD

6.4

8.3

6.7

8.4

8.2

pH

7.26

7.27

7.21

7.17

7.13

BD

5.5

7.5

4.9

7.7

7.3

1

8

8

8

7

7

5’

9

9

9

8

8

(g)

3600

3680

2640

3320

3540

STAN  SpO2 UA  UV  Apgar  BW

Legend: UA, UV = umbilical artery and vein, BW = birth weight, BP = biphasic ST waveform, BD = base deficit

Fig. 1 ROC curves plotting sensitivity and specificity of the methods for detection of
fetal metabolic acidosis at birth (UA-pH ≤ 7.2).
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DISCUSSION

In general, fetal surveillance in labour aims at early detection of fetal jeopardy that may
lead to otherwise preventable neonatal morbidity and mortality. As non-reassuring CTG
patterns are not specific for fetal hypoxia/acidosis, CTG has substantially raised the rate of
Caesarean deliveries for non-reassuring fetal status. FPO and STAN techniques have been
devised to improve our knowledge of the fetal condition in labour, thus decreasing avoidable
obstetric surgery [3, 7].

Our aim in this study was to test diagnostic accuracy of FPO, STAN and CTG in detection
of a birth acidemia. We found that only FPO is significantly capable to detect fetal acidemia
at birth if it is defined by UA - pH ≤ 7.2. The related optimal SpO2 cut-off value was 33%
that correlates well with the results of the previous experimental and clinical studies [3, 4,
15, 16].  STAN + CTG monitoring performed inferiorly to FPO, as only 1 acidemia case could
be thus detected. Though, combined STAN + CTG monitoring increased CTG specificity for
fetal acidemia in our study from 72.4% to 96.5%, this has also led to a substantial decrease
in diagnostic sensitivity from 60% to 20% (Fig. 1). The final discriminatory performance of
STAN + CTG was below that of CTG alone (Tab. 4). The optimum cut-off criterion for STAN
+ CTG monitoring identified by our analysis corresponds well to that recommended by the
present STAN clinical guidelines [17]. On the basis of our results and the published data
[18], the diagnostic accuracy of STAN + CTG might be viewed as suboptimal, which might
be reflected in its yet unclear clinical value according to the recent studies on STAN. One of
the reasons is seen in difficulty to interpret CTG patterns, that is, unfortunately, an inte-
gral part of STAN assessment. Moreover, typical ST changes were shown to be absent due
to a complete loss of fetal defence mechanisms occurring in pregnancies complicated by
a chronic fetal hypoxia [17]. 

Another finding of our study is a similarity between diagnostic accuracy of CTG alone and
fetal heart rate (FHR) variability (AUC 0.683 vs. 0.643) if these were used as a standalone
diagnostic criterion (Fig. 1 and Tab. 4). In our opinion, this gives further stress to the role
of FHR variability within the CTG phenomena, and its relation to the fetal metabolic status.
Indeed, it has been known for long that the normal FHR variability is highly predictive for
fetal wellbeing, and makes the diagnosis of fetal acidosis improbable. 

Though, all cases of birth acidemia in our study had favourable further prognosis, the
identification of only 1 out of 5 cases by CTG + STAN monitoring should be regarded wor-
risome. We believe that the diagnostic method should warn a clinician as early as during
initial phases of the developing acidosis that carry excellent prognosis for the fetus and
neonate. At the same time, fetal surveillance should not go beyond limits that are risky for
irreversible fetal damage or demise. This was one of the reasons to define our study limit
for the fetal birth acidemia relatively high at UA – pH ≤ 7.2.

It is obvious that the absence of a sensitive, and yet highly specific method of fetal intra-
partum surveillance would impede general strengths to decrease high Caesarean rates. This
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Table 4. Areas under ROC curves (AUC) for diagnostic methods used in the study.

Diagnostic method

FPO

STAN + CTG

CTG

FHR variability

AUC

0.744

0.583

0.683

0.643

95% CI

0.560-0.881

0.402-0.749

0.501-0.831

0.458-0.801

P

0.021

NS

NS

NS
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may be even more escalated due to fears of obstetrical liability in a case of missed perina-
tal asphyxia.

In conclusion, FPO has an ability to predict fetal birth acidemia (UA-pH ≤ 7.2), and its
diagnostic accuracy is superior to that of STAN + CTG, or CTG alone monitoring.
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A b s t r a c t

Objective. The aim of the study was to test the performance and safety of fetal pulse oximetry (FPO) in the man-
agement of non-reassuring CTG patterns in labour. 

Materials. A randomized controlled trial was conducted in 648 women in active labour and pregnancies > 36
weeks with reassuring admission CTG followed by non-reassuring patterns. All women were divided into 2 groups
according to the mode of fetal intrapartum monitoring used. In the study group (n=324), women received a com-
bined biophysical fetal monitoring with CTG plus FPO (n=324), while the control group of women had CTG alone
monitoring. Main outcome measures were rates of operative deliveries and neonatal outcome.

Results. The analysis showed a significant reduction of Caesarean deliveries in the study group receiving a com-
bined fetal monitoring compared to controls (45/324 vs. 67/324; P=0.022). The total operative delivery rate was
also lower, but not significantly (92/324 vs. 104/324, P=0.302). No comparative differences were observed in
neonatal outcomes, except for 2 controls-group neonates born with pH-UA < 7.1, however completely normal fur-
ther postnatal course.  No such case was encountered in the study group neonates, and no perinatal deaths
occurred during the study.   

Conclusions. A combined biophysical intrapartum fetal monitoring with CTG and fetal pulse oximetry enables
safe reduction in Caesarean rate for non-reassuring CTG patterns, however it could not decrease a total operative
delivery rate. Condensation: Fetal pulse oximetry safely reduces a Caesarean rate for non-reassuring patterns, but
not the overall Caesarean rate.

Key words: cardiotocography, fetal pulse oximetry, non-reassuring CTG patterns, operative delivery

INTRODUCTION

At present, electronic fetal monitoring, also known as cardiotocography (CTG), is a well-
established method of fetal surveillance in labour. It has brought in a significant reduction
in intrapartum fetal deaths, yet this has been outbalanced with unnecessarily increased
Caesarean rates due to its low specificity for detection of fetal hypoxia. Its completion with
fetal scalp blood sampling (FBS) may reduce these rates, however, its invasive character and
a need of repeated sampling substantially limited its current use [1].

In order to improve CTG specificity in detection of fetal hypoxia a non-invasive fetal pulse
oximetry (FPO) was introduced and evaluated in observational studies [2]. The method was
devised to continuously measure oxygen saturation (SpO2) of the fetal hemoglobin that
should have at least two advantages: a) it can detect the primary variable underlying fetal
hypoxia (SpO2), and b) it is based on a recognized technology used in intensive care units
and operating theatres throughout the world [3, 4].

The aim of the present study was to test performance and safety of FPO in the manage-
ment of non-reassuring CTG patterns in labour. Main outcome measures were rates of
operative deliveries and neonatal outcome.
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METHODS

A randomized controlled trial was conducted at the Department of Obstetrics and
Gynaecology of the Jessenius Faculty of Medicine in Martin, Slovak Republic. The faculty’s
Ethics committee gave approval to the study protocol.

The inclusion criteria were as follows: low risk singleton pregnancy ≥ 36 weeks, cephalic
presentation, and reassuring admission CTG followed by non-reassuring patterns in active
labour. All women consented before randomization to 2 trial groups (study and control)
according to the kind of fetal monitoring used. Women would have been excluded if there
were preterminal CTG patterns (e.g. complete loss of variability with late decelerations or
bradycardia) on randomization, or known genital herpes infection. A randomization method
using the permuted - blocks model (size of 8) was chosen to reach equivalent numbers in
both groups. Accordingly, randomization key and numbered opaque sealed envelopes were
prepared outside the study personnel. 

Fetal monitoring and management of labours
In both groups, CTG monitoring was accomplished with a CTG monitor series 50A (Agilent

Technologies, USA), and patterns were assessed according to FIGO classification (1987). In
case of non-reassuring patterns continuous CTG monitoring ensued with the use of ancil-
lary techniques to elicit fetal reactivity, and to exclude fetal acidemia. These techniques
included fetal scalp stimulation, lateral positioning of a woman, mask oxygen inhalation,
and intravenous fluids in case of maternal hypotension (e.g. during epidural analgesia). 

Except, in the study group, non-reassuring patterns indicated use of FPO as an adjunct
to CTG. FPO was accomplished using Nellcor N-400 monitor with fetal sensor FS-14C
(Nellcor Puritan Bennett, Pleasanton, USA) that was interfaced to a CTG monitor. SpO2 data
were continuously registered to a CTG strip. Values of SpO2 ≤ 30% for a period ≥ 10 minutes,
signalling fetal hypoxia, led to expedited delivery. With SpO2 > 30% and non-reassuring pat-
terns a labour could continue vaginally.

In the control group, the delivery was expedited if non-reassuring patterns persisted ≥ 45
minutes. Generally, preterminal CTG patterns led to immediate delivery in both groups.

Neonatal assessment 
Neonatal condition was assessed by an attending neonatologist with records on Apgar

scores at 1, 5 and 10 minutes of life, arterial umbilical pH (pH-UA), and blood gases values.
Signs of perinatal asphyxia (neonatal seizures, followed encephalopathy), neonatal sepsis,
respiratory distress syndrome (RDS), and jaundice were sought for. Further, need of mask
oxygen application, resuscitation, and transfer to neonatal intensive care unit (ICU) were
observed.

Statistical analysis
Analysis of the study data was done using non-parametric Mann-Whitney U test, except

for the proportions of types of deliveries tested with a ² test, based on Pearson’s distribu-
tion. In order to assess diagnostic performance of FPO, ROC analysis was used. The level 
of statistical significance was assumed P = 0.05.

RESULTS

In total, 648 women were enrolled to the study and gave informed consent. The study and
control groups comprised equally of 324 women. No significant differences in demographic
data variables, number of labour inductions, epidural analgesia, duration of the labour
stages or cervix dilatation on study entry were seen between the groups (Tab. 1).
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Table 1.Demographic data and labour characteristics in the study.

Age (years; x±SD)

Parity (a; x±SD)

Previous Caesarean (n-%)

Weeks of gestation (x±SD)

Weight (kg; x±SD)

Height (cm; x±SD)

Labour induction (n-%)

Epidural analgesia (n-%)

Cervical dilatation*
(cm; x±SD)

1st stage (min; x±SD)

2nd stage (min;x±SD)

Birth weight (g; x±SD)

Low birth weight (n-%)

Birth weight >4000g
(n-%)

Control 
(n=324)

28.9±5.3

0.5±1,1

29 – 9.0

40.1±1.5

74.3±9.0

170.4±5.5

74 – 23.0

39 -12.0

5,3±1,1

466±260

15±13

3354±552

34 – 10.5

13 – 4.0

Study
(n=324)

27.8±4.9

0,5±0.8

26 – 8.0

40.3±1.0

73.9±8.0

169.3±4.7

86 – 26.5

49 – 15.1

5,6±1,2

483±234

16±15

3392±434

36 – 11.1

10 – 3.1

Control

18

0

-

36

58

156

-

-

2,0

140

3

1900

-

-

Study

18

0

-

36

59

157

-

-

2,0

120

5

2030

-

-

Control

45

7

-

43

96

183

-

-

8,0

1200

73

4310

-

-

Study

39

3

-

42

105

181

-

-

8,0

1065

88

4330

-

-

P

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Min                           Max

Legend: * Cervical dilatation on study entry.

Table 2 Mode of delivery and indication to obstetric operation.

Delivery mode
(indication)

Vaginal

Forceps

fetal hypoxia

other indications

Caesarean

fetal hypoxia

labour dystocia 

threat of uterine rupture 

other indications

Control
(n-%)

207-63.9

13-4.0

10-3.1

3-0.9

104-32.1

67-20.7

26-8.0

9-2.8

2-0.6

Study
(n-%)

218-67.3

14-4.3

12-3.7

2-0.6

92-28.4

45-13.9

34-10.5

12-3.7

1-0.3

P (χ²)

NS

NS

NS

NS

NS

0.022

NS

NS

NS

In the study group, we found the significantly fewer Caesarean sections indicated for fetal
hypoxia (P = 0.022), and lower, but not significant, their total frequency (28.4% vs. 32.1%,
P = 0.347). No other major differences were observed in indications, or modes of deliveries
(Tab. 2).
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As for neonatal outcome, no significant differences were encountered between the groups,
except for 2 control cases with UA - pH < 7.1, but no such case in the study group. There
were no neonatal deaths in the study (Tab. 3).
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Table 3. Neonatal outcome in the study.

Variable

Apgar 1’ < 4 (n-%)

Apgar 5’ < 7 (n-%)

Apgar 1’ (x±SD)*

Apgar 5’ (x±SD)*

Apgar 10’ (x±SD)*

pH-UA (x±SD)*

pH-UA ≤ 7.00 (n-%)

pH-UA ≤ 7.10 (n-%)

pH-UA ≤ 7.15 (n-%)

BE-UA (mmol/l; x±SD)*

Mask oxygen (n-%)

Intubation (n-%)

Transfer to ICU (n-%)

Encephalopathy (n-%)

Seizures (n-%)

Sepsis (n-%)

IRDS (n-%)

Jaundice (n-%)

Control
(n=324)

4 – 1.2

5 – 1.5

8.0 ± 1.6

8.7 ± 1.4

9.2 ± 1.1

7.31 ± 0.11

1 – 0.3

2 – 0.6

6 – 1.9

-3.4 ± 4.1

53 – 16.3

3 – 0.9

7 – 2.2

1 – 0.3

1 – 0.3

1 – 0.3

0 – 0

25 – 7.8

Study
(n=324)

3 – 0.9

4 – 1.2

8.1 ± 1.2

8.9 ± 1.0

9.1 ± 1.3

7.33 ± 0.07

0 – 0

0 – 0

8 – 2.5

-3.3 ± 3.4

46 – 14.2

1 – 0.3

6 – 1.8

0 – 0

0 – 0

0 – 0

0 – 0

31– 9,5

P (χ²)
(* M-W test)

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

-

NS

Legend: NS = not significant, UA = umbilical artery

Table 4. Comparison of proportions of non-reassuring CTG phenomena in the trial groups following randomization.

CTG phenomena

Uncomplicated variable dec. (< 60 bpm)
± variability < 5 bpm

Complicated variable dec.
(> 60 bpm, > 60 s)

Sporadic late dec.

Repeated late dec. (> 50% of contractions)

Prolonged dec.
(< 80 bpm and > 2 min, < 100 bpm and > 3 min)

Silent variability < 5 bpm (> 40 min)

Periodic accelerations ± variability < 5 bpm

Baseline bradycardia 100-110 bpm

Baseline tachycardia > 170 bpm

Control
(n-%)

186-57.4

39-12.0

116-35.8

13-4.0

8-2.5

34-10.5

22-6.8

3-0.9

18-5.6

Study
(n-%)

170-52.5

34-10.5

123-38.0

12-3.7

13-4.0

45-13.9

15-4.6

2-0.6

21-6.5

P (χ²)

NS

NS

NS

NS

NS

NS

NS

NS

NS

Legend: NS = not significant, dec. = deceleration
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In order to assess a possible difference in the degree of CTG pathology between the
groups, we evaluated proportions of several different non-reassuring CTG phenomena on all
non-reassuring CTG strips on study entry, and CTG patterns 30 minutes before deliveries.
According to the FIGO classification we recognised 3 categories of the CTG patterns – reas-
suring, non-reassuring, and preterminal. No significant difference in CTG pathology was
found between the groups (Tab. 4 and 5).
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DISCUSSION

The main benefit of FPO for obstetrical practice is seen in its presumed ability to reduce
the unnecessarily high Caesarean rate due to non-reassuring patterns if SpO2 values are
within normal range (> 30%). The labour could be then allowed to proceed vaginally despite
non-reassuring CTG [5 - 7].

Similar ability of FPO was confirmed in the large U.S. randomized trial, but no such effect
could be proved for the total operative delivery rate. The use of FPO also resulted in a signifi-
cantly increased number of Caesareans due to labour dystocia that couldn’t be satisfactorily
explained, then. With SpO2 values > 30%, however, the observed reduction in Caesarean
deliveries for non-reassuring patterns had no adverse impact on neonatal outcome [8].

Despite a few reports on lower sensitivity of FPO for detection of fetal acidemia in labour
[9 - 11], the ability of FPO to safely decrease unnecessary obstetric operations was then con-
firmed in a German multi-center study that used the critical SpO2 value of 30%, too [2].

Likewise, a successive study by Kühnert and Schmidt on 146 women in active labour, sug-
gested that triple monitoring with CTG plus FBS and FPO, compared to CTG plus FBS, might
help to reduce the rate of obstetric surgery and the number of FBS samplings in a need [12]. 

Our results are in accordance with the findings of the above-mentioned multi-centre
trials, thus bringing further evidence that CTG plus FPO surveillance could decrease the
rate of Caesarean sections for non-reassuring CTG patterns. However, our data also prove
no lowering effect on the overall obstetric surgery rate. We suppose that this insignificant
overall decrease could be due to a relatively small size of the studied populations. Further,
similarly to the U.S. trial [8], we observed a rise in Caesarean sections due to labour dysto-
cia, though in our study this was not significant. Some clues to this phenomenon were
probably given in a later study of Porreco et al. who showed that significantly non-reassur-
ing patterns of a normally oxygenated fetus could predict Caesarean delivery for labour
dystocia, and this might be explanatory for the observed “unbalanced” frequency of labour dys-
tocia in this type of studies [13].

In conclusion, a combined intrapartum fetal monitoring with CTG and FPO could help to
reduce Caesarean operations for non-reassuring CTG patterns without negatively affecting
a neonatal outcome. Because of a low prevalence of a significant fetal acidosis in a general
population, large multi-centre randomized trials would be needed to ascertain the benefit
and safety of FPO in conjunction with CTG monitoring.

Table 5. Classification of CTG patterns 30 minutes before the deliveries.

CTG category

Reassuring

Non-reassuring

Preterminal

Control
(n=324)
(n - %)

119-36.7

203-62.7

2-0.6

Study
(n=324)
(n - %)

123-38.0

200-61.7

1-0.3

P (χ²)

0.79

0.86

0.98
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A b s t r a c t

Background.  Osteonecrosis related to bisphosphonate therapy is a challenging disease with complicated treat-
ment. It is well known among the maxillofacial surgeons all around the world since 2003. Despite of it, the inci-
dence is still rising, because of the lack of prevention before using bisphosphonates. Disturbing the bone metabo-
lism leads by even a small trauma to enormous defects, that is despite of intensive therapy irreversible. Treatment
of this disease is commonly joint with losing the bone tissue and badly affects the quality of life. Often is neces-
sary the combined therapy, surgery, antibiotics and antimycotics. The discontinuation of bisphosphonate treat-
ment during the osteonecrosis therapy is also recommended if it is possible.

Methods and results. We examined and treated 79 patients with bisphosphonate related osteonecrosis of the jaw.
The comparison of several methods of treatment was made in all stages of disease, with research of the therapy
length, complications together with the need of reoperation and following up all the patients during five years. The
results of the therapy were in most cases satisfactory; only two patients had problems that persisted. None of the
patients died because of this disease.

Conclusions. Bisphosphonate related osteonecrosis of the jaw is a disease that is difficult to treat. For patient it
costs too much, not because of using the expensive antibiotics, but mostly because it leads to the defects in
patient’s jaw, it is affecting the oral intake and the life of the patient at all. Prevention is the best way to discon-
tinuation of the rising incidence, but it requires a cooperation of interested specialists and also perfect education
of the patient.

Keywords: bisphosphonate, osteonecrosis, jaw, therapy

INTRODUCTION

Bisphosphonate - related osteonecrosis of the jaw (BRONJ) is a common and actual prob-
lem in maxillofacial surgery. Despite of many publications on this topic, there are still unan-
swered questions in pathogenesis, but also what therapy is best and most efficient. First
bisphosphonate (BP) etidronate was registered in USA in 1977 and was used for Paget’s dis-
ease treatment. Afterwards were BPs used for various bone diseases (1). First BPs were
administered orally and the number of diseases that could be treated with BPs was rising
continuously .First bisphosphonates were not aminated. In 1994 was for the first time reg-
istered in USA nitrogen containing BP and afterwards its usage was extended for other dis-
eases including osteoporosis, osteopenia, paraneoplastic hypercalciaemia and skeletal man-
ifestations of malignant tumors, whether primary (multiple myeloma), or skeletal metas-
tases of cancers (1). Using of the non-aminated BPs was not discontinued, but nowadays
it’s less used. BP can be administered perorally or intravenously. Oral forms are mostly pre-
scribed by rheumatologists and internists for treatment of the osteoporosis. Hematologists
and oncologists are mostly using intravenous nitrogen containing BP. Treatment with BP
has not a major effect on survival of the patients but it has significantly positive effect on
the quality of life in advanced stage oncologic patients with skeletal conditions (2).
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Using of BP has advantage in algorithm of administration, with its monthly or yearly inter-
val. It has also only small number of side effects, when it is correctly used. One of the most
serious side effect of BP therapy is osteonecrosis of the jaw. Maxillofacial surgeons were first
to describe cases of non-healing gingival and bone defects in jaws of patients treated with
bisphosphonates (3, 4). After the year 2003 it is becoming more and more common and
nowadays there isn’t probably any maxillofacial surgeon which has not been met by this dis-
ease. For osteonecrosis of maxilla and mandible caused by bisphosphonates is in literature
most common name given by American Association of Oral and Maxillofacial Surgery
(AAOMS) – Bisphosphonate - related osteonecrosis of the jaw (BRONJ; 5)

Diagnosis of BRONJ is not very difficult. Constant symptoms are persisting ulcers of the
oral mucosa, disclosing the jaw bone (Fig.1), pain and changes in x-ray (Figure 2), CT or
MRI, together with the history of previous or current use of the bisphosphonate. AAOMS
uses three required conditions for BRONJ diagnosis (5). Patient has to be previously or cur-
rently using BP, the bone should be exposed at least 8 weeks and patient didn’t undergo
radiotherapy of head and neck.

The risk factors are defined by AAOMS in the position paper (2). It is steroid intake,  smo-
king, the intake of cytostatic drugs, and poor oral hygiene. 

Until nowadays remain unanswered many questions in pathophysiology of this disease
and why it is so common in jaws and not in the other bones. Suppression of the bone
remodelation induced by BP is the most likely mechanism of this disease (6, 7). Fast and
continuous remodelation of jaws, caused by the presence of the teeth may be the reason of
its vulnerability to BP (8). One study has shown ongoing changes in remodelation of the cor-
tical jaw bone after BP use. Daily administered alendronate significantly lowered speed
mandible bone formation compared to a control group, mainly because of suppression of

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 3   13 / 2 27

Fig. 1 Dehiscence of the oral mucosa in the frontal area of mandible
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the bone remodelation in the area of alveolar bone. These data represent the evidence of
suppression in bone remodelling and it is in accordance to hypothesis, that BP are lower-
ing the remodelation in BRONJ (9, 10). Resisting mucosa dehiscence are raising questions
about the effect of BP to soft tissues. Because epitelisation is the most important step in
surgery wound healing, there are hypotheses that soft tissues of mouth may play important
role in development of BRONJ. One of key problems of this hypothesis is, whether the oral
mucosa is exposed in vivo to sufficient levels of BP to harm physiologic processes. Although
that this hypothesis is interesting and it’s worthy of further study, it is more likely that the
key point of BRONJ initiation is the bone tissue (8).
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Fig. 2 The orthopantomographic x-ray of the patient shown in figure 1

Table 1 BRONJ staging (2 - modified by author).

At risk category

Stage 0

Stage 1

Stage 2

Stage 3

BRONJ staging

No apparent necrotic bone in patients who have been treated with either oral or
intravenous bisphosphonates

No clinical evidence of necrotic bone, but nonspecific clinical findings and symp-
toms

Exposed and necrotic bone in asymptomatic patients without evidence of infection

Exposed and necrotic bone associated with infection as evidnced by pain and eryt-
hema in the  region of exposed bone with or without purulent drainage

Exposed and necrotic bone in patients with pain, infection and one or more of the
following: exposed and necrotic bone extending beyond the region of alveolar bone,
resulting in pathologic fracture, extraoral fistula, oral antral/oral nasal communi-
cation, or osteolysis extending to the inferior border of the mandible or the sinus
floor  
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Treatment of this disease varies from case to case. Recommendation of the AAOMS divides
this disease into stages 0 – 3 (Table 1). Treatment should be considered according to stage
of the disease. But also general conditions of the patient should be reviewed, so the modi-
fications of the treatment depend not only on local changes.

MATERIAL AND METHODS

We reviewed patients with BRONJ treated in University Hospital in Martin between the
years 2006 and 2012. All of these patients underwent surgical therapy in Department of
Stomatology and Maxillofacial Surgery. The study group consisted of 79 patients. There
were 31 men and 48 women in the group. Average age was 65 years; age range was 41 – 91
years. Most of the patients were administered for treatment by the dentist (95 %), only a few
were sent by oncologists. All of the men used BF because oncological disease (prostate can-
cer, multiple myeloma), most women too (breast cancer, multiple myeloma – 87%) and only
6 women (13 %) took BF therapy because of osteoporosis. Most common was this compli-
cation in patients that used zolendronic acid (91%), followed by other aminated
BF – pamidronate, alendronate (8%). Only 1 patient used clodronate – non aminated BF. All
of the patients were examined, other factors, like acute inflammation were found in 4
patients. All of the patients were examined also by x-ray in orthopantomographic projection.
Minor dental surgery as an evoking factor was found in most of the patients – 70. Only 2
cases were caused by denture irritation and 7 cases occurred spontaneously next to teeth
with periodontitis. The mandible was affected in 81%, maxilla 17% and two patients had
affected both alveolar bones. 

The presence of one or more BRONJ risk factors as defined by the American Society of
Oral and Maxillofacial Surgery (2) was identified in 32 patients (40%). Most prevalent was
smoking (13.1%), followed by poor oral hygiene (9.1%) the intake of cytostatic drugs (5.6%)
and intake of steroids (5.6%).

Background for the surgery was made, if the general condition of the patient was satis-
factory and if the patient approved the procedure after full informing.  Drug holiday was
always consulted with physician who prescribed the BF. When it was possible, it was pre-
ferred at least two months break before surgery and about 3 – 5 months after the surgery,
what depend on quality of the healing process. When the pus exudation from the stricken
area was found, the therapy was started with antibiotics (ATB), mostly amoxicilinclavu-
lanate and the antibiotic treatment was adjusted after examining the microbes’ sensitive-
ness. Patients were divided into groups, depending on stages (Table 1), that were deter-
mined by AAOMS in the position paper (5).  Therapy is afterwards chosen by stage of the
disease. 

Minor surgery – sequesterectomy was performed in local anesthesia in localized defects,
that responded well to the antibiotic therapy and there was none or minimal dehiscence of
the mucosa (< 1cm), but recurring purulence without ATB and sequester findings of the x-
ray. After application of regional anesthesia the mucosal flap was uncovered and the
sequesters were removed, if some tooth was in the area, it was extracted. The bone was
smoothened, granulation tissue removed and a liable suture was made.

When the dehiscence was larger than the sequestered bone, it was preferred to perform
a horizontal resection of the alveolar bone. In general anesthesia was removed the inflamed
mucosa surrounding the dehiscence, the bone was cut off with the high-speed drill and
smoothed. Teeth were extracted only from the operated area, or sometimes when the trau-
ma by the opposite tooth  was threatening it was removed too. Like by the sequesterectomy
the removed bones were administered for histopathological examination. Suture was made
with non-absorbing stitching material.

Late stages, determined by the clinical examination (extra oral fistula, pathologic fracture)
or the x-ray (necrosis reaching the opposite site of the bone) was indicated for segmental
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resection, when we combined intra oral surgery with extra oral excision of the fistula. By
CT or MRI examination the borders of the resection were found and no reconstruction was
made, after removing the segment. Only occasionally in frontal area, it was necessary to
reconstruct the defect with plate osteosynthesis and suture the muscles of the tongue to it
for prevention of the tongue sinking.  Also in these cases was made the histopathological
examination for differentiation of the metastatic process.

All the delivered tissue excisions were processed by common formalin-paraffin laboratory
procedure and were dyed with hematoxylin-eosin, but also with special dying procedures for
Actinomyces and mold organisms detection. Some bone fragments were decaltificated before
cutting into 6 m thin sections.

All patients were in the time of the surgery covered by ATB prophylaxis. Treatment by
antibiotics continued also 2-3 weeks after the surgery. The nasogastric tube was used for
feeding after major operations. Sutures were removed on 10th – 14th postoperative day and
the follow up was 2 years. All complications, recurrences, reoperations and also the time of
the treatment were recorded and evaluated.

RESULTS

As a primary surgery technique was most commonly chosen sequesterectomy. It was per-
formed in 47 patients.  Primary healed were 27 operational wounds, without any progres-
sion in the follow-up period. 20 patients had complications, which in 18 cases continued
into progression to next stage and more radical reoperation – horizontal resection in 16 and
segment resection in 2 patients. Average time of healing in patients undergoing sequesterec-
tomy was 3.25 months.  Altogether were made 48 horizontal resections, out of which 32
were as a primary operating technique. This procedure lead to complete healing without
major complications in 31 cases, 17 patients had complications and segment resection as
a next step was performed in 6 cases. Average healing time in group of horizontal resection
was 4.75 months. Together were made 8 segment resections of a mandible, with average
healing in 6.75 months, 1 patient needed reoperation and one affection progressed and is
nowadays in a process of therapy, without sure effect (Table 2).
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Table 2 Used surgery techniques overview

Sequesterectomy

Horizontal resection

Segment resection

Total

Surgeries
done

47

48

8

103

As a primary
treatment

47

32

0

Healed per
primam

27

31

6

64

Complications

20

17

1

Progressions

18

6

1

Time of 
management

3.25

4.75

6.75

Intraoperative complications were not recognized. One of the patients died during the fol-
low up, but not as a result of the osteonecrosis. The postoperative complications with their
percentage are shown in (Table 3).
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Rate of success in complications treatment was satisfactory. Two patients with minor
dehiscence of the mucosa refused reoperation and during the follow up period were not
found any progressions or purulent secernation.  One patient with resulting oronasal com-
munication was treated successfully with palatal obturator. One patient with oroantral
communication is planned for reoperation. A patient with segment resection in the frontal
area of the mandible is now in therapy process after removing the osteosynthetic plate,
which was causing progression. A small dehiscence was resutured, but the effect of the
treatment is still uncertain.

Histological image of the necrosis bone tissue was in the cases of BRONJ similar to the
necrosis after the radiotherapy. There weren’t found any changes that could be helpful in
determination of the necrosis pathogenesis. There were fragments of the necrotic lamellar
bone with significant reversion lines, without evidence of accordingly stainable cellular bone
components (osteocyts, osteoblasts or osteoclasts). Also were necrotic the fragments of the
fibrotized bone marrow, in which there was occasionally possible to be found the low cel-
lulized, non-specific granular tissue. Frequent part of the examined tissue were variably
rich and large colonies of the “Actinomyces-like” organisms, which were characteristic by
dark purple circumference and lighter, eosinophilic centre of the tangled microorganisms.
These microorganisms were positive to Periodic acid-Schiff (PAS) staining, and also to the
Grocott-Gomori methenamin-silver staining (GGMS). Evidence of the malignant epithelium
cells wasn’t found, in spite of using epithelium antibodies, in any of the examined tissues.

DISCUSSION

Bisphosphonates are daily used drugs and a number of BF prescriptions is rising. In year
2010 were in the USA prescribed 27 million prescriptions for oral BF (11). In Europe are
more likely indicated in oncological patients, but there is also rising popularity of BF for
osteoporosis treatment. It is becoming common that general practitioner prescribes BF for
osteoporosis. It’s not a good concept, because the patient has to be well examined before
prescribing, including 24 hours Ca2+ excretion in urine, calciferol level in serum and other
possible risk factors that are joined with BRONJ.

Our present experience shows, that patients are very often under-informed about possi-
ble complications in oral cavity by using bisphosphonates. Prescribing specialists are not
forcing patient to radical removal of all risky and well restoration of all remaining teeth
before using BF (12, 13, 14). Also dentists are just slowly accustoming the fact, that before
the tooth extraction they should be asking also for usage of BF (15).  These steps would be
for sure a big leap in prevention of this disease.
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Table 3 Complications

Complication

Minor dehiscence of the wound

Oronasal communication

Oroantral communication

Progression

Total in patients

Total in all surgeries made

9

1

3

25

38

%

11.4%

1.3%

3.8%

31.6%

48.1%

36.9%

Healed after
intervention

7

1

2

24

34

Success of complication
treatment

78%

100%

67%

96%

92%
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In diagnostic process was in our study most commonly used conventional x-ray exami-
nation. It displays the thickness of lamina dura, signs of osteolysis, diffusion sclerosis and
poor or none healing of the extraction wounds. Correlation between radiological and clini-
cal findings showed, that in patients with mild BRONJ are characteristic sclerotic changes
in alveolar bone with thickening of lamina dura (16). As we had commonly found little dif-
ferences between the x-ray and intraoperative findings, it was not significant regarding to
the treatment effect.

Almost all patient in the study discontinued BF for the time of the BRONJ treatment.
Although it is known, that bisphosphonates are bind to the bone tissue for years, the
AAOMS has still drug holiday in the position paper. Previous treatment schemes also used
discontinuation. But it’s recommended to let the prescribing physician to decide, whether
the condition of the primary disease allows the discontinuation. Multiple studies support
the drug holiday, because it’s shown that BF affect also soft tissues by inhibiting oral
epithelial cell migration into the socket after extraction (17, 18, 19). Discontinuation of the
BF provides no short-term benefit, but if the primary disease conditions allow the long-term
discontinuation, it can be beneficial in stabilization of the wounds after surgery, reduction
of progression into new areas and weakening of the BRONJ symptoms. Modification in the
BF treatment can be done only after the agreement of the patient and his attending physi-
cian (oncologist, hematologist or rheumatologist). In the study was no patient with danger-
ous worsening of the disease because of the drug discontinuation.

Unclear role in the pathogenesis plays the infection of the site. Often is in the biopsy found
the colonization by “actinomyces - like” organisms, what correlates with other studies (7,
20). It is still unclear whether the infection plays crucial or secondary role in the BRONJ.
But the antimicrobial therapy is very important in the time of BRONJ treatment. Most of
the species found are sensitive to penicillin group. Chinolones, metronidazol and doxycyclin
were successfully used in patients allergic to penicillin. Microbiologically should be proven
also the Actinomyces colonization with treatment adjustment made if necessary.

The healing time is long, it is counted in months. Longest was in the group of segment
resection, what can be caused also by the fact, that none of the patients was indicated for
a segment resection in early examination, all of the resections were made by progression of
the disease.

The surgical treatment of BRONJ is led by a guideline in AAOMS position paper. More
often are chosen surgical procedures that are less invasive as a first step; it is also sug-
gested not to remove periosteum from the surrounding bone, so the eyesight control of the
surrounding bone is limited. This can be a reason of relatively high number of complica-
tions. But it is pleasing that most of these complications were treated well.

CONCLUSION

Osteonecrosis of the jaw caused by bisphosphonates is still a challenging problem.
Unclear pathophysiology, together with lots of other risk factors conductive to BRONJ refus-
es unique treatment. There is request for a national or better world register of BRONJ
patients, with all their characteristics, treatments results and complications. This could
help in understanding the BRONJ (21). AAOMS position paper still remains unequaled in
treatment recommendations, but it has to be adjusted individually for each patient.
Although the results of the BRONJ therapy are satisfactory, the long time treatment is need-
ed, the quality of life is often worsened even after the treatment, so the prevention is the
only way of incidence reduction.
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POINT PREVALENCE SURVEY OF NOSOCOMIAL INFECTIONS
IN UNIVERSITY HOSPITAL IN MARTIN

Malobicka E,  Roskova D,  Svihrova V,  Hudeckova H.

Department of Public Health, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak Republic

A b s t r a c t

Nosocomial infections are a serious problem not only in Slovakia but in all countries. The European Commission
decided on their standardized surveillance in the whole European Union. According methodology elaborated by
experts from the European Centre for Disease Control and Prevention in Stockholm we performed a point preva-
lence survey in the University Hospital Martin.

Our observed prevalence of nosocomial infections in University Hospital Martin within the point prevalence
study was 5.2%.  

The highest point prevalence of nosocomial infections was found at the Surgical Department (9.3%). The most
common type of nosocomial infections was urological infections (27.3%), sepsis (22.7%) and surgical site infection
(22.7%).

The most common microorganisms isolated from the biological material were Klebsiella pneumoniae,
Pseudomonas aeruginosa and Proteus mirabilis. Appropriate method of nosocomial infections surveillance is moni-
toring their prevalence in the point prevalence studies. International projects of nosocomial infections in the EU
allow to compare the obtained results with other hospitals in the Member States.

Key words: nosocomial infection, prevalence, ECDC

INTRODUCTION

Nosocomial infections (NI) in Slovakia are obligatory notifiable.
Regulation of the Ministry of Health of the Slovak Republic No. 553/2007 on requirements

for healthcare facilities about health protection, sets for providers of healthcare and for health-
care workers a duty to avoid NI and to register NI in patient records and in a diary of NI.

To take measures to reduce their occurrence based on the results of the analysis. An
important role plays also the continuous education of employees (1).

The aim of this study was to analyze the incidence of NI through point prevalence study
on inpatient care of University Hospital Martin (UHM).

METHODS

Material consisted of obtained data through point prevalence studies (PPS - Point preva-
lence survey).

Prevalence indicates the number of all diseases (newly created or incurred in the past, but
persistent) in a given population. To the point prevalence study were included all inpatients
at a given time in the hospital or at selected departments (2).

PPS has been described in the protocol, drawn up by experts from the European Centre
for Disease Prevention and Control (ECDC). An infection is considered as NI if it occurs on
or after 3rd hospital day since hospital admission. Infection was present at the time of mon-
itoring, or signs and symptoms were present in the past and the patient was still in the fol-
low-up of anti-infective therapy.

Data were collected by questionnaire aimed to determine the incidence and type of NI,
including the etiological agent according to the protocol definitions (3).

ACTA MEDICA MARTINIANA 2013 13/2       DOI: 10.2478/acm-2013-001634

A d d r e s s f o r  c o r r e s p o n d e n c e: 
Mgr. Eva Malobicka, PhD., Department of Public Health JFM CU, Sklabinska Str. N. 26, 036 01 Martin,
Slovak Republic; e-mail: evka.malobicka@gmail.com.

maketa 13/2_MAKETA  7/1  11/21/13  11:37 AM  Stránka 34



We used the definitions of different types of NI from the Codebook by ECDC. 
Data collection for each department was required to begin and end in one day, with

a maximum duration the whole hospital for 2-3 weeks (3). The survey was realized from
June 4th  till June 18nd, 2012.

Our team consisted of researchers from the Department of Public Health of the Jessenius
Faculty of Medicine, Comenius University, Regional Public Health Authority in Martin and
the University Hospital Martin. We visited in three weeks according a set schedule all inpa-
tient departments of the hospital and in collaboration with appointed doctors at the wards
they assessed data from patient records.

We recorded patient data (age, sex, date of hospitalization), introduced invasive devices
and the use of antibiotics. We examined the presence of hospital infection (as defined
study), date of birth, localization of infection and microorganisms isolated from biological
material.

To the survey were incluted all pacients admitted to the ward before 8.00 am and not
discharged from the ward at the time of the survey were included.

Patients who underwent invasive surgery on the monitored day, patients from outpatient
facilities, patients in the emergency room and dialysis patients were excluded (3).

For privacy protection, every patient in the survey was given a code and his/her data were
registered in database only under this code.

The results were processed, analyzed and statistically evaluated in Microsoft Excel. We
considered as significant differences in the level of statistical significance p <0.05.

RESULTS

There were 422 patients included in the survey, 218 woman (51.7%) and 204 men (48.3%).
Range of the file was from 0 – 99 years (Median = 60 years, Modus = 74 years, SD = 21.7).

We recorded 22 nosocomial infections, accounting for 5.2% of the total number of
patients enrolled in the study. Range of the patients with nosocomial infection was (15-84
years) (median = 73 years, modus = 77 years, SD = 16.5). Nosocomial infection was record-
ed in 59.1% of women (13 NI) and 40.9% of men (9 NI). The first signs of NI were mostly
recorded from the fourth to sixth day of hospitalization, at 31.8%, as well as for hospita -
lization lasting for more than 13 days.

Figure 1 shows the prevalence of nosocomial infections in the University Hospital Martin
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Fig. 1 Prevalence of nosocomial infections in the University Hospital Martin, point prevalence survey 2012. (n=22) 
According CDC definitions: SSI – Surgical site infections; PN – Pneumoniae;  UTI – Urinary tract infections; BSI –
Bloodstream infections;  OTH – others.
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The largest proportion of NI represented urinary tract infections in 27.3% (6 cases). They
represented 22.2% (2 cases) in males of the total number of detected NI, while in women
30.8% (4 cases). There were also blood stream infections and surgical site infections, which
were represented in the same number 22.7% (5 cases). Blood stream infections were found
in men in 11.1% (1 case), and in women in 30.8% (4 cases). Surgical site infections repre-
sented 22.2% (2 cases) in men, 23.0% (3 cases) in women of the total number of detected
NI. Pneumonia represented 18.2% of NI (4 cases) in men occurred in 33.4% (3 cases), in
female 7.7% (1 case). Other infections represented 9.1% of NI (2 cases). We included skin,
bone and joint infections within this group. Statistically significant differences between men
and women were not found (p> 0.05).

Figure 2 presents incidence of NI according to age group.
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Fig. 2 Prevalence of nosocomial infections in the University Hospital Martin   
(point prevalence survey 2012) according age groups.

The highest incidence was recorded in the age group 75 - 84 years (10 cases), represen-
ting a prevalence of 16.1% of all hospitalizations in this age group. Monitored higher inci-
dence was not statistically significant (p> 0.05) in comparison with other age groups. In the
age group less than 14 years has not been found any nosocomial infections.

In the following table we have indicated the prevalence of nosocomial infections, antibiot-
ic use and introduced invasive devices according to specialization of the department.

At least one nosocomial infection had 5.2% of all patients, ranging from 4.2% at the con-
servative departments to 9.3% at the surgical  departments. 

At least one antibiotic was taken by 164 patients, which represents prevalence of 38.9%.
The biggest prevalence (56.5%) was found at paediatric departments and intensive care
units.

Invasive devices had the highest percentage (72.5%) in patients hospitalized at internal
departments. Prevalence of NI in relation to the introduced invasive device was recorded on
surgical department (15.1%).

The following table shows the distribution of microorganisms isolated from nosocomial
infections by type of infection.
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Table 1 Prevalence of nosocomial infections, antibiotic use and introduced invasive devices according to
specialization of department. (University Hospital Martin, point prevalence survey 2012).

Specialty 

Surgery

Medicine

Paediatrics

Intensive Care 
Units

Gynaecology

Psychiatry

Other

Total

Surveyed  patients Invasive devices

All patients Patients with 
HAIs

Patients with 
antimicrobial 

use

Surveyed  
patients

Patients 
with HAIs

N

118

167

23

46

15

35

18

422

%

27.9

39.6

5.4

10.9

3.6

8.3

4.3

100.0

N

11

7

1

3

0

0

0

22

%

9.3

4.2

4.3

6.6

0.0

0.0

0.0

5.2

n

43

76

13

26

1

2

3

164

%

36.4

45.6

56.5

56.5

6.7

5.7

16.7

38.9

n

73

121

13

31

8

0

5

220

%

61.9

72.5

56.5

67.4

53.3

0.0

27.8

52.1

n 

11

7

1

3

0

0

0

22

%

15.1

5.8

7.7

9.7

0.0

0.0

0.0

10.0

Table 2 Microorganisms isolated from nosocomial infections by type of infection. University Hospital Martin, point
prevalence survey 2012.  (n = 29)
According CDC definitions: PN – Pneumoniae; SSI – Surgical site infections; UTI – Urinary tract infections; BSI –
Bloodstream infections; OTH – others.

Localization  of infection

Isolated microorganisms

Klebsiella pneumoniae

Proteus mirabilis

Pseudomonas aeruginosa

Enterococcus faecalis

Enterococcus sp.

Streptococcus pyogenes

Candida albicans

E coli

Enterobacter cloacae

Klebsiella oxytoca

Staphylococcus aureus

Microorganisms, total

HAIs, total

HAIs with microorganisms

All types of
infection

n (%)

6 (20.7)

6 (20.7)

6 (20.7)

2 (6.9)

2 (6.9)

2 (6.9)

1 (3.4)

1 (3.4)

1 (3.4)

1 (3.4)

1 (3.4)

29 (100.0)

22 (100.0)

16 (72.7)

PN
n (%)

0.0

0.0

0.0

0.0

0.0

0.0

1 (100.0)

0.0

0.0

0.0

0.0

1 (100.0)

4 (18.2)

1 (25.0)

SSI
n (%)

0.0

1 (12.5)

3 (37.5)

0.0

2 (25.0)

0.0

0.0

0.0

1 (12.5)

1 (12.5)

0.0

8 (100.0)

5 (22.7)

4 (80.0)

UTI
n (%)

2 (33.3)

3 (50.0)

1 (16.7)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6 (100.0)

6 (27.3)

5 (83.3)

BSI
n (%)

2 (22.2)

1 (11.1)

1 (11.1)

1 (11.1)

0.0

2 (22.2)

0.0

1 (11.1)

0.0

0.0

1 (11.1)

9 (100.0)

5 (22.7)

4 (80.0)

OTH
n (%)

2 (40.0)

1 (20.0)

1 (20.0)

1 (20.0)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

5 (100.0)

2  (9.1)

2 (100.0)
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From the people with NI were isolated 29 microorganisms, at least (25.0%) in cases of
pneumonia and the most (100.0%) in cases of other infections. The most common organ-
isms isolated were Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus mirabilis.
The most frequently cultured Proteus mirabilis (50.0%) and Klebsiella pneumoniae (33.3%)
were in the cases of urinary tract infections, which were also the most common type of NI.
Pseudomonas aeruginosa was most frequently isolated in cases of surgical site infections
(37.5%).  Biological material for cultivation was not collected in 6 cases of NI (27.3%).

DISCUSSION

Nosocomial infection in the Slovak legislation is defined as an infection of the internal or
external origin, which was causally linked to the performance or stay in hospital or social
services (4).

ECDC defines a nosocomial infection as infections arising in the hospital, were not pres-
ent on admission, and the patient was not in admission in the incubation period of the
infection. When the incubation period is not known as nosocomial infections are considered
those that occurred after more than 48 to 72 hours after admission to the medical facility.
Infection present at the time of admission may be considered as nosocomial only if it is epi-
demiologically associated with previous hospitalization. In addition to defined NI have the
Center for Disease Control and Prevention, USA (CDC) accurate diagnostic criteria for dif-
ferent types of infections. Using the same criteria and methods of surveillance allows the
comparability of the collected data (5).

NI are always accompanied by the provision of health care and are common cause of mor-
bidity and mortality in hospitalized patients worldwide (6). 

ECDC estimates that in Europe in the hospitals acquired NI approximately 4.1 million
patients. Deaths that occur as a direct result of these infections is estimated at least 37 000
(7).

Podstatova states that incidence of NI in hospitals is estimated between 5 to 10% on sur-
gical departments. On the surgical departments the incidence may be higher as 30%. The
intensive care unit is recorded up to 20% of nosocomial infections (8).

The basic premise for the suppression of NI is the accurate accounting and analysis. The
incidence of NI is in Slovakia currently reported to the EPIS (Epidemiological Information
System).

Analysis of NI is annually published in the Annual Report about the activities of the Public
Health Authorities of the Slovak Republic, published by the Public Health Authority of the
Slovak Republic. Since 2006 are published data on hospital-acquired infections at the web-
site of EPIS. 

The incidence of NI is still lower than is expressed in the literature.
Currently, the average incidence of NI in hospitalized patients in hospitals in developed

countries ranges from 6-8%. In less developed countries, it is even more than 25%. Disease,
death, and economic costs associated with acquired NI are increasing especially in the last
thirties. Although estimates of the proportions of preventable NI are different, there is
a general agreement that it may be more than 20% in developed countries and in less devel-
oped even more than 40% of NI (7,9).

The authors Sramová et al. states that incidence of the NI in the Czech Republic is  from
1.36 to 2.80%, depending on the nature of department (10). An estimated incidence of NI in
USA is 2 million per year (11).

Within the EU are NI monitored within the HAI Net (Healthcare-associated Infections
Surveillance Network), European network for monitoring the NI. The network is coordinat-
ed by the ECDC. The priority of HAI-Net is a coordination of European research point-preva-
lence study and use of antimicrobials in acute care hospitals, incidence and the prevalence
of NI and use of antimicrobial agents in the long-term care facilities (12).
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Within the incidence surveillance are monitored NI on the intensive care units and also
surgical site infections. This data collection is timed, personnel and financial more difficult
as prevalence monitoring, therefore, it is usually performed only in selected high-risk units
or limited on time or reference to selected infections.

Pilot point prevalence study was carried out in 2010. Based on the results the experts
from the European Centre for Diseases Prevention and Control and the experts from
European Union Member States developed point-prevalence study protocol, which was
scheduled for  June 2012 (13, 14). 

In Europe 63 hospitals of 22 countries participate on the pilot point prevalence study. The
study involved 17,900 patients. The prevalence of NI in the EU represented 7.1% (15,16).

Pilot point prevalence study was carried out in the Slovak Republic in two hospitals, in
University Hospital Martin and in Hospital and Policlinic in Komárno (16, 17).

In the study were included all inpatient departments of the UHM. The national point
prevalence studies were performed in EU in 2012 based on the recommendations from the
pilot point-prevalence study.

In UHM we found 22 nosocomial infections in the performed point prevalence study which
represented prevalence 5.2%. 

The prevalence in pilot prevalence study in the UHM in 2010 was 5.5% (17).
Found prevalence in the UHM is comparable with other European studies, where the

prevalence ranges from 3.5 to 10.5% NI (18, 19,20).
But our detected incidence is lower than the prevalence of NI in participating European

countries through pilot point prevalence study in which the prevalence of NI was 7.1% NI
(15).

The largest proportion of NI in the prevalence study were urinary tract infections, than
surgical site infections and bloodstream infections. Bloodstream infections and urinary
tract infections were the most common reported infections in the pilot prevalence study. The
most common location of NI in the pilot prevalence study in Europe, were respiratory infec-
tion (25.7%), surgical site infections (17.2%) and urinary tract infections (17.2%). Blood
stream infections represented 14.2% (15).

Dominated infection in men in the point prevalence study (2012) were pneumonia, while
in the pilot prevalence study (2010)dominated blood stream infections. The largest percent-
age of NI in women in both studies had urinary tract infections. 

Complexity and invasiveness of interventions is reflected in the largest incidence of noso-
comial infections in surgical  departments.

We recorded the highest prevalence of NI, so the number of NI of all hospitalized patients
on the surgical departments (9.3%), than intensive care units (6.6%). Different results were
in the national pilot prevalence study (2010) were the highest prevalence were on the inten-
sive care units (20.0%), pediatric departments (6.3%) and on the surgical departments were
recorded  5.6% of NI. Similar to that in Slovakia also in Europe most of NI occurred in the
intensive care units (28.1%), than surgical departments (7.8%) and geriatric departments
(6.6%) (15,16). 

In the point prevalence study (2012) 164 patients were taking antibiotics (38.9%) from all
hospitalized patients in the UHM (422). The most common indications for the treatment
were community infections and prophylactic use of antibiotics. In the national pilot preva-
lence study (2010) 31.5% of patients were taking antibiotics. The most common indication
was prophylactic use of antibiotics (42%) and than treatment of community infection (40%).
Similar results are also found in the European pilot prevalence study in which antibiotics
were taking by 34.6% of patients. The most common indication for  antibiotic use  was the-
rapy of infections (66.4%), mainly treatment of community infections (41.3%). Prophylactic
antibiotic use was found in 30.7% of administered antibiotics (15,16).

The most common etiologic agents were Klebsiella pneumoniae, Pseudomonas aeruginosa
and Proteus mirabilis.  Biological material for cultivation was not collected in the 6 cases
(27.3%). The largest number was in cases of pneumonia (75%).
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In the national pilot prevalence study (in 2010) were detected the same etiological agents.
From the biological material were frequently cultured Klebsiella sp. (23.1%) then
Pseudomonas aeruginosa and Candida sp. both of which have 11.5%.

In the data from the surveillance of NI in Europe through a pilot point prevalence study
were between the most common proven causative agents Escherichia coli (15.2%),
Staphylococcus aureus (12.1%) and Pseudomonas aeruginosa (11.2%). Escherichia coli was
most frequently isolated from urinary tract infections (37.1%), Staphylococcus aureus was
most frequently isolated from surgical site infections (21.5%), and Pseudomonas aeruginosa
from respiratory infections (17.7%). Etiologic agent has not been demonstrated in up to
40.9% of NI, mostly  in the gastrointestinal (59.7%) and in respiratory infections (51.5%) (15,
16).

Results from point prevalence study point out still persisted problem of inadequate report-
ing of NI from the UHM departments. After implementation of the pilot point prevention
study in 2010 occurred the decrease of reporting in 2011 and 2012.  The importance of NI
is underestimated, which can result in risk to patient lives. In relation to the development
of NI is necessary to think about the increased cost of diagnosis and treatment of the dis-
ease, the costs of operating departments, salaries of medical personnel, losses in relation to
suffering of the patient, reducing their quality of life and prolonged sick leave. This could be
an argument for the management of healthcare facilities to support NI surveillance system.
It is still necessary to emphasize the principles of asepsis and antisepsis, observe hygiene
epidemiological regime, in order to greatest possible use precautionary principle in health
care and prevention of NI, perform permanent training of all medical staff in the NI and in
the case of suspected NI their timely report. If you are departments, clinics and medical
facilities to treat nosocomial infections rational, can they manage to reduce their occur-
rence. If will departments, clinics and medical facilities approach to the nosocomial infec-
tions rational, they can manage reduce their incidence.

CONCLUSION

Prevalence surveillance of NI is appropriate, personnel and economically burdensome
method of monitoring nosocomial infections compared with incidental surveillance.
Our detected prevalence of NI approached to the incidence in other EU countries.

Good surveillance allows to detect early beginning or imminent problem that can cause
expending higher finance costs and risks of patient’s life.

International projects of nosocomial infections in the EU allow to compare the obtained
results with other hospitals in the Member States.
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