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Agnieszka Lukomska, Iwona Nowakowska, Justyna Szrajda

CREATING THE IMAGE OF A HEALTH CARE CENTRE

KSZTALTOWANIE WIZERUNKU ZAKEADU OPIEKI ZDROWOTNE]

Z Zaktadu Polityki Zdrowotnej i Zabezpieczenia Spotecznego UMK w Toruniu, Collegium Medicum w Bydgoszczy

p.o. kierownik: dr n. med. Justyna Szrajda

Summary

The purpose of the article is to show the importance of
actions in the field of public relations in health care. Com-
munication with environment has a strong influence on creat-
ing a positive image of a medical health center and ensuring
a stable position in the competitive market of medical ser-
vices.

The article divides organization’s environment into seg-
ments and points at groups of people, owing to whom it is
possible to influence public opinion . The article discusses
forms of public relations actions, underlying the continuous,
systematic character and planning strategy of these actions to
make them effective and bringing about expected results.

Streszczenie

Celem artykulu jest przedstawienie znaczenia dziatan
z zakresu public relations w ochronie zdrowia. Dziatania
komunikacyjne z otoczeniem maja duzy wpltyw na ksztalto-
wanie pozytywnego wizerunku zakladu opieki zdrowotnej,
jak 1 zapewnienie stabilnej pozycji na konkurencyjnym rynku
ustug medycznych.

Key words: public relations, image, publicity, health care

W artykule dokonano segmentacji otoczenia organizacji
i wskazano grupy osob, dzigki ktérym mozna skutecznie
oddziatywa¢ na ksztalt opinii publicznej. Oméwiono formy
dziatan public relations, wskazujac na ich ciagly i systema-
tyczny charakter oraz strategi¢ planowania tych dziatan, aby
byty one efektywne i przyniosly oczekiwane rezultaty.

Stowa kluczowe: public relations, wizerunek, polityka rozglosu, ochrona zdrowia

The introduction of market mechanisms into the
health sector has contributed to the increase of com-
petitiveness between healthcare centres. Therefore,
establishing a good reputation and a positive image
seems to be justified. The image is a strategic device of
an organization and one of the crucial elements of
success. When it is well promoted, it makes a health-
care centre more attractive, credible and trustworthy
for the receivers of medical services. The value of the
image has two dimensions — economical and social [1,
2, 3]. The economical dimension is added in the proc-
ess of achieving targets and during the market activity
of a healthcare centre. The social dimension is acquired
on the basis of the reactions of the public and the way a
healthcare centre is perceived by an environment. The
positive image of an organization contributes to devel-

oping trust and better assessment of a healthcare cen-
tre.

The creation of a desired image, i.e the one that an
organization wishes to be associated with, is possible
through communication with an environment. All the
communication actions designed to create and sustain a
coherent image in an environment are termed public
relations.

The concept of public relations was coined in 1832
by J. Eaten while delivering a lecture at the Tale Law
School (USA). Eaten remarked that ,,public relations
refer to the development of relations for the sake of
common welfare” [4].

The term of public relations does not have a gener-
ally accepted Polish equivalent. “The promotion of
reputation has been suggested in order to convey the
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factual meaning of the term and coin the same abbre-

viation - PR [5].

Public relations involve conscious, planned and
long-lasting care for relations between an economical
or a non-economical institution and its immediate and
distant environment called the public, considering an
environment’s attitudes, opinions and interest in an
organization. The activity is designed for the develop-
ment, predominantly by means of an information sys-
tem and feedback, of an environment’s trust and posi-
tive attitudes towards an organization.

PR activity thus not only creates the image of an in-
stitution but also provides the public with information
on an organization’s activity, provides justification for
an institution’s decisions and balances social relations
inside and outside of an organization.

PR activity brings advantages not only to an or-
ganization but also to an environment, it contributes to
the creation of bonds and an environment’s approval
and friendly attitude towards an organization’s actions.

When communicating with an environment, one
needs to consider the fact that an environment is ex-
tremely broad. Therefore, public relations should ad-
dress not the whole environment but clear and specific
publics, often called groups, which currently or poten-
tially can contribute to the achievement of an organiza-
tion’s targets [6, 7, 8]. In the field of public relations, it
is thus necessary to classify a market into groups and
to target groups of importance which form the strategic
environment of an organization. While classifying an
environment, the following groups are taken into con-
sideration:

e groups which have an immediate and direct impact
on the achievement of an organization’s targets,

e groups which influence the general functioning,
including the creation of conditions for the opti-
mum development of an organisation (public opin-
ion institution, the mass media),

e short-term groups, which form the unstable envi-
ronment of an organization, request services or
criticize an organization.

By defining specific receivers, it is possible to iden-
tify the so-called doormen who facilitate the access to
the groups [9]. It is a common mistake to mainly con-
sider public and private media (the press, radio, televi-
sion) to be responsible for the creation of the public
opinion. Most often, it is not anonymous newspaper
journalists but respected authorities who are able to
influence the public opinion. It is their opinions which

are repeated by information media and have a signifi-

cant impact on our opinions, attitudes and beliefs [10].
Several groups which successfully influence the

public opinion can be identified:

¢ individuals who hold formal power, e.g. politicians,
high government officials, religious hierarchy,

e individuals who do not hold formal power but en-
joy social prestige,

¢ individuals who have a vast knowledge and experi-
ence,

e individuals who particularly endear themselves to
others.

The more one identifies with their views, the
stronger the impact and ability to modify attitudes they
have.

An organization which intends to influence the
public opinion needs to incorporate PR methods in an
invariable, continuous and systematic manner [11].
The incorporation needs to be systematic because of
the nature of targets to be achieved by the exertion of
influence on an environment. It is impossible to form a
desired opinion and a positive attitude in a short time
through a single contact with an environment. Typical
mistakes, which should be avoided, committed by
organizations are the following:

e functional shortsightedness — unwillingness to
fully acknowledge a significant impact of public re-
lations on successful management,

e philosophy of a water tap — “we will turn the public
opinion on when we need it”,

e local anaesthetic — “we will handle this at a local
level”,

e neurosis of good news — “we believe in accurate
and complete information presented to the commu-
nity at large as long as it is positive and shows our
good side”,

o illusion of shadow — philosophy of hiding and mov-
ing into the shadows, a belief that a company can
be invisible whenever it wants to [9].

Systematic activity and contacts with an environ-
ment can vary in their forms. The most important fac-
tor behind the creation of the image of an organisation
is cooperation with the mass media. The media make it
possible to deliver information to various receivers
without the necessity of paying high costs. Another
feature of cooperation with the mass media is reliabil-
ity of information provided through this channel and a
stronger impact, either positive or negative, of the
information. Cooperation with journalists should be a
carefully planned activity, it should not be coincidental
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or occasional. An institution which frequently endears
itself to journalists can rely on their help in times of
trouble (e.g. in a situation of crisis). It is essential to
provide journalists with information on a regular basis.
Common examples are: the opening of a new ward, the
buying of a piece of advanced diagnostic equipment,
the introduction of innovative technologies and solu-
tions, promotional actions.

Often underestimated, press conferences and inter-
views are also popular means of communication with
the media. Press conferences are organized usually
when a highly important piece of information needs to
be presented to the public or a complex problem needs
to be discussed in detail. Then, an interview offers a
good opportunity to present an institution in public.
Hence, it serves for the creation of a positive self-
image and helps to quash vicious rumours and resolve
doubts about the functioning of an institution.

Apart from developing and cultivating good rela-
tions with the media, other PR methods can be em-
ployed. One can communicate with an environment by:
e organizing open lectures, readings, talks, actions,

e organizing seminars or conferences to promote
scientific achievements,

e preparing and publishing informational materials,
accounts, reports,

e supporting various social, cultural and sports ac-
tions,

e attending events held by various social organiza-
tions.

In order to be effective and bring desired results,
PR actions need to be carefully planned. The starting
point for the process of planning is a detailed analysis
of available information and data, making it possible to
create the shared image of an institution for patients,
local authorities, the media, the competition and the
workers of a healthcare centre. A detailed analysis
points to advantages and disadvantages, opportunities
and threats, which can be used in the process of design-
ing the action plan to strengthen positive aspects of an
image and change disadvantageous elements. It is
highly important to adapt the plan to an external (eco-
nomic and political conditions, moods of the public
opinion) and internal situation (moods experienced by
the staff, internal conflicts or financial possibilities).
The use of adequate methods and means, adapted to
the group of receivers facilitates the realisation of a
plan. Unsuccessful selection of methods, formulation
of a message and provision of information can make
the efforts come to nothing. Therefore, it is essential to

evaluate the actions. Yet, the issue of evaluating the
efficiency of public relations raises a number of vari-
ous doubts [5]. The doubts arise, for instance, from the
fact that the result of these actions cannot be measured
in a quantative manner, but only in a qualitative one,
which is reflected in changes in the attitudes of the
public opinion. It is also difficult to determine exactly
whether an image owes its improvement only to PR
actions or to other means of communication with an
environment. It is important to consider the fact that
the outcome of PR actions becomes visible only after a
certain time and that it is modified by various internal
and external factors.

Institutions which consciously intend to follow the
policy of public relations and minimize the risk of
uncertainty accompanying these actions, can employ
not only their own PR units but can also use services
provided by specialist agencies [12]. It is also possible
to use indirect solutions and conduct these actions on
one’s own, relying on the advice of an experienced
external consultant. Each of these opportunities brings
certain advantages along with some disadvantages.
Numerous factors are responsible for the choice of a
solution. The size of an organization, past experiences
and personal preferences of managers are usually taken
into consideration.

The support provided by these individuals, their
specialist knowledge and skills can certainly win the
recognition of an environment and establish a secure
position on the competitive market of medical services.
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Summary

Music therapy is closely linked with psychiatry, psy-
chology and medicine and is defined as: ,,a form of psycho-
therapy that uses music and its elements as means of stimula-
tion, emotional expression and verbal communication in the
process of diagnosis, treatment and the development of per-

son’s personality”. The world of sounds calms down, reduces
fear and provides energy, which is why music can be in-
cluded in the rehabilitation of patients who have undergone
procedures on their lower limb veins.

Streszczenie

Muzykoterapia $cisle wiaze si¢ z psychiatria, psychologia
oraz medycyna i jest definiowana jako ,,forma psychoterapii,
ktora wykorzystuje muzyke i jej elementy jako Srodki stymu-
lacji oraz ekspresji emocjonalnej i komunikacji werbalnej
w procesie diagnozy, leczenia i rozwoju osobowosci czlo-

Key words: music, music therapy, relaxation music
Stowa kluczowe: muzyka, muzykoterapia, relaksacja muzyka

Music expresses that which cannot be said
and on which it is impossible to be silent.
V. Hugo

The healing qualities of music have been known for
a long time, the first record dating back to three thou-
sand years ago. However, the rise of music as a form of
therapy occurred in the twentieth century as a result of
extensive studies in the field of experimental psychol-
ogy and psychiatry, which have shown great value of
music therapy. [4]

wicka”. Swiat dzwigkéw uspokaja, tagodzi strach, dodaje
energii. Muzykoterapi¢ mozna wigc wiaczy¢ do rehabilitacji
pacjentdw po operacjach przeprowadzonych na konczynach
dolnych.

Music therapy is closely linked with psychiatry,
psychology and medicine and is defined as: ,,a form of
psychotherapy that uses music and its elements as
means of stimulation, emotional expression and verbal
communication in the process of diagnosis, treatment
and the development of person’s personality”. Excess
of music can affect us adversely, which is why it is
worth to mention the so-called “healthy music” which
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does not interfere with the natural physiological and
emotional processes. Such music should be character-
ized by a rhythm slower than the heart beat per minute,
balanced tones and cannot be louder than 70 decibels.

Researchers at the Chair and Department of Mu-
sic Therapy at Collegium Medicum in Bydgoszcz have
begun studying the influence of Baroque dance forms
on the psychological condition of patients who have
undergone venous procedures conducted on their lower
limb veins.

Baroque is the longest period in the history of mu-
sic (1560-1740). Proper Baroque was a period of full
bloom of forms and types of music which were devel-
oped in the early stages of this epoch. It was in that
period when new ideas from Italy were transformed to
France and Germany. J.S. Bach is considered as the
most eminent representative of that era.

The period is marked by the spectacular rise of the
Venetian school of opera (Monteverdi) and beginnings
of the French national opera (Lully). The proper Ba-
roque has attained many new stylistic possibilities for
new forms. The forms themselves are not fixed but are
created on a free basis. This period is also notable for
the rise of instruments which have been subordinated
to the idea of general bass and various related har-
monic forms. The most important characteristics of
Baroque style depend on the achievements of its great-
est artists including among others Frescobaldi, Caris-
simi, Schutz and Lully, who determined an individual
understanding of the opportunities of the new style and
early Baroque heritage. What we experience is de-
tachment from vocal forms and emancipation of the
instrumental style. Works are divided into parts like in
the typical for that period Italian trio Sonata. The vari-
ous parts occur in either equally or in terce or quint
related keys. The introduction of dance into instrumen-
tal music made it livelier. Baroque is noted for an in-
credible development of instrumental music resulting
in creating a particular instrumental style based on new
forms.

The world of sounds calms down, reduces fear and
provides energy, which is why music can be included
in the rehabilitation of patients who have undergone
procedures on their lower limb veins.

The consequence of chronic vein failure are vari-
cose veins, i.e. persistent widening of surface veins of
the leg, as a result of vein lever failure and weakened
elasticity of surface vein walls. It is a progressive and
irreversible disease.

Varicose veins treatment should be applied at the
right time in order to avoid such complications as ul-
cers, surface veins clot inflammation.

In the initial period, preservative treatment is ap-
plied, which is to reduce the pressure in the venous
system of the limb and eliminate edema and inflamma-
tion. Preservative treatment includes: treatment with
pressure (compression therapy), exercise (physical
therapy), medication and sclerotherapy. Sclerotherapy
involves injecting solution in the vein, which makes
the veins gradually close.

The preservative treatment can also involve dance
as a form of rehabilitation. With the help of music,
patients overcome pain, do not think about the disease
and regular physical activity helps them keep in shape.

Should preservative treatment of varicose veins
prove to be ineffective, or vein changes are advanced,
operative treatment should be applied.

Another symptom associated with ischemic disease
of lower extremities is called pausing lameness (clau-
dicatio intermittens). This term denotes painful cramps
or muscle fatigue, occurring in only one or both legs,
occurring at the time of exercise (walking) and passes
after rest. This condition results from the fact that the
demand for oxygen is much smaller and even consid-
erably narrowed arteries deliver sufficient quantity of
blood. Most commonly, patients experience pain in
their calves, rarely in their feet, buttocks, hips or thighs
area. Pausing lameness is more common among men
than women, usually after the age of 50 [8].

This condition also requires regular physical activ-
ity. Movement stimulates the formation of new, small
blood vessels in the subcutaneous tissue and muscle,
which may substitute larger clogged arteries.

When faced with a disease, each patient's psycho-
logical condition is far from desireable, hence it is
important to generate mutual relationship between the
patient and the therapist. It is music that can play the
role of the mediator while it can not only allow us to
release from illness-related stress but can also reduce
pain. An example of Baroque music that heals is, for
example, "Piano Concerto in A major, part. II, " by J.
S. Bach.

As once said by Schopenhauer "Music is a bath for
the soul, cleansing it of all its impurity."
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Summary

Ever since the 1960s, music therapy has been regarded as
a well acknowledged and developing field, its impact no-
ticeably growing in various moments of human life [1]. The
knowledge concerning music’s therapeutic capabilities is
being constantly broadened. Cooperation between musical

therapists, psychologists, psychiatrists, psychical therapists
and physical therapists creates even better possibilities of
preventing diseases of modern civilization and their treat-
ment [1]. Music’s influence on the emotional sphere is an
undeniable fact, confirmed by physiologists’ research.

Streszczenie

Muzykoterapia juz od lat sze$édziesigtych XX wieku
jest uznana i rozwijajaca si¢ dziedzina wiedzy. Jej udziat
w réznych momentach zycia stale ro$nie [1]. Mozliwosci
wykorzystywania muzyki sa coraz szersze. Wspoéldziatanie
muzykoterapeutow, psychologéw, psychiatréw, psychotera-

Key words: music, music therapy, relaxation music
Stowa kluczowe: muzyka, muzykoterapia, relaksacja muzyka

For centuries, music has played a vital role in peo-
ple’s everyday lives. It has a calming, relaxing as well
as stimulating effect, bringing back memories, encour-
aging reflection. Not surprisingly, music has become
an integral part of therapy in cases of many diseases.
Ever since the 1960s, music therapy has been a well
acknowledged and developing field, its impact no-
ticeably growing in various moments of human life [1].
Music as part of therapy has its application especially
in treating various psychosomatic disturbances, dis-
eases affecting hearing organs or minimizing mental
discomfort caused by stress, overstrain and the rapid
pace of everyday life. The knowledge concerning mu-
sic’s therapeutic capabilities is being constantly broad-
ened. Cooperation between musical therapists, psy-

peutéw 1 fizjoterapeutdéw pozwala na przeciwdziatanie cho-
robom wspolczesnej cywilizacji i wspomaga ich leczenie [1].
Wplyw muzyki na sfer¢ emocjonalng jest faktem niezaprze-
czalnym, potwierdzonym w badaniach fizjologow.

chologists, psychiatrists, psychical therapists and
physical therapists create even better possibilities of
preventing and treatment of diseases of modern civili-
zation [1].

Music’s influence on the emotional sphere is an
undeniable fact, confirmed by physiological research.
For instance, music can cause activation and release of
emotional processes, stimulate emotional activity,
especially the one concerning conflicting and patho-
genic experiences [4]. The above mentioned thesis can
be proved by research conducted by the Chair and
Department of Music Therapy at the Nicolaus Coper-
nicus University Collegium Medicum in Bydgoszcz,
headed by Assoc. Prof. Wojciech Pospiech. His en-
gagement in numerous research projects as well as in
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promoting music therapy all around the country are the
main contributors to the success of the department.
Looking at the research paper topics currently being
worked on by Professor Pospiech and his team, one
may observe in how many fields music therapy con-
tributes to the treatment. Research is being conducted
among others in many clinics, health centers, rehabili-
tation clinics, residential and nursing homes. The
most extensive research works are being currently
conducted at the Arka Medical Spa in Kotobrzeg. Their
aim is to present the influence of different kinds of
music (using works by W.A. Mozart, Baroque music,
popular and classical music) on the relaxation of pa-
tients and Spa clients during various procedures. As
mentioned before, music plays a vital role also in
medicine, which has been confirmed by research con-
ducted in such areas of medicine as gynecology or
midwifery, where it has been observed that Baroque
music of Heandel and Mozart has a relaxing effect on
pregnant women and during family labor. Another
field, substantially influenced by music therapy is
geriatrics, where through different types of music one
can relax, motivate to more active way of life and
decrease the level of stress. What is more, research is
also being conducted in the Chair and Clinic of Cardi-
ology and in a pediatric ward. It is worth mentioning
that Professor Pospiech is conducting research in a
very broad range, covering various aspects from enter-
tainment through every day life burdens to serious
illnesses. Professor’s love to music and people is visi-
ble in his research programs for children with cerebral
palsy, long suffering patients, the lonely, the elderly,
the ill and the physically as well as mentally disabled.
One needs to remember that the disease does not affect
only particular organs, but also affects the psyche and
soul, to which music can bring great peace. All data
quoted in the research papers have been obtained not
only in Bydgoszcz but in other Polish cities as well
such as Torun, Poznan, Szczecin, Stupsk, Warsaw and
many other, which proves music therapy to be growing
and expanding its horizons. In order to attain the best
results, different types of music are used depending on
the age, health condition and personal preferences of
the patient. The calming influence of music on the
human psyche has been known from the beginnings of
human kind history, fist theories regarding music’s
aesthetic and educational values dating back to antiq-
uity. Studies on the influence of music on human body
have been regarded as an interesting research field not
only for many Polish but also international scientists.
Studies on Mozart’s music influence on one’s health
began in France in the late 50’s when Dr Alfred Toma-
tis started his experiments in the area of hearing stimu-
lation in children with speech and communication

disorders. By 1990, hundreds of therapeutic centers
were established all around the world, where Mozart’s
music, especially his concerts and violin symphonies,
were used in the treatment. In the 90’s experiments
were conducted at the University of California in Ir-
vine and in 2001 scholars in England began studying
the influence of Mozart’s music on patients with epi-

lepsy [5].
ABSTRACT

Many years of research on the influence of music
on human body and various areas of life have proven
that the world of sounds allows us to calm down, but
also activates, teaches sensitivity and broadens our
horizons. Therefore, by including music in relaxation
or treatment we can influence many senses and obtain
very good therapeutic results. Both in Poland, as well
as all around the world observations of negative influ-
ence of music therapy have not been noted.
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Summary

Stress is an integral part of cardiology. It is an external
factor originating from the human environment, burdening
the psyche and disturbing body's internal homeostasis. It is
important that both cardiologists and patients have an oppor-
tunity to relax. Music therapy can be used in order to pursue
psychophysical well being, reduce stress and eliminate pain.

Presented examples, as well as knowledge on the overall
impact of music on the human body, show that further re-
search on the effects of music therapy programs on the inva-
sive cardiac surgery, as well as cardiologists and patients’
relaxation after the surgery is highly justified and needed.

Streszczenie

Stres w kardiologii dotyczy zaréwno lekarzy, jak i pa-
cjentow. Jest czynnikiem obciazajacym dla psychiki czto-
wieka, zaburza wewngtrzna homeostaz¢ organizmu. Wazne
jest, aby kardiolodzy, a takze pacjenci przebywajacy na
oddziatach kardiologicznych, poddawani byli zabiegom
relaksacyjnym. Terapia muzyka moze by¢ wykorzystywana
w celu: dazenia do dobrostanu psychofizycznego, redukcji

Key words: music, music therapy, relaxation music
Stowa kluczowe: muzyka, muzykoterapia, relaksacja muzyka

Heart has long been considered as a particularly pe-
culiar organ. As an example might be regarded Spanish
wall paintings dating back to the Stone Age. The be-
ginnings of modern cardiology date back to the year
1628, when an English physician, William Harvey,
published his findings regarding the discovery of circu-
latory system. Today, cardiology is one of the leading

stresu, eliminacji bolu. Przeprowadzane badania oraz wiedza
o wplywie muzyki na organizm cztowieka $§wiadcza o tym,
jak bardzo uzasadnione i potrzebne sa dalsze badania nad
wplywem programéw muzycznych na przebieg inwazyjnego
zabiegu kardiologicznego, relaksacji kardiologow po zabie-
gu, relaksacji pacjentéw po zabiegu.

branches of medicine. Cardiology deals with the treat-
ment of congenital and acquired heart diseases, as well
as with the entire circulatory system. Cardiac surgeries
are procedures requiring the utmost precision and con-
trol. Invasive cardiac surgeries result in patients” stress.
Not much is spoken about the "masters of the cere-
mony" themselves i.e. the cardiologists. They work
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under constant stress and tension, when even the
smallest mistake can decide about not only health but
sometimes even human life. Stress is an integral ele-
ment of cardiology. It is an external factor, a stimulus
or a set of stimuli that originate in the human environ-
ment, are harmful, irritating, aggravating the psyche.
Stress is a factor disturbing body's internal homeosta-
sis. In order to fight the stress, human body activates
defense mechanisms. As a result, a reaction is initiated
by the circulatory and hormonal systems, during which
nervous system and adrenals are stimulated. It is im-
portant that both cardiologists and patients have an
opportunity to relax. In the recent years, music therapy
as a form of relaxation has been gaining popularity.
According to the definition by the American Music
Therapy Association music therapy is an area of health
protection that uses music to meet the social, mental
and emotional needs of people of all ages. Music ther-
apy can be used in order to pursue psychophysical well
being, reduce stress, eliminate pain, express feelings,
eliminate bad memories, and improve communication
between the patient and the therapist. What is more,
researches indicate that music can display emotions
that are able to reveal the depths of every human being.
Music is a form of non-verbal communication. It can
also divert attention from, nor even sometimes elimi-
nate the physical pain. Music is initially received
through the hearing organ but the melody also reaches
the sensory-nervous structures, which are subject to
human thinking. Along with the idea that music may
improve our mood, an idea known from the ancient
times, music therapy has been used in modern medi-
cine since 1950 and is now incorporated as an element
of conventional medicine. It is a form of therapy to use
music, its qualities and elements as means of stimula-
tion, emotional expression and non-verbal communica-
tion in the process of relaxation. It can be used during
cardiac surgeries. In the process of cardiac relaxation,
one must apply relaxation music which calms down.
According to Galinski (1981), it is characterized by
short duration from 3 to 10 minutes, slow to moderate
pace, no disharmony, transparency, flow, lack of vo-
cals and compositions with vivid content. Appropriate
here would be the music of Beethoven, Vivaldi or
Strauss as studies show that their music harmonizes
and integrates the rhythm at which heart and brain
work. Studies on the effects of music on the invasive
cardiac surgery were conducted in Hong Kong from
September 2004 to May 2005. The purpose of the
study was to determine the effect of music on patients

being given a C-ray after a PCI (Percutaneous coronary
intervention). This procedure involves pain and physi-
cal discomfort, which can lead to stress. The study
included 43 patients (20 as a study group - listening to
music during the procedure and 23 as a control group).
Patients were listening to slow, rhythmic tracks exclud-
ing ballads. It was observed in the group listening to
music that their pain was reduced, their blood pressure
decreased, along with the number of breaths and heart
beats. This study has shown that music therapy is
a simple, safe and inexpensive method to minimize the
physical and psychical symptoms occurring in the form
of pain during the surgery. A study conducted in the
United States has shown that listening to music during
and after the surgery (CABG) is beneficial for the
patients. Music is a patient-friendly way to unwind
after the surgery, influencing not only the physiologi-
cal but also psychical parameters. (7).

Another study evaluating the impact of music on
patients undergoing cardiac procedures was conducted
in the United States among patients undergoing Heart
Bypass Surgery (coronary artery bypass graft -
CABG). It is known that fear is an integral part of
cardiac procedures. Researchers examined 60 people
over 65 years old selected at random for the study
group and control group. Study group members lis-
tened to music during and after the cardiac procedure
whereas people included in the control group under-
went the traditional procedure. Among patients taking
part in the music therapy program, less fear along with
a shorter outside procedure intubation have been ob-
served (7).

Presented examples, as well as knowledge on the
overall impact of music on the human body, show that
further research on the effects of music therapy pro-
grams on invasive cardiac surgery, as well as cardiolo-
gists’ and patients’ relaxation after the surgery is
highly justified and needed. Before proceeding with
the relaxation, patients should be provided with accu-
rate information on the effects of music therapy. Pa-
tients should also know what attitude to take before
proceeding with the program, what to focus their
thoughts and attention on in order to experience full
relaxation.
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Summary

Background. The study evaluated a selection of
cognitive functions in victims of domestic violence in rela-
tion to presence and degree of anxiety, depression, or post-
traumatic stress disorder (PTSD). 78 women aged 17-64 with
a history of domestic violence trauma were chosen for the
study.

Methods. I. Neuropsychological evaluation: TMT
A&B (Trail Making Test A & B), Stroop’s Test (Colour-
Word Perseveration Test), Verbal Fluency Test II. Psycho-
metric scales: Mississippi PTSD Scale- Civilian, Beck De-
pression Inventory, Hamilton Anxiety Scale.

Results. PTSD was diagnosed in nearly 18% of the
victims, psychic and somatic anxiety symptoms were found
in more than 17%, whereas half of the women had symptoms
of at least moderate depression. The results did not reveal
significant differences in selected neuropsychological tests’

performance between the group with at least moderate de-
pression and anxiety. PTSD positive subjects performed
worse on the RCnb part of the Stroop’s Test. Longer comple-
tion time of TMT B correlated with elevation of PTSD symp-
toms, while longer completion time of TMT A&B correlated
with elevation of depression and anxiety. PTSD symptoms
elevation correlated with a reduction of words produced in
the Verbal Fluency Test.Older persons performed some
neuropsychological tests longer than the younger ones.

Conclusions. PTSD patients demonstrated a dete-
rioration of some cognitive functions. Elevated symptoms of
lowered mood and anxiety as well as the post-traumatic
stress disorder and older age correlates with deterioration of
some cognitive functions.

Streszczenie

Celem pracy byla ocena wybranych funkcji po-
znawczych u ofiar przemocy domowej w zaleznosci od
obecnosci 1 nasilenia lgku, depresji i PTSD. Grupg badana
stanowilo 78 kobiet w wieku od 17 do 64 lat, ktére miaty
traumatyczne przezycia zwigzane z przemoca ze strony
bliskiej osoby, partnera zyciowego.

Metody. I. Ocena neuropsychologiczna: Test Lacze-
nia Punktéw Reitana A i B - TMT A i B (Trail Making Test
A& B), Test Stroopa (Color-Word Intererence Test), Test
Fluencji Stownej II. Skale psychometryczne: Mississippi
PTSD Scale-Civilian, Beck Depression Inventory, Hamilton
Anxiety Scale.

Wyniki. W badanej grupie ofiar przemocy u prawie
18% stwierdzono objawy PTSD, u ponad 17% objawy psy-
chiczne 1 somatyczne Igku o umiarkowanym nasileniu,
a ponad polowa badanych kobiet obserwowala u siebie obja-
wy depresji o umiarkowanym nasileniu. Wyniki badania nie

wykazaly istotnych roéznic w zakresie sprawnosci w wyko-
nywaniu wybranych testow neuropsychologicznych migdzy
grupa z przynajmniej umiarkowanym nasileniem depresji
i lgku. Osoby z diagnoza PTSD gorzej wykonywaty czgs§é
RCnb testu Stroopa. Wydtuzenie czasu wykonywania czgsci
B testu TMT korelowalo z nasileniem objawéw PTSD,
a wydluzenie czasu wykonywania obu czgsci A i B testu
TMT korelowalo z nasileniem depresji i lgku. Nasilenie
objawow PTSD korelowato ze zmniejszeniem liczby wypo-
wiadanych stow w Tescie Fluencji Stownej. Osoby w star-
szym wieku dluzej wykonywaty niektore testy neuropsycho-
logiczne.

Wnioski. U osoéb z diagnoza PTSD zanotowano
ostabienie niektorych funkcji poznawczych. Wigksze nasile-
nie objawéw obnizonego nastroju, lgku, zespotu stresu po-
urazowego oraz starszy wiek koreluje z ostabieniem niektd-
rych funkcji poznawczych.

Key words: violence, cognitive functions, posttraumatic stress disorder (PTSD), depression, anxiety
Stowa kluczowe: przemoc, funkcje poznawcze, zaburzenie stresowe pourazowe, depresja, lgk
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INTRODUCTION

Domestic violence is a pattern of behaviour that is
used by one of the family members against the rest of
the family to gain or maintain control or power, in-
fringing their rights, personal goods, or lives or health
(both physical and mental) in particular, and resulting
in damage or suffering. Domestic violence is not a
marginal problem but rather a major issue affecting
many families, with mostly female victims. Domestic
violence causes health deterioration of various type:
physical, including disability or life loss, and mental,
such as disorders and mental diseases or psychological
changes in victims. Psychiatric consequences of do-
mestic violence trauma can be no different from con-
sequences of any other major stress [1]. Victims of
domestic violence may experience trauma that meets
the criteria of a post-traumatic stress syndrome and are
highly at risk of revealing posttraumatic stress disorder
(PTSD) symptoms [2]. Painful experiences are one of
depression risk factors [3]. Anxiety and other psycho-
pathological symptoms are often identified in victims
of violence [4]. Mood and emotional disorders have a
great effect on neuropsychological functions [5]. Cog-
nitive functions allow for acquiring an event according
to individual interpretation [6]. Structural abnormali-
ties revealed in MRI study of patients with PTSD are
found in regions traditionally related to memory. In
subjects with a history of trauma, such as war, physical
violence, or sexual abuse, shrinkage of the right hippo-
campus could be observed in MRI of the brain. The
loss was proportionate to the degree of short-term
memory disorders [7, 8]. The study evaluated a selec-
tion of cognitive functions in victims of domestic vio-
lence in relation to the presence and degree of anxiety,
depression, or PTSD.

INVESTIGATED GROUP

The group comprised 78 women aged 17-64 (mean
age 38.5 yrs, SD=11 yrs). All women had histories of
domestic violence traumas. When examined, most
females had been separated from perpetrators any-
where between a few months and several years. Pre-
vailing majority inhabited hostels for victims of do-
mestic violence or single mothers’ homes. Perpetrators
used physical violence and psychological abuse lasting
from a few months up to over 20 years. All subjects
experienced psychophysical integrity- or health- or
life-threatening situations.

Various forms of abuse comprised: threatening to
kill, strangulation, beating with a heavy tool, threaten-
ing with a knife, threatening with an axe, pushing and
knocking over, or forcing sexual activity. Most of the
subjects stressed that acute psychological abuse was
particularly painful: humiliation, verbal abuse, ridicule,
circumscription of personal freedom, facing money use
restrictions, wangling money, and indebting. Besides,
the women endured particularly harsh psychological
tortures when compelled to witness child abuse. All
subjects fitted intellectual norms. Majority of women
had vocational training. A few subjects worked irre-
spectively of their children’s age. All females but two
youngest ones were mothers of 1to 4 children.

METHODS
1. Neuropsychological evaluation

1. Trail Making Test A& B
Trail Making Test comprises two parts. Part A

evaluates psychomotor speed, and part B examines
visuospatial working memory and set-shifting ability
after learning one rule of conduct. Good visuomotor
coordination is an advantage. Test’s result is provided
in seconds (tasks are timed).

2. Stroop’s Test (Colour-Word Perseveration Test)

It is used to assess verbal working memory and at-
tention span [9] and comprises two parts: RCnb (read-
ing colour names in black) and NCWd (naming colour
of word-different). The test assesses perseveration and
during its second part a previously studied criterion
needs to be neglected and substituted with a novel
criterion, with the former one still present. Test’s re-
sults are based on completion times of parts one and
two, and on the number of perseveration mistakes
made during part two.

3. Verbal Fluency Test (FAS)

The test measures the creation and fluency of ver-
bal expression according to a provided criterion. The
letter version of the FAS was used (formal reaction
criterion). Abnormalities of performance such as few
words, perseveration, or intrusions indicate a dysfunc-
tion of the frontal and temporal lobe of the cerebral
cortex. Verbal fluency abnormalities partly result from
online activities related to working memory, which
impair the speed of activating words based on a de-
signed criteria.
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II. Evaluation of PTSD presence and elevation

39-point Mississippi PTSD Scale — Civilian
(PTSD-C) emerged from the Mississippi scale for
combat-related PTSD [10]. PTSD symptoms going
back as far as one month are rated on a 5-point Likert
scale. The civil version is suited to evaluate mental
effects of any type of trauma e.g. PTSD. The scale
comprises six sub-scales: 1. Intrusive memories and
depressive symptoms, 2. Social adjustment problems,
3. Lability of affect and memory, 4. Ruminative fea-
tures of PTSD, 5. Other interpersonal problems, 6.
Sleep disorders. The Polish version was presented by
Lis-Turlejska and Luszczynska-Cieslak (2001) [11].
107 points and above on a 39-point scale was consid-
ered as PTSD elevation in the present study.

II1. Evaluation of depression

A) BDI-Beck Depression Inventory. It is a self-
report instrument used for the evaluation of depression.
The study investigated a one-month period. Anything
above 12 points was recognised as depression (12-18
mild-moderate, 19-26 moderate-severe, 27-49 severe,
and 50-63 extremely severe depression) [12, 13].

IV. Evaluation of anxiety
Hamilton Anxiety Scale (HAS)
It is a 14-item instrument for measuring anxiety,

and its psychic (tension, psychological distress) and
somatic (physical complaints resultant from anxiety)
aspects [14]. The interviewer rates patients on a 5-point
scale (0-4 points) for each of the 14 items ( 0 points —
no anxiety symptoms, 1 point — mild, 2 points — mod-
erate, 3 points — severe, and 4 points — paralyzing anxi-
ety)[14]. Seven items address psychic anxiety, whereas
the remaining seven address somatic anxiety. Scores of
both parts range from 0 to 28. Mild anxiety was deter-
mined in patients scoring between 18-24, moderate 25-
30, and severe >30 points on HAS [14, 15]. The scale
was applied to anxiety evaluation in patients with a
history of trauma e.g. war victims [16].

STATISTICAL ANALYSIS

Results of examinations were statistically analysed.
A set of statistical tests SPSS for Windows, ver.13.0
was applied. T-test and Pearson’s Correlation Test
were used for independent variables.

RESULTS

PTSD was diagnosed in 17.9% of the examined
domestic violence victims (>107 points on the Missis-
sippi PTSD Scale). Mean score on the Mississippi
PTSD Scale was 99 points (SD=25.9). At least moder-
ate depression was found in 51.4% of the women (19
points and above on the Beck Depression Inventory).
Mean depression in the group was 19.9 points
(SD=13.8). Moderate and severe (>25 points) anxiety
measured on the Hamilton Anxiety Scale was deter-
mined in 17.5% of the subjects. Mean anxiety value in
the group was 16.5 points (SD=14.7). Mean TMT A
score in the group was 38.4 seconds (SD=21.2),
whereas in TMT B it was 94.9 seconds (SD=65.2).
Mean result of RCnb of the Stroop’s Test was 26.3
seconds (SD=7.7), and of NCWd it was 59.8 seconds
(SD=18.4). Average number of words produced in the
Verbal Fluency Test was 34.4 words (SD=11.6).

Subjects with pronounced PTSD symptoms (>107
points on the Mississippi PTSD Scale) performed
worse on the RCnb part of the Stroop’s Test than indi-
viduals with no definite PTSD diagnosis (tab. I).

Table 1. Differences in neuropsychological tests’ means in
victims with and without PTSD

Cognitive PTSD (+) PTSD () Difference
. Group Group
Functions
Mean SD Mean SD t df p

TMT A / sec 419 | 269 | 356 | 149 | 114 | 56 | 0.258
TMT B/ sec 1146 | 825 | 834 | 509 | 1.75 | 54 | 0.085
SS;?’OP RCnb/ 29.6 8.4 24.0 67 | 254 | 47 | 0.014
/Sszg"p NCWd | 55 | 180 | 584 | 181 | 136 | 47 | 0.180
FAS / words 306 | 120 | 370 | 120 |, 2| 52| 0.060
no. 1.92

t-test for equality of means

No difference in the performance of neuropsy-
chological tests was recorded between the group with
at least moderate degree of depression (>19 points in
BDI) and subjects with mild or without depressive
symptoms (tab. II).

Table II. Differences in neuropsychological tests’ means in
victims with and without depression

Cognitive Depression (+) Depression (-) Difference
. Group Group
Functions
Mean SD Mean SD t df p

TMT A / sec 423 | 251 | 352 | 129 | 1.60 | 53 | 0.115
TMT B/ sec 109.7 | 792 | 788 | 455 | 1.68 | 51 | 0.097
Ssetzo"p RCnb/ 26.9 72 254 87 | 0.67 | 47 | 0.506
/sst;gop NCWd | 648 | 175 | 559 | 190 | 170 | 47 | 0.096
FAS /words 325 | 116 | 381 | 109 | 7. | 49 | 0.080
no. 1.73

t-test for equality of means
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Likewise, there were no differences in the perform-
ance of neuropsychological tests between subjects with
at least moderate symptoms of anxiety (>25 points on
HAS), and women with mild or without anxiety symp-
toms (tab. III).

Table III. Differences in neuropsychological tests’ means in
victims with and without symptoms of anxiety

Cognitive Anxiety (+) Anxiety (-) Difference
. Group Group
Functions
Mean SD Mean SD t df p

TMT A /sec | 529 | 372 | 362 | 180 | 1.37 | 10 | 0.200
TMT B /sec_ | 1237 | 103.7 | 951 | 61.0 | 0.83 | 10 | 0.422
StroopRCb | 355 | 105 | 258 | 62 | 107 | 8 | 0312
/ sec
Stroop
NC sec 652 | 225 | 607 | 192 | 058 | 41 | 0.562
FAS/words | 356 | 106 | 366 | 119 | 7|47 0338
no. 0.97

t-test for equality of means

Elevation of PTSD symptoms correlated with
longer completion time of TMT B and reduction of
words produced in the Verbal Fluency Test (tab. IV).
Elevation of depressive symptoms correlated with
prolonged completion times of both TMT parts (tab.
IV). Similarly, higher level of anxiety correlated with
prolonged completion times of TMT A&B (tab. IV).

Table IV. Correlation between neuropsychological tests
results and elevation of PTSD, depression and
anxiety

Cognitive PTSD
Functions

Depression Anxiety

I p r p r P

TMT A/ sec 0.206 0.121 | 0.268* | 0.048 | 0.404** | 0.003

TMT B/ sec 0.271* | 0.043 | 0.271* 0.05 0.340* 0.017

Stroop RCnb | 550 | 0.128 | 0151 | 0302 | 0124 | 0427

/ sec

Stroop

NCWd /sec 0.114 0.437 0.187 0.199 0.130 0.405
FAS / words -

no. 0332+ | 0014 | 0227 | 0.109 | -0.161 | 0.269

Pearson’s correlation; r - correlation coefficient. * - significance 0.05
, ¥* _significance 0.01

An evident correlation was noted between older age
and time needed to complete part A of TMT test
(r=0.249 with 0.05 significance level) as well as part B
of the test (r=0.357 with 0.01 significance level) (in
Pearson’s correlation test). There was no correlation
between age and performance in all other parts of
neuropsychological tests.

There was no significant difference between the aver-
age scores in neuropsychological tests between the
groups of women with only primary or vocational
education in comparison with women who obtained

Secondary School Leaving Certificate or third level
degree.

DISCUSSION

18% of violence victims included in the study were
diagnosed with PTSD, 17% showed psychic and so-
matic symptoms of at least a moderate anxiety level,
and more than half of the women had symptoms of at
least a moderate depression. To find out whether a
history of trauma itself lowers cognitive functions
whether it is trauma-instilled mental condition that has
detrimental effects on cognitive functions, neuropsy-
chological tests results between the group with pro-
nounced PTSD, anxiety, and depressive symptoms, and
subjects with no symptoms present were compared.
Our findings showed no significant differences in
neuropsychological tests performances between the
group with at least a moderate level of depression and
anxiety. PTSD diagnosed subjects performed worse on
RCnb part of the Stroop’s Test, which assessed func-
tioning of frontal lobes, verbal operational memory,
and attention processes. Longer completion time of
TMT B correlated with elevation of PTSD symptoms,
whereas longer completion times of TMT A&B corre-
lated with elevation of depression and anxiety. Eleva-
tion of PTSD symptoms correlated with reduction of
words produced in the Verbal Fluency Test. Nearly
18% of the investigated women showed PTSD symp-
toms, which indicates that domestic violence is a
source of serious trauma, comparable to other trau-
matic experiences resulting in PTSD. Older persons
performed some neuropsychological tests longer than
younger. Post-traumatic stress disorder comprises
several memory distortions e.g. intrusive memories
(hypermnesia) or temporary loss of memories (amne-
sia) [17]. Some researchers have proved that sympto-
matic PTSD is accompanied by other disorders, 47.9%
accounting for depression [18]. More than half of the
investigated group showed at least a moderate depres-
sion, despite the fact that victims were separated from
perpetrators at the time of examination. Other studies
demonstrated that among individuals with histories of
abuse severe depression assessed on BDI is detected
significantly more frequently [19]. Symptoms of anxi-
ety in 17.5% of the subjects were at least moderate.
Increased anxiety level was probably caused by long-
lasting threatening situations. Presence of depressive or
anxiety symptoms as psychic and somatic syndromes
alone did not differentiate the assessed cognitive func-
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tions. Nevertheless, elevation of anxiety and depres-
sion correlated with worse performance on TMT A&B.
PTSD diagnosed subjects performed worse on RCnb
part of Stroop’s test, while elevation of PTSD symp-
toms correlated with longer completion time of TMT B
and reduction of words produced in FAS. Domestic
violence deteriorates victims’ mental health for long.
Subjects had not been treated prior to our examination,
even though a large part of victims were diagnosed
with PTSD and demonstrated symptoms of anxiety and
low mood. Therefore, there is a need for designing a
special psychiatric aid programme for victims of do-
mestic violence.

CONCLUSIONS

PTSD patients demonstrated a deterioration of
some cognitive functions. The elevated symptoms of
lowered mood and anxiety as well as post-traumatic
stress disorder and older age correlate with deteriora-
tion of some cognitive functions.
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Summary

Physiotherapist's work should be treated as social service,
in the realization of which incessant improvement of the
professional skills is indispensable and also the formation of
fully developed personality ina person executing the profes-
sion. The choice of the profession should result from appro-
priately steered justifications. The aim of the present study is
to define both.

It was taken for granted that young people learning at
secondary schools in cities differing in the urbanizational
level and coming from different social environments differ in
the regard of choosing the physiotherapist occupation.

By the method of diagnostic opinion poll two groups of
youth were examined: students from Medyczne Szkoly Po-
licealne (post-secondary medical schools) in Sokotéw Pod-
laski - assembling young people from small cities and vil-
lages and students from Warsaw - who, in majority, are youth
from large cities.

Both examined groups gave similar opinion of the rela-
tionship between the physiotherapy profession and chosen

areas of professional activity. The desire to carry help was
identified as the basic justification of choosing the career.
Essential differences were observed in the preferences of the
place of the realization of the future employment, the ex-
pected age of patients and the fields of physiotherapy applied
in the future work - the youth from a small city prefer the
work with children and using characteristic standards for
physical therapy, youth learning in a large city declare
greater willingness to work with adults and the superiority of
professional actions from the range of kinesitherapy.

Results of the investigations and the necessity of further
education declared by the youth from both small and large
cities, allowed for formulating conclusions relating to the
legitimacies of considering differences in the educational
programmes of higher education resulting from the justifica-
tion of the choice of physiotherapist profession and his or her
place of future work - and also the need of monitoring this
problem among the academic youth.

Streszczenie

Prace fizjoterapeuty nalezy traktowac jako shuzbg spo-
teczna, w realizacji ktorej niezbgdne jest nieustanne doskona-
lenie warsztatu zawodowego oraz ksztaltowanie wszech-
stronnie rozwinigtej osobowosci 0sob ja wykonujacych. Na
wybor tej pracy powinny wptywaé odpowiednio ukierunko-
wane motywacje — probg ich okreslenia uczyniono celem
niniejszej pracy.

Zatozono, ze osoby podejmujace nauk¢ na poziomie
$rednim w os$rodkach znacznie rézniacych si¢ poziomem
urbanizacyjnym i tym samym pochodzace z innych $rodo-
wisk spolecznych kieruja si¢ innymi wzglgdami w wyborze
zawodu fizjoterapeuty.

Metoda sondazu diagnostycznego zbadano uczniow
dwoch medycznych szkot policealnych: w Sokotowie Podla-
skim — gdzie uczy si¢ miodziez z malych miast i wsi
i w Warszawie — do ktdérej przewaznie uczgszcza miodziez
z o$rodkéw wielkomiejskich.

Wsrod mtodziezy obu badanych szkét stwierdzono po-
dobna oceng zwiazku zawodu fizjoterapeuty z wybranymi
obszarami dziatalno$ci zawodowej, a che¢ niesienia pomocy
zidentyfikowano jako podstawowa motywacj¢ jej wyboru.
Istotne rdznice zaobserwowano w preferencjach miejsca
realizacji przyszlego zatrudnienia, oczekiwanego wieku
pacjentdow oraz dziedzin fizjoterapii wykorzystywanych
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w przysztej pracy — mtodziez z matego osrodka preferowata
pracg z dzie¢mi oraz wykorzystywanie standardow znamien-
nych dla fizykoterapii, a podejmujaca nauk¢ w duzym mie-
Scie deklarowata wigksza che¢ pracy z osobami dorostymi
1 przewaga czynno$ci zawodowych z zakresu kinezyterapii.
Wyniki badan i deklaracja potrzeby dalszego ksztalcenia
mtodziezy obu o$rodkéw, pozwolity na sformutowanie wnio-

skow dotyczacych zasadno$ci uwzglednienia r6znic wynika-
jacych z motywacji wyboru zawodu fizjoterapeuty i miejsca
jego przysztej pracy w programach edukacyjnych studiow
wyzszych — takze potrzeby monitorowania tego problemu
wsérod miodziezy akademickie;.

Key words: post-secondary schools, large city, small city, the area of the professional activity, workplace, the field of physio-

therapy, patient's age

Stowa kluczowe: szkoty policealne, duze miasto, mate miasto, obszar dziatalno$ci zawodowej, miejsce pracy, dziedzina fizjote-

rapii, wiek pacjenta
INTRODUCTION

The physiotherapist's work should be treated as the
social service. The necessity of possessing individual
features to achieve the aims, and which patients often
attribute to the representatives of this profession, cre-
ates the need of the incessant improvement of profes-
sional skills and formation of fully developed personal-
ity.

The present-day physiotherapy studies are realized
by universities with various profiles of education,
different modes and educational levels - recently often
on the medium level. It is possible that candidates to
this profession differ in the opinions about its social
part and their own suitability to the chosen occupation.
The fact of one's identification with the difficult job
which is the focus of the public opinion and which
requires strong and grounded justifications supported
by the possession of special individual qualities was
made the aim of the present study.

Among many works relating to this occupation and
the physiotherapist individual qualities [1, 2, 3, 4, 5, 6]
we do not find the full answer to the question pertain-
ing the causes of choosing by young persons this and
not other profession and preparing to its realization [7].
Earlier own investigations show, that the frequent
motivation for choosing the physiotherapy profession
is the desire to give help, and that the calling is indis-
pensable to realize it successfully [8, 9]. We also find
similar statements in different authors' works, and the
problem of the justification of the choice of the occu-
pation and studying physiotherapy remains the interest
of many academic centres, also that of Poznan and
Warsaw [1, 3].

It was presumed in the present study, that persons
who undertake studying physiotherapy on the medium
level in the cities considerably differing in the urbani-
zational level and coming from different social envi-
ronments were prompted by different causes in the
comparatively early choice of the future occupation.

THE MATERIAL AND METHOD

The material used in the investigations was gath-
ered in the spring 2006 among the listeners of post-
secondary medical schools in Sokotow Podlaski and
Warsaw. These centres differed as to the facilities and
didactic-scientific potential, which is not, however, a
decisive factor as far as the skills and the students'
level of knowledge is concerned. It may impinge on
the studied aspects, though.

The method of diagnostic investigation supported
by the questionnaire technique was applied in the work
[10]. The questionnaire contained questions which a
respondent answered choosing from among the sug-
gested points, what in his or her opinion was the most
important. Partly these answers allowed to gather in-
formation about the person questioned, and six ques-
tions concerned the justification of the choice of the
occupation and the basic preferences of the conditions
of the future work.

157 filled out forms were received: 94 from the
students in Sokotow Podlaski and 63 from the students
in Warsaw. In both those centres male students made
up approximately 30% of all the respondents and due
to the fact there was no need to differentiate the mate-
rial with the regard to sex. The attention was focused
rather on the place of studying, and hence the size of
the living environment.

After obtaining the quantitative data, the basic
methods of descriptive statistics were applied, counting
the proportional parts of the given categories from the
questionnaire, and to describe the differences of the
proportions of individual profiles, the Fisher-Snedecor
test was applied [11].



Justifications of the choice of physiotherapy profession and selected environmental conditions... 27

THE RESULTS OF THE INVESTIGATIONS

As it was mentioned already, the percentage struc-
ture of the sex of the youth from both centres did not
differ significantly. A similar situation was observed
as for the level of education and the age of the investi-
gated persons; 96% of persons had secondary educa-
tion, and were under the age of 25.

The size of the place of residence was the factor
differentiating these groups. Those who studied in
Sokotow Podlaski came from small cities (54%) and
villages (35%). Their colleagues studying in Warsaw
lived mostly in large cities (62%) and small cities
(25%), the percentage from villages being almost three
times smaller - fig. 1.

70
60
50

40 O Sokotow
30 Podlaski

20 B Warszawa
10

wies mate duze

Fig. 1. The graphic profile of the size of the youth's place of
residence

Fig. 1. Graficzna charakterystyka wielkosci miejsca zamiesz-
kania miodziezy badanych zespotow

The ideas of the inquired students about connec-
tions between the physiotherapist's profession and
some chosen areas of that professional activity and
expectations pertaining to the future work have been
presented by means of numerical profiles in Tab. 1.

Tab. 1. The numerical profile of the relationship of the
physiotherapist's occupation with the chosen areas
of professional activity in the opinion of the youth

Tab. 1. Liczbowa charakterystyka zwiqzku zawodu fizjotera-

peuty z wybranymi obszarami dziatalnosci zawodo-
wej w ocenie mlodziezy badanych osrodkow

As one may deduce from the results, basic justifica-
tions of the choice of the occupation connected with
the character of the physiotherapist work did not differ
much between the youth of the studied groups - the
greatest share was allotted to medical care and the
correction of posture, the smallest to personal hygiene,
and wholesome and physical education.

The preferred fields of the future occupation are
presented in the Tab. II. The youth from Sokotow
Podlaski in their future work would like most to actual-
ise the standards characteristic for physical therapy,
the youth studying in Warsaw - actions constituting
kinesitherapy. The differences of the percentages of
these preferences were statistically significant - how-
ever, they were not affirmed that much in the indica-
tions of the massage as basis of the future professional
work.

Tab. II. The numerical profile of the fields of physiotherapy
preferred in the future work of the youth
Tab. II. Liczbowa charakterystyka dziedzin fizjoterapii prefe-
rowanych w przysztej pracy miodziezy badanych

osrodkow
Category of Sokotéw Warszawa | n | Test prob-
physiotherapy area Podlaski ability of
the propor-
tion differ-
ences

essentiality

Physiotherapy 52 5532% | 2 | 3.17% | 54| 0.0000*

Kinesitherapy 28 [29.79% |49 | 77.78% | 77| 0.0000*

Massage 14 [14.89% | 12 ] 19.05% | 26 0.5101

Category of Sokotoéw Warszawa | n | Test prob-
expected profes- Podlaski ability of the
sional activity proportion
differences
essentiality
Medical care 54 | 57.45% | 33 | 52.38% | 87 0.5371
Preventive treatment | 12 | 12.77% | 11 | 17.46% | 23 0.4867
Care 8 | 851% | 3 | 476% |11 0.4645
Physical exercise 3 1319% | 4] 635% | 7 0.3585
Posture correction 29 |30.85% 41.27% | 55 0.1988
Physical activity 14 | 14.89% | 11 | 17.46% | 25 0.7362
Sport 7 | 7,45% 14.28% | 16 0.4309
Personal hygiene 1 | 1.06% | 1] 15% | 2 0.6010
Wholesome  educa- | 4 | 425% | 2 | 3.17% | 7 0.7645
tion

Tab. III shows the justification of the choice of the
occupation of the youth from the two centres. The most
commonly mentioned reason for undertaking physio-
therapy studies was the desire to carry help - the pro-
social attitude prevailing among the students from
Sokotow Podlaski. Significant differences were ob-
served only in the justification connected with the
financial protection which this occupation ensures -
Warsaw students ignored this point entirely.

The profile of the awaited place of work for the
studied groups is presented in the Tab. IV. Differences
in the accepted categories of the future work place
were frequent and in most cases statistically signifi-
cant. They were not affirmed only in the cases of stu-
dents who intended to undertake work in a hospice,
a hospital and in the case of planning to start a kind of
private business which was indicated most often by
youth from both groups. A considerable percentage of
the youth pursuing studies in Sokotéw Podlaski declare
the intention of undertaking employment in the lounge
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of the biological refit in a sanatorium and in an outpa-
tient clinic. These justifications are different in the
compared groups, and similarly in those relating to the
undertaking the work at school, a day care centre and
as a representative of a rehabilitation firm. Among the
youth studying in Warsaw these factors had the small-
est percentage.

Tab. 1lI. The numerical profile of the justification of the
choice of the physiotherapist occupation

Tab. IIl. Liczbowa charakterystyka motywacji wyboru zawo-
du fizjoterapeuty miodziezy badanych osrodkow

Tab. V. The numerical profile of the developmental age of
the patients as expected by the youth in their future
professional work

Tab. V. Liczbowa charakterystyka wieku rozwojowego pa-

cjentow oczekiwanych przez milodziez badanych
osrodkow w przysztej pracy zawodowej

Justified category Sokotow Warszawa | n Test prob-
of a chosen Podlaski ability of
profession the propor-

tion differ-
ences
essentiality

Willingness to 62 | 65.96% | 45| 71.43% | 107 0.3592

carry help

Social prestige of | 10 | 10.63% | 3 | 4.76% | 13 0.0711

a given job

Easinessto finda | 12 | 12.77% | 10 | 15.87% | 22 0.4788

job

Financial reasons 6 | 638% | 0 0% 6 0.0349*

Other motivations | 4 | 426% | 5 | 7.94% | 9 0.2918

Tab. IV. The numerical profile of the expected place of em-
ployment
Tab. IV. Liczbowa charakterystyka oczekiwanego miejsca
zatrudnienia mlodziezy badanych osrodkow

Category of ex- Sokotow Warszawa | n | Test prob-
pected work place Podlaski ability of the
proportion
differences
essentiality
Hospital 28 | 29.79% | 18 | 28.57% | 46 1.0000
Out-patient clinic | 32 | 34.04% | 7 [ 11.11% | 39 0.0013*
Hospice 13 113.83% | 4 | 6.35% |17 0.1148
Sanatorium 54 | 57.45% | 11 | 17.46% | 65 0.0000%*
Day care centre 15 | 1596% | 2 | 3.17% |17 0.0109*
School 10 [ 10.64% | 1 | 1.59% |11 0.0361*
Lounge of biologi- | 55 | 58.51% | 14 | 22.22% | 69 0.0000*
cal refit
Own activity 50 | 53.19% | 27 | 42.86% | 77 0.2201
Sales representa- | 12 | 12.77% | 2 | 3.17% | 14 0.0332*
tive of rehabilita-
tion company

Table V presents the general profile of age of pa-
tients awaited by the studied groups. Students from
Sokotow would most willingly undertake the work
with children, and their colleagues from Warsaw with
adults - expectations in this area, in the light of the
statistical opinion, differed indeed. The work with
aging patients was awaited by the similar and also the
smallest percentage of the youth of both groups.

Patients’ age Sokotéw Warszawa | n | Test prob-
category Podlaski ability of
the propor-
tion differ-
ences
essentiality
Children 52 |55.32% (23 ]36.51% | 75| 0.0280*
Youth 20 [21.28% | 11 |17.46% | 31 0.5345
Adults 18 | 19.15% | 27 | 42.86% | 45| 0.0013*
Elderly 4 1 425% | 2 ]317% | 7 0.5405
DISCUSSION

Justifications have emotional nature and they
stimulate the purposefulness of activity [12]. From the
point of view of cognitive psychology, of great impor-
tance is the knowledge of aims which furthers motiva-
tion in taking up activities - ,,the most exact observa-
tion will not let understand behaviour, if we do not
know its aim” [13]. The cognitive models of justifica-
tion take for granted that we choose the aim of our
activity consciously. In our investigations, despite the
similar opinion about the connection between the
physiotherapist occupation and the chosen different
fields of the professional activity, there were essential
differences in choosing the future workplace and the
subject of the therapeutic working of the groups of the
youth undertaking the study in the centres differing in
size. It should be noted here that the youth studying in
the small city shows greater motivation to undertake
employment even in places fundamentally different.
One may suppose that the fact is associated with their
real opinion of the possibility of finding work in
smaller centres. These observations allow us to deduce
that such differences of aims and the justification of
their realization will also appear among the academic
youth studying physiotherapy from other similarly
differing centres. This is backed up by the fact of
insignificant differences occurring in the profile and
the education programmes in this occupation.

Human nature possesses positive drive to develop
and to satisfy needs. They differed among the studied
groups in the matter of satisfying the financial needs
connected with the future occupation. Greater impor-
tance of this factor among the youth coming from
smaller cities is due to their greater determination to
acquire higher social status and probably the worse
financial situation of their families.
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According to the A.H. Maslow's conception of the
hierarchy of motivations, one's internal need to help
others pertains to the level called self-realization and is
fulfilled through the accomplishments of deeds for
those in need [14]. As distinct from earlier discussed
justifications of the choice of occupation of the studied
youth groups which can be counted as the shortage
group, the desire to carry help may be regarded as
higher in the hierarchy group of the needs of existence;
this was listed most often by the future physiothera-
pists [15].

This investigation confirmed considerably the
common opinion about the desire of carrying help as
the basic factor motivating young people to choose the
physiotherapy profession [6, 7, 8], and also different
observations of other authors and the results of our
own earlier investigations relating to the physiothera-
pist occupation - they also allowed to formulate these
basic observations and conclusions.

CONCLUSIONS

1. The desire to carry help is young persons' basic
motivation in the choice of the physiotherapist oc-
cupation. Itis a symptom of possession a set of di-
rection features and hence, taking into account the
necessity of identification of their occurrence with
the candidates to these type of studies seems well-
founded.

2. Differences in expectations relating to the place of
work, the subject of exerting one's professional in-
teraction and the hierarchy of satisfying financial
needs by the future occupation among persons
coming from areas with various degree of urbaniza-
tion and undertaking the study in the centres of the
various size testify about the influence of environ-
mental factors on the motivation in choosing the
physiotherapist occupation.

BIBLIOGRAPHY

1. Kabsch A.: Dobér na studia, ksztalcenie osobowosci i
praca specjalistow rehabilitacji ruchowej, [w:] H. Gra-
bowski (red.) Spoleczno — pedagogiczne problemy
ksztalcenia w uczelniach, AWF Krakow 1993.

2. Herberger J.: Psychospoteczne uwarunkowania przydat-
nos$ci magistrow rehabilitacji ruchowej do pracy zawo-
dowej. Zeszyty Naukowe AWF, Wroctaw, 1990, 51,
152-182.

3. Biniakiewicz B.: Ksztalcenie, zawdd i praca magistrow
rehabilitacji ruchowej, AWF Poznan 1994.

4. Zembaty A.: Rola fizjoterapeuty w rehabilitacji leczni-
czej. w: Kultura Fizyczna, 1981, 5, 57-112.

5. Srokosz W., Szczygiel A.: Wzorzec magistra rehabilita-
cji w $wiadomosci studentow kierunku rehabilitacji ru-
chowej w Akademii Wychowania Fizycznego w Kra-
kowie. Rocznik Naukowy, 1988, 23, 183-203.

6. Marosz A. Lewandowski A.: Model zawodowy fizjote-
rapeuty w opinii pacjentéw na przyktadzie badan miej-
skich przychodni rehabilitacyjnych regionu kujawsko-
pomorskiego. Medical and Biological Science, 2005,
19/3, 69-75.

7. Biniakiewicz B.: Opinie magistrow rehabilitacji rucho-
wej o ich przygotowaniu do pracy zawodowej, AWF
Poznaf 1994.

8. Lewandowski A., Sobolewski M.: Opinie studentek
fizjoterapii z Bydgoszczy na temat znaczenia cech in-
dywidualnych w realizacji przysztego zawodu. w: Me-
dical and Biological Sciences, 2007,21/1, 55-62.

9. Lewandowski A., Isbrandt K., Smeja B.J.: Praca i za-
wod fizjoterapeuty w opinii nauczycieli akademickich.
w: Medical and Biological Sciences, 2007, 21/4.

10. Babbie E.: Badania spoteczne w praktyce. PWN, War-
szawa 2004.

11. Baranska Z.: Podstawy metod statystycznych dla psy-
chologow. Wyd. UG, Gdansk 1999.

12. Skinner B. F.: The Technology of Teaching. New York,
Appleton-Century-Croft, 1968.

13. Wieczorkowska-Nejtardt G.: Inteligencja motywacyjna,
madre strategie wyboru celu i sposobu dziatania. Wy-
dawnictwa Instytutu Studidéw Spotecznych, Warszawa
1998.

14. Maslowa. H.: Toward a Psychology of Being. wyd. II,
New York 1968.

15. Galloway Ch.: Psychologia uczenia i nauczania. t.II,
PWN, Warszawa 1988.

Address for correspondence:

dr n. o kult. fiz. Andrzej Lewandowski
Katedra i Zaktad Podstaw Kultury Fizycznej
UMK w Toruniu

Collegium Medicum im. Ludwika Rydygiera
tel.: (052)585-36-12
e-mail.kizpodskf@cm.umk.pl

tel. dom./kom. (052)344-42-24 / 509336764

Received: 29.07.2008
Accepted for publication: 21.04.2009






Medical and Biological Sciences, 2009, 23/2, 31-37

ORIGINAL ARTICLE / PRACA ORYGINALNA

Urszula Marzec-Wroblewska

THE ESTIMATION OF SPERM TRANSFECTION EFFICIENCY
USING ELECTROPORATION METHOD

OCENA SKUTECZNOSCI TRANSFEKCJI PLEMNIKOW METODA ELEKTROPORACIJI

Z Zaktadu Ekologii i Ochrony Srodowiska UMK w Toruniu Collegium Medicum im. L. Rydygiera w Bydgoszczy
kierownik: dr hab. Piotr Kaminski, prof. UMK

Summary

The aim of this study was to examine the efficiency of
the gene transfer into the sperm using electroporation
method. The first step of the experiment was to determine the
survivability of sperm depending on the used parameters:
isoosmolar or hypoosmolar solution; voltage 500 V or 800 V;
pulse length of 50 ps, 100 ps or 150 ps and pulse number of
1 or 3 pulses. The second step of this study involved transfec-
tion of sperms green fluorescent protein GFP in two selected
conditions: ensuring the largest and the smallest survivability
of sperm in hypoosmolar solution, and further, determination
of the efficiency of transfection. The highest survivability of
sperm was confirmed in hypoosmolar solution when a single

pulse of length 50 us was applied at the voltage of 500 V
(79.9%) and 800 V (39.8%), the lowest survivability (0%
alive sperm) was confirmed in isoosmolar solution when a
single pulse of length 150 ps was applied at voltage 800 V.
The chosen conditions of electroporation ensured the expres-
sion of GFP gene and fluorescence continued throughout the
observation time. The efficiency of transfection in hypoos-
molar solution when applying a single pulse of length 50 pus
and voltage 500 V was 57.3%. However, when a single pulse
of length 150 ps was applied at voltage 800 V, it was 23.6%.
This study indicates that electroporation is an effective
method of the gene transfer into the sperm.

Streszczenie

Badanie mialo na celu oceng skuteczno$ci transfekcji
plemnikow metoda elektroporacji. W pierwszym etapie
eksperymentu zostala zbadana przezywalnos$¢ plemnikéw
w zaleznosci od zastosowanych parametréw, takich jak:
bufor izoosmolarny lub hipoosmolarny; napigcie 500 V lub
800 V: dhugos¢ impulsu 50 ps, 100 ps lub 150 ps oraz liczba
impulsow: 1 lub 3 impulsy. W drugim etapie badan przepro-
wadzono transfekcje¢ plemnikéw z uzyciem genu kodujacego
biatko zielono fluoryzujace GFP dla dwdch wybranych kom-
binacji parametréw: zapewniajacych najwigksza i najmniej-
sza przezywalno$¢ plemnikow w buforze hipoosmolarnym
oraz okreslenie jej skutecznosci. Najwyzsza przezywalnosé
plemnikow stwierdzono w buforze hipoosmolarnym przy

zastosowaniu pojedynczego impulsu o czasie trwania 50 ps
przy napigciu 500 V (79,9%) i1 800 V (39,8%), a najnizsza
przezywalno$¢ — 0% zywych plemnikow, w buforze izo-
osmolarnym przy zastosowaniu pojedynczego impulsu
o czasie trwania 150 ps i napigciu 800 V. Wybrane kombina-
cje parametrow zapewnity ekspresje genu GFP, a fluorescen-
cja utrzymywala si¢ przez caly czas prowadzenia obserwacji.
Skutecznos¢ transfekcji w buforze hipoosmolarnym wynosita
przy zastosowaniu jednego impulsu o dtugosci 50 ps 1 napig-
ciu 500 V — 57,3%, a w buforze hipoosmolarnym przy zasto-
sowaniu jednego impulsu o dtugosci 150 ps i1 napigciu 800 V
— 23,6%. Badanie dowiodlo, ze elektroporacja jest skuteczna
metoda wprowadzania egzogennego DNA do plemnikow.

Key words: electroporation, SMGT (sperm-mediated gene transfer), sperm, transfection
Stowa kluczowe: rlektroporacja, SMGT (sperm-mediated gene transfer), plemniki, transfekcja.

1. INTRODUCTION

The interest in the possibility of utilization of sper-
matozoa as natural vectors to introduce exogenous

DNA (SMGT - sperm-mediated gene transfer) has
been increasing during last years. In this way Lavitrano
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et al. [1] obtained transgenic mice which after achiev-
ing sexual maturity were able to transfer to the off-
spring the introduced gene,, which gives evidence of
transformation of germ line cells. Many researchers
have carried out research on the possibility of using
spermatozoa as vectors. The greatest advantage of the
use of spermatozoa as carriers exogenous DNA is
simplicity and efficiency of the method and the fact
that it is useful for every species reproducing with their
participation. The idea, to use spermatozoa as vectors
appeared, when Brackett et al. [2] showed that exoge-
nous DNA could penetrate spermatozoa. After incuba-
tion of devoid of the plasma rabbit spermatozoa with
radioactively labeled DNA they found the presence of
foreign DNA inside the spermatozoa head. However,
the incubation of spermatozoa of different species of
animals with exogenous DNA, gave different results.
Horan et al. [3] obtained 30% transformed spermato-
zoa of pig, whereas Wang et al. [4], working over
rabbit spermatozoa, obtained as many as 66% trans-
formations. Accordingly, various techniques raising the
efficiency of transfection of spermatozoa and conse-
quently the efficiency of transformation with their use
as vectors have been formulated. Among the methods
of introducing DNA to spermatozoa, apart from incu-
bation with exogenous DNA, most of techniques of
introducing foreign genetic material to cells, the elec-
troporation method is used.

The principle of introducing DNA to cells by elec-
troporation method is based on increasing the capacity
of cell membranes under the influence of changeable
electric field. Transfection efficiency by electropora-
tion method is dependent on applied voltage (V),
length of single electric pulse, electric (F) capacity and
the geometry of chambers in which the electroporation
is carried out (from the volume and distance between
electrodes in the chamber), conductivity of solution in
the chamber (phosphate solution, PBS or culture me-
dium), type of introduced DNA and the kind of cells.
The introduction of DNA to cells by electroporation
method is commonly used in view of a possibility of a
quick introduction of DNA both to primary germ cells
and to differential somatic cells. However, one ought
to underline that this method is rather expensive due to
the necessity to purchase expensive equipment and
disposable chambers in which electroporation is car-
ried out. The efficiency of transfection by this method
increases linearly together with the voltage rise, how-
ever the mortality of transfected cells grows then
from 30% to 80% of the aggregate of cells , therefore

for various sensitivity of cells to the electric current, it
is necessary to determine the optimal electroporation
conditions for treated cells and to determine their
mortality curve. Symonds et al. [S] working on the
salmon sperm achieved the expression on level 85%.
Kang et al. [6], according to the used osmotic condi-
tions, obtained 8, 20 and 66% efficiency of the trans-
fection of fish spermatozoa. Tsai et al. [7] obtained
50% transformed spermatozoa of loach Misgurnus
anguillicandatus, while Miiller et al. [8] reached the
expression of foreign gene at 2,6-4,2% of transformed
carps, catfishes and tilapia. Sin et al. [9] obtained 40%
of transformed spermatozoa of mollusc Haliotis iris,
while Hu et al. [10], working on the transfection of the
sperm of mollusc Pinctada maxima, obtained, accord-
ing to the amount of DNA used, the efficiency of the
transcription on the level 5,6, 20 and 50%. Working
on transformation of the pig sperm Horan et al. [11]
obtained the expression of the gene within 70-75% of
spermatozoa.

The transfection with the utilization of spermatozoa
as vectors might become a method not only able to
greatly simplify the production of transgenic animals.
For its simplicity, efficiency and ,,naturalness” might
rival the popularity of microinjection in the future,
while in cases in which manipulation of oocytes or
zygotes is difficult, may turn out to be a method of
choice. In consideration of the universality of insemi-
nation of domestic animals, the use of spermatozoa as
vectors not only of own, but also of exogenous DNA
may appear optimum. This method might also be effi-
cient and inexpensive, as well as might contribute to
the development of new methods used in research and
biotechnology.

The usefulness of electroporation method to intro-
duce foreign genetic material to spermatozoa was as-
sessed in this study. Survivability of bovine spermato-
zoa after electroporation depending on the used elec-
troporation solution, voltage, length and number of
pulses and expression of pEGFP-Clgene was deter-
mined.

2. MATERIALS AND METHODS

Research on efficiency of transfection of cattle
spermatozoa with pEGFP-C1 plasmid (Clonetech, Ne
6084-1; 4.7 kb) by an electroporation method was
carried out in two steps. The first step of the experi-
ment was to determine the survivability of sperm de-
pending on the used parameters: solutions: hypoosmo-
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lar (90 £+ 10 mOsmol/kg; Eppendorf, Ne 4308 070.501),
isoosmolar (285 = 15 mOsmol/kg; Eppendorf, Ne 4308
070.510); voltage: 500 V, 800 V; pulse length: 50 ps,
100 ps, 150 ps and pulse number: 1 puls or 3 pulses.

The second step of this study involved transfection
of sperms and evaluation of its effectiveness on the
basis of green fluorescence protein GFP in two se-
lected conditions of electroporation.

I. Assessment of sperm survivability after electropora-
tion

Bovine sperm freeze in the liquid nitrogen situated
in 0,25 ml straws (available at points of animal insemi-
nation) were used for this study. The sperm was
thawed through submerge of the straw in the water
bath at 38°C for 5 minutes. Then the sperm was trans-
ferred from the straw to the tube (25 ml) and centri-
fuged in a centrifuge with a tangent-balance rotor
(2000 rpm/20 min - rotational speed 2000 rpm, the
time of the rotation: 20 min). After removal of seminal
plasma (about 200 pl), the sediment of spermatozoa
was resuspended in 2 ml PBS (pipetting 3x) (Gibco,
Invitrogen Corporation) and sperm suspension was
centrifuged (2000 rpm/20 min). The wash was repeated
three times. After a second centrifuging and removal of
seminal plasma, the sperm sediment was resuspended
first in 1 ml of PBS then 100 pl of sperm suspension
was received for staining with 1% eosin and estimation
of sperm count, then 1 ml of PBS was added to sperm
suspension destined to centrifuge. After third centrifug-
ing and removal of seminal plasma, the sperm sedi-
ment was resuspended in 300 pl of selected electropo-
ration solution, and electroporated (electroporator
,Multiporator”, Eppendorf Scientific, Ne 940000807;
the eukaryotic module- pulse voltage: 20-1.200 V,
pulse form: exponentially diminishing, electronically
controlled; time constant: 15-500 ps, in increments 5
us; plastic cuvettes , Amaxa, Noe VCA-1003). Immedi-
ately after experiment sperm suspension was trans-
ferred to another tube (Eppendorf 1.5 ml) and centri-
fuged (2000 rpm/20 min). After centrifuging super-
natant was removed, the sperm sediment was resus-
pended in 1 ml of PBS and 100 pl of sperm suspen-
sion was received for staining and estimations of sperm
count with the aim of determination of the survivability
of sperm after electroporation.

II. Transfection of spermatozoa and estimation of
transfection efficiency

The culture medium Opti-MEM (Gibco, Invitrogen
Corporation) was set to equilibrations (saturations
CO,) for 12 hours before planned transfection. The
sperm sediment was prepared analogically as in the
point I (i.e. thawed, the seminal plasma was removed
and three times centrifuged along with estimation of
spermatozoa count). After third centrifuging spermato-
zoa was resuspended in 70 pl compound of selected
electroporation solution and the circular form of the
pEGFP-C1 plasmid against 1 pg plasmid on 10.29 pul
suspension of spermatozoa (6,8 pg plasmid on 70 pl
compound), and electroporated. Immediately after
electroporation the sperm suspension was transferred
to another tube (Eppendorf 1.5 ml) and centrifuged
(2000 rpm/20 min). After removal of seminal plasma
(compound of solution and the possibly remaining
plasmid) sperm sediment was resuspended in 0.5 ml of
the prepared earlier culture medium. The sperm sus-
pension was transferred to the culture well, and plate
placed in the incubator (CO, the Incubator, Heal Force)
(temperature 37°C, 5% CO,). The gene expression was
examined 40 hours after the transfection every 4 hours
until the 72nd hour of the incubation. The observation
was performed using the inverted fluorescent micro-
scope (Axiovert 40, Carl Zeiss Lichtmikroskopie) with
the phase contrast, and PlasDIC (contrast which allows
the use of plastic dishes for microscopic examinations)
with utilization of reflected light fluorescence (fluores-
cence of pEGFP-C1 - excitation maximum: 488 nm;
emission maximum: 507 nm).

The total sperm count and count of spermatozoa
with expression of pEGFP-C1 (the visible fluores-
cence) were determined using MultiScan program on
the basis of microscopic picture photographs (40x
magnification) performed in particular hours of incuba-
tion. The efficiency of transfection (%), i.e. the part of
all spermatozoa with expression of green fluorescent
protein GFP, was calculated according to the equation:

E= (Sg / St)* 100%
where: E - efficiency of the transfection (%);
Sg — count of spermatozoa with expression of the gene;
St - total count of spermatozoa.

II1. Staining procedure and estimation of the sperm
count after electroporation

Determination of the sperm count in semen was
performed by counting the spermatozoa in the Biirker
chamber before and after electroporation. Both staining
and estimation of the sperm count were performed
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immediately after collecting 100 ml of suspension of
cells. Spermatozoa were stained in the eosin solution
(0.5 ml of 1% eosin, 19.5 ml of 3% NacCl solution, 100
ml of sperm suspension, time of staining - 5 min).
Spermatozoa were counted in all 100 squares of the
chamber. The sum and mean of the sperm count
counted from three countings with differentiation to
stained and non-stained head (live spermatozoa, sperm
motility was not taken into consideration). Survivabil-
ity of spermatozoa (%), i.e. the part of alive spermato-
zoa before electroporation that remained alive after the
use electroporation, was calculated according to the
equation:

S= (Safter/sbefore)* 100%
where: S - Survivability of spermatozoa after electro-
poration (%);
S.fier - alive (no-stained) spermatozoa after electropora-
tion;
Shefore - alive (no-stained) spermatozoa before electro-
poration.

IV. Statistical calculations

Obtained results of survivability of spermatozoa
were compared by analysis of variance for independent
three-factor system (multifactorial ANOVA, Multipli-
cative methods), the significance was verified by Stu-
dent’s t-test at the level of significance of P<0.01 and
P<0.05 [11].

3. RESULTS

Survivability of spermatozoa after electroporation
in the hypoosmolar solution was higher than in the
isoosmolar solution, as well as in the case of applied
voltage 500 V in comparison with voltage 800 V (Fig.
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Fig. 1. The impact of solution and voltage on sperm surviv-
ability after electroporation

The highest survivability after electroporation was
found after application of the hypoosmolar solution

and the single pulse at voltage 500 V and length 50 ps
and it was 79,9%, while the highest mortality (0% alive
spermatozoa) was found after application of the isoos-
molar solution and the single pulse at voltage 800 V
and length 150 ps. The effect of the pulse length on
survivability (P <0.01) was also statistically signifi-
cant, however no significant differences between ap-
plied of pulse lengths were found. Statistically signifi-
cant differences (P <0,01) in survivability of spermato-
zoa after electroporation were noticed between mean
values for: hypoosmolar solution (32.7%) and isoos-
molar  solution  (10.8%); the pulse length
50 us (38.9%) and 100 ps (14.2%); the pulse length
50 us (38.9%) and 150 ps (12.2%) (Fig. 2).
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Fig. 2. The impact of solution, voltage and single pulse
length on sperm survivability after electroporation

a) Hypoosmolar solution

Statistically significant differences
(P <0.01) between mean survivability of spermatozoa
were shown for the pulse length 50 us and 100 pus and
the pulse length 50 pus and 150 ps at application of the
single pulse (Table I).

Table 1. Percentage of alive sperm after electroporation in
hypoosmolar and isoosmolar solution

HYPOOSMOLAR SOLUTION
1 PULSE Voltage
Length of pulse 500 V 800 V
50 us 79.9% 39.8%
100 ps 16.9° 20.4*°,
150 us 25.9° 13.2%
ISOOSMOLAR SOLUTION
1 PULSE Voltage
Length of pulse 500 V 800 V
50 pus 19.3% 16.4%
100 us 16.2%4 3.0*°,
150 us 9.5% 0.0°

*b_significant differences (P <0.05); the comparison of means for
different times within the same value of voltage.

Ap- significant differences (P <0.05); the comparison of means for
different voltage within the same value of length of pulse.
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Differences between mean survivability of sper-
matozoa after electroporation after application of three
pulses of the length 50 us for voltages 500 V and 800
V were not statistically significant (Fig. 3).
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20%
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Percentage of alive sperm after
electroporation

0%

Fig. 3. The impact of voltage on sperm survivability after
electroporation in hypoosmolar solution using 3
pulses of length of 50 us

b) Isoosmolar solution

After applying the isoosmolar solution significant
differences (P <0.05) between means for voltages 500
V and 800 V and between means for lengths of pulse
50 us and 150 us (P <0.01) were shown (Table I).

It should be emphasized that significant difference
(P <0.01) occurrent for both the hypoosmolar and
isoosmolar solution were observed just between mean
survivability concerning the pulse length 50 ps and
150 ps.
¢) Transfection

The transfection was carried out for optimal pa-
rameters enabling the highest survivability of sper-
matozoa after electroporation: the hypoosmolar solu-
500 V and the pulse
50 us. Because of higher survivability of spermatozoa

tion, voltage length
after electroporation in the hypoosmolar solution than
in the isoosmolar solution, for the comparison, the
transfection was carried out in the hypoosmolar solu-
tion at voltage 800 V and the pulse length 150 ps. In
both groups expression of introduced green fluorescent
protein GFP was found and observed in the form of
sperm fluorescence in the UV light which was contin-
ued throughout the observation time. The higher trans-
fection efficiency was observed in the case of applica-
tion of voltage 500 V and the pulse length
50 us — 57,3%. After application of voltage 800 V and
the pulse length 150 us, transfection efficiency was
about 2.5 times lower and it was 23.6% (Fig. 4). How-
ever, these results can be erroroneous as a conse-
quence of determining transfection efficiency on the
basis of microscopic picture photographs.
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Fig. 4. Sperm transfection efficiency in hypoosmolar solution

4. DISCUSSION

Transgenic animals create unique research possi-
bilities and find many current and potential applica-
tions. Despite many techniques of introduction of ex-
ogenous DNA, most of them do not find practical ap-
plication in domestic animals reproduction or encoun-
ter considerable difficulties in their usage (microinjec-
tion of DNA into a pronuclei of fertilized ova, the
transgenesis by genetic modification of embryonic
stem cell) [13].

Therefore, the effects of Lavitrano et al. [1] re-
search in which they obtained transgenic mice as result
of using spermatozoa as vectors of exogenous DNA
became a beginning of series of experiments. The large
number of researchers have analyzed the mechanism of
introduction of exogenous DNA to spermatozoa. They
have found, the presence of both, factors permissive to
the exogenous DNA uptake, and inhibitors of this
process [14-20].

Although the mechanisms which determine when
the conducive factors affect introduction of foreign
DNA and when the inhibitors of this process, are still
unknown, the repeatability of research with spermato-
zoa as vectors is really various.

Survivability of spermatozoa after electroporation
substantially determines the success and efficiency of
transfection. Research of West [21] demonstrated rela-
tiveness of electroporation efficiency die to usied
voltage. He ascertained that electroporation efficiency
increased linearly with the voltage rise, increasing at
the same time the mortality of transfected cells. Sy-
monds et al. [5] and Sin et al. [9] researching the sperm
motility marked that it decreased with increasing field
strength (V/cm), pulse length and number of pulse.
After application of 1000 V/cm with two pulses of the
length 27.4 msec, the sperm motility decreased below
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5%, and at five pulses of the length 18,6 msec and four
of the length 27.4 msec decreased to 0%. Tsai et al. [7]
noticed that sperm motility significantly decreased at
application of voltage 8 kV, while at 10 kV totally
stopped.

This research also examined the effect of applying
voltage and the pulse length on survivability of sper-
matozoa. Significant differences between the influence
of voltages 500 V and 800 V during length of pulse
50 us for both solutions and for all length of pulse in
the isoosmolar solution was shown. Statistically sig-
nificant differences in survivability of spermatozoa
after electroporation between lengths of pulse 50 ps
and 100 ps as and 50 ps and 150 ps in both solutions
were also observed. The significant effect of applied
voltage value and the pulse length on survivability was
also found (Table I, Fig. 2.).

This research aimed to determine optimal electro-
poration conditions of bovine spermatozoa in consid-
eration of survivability of spermatozoa after electropo-
ration. The highest survivability (79.9%) was obtained
after application the hypoosmolar solution, voltage 500
V and single pulse about the length 50 ps. The highest
mortality (0% alive spermatozoa) was observed after
electroporation in isoosmolar solution at application of
voltage 800 V and single pulse of the length
150 us. Greater survivability of spermatozoa was also
observed after application of single pulse, than three
pulses (Fig. 2, 3).

Kang et al. [6] examined the influence of the os-
motic pressure of medium on efficiency of the trans-
formation of spermatozoa by electroporation. They
suggest that transfection efficiency might be enlarged
through electroporation during rehydration of earlier
dehydrated spermatozoa. As result of dehydration of
spermatozoa by their location in hypoosmolar solution
and after rehydration in hypoosmolar solution contain-
ing DNA, they obtained efficiency of transfection on
the level of 66%. It was 8% in isoosmolar conditions,
while in the hypoosmolar solution it reached 20%.
Furthermore we found that spermatozoa placed in
hypoosmolar solution become motile, but rapidly lose
their fertility.

This study examined the effect of osmolarity of
electroporation solutions on survivability of spermato-
zoa. These solutions were added to electroporator
»Multiporator”: the hypoosmolar and isoosmolar solu-
tions. Significant differences in survivability of sper-
matozoa, respectively 32.7% and 10,8% between them,
were shown. In the hypoosmolar solution the highest

survivability (79.9%) was observed, while in the
isoosmolar one — the lowest value was stated (0%).
The obtained results suggest that hypoosmolar solution
is the better electroporation medium of spermatozoa
than the isoosmolar one (Table I, Fig.1).

Spermatozoa were transfected in the hypoosmolar
solution at application of single pulse using following
combinations of parameters: 500 V, 50 us, and 800 V,
150 ps. In both groups the expression of introduced
green fluorescent protein GFP was found and it contin-
ued throughout the whole observation time. The ob-
tained efficiency of transfection after voltage applica-
tion of 500 V and the pulse length 50 us was 57.3%,
and at voltage 800 V and the pulse length
150 pus —23.6%.

5. CONCLUSIONS

The electroporation appeared an effective method
of the gene transfer into bovine spermatozoa preserved
in the liquid nitrogen. The highest survivability of
spermatozoa and the greatest efficiency of transfection
were obtained after electroporation in the hypoosmolar
solution after application of single pulse of the length
of 50 us, at voltage 500 V. However, enlarging of the
pulse length, the voltage and number of pulses and also
using the isoosmolar solution, caused lower survivabil-
ity of spermatozoa after electroporation and lower
efficiency of transfection.
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Summary

Introduction. Mycological investigations are not
included in the assessment of bathing sites. However, long-
term observations of many authors seem to indicate that they
are important from the sanitary-epidemiological point of
view, since certain fungi found in water can be potentially
pathogenic to humans.

The aim of the present study was to establish the di-
versity of micromycetes found in four bathing sites of the
river Narew, to determine or exclude potential etiological
factors of mycotic infections and to demonstrate the effect of
physical and chemical factors on the growth of fungi in the
spring, autumn and winter 2006/2007.

Material and methods. The baiting method
was used to isolate the respective fungi and fungus-like

organisms, including the material of plant origin (seeds of
clover, hemp and onion skin) and of animal origin (grass
snake skin and crustacean).

Results. Fifty-three species were identified, with the
predominance of saprotrophic fungi, among which four
species (Alternaria alternata, Aspergillus flavus, Candida
albicans, Mucor hiemalis) could be potentially pathogenic to
man. The greatest diversity was noted in the spring and au-
tumn months at the bathing sites with lower burden of bio-
genic compounds.

Conclusion. Species diversity of the fungal biota at
the investigated bathing sites depended on a number of
abiotic and biotic factors and season of the year.

Streszczenie

Wstep. W ocenie wod kapielisk naturalnych nie
uwzglednia si¢ badan mykologicznych. Jednak, wieloletnie
obserwacje licznych autorow wskazuja, ze sa one wazne
z punktu widzenia sanitarno-epidemiologicznego, poniewaz
niektore grzyby wystepujace w wodzie moga by¢ potencjal-
nie chorobotworcze dla czlowieka.

Celem badan bylo ustalenie wystgpowania grzy-
béw i organizmoéw grzybopodobnych, w tym potencjalnie
chorobotworczych, w czterech kapieliskach rzeki Narwi na
terenie Narwianskiego Parku Narodowego oraz wplywu na
ich rozwdj czynnikéw fizycznych i chemicznych wiosna,
jesienia i zima w latach 2006/2007.

Material i metody. Do izolowania poszcze-
gblnych grzybéw wodnych i organizméw grzybopodobnych

Key words: fungi, fungus-like organisms, Narew National Park

zastosowano metodg¢ przyngt, w badaniach tych wykorzysta-
no material pochodzenia roslinnego (nasiona gryki, koniczy-
ny, konopi i tuski cebuli) oraz zwierzgcego (wylinka za-
skronca i skorupiak).

Wyniki. Obserwowano rozwoj 53 gatunkéw, wsrod
ktoérych dominowaly saprotrofy. Najwigksza réznorodnosc
bioty grzybow zaobserwowano wiosng i jesienia w kapieli-
skach obciazonych w mniejszym stopniu zwiazkami biogen-
nymi. Cztery gatunki (Mucor hiemalis, Candida albicans,
Aspergillus flavus 1 Alternaria alternata) moga by¢ poten-
cjalnie patogenne dla czlowieka.

Wnioski. Rdéznorodno$¢ gatunkowa grzybow w ba-
danych kapieliskach zalezy od czynnikow biotycznych
i abiotycznych oraz pory roku.

Stowa kluczowe: grzyby, organizmy grzybopodobne, Narwianski Park Narodowy
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INTRODUCTION

Water at natural bathing sites should meet the re-
quirements stated in the Ordinance of the Minister of
Health [1], which was elaborated based on the EU
Directive [2].

According to this Ordinance, water purity at natural
bathing sites should be assessed through the physico-
chemical and microbiological analyses. Microbiologi-
cal analysis involves determination of the number of
bacteria coli and faecal streptoccocci, and detection of
the presence or absence of Salmonella bacilli. Myco-
logical investigations are not included in the assess-
ment of waters. However, long-term observations of
many authors seem to indicate that they are important
from the sanitary-epidemiological point of view, since
certain fungi found in water, e.g. Candida albicans,
can be potentially pathogenic to humans [3].

In Poland, no norms exist for Candida albicans to
be used as a water quality index, although in 1983 an
American norm —ASTM D4249-83 (2005) Standard
Test Method for Enumeration of Candida albicans in
Water was implemented [4].

Fungi and fungus-like organisms are a major com-
ponent of the microbial loop. The microbial loop is an
integral part of the trophic network of each aquatic
ecosystem and constitutes a complex set of processes
due to which the originally unavailable dissolved or-
ganic matter (DOM) becomes available to higher tro-
phic organisms. Bacteria, fungi and fungus-like organ-
isms are responsible for the transfer of organic matter
to higher levels of the trophic chain. There are many
literature reports referring to the role of bacteria in the
functioning of the microbial loop [5], but not of fungi
and fungus-like organisms. Only few researchers have
described their involvement in the functioning of the
microbial loop [6, 7].

The mechanisms and ecological factors contribut-
ing to species diversity of fungi and fungus-like organ-
isms in the microbial loop have not been fully known.
Similarly, the significance of this diversity within the
microbial loop for the microbiological processes asso-
ciated with flow of the organic matter and with bio-
genic regeneration has not been investigated.

Taking the above into consideration, the mycologi-
cal assessment of the water from four bathing sites of
the river Narew within the borders of the Narew Na-
tional Park appears justified. Until now, the bathing
sites of the Narew have never been the object of myco-
logical investigations, contrary to the non-recreational
sites [8-10].

The aim of presented study was to establish the di-
versity of micromycetes found in four bathing sites of
the river Narew, to determine or exclude potential
etiological factors of mycotic infections and to demon-
strate the effect of physical and chemical factors on the
growth of fungi in the spring, autumn and winter
2006/2007.

MATERIAL AND METHODS

The Narew river is the right-side tributary of the
Vistula, its length on the Polish territory being 455 km
(total length 484 km). The river has its source on the
swampy area of the Bialowieza Forest in Belarus. The
upper Narew basin district is relatively poorly
industrialized, typically agricultural and with large
forest area. The river Narew flows through the Narew
National Park and due to its natural sights is called ,,the
Polish Amazon”. It

anastomosing river system in Europe.

belongs to the unique
Aquatic
conditions in its valley are the result of natural factors
and man’s actions within the Park and in the whole
Narew river basin [11].

Water for the experiment was collected in spring
and autumn 2006 and in winter 2007 from four bathing
sites situated in the upper part of the Narew in Suraz,
Uhowo, Lapy and Bokiny. Water samples (2.0 dm”®) for
physicochemical analyses were obtained from the
respective sites at a depth of about 0.20 m. Hydro-
chemical analysis of 19 parameters (Table 1) was per-
formed according to Standard Methods [12].

The baiting method was used to isolate the respec-
tive fungi and fungus-like organisms including the
material of plant origin (seeds of clover, hemp seeds
and onion skin) and of animal origin (grass snake skin
and crustacean) [13]. The samples were stored in
a room in thermal and light conditions resembling
those of the natural environment. Sterilized baits were
placed into one-litre containers and poured with water
from the respective reservoirs, and then stored for
approximately a month. The fungi that appeared were
successively observed under an optic microscope
(100x and 400x) every few days, starting from the first
day of the culture. Next, several microscopic prepara-
tions were prepared from each sample.

At the same time, the developmental stages of the
respective fungi were determined using a micrometric
ocullar. The fungi were identified based on the vegeta-



Fungi and fungus+like organisms found in chosen bathing sited of the Narew River within the Narew National Park 41

tive organs (shape and size of the hypha), organs of
asexual reproduction (shape of the sporangium, spo-
rangiospores, conidiospors) and generative organs
(oogonia with oospores and antheridia) [14, 15]. The
systematic of straminipilous organisms was defined
according to Dick [15].

Table 1. Physical and chemical properties of water in par-
ticular water sites on the River Narew (mean from
3 samples)
Tabela 1. Fizyczne i chemiczne parametry wody na poszcze-
golnych stanowiskach rzeki Narwi

Parametry Suraz Uhowo Lapy Bokiny
Specification
Temperatura 8 7 9 9
Temperature (°C)
pH 7.60 7.75 7.10 7.85
0, (mg 1" 13.68 15.44 12.67 14.68
BOD; (mg 1) 7.81 721 9.22 7.22
COD (mg 1) 9.02 7.00 9.05 14.64
CO, (mg 1) 11.0 13.2 11.0 8.8
Zasadowos¢ 43 4.0 4.5 42
Alkalinity in
CaCO; (mval I'")
N-NH; (mg 1) 0.770 1.070 0.970 0.54
N-NO, (mg 1) 0.0236 0.0262 0.0236 0.022
N-NO; (mg 1) 0.220 0.460 0.220 0.160
P-PO, (mg 17 0.520 0.760 0.560 0.400
Fosforany 26.32 19.33 20.15 38.26
Sulphates (mg I"")
Chlorki 65 58 54 53
Chlorides (mg 1)
Twardo$¢ 72.00 72.00 69.84 69.12
Total hardness
(mg Cal")
Twardo$¢ 3.44 9.03 10.32 10.74
Total hardness
(mg Mg 1)
Fe (mg 1) 1.90 2.40 1.90 2.40
Sucha pozostatosé 294 256 256 283
]lDry residue (mg I”
)
Subst. roz- 281 247 240 271
puszczone
Dissolved solids
(mg 1)
Zawiesina 13 9 16 12
Suspended solids
(mg1h

RESULTS

Chemical analysis of such water parameters as oxi-
dability, all the three forms of nitrogen and phosphates
has revealed that the water of the river Narew at the
studied bathing sites satisfies the requirements stated in
the Ordinance of the Minister of Health (Table 1).
Water samples showed similar temperature, pH and
oxygen content. BODs index was the highest in Lapy,
whereas COD showed the highest value in Bokiny,
where the level of CO, was the lowest. Alkalinity as
CaCOs; was similar in all the water samples. The high-

est concentration of ammonium nitrogen (N-NH,) was
noted in Suraz, the lowest in Bokiny. The amounts of
nitrite nitrogen (N-NO,, were similar at all the sites,
whereas the level of nitrate nitrogen

(N-NO;) was the highest in Uhowo. The highest
level of phosphates was observed in Uhowo, the lowest
in Bokiny. The content of sulphates varied, being the
highest in Bokiny, where the level of chlorides was the
lowest. Calcium concentration ranged from 69.12 to 72
mg/L"', whereas the fewest magnesium cations were
found in Suraz. The levels of iron were the same at
bathing sites in Suraz, Lapy, Uhowo and Bokiny. The
highest values of dry residue and dissolved substances
were noted in Suraz, whereas suspension was the most
abundant in the water in Lapy.

Fifty-three species of micromycetes were found to
grow in the water of the investigated sites. They repre-
sented Chromista (39), Fungi (11) and Anomorphic
Fungi (3) (Table 2). Most taxons were detected in the
water in Bokiny (47), the fewest in Lapy (34). At all
the bathing sites, fungi and straminipilous organisms
showed greater species diversity in the spring and
autumn periods as compared to winter (Fig. 1).
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Fig. 1. Number of fungal biota found in different seasons at
the investigated sites of the River Narew

Ryc. 1. Liczba bioty grzybow w poszczegolnych sezonach
w badanych stanowiskach rzeki Narwi

Worthy of note is the finding of such pathogenic
fungi as Mucor hiemalis (in Suraz), Candida albicans
(Uhowo) and Aspergillus flavus (Uhowo and Lapy).

The most attractive baits included seeds of clover
(26 species) and crustaceans (22 species), whereas the
least colonized were cellophane (2) and hemp seeds
(Cannabis sativa) (4) (Table 3).
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Table 2. Fungi and fungus-like organisms found in water from the respective bathing sites of the River Narew
Tabela 2. Grzyby i organizmy grzybopodobne stwierdzone w wodzie badanych kqpielisk rzeki Narwi

Krolestwo, klasa, rzad i gatunek
Kingdom, class, order and species

Kapieliska w rzece Narwi. Bodies on the river Narew

Suraz

Uhowo

Lapy

Bokiny

wiosna
spring
2006

jesien
autumn
2006

zima
winter
2007

wiosna jesien
spring autumn
2006 2006

zima
winter
2007

wiosna
spring
2006

jesien
autumn
2006

zima
winter
2007

wiosna
spring
2006

jesien
autumn
2006

zima
winter
2007

FUNGI

Ascomycetes

Pleosporales

1. Alternaria alternata (Fr.) Keissl

2. Aspergillus flavus Link

Mucorales

3. Mucor hiemalis Wehmer

Chytridiomycetes

Rl Tadial

4. Achlyogeton entophytum Schenk

5. Catenaria anguillulae Sorokin

6. Blastocladiopsis parva (Whiffen)
Sparrow

7. Catenophlyctis variabilis (Karling)
Karling

8. Micromycopsis cristata Scherffel

Chytridiales

9. Karlingia rosea (de Bary et
‘Woronin) Johanson

10. Nowakowskiella elegans
(Nowakowski) Schroter

11. Polyphagus euglenae Nowakowski

Monoblepharidiales

12. Monoblefaris hypogyna Perrot

Saccharomycetes

Saccharomycetales

13. Candida albicans. (Robin)
Berkhout

Z T

14. Zoophagus insidians Sammerstorff

X

STROM

INIPILA (CHROMISTA)

Peronosporomycetes

1 FETIN)

15. Olpidiopsis saprolegniae
(Braun) Cornu

L ital

16. Rhipidium interruptum Cornu

Pythiales

17. Pythium acanthicum Drechsler

18. Py. afertile Kanouse et Humphrey

19. Py. aquatile Hohnk

=

20. Py. debaryanum Hesse

21. Py. ¢ I Matthews

22. Py. complectens Braun

I'=

23. Py. oedochilum Drechsler

24. Py .rostratum Butler

25. Py. torulosum Coker et Patterson

26. Py. undulatum Petersen

> [

< )
Sapr

27. Achlya americana Humphrey

28. Ac. apiculata de Bary

»

29. Ac. caroliniana Coker

30. Ac. debaryana Humphrey

31. Ac. dubia Coker

32. Ac. flagellata Coker

33. Ac. oligocantha de Bary

34. Ac. orion Coker et Couch

35. Ac. polyandra Hildebrandt

36. Ac. prolifera Nees

B

B

37. Ac. rodrigueziana. Wolf

38. Ac. treleaseana (Humphrey)
Kauffman

BN R R

39. Aphanomyces irregularis Scott

40. Ap. laevis de Bary

41. Aplanes androgynus (Archer)
Huphrey

42. Dictychus sterilis Leitgeb

o

3. Isoachlya unispora (de Bary) Coker

o

4. Pythiopsis cymosa de Bary

45. Saprolegnia anisospora de Bary

46. S. diclina Coker

AR E]

47. 8. ferax (Gruith) Nees

48. S. latvica Apinis

49. S. mixta de Bary

50. S. monoica Pringsheim

R

51. S. paradoxa Maurizio

52. 8. parasitica Coker

53. S. subterranea Dissmann

B

Ogolna liczba w sezonie
Total number in seasons

24

Ogolna liczba
Total number

41

42

34

47
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Table 3. Occurrence of aquatic fungi and fungus-like orga-
nisms on the investigated baits
Tabela 3. Wystepowanie grzybow i organizmow grzybopo-
dobnych na badanych przynetach

Rodzaj przynety Grzyby i organizmy grzybopodobne (patrz Ogdlna liczba
Type of bait Tabela 2) gatunkow
Fungi and fungus-like organisms (see Total number
Table 2) of species
skorupiak 1,6,7,10,16,17,19, 20, 21, 23, 24, 25, 22
crustacean 26,27, 28, 30, 32, 33, 34, 36, 38,49
Gammarus pulex L.
wylinka zaskronca 5,11, 14, 20, 22, 25, 33, 38,41, 42, 43, 44, 14
grass snake skin 45,49
Natrix natrix L.
nasiona koniczyny 1,4,5,6,7,10, 11, 12, 13, 15, 16, 17, 20, 26
clover seeds 21,22,24,25,26,27,29, 30,32, 33, 34,
Triforium pratense L. 38, 39
nasiona konopi 18, 24, 25,27 4
hemp seeds
Cannabis sativa L.
tuska cebuli 3,4, 10, 12,25, 45, 46, 51 8
onion skin
Allium cepa L.
celofan 33,43 2
cellophane
" 1
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Fig. 2. Some species of fungus-like organisms in the chosen
bathing sites of the River Narew: A - Achlya oli-
gacantha - a) spores, b) discharge sporangium; B -
Dictyuchus sterilis - a) sporangium with zoospores

Ryc. 2. Niektore gatunki organizmow grzybopodobnych

stwierdzone w kagpieliskach rzeki Narwi: A - Achlya
oligacantha - a)zarodniki b) oprézniajqca sie za-
rodnia; B - Dictyuchus sterilis - a) zarodnia z za-
rodnikami

DISCUSSION

The ecological status of surface waters is taken into
consideration in the assessment of their purity and in

classification [2]. Therefore, the role of biological
analysis in river monitoring has gained importance in
recent years.

The results of mycological and physicochemical
analyses of water collected at four bathing sites of the
Narew river have confirmed their good ecological
status.

The bathing site in Suraz contains relatively pure
water. In the whole commune of Suraz there are no
enterprises that could pollute surface waters. The only
problem is insufficient sewage system in comparison
with the produced amounts of sewage and waste dis-
posal. Mycological analysis showed the presence of 41
species of fungal biota. Most taxons were detected in
the spring period (26), the fewest in winter (6). The
results have been confirmed by other authors. A con-
siderable decrease in the number of micromycetes in
summer and their intensified growth in spring and
autumn have been observed in rivers by Czeczuga et
al. [9, 16]. Similar seasonal changes have been re-
ported by Nejadsattari in Teheran [17]. In our study,
phytosaprophytes were found to predominate, with the
species of the genus Achlya being the most numerous
(11). Worthy of note is Achlya flagellata, found to
colonize hemp seeds. This species, previously detected
in the river Narew [10], can also affect fish eggs [18].

The genus Pythium, frequently encountered in the
river Nile and in soil in Egypt was represented by 4
species [18].

The genus Saprolegnia was represented by 6 spe-
cies. In spring, S. latvica was detected. This species,
which is rather characteristic of low pH waters [19,20],
was reported earlier from the river Narew water of pH
above 7 [10].

Only at this bathing site, Alternaria alternata and
Mucor hiemalis, both belonging to Anamorphic fungi,
were found. They may evoke allergic reactions in hu-
mans [21].

The bathing site in Uhowo — municipal waste dis-
posal contributes extremely to water pollution there.
The norms for phosphates recommended by the Ordi-
nance of the Minister of Health (1) have been found to
be exceeded. Of 40 species identified at this bathing
site most worthy of note is Candida albicans, which
can be an aetiological factor of 80% of mycotic infec-
tions in humans. Dynowska [22] associates the pres-
ence of this species with water pollution by municipal
sewage. Water samples collected from bathing sites in
Uhowo contained Aspergillus flavus, a pathogen se-
creting aphlatoxins [23]. In spring months, Pythium
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debaryanum was detected in the water examined. This
phytopathogen affects roots and seeds of young plants
[3]. This species has also been identified by Czeczuga
[8] in the river Narew.

The bathing site in Lapy — there are three industrial
plants in Lapy, considered to cause environmental
pollution of the river Narew: Sugar Plant”Lapy”,
ZNTK (Rolling Stock Repair Factory) and Milk Plant.
Mycological analysis of the bathing site in this town
showed the lowest mycobiota species diversity (33
species) among the sites studied. Pollutants, especially
municipal and industrial sewage, suppress the growth
of many organisms, including fungi. Czeczuga et al.
[9] have demonstrated that pure water shows a greater
species diversity that decreases with the pollution
increase. The presence of Aspergillus flavus was also
detected and Zoophagus insidians, a predacious
fungus, was identified in Lapy. It had been previously
noted in the river Narew [8, 9].

The bathing site in Bokiny. Bokiny is a small
agricultural place. Water there showed the lowest
content of biogenic compounds. Within the distance of
Lapy-Bokiny, the Narew river maintains its primeval
character, with a network of old river beds. Its
abundant aquatic vegetation acts as a biological filter.
According to some authors, the presence of plants and
their fragments significantly affects the growth of fungi
[24]. Of the four bathing sites examined, most fungus
species were found in Bokiny (47). The ecological
status of water at this site had a positive effect on the
species diversity of fungi, their growth being promoted
by flowing waters [25].

The application of various baits allowed us to cul-
ture different groups of physiological fungi. Certain
species were found to colonize most of the baits, show-
ing features of eurybionts (Achlya treleaseana,
Aphanomyces irregularis and Aplanes androgynus).
Also stenobiont species were found (Alternaria alter-
nata and Karlingia rosea). A similar phenomenon has
been observed by Czeczuga et al. [9, 10].

Water chemism in these rivers undergoes fluctua-
tions; the amount of dissolved substances and their
chemical composition in fresh waters change according
to the site, season of the year, and is associated with
local geological condition, precipitation rate and man’s
activity.

Until now, studies concerning the effect of water
chemism on fungi and fungus-like organisms have
been dispersed, each referring to different mycobiota,
their different aspects and employing different research

methods [19, 20, 25]. This does not allow a synthetic
treatment of the issue.

The current study shows that physicochemical
properties of water affect significantly the diversity of
mycobiota as components of the microbial loop.

In the river Narew, the optimum conditions for my-
cobiota were observed at the study sites in Suraz and
Bokiny.

The similar contents of three forms of nitrogen
(ammonia, nitrate and nitrite), phosphates, sulphates
and high indices of dry residues and dissolved sub-
stances observed in water samples from Suraz and
Bokiny were found to have a stimulatory effect on
mycobiota growth; hence, species diversity of fungi
and fungus-like organisms included in the microbial
loop. A beneficial effect of sulphates on microorgan-
isms has also been observed in the River Nile [26].
Sulphate ions are very stable in water and do not easily
undergo chemical and biochemical transformations.
Their high concentrations at the study sites are proba-
bly due to an increased inflow from the outside. Water
investigations in Bokiny conducted in the year 1981
seem to confirm the beneficial effect of the level of
phosphates on fungal species diversity [9].

However, lower species diversity of fungi and fun-
gus-like organisms was observed at bathing sites in
Uhowo and Lapy, which might have been caused by
too high biogenic levels. The bathing site in Uhowo
had the highest phosphate content of all the study sites.
Fungi and fungus-like organisms, similarly to hetero-
trophic bacteria, take up energy, indispensible to life
and growth, from the decomposition processes. An
inflow of substantial amounts of pollutants causes
imbalance between production and degradation, thus
leading to reduced species diversity . Sewage flowing
to the river from a purification plant in Lapy may have
disturbed natural biological transformations in the
microbial loop. Such parameters as temperature, pH
and dissolved oxygen underwent slight fluctuations
and were the optimum for mycobiota growth.

Water temperature ranged from 7 to 9 C° at all the
study sites. However, in warm climatic zones, the
optimum temperature for mycobiota growth is substan-
tially higher [27].

Lack of a direct effect of pH on mycobiota growth
observed in the current study is consistent with the
findings reported by other researchers [28].

A study on the water in ponds in India conducted
by Misra [27] has revealed that the growth of fungi and
fungus-like organisms is limited by temperature, dis-
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solved oxygen and calcium. However, Rattan et al.
[29] during their study on some ecological factors
affecting seasonal occurrence of aquatic fungi claim
that dissolved oxygen has no direct effect on the
growth of these microorganisms. This has also been
confirmed by our investigations in the river Narew.

The concentrations of calcium were similar at the
bathing sites involved in the current study. Misra [27]
demonstrates a beneficial effect of this element on the
growth of fungi. However, the level of magnesium
showed a broad range and only slightly affected diver-
sity of these microorganisms. Similar results have been
reported from the River Nile [26].

The concentration of chlorides was the highest in
Suraz and it was the site with the largest number of
mycobiotic species. A study conducted in the river
Narew in the year 1999 found the concentration of
these ions to be an environmental factor determining
the growth of microorganisms [10].

The remaining chemical indices of water in the
river Narew had no significant effect on species com-
position of fungi and fungus-like organisms as the
microbial loop components.

According to a study conducted by the Provincial
Institute of Environmental Protection in Biatystok in
2001, the River Narew in Uhowo was classified into
the purity class II, whereas in Bokiny into class III
[30].

Ecological stability and functioning of the aquatic
ecosystems depend, among others, on biodiversity of
groups of microorganisms included in the microbial
loop [5, 6, 7]. Apart from viruses, phytoplankton, pro-
tozoa and small crustaceans, also fungi and fungus-like
organisms play a role in the transformation rate and
exploitation of organic and mineral substrates in water.

The microbial loop components are linked by
means of trophic and paratrophic interactions, which
determines definite biodiversity of respective groups of
these microorganisms. This also refers to fungi and
fungus-like organisms, which incorporate biogenic
elements and transfer them to higher trophic nets, serv-
ing as food for certain Protista, small crustaceans and
nematodes.

According to the recommendations of the EU Wa-
ter Framework Directive [2], ecological evaluation of
waters is based on the sets of organisms called biologi-
cal quality components, such as phytoplankton, macro-
phytes, macrozoobenthos and fish. Aquatic fungi or
fungus-like organisms are not included. However, as
shown by the current mycological study, these organ-

isms significantly affect the ecological and sanitary
conditions of the bathing sites studied. Thus, supple-
mentation of the list of biological quality components
with aquatic fungi and fungus-like organisms seems to
be fully justified.

CONCLUSIONS

Species diversity of the fungal biota at the investi-

gated bathing sites depended on a number of abiotic
and biotic factors and season of the year.
The physico-chemical status of the river Narew has
been undergoing changes over the years and is one of
the mechanisms conditioning species diversity of fungi
and fungus-like organisms as the microbial loop com-
ponents.
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Summary

Background. C-reactive protein (CRP) is an acute
phase protein produced in the liver. Procalcitonin (PCT) is a
precursor of calcitonin, hormone produced in thyroid C cells.
Both of them are markers of inflammation and their level
increases in patients with cancer.

The aim of the study is to examine levels of C-
reactive protein and procalcitonin observed during the diag-
nosis of cancer in children.

Patients and methods. The study group con-
sisted of 359 patients with cancer. Concentration of serum
CRP and PCT were analyzed.

Results. Increased levels of CRP and PCT were ob-
served in 49,6% patients with cancer. The group with the
most increased parameters were patients with acute mye-
loblastic leukaemia (73,9%). The lowest values of CRP were
observed in patients with chronic myeloblastic leukaemia.
Increased level of PCT was observed in 19/62 (30,6%) pa-
tients.

Conclusions. In patients with cancer increased
level of CRP was observed more often than of PCT. There is
no correlation between CRP and PCT.

Streszczenie

Wstep. Biatko C-reaktywne (C-reactive protein, CRP)
jest biatkiem ostrej fazy produkowanym w watrobie. Prokal-
cytonina (PCT), jako prekursor hormonu kalcytoniny, wy-
twarzana jest w komorkach C tarczycy. Obydwa biatka sa
markerami stanu zapalnego, ktorych poziom wzrasta u pa-
cjentow z choroba nowotworowa.

Celem pracy jest ocena wartosci biatka C-
reaktywnego i prokalcytoniny przy rozpoznaniu choroby
NOWOtworowe;.

Pacjenci i metody. Badania przeprowadzono w
grupie 359 pacjentow z choroba nowotworowa. Analizie
poddano wyniki oznaczen stezenia CRP i PCT w surowicy.

Wyniki. Podwyzszone stezenie CRP przy rozpozna-
niu stwierdzono u 49,6% pacjentdéw z choroba nowotworo-
wa. Grupa, w ktorej zaobserwowano najwigcej podwyzszo-
nych wynikéw CRP byli chorzy z ostra biataczka szpikowa
(73,9%). Najnizsze wartosci CRP wystapily u pacjentow
z przewlekla biataczka szpikowa. Podwyzszone stezenie
prokalcytoniny przy rozpoznaniu stwierdzono u 19/62
(30,6%) pacjentow.

Wnioski. U pacjentéw z choroba nowotworowa cze-
Sciej stwierdzano podwyzszone stgzenie CRP niz PCT. Nie
zaobserwowano korelacji migdzy CRP a PCT.

Key words: C-reactive protein, CRP, procalcitonin, PCT, children, cancer
Stowa kluczowe: biatko C-reaktywne, CRP, prokalcytonina, PCT, dzieci, choroba nowotworowa
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INTRODUCTION

C-reactive protein (CRP) is an acute phase protein
produced in the liver [1]. The synthesis of this protein
is stimulated by pro-inflammatory cytokines, especially
(IL-6), interleukin-1 (IL-1) i TNFa
[1,2,3,4]. CRP is sensitive and reliable but non-specific

interleukin-6

marker of inflammatory state [1,5,6]. Increased level of
this protein is regarded as an important risk factor of
atherosclerosis, myocardial infarction, peripheral blood
vessels disease and ischaemic stroke [3, 5]. There is
also a coincidence between increased CRP level and
weight loss, anorexia — cachexia syndrome, advance-
ment and recurrence of cancer. It plays a role as
a prognostic factor in such diseases as multiple mye-
loma, melanoma, lymphoma, as well as ovarian, kid-
ney, pancreatic and gastrointestinal tract tumors [3, 4].
There is a positive correlation between CRP level and
the size of the tumor, the size of metastases and spread
into lymphatic vessels in patients with esophageal
cancer and non-small cell lung carcinoma [7, 8]. Ele-
vated CRP concentration is related to bad prognosis in
patients with non-small cell lung cancer [9]. The in-
flammatory state is an important component of car-
cinogenesis but it is not evident whether the inflamma-
tory markers may be useful in predicting the risk of
developing cancer [10].

Procalcitonin (PCT) is a precursor of calcitonin,
hormone produced in thyroid C cells. Normally, PCT
does not diffuse into the circulatory system and its
level is below detectable limit (<0,1 ng/ml). The level
of PCT increases in inflammatory states, especially
caused by bacteria, and stays low in viral infections,
organ transplant rejection and autoimmune diseases
[11, 12, 13, 14, 15]. Presence of procalcitonin in blood
is related to the presence of bacterial endotoxins, but
can also be caused by other unknown factors. Clinical
tests show that PCT is a sensitive and specific marker
of sepsis in critically ill patients, in patients with hema-
tologic malignancies and febrile neutropenia [13]. An
increased level of PCT in patients with gastric cancer
may be a useful marker in diagnosis of infection and
staging [14].

Since some tumors, such as gastric cancer, as well
as planoepithelial throat and laryngeal cancer, may
cause an increase of PCT and CRP levels, diagnostic
process of infection in patients with malignancies may
be difficult [14, 16].

The aim of the study is to examine concentrations
of C-reactive protein and procalcitonin during the
diagnosis of cancer in children.

MATERIALS AND METHODS

The study group consisted of 359 patients with can-
cer: from 1 month to 33 years of age (including 23
patients of more than 19 years of age). The characteris-
tics of the examined patients are presented in Table 1.
Concentration of serum CRP and PCT (in 62 cases)
were analyzed at cancer diagnosis.

Table 1. Patients’ characteristics according to diagnosis and
CRP concentration
Tabela 1. Charakterystyka pacjentow wedtug rozpoznan
i stezenia CRP

Diagnosis | Number [Number of [Number of patients with increased CRP level [mg/1] and %

of patients
patients | with normal 5-10 10-50 50-100 >100 Total
CRP  level
n (%)
ALL 94 | 37(39.4%) |15 (16.0%)[29 (31.0%) [ 10 (10.6%)| 3 (3.3%) | 57 (60.6%)

AML 23| 6(26.1%) | 4(17.4%) | 9 (39.1%) | 3 (13.0%) | 1 (4.3%) | 17 (13.9%)

Solid tumors| 163 | 94 (57.7%) | 14 (8.6%) |32 (19.6%)| 11 (6.7%) |12 (7.36%)| 69 (42.3%)

HD 37 | 16(43.2%) | 4 (10.8%) | 7 (18.9%) | 6 (16.2%) | 4 (10.8%) | 21 (56.8%)
LCH 9 | 8(88.9%) 0 0 T(11.1%) 0 T(11.1%)
NHL 27| 16(59.3%) | 4(14.8%) | 3 (11.1%) | 3 (11.1%) | 1 (3.7%) | 11 (40.7%)
CML 6 | 4(66.7%) | 2(333%) 0 0 0 2 (333%)
Total 350|181 (50.4%) 43 (11.9%) |80 (22.3%) | 34 (9.5%) | 21 (5.8%) | 178 (49.6%)

Abbreviations used in the Table 1:
ALL — acute lymphoblastic leukaemia
AML - acute myeloblastic leukaemia
HD — Hodgkin disease

LCH - Langerhans cell histiocytosis
NHL — non-Hodgkin lymphoma

CML - chronic myeloblastic leukaemia

Serum CRP was measured with immunonepha-
lometric method using monoclonal antibodies specific
to human CRP molecule on Dade Behring nefelometer.
PCT level was measured with immunoluminnometric
method using Lumitest PCT set (Brahms Diagnostica
GmBH Berlin). CRP level was considered increased
when above 5 mg/l; and PCT was considered increased
when above 0.5 ng/ml. Patients were divided into four
groups according to CRP level (CRP 5-10 mg/1, 10-50
mg/1, 50-100 mg/1, and >100 mg/1).

Our analysis included determination of the percent-
age of patients with elevated CRP level relative to the
diagnosis. For patients with determined PCT concen-
tration, a correlation with CRP concentration was also
analyzed.
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RESULTS

Increased levels of CRP and PCT were observed in
49.6% patients with cancer (Table 1). The group with
the highest concentrations of these parameters, in-
cluded patients with acute myeloblastic leukaemia
(73.9%), while the group with the lowest ratio of in-
creased parameters were patients with Langerhans cell
histiocytosis (1/9, i.e. 11.1%). Concentration of CRP
above 100 mg/l was most commonly observed in chil-
dren with Hodgkin's disease (10.8%). The lowest val-
ues of CRP were observed in patients with chronic
myeloblastic leukaemia (the lowest value was 5.7
mg/l). In the whole group of patients most values
(22.3%) ranged from 10 to 50 mg/l. The highest level
of CRP was observed in the group of patients with
solid tumors, and it was 329 mg/1.

Increased concentration of PCT at cancer diagnosis
was observed in 19/62 (30.6%) patients. In 17/19 pa-
tients with increased PCT concentration, an increased
CRP level was also observed. In 23/55 patients with
CRP above 50 mg/l, the PCT concentration was also
measured, and it was increased in 11 cases (the highest
value was 8,30 ng/ml), including 7 patients with solid
tumors.

DISCUSSION

CRP may be an unspecific biochemical marker re-
lated to the growth of the malignancy in children and
adults. In the analysis of Bien and Balcerska, an in-
creased CRP concentration (value >15mg/l) was ob-
served in 50,8% patients with diagnosed malignancies
(acute leukaemias, Hodgkin’s disease, non-Hodgkin
lymphomas, hepatoblastoma, neuroblastoma, nephro-
blastoma, osteosarcoma and Ewing’s sarcoma) [17].
Good clinical response to anti-cancer treatment was
related to decrease of the CRP level. However, this
parameter did not return to its normal concentration
even after treatment completion and actual remission
[17]. The clinical usefulness of CRP in the follow-up
with patients with solid tumors was also observed by
Wood et al. [18]. Wieland et al. reported that increased
CRP level was observed in 64% of patients during the
diagnosis of Hodgkin’s disease. It was correlated with
stage and was higher in patients with B symptoms.
Higher CRP levels were associated with an increased
risk of relapse [1]. Child et al. reported that increased
serum CRP level (value >20mg/l) was observed in
31% of patients with Hodgkin’s disease with stage I
and II, while in 53% patients with stage III and IV. In

patients with non-Hodgkin lymphomas, increased CRP
concentrations were observed in 23% of patients with
stage I and II and in 40% with stage III and IV [19].
Our study showed an increased CRP concentration in
56.8% children with Hodgkin’s disease and in 40,7%
with non-Hodgkin lymphomas.

Ilhan et al. reported that the concentration of serum
CRP and PCT in patients with gastric cancer was sig-
nificantly higher than in the control group (the mean
value of PCT was 0,59 ng/ml, the mean value of CRP
was 78.21 mg/l) [14]. In our study, when both parame-
ters where measured during the diagnosis, the mean
value of CRP and PCT was 51.7 mg/l and 0.70 ng/ml,
respectively (Table 2). The highest mean concentration
of PCT was observed in the group of patients with
solid tumors, and it was 1,01 ng/ml. The highest mean
value of CRP was observed in patients with acute mye-
loblastic leukaemia, and it was 68.5 mg/l. Our study
showed no correlation between CRP and PCT concen-
trations (Fig. 1)

Table 2. Values of CRP and PCT in the group of patients in
which both parameters have been determined

Tabela 2. Wartos¢ CRP i PCT w grupie pacjentow, u ktorych
oznaczono obydwa markery przy rozpoznaniu

Diagnosis Number of patients| Mean | Range | Mean | Range of
CRP | of CRP | PCT PCT
value | values | value | values
[mg/l] | [mg/l] |[ng/ml]{ [ng/ml]
Acute lymphoblastic leukacmia 20 40.2 5-124 | 0.48 |<0.10-1.97
Acute myeloblastic leukaemia 5 68.5 5-248 | 0.54 |<0.10-1.43
Solid tumors 27 60.1 5-245 | 1.01 |<0.10-9.48
Hodgkin disease 4 43.2 5-64 0.32 [<0.10-0.52
Non-Hodgkin lymphomas 5 46.9 5-108 | 0.49 | 1.12-1.45
Langerhans cell histiocytosis 1 5 - 0.1 -
Total 62 51.7 5-248 | 0.70 |<0.10-9.48

PCT [ng/ml]

0 20 40 B0 B0 100 120 140 160 180 200 220 240 B0
CRP [mg/]

Fig. 1 Chart of relationship between CRP and PCT in the
group of patients with increased PCT level

Ryc. 1 Wykres zaleznosci miedzy CRP i PCT w grupie pa-
¢jentow z podwyzszonq PCT

CONCLUSIONS

1. Increased concentrations of CRP and PCT were
observed in 49,6% children with cancer at diagno-
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sis. Abnormal CRP concentrations were most
commonly observed in patients with acute mye-
loblastic leukaemia, and rarely in patients with
Langerhans cell histiocytosis.

Increased serum PCT concentration was observed
in 30.6% of patients.

. There was no correlation between CRP and PCT

concentrations.
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Summary

Background. Nephrotoxicity is an inherent adverse
effect of certain anticancer drugs and a common problem in
oncology. Drugs which cause nephrotoxicity are: cisplatin,
methotrexate (especially in high doses), ifosfamide, cyclo-
phosphamide, streptozocin, bleomycin, while gemcitabine,
dacarbazin, mercaptopurine and carboplatin cause kidney
failure less often.

Objective. Analysis of nephrotoxicity grade in chil-
dren treated for neoplastic diseases with chemotherapy.

Patients and methods. The study group con-
sisted of 333 patients with cancer. Concentration of serum
creatinine was analyzed. For grading the nephrotoxicity
common toxicity criteria for adverse events CTCAE v3.0
were used.

Results. Biochemical symptoms of nephrotoxicity
were observed in 8,4% of children with cancer. III grade of
toxicity was observed in 0,9% of patients, there were no
cases of grade IV of nephrotoxicity. Nephrotoxicity was most
often observed in children treated for acute lymphoblastic
leukaemia and solid tumors, while it was not observed in
patients with Hodgkin’s disease, and acute or chronic mye-
loblastic leukaemia.

Conclusions. Nephrotoxicity is not a frequent ad-
verse effect of chemotherapy in children. However, because
of the risk of chronic renal failure, the proper supportive
therapy is required during chemotherapy.

Streszczenie

Wstep. Nefrotoksyczno$é jest nicodtacznym skutkiem
ubocznym stosowania niektorych lekéw przeciwnowotwo-
rowych. Leki najczesciej powodujace objawy niepozadane ze
strony nerek to: cisplatyna, metotreksat (zwlaszcza w duzych
dawkach), ifosfamid, cyklofosfamid, streptozocyna, bleomy-
cyna, natomiast gemcytabina, dakarbazyna, merkaptopuryna
i karboplatyna rzadziej powoduja uszkodzenie funkcji nerek.

Cel pracy. Ocena stopnia nefrotoksycznosci u dzie-
ci poddawanych chemioterapii z powodu choréb nowotwo-
rowych.

Pacjenci i metody. Badania przeprowadzono
w grupie 333 pacjentdw z choroba nowotworowa. Analizie
poddano wyniki oznaczen stgzenia kreatyniny. Do oceny
stopnia uszkodzenia nerek stosowano skale CTCAE (Com-
mon Terminology Criteria for Adverse Events v3.0).

Wyniki. Biochemiczne wyktadniki nefrotoksycznosci
chemioterapii stwierdzono u 8,4% dzieci z chorobami nowo-
tworowymi, przy czym tylko u 0,9% byla to toksycznos¢ III
stopnia, IV stopien nie wystapil u zadnego z pacjentow.
Nefrotoksyczno$¢ wystgpowala najczesciej u dzieci leczo-
nych z powodu ostrej biataczki limfoblastycznej i guzow
litych. Nie obserwowano neurotoksycznosci u pacjentow
z choroba Hodgkina, ostra biataczka mieloblastyczna oraz
w przewleklej fazie biataczki szpikowe;.

Wnioski. Nefrotoksyczno§¢ nie jest czgstym obja-
wem niepozadanym chemioterapii choréob nowotworowych
u dzieci, ale ze wzgledu na ryzyko rozwoju przewlektej
niewydolnosci nerek, wymaga prowadzenia wlasciwej terapii
wspomagajace;.

Key words: : nephrotoxicity, children, chemotherapy, creatinine, acute lymphoblastic leukaemia

Stowa kluczowe: : nefrotoksycznos¢, dzieci, chemioterapia, kreatynina, ostra biataczka limfoblastyczna
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INTRODUCTION

Nephrotoxicity is an inherent adverse effect of cer-
tain anticancer drugs and a common problem in oncol-
ogy [1, 2]. Intrinsic renal damage may result from
prolonged hypoperfusion, exposure to exogenous or
endogenous nephrotoxins, renotubular precipitation of
xenobiotics or endogenous compounds, renovascular
obstruction, glomerular disease, renal microvascular
damage or disease, and tubulointerstitial damage or
disease. Clinical signs of nephrotoxicity and methods
used to assess renal function are still discussed. Che-
motherapy-induced renal failure may result from dam-
age to vasculature or structures of kidneys, haemolytic
uraemic syndrome and prerenal perfusion deficits,
presenting as prerenal uraemia, intrinsic damage or
postrenal uraemia [1]. Furthermore, patients with can-
cer are frequently at risk of renal damage secondary to
disease-related or iatrogenic causes [1, 2].

Some of anti-cancer drugs are potentially nephro-
toxic (Table 1). Methotrexate may cause increased
serum creatinine levels, uraemia and haematuria; high
dose methotrexate may result in acute or chronic renal
failure [1, 2]. Dose- and age-related proximal tubular
damage, glucosuria, aminoaciduria and Fanconi syn-
drome may be adverse effects of ifosfamide [2, 5, 6].
Cisplatin and carboplatin cause dose-related renal
dysfunction presenting with: increased serum
creatinine levels or uraemia, and electrolyte abnormali-
ties such as hypokalaemia and hypomagnesaemia [1, 2,
7-10]. A rare adverse effect of gemcitabine is haemo-
lytic uraemia [1]. The risk factors of renal failure are
previous or coexisting kidney diseases and exposure to
potential risk of renal damage, especially with simulta-
neous chemotherapy (e.g. nephrotixic antibiotics like
aminoglycosides, vancomycin, amphotericine or anti-
biotics eliminated by kidneys like penicillins, cepha-
losporines, carabapenems, monobactams, tetracyclines,
chinolones, cotrimoxazole) [6, 11, 12].

Table 1. Drugs with high risk of nephrotoxicity [3-4]
Tabela 1. Leki o duzym i umiarkowany ryzyku nefrotoksycz-
nosci [3-4]

The aim of this study was to analyze the grade of
nephrotoxicity in children treated for neoplastic dis-
eases with chemotherapy.

MATERIALS AND METHODS

The study group consisted of 333 patients with can-
cer, who where hospitalized on 3040 occasions during
27 consecutive months. Patients’ characteristics with
respect to diagnosis are presented in Table 2. Concen-
tration of serum creatinine was analyzed. Common
toxicity criteria for adverse events (CTCAE) v3.0 were
used for grading nephrotoxicity (http://ctep.cancer.gov/
forms/CTCAEvV3.pdf) (Table 3).

Table 2. Patients’ characteristics according to diagnosis
Tabela 2. Charakterystyka pacjentow wg rozpoznan

Diagnosis Number of patients

Solid tumors 148 (44.5%)

Acute lymphoblastic leukaemia 95 (28.5%)

Hodgkin’s disease 38 (11.4%)

Non-Hodgkin lymphomas 27 (8.1%)
Acute myeloblastic leukaemia 18 (5.4%)
Chronic myeloblastic leukaemia 7 (2.1%)
Total 333 (100%)

Table 3. Common toxicity criteria in CTCAE scale
Tabela 3. Skala toksycznosci CTCAE

Grade 1 Grade 2 Grade 3 Grade 4
Creatinine | >ULN —|>1.5xULN - [ >3xULN - | >6xULN
concentra- | 1.5xULN 3xULN 6xULN
tion

Drugs with high-risk Drugs with intermediate-risk

nephrotoxicity nephrotoxicity
Cisplatin Gemcitabine
Metotrexate (high doses) Dacarbazine
Ifosfamide, cyclophos- | Merkaptopurine

phamide Metotrexate (medium doses)
Streptozocine Carboplatin
Bleomycin

ULN - upper limit of normal value

In the analysis, the frequency of each nephrotoxic-
ity grade was determined, as well as the percentage of
results specific for each grade. Each patient was as-
signed the highest observed nephrotoxiciy grade.
Complications related to the tumor lysis syndrome in
the first period of chemotherapy were excluded from
the research.

RESULTS

Biochemical symptoms of nephrotoxicity were ob-
served in 8.4% of children with cancer and in 1.3% of
all hospitalizations (Table 4). Grade III nephrotoxicity
was observed in 0.9% of all patients. There was no
case of grade IV nephrotoxicity. Grade III nephrotoxic-
ity was observed only in one patient with acute lym-
phoblastic leukaemia and in two patients with solid
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tumors (with nephroblastoma). Grade II nephrotoxicity
was mostly observed in patients with acute lym-
phoblastic leukaemia and solid tumors (Table 5).
Symptoms of nephrotoxicity were not observed in
patients with Hodgkin’s disease, neither in acute nor
chronic myelogenous leukaemia.

Table 4. Nephrotoxicity according to number of hospitaliza-
tions and patients
Tabela 4. Nefrotoksycznos¢ wg liczby hospitalizacji i liczby

pacjentow
Grade 0 1 2 3 4 Total
0
Patients 305 (91.6%) |14 (4.2%)|11 (3.3%)|3 (0.9%) 333
Hospitalizations [2999 (98.7%)[20 (0.6%)[15 (0.5%)|6 (0.2%)| 0 | 3040

Table 5. Nephrotoxicity according to diagnosis
Tabela 5. Nefrotoksycznosé wg rozpoznan

Nephrotoxicity grade

Diagnosis n 0 1 2 3

Solid tumors 148[135 (89.9%)]8 (5.4%)|5 (3.4%)|2 (1.3%)

Acute lymphoblastic leukaemia| 95 | 85 (89.5%) |5 (5.3%)[4 (4.2%)[1 (1.0%)

~
o (o (o &

Non-Hodgkin lymphomas 2724 (88.9%) |1 (3.7%)|2 (7.4%)| O

DISCUSSION

Chemotherapy-induced nephrotoxicity often dem-
onstrates as an acute and potentially reversible renal
failure, but may also cause chronic and irreversible
kidney damage, decreasing the quality of life, affecting
the short and long time survival, and leading to an
increase in the mortality of patients with malignancies
[13]. Nephrotoxicity is observed in 30% of patients
treated with chemotherapy schedules based on cisplatin
analogues [14]. As Langer et al. reported, 1% suffered
from tubulopathy, 1% had a reduced creatinine clear-
ance, 5% had glucosuria and 12% had proteinuria.
High grade nephrotoxicity was observed in 7-9% of
patients [15]. Skinner reported that ifosfamide may
cause chronic renal failure in 30-60% of patients [13].
In our study, nephrotoxicity was observed in 8.4% of
children.

Potential risk factors for ifosfamide nephrotoxicity
are: higher cumulative dose, treatment at younger age
(<3 years of age), previous or concurrent administra-
tion of cisplatin, previous unilateral nephrectomy, pre-
existing renal impairment or tumor invasion, and inter-
individual variability in ifosfamide pharmacokinetics
or ifosfamide administration method [13].

Urinary alkalization, hydration and folic acid sup-
plementation confer protection against methotrexate-
induced renal dysfunction [1, 2]. It has been reported
recently that carboxypeptidase G2 (Glucarpidase) may
be useful in patients with delayed methotrexate elimi-
nation [11]. Appropriate strategy to circumvent platin-
induced toxicity are intensive hydration, forced diure-
sis, mannitol, magnesium supplementation, amifostine,
and BNP 7787 (disodium 2,2-dithio-bis-ethane-
sulfonate), which is currently in clinical trial. However,
there are no clear standards for such prophylaxis based
on multicenter trials carried out in homogenous groups
of patients [7,8,9]. The possible nephroprotective role
of mesna has not been addressed specifically in clinical
studies and, therefore, remains unproven [13]. In pa-
tients with malignancies, in which before or during
multidrug chemotherapy renal failure was observed,
amifostine (Ethyol) may be used as a nephroprotective
agent [14].

CONCLUSIONS

1. Biochemical symptoms of nephrotoxicity were
observed in 8,4% of children with cancer. Grade III
toxicity was observed in 0,9% of patients, while
there were no cases of grade IV nephrotoxicity.

2. Nephrotoxicity was most often observed in children
treated for acute lymphoblastic leukemia and solid
tumors.

3. Nephrotoxicity was not observed in patients with
Hodgkin’s disease, neither in acute nor chronic
myeloblastic leukaemia.
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Summary

The aim of the study was to assess the prestige of a nurs-
ing profession based on the opinions of other members of
therapeutic team and answer the following questions: is a
nurse viewed as a partner by the team members? Will aca-
demic education increase the importance of the nursing
profession? Is a nurse an important team member who influ-
ences goal accomplishment? The study was also to identify
measures necessary to improve the prestige of the nursing
profession.

The study was conducted in four hospitals in Bydgoszcz
and included 139 professionals (doctors, nutritionists, medi-
cal laboratory specialists and physiotherapists). A specially
designed questionnaire was used in the study. Quantitative
and qualitative analyses of the results were performed.

The study shows that according to other members of
therapeutic team, the prestige of nursing profession is aver-
age, despite the fact that nurses’ work is highly rated by other
specialists. A nurse is considered to be an important member
of the team who is essential for the process of patient’s
treatment. The respondents expect nurses to gain more com-
petence. The respondents believe that academic education
will enhance the prestige of the profession (however nurses
with university degree do not command much greater respect
than other nurses — about 50% of the respondents notice
greater respect for nurses with academic degree). According
to the respondents, factors which might enhance the prestige
of nursing profession are: constant education and training and
higher salary.

Streszczenie

Celem pracy bylo okreslenie, jak wysokim prestizem cie-
szy si¢ pielegniarka w zespole: czy jest postrzegana jako
partner zawodowy, czy wprowadzenie ksztatcenia zawodo-
wego na poziomie akademickim podniesie rangg zawodu,
czy jest istotnym elementem zespolu, majacym wplyw na
osiagnigcie celu misji oraz okreslenie dziatan, jakie nalezy
podjaé, zeby podnies¢ prestiz zawodu wedlug innych profe-
sjonalistow.

Badania byly przeprowadzone w czterech szpitalach
bydgoskich, a udziat w nich wzigto 139 o0séb wykonujacych
zawod lekarza, dietetyka, analityka medycznego i rehabili-

tanta. Wykorzystano do nich specjalnie skonstruowany kwe-
stionariusz ankiety. Uzyskane wyniki poddano analizie ilo-
Sciowej 1 jakosciowej.

Wyniki badan wykazaty, ze pielegniarki ciesza sig prze-
cigtnym prestizem zawodowym w zespole, mimo ze ich
praca jest oceniana wysoko przez innych specjalistow. Piele-
gniarka jest rowniez postrzegana jako pelnoprawny partner
zawodowy, bez ktorego nie mozna przywrdci¢ zdrowia
choremu. Respondenci oczekuja rozszerzenia kompetencji
pielegniarki. Stwierdzaja réwniez, ze wyzsze wyksztatcenie

podniesie rangg zawodu, jednak wzrost uznania wobec pielg-
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gniarek z wyzszym wyksztalceniem dostrzega tylko okoto
potowa. Wsrdd czynnikow majacych podnies¢ prestiz zawo-

Key words: professional prestige, nurse, therapeutic team.

du badani najchgtniej wymieniali: state podnoszenie kwali-
fikacji oraz podniesienie wynagrodzen za pracg.

Stowa kluczowe: : prestiz zawodowy, pielgegniarka, zespot terapeutyczny

INTRODUCTION

Frequent contacts between specialists from differ-
ent areas of medicine and nurses during patient treat-
ment leed to the creation of an image of a nurse as a
person and a professional in terms of caretaking.

The work done by nurses is an indicator of their so-
cial-professional position, e.i. their position in the class
structure. This position is defined by their position
within the profession, their income, the level of their
independence in making decisions, education, external
symbols of social position, such as the clothes they
wear, lifestyle, professional and social identification
[1]. Their job defines their position in the social hierar-
chy and the scope of duties, as well as enables them to
use certain material goods and privileges, and defines
their lifestyle.

The main aim of this work was to assess the profes-
sional prestige of a nurse among the other members of
the medical team. In order to achieve this goal, the
prestige of a nurse was evaluated on the scale of “very
high — very low” and research was conducted to di-
cover what factors influence the prestige. A minor aim
was also set — to attempt to determine if the current
model of nurse education influences their professional
prestige, and what is the evaluation of its usefulness for
taking care of patients, as well as what steps need to be
taken, according to other specialists, in order to im-
prove the professional prestige of a nurse.

MATERIALS AND METHODS

Approximately 150 questionnaires were distributed
among the Bydgoszcz hospital staff, out of which 139
were completed and returned. The respondents repre-
sented the following professions: nutritionists, rehabili-
tants, doctors, medical analysts. The most numerous
group were rehabilitants — 49 respondents and medical
analysts — 39. The other professional groups were
represented by 28 nutritionists and 23 doctors. Among
the population, 5 people possessed the degree of Doc-
tor of Medicine (4 physicians and 1 medical analyst).
Most respondents were women (90.6%).

Among the respondents, 79 (56.8%) had a degree
and 60 (43.2%) graduated from secondary schools.
Most respondents were aged between 31 and 40 (48
people). The second largest age group were employees
aged between 41 and 50 (38 people). There were 26
and 25 respondents aged between 20 and 30, and be-
tween 51 and 60, respectively.

The research used the method of diagnostic ques-
tionnaire. For this purpose an anonymous questionnaire
was designed consisting of 4 basic questions about the
respondents (age, sex, profession and education) to-
gether with 16 principle questions. The principle ques-
tions referred to the issue of professional prestige both
in general and in detail. They were both closed and
open questions with wide variety of answers.

The research was conducted in 4 Bydgoszcz hospi-
tals: the Dr A. Jurasz University Hospital, the J. Brudz-
inski Provincial Children’s Hospital, Dr J. Biziel Pro-
vincial Hospital and the 10th Military Teaching Hospi-
tal with a Polyclinic in randomly chosen wards, be-
tween November 2007 and April 2008.

The statistical analysis was done with the use of the
STATISTICA PL 7.1 software by StatSoft. The analy-
sis of co-dependence of responses to particular ques-
tions with the demographic factors was conducted with
the use of the chi® test, which describes the inter-
relationships of the variables based on the normal
scale. The level of significance of p < 0,05 was as-
sumed as statistically significant. The answer to the
questions asked were presented in the form of percent-
age which facilitated capturing of the relations between
the answers and particular groups of respondents. The
percentage achieved in this way does not always total
100%, since the results in the “no answer category”
were not taken into account, and some questions gave
the opportunity to provide several answers.

THE RESULTS

According to 51.09% respondents, the professional
prestige of a nurse is average. Such answer was most
often provided by medical analysts (71.79%). 52 re-
spondents (38%) assessed the professional prestige of a
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nurse as high (such evaluation was especially high
among nutritionists and doctors, among whom 64.29%
and 52.17% respectively provided such an answer),
including 8 (15.2%) who said it was very high. Only
15 respondents (10.9%) assessed the professional pres-
tige of a nurse as low, including 3 who believed it was
very low. This group was dominated by people aged
41-50 (18.42%) and rehabilitants (23.40%). The differ-
ences in answers concerning the professional prestige
of a nurse were statistically significant (p=0.0002).

According to the respondents, in order to improve
the professional prestige of a nurse, the following steps
need to be taken: continuously improve qualifications —
83.4%, raise salaries 61.1%, choose nursing course
candidates more carefully — 35.9%, encourage more
men to become nurses 34.5%, put more emphasis on
foreign languages during nursing courses — 18.7%.
80.4% of the respondents would not encourage any of
their relatives to choose this profession (p=0.0073).
This option was most often chosen by rehabilitants
(91.8%) and medical analysts (81.5%), and least often
chosen by doctors (65.2%). These answers were sup-
ported by the following arguments: low salaries
(39.6%), high level of work inconvenience (32.4%)
and lack of appreciation (7.2%). Almost 39% respon-
dents could not justify their answers.

Financial benefits is one of the factors influencing
the level of professional prestige of a profession.
74.1% of the respondents decided that nurses were
underpaid. Doctor were unanimous in this view, while
75% rehabilitants and 69.2% nutritionists believed so
too. The data were statistically significant (p=0.0073).

Higher education is one of the factors positively
correlating with an increase in the professional and
personal prestige of nurses which was represented in
the survey. 66.7% of the respondents agreed that intro-
duction of academic education for nurses would in-
crease the prestige of the profession. Such response
was most frequently given by rehabilitants (76.60%)
and medical analysts (70.27%) and young people —
aged between 20 and 30 (76.92%). Generally, such an
answer was given by respondents with higher educa-
tion (73.33%). On the other hand, respondents with
secondary education and aged 51-60 were of the oppo-
site view (41.67% and 48% respectively). The results
were statistically insignificant (p=0.1318).

Despite the positive relation between education and
professional prestige, 68 respondents (50.7%) believed
that nurses with higher education did not enjoy higher
esteem within their teams, which was also statistically

insignificant (p=0.1915). These respondents were
mostly rehabilitants (57.78%) and medical analysts
(56.41%). 66 respondents (49.3%) declared that nurses
with higher education enjoyed higher esteem within
their teams. Most of the respondents who shared this
view were nutritionists (66.67%). Also, people aged
20-30 (56%) having secondary education (54.24%)
were of the same view.

The respondents agreed that nurses deserved es-
teem for the following reasons: skills — 87.7%, being
hard-working — 72.6%, reliability- 71.9%, knowledge —
71.9%, kindness — 4.3%, empathy and friendliness —
2.8%, attitude to patients — 2.1%, being communicative
— 1.4%, and experience — 0.7%.

Vast majority (88.4%) perceived nurses as partners
in the process of treatment (p=0.0201). Such an an-
swer was given by 100% of doctors and 96.43% of all
nutritionists. The least supportive of this view were
medical analysts (76.93%).

Similar percentage of respondents — 89.2% - de-
clared that they appreciated and considered nurses’
opinions concerning patient care and treatment. 100%
of doctors and nutritionists shared this view. On the
contrary, 23.08% of medical analysts were of the op-
posite opinion. The differences in answers were statis-
tically significant (p=0.0062).

91.3% of all respondents confirmed the usefulness of
nurses’ knowledge and declared that a medical team would
not be able to exist without them. Again, doctors and nutri-
tionists were unanimous in this opinion (100%). The most
critical group were rehabilitants (18.37%) and medical
analysts (7.69%), who declared that a team could function
properly without a nurse’s knowledge. The results were
statistically significant (p=0.0132).

Moreover, only 70.6% of the respondents believed
that it was not possible to fully cure patients without
nurses’ participation. The largest percentage of respon-
dents with this view could be found among nutritionists
(92.8%). Within the remaining professions, a similar per-
centage of respondents believed that nurses’ participation
was necessary (between 63.3 and 66.7%). The opposite
view was shared by 40 out of all the respondents (29.4%).
The results were statistically significant (p=0.0361).

Most of the respondents were in favour of extending
the scope of activities during which nurses could make
independent decisions (p=0.1837). This opinion was
mainly expressed by people with higher education
(61.54%), nutritionists (76.92% ) and doctors (69.5% ).

Despite this, a similar proportion of respondents
(65.15%) wanted nurses to be dependent on other medical
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team members in terms of basic activities conducted
within their duties. Such an answer was chosen most fre-
quently by doctors (75%) and medical analysts (70.27%).
Only 46 people (34.8%) declared nurses’ full independ-
ence of other members of the interdisciplinary team. The
results were statistically insignificant (p=0.5085). It is
worth noticing that dependence on other team members
was most frequently expected by respondents aged 51 to
60 (80%) and 41 to 50 (77.8%), while the opposite opinion
was expressed by mainly young respondents (aged 20-40).
These results were statistically significant. (p=0.0228).

The respondents agreed that nurses within their teams
did not conduct any activities from beyond their scope of
competence. 72 respondents were of this opinion (55.8%).
Such answers were most common among doctors (86.9%)
and rehabilitants (70.2%). The results were statistically
significant. (p=0.0001). Even more respondents believed
that by conducting activities for which they are not quali-
fied, and which are other peoples’ responsibilities, nurses
will not improve their professional prestige or gain them
more esteem (108 of the surveyed staff, i.e. 80.6 % of all
respondents). Such answer was most often given by reha-
bilitants (93.8%). The results were statistically significant.
(p=0.0256).

Professionals highly valued the work of nurses in
their teams. Such assessment was given by 68 of the ques-
tioned staff (50%), including 12 (17.6%) who described it
as “very high”. This very high evaluation of nurses’ work
was provided by 91.3% of doctors and 71.4% of nutrition-
ists. The value of work of nurses within their teams was
defined as low by 9 respondents (6.6%), 4 of whom actu-
ally gave a “very low” rating. 14.58% of low ratings were
provided by rehabilitants. The results were statistically
significant. (p=0.0001).

DISCUSSION OF RESULTS

After analysis of the research material and literature
it seems that the social-professional situation of a
nurse, in the opinion of the interdisciplinary team they
work with, is not as bad as it is sometimes pictured by
researchers and nurses themselves. As for some factors
of prestige (salary, independence) low, depreciating
opinions of nurses’ profession can be noticed, which
correlates with other available literature. In terms of
other factors (such as importance and relevance of
work, social usefulness) the situation is better than
previous works may suggest.

74.1% of respondents agreed that nurses were un-
derpaid in view of the effort made at their work. Most

such answers came from doctors and rehabilitants —
professional groups with relatively high income. It is
worth pointing out that these two groups were also
characterized by highest percentage of staff with higher
education (100% and 57.1% of doctors and rehabili-
tants respectively). Higher education is a factor influ-
encing employee’s higher expectations in terms of pay
and work itself. These two groups, whose interpersonal
contacts with nurses are the most frequent, also notice
that nurses’ work is challenging and involves many
different duties. Nurses themselves are exposed to
many harmful factors, e.g. health hazards or difficult
situations during treatment and nursing, such as con-
flicts, violence, etc. However, it is probably low pay
(51.09%) that influences the average prestige of nurses
within a team, which seems to be confirmed by re-
search conducted by Kadalska et al., in which more
than 50% of respondents decided that low pay was the
factor responsible for low or average prestige of
nurse’s profession. [2]. More than 60% of profession-
ally-active nurses thought of changing their job for a
more profitable one, since statistics show that they only
earn approximately 74% of the national average (gross
national average in April 2008 was PLN 2786), while
the assistant staff’s salaries were only approximately
70% of the national average [3]. Due to the increased
demand for caretaking and nursing personnel many
European countries have been making efforts to attract
Polish nurses, who are known for their reliability and
excellent professional skills. Foreign employers tempt
Polish nurses with high salaries, professional develop-
ment opportunities, and potential promotion in the
future. The highest demand for such personnel can be
noticed in Norway, Italy, the United Kingdom, Ireland,
Sweden, the Netherlands and the USA, despite the fact
that the number of nurses per every 10 thousand citi-
zens in those countries is sometimes even 3 times
higher than in Poland (in 2006 the ratio in Poland was
47 nurses per every 10 thousand citizens) [4]. Those
countries offer monthly pay of approximately 1500
euro (2000 euro in Germany), and American employ-
ers offer 28-35% per hour (approx. 3500 $ per month).
Moreover, the level of nursing in those countries is
high, not only for the quality of services provided but
also for the financial and social offer, and social recog-
nition. All this means that Polish nurses are willing to
leave the country and improve their standard of living.
Polish employers are not attractive enough to them, not
only for financial reasons, but also because of non-
material reasons, such as recognition and esteem. In
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West European countries Polish nurses are well-paid
and enjoy high esteem within the society. Such a high
social position encourages young people to train for
this job which means that there is better choice of can-
didates when recruiting nursing staff which leads to the
possibility of choosing the candidates that are best-
suited for this job. In the research conducted by Bin-
kowska - Bury et al. [5] among students of nursing,
34.7% of them declared they had chosen the profession
because the had not been accepted to other courses.
However, in most cases the reasons behind the decision
to study nursing were idealistic and highly ethical. The
analysis conducted by Kulik et al. [6], Tecza [7] and
Kadalska [8] shows that the most common reason for
choosing the course was the need to help others and
interest in medicine. Only few respondents based their
decision on the prestige of the profession, and even
fewer made the decision for financial reasons. The
respondents, as well as nurses, are aware that in order
to improve the professional prestige of a nurse, it is
necessary to introduce various changes on different
levels, both dependent on and independent of nurses
themselves. [9].

One of the factors defining the professional prestige
of a job is its social relevance, which is represented in
individuals’ reasons for choosing a job. In today’s
society, the least often chosen jobs are those, which
require high physical effort [10]. 80.4% of respondents
underlined that they would not encourage their rela-
tives or acquaintances to become a nurse. They argued
that this was due to: low salary and hard work. Such
opinion was most common among medical analysts
and rehabilitants. The most willing to encourage others
to become a nurse were young people (aged 20-30 lat),
which probably results from the change in the percep-
tion of the job due to changes in nursing education and
nurses’ legal situation. 43% of nursing students declare
that having experienced the nature of the job during
their practical training, they would not choose the same
course again. [5]. Another issue is the nature of the job.
Most nursing students surveyed by Gotlib et al. [11]
declared that it was a “feminised” and “unmanly”
profession of low prestige. These are the main reasons
for men not to choose the profession. Therefore, in
order to encourage men to choose the job, many coun-
tries promote the profession in media, underlining the
importance of men in modern nursing and raising the
nurses’ pay. It needs to take many years, however,
before social stereotypes are brought down and men

will be free to chose nursing courses without the risk of
being suspected of effemination.

CBOS (Public Opinion Research Centre) survey on
honesty and professional reliability conducted in the
year 2000 showed that nurses occupied a high position
in the hierarchy of professions in terms of honesty and
reliability. Among the 23 evaluated jobs, the profession
of a nurse came second, directly after scientists, with
9% very high and 48% rather high ratings [1]. In own
previous research, members of the medical team, when
asked “What influences the respect shown to nurses”,
most often answered “skills” (87.7%) and “being hard-
working” (72.6%). Some other answers were reliability
(71.9%) and “honesty” (61.1%). This shows that, in
terms of character traits and ethical standards, nurses
are highly situated within the society, whose members
believe that, in order to do this job, one needs to have a
special calling, because it is difficult to imagine that
someone would study for a job that is badly recog-
nised, underpaid, and often done in hazardous condi-
tions.

Nurses complain that their contribution to the pa-
tient care is underestimated and they do not have a say
in the decision-making about the treatment [12]. How-
ever, as it has been show in this work, it is contrary to
the opinions of the other members of the team. 88.4%
of respondents declared that they perceived nurses as
professional partners, and 89.2% considered their opin-
ion on treatment and nursing. 70.6% of respondents
believed that without nurses’ participation it was not
possible to accomplish the medical team’s mission, i.e.
patient’s recovery. From all the professional groups
involved in the process of treatment, the highest per-
centage of medical analysts did not treat nurses as
professional partners and did not consider their opinion
on patient care and treatment. At the same time they
were mostly young people (aged 20-30). It probably
results from the fact that medical analysts do not co-
operate with nurses directly and their contacts are in-
frequent.

When addressing nurses’ independence, it is neces-
sary to point out that this independence is of alleged
nature and, in the view of the society, illusive. Why?
There are several reasons. Although, by law, a nurse is
an independent team member, whose work does not
require supervision or orders to do the activities in-
cluded in the scope of nurses’ duties, it is their superi-
ors who limit their professional independence to man-
ual work, and nurses themselves assume that their job
is only to follow doctors’ recommendations. [13, 14].
According to Jankowska et al. [15], only 37.5% of
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nurses believe they possess good or very good qualifi-
cations to perform the function of health-promotion,
the function of rehabilitant (30%), the function of edu-
cator (25%). Nurses themselves want to gain additional
qualifications in terms of prevention (85%), rehabilita-
tion (66.3%), therapy (61.3%). Nurses are least willing
to improve their qualifications in health promotion
(17.5%) and nursing research (6.3%). Large percentage
of nurses are unwilling to self-educate. What is more,
trainings are not accessible enough, as they are expen-
sive and there are not enough of them.

More than half of the respondents believe that
nurses conduct activities from beyond their scope of
duties. According to Kapala and Sawicka[16], 82%
nurses admit that they conduct activities beyond their
competence. Among these nurses, 14% do it often and
64% sometimes.

The job of a nurse is hard, done in difficult condi-
tions and underpaid. It requires dedication and many
sacrifices. This effort is recognised by other profes-
sionals who highly esteem nurses’ contribution to the
complex process of patient care.

CONCLUSIONS

1. Professional prestige of a nurse is average, according
to the other professional groups in the medical team.
This results from, among other things, low salary and

high level of work inconvenience.

2. Nurses’ work in a team is highly esteemed by other

team members.

3. Academic education of nurses is one of the factors
improving professional prestige. However, the corre-
lation between higher education and increase in pro-
fessional prestige is only understood by half of the re-

spondents.

4. Members of the medical team support the idea of

increasing nurses’ professional independence.

5. In order to improve nurses’ professional prestige,
nurses should continuously improve their qualifica-

tions.
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Summary

Introduction. Patients with non-ST-segment eleva-
tion myocardial infarction (NSTEMI) compose a non-
homogeneous group while considering the extent of athero-
sclerosis and the degree of narrowing in coronary arteries. It
is suggested that estimation of wall motion score index
(WMSI) and left ventricular ejection fraction (LVEF) en-
hance morbidity and mortality risk stratification in patients
with NSTEMI. Could echocardiography performed before a
NSTEMI treatment decision is made be helpful in the actual
decision making process?

The aim of this study was to examine the correlation
between WMSI, LVEF and markers of myocardial necrosis
and the extent and the degree of narrowing in coronary arter-
ies in patients with NSTEMI.

Material and methods. A retrospective analy-
sis based on medical records of 191 patients with NSTEMI
was performed. Demographic, biochemical, angiographic and
echocardiographic parameters were assessed. Patients were
divided into groups using the following criteria: the number

of significantly narrowed coronary arteries, TIMI flow grade
in the infarct-related artery before angioplasty and history of
previous myocardial infarction.

Results. LVEF was significantly higher and WMSI
was significantly lower in patients without significant nar-
rowings in coronary arteries and in patients with 1-vessel
disease than in patients with multivessel disease (LVEF
53.3% vs 48.3% vs 43.6%, p=0.0058; WMSI 1.35 vs 1.39 vs
1.51, p=0.0099). Significant differences in LVEF and WMSI
were observed between groups of patients with patent (TIMI
2-3) and non-patent (TIMI 0-1) infarct-related artery (LVEF
50 vs 45%, p=0.000045; WMSI 1.32 vs 1.47, p=0.002475)
and in groups of patients without and with history of previous
myocardial infarction (LVEF 48.3% vs 40.2%, p=0.000001;
WMSI 1.38 vs 1.63, p=0.0000001).

Conclusions. Decrease in LVEF and increase in
WMSI may indicate the extent and the advancement of
changes in coronary arteries.

Streszczenie

Wstep. Chorzy z zawalem serca bez uniesienia odcin-
ka ST (NSTEMI) stanowia niejednorodna grupg pod wzgle-
dem rozleglosci miazdzycy, jak i stopnia zwegzenia w tgtni-
cach wiencowych. Sugeruje si¢, ze ocena wskaznika kurcz-
liwosci (WMSI) i frakeji wyrzutowej lewej komory (LVEF)
wzbogacaja oceng ryzyka chorobowosci i $miertelnosci

u chorych z NSTEMI. Czy badanie echokardiograficzne
wykonane przed decyzja o rodzaju leczenia NSTEMI moze
by¢ pomocne w podejmowaniu decyzji?

Celem pracy byla ocena zaleznosci pomigdzy
WMSI, LVEF i poziomem markeréw martwicy mig$nia
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sercowego a rozleglo$cia zmian 1 stopniem zwegzenia
w tetnicach wiencowych u chorych z NSTEMI.

Materiat i metody. Retrospektywnej analizie
poddano historie chorob 191 pacjentdw z rozpoznaniem
NSTEMI. Oceniano parametry demograficzne, biochemicz-
ne, koronarograficzne i echokardiograficzne. Chorych po-
dzielono na grupy w zaleznosci od liczby zwgzonych istotnie
tetnic wiencowych, przeptywu TIMI w tetnicy odpowie-
dzialnej za zawal przed interwencja wiencowa oraz w zalez-
nosci od wezesniej przebytego zawatu serca.

Wyniki. LVEF byla znamiennie wyzsza, a WMSI
znamiennie nizszy u chorych bez istotnych zwe¢zen w tgtni-
cach wiencowych i u chorych z choroba 1-naczyniowa

w poréwnaniu do chorych z choroba wielonaczyniowa
(LVEEF 53,3% vs 48,3% vs 43,6%, p=0,0058; WMSI 1,35 vs
1,39 vs 1,51, p=0,0099). Znamienne roznice w zakresie
LVEF i WMSI obserwowano pomigdzy grupami chorych
z drozna (TIMI 2-3) i niedrozng (TIMI 0-1) tetnica odpowie-
dzialng za zawal (LVEF 50 vs 45%, p=0,000045; WSMI
1,32 vs 1,47, p=0,002475) oraz w grupach bez zawatu
i z wczesniej przebytym zawatem serca (LVEF 48,3% vs
40,2%, p=0,000001; WMSI 1,38 vs 1,63, p=0,0000001).

Wnioski. Obnizenie LVEF i wzrost WMSI u pacjen-
tow z NSTEMI moze przemawia¢ za rozlegloscia i zaawan-
sowaniem zmian w t¢tnicach wiencowych.

Key words: non-ST-segment elevation myocardial infarction, wall motion score index, left ventricular ejection fraction
Stowa kluczowe: zawal serca bez uniesienia odcinka ST, wskaznik kurczliwo$ci lewej komory, frakcja wyrzutowa lewej komory

INTRODUCTION

Patients with non-ST-segment elevation myocardial
infarction (NSTEMI) compose a non-homogeneous
group while considering the extent of atherosclerosis
and the degree of narrowing in coronary arteries [1,2].
Compared to patients with ST-segment elevation myo-
cardial infarction (STEMI), they more often have mul-
tivessel disease. It is often difficult to unambiguously
specify which lesion is responsible for myocardial
infarction. Short-time prognosis in patients with
NSTEMI is better than in patients with STEMI, but
long-term prognosis is worse [3]. Factors determining
prognosis include the value of left ventricular ejection
fraction, the extent of changes in coronary arteries and
the presence of potentially life-threatening cardiac
arrhythmias. Several risk scores for morbidity and
mortality risk stratification in this group of patients are
available [4,5,6]. It is suggested that estimation of wall
motion score index (WMSI) along with left ventricular
ejection fraction (LVEF) enhance risk stratification
[7,8]. Some of the currently used risk scores (TIMI,
PURSUIT, Gensini score) are useful in the evaluation
of the extent of changes narrowing coronary arteries
[7,9,10,11]. However, to date, the relationship between
wall motion score index (WMSI) alone or in associa-
tion with left ventricular ejection fraction and markers
of myocardial necrosis and the extent of changes and
the degree of narrowing in coronary arteries has not
been assessed. Could echocardiography performed
before a NSTEMI treatment decision is made be help-
ful in the actual decision making process?

The aim of this study was to examine the associa-
tion of WMSI, LVEF and markers of myocardial ne-
crosis with the extent and the degree of narrowing in
coronary arteries in patients with NSTEMI.

MATERIAL AND METHODS

The retrospective analysis based on medical records
of 191 patients with NSTEMI hospitalised in the Car-
diology Clinic in 2005 was performed. Myocardial
infarction was defined as level of Tnl >0,3ng/ml (rec-
ognized as cut-off point) registered in patients with
typical chest pain lasting al least 20 minutes or with
other clinical symptoms indicating myocardial necro-
sis. Demographic (age, sex, presence of classical risk
factors), biochemical (level of creatinine, troponin I,
CPK, CK-MB) angiographic (number of significantly
narrowed coronary arteries, TIMI flow grade in the
infarct-related artery) and echocardiographic parame-
ters (contractility of individual left ventricular seg-
ments, left ventricular ejection fraction and wall mo-
tion score index) were assessed. For the echocardio-
graphic assessment of wall motion abnormalities, stan-
dardized 17-segment model was applied [12]. Contrac-
tility was assessed as normokinesis, hipokinesis, akine-
sis and diskinesis, assigning them a score of 1 to 4
accordingly. Average score constitutes WMSI as-
sessed. Artery lumen reduction >50% was considered
angiographically significant. Artery that underwent
pPCI was considered as infarct-related artery. Decision
regarding coronary intervention was made by the inter-
ventional cardiologist who performed cardiac cathe-
terization. Patients were divided into groups taking into
account the number of significantly narrowed coronary
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arteries (patients with 1-vessel disease, patients with 2-
and 3-vessel disease and patients without significant
narrowings in coronary arteries). Furthermore, patients
were divided on the basis of the patency of the infarct-
related artery during PCI (division was based on TIMI
score- patent artery was described by the TIMI flow
grade 2 or 3, non-patent artery TIMI 0 or 1) and the
history of previous myocardial infarction. In all groups
value of left ventricular ejection fraction and wall mo-
tion score index, serum concentration and activity of
myocardial necrosis markers and blood leukocyte
count was compared.

Statistical analysis was performed using the
StatSoft’s STATISTICA software. Parameters with
normal distribution were expressed as the arithmetic
mean and standard deviation. Variables with distribu-
tion other than normal were expressed as medians and
quartiles. Significance of the differences between
groups was assessed by the t-test, the Mann-Whitney U
test and the ANOVA rang Kruskal-Wallis test. Estima-
tion of the relationship between qualitative variables
was tested by the Chi-square test. The p value <0.05
was deemed significant.

RESULTS

All of 191 patients, whose medical records were
analysed, underwent coronary angiography. Primary
coronary angioplasty was performed in 141 patients
and the remaining 50 patients either received conserva-
tive treatment or were scheduled for coronary artery
bypass graft surgery. The study group characteristic is
shown in table I and II. Women accounted for 32.9%
and they were older than men by an average of 3 years
(p=0.07). 73.8% of patients had hypertension, 53.4%
had hypercholesterolemia, 38.7% were current smokers
and 28.7% had diabetes mellitus. The mean time from
the onset of chest pain to hospitalization was 4 hours
and 15 minutes. 37.2% of patients from the study
group had history of previous myocardial infarction
(Table I).

Patients with 1-vessel disease accounted for 27.2%
(52 patients) of the study group, with multivessel dis-
ease (2- or 3-vessel disease)- 64.9% (124 patients) and
patients without significant narrowings in coronary
arteries- 7.9% (15 patients).

47.6% of patients had patent infarct-related artery
(TIMI 2-3).

62.8% of patients did not have history of previous
myocardial infarction.

Table 1. Study group characteristics part 1
Tabela I. Charakterystyka badanej grupy czes¢ 1

Parameter n % | Mean
Females/ Kobiety 63 329 _
Males/ Mezczyzni 128 | 67.0 -
Females age/ Wiek Kobiet 63 — | 68.72
Males age/ Wiek Mezczyzn 128 — | 6529
Diabetes mellitus/ Cukrzyca 55 |28.70 —
Hypertension/ Nadcisnienie tetnicze 141 | 73.8 -
Hypercholesterolemia/ Hipercholesterolemia | 102 | 53.4 -
Smoking/ Palenie tytoniu . 74 387 -
Mean chest pain duration (h)/ Sredni czas _ _
trwania bolu (h) 4.25

Previous myocardial infarction/ Przebyty _
zawal serca 71 37.2
Troponin I/ Troponina 1 168 — | 1012
CPK 17 | — |89799
CK-MB 180 | — |119.04
Cholesterol/ Cholesterol 175 — | 19879
LDL 169 — [ 12451
HDL 174 — | 52.66
WBC 191 | — | 983
Creatinine/ Kreatynina 191 - 138
LVEF (%) 169 — | 45.47
WMSI 175 | — | 146

In 22% of patients with NSTEMI the infarct-related
artery and the artery that underwent angioplasty was
left anterior descending artery, in 22.5% it was right
coronary artery, in 14.2% left circumflex artery and in
11.8% of patients obtuse marginal branch (Table II). In
91.5% of all percutaneous interventions stent was im-
planted.

Table II.  Study group characteristics part 2
Tabela II. Charakterystyka badanej grupy czesé 2

Parameter n % Entire group

Number of coronary arteries with stenosis >50%
Liczba naczyn wiericowych ze stenozq > 50%

0 15 7.85
1 52 27.23
2 68 35.60 n=191

3 56 29.32

Patency of coronary arteries/ Droznos¢ tetnic wiericowych
Patent artery/ Tetnica drozna 91 47.64
Non-patent artery/ Tetnica niedrozna 100 52.34

Dilated artery/ Tetnica poszerzana
LAD 45 22.05
LCx 29 14.21

RCA 46 22.54 n=204
™M 3 1.47
OM1-3 24 11.76
D1-3 7 3.43

Number of stents implanted/ llos¢ wszczepionych stentow
0 50 26.18

129 67.42 n=191
2 11 7.70
3 1 0.52




64 Justyna Rybicka et al.

Patients with 1-vessel disease, multivessel disease

and without significant narrowings in coronary arteries.
In comparison with patients with 1-vesel disease

(27.2%) and patients without significant narrowings in
coronary arteries (7.9%), patients with multivessel
disease were significantly more often diabetic. Diabetic
patients also significantly more often than other pa-
tients had history of previous myocardial infarction.
No differences could be found in concentration of
myocardial necrosis markers between the group of
patients with 1-vessel disease and the group of patients
with multivessel disease. In the group of patients in
whom myocardial infarction developed in the absence
of significant narrowings in coronary arteries serum
levels of necrosis markers were significantly lower
than in patients from the other groups (Troponin I 1.07
vs 4.06, p=0.0301; CPK 94 vs 419, p=0.0023; CK-MB
36.5 vs 60.5, p=0.0067).

Left ventricular ejection fraction (LVEF) value was
considerably higher and wall motion score index
(WMSI) was substantially lower in patients without
significant narrowings in coronary arteries (53.3% and
1.35) and in patients with 1-vessel disease (48.3% and
1.39) than in patients with multivessel disease (43.6%
and 1.51) (Table III, Figure 1-2).

Table III. LVEF and WMSI in patients without significant
narrowings in coronary arteries, with I-vessel
disease and multivessel disease

Tabela III. LVEF i WMSI u chorych bez istotnych zwezen w
tetnicach wiericowych, z chorobq 1- naczyniowq i
wielonaczyniowq

LVEF/WMSI

N |Mean SD P P

LVEF (%) in patients/ u chorych:

without significant narrowings in coronary arteries
14]53.29(17.13040
bez istotnych zwezen w tetnicach wiericowych

with 1-vessel disease
39(48.28| 8.52843 0.0058
z chorobq 1-naczyniowq

0.00949
with multivessel disease
116 43.58( 9.38653
z chorobq wielonaczyniowq

WMSI in patients/ u chorych: N |Mean SD P P

without significant narrowings in coronary arteries
15 1.35(0.303926

bez istotnych zwezen w tetnicach wiericowych

with 1-vessel disease
49| 1.39{0.289520 0.0099
z chorobql-naczyniowq
0.01810

with multivessel disease
111 1.51]0.316923

z chorobq wielonaczyniowq
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Fig. 1. LVEF in patients without significant narrowings in
coronary arteries, with 1-vessel disease and mul-
tivessel disease

Ryc. 1. LVEF u chorych bez istotnych zwezen w tetnicach
wiencowych, z chorobq 1-naczyniowq i wielonaczy-
niowq

1,0 o S$rednia
0 l el [ Blad std
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Fig. 2. WMSI in patients without significant narrowings in
coronary arteries, with I-vessel disease and mul-
tivessel disease

Ryc. 2. WMSI u chorych bez istotnych zwezen w tetnicach
wiencowych, z chorobq 1-naczyniowq i wielonaczy-
niowq

In the group of patients with LVEF in the range of
20-40%, percentage of patients with multivessel dis-
ease was 82.1, and only 14.3% had 1-vessel disease
and 3.6% of patients did not have significant narrow-
ings in coronary arteries. In the group of patients with
the highest WMSI 1.6-2.6 prevailed patients with mul-
tivessel disease- 77.3%, patients with 1-vessel disease
comprised 18.2% and 4.5% were patients without
significant narrowings in coronary arteries.
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Patients with patent and non-patent infarct-related

artery. Groups of patients divided in this way (patent
artery 47.6%, non-patent artery 52.4%) differed sig-
nificantly while considering concentration of myocar-
dial necrosis markers, blood leukocyte count, LVEF
(50 vs 45%, p=0.000045) and WMSI (1.32 vs 1.47,
p=0.002475) and it was irrespective of the number of
narrowed coronary arteries (Figure 3-4).
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Fig. 3. LVEF in patients with patent and non-patent infarct-
related artery

Ryc. 3. LVEF u chorych z tetnicq odpowiedzialng za zawat
droznq i niedroznq
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Fig. 4. WMSI in patients with patent and non-patent infarct-
related artery

Ryc. 4. WMSI u chorych z tetnicq odpowiedzialng za zawat
droznq i niedroznq

Patients with and without history of previous myo-

cardial infarction. No significant differences could be

found in concentration of myocardial necrosis markers

between these two groups. However, significant differ-
ences were observed in LVEF (48.3% vs 40.2%,
p=0.000001), WMSI (1.38 vs 1.63, p=0.0000001) and
in leukocyte count (9.27 vs 8.6, p=0.0177) (Figure 5-
6).
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Fig. 5. LVEF in patients without and with history of previous
myocardial infarction

Ryc. 5. LVEF u chorych bez i z wczesniej przebytym zawatem
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Fig. 6. WMSI in patients without and with history of pre-
vious myocardial infarction

Ryc. 6. WMSI u chorych bez i z wezesniej przebytym zawa-
tem serca

No significant differences could be found in all of

biochemical, echocardiographic and angiographic
parameters analysed between group of women and

men.
DISCUSSION
It is well recognised that patients presenting with

NSTEMI are patients with more advanced coronary
disease and worse long-term prognosis than patients
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with STEML. It is a result of the fact that multivessel
disease is more often present in these patients and thus
it is more difficult to identify infarct-related artery
[13,14,15]. Time of coronary intervention is delayed
while compared with patients with STEMI due to lack
of typical for myocardial infarction electrocardio-
graphic changes and also due to the usually prolonged
waiting time for Troponin I assay needed to allow
identification of myocardial infarction, which is at least
6 hours. In our study we sought to characterise a group
of patients hospitalised with a diagnosis of non-ST-
segment elevation myocardial infarction. In 2005, 1667
patients diagnosed with myocardial infarction were
hospitalised in the Cardiology Clinic. In this group
20.9% were patients with NSTEMI. Mean age of this
group was 67 years. Women accounted for 30% of all
patients and they were not significantly older than men
(by an average of 3 years). Regarding the percentage of
women with myocardial infarction, our finding is in
accordance with other studies [16, 17, 18] although
women are usually significantly older than men. Dif-
ferent data from our study may be associated with a
relatively small-sized group of patients considered.

The rate of classical risk factors in the study group
reflects world’s statistics [16, 17, 18].

In our group, patients with NSTEMI and with 2- or
3-vessel disease comprised the great majority- 64.9%
(124 patients). Patients with 1-vessel disease com-
prised 27.2% and in 7.9% of patients myocardial in-
farction developed in the absence of significant nar-
rowings in coronary arteries. It is known that in pa-
tients with multivessel disease, myocardial infarction
often develops in the presence of narrowed but patent
coronary arteries [19]. In our group, among patients
with multivessel disease 32% (40 patients) had patent
infarct-related artery (TIMI 2-3). In this case, when all
coronary arteries remain patent, the artery chosen for
coronary intervention is the most tightly narrowed one-
the one which may correspond with ST depression
observed in ECG, or the one with picture of atheroscle-
rotic plaque rupture or with visible thrombus. There-
fore, in the case of our patients the decision regarding
dilated artery was made by interventional cardiologist
on the grounds of angiographic picture. Echocardio-
graphic parameters assessed in the study- LVEF and
WMSI showed statistically significant dependence on
the patency of the infarct related artery, the extent of
coronary artery disease and on the fact whether patient

had previous myocardial infarction. These facts are
obvious and no comment is required. It is also obvious
that levels of myocardial necrosis markers were sig-
nificantly higher in the group of patients with non-
patent infarct-related artery in relation to patients with
patent artery. No difference was observed in levels of
myocardial necrosis markers between patients with 1-
vessel and multivessel disease but such a difference
existed in relation to LVEF and WMSI. Levels of
myocardial necrosis markers (Tnl and CK-MB) as well
as LVEF, differing in sensitivity, determine indirectly
the magnitude of myocardial necrosis [20]. Our result
confirms that echocardiographic examination is a more
sensitive method than biochemical analysis in the as-
sessment of the extent of changes in coronary arteries
but it is less sensitive in the assessment of the magni-
tude of myocardial necrosis area. The reason may be
due to the fact that both necrosis as well as segmental
hibernation of myocardium resulting from multivessel
coronary disease contribute to the decrease in LVEF
and the increase in WMSI. However, levels of myo-
cardial necrosis markers as well as LVEF and WMSI
differed significantly between the group of patients in
whom myocardial infarction developed in the absence
of significantly narrowed coronary arteries and the
other group of patients. In the former patients hibernat-
ing areas of myocardium have no justification, which
in fact can be used to support the previously mentioned
situation. Echocardiographic parameters also showed
significant difference between the group of patients
without or with history of previous myocardial infarc-
tion, both groups lacking differences statistically sig-
nificant with respect to markers of myocardial necro-
sis.

Despite the fact that many studies showed women
with NSTEMI have coronary artery disease less ad-
vanced than men [19], our study remains in disagree-
ment over this issue.

WMSI is regarded by some researchers to be a bet-
ter indicator assessing left ventricular contractility than
LVEF because in some patients with extensive wall
motion abnormalities LVEF is relatively preserved due
to compensatory regional hyperkinesis, and the WMSI
estimation eliminates this kind of mistake [8]. In our
study we did not prove superiority of this parameter
over LVEF. All of statistically significant differences
were related to both of parameters.
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Currently, decision regarding diagnostics and inva-
sive treatment is made on the grounds of biochemical
markers and clinical presentation. If echocardiographic
examination does not delay the decision, the results of
our study indicate that echocardiographic examination
performed before coronary intervention can be useful
in a decision making process regarding invasive treat-
ment.

CONCLUSIONS

1. The extent of changes in coronary arteries and the
patency of the infarct-related artery before vessel
intervention (PCI) have significant influence on
LVEF and WMSI in patients with NSTEMI.

2. In patients with NSTEMI equally often infarct-
related artery is RCA, LAD and LCx.
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Summary

Introduction. Spinal disc herniation — a disease
which results from the wear out of the intervertebral disc in
which the gelatinous nucleus bulges out through a cracked or
torn fibrous ring and can exert pressure on the spinal cord or
root.

The aim of the study is to compare the effectiveness
of massage and traction in the therapy of cervical spine her-
niation and to evaluate the mobility of the cervical spine.

Material and methods. The study was carried
out among 30 patients with symptoms of cervical disc herni-
ation. Half of the patients were treated using classical mas-

sage only and the second half using traction. The mobility of
the cervical spine was measured before and after the treat-
ment. VAS pain scale was also measured.

Conclusion. Both types of treatment have a posi-
tive therapeutic effect but it is faster in the case of traction.
The pain relief effect is also faster in the case of traction. The
therapy lessens excess muscular tension which in conse-
quence increases the mobility of the cervical spine. Down-
ward head compression was observed only in several pa-
tients.

Streszczenie

Wstep. Dyskopatia to choroba uwarunkowana zuzy-
ciem krazka migdzykr¢gowego, w ktorym jadro galaretowate
przedziera si¢ przez pgknigty lub rozerwany pierscien wtok-
nisty i moze uciska¢ korzen lub rdzen kregowy.

Celem badan bylo porownanie skutecznosci masa-
zu z trakcjami w leczeniu dyskopatii kr¢gostupa szyjnego
oraz sprawdzenie zakresu ruchomosci odcinka szyjnego

Materialt i metody. Badaniem obj¢to 30 osob
z objawami dyskopatii szyjnej. Potowa z nich poddana zosta-
ta tylko i wylacznie zabiegowi masazu klasycznego, a druga

potowa trakcjom. Zbadano zakres ruchomosci odcinka szyj-
nego przed terapia oraz po jej zakonczeniu. Oceniono takze
skale bolu VAS.

Wnioski. Oba zabiegi przynosza pozytywny efekt te-
rapeutyczny, jednak szybszy jest on w przypadku trakcji.
Efekt przeciwbolowy jest szybszy rowniez w przypadku
trakcji. W wyniku terapii zmniejsza si¢ nadmierne napigcie
migéniowe, a z tym wiaze si¢ zwigkszenie zakresu ruchomo-
$ci odcinka szyjnego. Objaw szczytowy byt obecny u niewie-
Iu pacjentow.

Key words: manual traction, cervical spine, classical massage, cervical discopathy
Stowa kluczowe: wyciag reczny (trakcja), kregostup szyjny, masaz klasyczny, dyskopatia szyjna

INTRODUCTION

The cervical part of the spine is very mobile and it
is prone to destructive environmental and external
factors that can influence the whole organism, some-
times lowering psychophysical capabilities. Most peo-
ple’s current lifestyle, in a great part sedentary, full of

physical and mental strain, improper way of spending
free time, the lengthening of human lifespan which
leads to the muscular system insufficiency and the
aging of tissues along with an improper diet, all lead to
the destruction of the cervical spine [10, 11, 12].
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Spinal disc herniation — a disease which is condi-
tioned by the wear out of the intervertebral disc in
which the gelatinous nucleus bulges out through a
cracked or torn fibrous ring and can exert pressure on
the spinal cord or root.

It is a multistage process. It usually starts with a
pain between the shoulder blades during the bend for-
ward to anteflexion, which later changes into a nape
and head pain, often causing buzzing in the ears. The
mobility of the cervical spine is limited.

The pain can radiate to the upper extremity. Pain
ailments mostly originate in the lower dermatomes:
C5-C6, C6-C7, C7-Thl. Traction, along with massage,
is a method of relieving the symptoms of spinal disc
herniation. Traction is also an element of the control of
the joints. It causes a better irrigation of the disc and
the phenomenon of the repositioning of the nucleus
pulposus.

Unlike massage it consists of stretching the soft tis-
sues and widening the joint gap. The aim of the study
is to compare the efficiency of massage and traction in
the treatment of spinal disc herniation and to evaluate
the mobility of the cervical spine.

MATERIAL AND METHODS

The study was carried out among a group of 30,
aged from 22 to 60 years, patients of the Reh-Med
Rehabilitation and Rheumatology Outpatient Clinic in
Bydgoszcz. All of the patients were diagnosed with
spinal disc herniation. The patients were split into two
groups, 15 patients in each one. The first group was
treated with traction and the second with massage.
Both treatments were carried out daily.

The following ranges of cervical spine motion were
tested basing on the methodology of spine mobility
tests described by Rostawski and Skolimowski:

- bending forward and straightening backwards,

- bending sideways, left and right,

- head rotation, left and right.

The results were compared to existing norms [9].
Additionally, a test of the subjective feeling of pain
based on the VAS pain scale and a test for downward
head compression were also carried out. The VAS
scale has 10 grades and the patient uses it to grade
his/her own pain. Downward head compression checks
if the patient does not suffer from narrowed interverte-
bral foramen or brachialgia and is characterized by
negative sensations like pain or paresthesia of the cer-
vical spine [14,15]. Those tests were carried out in both

patient groups. The results are shown on comparative
charts.

Traction treatment starts with a traction test which
qualifies or disqualifies a patient from the treatment.
Next two types of traction are applied to the aching
part of the cervical spine. Both types are repeated sev-
eral times. The traction test is carried out with the
patient sitting or lying down.

RESULTS

Mobility

In case of bending forward, the motion range is dif-
ferent after massage and after traction. In the case of
massage the motion range increased only in 20% of the
patients, and traction showed an increase in 78% of the
cases. Other results are comparable with an advantage
for traction.

Bending backwards shows similar results. Massage
provided an increase for 80% of the patients and trac-
tion for 87%. In the case of turning the head right the
results were: 73% for massage and 87% for traction.
Turning right proves to be better in the case of patients
treated with massage (93%) than traction (87%). Lat-
eral bend right was better in 100% of patients in both
groups. Lateral bend right proved better for 100% of
the patients treated with traction and 67% with mas-
sage. The results are shown in the charts [fig. 1-7].

As for a statistical analysis of the motions (fig. 9)
the following movements show a similar therapeutic
value in the case of traction and massage: head and
neck bending backwards, turning right and left.

Figure 8, in a comparison of both treatments re-
garding mobility, shows a clear boundary between the
change of mobility for massage and traction during
bending forward which is lower in the case of turning
right and a lateral bend left.

There is no significant difference between bending
backwards and turning left.

Downward head compression

Present for 27% of patients after massage and 13%
of patients after traction. Subsided after therapy.

VAS pain scale
Lowered for both groups of patients —a 100% low-

ering for traction and 93% for massage.
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Vas Pain Scale after traction

[

Pain VAS scale
QMM WE O YK WO

W Before traction

u After traction

1 2 3 4 5 6 7 8 9 101112131415

Patients

Fig. 7. Patients’ pain in VAS scale before and after traction
Ryc. 7. Skala VAS pacjentow przed i po zabiegu trakcji

0.09

£
0.08 1 ]
:
ﬁ 0.07 A
&
% 0.06
+ 0.05
Q
§ 0.04
£ 0.03
k]
€ 0.02
S
§_ 0.01

0.00

Skiton w  Skion w tyt Skret w Skret w Skion Skiton
przod prawo lewo boczny w boczny w

prawo lewo

B Trakcja @ Masaz

Fig. 8. Statistical analysis showing the influence of massage
and traction on mobility change

Ryc. 8. Analiza statystyczna pokazujqca wplyw masazu i
trakcji na zmiane ruchomosci

1.0

0.9

o8

0.7

0.6

0.4
4 oa
4 o=

0.1

Skton w Skion w tyt Skretw Skretw Skion Skton
przod prawo lewo boczny w. boczny w
prawo lewo

Fig. 9. Statistical analysis of the efficacy of massage and
traction
Ryc. 9. Analiza statystyczna skutecznosci masazu i trakcji

DISCUSSION

The presented results show that traction is superior
to classical massage when it comes to relieving pain
linked with spinal disc herniation. Traction create such
an arrangement of the mobile segment that allows the
mobilizing force to be aimed at a given joint or muscle,
not the whole cervical part of the spine, as it is in the
case of classical massage. It is a painless treatment

which relieves ailments by taking the weight off the
facet joints, lowering the sensitivity of muscle-joint
proprioceptors, lowering muscle tension, improving
blood circulation and most importantly, relieving pain
[3,4,7].

Study results also show increased cervical mobility
on all planes, even the limited ones like head and neck
bending and lateral bends. The latter showed 100%
improvement. The VAS scale pain was also lowered
and downward head compression vanished.

However it must be said that the treatment causes
only a temporary unblocking of the facet joints. A
permanent unblocking is impossible due to the de-
stroyed facet disc and a permanent coming together of
the neighboring joints [5,6,13]. However a significant
positive aspect of this treatment is the fact that it brings
immediate relief to the patient, even after the first ses-
sion. Manual traction is better than mechanical traction
(Glisson's loop) because it affects the chin and not the
occiput, which causes contraction of the scalene and
deep muscles of the neck, which in turn shatters the
effects of traction. This is why the best choice is man-
ual traction, which allows for a quick change of the
pressure exerted on a given part of the spine. The treat-
ments decreased pain and increased psychophysiologi-
cal efficacy [2,13].

Traction treatment also supports the bolting of the
mobile segment of the spine. It must be pointed out
that traction is recommended as a treatment for every
kind of joint injury as it is a risk-free form of treat-
ment. Patients treated with massage also feel relief but
it happens much later, sometimes even after the end of
therapy. Mobility of the cervical spine is also improved
but the improvement is not as visible as with traction.
Massage leads to a loosening of tense ligaments and
muscles, especially the trapezius and levator scapulae
muscle. Muscle tension is normalized, then an outflow
of lymph and the hyperemic effect occur. Both types of
treatment have a positive effect on patients but if the
same effect can be reached faster, the more effective
method should be used.

CONCLUSIONS

1. Manual tractions are a method which is more effec-
tive than massage when it comes to elimination or
lessening of pain resulting from cervical disc herni-
ation.

2. Both treatments cause a lessening of excess muscu-
lar tension which leads to an increase of the motion
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range of the cervical spine.

3. Downward head compression, observed in the case
of only several patients, disappeared after traction
treatment.

4. The prognosis is better in the cases of patients
treated with the use of manual traction.
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Summary

The transformations of the system of health services in
Poland create the need for the improvement of the methods
of managing staff teams in order to provide optimum results
in patient care. Teamwork is an important element of the
improvement of the quality of patient care, therefore, studies
were undertaken to investigate the functioning of staff teams
in Polish hospital wards.

Method. A diagnostic survey was conducted during
the period 1999-2001 among 560 physicians and nurses in 29
wards at 4 hospitals with accreditation and 56 wards at 17
health care units without the certificate.

Results. The study showed that, therapeutic teams
which are more effectively managed by the heads/managers

of clinics are present significantly more often in Polish hospi-
tals with accreditation

Conclusion. The preparation of a hospital for ac-
creditation in order to obtain the quality certificate provides
incentives for the staff to work collectively. Managing
a therapeutic team in hospitals with the certificate is also
more effective, and preconditions a higher level of patient
care. Polish physicians and nurses from hospitals with ac-
creditation certificate appreciate the effectiveness of team-
work to a greater extent than the staff of hospitals without
the certificate. In hospitals possessing accreditation the effec-
tiveness of managing a team was evaluated in significantly
more positive terms.

Streszczenie

Tto. Przeksztalcenia systemu ochrony zdrowia w Pol-
sce powoduja potrzebg doskonalenia metod kierowania
zespotami pracowniczymi w celu zapewnienia optymalnych
wynikow opieki nad chorym. W kryteriach akredytacyjnych
dla polskich szpitali praca zespotowa jest traktowana jako
istotny element poprawy jakosci opieki nad chorym. Posta-
nowiono zatem zbada¢ funkcjonowanie zespotéw pracowni-
czych w polskich oddziatach szpitalnych pod katem efek-
tywnej wspotpracy.

Metody. Badania przeprowadzono w latach 1999 —
2001 wsrod 560 lekarzy i pielggniarek w 29 oddziatach 4
szpitali z akredytacja (losowo wybranych) i 56 oddziatach
w 17 zaktadach opieki zdrowotnej bez certyfikatu (losowo
wybranych). Metoda badan byt sondaz diagnostyczny.
Otrzymany materiat poddano analizie statystycznej za pomo-

ca testow: x° - (chi kwadrat) na jednorodno$é, testu u dla
réznicy procentow, x° - (chi kwadrat) na zgodno$é oraz 1 -
Cramera.

Wyniki. Analiza materialu badawczego pozwala
stwierdzi¢, ze wsrdd polskich lekarzy i pielegniarek w szpita-
lach z akredytacja istotnie czgsciej istnieja zespoly terapeu-
tyczne, ktore sa efektywniej kierowane przez ordynato-
réw/kierownikow klinik.

Wnioski. Przygotowanie szpitala do akredytacji
w celu uzyskania certyfikatu jako$ci wptywa motywujaco na
pracownikéw aby pracowali zespotowo Kierowanie zespo-
fem terapeutycznym w szpitalach z certyfikatem jest rowniez
efektywniejsze co warunkuje wyzszy poziom opieki nad
chorym.
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INTRODUCTION

The improvement of the system of health care in
Poland delineates for the management staff the direc-
tions for optimising the management of health care
units, in order to maintain themselves, develop and
provide good quality care. In Poland, despite the 20-
year period of health care reform, the pace of devel-
opment in the direction of providing high quality care
is still not satisfactory. In the improvement of man-
agement it is important to implement effective methods
of work organization, for example, a team form of
acting within a hospital.

Many authors define a therapeutic team as a group
of people realizing together the process of care. The
traits of a therapeutic team are as follows: common
goal in acting and responsibility for its achievement,
common determination of the scope of tasks, and asso-
ciated with them individual duties and authorities, an
efficient flow of information [1, 2, p.766].

In literature, it is emphasized that the members of a
multi-disciplinary team, by joining their knowledge
and skills, exchange experiences, thus increasing the
potential possibilities of restoring efficiency of a pa-
tient. In addition, a therapeutic team, in working out a
model of effective co-operation, inspires a patient to
participate in the therapeutic process in order to pro-
vide the highest level of care [3, 4, 5].

The importance of the improvement of team work
in a hospital was emphasized in the Target 29 formu-
lated by the World Health Organization: ‘hospitals in
all Member States should be providing cost-efficient
secondary and tertiary care contribute actively to im-
proving health status and patient satisfaction’. This
goal will be achieved if the provision of services is
based on cooperation between the professional staff of
health services [2, p.45].

In the Polish system of health care, in order to pro-
vide better quality care in 1997 under the Act on health
units, the Centre for Quality Monitoring in Health Care
was created. The main objective was to provide incen-
tives for hospitals to become subjects to voluntary
accreditation, and thus guarantee patient care on a level
higher than to-date.

In accreditation criteria for Polish hospitals, team-
work is approached as an important element of the
improvement of the quality of patient care. The Centre
for Quality Monitoring in Health Care emphasizes the
importance of teamwork: ‘Patient care is a planned
process aimed at the provision of an appropriate care
adequate to the state of health. Care covers the totality
of diagnostic, treatment, nursing and rehabilitation
activities. The plan of care covers main actions which a
multidisciplinary team intends to undertake for the
realization of individual goals of care...” [7, p.53].

The process of effective management and integra-
tion of the team depends to a large degree on the leader
of the therapeutic team, and his/her role in shaping
relations in a desired way. In Polish medical literature,
a physician — ward head/manager — is indicated as the
leader of the therapeutic team who coordinates the
work of a multidisciplinary group. A ward head is
endowed, within official duties, with the management
of work of the therapeutic team [8]. In Poland, a physi-
cian occupies a key position in a therapeutic team;
however, all its members actively participate in patient
care [9]. In order to attain this goal, team members
must co-operate under the management of the ward
head. An efficient management of a therapeutic team
by a physician becomes especially important in the
care of bed-ridden patients, because the multidiscipli-
nary approach decreases the risk of complications and
significantly affects the results of treatment. An effec-
tive management of a therapeutic team by a ward head
is an element of an efficient organization of work in
the ward, and conditions the optimisation of the quality
of patient care. An effective management of a thera-
peutic team affects the degree of the usage of knowl-
edge and experience, and exchange of information
during the work meetings and consultations, when
problems of patient care are brought to light, and
a common direction of actions is determined [10, 11].

Considering the fact that accreditation in Poland is
a certain novum, and only a part of hospitals participate
in it, there arise many problems associated with the
provision of high quality medical services through the
improvement of the organization of work of a thera-
peutic team. The problems are as follows:
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1. Is the functioning of individual employees in the
ward perceived as teamwork?

2. How do the employees evaluate the effectiveness
of managing a therapeutic team in hospitals with and
without the quality certificate?

3. What is the scope of problems discussed during
the meetings of a therapeutic team in hospitals with
and without accreditation?

In order to provide a reply to the above-mentioned
questions, a study was undertaken which covered 560
physicians and nurses at 21 Polish hospitals.

MATERIAL AND METHODS

The research material was collected during the pe-
riod from January 1999 to June 2001 at 21 hospitals.
These were 4 hospitals with 29 wards possessing ac-
creditation certificate in south-eastern Poland (Group
A), and 56 wards at 17 hospitals without accreditation
(Group B) in central and south-eastern Poland. The
total number of 560 physicians and nurses participated
in the study, including 55 ward heads/clinic managers,
72 head nurses, 106 assistant physicians and 327
charge nurses.

The study was conducted by the method of a diag-
nostic survey, and the technique was a specially de-
signed questionnaire form containing open and closed
questions. The following questions were directed to the
physicians and nurses in the survey:

- Does the medical staff in the ward create a thera-
peutic team?

- Who manages the therapeutic team?

- What is the degree of the effectiveness of manag-
ing the therapeutic team?

- Are there in the ward common meetings and con-
sultations of the therapeutic team?

- What problems are discussed during the meetings
and debates of the therapeutic team?

The material obtained was subject to the statistical
analysis by means of the following tests: y2 — chi-
square test for uniformity, U-test for the difference in
percentage, y2 — chi-square test for conformity, and
Cramer’s V* test.

RESULTS

Analysis of the collected research material allows
the presumption that over 67% of respondents admit
that people employed in their ward constitute a thera-
peutic team. Among the staff, in hospitals with accredi-
tation (Group A) 86.4% of employees reported that

they work as a team, while in Group B — 56.8%. As
many as 10.2% of respondents in Group A and almost
twice that percentage in Group B — 25.7% had difficul-
ties with providing an answer to this question (Tab. 1).

Tab. 1. Functioning of a therapeutic team according to re-
spondents’ opinions (Groups A and B)

No. | Presence | Group A Group B Total
of thera- | No. =206 No. =354 No. =560
peutic No. | % No. | % No. | %
team
1. Yes 178 | 86.4 | 201 | 56.8 | 379 | 67.8
2. No 7 24 61 17.2 | 68 12.1
3. Difficult | 21 102 |91 | 257 | 112 | 20.0
to say
4. Lack of | - - 1 0.3 1 0.1
reply
Total 206 | 100.0 | 354 | 100.0 | 560 | 100.0
Yes:u=7.2p<0.001
No:u=-4.8p<0.001
Difficult to say: u =-4.4 p <0.001

While providing a reply to the question if, accord-
ing to the respondents, the staff works as a team, it was
interesting to discover whether any differences oc-
curred among individual occupational groups - Fig. 1.

Group A mGroup B

0% saar oo

% 7%

% 57.4%

head nurses.

ward heads assistant physicians charge nurses
Ward heads: = 17p<0.01 Cramer's V¥ = 0,14
Head nurses: ¥= 5.5pDns Cramer's V7 = 0.08
Assistant physicians: ¥ = 4.8 p<0.05 Cramer’s V° = 0,05

Charge nurses: o = 36,6 plli0] Cramer’s V= 0,11

Fig. 1. Presence of a therapeutic team and type of position
held (Groups A and B)

In Group A, ward head/clinic managers, head
nurses, assistant physicians and charge nurses signifi-
cantly more clearly emphasized the presence of thera-
peutic teams, compared to Group B (Fig. 1). This espe-
cially concerned ward heads/clinic managers from
hospitals possessing accreditation (95.2%), compared
to those without accreditation (61.8%), and head nurses
(Group A — 88.0%; Group B — 61.7%).
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Following the information from respondents con-
cerning the presence of the therapeutic team, their
opinions pertaining to the effectiveness of managing
the therapeutic team was analysed. Ward heads and
managers of clinics performed self-evaluation, which
consisted in the selection of a specified score value
(from 0-6) and marking this value on an axis. The
largest number of very good evaluations (44.7%) — 5
scores, good evaluations (30.6%) — 4 scores, and excel-
lent — 13.1% - 6 scores were noted in Group A. In
Group B, the evaluation ‘good’ (25.7%) occupied the
first position, followed by ‘very good’ (17.8%), and
satisfactory (16.1%) — 3 scores (Tab. 2).

Tab. 2. Evaluation of the effectiveness of managing a thera-
peutic team by ward heads according to respondents’
opinions (Groups A and B)

No. | Evaluation Group A Group B Total
No. =206 No. =354 No. =560
No. % No. % No. %
1. 6 scores 27 13.1 26 7.3 53 9.5
2. 5 scores 92 44.7 63 17.8 155 27.7
3. 4 scores 63 30.6 91 25.7 154 27.5
4. 3 scores 14 6.8 57 16.1 71 12.7
5. 2 scores 4 1.9 43 12.2 47 8.4
6. 1 scores 2 1.0 14 4.0 16 2.8
7. 0 scores - - 11 3.1 11 2.0
8. Lack  of 4 1.9 49 13.8 53 9.4
evaluation
Total 206 | 100.0 | 354 | 100.0 | 560 | 100.0
6, 5,4 scores: u=38.9p <0.001
3,2, 1,0scores: u=-6.7 p<0.001
lack of evaluation: u=-4.6 p <0.001

Statistical analysis shows that physicians and
nurses from hospitals with accreditation evaluated the
effectiveness of managing therapeutic teams by ward
heads in more positive terms; they reported signifi-
cantly more very good, good and excellent evaluations
{U=28.9 p<0.001}, compared to group B. Low evalua-
tions concerning the managing of a therapeutic team
were more often selected by respondents from Group
B, which was statistically significant {U = 6.7
p<0.001). The lack of evaluation occurred significantly
more frequently statistically in Group B {U = -4.6
p<0.001}, compared to group A (Tab. 2).

Further analysis of the research material concerning
the aspect of the effectiveness of managing a therapeu-
tic team confirmed that ward heads/clinic managers
from hospitals with the quality certificate considerably
more often initiated meetings in group A (66.5%) than
in Group B (36.7%), which was statistically significant
on the level p<0.001. The staff from hospitals without
the certificate more frequently participated in meetings
‘sometimes’, compared to Group A — 35.0% and

17.5%, respectively (p<0.001). It was noted that the
lack of meetings of the team dominated among the
staff from hospitals without accreditation — 28.3%,
compared to Group A — 16.0%. As a justification,
some respondents mentioned the lack of time, no such
habit in the ward, no initiative on the part of the ward
head, poor organization of work in the ward, or they
did not know the reason for the lack of common con-
sultations (such a justification was most frequently
reported by charge nurses, followed by assistant physi-
cians) — Fig. 2.

Group A Yes Group B
m Sometimes
u Mo
16,0%

283%
36, 7%
17.5%

66,5%

35.0%
Yes: u = 6.8 p<0.001; No: u = - 3.3 p<0.00; Sometimes u = - 4.4 p<0.001.

Fig. 2. Meetings of a therapeutic team (Groups A and B)

The flow of information concerning a patient is as-
sociated with meetings of a multi-disciplinary team.
This flow was also better in hospitals with the certifi-
cate, compared to the health units without accreditation
(Group A — 81.1%; Group B — 53.4%). The problems
of patients were more comprehensively discussed dur-
ing meetings and consultations in Group A than in
Group B.

The results obtained concerning the problems dis-
cussed during the meetings of a therapeutic team indi-
cate that most frequently the essence of discussion
were diagnostic, therapeutic and nursing problems
resulting from patients’ complaints (Group A — 40.8%;
Group B — 22.6%). A part of the above-mentioned
problems were perceived as significantly more serious
by Group A, compared to Group B — U = 4.6; p<0.001.
No statistically significant differences between Groups
A and B were observed with respect to ‘discussion
current problems’ — 12.7% and 8.2% respectively; U =
-1.6; p>0.05. The problems concerning the rehabilita-
tion of patients were more often mentioned by the staff
from Group A (7.8%) than Group B (2.3%), and the
difference was significant statistically on the level — U
= 3.1; p<0.01. The methods of treatment and preven-
tion of diseases were considerably more often dis-
cussed in Group A (5.8%) than in Group B (4.2%);
however, the difference was not significant statistically
— U =2.8; p>0.05. The lack of reply was significantly
more frequent in Group B (40.1%), compared to group
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A (19.9%) — U = -4.9; p<0.001. Figure 3 presents the
detailed scope of problems discussed during meetings

(Fig. 3).
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Fig. 3. Problems discussed during meetings of a therapeutic
team in respondents’ opinions (Groups A and B)

While analysing the respondents’ replies concern-
ing the problems discussed during meetings of a thera-
peutic team, attention was paid to the group which
mentioned these problems most comprehensively. The
results showed that all ward heads from group A re-
ported the essence of the problems discussed during
the meetings of the team (100.0%), followed by charge
nurses also from Group A (80.9%). Assistant physi-
cians from hospitals without the quality certificate
occupied the third position (73.8%), followed by head
nurses (Group A — 72.0%; Group B — 66.0%), and
charge nurses from group B (56.1%).

The results of statistical analysis concerning the
problems discussed differed according to the position
held. The smallest number of problems was reported
by charge nurses from Group B (56.1%), compared to
Group A — 80.9% - y2 = 20.0; p<0.001. A statistically
significant difference was also observed between ward
heads/clinic managers from Group B (79.4%) and
group A — 100.0% - x2 = 4.9; p<0.05. The strongest
difference was noted between ward heads/clinic man-
agers from hospitals without the certificate (Cramer’s
V? = 0.09), and between charge nurses, also from
Group B (Cramer’s V= 0.06).

DISCUSSION

The World Health Organization and the Centre for
Quality Monitoring in Health Care in Poland perceive
teamwork as an important element of the improvement
of care of hospitalized patients. Considering the fact
that the process of accreditation, the concept of which
is to improve the quality of hospital services, has been
functioning in Poland for a relatively short time, at
attempt was undertaken to investigate whether there
occur differences in the quality of functioning of thera-
peutic teams and the effectiveness of managing these
teams between hospital wards possessing the quality
certificate and those without this certificate.

Many authors indicate that due to the advantages of
teamwork, students of various medical professions
should be prepared for teamwork in hospital wards.
The process of education in this area should begin as
early as in the first year of study. It is recommended
that practitioners should be incorporated into this proc-
ess, which is very difficult [12, 13].

The reports from literature show that the studies
conducted on the aspect of teamwork in a hospital
confirm that despite the fact that physicians and nurses
represent two separate professions and have different
tasks to fulfill according the acquired knowledge and
skills, their work mutually overlaps and they create
therapeutic teams. In turn, skilful communication be-
tween the members of a therapeutic team and patients,
in the context of patient’s co-operation in contempo-
rary complex care, allows patients to solve their health
problems [14].

Similar results were obtained in own studies carried
out in Polish hospital wards. These results show that
67.8% of physicians and nurses express an opinion that
they constitute a therapeutic team. Only 20.0% of re-
spondents reported difficulties with providing an an-
swer to this question, and 12.1% of them consider that
they are not a therapeutic team. It is noteworthy that
physicians and nurses from hospitals with accreditation
(Group A) at all workplaces (ward heads, head nurses,
assistant physicians, charge nurses) considerably more
clearly underlined that they work as a team (86.4%),
compared to the staff from hospitals without the cer-
tificate (Group B) — 56.8%. The differences in replies
concerning the presence of teamwork between both
groups of the staff were statistically significant
(p<0.001) in favour of Group A. This indicates that the
efforts to integrate staff teams during the preparation of
hospitals for accreditation yielded the desired results.
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The problem of managing a team is also analysed
in the aspect of perception of organizational effective-
ness of the manager, on whom depend the results of the
whole team. In Polish medical literature, a physician is
indicated as the manager of a therapeutic team, who,
within the scope of duties, is endowed with the super-
vision of an adequate flow of information concerning a
patient among the members of the team [8, p. 14].
Managing a therapeutic team by a physician becomes
especially important in the care of bed-ridden patients,
because a multidisciplinary approach decreases the risk
of complications, and exerts a considerable effect on
the results of care. Own studies show that 96.6% of
respondents from Group A indicated a physician as the
manager of therapeutic team. In hospitals without ac-
creditation, 81.6% of respondents mentioned that a
physician manages a team. The respondents from hos-
pitals with accreditation expressed significantly higher
evaluations of the effectiveness of managing a thera-
peutic team by the ward head, compared to the respon-
dents from hospitals without the certificate (p<0.001).
They ascribed the largest number of very good evalua-
tions (44.7%) — 5 scores; good - (30.6%) — 4 scores and
excellent - (13.1%) — 6 scores. In Group B, the respon-
dents evaluated managing a therapeutic team in more
negative terms; there was a small number of very good
evaluations (5 scores) — 17.8%, good (4 scores) —
25.7%, and excellent (6 scores) — only 7.3%.

Gregory and Einstein clearly underline that meet-
ings and consultations, during which team members
present their ideas necessary for solving common prob-
lems, introduction of changes and establishing the
direction of teamwork, are an element of effective
work of a team [15, 16]. In addition, the reports from
literature also indicate other advantages of the meet-
ings of a team, such as the exchange of information,
developing bonds, and delegating authorities and re-
sponsibility to other members of the therapeutic team
[17]. Own studies confirmed that the meetings of a
therapeutic team to a greater extent take place in hospi-
tals with accreditation (66.5%) than in those without
the quality certificate (36.7%), the differences between
these groups being on the level p<0.001. The staff
from hospitals without the certificate more frequently
reported that they participated in meetings ‘some-
times’, (35.0%) compared to Group A — 17.5%. In
respondents’ opinions the lack of meetings in both
groups results from the lack of time, fixed habit in the
ward, poor organization of work, and lack of initiative
on the part of the team leader.

The results of studies conducted by Canales, con-
firmed by other researchers, indicate that the essence
of the consultations of a therapeutic team are the prob-
lems of a patient, who shared them with the members
of the therapeutic team, as well as the ways of provid-
ing a patient the sense of psychical security in a hospi-
tal. The participation of the whole therapeutic team in
patient care, including a psychologist, exerts a signifi-
cant effect on the correct course of patient’s emotional
processes, may improve the effects of treatment in
chronic diseases, and decrease the costs of treatment
[18, 19]. Other authors also indicate that the coopera-
tion of a multidisciplinary team, discussing the prob-
lems of a patient during the meeting of the team may
decrease the cost of medical services and affect the
quality of palliative care [20]. Own studies show that
the essence of consultations of a therapeutic team in
Polish hospital wards are diagnostic, treatment and
nursing problems (Group A — 40.8%); Group B —
22.6%). In opinions of physicians and nurses, the es-
sence of the meetings are also current organizational
problems in the ward (Group A — 8.2%; Group B —
12.7%), rehabilitation of patients (Group A — 7.8%;
Group B — 2.3%), as well as the methods of treatment
and prevention of diseases, the state of health of se-
verely ill patients, planned surgical procedures, pa-
tients’ diet, vocational improvement, post-hospital
follow-up care, prophylaxis of hospital infections and
the implementation of the standards of care.

The greatest number of problems discussed in a
therapeutic team were mentioned by ward heads
(100.0%) and charge nurses (80.0%) from hospitals
with accreditation, whereas in the facilities without the
certificate — also ward heads (79.4%), followed by
assistant physicians (73.8%), head nurses (66.0%), and
charge nurses (56.1%). These differences were statisti-
cally significant in favour of ward heads (p<0.05) and
charge nurses (p<0.001) from hospitals with the cer-
tificate, compared to the same group of the staff from
hospitals without accreditation.

CONCLUSIONS

1. Teamwork is more clearly perceived by physicians
and nurses in hospitals with accreditation, com-
pared to the hospitals without the certificate.

2. The effectiveness of managing a therapeutic team is
evaluated in more positive terms by the respondents
from hospitals possessing the accreditation certifi-
cate than in the units without accreditation. The re-
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spondents indicated that more effective manage-
ment of the therapeutic team by the ward head in
hospitals with the certificate is associated with
more frequent meetings and therapeutic consulta-
tions, during which various problems concerning
patient care are discussed, which results in the im-
provement of the quality of medical services.

3. It was observed that during meetings of a therapeu-
tic team in hospitals with the quality certificate, di-
agnostic, treatment and nursing problems resulting
from patients’ complaints, as well as the problems
of rehabilitation of patients, are significantly more
often discussed, compared to the teams in hospitals
without accreditation. During the consultations of a
therapeutic team in hospitals without accreditation,
organizational problems in the ward are relatively
frequently discussed, which are not directly associ-
ated with the provision of a complex care of a pa-
tient.

4. The preparation of a hospital for accreditation,
the implementation of accreditation standards
in order to obtain the quality certificate pro-
vides incentives for the staff to work as a
team. The management of a therapeutic team
in a hospital with the certificate is also more
effective, which conditions a higher level of
patient care, and at the same time, indicates
the need for the implementation of the process
of accreditation in Polish hospitals
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Summary

Introduction. Multidrug resistance (MDR) is
a major obstacle to chemotherapy success in acute lym-
phoblastic leukemia (ALL). An increased expression or
function of P-glycoprotein (PGP) is regarded as a classical
MDR mechanism.

The objective of the study. The analysis of
in vitro function of PGP in children with ALL and lymphoid
cell lines with the effect of cyclosporin A (CSA), an inhibitor
of PGP activity.

Patients and methods. Children with ALL and
leukemic/lymphoid cell lines were tested for accumulation
and retention of rhodamine 123 (Rh123) without/with the
presence of cyclosporine A before and after 3-day incubation
with prednisolone. Retention analysis was performed with
the use of flow cytometry.

Results. Rh123 retention was higher after addition of
CsA in all cell lines. Rh123 retention decreased after 3 days

of ex vivo prednisolone therapy was lower in the presence of
CsA after 72 hours than respective retention before the incu-
bation. PGP inhibition was highest in Raji and Jurkat. The
Rh123 retention was lower after 72 hours in 55/60 (p<0,001),
and in the presence of CsA in 57/60 (p<0,001) children. An
increase of Rh123 retention in the presence of CsA on day
“0” correlated with the expression of PGP on day “0”
(p=0,030) and with the percentage of PGP-positive cells on
day “0” (p=0,017).

Conclusions. Rh123 retention is lower in most leu-
kemic samples after short-term incubation with prednisolone.
In individual patient samples, the upregulation of PGP func-
tion was observed. Rh123 retention was higher in the pres-
ence of cyclosporine A, which inhibits PGP function. Lack of
this effect in patient samples indicates possibilities of evolv-
ing drug resistance during subsequent therapy.

Streszczenie

Wstegp. Opornos¢ wielolekowa (MDR) jest jedna
z gtéwnych przeszkéd w terapii ostrej biataczki limfobal-
stycznej (ALL). Podwyzszona ekspresja lub funkcja biatka
PGP jest uwazana za klasyczny mechanizm MDR.

Cel pracy. Analiza funkcji PGP u dzieci z ALL
i w liniach komoérkowych z uwzglednieniem hamujacego
efektu cyklosporyny A (CsA) po krotkotrwalej terapii in vitro
z prednizolonem.

Pacjenci i metodyka. Okre$lono akumulacjg
i retencj¢ rodaminy (Rh123) bez CsA i w jej obecno$ci u 60
dzieci i w 4 liniach komorkowych. Analiza retencji Rh123
przed i po inkubacji z prednizolonem wykonano metoda
cytometrii przeptywowe;.

Wyniki. Retencja Rh123 byla wyzsza po dodaniu
CsA we wszystkich liniach komérkowych i u wszystkich
pacjentdw. Retencja malata po 3 dniach terapii ex vivo
z prednizolonem, zaréwno bez CsA, jak i w jej obecnosci,
w stosunku do odpowiedniej wartosci przez rozpoczgciem
inkubacji. Zahamowanie aktywno$ci PGP byto najwigksze
w liniach Raji i Jurkat. Retencja Rh123 byta nizsza po 72
godzinach, zaréwno bez obecnosci CsA (u 55/60 pacjentow,
p<0,001), jak i w obecnosci CsA (u 57/60 dzieci, p<0,001).
Wzrost retencji Rh123 w obecnosci CsA w dniu 0 korelowat
z ekspresja PGP w dniu 0 (p=0,030) i z odsetkiem komorek
PGP-pozytywnych w dniu 0 (p=0,017).
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Wnioski. Retencja rodaminy jest zmniejszona
w wigkszosci probek ALL po krotkotrwatej terapii in vitro
z prednizolonem. W pojedynczych przypadkach stwierdzono
jednak nasilenie aktywnosci PGP. Retencja rodaminy byta

wyzsza w obecno$ci cyklosporyny, inhibitora PGP. Brak
tego zjawiska w probkach pacjentdow moze wskazywaé na
mozliwos¢ rozwoju opornosci wielolekowej podczas dalszej
terapii.

Key words: acute lymphoblastic leukemia, children, PGP function, rhodamine, cyclosporine
Stowa kluczowe: ostra biataczka limfoblastyczna, dzieci, funkcja PGP, rodamina, cyklosporyna

INTRODUCTION

Multidrug resistance (MDR) is still a major obsta-
cle to chemotherapy success in acute myeloid leukemia
(AML) and acute lymphoblastic leukemia (ALL).
Recent studies have shown that the expression of cer-
tain gene products mediate the development of resis-
tance to chemotherapeutic agents [1, 2]. The best char-
acterized is the multidrug resistance gene MDR-1.
With respect to multidrug resistance protein PGP, two
forms of presence of this protein might be analyzed:
expression and function. The PGP expression is ana-
lyzed as the presence of molecule on the cell surface,
while function is tested by ability of this protein to
efflux xenobiotics out of the cell and ability to stop this
process by specific inhibitor of PGP. Classical xenobi-
otics used in the assays is rhodamine 123, while exam-
ples of PGP inhibitors are: verapamil, reserpine (I
generation of inhibitors), cyclosporine A (II genera-
tion), and zosuquidar (III generation of inhibitors) [3].
Functional activity is a more sensitive predictor of
chemoresistance than PGP/170 surface expression [1].
PGP/170 is expressed to a higher degree in leukemic
cells and this is greater in relapsed compared to de
novo cases and more in AML than ALL blasts [1]. It
has been shown in a monocentric study that MDR1
expression in childhood ALL is an independent ad-
verse prognostic factor on outcome, and could be a
useful biological marker of response in these patients.
Moreover, MDRI1 function was also a predictor of
response, but only in univariate analysis [2].

This study was aimed to analyze the function of P-
glycoprotein/170 (PGP) in children with acute lym-
phoblastic leukemia and lymphoid cell lines with the
effect of Cyclosporin A (CSA) as a modulator of P-
glycoprotein functional activity. MDRI1 functional
activity was performed by a rhodamine (Rho-123)
efflux test with or without PGP inhibitor.

PATIENTS AND METHODS

Patients. An in vitro analysis was performed on
leukemic cells isolated from bone marrow either at the
diagnosis or relapse of ALL. A total number of 60

children (30 boys, 30 girls), aged 0.1-17 (median 7.8)
years were included into the study. Initial white blood
cell count was 2.03-690.0 G/L (median 66.7 G/L).
With respect to diagnosis: 8 children were of pre-pre-
B-ALL phenotype, 43 with common-ALL, and 9 with
T-ALL phenotype; 46 patients had de novo and 14
relapsed ALL.

Cell lines. Four cell lines of human acute lymphoid
malignancies were used: B-cell lymphoma Raji and
Daudi as well as T-cell ALL cell lines CCRF-CEM and
Jurkat. The cell lines were obtained from the Institute
of Immunology and Experimental Therapy, Wroctaw
(prof. dr hab. Danuta Dus) and originated from The
European Collection of Cell Cultures (ECACC, Salis-
bury, Wiltshire, UK) [4]. Concentration of cells was
0.4-0.5x10%ml.

Conception of the study. Children with ALL and
leukemic/lymphoid cell lines were tested for accumula-
tion and retention of rhodamine 123 without/with the
presence of cyclosporine A before and after 3-day
incubation with prednisolone. Retention analysis was
performed with the use of flow cytometry.

Retention and efflux of rhodamine 123. Rhodamine
(Rh123) is a kationic and lipophyllic fluorescent (exci-
tation — 505 nm, emission — 534 nm) [5], accumulating
inside mitochondria of living cells. Rh123 is an artifi-
cial substrate actively effluxed out of the cells by PGP
and is regarded as a measure of its function (but not
expression). Rh123 (Sigma, St Louis, USA) solution
was used at concentration 200 ng/ml. In parallel, reten-
tion of Rh123 in the presence of cyklosporin A (CsA),
a known PGP inhibitor was tested. CsA concentration
was 2uM, and time of incubation of cells with
Rh123+CsA was 30 minutes, and then the samples
were assayed by flow cytometry.

PGP expression. PGP was tested before and after in
vitro prednisolone therapy by flow cytometry with the
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use of human monoclonal antibodies anty-PGP (Alexis
Biochemicals, Lozanna, Szwajcaria, nr cat. 801-004-
C250), clone JSB-1, isotype control: mouse immu-
noglobulins IgG1. Clone JSB-1 reacts with cytoplas-
mic epitope of surface protein of PGP 170 kDa.

Statistical analysis. The differences between Rh123
retention were analyzed by t-Student paired test for cell
lines and by Wilcoxon matched-pair test. Correlation
was tested by Spearman’s rho coefficient.

RESULTS AND DISCUSSION

Cell lines. Rh123 retention was higher after addi-
tion of CsA in all cases (Tab. 1). Rh123 retention has
decreased after 3 days of ex vivo prednisolone therapy,
which can be explained either as an increase of PGP
activity (even in spite of lack of expression of this
protein) or loss of function of mitochondria to efflux
the dye. Rh123 retention in the presence of CsA after
72 hours was lower than respective retention on day
“0” (Fig. 1A). No correlation was found between
Rh123+CsA retention on day ,,0” and PGP expression,
while on day “3”, PGP expression correlated with
basal Rh123 retention (Rh123 without CsA, in com-
parison to day “0”) (r=0,446, p=0,010) and with de-
crease of Rh123 retention in the presence of CsA (on
day “3”, in comparison to day “0”) (r=0,561, p=0,001).
PGP inhibition, expressed as higher Rh123 retention,
after CsA addition, and was the highest in Raji and
Jurkat, which is related to expression of PGP in these
cell lines. On the other hand, differences between
Rh123 retention in CCRF-CEM cell line on day ,,0”
were almost undetectable, which is related to lack of
PGP in these cell lines.

Table 1. Rh123 retention in cell lines
Tabela 1. Retencja Rh123 w liniach komorkowych

CCRF- Jurkat
CEM

Raji Daudi

day 0 -CsA 69.9433.0 | 21.5+5.4 |55.4+13.3| 57.4£12.0
+CsA 294.1£77.1|45.5+£12.3|67.4+11.8|109.3£30.3

p-value <0.001 <0.01 Ns <0.01

day 3 -CsA 42.6£14.7 | 10.944.8 | 9.6£3.4 | 18.444.1

+CsA 72.1£10.3 | 23.44£9.5 | 18.7£5.6 | 39.5%£10.6
p-value <0.01 <0.05 <0.02 <0.001

Rh123 retention value is given in MFI, as mean+OS of 3 independ-
ent experiments. p - value by t-test

Patients. The values of Rh123 retention in patient
cells are shown in Tab. 2 and on Fig. 1B. The retention
was higher in the presence of CsA in 54/60 children on
day “0”, and in 59/60 children on day “3”. In compari-

son to Rh123 retention on day ,,0”, the retention was
lower after 72 hours in 55/60 ALL children (p<0.001),
and in the presence of CsA was also lower in 57/60
(p<0.001) children. In ALL patients, an increase of
Rh123 retention in the presence of CsA on day “0”
correlated with the expression of PGP on day “0”
(r=0.281, p=0.030) and with the percentage of PGP-
positive cells on day “0” (r=0.306, p=0.017). After 72
hours, Rh123 retention adversely correlated with PGP
expression on day “0” (r=-0.264, p=0.042).

Table 2. Rh123 retention in patients’ cells
Tabela 2. Retencja Rhi123 w komdrkach pacjentow

ALL
day 0 -CsA 35.8 (1.4-87)
+CsA 48.8 (3.2-130)
pw-value <0.001
day 3 -CsA 5.3 (1.3-18.5)
+CsA 13.2 (4-889)
pw-value <0.001

Value of Rh123 retention is provided as MFI (median and range). pw
- p-value by Wilcoxon matched-pair test

A B

RC3 RC3
R3 R3
RCO RCO
RO

RO

Fig. 1. Rh123 retention in (A) Jurkat cell line, (B) ir. . ...._...
with ALL. RO and R3 — Rh123 retention on days ,,0”
and ,,3”. RCO i RC3 — Rh123 retention in the pres-
ence of CsA on days ,,0” and ,,3” is higher than
Rh123 retention without CsA, respectively. Logarith-
mic scale was used

Ryc. 1. Histogramy retencji Rhi23 w (4) linii Jurkat, (B)

u pacjenta z ALL. RO i R3 — retencja Rh123 odpo-
wiednio w dniu ,,0” i ,3”. RCO i RC3 — retencja
Rh123 w obecnosci CsA w dniach ,,0” i ,,3” jest od-
powiednio wieksza od retencji Rh123 bez obecnosci
CsA. Wykres w skali logarytmicznej

With respect to leukemic immunophenotype in
ALL patient samples, the Rh123 retention in the pres-
ence of CsA was higher on day “0” in 8/8 children with
pre-pre-B-ALL, 39/44 with c-ALL and 8/9 with
T-ALL, and after 72 hours, in 8/8, 41/43 and in 8/9
children, respectively. In comparison to Rh123 reten-
tion without CsA on day “0”, after 3 days the retention
was lower in 8/8 children with pre-pre-B-ALL
(p=0,012), 39/43 with common-ALL (p<0.001) and in
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8/9 with T-ALL (p=0.011); and it was lower in the
presence of CsA in 8/8 (p=0.012), 41/43 (p<0.001) and
8/9 (p=0.011) children, respectively.

One of the possible causes of treatment failure in
acute leukemia is the emergence of multidrug resis-
tance caused by PGP overexpression, although, it is
possibly of minor significance in pediatric ALL in
comparison to AML in adults [6, 7] We compared
a flow cytometric assay using rhodamine 123 to evalu-
ate the PGP function in acute lymphoblastic leukemia.
These data suggest that the assessment of the clinical
impact of MDR expression in pediatric ALL can be
based on methodological approaches capable of pro-
viding information extended to the PGP pump func-
tion, rather then only on its gene and protein expres-
sion.

CONCLUSIONS

Rh123 retention is lower in most leukemic samples
after short-term incubation with prednisolone. In indi-
vidual patient samples, the upregulation of PGP func-
tion was observed. Rh123 retention was lower in the
presence of cyclosporine A, which inhibits PGP func-
tion. Lack of this effect in patient samples indicates
possibilities of evolving drug resistance during subse-
quent therapy.
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Summary

Introduction. During early apoptosis, a reduction
in mitochondrial transmembrane potential (MTP) and exter-
nalization of phosphatidylserine in cell membrane, followed
by cascade of caspases, occurs prior to eventual cell death.

The objective of the study. The analysis
of loss of mitochondrial transmembrane function and cas-
pase-3 activity in the model of short-term in vitro glucocorti-
coid-induced apoptosis in the human lymphoid/leukemic cell
lines and in pediatric acute lymphoblastic leukemia samples.

Patients and methods. Children with ALL
and leukemic/lymphoid cell lines were tested for loss of
mitochondrial transmembrane potential (MTP) and caspase-3
expression before and after 3-day incubation with predniso-
lone. MTP and caspase-3 analysis was performed with the
use of flow cytometry.

Results. Both parameters indicated activation of
apoptotic processes in all cases of 72-hour in vitro therapy

with prednisolone. Disturbances in A¥m and an increase of
caspase-3 expression occurred in all patients. In relapsed
ALL patients at day ,,0” median value of loss of MTP was
0,89, while in de novo ALL patients it was 1,17 (ns). The
value of FL2 fluorescence (indicating normal MTP) on day
,,0” in relapsed patients was higher (p=0,008). These results
show smaller MTP changes in relapsed patients and usually
correspond with higher drug resistance observed at leukemia
relapse.

Conclusions. The detection of loss of mitochon-
drial transmembrane potential is a marker of activation of
intrinsic apoptotic pathway occurring in leukemic cells after
short-term in vitro therapy with prednisolone. Caspase-3
expression is increased after induction of extrinsic pathway
of apoptosis in leukemic cells caused by prednisolone. Pred-
nisolone induces both intrinsic and extrinsic apoptotic path-
way in leukemic and lymphoid cells.

Streszczenie

Wstep. We wezesnym etapie apoptozy dochodzi do
indukcji r6znych mechanizméw, takich jak: utrata przezbto-
nowego potencjalu mitochondrialnego i aktywacja kaskady
kaspaz, prowadzace ostatecznie do $mierci komorek.

Cel pracy. Analiza utraty przezblonowego potencja-
hu mitochondrialnego i ekspresji kaspazy-3 w modelu krétko-
terminowe;j indukcji apoptozy przez glikokortykoidy u dzie-
ci z ostra biataczka limfoblastyczna (ALL) i w liniach ko-
moérkowych

Pacjenci i metodyka. Okreslono utratg przez-
btonowego potencjatu mitochondrialnego i ekspresj¢ kaspa-
zy-3 u 60 dzieci i w 4 liniach komdorkowych. Analiz¢ zmian
potencjatu mitochondrialnego i ekspresji kaspazy-3 przed

i po inkubacji z prednizolonem wykonano metoda cytometrii
przepltywowe;.

Wyniki. Obydwa badane parametry wskazuja induk-
cjg procesow apoptozy we wszystkich przypadkach w bada-
nych liniach komoérkowych i probkach pacjentow po krotko-
trwatej terapii in vitro z prednizolonem. Zaburzenia potencja-
hu wewnatrzmitochondrialnego 1 wzrost ekspresji kaspazy-3
wystapity u wszystkich pacjentow. We wznowie ALL, me-
diana zaburzen potencjatu mitochondrialnego wynosita 0,89,
podczas gdy u pacjentéw z de novo ALL wynosita 1,17 (ns).
Intensywno$¢ fluorescencji FL2 (wskazujacej prawidtowy
,»0” u pacjentow ze
wznowa byla wyzsza (p=0,008). Wyniki te pokazuja, ze
mniejsze zaburzenia potencjalu wewnatrzmitochondrialnego

potencjal mitochondrialny) w dniu
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wystepuja u pacjentdow we wznowie ALL I moga by¢ zwia-
zane z wigksza opornoscia na cytostatyki w tej fazie choroby.

Wnioski. Okreslenie utraty przezbtonowego poten-
cjalu mitochondrialnego jest dobrym markerem aktywacji
wewnatrzpochodnego szlaku indukcji apoptozy wystgpujacej
w komorkach ostrej biataczki limfoblastycznej po krétko-

trwalej terapii in vitro z prednizolonem. Ekspresja kaspazy-3
jest podwyzszona po indukcji szlaku zewnatrzpochodnego
apoptozy.  Prednizolon indukuje zar6wno wewnatrz- jak
i zewnatrzpochodny szlak apoptozy w komodrkach ostrej
biataczki limfoblastyczne;j.

Key words: acute lymphoblastic leukemia, children, mitochondrial transmembrane potential, caspase-3
Stowa kluczowe: ostra biataczka limfoblastyczna, dzieci, potencjat wewnatrzmitochondrialny, kaspaza-3

INTRODUCTION

According to the mitochondrial theory of aging, mi-
tochondrial dysfunction increases intracellular reactive
oxidative species production, leading to the oxidation
of macromolecules and ultimately to cell death [1].
During early apoptosis, there is a reduction in mito-
chondrial transmembrane potential (MTP) and exter-
nalization of phosphatidylserine (PS) in cell membrane
prior to eventual cell death. Flow cytometric detection
techniques targeting these changes, reduction of
DiOC(6) uptake upon the collapse of MTP and annexin
V binding to PS have been successfully used to detect
apoptotic cells. These methods gave comparable results
when cell lines were used. A comparison of two differ-
ent techniques, DiOC(6) uptake and Annexin V-
propidium iodide co-labeling in the quantification of
cytarabine, vincristine and daunorubicin induced apop-
tosis on three leukemia cell lines (HL-60, CEM,
U937), and bone marrow blasts from children with
acute myeloid leukemia and acute lymphoblastic leu-
kemia has shown a correlation between the apoptosis
rates measured by these two techniques for drug-
induced apoptosis in myeloid and lymphoid blasts.
This data suggests that reduction of the MTP and PS
externalization may be common to many apoptotic
pathways and techniques targeting either of these
changes may be used in quantification of apoptosis in
different clinical samples [2, 3].

We hypothesize that loss of mitochondrial function
leads to induction of apoptosis after short-term in vitro
therapy with prednisolone. We tested this hypothesis
using the model of glucocorticoid-induced apoptosis in
the human lymphoid/leukemic cell lines and in pediat-
ric acute lymphoblastic leukemia samples.

PATIENTS AND METHODS

Patients. An in vitro analysis was performed on
leukemic cells isolated from bone marrow either at the
diagnosis or relapse of ALL. A total number of 60
children (30 boys, 30 girls), aged 0.1-17 (median 7,8)

years were included into the study. Initial white blood
cell count was 2,03-690,0 G/L (median 66,7 G/L).
With respect to diagnosis: 8 children were of pre-pre-
B-ALL phenotype, 43 with common-ALL, and 9 with
T-ALL phenotype; 46 patients had de novo and 14
relapsed ALL.

Cell lines. Four cell lines of human acute lymphoid
malignancies were used: B-cell lymphoma Raji and
Daudi as well as T-cell ALL cell lines CCRF-CEM and
Jurkat. The cell lines were obtained from the Institute
of Immunology and Experimental Therapy, Wroctaw
(prof. dr hab. Danuta Dus) and originated from The
European Collection of Cell Cultures (ECACC, Salis-
bury, Wiltshire, UK) [4]. Concentration of cells was
0,4-0,5x10%/ml.

Design and conception of the study. Children with
ALL and leukemic/lymphoid cell lines were tested for
mitochondrial transmembrane potential (MTP) and
caspase-3 expression before and after 3-day incubation
with prednisolone. The analysis was performed with
the use of flow cytometry.

Mitochondrial transmembrane potential. The de-
tection of loss of mitochondrial transmembrane poten-
tial (MTP, A¥Ym) was performed with the use of DeP-
sipher kit (R&D Systems GmbH, Wiesbaden, Ger-
many, nr cat TA700) after 20 minute incubation of
tested cells with the dye [5,5°,6,6’-tetrachloro-
1,1°,3,3’-tetracthylbenzimidazolyl
dide] in temperature 37°C and atmosphere 5% CO..

carbocyanine io-

This dye has the properties to accumulate in mitochon-
dria and aggregates after polarization of mitochondrial
membrane creating orange compound with fluorescent
properties. In the case of loss of potential of mitochon-
drial membrane, this dye does not aggregate, but con-
verts to monomeric form with green fluorescence. The
analysis was performed with the use of flow cytome-
try: normal potential is measured as orange signal by
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FL2 fluorescence, and disturbed potential is measured
as green signal by FL1. Loss of mitochondrial trans-
membrane potential is related to release of cytochrom
C from damaged mitochondrium [5]. Changes in the
ratio of signals FL1/FL2 (green/red) were assumed as
parameter of loss of mitochondrial transmembrane
potential (MTP, A¥Ym).

Caspase-3 expression. Rabbit anti-human mono-
clonal antibodies anty-caspase-3-PE were used: PE-
conjugated monoclonal active caspase-3 antibody
apoptosis kit I (PharMingen, Becton Dickinson, nr cat.
550914). This kit includes: monoclonal antibodies,
Cytofix/Cytoperm Solution and Perm/Wash Buffer.
Antibodies detect heterodimer 17-12 kDa of active
caspase-3, marker of cells undergoing apoptosis. Cas-
pase-3 activity is proportional to fluorescence of ex-
pression of this protein [6]. Changes in caspase-3 activ-
ity correlate in each time point, thus it is sufficient to
perform only one time point measurement [6]. Cas-
pase-3 is a marker of both intrinsic and extrinsic apop-
totic pathway i.e. receptor pathway (acc. to Jia et al.

[7D.

Statistic analysis. The differences in MTP were
analyzed by t-Student paired test for cell lines and by
Wilcoxon matched-pair test. Correlation was tested by
Spearman’s rho coefficient.

RESULTS AND DISCUSSION

Cell lines. Both parameters indicated activation of
apoptotic processes in all cases of 72-hour in vitro
therapy with prednisolone (Tab. 1, Fig. 1). Increase of
A¥Ym was higher when initial (before incubation) dis-
turbances were small. An increase of caspase-3 expres-
sion was also higher when initial (before incubation)
expression was low.

Table 1. Loss of mitochondrial transmembrane potential
(A¥m) and expression of caspase-3 in cell lines

Tabela 1. Zaburzenia przezblonowego potencjatu mitochon-
drialnego (A¥m) i ekspresja kaspazy-3 w liniach

236
256

Events
Events

o S0 70" 102 107 1ot
10% 10" 10 10* 10* FL2LOG
FL1-LOG

Fig. 1. Loss of transmembrane mitochondrial potential
(A¥m) after ex vivo therapy with prednisolone, ex-
pressed as FLI increase and FL2 decrease

Ryc. 1. Zaburzenie przezblonowego potencjatu mitochon-
drialnego (A¥m) po terapii ex vivo z prednizolo-
nem, wyrazajqce sie wzrostem FLI i zmniejszeniem
FL2

Patients. Disturbances in A¥Ym and an increase of
caspase-3 expression occurred in all patients after 72-
hour in vitro therapy with prednisolone (Tab. 2). In
relapsed ALL patients on day ,,0” median value of
FL1/FL2 ration was 0,89, while in de novo ALL
(n=46) patients it was 1,17 (ns). The value of FL2
fluorescence (indicating normal MTP) on day ,,0” in
relapsed patients was higher (MFI 20,9 vs 13,3,
p=0,008). These results show small A¥Ym changes in
relapsed patients and usually correspond with higher
drug resistance observed at leukemia relapse.

Table 2. Loss of mitochondrial transmembrane potential
(A¥m) and expression of caspase-3 in patient sam-
ples

Tabela 2. Funkcja przezblonowego potencjatu mitochon-

drialnego (A¥m) i ekspresja kaspazy-3 w komor-
kach pacjentow

ALL patients

A¥m 1,16 (0,36-4,76)
3,57 (2,00-4,54)

caspase 3 1,05 (0,60-2,13)

2,32 (0,74-8,49)

komorkowych
Raji Daudi CCRF-CEM Jurkat
A¥Ym 1,20£0,53 | 1,61+0,58 | 0,8240,58 1,38+0,34
2,85+0,81 | 2,47+0,81 4,71+1,16 3,1840,93
caspase 3 3,00+0,16 | 6,25+0,65 1,7540,39 3,2540,11
4,3540,28 | 6,98+0,53 5,59+0,51 5,53+0,19

The value of AWm is expressed as a ratio of signals FL1/FL2. Upper
value — expression on day ,,0”, lower value — expression on day 3,
after incubation with prednisolone at concentration of 250 pg/ml. In
all cases, MFI value was higher on day ,,3” (p<0,05, Wilcoxon
matched-pair test). Results are given as meanSD..

The value of AWm is expressed as a ratio of signals FL1/FL2. Upper
value — expression on day ,,0”, lower value — expression on day 3,
after incubation with prednisolone at concentration of 250 pg/ml. In
all cases, MFI value was higher on day ,,3” (p<0,01, Wilcoxon
matched-pair test). Results are given as mean£SD..

The loss of mitochondrial transmembrane potential
was observed in Jurkat cells after vincristine induced
apoptosis. Reactive oxygen species (ROS) can play a
regulatory role in the initial phase of a mitochondrial
controlled pathway of apoptosis [8]. Possibly, different
sensitivities of ALL and AML cells to undergoing
spontaneous apoptosis in vitro can be explained also by
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ability to lose mitochondrial transmembrane potential .
Detection of the early/intermediate, but not the late
stage of apoptosis is preferable for correct assignment
of spontaneous apoptosis in pediatric acute leukemia
[3]. It is speculated that the increase in Coenzyme Q10
concentration during induction treatment may be at-
tributed to the activation of a natural antioxidative
defence mechanism, endocrine influence on CoQ10
synthesis from steroid treatment, or a shift in CoQ10
from the damaged cells to the plasma after cell lysis
[9].

Our findings indicate that drugs leading to loss of
MTP can be promising therapeutic agents for treatment
of ALL cases [10]. The examples of compounds with
this mechanism of anticancer activity are rotenone and
arsenic trioxide [11]. These data suggest that nitric
oxide production in the leukemia-derived cells may be
a protective response to maintain mitochondrial AYm
after antioxidant exposure and inhibition of nitric oxide
synthase increases the disruption of mitochondrial
homeostasis induced by the antioxidants [12].

CONCLUSIONS

1. The detection of loss of mitochondrial transmem-
brane potential is a marker of activation of intrin-
sic apoptotic pathway occurring in leukemic cells
after short-term in vitro therapy with prednisolone.

2. Caspase-3 expression is increased after induction
of extrinsic pathway of apoptosis in leukemic cells
caused by prednisolone.

3. Prednisolone induces both intrinsic and extrinsic
apoptotic pathway in leukemic and lymphoid cells.
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Summary

Introduction: The aortic isthmus, known as the A seg-
ment, occurs as a constriction of the aorta, which is situated
between the left subclavian artery and the ductus arteriosus.
According to the professional literature the aortic isthmus
showed more variation than those on the other parts of aorta.
The present study was performed on 128 spontancously
aborted human fetuses aged 15-34 weeks to establish normal
values for aortic isthmus diameter at varying gestational age.
Material and Methods: Using anatomical dissection,
digital-image analysis (system of Leica Qwin Pro 16) and
statistical analysis (ANOVA, regression analysis) the growth
of the aortic isthmus diameter was examined during gesta-
tion.

Results: No significant gender differences were found
(p>0.05). Regression plots of the aortic isthmus diameter
against gestational age in weeks modeled the linear function
y =-2.4247 + 0.2333x + 0.3983 (r = 0.96, P<0.001). Correla-
tion coefficient between the aortic isthmus diameter and
gestational age was statistically significant (P<0.001), and

reached the value r = 0.96. The aortic isthmus-to-aortic root
diameter ratio indicated the intensive increase from 0.45 +
0.10 to 0.72 £ 0.07 for fetuses aged 15-16 and 21-22 weeks
of gestation, respectively. In the remaining fetuses, the ratio
of the diameter of the aortic isthmus to that of the aortic root
was stable and ranged from 0.66 + 0.10 to 0.73 £ 0.06
(P>0.05). Similarly, in fetuses aged 15-22 weeks, the aortic
isthmus-to-descending aorta diameter ratio increased from
0.73 + 0.10 for 15-16 week group to 0.93 + 0.11 for 21-22
week group. In the remainder, the aortic isthmus-to-
descending aorta diameter ratio ranged from 0.88 + 0.09 to
0.90 + 0.07 (P>0.05).

Conclusions:

1. The aortic isthmus measurements should facilitate
the prenatal diagnosis of the coarctation of the
aorta.

2. Our findings argue against the concept of relatively
little fetal blood flow through the aortic isthmus
during gestation.

Streszczenie

Cel: Cie$n aorty znana jako segment A, wystgpuje
w postaci zwezenia aorty, ktore jest usytuowane miedzy
tetnica podobojczykowa lewa a przewodem tgtniczym.
Zgodnie z fachowym piSmiennictwem cie$n aorty wykazuje
wigksza zmienno$¢ niz inne czg$ci aorty. Badania przepro-
wadzono na 128 plodach cztowieka w wieku 15-34 tyg.,
pochodzacych z samoistnych poronien w celu okreslenia
prawidtowych warto$ci $rednicy ciesni aorty w roéznym
wieku cigzowym.

Materiat i metody: Przy zastosowaniu dysekcji ana-
tomicznej, systemu cyfrowej analizy obrazu (system Leica Q
Win Pro 16) i analizy statystycznej (ANOVA, rachunek
regresji) zbadano wzrost §rednicy ciesni aorty podczas ciazy.

Wyniki: Nie stwierdzono réznic ptciowych (P>0,05).
Naniesione wartosci $rednicy cie$ni aorty wzgledem wieku
cigzowego w tygodniach modelowaty funkcj¢ liniowa y =
-2,4247 + 0,2333x + 0,3983 (r = 0,96, P<0,001). Wspotczyn-
nik korelacji migdzy $rednica cie$ni aorty a wiekiem ciazo-
wym byt istotny statystycznie (P<0.001) i osiagat warto§¢ r =
0.96. Wskaznik $rednicy cies$ni aorty do $rednicy poczatko-
wej aorty wstgpujacej wykazywat intensywny wzrost z 0,45
+ 0,10 do 0,72 £ 0,07 dla ptodéw odpowiednio w wieku 15-
16 i 21-22 tyg. ciazy. U pozostatych ptodow wskaznik ten
byt stabilny i wahat si¢ od 0,66 = 0,10 do 0,73 + 0,06
(P>0,05). Podobnie u ptodow w wieku 15-22 tyg., wskaznik
cie$ni tuku aorty do $rednicy poczatkowej aorty zstgpujacej
wzrastal z 0,73 + 0.10 w wieku 15-16 tyg. do 0,93 + 0,11
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w wieku 21-22 tyg., u pozostalych ptodéw wskaznik ten
wahat si¢ od 0,88 = 0,09 do 0,90 + 0,07 (P>0,05).
Whnioski:
1. Pomiary cie$ni aorty utatwiaja prenatalng diagno-
styke koarktacji tuku aorty.

2. Nasze wyniki sprzeciwiaja si¢ koncepcji wzglednie
mniejszego przeplywu krwi przez ciesn aorty pod-
czas ciazy.

Key words: aortic isthmus, external diameter, aortic isthmus-to-aortic root diameter ratio, aortic isthmus-to-descending aorta

diameter ratio, human fetuses

Stowa kluczowe: ciesn aorty, Srednica zewngtrzna, stosunek $rednicy cie$ni do srednicy aorty wstepujacej, stosunek $rednicy

ciesni do $rednicy aorty zstgpujacej, ptody czlowieka

INTRODUCTION

The aortic isthmus, known as the A segment, oc-
curs as a constriction of the aorta, which is situated
between the left subclavian artery and the ductus arte-
riosus. It is the main site for hypoplasia or coarctation
of the aorta [1, 2]. Recent high - resolution capabilities
of ultrasonographic equipment facilitated quantitative
analysis of the development of the fetal aortic isthmus
during gestation [3, 4]. According to Makikallio et al.
[5], fetuses with retrograde aortic isthmus net blood
flow demonstrated a rise in right ventricular afterload
with diminished oxygen delivery to cerebral circula-
tion. The aortic isthmus showed more variation than
those on the other parts of aorta [6]. Also, the ratio of
aortic isthmus to aortic root diameter and to descend-
ing aorta diameter increased [7, 8] or decreased [9]
with advanced fetal age.

On the basis of available literature data the objec-
tives for the present research were set to examine:

- the normal values for the aortic isthmus diameter at
varying gestational ages,

- the developmental growth of the aortic isthmus
diameter (growth curve),

- the aortic isthmus-to-aortic root diameter ratio,

- the aortic isthmus-to-descending aorta diameter
ratio,

- the influence of sex on the value of the parameters
studied.

MATERIAL AND METHODS

The examinations were carried out on 128 human
fetuses of both sexes (63 males, 65 females) from
spontaneous abortions or stillbirths. The present study
was approved by the University Research Ethics
Committee  (statement on  ethical  approval,
KB/217/2006). All specimens were relatively unmac-
erated, and were large enough to evaluate anatomi-
cally. Internal and external anatomical malformations

were ruled out in all specimens, which were diagnosed

as normal. In no case was the cause of fetal death re-
lated to
cardiovascular anomalies. The fetal age ranged from
15 to 34 weeks (Table 1). The fetal ages of the speci-
mens were calculated on the basis of the following

congenital  cardiovascular or non-

criteria: 1) known date of the beginning of the last
normal menstrual period, 2) gestational age based on
measurement of crown-rump length [10], and 3) in
some cases corrections regarding fetal age were estab-
lished by measuring their humeral and femoral bones
using USG equipment [11]. Fetuses were grouped into
six monthly cohorts, corresponding to the 4™ - 9
month of gestation. The fetal arteries were filled with
white latex LBS 3060, without over-distention of the
perfused vessels, through a catheter Stericath (diameter
of 0.5-1.0 mm), which was introduced by lumbar ac-
cess into the abdominal aorta. The arterial bed filling
was performed under controlled pressure of 50-60 mm
Hg, using a syringe infusion pump SEP 11S (Ascor
S.A., Medical Equipment, Warsaw 2001). The speci-
mens were immersed in a 10% neutral formalin solu-
tion for 4-24 months for preservation, and then dis-
sected, according to standard autopsy techniques, un-
der a stereoscope with Huygens ocular at a magnifica-
tion of 10. The great vessels of the fetal heart were
separated from the lungs, and the cardiovascular blocks
removed from the chest cavity. In each fetus, the dis-
sected aortic arch with the millimeter scale was placed
perpendicular to the optical lens axis, afterwards re-
corded using a camera Nicon Coolpix 8400, and digi-
talized to JPEG images. Next, digital pictures of the
aortic arch underwent morphometric analysis using the
digital- image analysis system of Leica Qwin Pro 16
(Cambridge), which automatically estimated external
diameter of the marked vessels. Because the arteries
filled with latex constituted the flexible cylinder, the
vessels examined were circular in cross-section.

For each individual, the five following linear meas-
urements and calculations were made:



Morphometric study of the aortic isthmus diameter in human fetuses 93

1. the largest external diameter of the aortic root
(mm), at level of the aortic valve annulus,

2. external diameter of the aortic isthmus (mm),
immediately distal to the left subclavian orgin.

3. external diameter of the descending aorta
(mm), immediately below the entry of the
ductus arteriosus,

4. the aortic isthmus-to-aortic root diameter ra-
tio,

5. the aortic isthmus-to-descending aorta diame-
ter ratio.

Table 1. Distribution of fetuses studied

Fetal age Sex
months weeks Crown-rump length (mm) Number male | female
(}-ilg)l- mean | SD min max

15 89.4 | 6.1 | 85.0 92.0 10 5 5

4 16 103.7 | 6.1 95.0 106.0 7 3 4
17 1149 | 82 111.0 121.0 6 4 2

18 129.3 6.6 124.0 134.0 8 3 5

5 19 1427 | 7.7 | 139.0 | 148.0 6 3 3
20 1553 | 58 | 153.0 | 161.0 4 1 3

21 167.1 4.7 165.0 173.0 3 2 1

22 178.1 6.9 176.0 186.0 7 4 3

6 23 192.3 6.3 187.0 196.0 9 4 5
24 2029 | 5.7 | 199.0 | 207.0 11 6 5

25 2152 | 48 | 211.0 218.0 7 5 2

26 2247 | 5.2 | 2200 227.0 7 4 3

7 27 234.1 4.3 231.0 237.0 4 0 4
28 2442 | 5.1 240.0 246.0 5 2 3

29 2538 | 45 | 249.0 | 255.0 6 1 5

30 262.7 | 3.1 260.0 264.0 6 5 1

8 31 270.7 | 5.2 | 268.0 275.0 4 1 3
32 2814 | 3.7 | 279.0 284.0 5 4 1

33 290.3 6.1 286.0 293.0 9 4 5

9 34 3014 | 3.2 | 296.0 | 302.0 4 2 2
Total 128 63 65

The external diameters of the aortic isthmus were
correlated to fetal age so as to establish their growth.
The results obtained were evaluated by one-way
ANOVA test for unpaired data and post hoc RIR
Tukey test. Regression analysis was used to derive the
growth curve of best fit for the plot for the aortic isth-
mus diameter against gestational age. We correlated
data obtained with fetal age instead of the crown-rump
length, because in the echocardiographic literature the
above-mentioned measurements were related to fetal
age, so that we could compare postmortem mor-
phometric data with the echocardiographic data in
utero. Correlation coefficient (r) between external
diameters and fetal age were estimated. A priori level
of significance was set at P<0.05.

RESULTS

The native picture of the aortic arch is presented in
Figure 1. The statistical analysis of the five parameters
examined did not show gender differences (P>0.05).
For this reason, the morphomteric values obtained,
without regard to sex, have been presented in Table 2.
During the study period, external diameter of the aortic
isthmus ranged from 0.92 + 0.24 mm for fetuses aged 4
months to 4.99 £ 0.58 mm for fetuses aged 9 months
of gestation.

Fig. 1. The great arteries of the fetal heart in male fetus aged
23 weeks (aspectus posterior):1-ascending aorta, 2-
aortic arch, 3-aortic isthmus, 4-descending aorta, 5-
brachiocephalic trunk, 6-left common carotid artery, 7-
left subclavian artery, 8-ductus arteriosus, 9-right pul-
monary artery, 10-left pulmonary artery

Table 2. Block scheme of the statistical analysis of the abso-
lute and relative diameters of the aortic isthmus

L 1 Aortic
- N Aortie Descending | Aortic . 5 | isthmus-to-
Fetal age i e ' isthoons .Aogi.:c isthmus-to- | descending
{months) n . s lerpt aortic root diameter
diameter diameter dizmeter pivcye | aona
{mm) {mm) | {mm) | diameter
| | ratio
4 ‘ | 2024026 | 1.25+0.28 l 0.9240.24 0.45£0.10 ‘ 0.73£0.10
|
| WP<0001) - LP<0.001) JP<0.001) JP<0.001) 1{P<0.001)
e — - [ 1T
| 5 | 24 2042049 2074035 | 171031 i 0.58+0.08 | 0.8240.13
| el | i
] WP<0001)  L(P<0.001) L(P<0.001) LP<0.001) L(P=0.001)
. - : !
| [] | | 30 3.9640.57 3.05£0.38 | 2.8440.39 0.72+0.07 | 0.930.11
1 WP=0.001)  L(P=0.001) L(P<0.05) 1(P=0.05) 1(P=0.05)
’ 7 23 491047 [ 3.62+0.55 [ 3.26:0.61 066010 | 0.90+0.07 |
1 HP=0.001)  J(P<0.001) LP<0,001) LiP=0.05) LP=0.05)
8 6112050 | | 4842050 | | 4395058 “ 0.7260.06 0.90£0.08
I} WP<0.001)  [(P<0.001)  [(P<0.05) J(P=0.05) 1(P>0.05)
) Ek —r—
l 9 | 13 | 6.84£0.63 [ 5.65:048 | | 4.99:0.58 | [ 0.73:0.06 ‘ 0.8820.09
1 |
L i _._J
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The relation between the aortic isthmus diameter
and gestational age is displayed in Figure 2, together
with the appropriate correlation coefficient, the curve
of the best fit, and the 3 ™ and 97" percentile lines. The
growth of the aortic isthmus diameter followed the
linear function y =-2.4247 + 0.2233x =+ 0.3983. Corre-
lation coefficient between aortic isthmus diameter and
gestational age was statistically significant (P<0.001)
and reached the value r = 0.96. The 97" and 3" percen-
tiles for aortic isthmus diameter at varying gestational
age were defined by the upper and lower borders, re-
spectively.

AORTIC ISTHMUS
Diameter= -2 4247 + 0 2232 x Age £ 0. 3883
r=006 P<0.001

Diamatar [mm]

Fig. 2. Regression line for the aortic isthmus diameter (y)
versus fetal age (x); y = -2.4247 + 0.2232 x =
0.3983

The relative growth of the aortic isthmus diameter
is presented in Figures 3 and 4.

AORTIC ISTHMUS - TO - ASCENDING ADRTA DIAMETER RATIO
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The aortic isthmus-to-aortic root diameter ratio
(Fig. 3) indicated the intensive increase from 0.45 +
0.10 to 0.72 + 0.07 for fetuses aged 15-16 and 21-22
weeks of gestation, respectively. In the remaining
fetuses, the ratio of the diameter of the aortic isthmus
to that of the aortic root was stable and ranged from

0.66 £ 0.10 to 0.73 £ 0.06 (P>0.05). Similarly, in fe-
tuses aged 15-22 weeks, the aortic isthmus-to-
descending aorta diameter ratio (Fig. 4) increased from
0.73 + 0.10 for 15-16 week group to 0.93 + 0.11 for
21-22 week group. In the remainder, the aortic isth-
mus-to-descending aorta diameter ratio ranged from
0.88 =0.09 to 0.90 + 0.07 (P>0.05).
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scending aorta diameter ratio in human fetuses

DISCUSSION

In the present autopsy study the precise digital-
image analysis system was used to provide the absolute
and relative diameters of the aortic isthmus during
gestation. Regression plots of the aortic isthmus diame-
ter against gestational age in weeks modeled the linear
function y = -2.4247 + 0.2333x + 0.3983 (r = 0.96,
P<0.001). Similar observations concerning the linear
growth of the aortic isthmus diameter were made by
Hyett et al. [7] on autopsy study of 61 fetuses at 9-18
weeks of gestation, where this parameter generated the
function y = 0.123 — 0.644x (r =0.871, P<0.001). Van
Meurs - van Woezik and Krediet [6] demonstrated that
in specimens from 21 weeks of gestation up to 10
years after birth, the increase in body length from 30 to
140 cm was accompanied by a parallel increase of the
aortic isthmus diameter, according to the linear func-
tion y = 0.80 + 0.102x. Alvarez et al. [12] confirmed
that the internal circumference of the aortic isthmus
increased from 0.846 cm to 1.374 c¢cm in fetuses and
newborns ranging in body weight from 101 to 4984 g.
Regression plots of this parameter against body weight
in kg demonstrated the proportional growth y = 0.5688
+ 0.17x (r = 0.829, P<0.001). Castillo et al. [13]
showed that in fetuses between 13-20 weeks of gesta-
tion the aortic isthmus diameter increased proportion-
ally from 1.45 to 3.0 mm. These anatomical findings
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are compatible with those of echocardiographic exami-
nations, which have shown linear growth in the diame-
ter of the aortic isthmus [1, 9]. According to Achiron et
al. [1] the aortic isthmus diameter grows proportion-
ally, as the function y = -1.39 + 0.189x (r = 0.938,
P<0.001). Also, Nomiyama et al. [9] found that regres-
sion equation for the aortic isthmus diameter against
gestational age generated the linear function y =
0.132x - 0.059 ( r =60, P<0.001).

Our results obtained indicated that in fetuses ranged
from 15-16 weeks to 21-22 weeks of gestation, the rela-
tive diameter of the aortic isthmus increased with ad-
vanced fetal age. The ratio of the aortic isthmus diame-
ter to that of the aortic root or the descending aorta in-
creased from 0.45 + 0.10 to 0.72 + 0.07, and from 0.73
+ 0.10 to 0.93 + 0.11, respectively. In the remaining
fetuses both the ratios were stable and ranged from 0.66
+ 0.10 to 0.73 £+ 0.06, and from 0.88 = 0.09 to 0.90 +
0.07, respectively. This fact was confirmed by Hyett et
al. [7], because in their study the ratio of the diameter of
the aortic isthmus to that of the aortic root increased
with gestation from about 0.6 at 9 weeks to about 0.8 at
18 weeks, according to the regression line y = 0.444 +
0.018x (r = 0.346, P<0.001). Also, Ursell et al. [8] ob-
served that in fetuses aged 10-26 weeks, the ratio of
aortic isthmus to descending aorta diameter and to aor-
tic root diameter increased from 0.71 to 0.78, and from
0.55 to 0.58, respectively. According to Castillo et al.
[13] in fetuses between 13-20 weeks of gestation, the
ratios obtained between the aortic isthmus diameter and
the ascending and descending aortas ranged between
0.66- 0.93. Nomiyama et al. [9] revealed that the ratio
of the aortic isthmus to the descending aorta was found
to decrease in a linear fashion throughout late gestation,
according to the function y =-0.007x + 1.002 (r = 0.26,
P<0.01). Narrowing of the aortic isthmus during gesta-
tion attributed this finding to large cranial blood flow
through the aortic arch, resulting in less flow through
the isthmus into descending aorta [14]. In this aspect,
my findings closely correlate with results obtained by
Hyett et al. [7] and Ursell et al. [8], as well, and dis-
agree with observations of Nomiyama et al. [9]. Our
observations argue against the concept of relatively lit-
tle fetal blood flow through the aortic isthmus. The dif-
ferences between these data resulted probably from the
fact, that the aortic isthmus diameter showed more vari-
able than those on the other parts of the aorta. There-
fore, van Meurs-van Woezik and Krediet et al. [15]
noted significant isthmus narrowing in 10 of 21 perina-
tal cases, with a ratio of aortic isthmus to descending

aorta diameter that varied from 0.24 to 0.56, whereas in
the remaining 10 cases, the same ratio exceeded 0.60.
Angelini et al. [16] also demonstrated a significant dif-
ference in aortic isthmus diameter to other aortic arch
segments from postmortem measurements, with the
isthmus being 25% smaller than the descending aorta,
which was in turn 20% smaller than the ascending aorta.
Machii and Becker [17] reported that in neonates and
infants, the aortic isthmus-to-descending aorta diameter
ratio increased rapidly. A significant increase (P =
0.0107) was observed between newborns (0.78 + 0.15)
and babies from 1 month to 1 year (0.96 + 1.13). Mor-
row et al. [18] demonstrated that diameters of the aortic
isthmus and transverse arch (between the left carotid
and left subclavian arteries) were significantly smaller
(P<0.001) in coarctation patients than in control sub-
jects. In coarctation the ratio of the aortic isthmus di-
ameter to that of the aortic root diameter and the de-
scending aorta reached the values 0.48 £+ 0.08 and 0.55
+ 0.13, respectively. In control neonates these ratios
were greater as follows: 0.61 = 0.10 and 0.77 + 0.17,
respectively.

CONCLUSIONS

1. The aortic isthmus measurements should facilitate
the prenatal diagnosis of coarctation of the aorta.

2. Our findings argue against the concept of relatively
little fetal blood through the aortic isthmus during
gestation.
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Summary

Introduction: The present study was performed on 128
spontaneously aborted human fetuses aged 15-34 weeks to
compile normative data for aortic arch dimensions at varying
gestational age.

Material and Methods: Using anatomical dissection,
digital-image analysis (system of Leica QWin Pro 16) and
statistical analysis (ANOVA, regression analysis) the growth
of the length, external diameter, and volume of the aortic
arch was examined.

Results: No significant gender differences were found
(P>0.05). During the study period, both the length and exter-
nal diameter of the aortic arch showed a linear model with
advanced gestational age. The values of the aortic arch length
ranged from 3.93 + 0.57 mm for the 4™ month to 15.25 +
1.98 mm for the 9™ month of gestation. With regard to fetal
age, the aortic arch length increased according to the linear
function y = - 6.079 + 0.6370 x £+ 1.1133, with a correlation
coefficient r = 0.96. The results obtained were statistically
significant (P<0.001) for each age group. The aortic arch
diameter ranged from 1.61 + 0.24 to 6.13 £ 0.49 mm for

groups of 4 and 9 months of gestation, respectively. The
external diameter of the aortic arch showed a proportional
increase with advanced fetal age, according to the linear
function y = -2.413 + 0.2532 x + 0.3532. Correlation coeffi-
cient between aortic arch diameter and gestational age was
statistically significant (P<0.001) and attained the value r =
0.97. The values of the aortic arch volume ranged from 8.84
+2.90 mm’ to 453.51 + 125.54 mm® during the study period.
The volumetric growth of the aortic arch was dependent on
fetal age in weeks, according to the quadratic function y =
513.4 - 58.464 x + 1.704 x* £ 49.254. The correlation of
determination between the aortic arch volume and fetal age
attained the value R? = 0.90. The normal values for aortic
arch growth provided in this autopsy study are new and these
data provide the background for future autopsy and Doppler
studies of the aortic arch abnormalities.

Conclusions: The developmental dynamic of both the
length and external diameter of the aortic arch follows ac-
cording to the linear function, whereas the volumetric dy-
namic - according to the quadratic model.

Streszczenie

Cel: Badania przeprowadzono u 128 ptodow czlowieka
w wieku 15-34 tygodni, pochodzacych z poronien samoist-
nych w celu okreslenia normatywnych danych rozmiarow
tuku aorty dla réznych wiekow ciazowych.

Materiat i metody: Przy zastosowaniu dysekcji ana-
tomicznej, cyfrowej analizy obrazu (system Leica Q Win Pro
16) i analizy statystycznej (ANOVA, analiza regresji) zbada-
no wzrost dhugosci, $rednicy zewngtrznej i pojemnosci tuku
aorty.

Wyniki: Nie stwierdzono réznic ptciowych (P>0.05).
W badanym przedziale wieku zaréwno dlugosé, jak i $redni-
ca zewngtrzna tuku aorty wykazywaty liniowy model wzro-
stu. Warto$¢ dlugosci tuku aorty wzrastata z 3,93 + 0,57 mm
w 4 mies. do 15,25 £ 1,98 mm w 9 mies. cigzy. W stosunku

do wieku ptodu dtugos¢ tuku aorty wzrastata zgodnie z funk-
cja liniowa y = -6,079 + 0,6370 x + 1,1133 ze wspotczynni-
kiem korelacji r = 0,96. Uzyskane wyniki byly istotnie staty-
styczne (P<0,001) dla kazdej grupy wieku. Srednica tuku
aorty wzrastata z 1,61 £+ 0,24 do 6,13 £ 0,49 mm odpowied-
nio dla grupy wieku 4 i 9 m. z. pt. Srednica zewnetrzna tuku
aorty wykazywata proporcjonalny wzrost z wiekiem ptodu,
zgodnie z funkcja liniowa y = - 2,413 + 0,2532 x £ 0,3532.
Wspodtczynnik korelacji migdzy $rednica tuku aorty a wie-
kiem plodu byt istotny statystycznie (P<0,001) i osiagat
wartoéci r = 0,97. W badanym przedziale wieku wartosci
pojemnosci tuku aorty wzrastaly z 8,84 + 2,90 mm® do
453,51 + 125,54 mm’. Wzrost pojemnosci tuku aorty zalezat
od wieku ptodowego w tygodniach, zgodnie z funkcja kwa-
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dratowa y = 513,4 — 58,5 x + 1,7 x> + 49,3. Wspolczynnik
determinacji migdzy pojemno$cia tuku aorty a wiekiem
plodu osiagal warto§¢ R? = 0,90. Wartosci normatywne
wzrostu tuku aorty uzyskane w tej pracy sa nowe i stanowia
tlo dla przysztych badan autopsyjnych i dopplerowskich
dotyczacych nieprawidtowosci tuku aorty.

Wniosek: Dynamika rozwojowa dlugosci i $rednicy
zewngtrznej tuku aorty przebiega zgodnie z funkcja liniowa,
podczas gdy dynamika rozwojowa pojemnosci tuku aorty —
zgodnie z modelem kwadratowym.

Key words: aortic arch measurements; length; external diameter; volume
Stowa kluczowe: pomiary tuk aorty; dtugo$¢; $rednica zewngtrzna; pojemnosé

INTRODUCTION

The aortic arch lies wholly in the superior medi-
astinum. As a continuation of the ascending aorta it
begins at the level of the upper border of the 2™ right
sternocostal joint. It first runs upward, diagonally back
and to the left over the anterior surface of the trachea,
then back across its left side, and finally passes down-
ward left of the 4™ thoracic vertebral body, continuing
at its lower border as the descending aorta. The fetal
aortic lumen narrows between the origin of the left
subclavian artery and the attachment of the ductus
arteriosus forming an aortic isthmus [1]. Recent high -
resolution capabilities of ultrasonographic equipment
facilitated detailed quantitative analysis of the devel-
opment of the fetal aortic arch during gestation [2, 3].
Thus, it is important to define the normal growth pat-
terns for all cardiovascular structures to recognize
abnormal development as early, as possible. Mor-
phometric studies on the aortic arch have been con-
ducted previously in relation to its diameter only, using
echocardiographic [3-5] and autopsy [1, 5-9] methods.
In the opinion of these authors, the aortic arch diameter
presented linear growth during gestation. Moreover,
the limited anatomical data suggested that length and
diameter of the aortic arch increased linearly, whereas
the volumetric growth was expressed by a square root
function [10].

Our objectives were to investigate:

- the normal values for the length, external diameter,
and volume of the aortic arch at varying gestational
ages,

- the influence of sex on the value of the parameters
examined,

- the developmental growth of the morphometric
features (growth curves).

MATERIAL AND METHODS

The material examined consisted of 128 human fe-
tuses of both sexes (63 males, 65 females) from spon-
taneous abortions or stillbirths.

The gestational age ranged from 15 to 34 weeks
(Table 1). The study protocol was approved by the
University Research Ethics Committee (KB/217/2006).
In no case was the cause of fetal death related to con-
genital cardiovascular anomalies. The fetal ages of the
specimens were calculated on the basis of the follow-
ing criteria: 1) known date of the beginning of the last
normal menstrual period, and 2) gestational age based
on measurement of crown-rump length [11]. Fetuses
were grouped into six monthly cohorts, corresponding
to the 4™ - 9™ month of gestation. The fetal arteries
were filled with white latex LBS 3060, at an amount of
approximately 15-30 ml (without over-distention of the
perfused vessels), through a catheter Stericath (diame-
ter of 0.5-1.0 mm), which was introduced by lumbar
access into the abdominal aorta. According to our
experience, the arterial bed filling was performed un-
der controlled pressure of 50-60 mm Hg, using a sy-
ringe infusion pump SEP 11S (Ascor S.A., Medical
Equipment, Warsaw 2001). Specimens were immersed
in a 10% neutral formalin solution for 4-24 months for
preservation, and then dissected, according to standard
autopsy techniques, under a stereoscope at a magnifi-
cation of 10-25. The great arteries of the fetal heart
were separated from the lungs and the cardiovascular
blocks removed from the chest cavity. In each fetus,
the dissected aortic arch with the millimeter scale was
placed perpendicular to the optical lens axis, after-
wards recorded using a camera Nikon Coolpix 8400,
and digitalized to JPEG images (Fig. 1). Next, digital
pictures of the aortic arch underwent morphometric
analysis using digital image analysis system of Leica
QWin Pro 16 (Cambridge), which automatically esti-
mated length, external diameter and volume of the
marked vessel. Automatic measurements of the pa-
rameters examined were derived by assuming that the
filled arteries constituted the flexible cylinder, could be
divided into small irregular cylinders of varying diame-
ter and height. The sum of volumes of such cylinders
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approximating the vessel was given in mm® as the
aortic arch volume.

Table 1. Age, number and sex of fetuses studied

Fetal age Sex
Months | Weeks Crown-rump length (mm)
(Hbd- Number | male | female

life) Mean | SD | Min | Max
15 10 5 5

4 89.4 6.1 85.0 | 92.0
16 103.7 ] 6.1 | 95.0 | 106.0 7 3 4
17 1149 | 82 [ 111.0 | 121.0 6 4 2
18 129.3 | 6.6 | 124.0 | 134.0 8 3 5
5 19 142.7 | 7.7 | 139.0 | 148.0 6 3 3
20 1553 | 5.8 | 153.0 | 161.0 4 1 3
21 167.1 | 4.7 | 165.0 | 173.0 3 2 1
22 178.1 | 6.9 | 176.0 | 186.0 7 4 3
6 23 1923 | 6.3 | 187.0 | 196.0 9 4 5
24 202.9 | 5.7 [199.0 | 207.0 11 6 5
25 2152 | 4.8 [ 211.0 | 218.0 7 5 2
26 224.7 | 5.2 [220.0 | 227.0 7 4 3
7 27 234.1 | 4.3 [231.0 | 237.0 4 0 4
28 244.2 | 5.1 | 240.0 | 246.0 5 2 3
29 253.8 | 4.5 [249.0 | 255.0 6 1 5
30 262.7 | 3.1 | 260.0 | 264.0 6 5 1
8 31 270.7 | 5.2 [ 268.0 | 275.0 4 1 3
32 281.4 | 3.7 [279.0 | 284.0 5 4 1
33 290.3 | 6.1 | 286.0 | 293.0 9 4 5
9 34 3014 | 3.2 | 296.0 | 302.0 4 2 2
Total 128 63 65

For each fetus the eight following measurements
and calculations were made:

1. the aortic root diameter (mm), at the level of the
aortic valve annulus,

2. length of the aortic arch (mm), from its origin (just
proximal to the brachiocephalic trunk origin) to its
ending (just proximal to the entry of the ductus ar-
teriosus,

3. external diameter of the aortic arch (mm), distal to
the left common carotid origin,

4. volume of the aortic arch (mm”*),

5. the external descending aorta diameter (mm), im-
mediately below the entry of the ductus arteriosus,
The length, external diameter and volume of the

aortic arch, were correlated to fetal age so as to estab-

lish their growth. The results obtained were evaluated
by one-way ANOVA test for unpaired data and then
post-hoc intergroup comparisons were performed using

RIR Tukey test. Regression analysis was used to derive

the line of best fit for the plot for each parameter exam-

ined against gestational age. Correlation coefficients (r)

between length or external diameters and fetal age, and

coefficient of determination (R?) between volume and
fetal age were estimated. A priori level of significance
was set at P<0.05.

RESULTS

The native picture of the aortic arch is presented in
Figure 1. The statistical analysis of the morphometric

features of the aortic arch did not show gender differ-
ences (P>0.05). Hence the morphometric values ob-
tained, without regard to sex, are presented in Table 2.
The aortic arch parameters increased significantly with
gestational age. The relations between the aortic arch
parameters and gestational age are displayed in Figures
2-4 together with the appropriate correlation coeffi-
cients for length and external diameters, or the coeffi-
cient of determination for volume, the curves of the
best fit, and the 3™ and 97" percentile lines. The 97"
and 3" percentiles for each morphometric feature at
varying gestational age were defined by the upper and
lower borders respectively, of the 95% confidence
limits around each regression analysis.

Fig. 1. The great chest arteries (in situ) in male fetus aged 26
weeks (aspectus anterior): A-heart, B-right lung, C-
left lung, D-trachea, 1-ascending aorta, 2-aortic arch,
3-aortic isthmus, 4-brachiocephalic trunk, 5-left
common carotid artery, 6-left subclavian artery, 7-
right subclavian artery, 8-right common carotid ar-
tery, 9- pulmonary trunk, 10-ductus arteriosus, 11-
right vagus nerve, 12-left vagus nerve, 13-right recur-
rent laryngeal nerve, 14- left phrenic nerve
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Table 2. Block scheme of the statistical analysis of the mor-
phometric parameters (length, external diameter,
volume) of the aortic arch

Fetal age Length External Volume
[month] n [mm] diameter [mm] [mm?]
(mean + SD) (mean + SD) (mean +
SD)
4 17 3.93+0.57 1.61+0.24 8.84 +2.90
| (P<0.01) | (P<0.001) | (P>0.05)
5 24 5.56+0.89 2.32+045 25.69 =
| (P<0.001) | (P<0.001) 13.67
1(P<0.05)
6 30 8.55+1.08 3.23+045 74.60 +
1 (P<0.001) | (P<0.001) 27.21
1(P<0.01)
7 23 1022 +£1.30 4.10+0.42 140.04 =
| (P<0.001) | (P<0.001) 42.75
1(P<0.001)
8 21 13.56+ 1.55 5.41+0.47 322,67+
1 (P<0.01) | (P<0.001) 84.66
1(P<0.001)
9 13 1525+1.98 6.13 +0.49 45351 +
125.54

During the study period, both the length and exter-
nal diameter of the aortic arch showed a linear fashion
with advanced gestational age. The values of the aortic
arch length ranged from 3.93 + 0.57 mm for the 4™
month to 15.25 + 1.98 mm for the 9" month of gesta-
tion. With regard to fetal age, the aortic arch length
increased according to the linear function y = - 6.079 +
0.6370 x + 1.1133, with a correlation coefficient
r=0.96 (Fig. 2). The results obtained were statistically
significant (P<0.001) for each age group. The aortic
arch diameter ranged from 1.61 + 0.24 to 6.13 + 0.49
mm for groups of 4 and 9 months of gestation, respec-
tively.

AORTIC ARCH
Length = -5.070 + 063702 Age +1.1132
r=086 P<0004

20

Length [mm]

Fig. 2. Regression line for the length (y) of the aortic arch
versus fetal age (x); y = - 6.079 + 0.6370 x £ 1.1133
(r =0.96, P<0.001)

The external diameter of the aortic arch showed a
proportional increase with advanced fetal age, accord-
ing to the linear function y = -2.413 + 0.2532 x +
0.3532 (Fig. 3). Correlation coefficient between aortic
arch diameter and gestational age was statistically
significant (P<0.001) and attained the value r = 0.97.

AORTIC ARCH
Diameter=-2.412 + 0.2532 x Age £0.3532
r=097 P<0001

Diameter [mm]

Age [eeks]

Fig. 3. Regression line for the external diameter (y) of the
aortic arch versus fetal age (x); y = - 2.413 + 0.2532
x=£0.3532 (r =0.97, P<0.001)

The values of the aortic arch volume ranged from
8.84 + 2.90 mm’ to 453.51 + 125.54 mm’® during the
study period. The volumetric growth of the aortic arch
was dependent on fetal age in weeks, according to the
quadratic function y = 513.4 - 58.464 x + 1.704 x* +
49.254 (Fig. 4). The correlation of determination be-
tween the aortic arch volume and fetal age attained the
value R* = 0.90.

AORTIC ARCH
Volume = 513.4- 52.459 x Age + 1.704 x Ags +40.269
R? =080

Yolume [mm 3

e [weeks]

Fig. 4. Regression line for the volume (y) of the aortic arch
versus fetal age (x); vy =513.4—58.464x + 1.704
X’ +49.254 (R = 0.90)

DISCUSSION
The delineation of fetal cardiovascular anatomy has

been substantially assisted by the advent of high-
resolution echocardiography [2, 3]. References data for
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dimensions of the aortic arch, as determined using both
echocardiography and anatomical dissection are scarce
in human fetuses. In the present autopsy study, the
precise digital image analysis was used to provide
normal morphometric parameters of the aortic arch
during gestation. The present data indicated that
growth of the length and diameters of the aortic arch
and aortic isthmus appears to be linearly related to
gestational age. The values of the aortic arch length
generated the linear function y = - 6.079 + 0.6370 x +
1.1133. Also, external diameters of the aortic arch
increased proportionally with advanced age, as follows
y =-2.413 + 0.2532 x £ 0.3532. Linear growth of the
length and diameter of the aortic arch was suggested by
Gielecki et al. [10], although in their material the corre-
lation coefficients between length or diameter and
gestational age were much lower (r = 0.72 for length, r
= 0.79 for diameter) in comparison to our results (r =
0.96 for length, r = 0.97 for diameter).

In this study, measurements of the aortic arch vol-
ume clearly show its strong dependence on fetal age, in
accordance with the quadratic function y = 513.4 —
58.464 x + 1.704 x> £ 49.254. In the fetuses examined
the aortic arch volume increased 51-fold, from 8.84 =+
2.90 to 453.51 + 125.54 mm’. This result was obtained
from the product of the length and the squared diame-
ter, that both increased approximately 3.9-fold. The
quadratic function, expressed as parabola was the best
model (R? = 0.90, P<0.001) for the volumetric growth
of the aortic arch. Therefore, we disagree with opinion
of Gielecki et al. [10], who suggested that the volumet-
ric growth of the aortic arch followed a square root
function. The square root function is related to the
quadratic function, as its inverse.

The lack of statistically significant gender differ-
ences concerning the aortic arch parameters was ob-
served, as well. In this aspect, our results are in accor-
dance with the findings of some authors [12-14]. Ac-
cording to Poutanen et al. [13], although in young
adults the absolute aortic diameters were greater in
males than in females, nevertheless these diameters
were similar in both genders when indexed to BSA.

In the present study we characterized the growth
pattern of the aortic arch in fetuses from 15 to 34
weeks of gestation. In conclusion, we hope that norma-
tive data of the aortic arch obtained in this study pro-
vide the background for future autopsy and Doppler
studies of the aortic arch abnormalities.

CONCLUSION

The developmental dynamic of both the length and
external diameter of the aortic arch follows according
to the linear function, whereas the volumetric dynamic
- according to the quadratic model.
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nego minimum. Tabele numerujemy cyframi

rzymskimi. Tytut tabeli w jgz. polskim i angiel-

skim umieszczamy nad tabela. Opisy wewnatrz
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tabeli zamieszczamy w jezyku polskim i angiel-
skim.
Ryciny (fotografie, rysunki, wykresy itp.) nu-
merujemy cyframi arabskimi. Tytul ryciny
w jez. polskim i angielskim umieszczamy pod
rycing. Opisy wewnatrz rycin zamieszczamy
w jezyku polskim i angielskim.
Odnos$niki do piSmiennictwa zaznaczamy
w tekscie cyframi arabskimi i umieszczamy
w nawiasie kwadratowym.
Streszczenie powinno mie¢ charakter struktu-
ralny, tzn. zachowac¢ podzial na czgsci, jak tekst
gtéwny. Objetos¢ streszczenia zar6wno w jezy-
ku polskim jak i angielskim — ok. 250 wyrazow.
Autor dostarcza pracg na dyskietce oraz 3 eg-
zemplarze, w tym 1 kompletny, zgodny z dys-
kietka, zawierajacy nazwiska autoré6w i nazwe
instytucji, z ktorej praca pochodzi (patrz pkt. 5
i 9) oraz 2 egz. przeznaczone dla recenzentow
bez nazwisk autorow, nazwy instytucji i innych
danych umozliwiajacych identyfikacjg.
Na dyskietce w odrebnych plikach powinny by¢
umieszczone:
a) tekst pracy,
b) tabele,
¢) ryciny (fotografie w formacie BMP, TIF,
JPG lub PCX; ryciny w formacie WMF,
EPS lub CGM),
d) podpisy pod ryciny i tabele w formacie
MS Word lub RTF.
Fotografie powinny mie¢ posta¢ kontrastowych
zdje¢ czarno-bialych na btyszczacym (ewentu-
alnie matowym) papierze. Na odwrocie nalezy
poda¢ imig i nazwisko autora, tytul pracy, nu-
mer oraz oznaczy¢ gore i dot.
Nalezy zaznaczy¢ w teks$cie miejsca, w ktorych
maja by¢ zamieszczone ryciny. Wielkos¢ ryci-
ny: podstawa nie powinna przekracza¢ 120 mm
(z opisami).
Pi$miennictwo — tylko prace cytowane w tek-
scie (maksymalnie 30 pozycji) — powinno by¢
ponumerowane i utozone wg kolejnosci cyto-
wania, kazdy tytul od nowego wiersza. Pozycja
pismiennictwa dotyczaca czasopisma musi za-
wiera¢ kolejno: nazwisko, inicjat imienia autora
(6w) — maksymalnie trzech — tytul pracy, tytut
czasopisma wg skrotow stosowanych w ,,Index
Medicus”, rok, numer tomu i stron. Przy cyto-
waniu pozycji ksiazkowej (monografii, pod-
recznikéw) nalezy poda¢ nazwisko i inicjaty
imion autorow, tytut dzieta, wydawce, miejsce
i rok wydania.
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Z praca nalezy przesta¢ oswiadczenie, iz nie
byta ona dotad publikowana, a takze ze nie zo-
stala zlozona do innego wydawnictwa oraz
zgodg kierownika zaktadu na publikacje.

Do kazdej pracy nalezy dolaczy¢ o§wiadczenie
podpisane przez wszystkich wspotautorow, ze
aktywnie uczestniczyli w jej realizacji i przygo-
towaniu do druku oraz akceptuja bez zastrzezen
tekst pracy w formie przestanej do redakcji.
Prace niespelniajace wymogdéw regulaminu
beda zwracane autorom.

Redakcja zastrzega sobie prawo poprawiania
usterek stylistycznych oraz dokonywania skro-
tow.

Za prace zamieszczone w Medical... autorzy nie
otrzymuja honorarium.

23. Redakcja nie przekazuje autorom bezptatnych
egzemplarzy Medical...

24. Prace publikowane w Medical... sa oceniane
przez dwoch recenzentow.

25. Medical and Biological Sciences sa punktowa-
ne zgodnie z lista czasopism Ministerstwa Na-
uki i Informatyzacji i otrzymuja 2 punkty.
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