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POSITRON EMISSION TOMOGRAPHY -
INTRODUCTION INTO THE PUBLIC HEALTH CARE
SYSTEM OF SERBIA

Vladimir Obradovic

Positron emission tomography (PET) is an imaging
modality within the nuclear medicine field and is capable
of making an in vivo “measurement” of physiological and
biochemical processes at the cellular and molecular levels.

The technique uses a biologically active substance la-
belled with a positron-emitting radioactive isotope (e.g.,
fluorine-18 '8F, carbon-11 "C, nitrogen-13 N, oxygen-
15 0), with 'F and "C being the most commonly used.
The radiolabeled molecules, named radiopharmaceuticals,
maintain their properties after administration in the pa-
tient and are metabolised through specific cellular pro-
cesses. Due to the differing metabolic processes between
diseased and healthy tissues and organs, detected radia-
tion, either from a whole body or from targeted scan with
a PET scanner, will enable visualisation and localisation of
the studied disease or disorder. The possibility of using the
acquired PET data, along with other modalities and com-
puter processing, for additional quantitative assessment
considerably enhances PET’s diagnostic potential. More
than 120 PET radiopharmaceuticals are available and used
for clinical and research purposes. Because the half-life of
the most commonly used positron emitters, except for “F,
is usually only minutes long, they must be produced on-site
where the PET scanner is located. Therefore in addition to
the PET scanner, contemporary centres are equipped with
a medical cyclotron, for the production of positron emit-
ters, and an automated radiochemistry laboratory, for the
synthesis of different radiopharmaceuticals. Hybrid PET/
CT scanners are more frequently used than stand-alone
PET scanners so that functional changes visualised with
PET can be simultaneously localised with fused CT images.
Hybrid SPECT/PET/CT and PET/MRI devices are also be-
ing developed.

Owing to its exceptional potential, PET has a major role
in modern diagnostics of the most severe and frequent dis-
eases, and contemporary tertiary health care institutions
will not maintain their rank if they are not equipped with
PET technology. PET is most frequently used in oncology.
The metabolic processes in tumour tissues are accelerated

and enhanced, so with the appropriate radiopharmaceuti-
cals, the viable tumour tissue will be clearly imaged. The
technique is highly sensitive for detection of local and
distant metastases and differentiation between resting tu-
mours, recurrent viable tumours, and fibrosis caused by
surgical or radiation treatment. Moreover, PET is used to
assess tumour malignancy, disease prognosis, and tumour
sensitivity to specific chemotherapy agents. PET also im-
proves the precise planning of radiation therapy. For this
reason, introducing PET into the routine oncologic diag-
nosis is of the utmost importance.

Through the development of radiopharmaceuticals, it
is also possible to visualise different aspects of brain func-
tion using PET, so the modality’s applications are increas-
ing for diagnosis in neurology, especially for different types
of dementia, early diagnosis of parkinsonism, and precisely
determining the epileptic foci for surgical removal.

As for cardiology, PET enables precise viability assess-
ment of the heart muscle in patients with coronary disease
that significantly contributes to the decision-making pro-
cess in contemporary methods of interventional cardiology,
coronary blood vessel bypass, and heart transplantation.
Due to the rapid and accurate diagnosis, PET facilitates
timely and appropriate treatment that can lead to better
prognosis of the disease. Simultaneously, the patients are
spared long and frequently invasive diagnostic and thera-
peutic procedures. All of the above-mentioned factors
contribute to significant savings in the health care budget.

& k&

Establishing the PET Centre in the Clinical Centre of
Serbia was first proposed three decades ago (Academician
Vladimir Bo$njakovi¢). In 1998, the idea of introducing
PET into the domestic public health care system, which in-
cluded the National PET Centre as its basis, was presented
(Prof. Dr. Vladimir Obradovi¢) and officially approved by
the Yugoslav Society of Nuclear Medicine. In accordance
with that concept, the National PET Centre is considered
to be the basic clinical, educational, and scientific PET in-
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stitution in Serbia. Following its completion, establishing
smaller (“satellite”) PET centres has also been planned at
the Institute for Oncology in Sremska Kamenica, the Clini-
cal Centre of Nis, the Clinical Centre of Kragujevac, and
the Military Medical Academy in Belgrade.

As early as 2005, the Minister of Health appointed the
Expert Team, which consisted of distinguished domestic
experts, including five members of the Serbian Academy
of Science and Arts, which has been responsible for bring-
ing the National PET Centre in the Clinical Centre of Ser-
bia to fruition. The Team adopted the plan detailed above.
The decision was also made for the parts of PET Centre to
be independently constructed and equipped; the Clinical
Department required considerably less time than the De-
partment for production of positron radiopharmaceuticals.
At the time, there was such a great need for the diagnostic
PET applications to be available that 18FDG (18F-deoxy-
glucose) needed for PET was going to be temporarily im-
ported until the cyclotron and radiopharmaceutical facility
could be built.

The Clinical Department of the National PET Centre
was supplied in turnkey condition by Siemens Healthcare.
The space for the PET Centre comprised about 700 square
meters in the basement of the Polyclinic Building of the
Clinical Centre of Serbia. Nine supply companies, which
Siemens had contracted to provide a range of services from
radiation protection to computer equipment and furnish-
ings, constructed and equipped the Centre with the nec-
essary facilities. Although the premises and infrastructure
had been constructed for two PET/CT systems, currently
only one has been installed. Another PET/CT (or PET/
MR) device should be installed together with the medical
cyclotron and radiochemical laboratory in the project’s fi-
nal phase. During 2006, through a technical cooperation
project with International Atomic Energy Agency (IAEA),
three physicians trained abroad for several months in PET
centres. A new project with the IAEA has been under way,
and nine Centre members of a multidisciplinary team will

also complete the PET training by the end of 2010. Due to
some administrative and technical issues, construction of
the Clinical Department was delayed, and the Department
was not provided with the PET/CT scanner before its com-
pletion, in accordance with all necessary safety and other
standards, nor was the basic medical team educated in PET
applications. The Clinical Department of the National PET
Centre was completed in September and officially opened
on October 22, 2009. A different approach was taken for
the Institute for Oncology in Sremska Kamenica: it was
provided with a PET/CT by the end of 2007 (while the fa-
cilities were still under construction) and started routine
weekly PET/CT applications at the beginning of 2009. Dur-
ing that time, the hybrid device was primarily used only for
CT applications. The first diagnostic PET applications in
Serbia were performed at this institute.

According to the plan adopted by the Ministry of
Health’s Expert Team, the next step will be construction
of the Department for Production of Positron Radiophar-
maceuticals as a part of the National PET Centre, including
installation of a medical cyclotron and radiochemistry labo-
ratory. Then, the Centre will be able to acquire PET images
with radiopharmaceuticals labelled not only with 18F but
also with the short lived positron emitters 11C and 13N.

Finally, the National PET Centre will be the country’s
main provider for molecular imaging and able to fulfill
all of its important roles: significantly improve diagnostic
work-up of the most serious and frequent (oncologic, neu-
rologic, and cardiologic) diseases, minimise the necessity
to perform costly surgical and other therapeutic proce-
dures, train medical doctors and others interested in PET,
investigate in vivo at cellular and molecular levels, and sup-
ply the future “satellite” domestic PET centres with 18FDG
and other radiopharmaceuticals labelled with 18F.

Prof. Dr. Vladimir Obradovi¢,
President of the Expert Team
of the Ministry of Health for PET
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ABSTRACT

Concanavalin A (Con A)-mediated hepatitis is a mouse
model of liver injury that resembles autoimmune and viral
hepatitis in humans. Because of the similarities in pathogen-
esis, clinical symptoms and histological characteristics, Con
A-induced liver injury is a useful animal model for research-
ing hepatocellular damage in murine and human hepatitis.

Although many experiments have been conducted with
the aim to investigate the mechanism of Con A-induced liver
injury, a precise method for determining liver damage after
Con A treatment has not been established yet.

To improve the study of hepatitis, we established a new
semi-quantitative method to determine liver damage after
Con A injection using histological examination. Briefly, liver
sections were fixed in 10% formalin, embedded in paraffin,
and cut into 4-um-thick sections. The sections were stained
with haematoxylin-eosin and examined under light micros-
copy (100x) to evaluate liver damage. Necrosis of hepato-
cytes was characterised by standard morphologic criteria
(loss of architecture, vacuolisation, karyolysis), and the ex-
tent of necrosis was semi-quantitatively determined using
digital camera images and the “polyline” tool of Autodesk
AutoCAD 2009 software. A detailed procedure for the semi-
quantitative determination of liver injury after Con A injec-
tion is presented in this paper.

Using this method, the whole tissue section can be analy-
sed. This is a significant advantage compared to similar,
previously published methods that analyse randomly chosen
microscopic fields. Another big advantage of this method is
its simplicity and the availability of the Autodesk AutoCAD
2009 software for public use.

Key words:
Concanavalin A, hepatitis, semi-quantitative method

Accepted / Prihvacen: 1. 4. 2010.

SAZETAK

Konkanavalinom A izazvan hepatitis predstavija misji
model za proucavanje autoimunskog i virusnog hepatitisa
ljudi. Konkanavalinom A izazvano ostecenje jetre je rel-
evantan model za proucavanje mehanizama i stepena
ostecenja jetre, usled slicnosti u patogenezi, klinickoj slici i
patologiji sa hepatitisom ljudi.

lako je uradjeno mnogo eksperimenata sa ciljem da se
ispita patogeneza Konkanvalinom A indukovanog oStecenja
jetre, i dalje ne postoji tacno opisan i precizan metod za
izracunavanje stepena oStecenja jetre u ovom eksperimen-
talnom modelu.

Mi smo postavili novi metod za semi-kvantitativio
odredjivanje stepena ostecenja jetre nakon aplikovanja
Konkanavalina A i taj metod predstavijamo u ovom radu.

Za histolosko ispitivanje, jetre se fiksiraju u 10% forma-
linu, nakon ¢ega se prave preparati debljine 4-um. Prepara-
ti se, nakon bojenja hematoksilin-eozinom, posmatraju
svetlosnim mikroskopom (uveéanje 100x), fotografisu digi-
talnim aparatom i koris¢enjem ,,polyline” opcije programa
Autodesk AutoCAD 2009 oznacavaju se polja nekroze he-
patocita koje karakterise gubitak morfologije, vakuolizacija
i karioliza. Postupak semi-kvantitativnog odredjivanja je-
tre je detaljno opisan u radu.

Koriséenjem ovog metoda, odredjuje se stepen nekroze
u celoj jetri, sto je glavna prednost u odnosu na do sada
opisane metode kojima se odredjivao stepen nekroze hepa-
tocita u nasumicno odabranim poljima preparata. Takod-
je, prednost ovog metoda je sto se koristi program Autodesk
AutoCAD 2009 koji je jednostavan za rad i dostupan na
trzistu.

Kljucne reci:
Konkanavalin A, hepatitis, semi-kvantitativni metod.

Correspondence to: Vladislav Volarevic, Department of Microbiology and Immunology, Medical Faculty, University of Kragujevac
Tel/Fax:+ 38134306800 ext.112
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INTRODUCTION

Viral hepatitis is a serious health problem worldwide,
as more than two billion people have been infected by
hepatitis B virus, and 170 million people have been in-
fected by hepatitis C virus [1]. An immune-mediated
mechanism is responsible for the destruction of virus-
infected hepatocytes in human viral hepatitis [2-3]. Due
to the highly sophisticated morphological organisation
of the liver and the integrity of metabolic pathways and
their specific regulation in liver cells, the development
of hepatic injury has not been easily studied in cellular
systems for many years. A break-through in liver injury
research field was made in 1992 when a mouse model of
immune-mediated liver injury, which resembles autoim-
mune and viral hepatitis in humans, was established by
intravenous injection of Concanavalin A (Con A) [4-5].
Con A is a mitogenic plant lectin that induces polyclonal
T cell activation in vitro, and causes, after intravenous in-
jection (in dose >1.5mg/kg), severe and acute liver injury
in mice, resulting in clinical and histological symptoms of
acute hepatitis within 24 h [4]. Con A strongly binds to
hepatocytes’ plasma membranes, and hepatocytes can be
sensitised or even killed by Con A if it is injected at high
concentrations [6]. Although the precise mechanisms
involved in the pathogenesis of Con A-induced liver in-
jury are not fully understood, there is direct evidence
that the activation of T cells, macrophages, neutrophils
and natural killer T cells (NKT) is essential for Con A-
induced hepatic injury [4, 6-9]. Liver injury is associated
with massive CD4+ T, NKT and macrophage activation,
followed by secretion of the following pro-inflammatory
cytokines: tumour necrosis factor alpha (TNF-a), inter-
leukin 1 (IL-1), interferon-y (IFN-y), interleukin 2 (IL-2),
interleukin 6 (IL-6) and granulocyte macrophage-colony
stimulating factor (GM-CSF) [10-11]. Marked elevation
of transaminases (alanine aminotransaminase (ALT) and
asparate aminotransferase (AST)) in mouse blood oc-
curred after Con A injection, with the maximum levels
found between 6 and 8 hours after administration [4-5,
12]. In addition, intravenous injection of Con A resulted
in a remarkable disruption of mice liver tissue, manifested
by widespread areas of necrosis and inflammation within
the liver lobules [4-5, 13].

Because of the similarities in pathogenesis, clinical
symptoms and histological characteristics, Con A-induced
liver injury is a readily available and useful animal model
relevant for the research of hepatocellular damage in mu-
rine and human hepatitis [4-5].

MATERIALS AND METHODS

Animals

To determine Con A-induced liver injury, we used 6-8
weeks old male BALB/c mice. Mice received standard lab-
oratory chow and water ad libitum and were kept in 12 h
light/dark cycles.

Con A-induced liver injury

Con A was purchased from Sigma Chemical Co. (St.
Louis, MO).

Mouse liver damage was induced by injection of Con A (12
mg/kg), dissolved in 250pL of saline, through the tail vein.

Determination of liver injury

Transaminase (ALT and AST) measurement and liver
histology are the standard methods for determining liver
damage. To measure the levels of AST and ALT, plasma
samples or sera were collected from mice at indicated time
points after Con A injection. AST and ALT levels were de-
termined by a biochemical kit (Olympus medical kit) ac-
cording to the manufacturer’s instruction.

Compared with transaminase measurement, which
is a standardised procedure, there is no standardised
and generally accepted semi-quantitative method for
determining hepatocellular damage. Because of that,
we present here, a new method for quantifying hepatic
injury after intravenous administration of Con A using
histological examination.

For histological examinations, livers were fixed in
10% formalin, embedded in paraffin, and cut into 4-pm-
thick sections. The sections were stained with haema-
toxylin-eosin and examined under light microscopy to
evaluate liver damage.

Necrosis was examined using low-power (100x) light
microscopy, and images were obtained using a digital
camera. The area of necrosis was quantified using the
Autodesk AutoCAD 2009 software application for de-
sign and drafting.

Liver tissue sections were photographed using (100x)
light microscopy and a digital camera. Each photo of
the tissue sample was imported into a newly-created
Autodesk AutoCAD 2009.dwg file. Using the “polyline”
tool, we drew “polyline” regions around the whole sam-
ple (marked with A) and around each of the necrotic ar-
eas in the photo (marked with B). We then determined
the surface area of the drawn regions. First, we deter-
mined the surface area of the A region, and then we de-
termined the surface areas of each of the B regions (one
by one). The surface area of each drawn region is pre-
sented as a unitless number in the Autodesk AutoCAD
program. After we examined all of the photos from a
whole liver tissue section, we calculated the percentage
of necrotic area using the formula:

N=Btx 100/ At

where:

N is the percentage (%) of necrotic area in the whole tissue
section,

At (A total) is the sum of the sample surface areas in the
whole tissue section (At=A1+A2+....An, where is n is
the number of photos),

Bt (B total) is the sum of the necrotic surface areas in the
whole tissue section (Bt=B1+B2+....Bm, where m is the
number of marked necrotic fields).



Figure 1 and 2. Mice livers 24 hours after intravenous administration of Con A.

RESULTS

Histological analysis of the liver sections of Con A-
treated mice showed widespread areas of necrosis and in-
flammation within liver lobules and around central veins
and portal tracts. Extensive lesions are characterised by
massive hepatocytes, coagulative necrosis, and cytoplas-
mic swelling of most living hepatocytes (Figures 1 and 2).
Nuclear chromatin condensation was found frequently,
which indicates hepatocyte apoptosis. Moderate infiltra-
tion of lymphocytes and mononuclear cells in portal areas
and around central veins was also observed.

The necrosis of hepatocytes was characterised by stan-
dard morphologic criteria (loss of architecture, vacuolisa-
tion, karyolysis, increased eosinophilia), and the extent
of necrosis was semi-quantitatively estimated using the
method we presented here (Figures 3 and 4).

Using this semi-quantitative method, hepatic necrosis
was assessed in each section as the percentage of the liver
parenchyma with necrotic damage.

Further, the extent of liver damage was scored with a
grade from O to 4 as follows:

Figure 3 and 4.
The whole sample (marked with an A) and necrotic areas (marked with a B) were labelled with the “polyline” tool (Autodesk AutoCAD 2009 software).

Grade 0: normal histology where necrotic area is 0%;
Grade 1: minor necrosis, necrotic area covered < 10% of
the whole tissue section;

Grade 2: necrotic area covered 10—25% of the whole tissue section;
Grade 3: necrotic area covered 25—50% of the whole tissue section;
Grade 4: necrotic area covered >50% of the whole tissue section.

DISCUSSION

This method is a newly designed, reliable semi-quantitative
way to determine liver damage in Con A-induced hepatitis.

Using this method, the whole tissue section is analysed.
This is a significant advantage compared with similar, pre-
viously published methods that analysed randomly chosen
microscopic fields [11, 14].

In addition, the big advantage of this method is its sim-
plicity and the availability of Autodesk AutoCAD 2009
software for public use.
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Introduction

The prediction of improvements in left ventricular ejec-
tion fraction (EF) after revascularisation in patients with
ischemic cardiomyopathy relies only on the extent of viable
myocardium. The amounts of viable tissue and scar tissue
are important but their relationship is different in diabetic
and non-diabetic patients.

Design and Methods:

This study included 50 patients with a low EF (EF<40%
by the Simsons method) divided into two groups. The first
group consisted of 30 patients with registered coronary artery
disease and normal glycoregulation, and the second group
consisted of 20 patients with diabetes mellitus and registered
coronary artery disease. All patients underwent dobutamine
stress echocardiography before surgical revascularisation
and 8 weeks after surgery (2-5 months). Dobutamine infu-
sion was terminated at 15 pg/kg/min.

Results:

The mean number of hypokinetic segments was 4.32+2.9
before testing, 1.9+2.07 at a 1S ug/kg/min dose of dobutamine,
2.5+2.12 after revascularisation in the group with diabetes melli-
tus type Il and 4.77+2.11, 1.87+2.18, and 2.97+2.28, respectively,
in the group without diabetes mellitus type II. The mean number
of akinetic segments was 5.95+2.63, 5.45+2.65 and 5.35£2.62 in
the group with diabetes mellitus type Il and 4.57+1.68, 3.5+2.26,
3.2+2.16 in the group without diabetes mellitus type II. The wall
motion score index (WMSI) was 1.99+0.32 before and 1.86+,031
after revascularisation in the first group and 1.85+0.27 and
1.58+0.24, respectively, in the second group. The sensitivity for
the detection of viable myocardium was 100% CI (93%-100%)
in both groups, and the specificity was 96% CI (93%-98%) in the
group with diabetes mellitus type II and 91% (89%-95%) in the
group without diabetes mellitus type 1L

Conclusions:

Our study shows that recovery of function occurs in a
sizeable number of revascularised dysfunctional segments.
This method was very helpful for the assessment of truly “vi-
able” segments in patients with a poor prognosis.
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Uvod:

Poboljsanje ejekcione frakcije leve komore nakon revasku-
larizacije miokarda kod bolesnika sa ishemijskom kardiomi-
opatijom zavisi od kolicine vitalnog (vijabilnog) miokarda.
Odnos izmedu kolicine vitalnog i oZiljnog tkiva je razlicit u
odnosu na udruzeno prisustvo Secerne bolesti.

Materijal i metode:

U studiju je ukljuceno 50 pacijenata sa niskom ejek-
cionom frakcijom (EF<40%-Simsonovom metodom), prva
grupa od 20 pacijenata bila je sa dijabetes mellitusom tip
Il i dokazanom koronarnom bolescéu, dok je druga grupa
od 30 pacijenata bila bez prisustva dijabetes melitusa, a sa
dokazanom koronarnom boleséu . Svi pacijenti su podvrg-
nuti dobutamin stres ehokardiografskom testu pre i 8 nedelja
nakon revaskularizacije. Infuzija dobutaminom je prekinuta
na Il stadijumu pri koncentraciji od15ug/kg/min.

Resultati:

Prosecan broj hipokineticnih segmenata bio je 4,32+2,9
pre testa, 1,9+2,07 na 15ug/kg/min dozi dobutamina i
2,5+2.12 nakon revaskularizacije u grupi sa dijabetesom,
odnosno 4,77+2,11; 1,87+2,18 i 2,97+2,28 u grupi bez
dijabetesa. Srednji broj akineticnih segmenta iznosio je
5,95+2.63; 5.45+2.65; 5.35+2.62 u razlicitim stadijumima
testa, kao i nakon revaskularizacije u grupi sa dijabete-
som i 4,57+1,68; 3,5+2,26; 3,2+2,16 u grupi bez dijabetesa.
Indeks skora zidne pokretljivosti iznosio je 1.99+0,32 pre
i 1.86+,031 nakon revaskularizacije u prvoj i 1,85+0,27;
1,58+0,24 u drugoj grupi. Senzitivnost metode za detekciju
vijabilnog miokarda iznosila je100% CI(93%-100%) u obe
ispitivane grupe, dok je specifi¢nost bila 96% CI(93%-98%)
u grupi sa dijabetesom i 91%(89%-95%) u grupi bez dijabe-
tes melitusa.

Zakljucci:

Nasa studija je pokazala da se poboljsanje funkcije na-
kon revaskularizacije javilo u znacajnom broju disfunkcio-
nalnih segmenata leve komore. Ova metoda se cini veoma
korisnom u proceni ,stvarno zivih“ segmenata kod pacijenta
sa losom prognozom.
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Myocardial viability is related to a deterioration in con-
tractile function that is potentially reversible if adequate
restoration of coronary circulation occurs. Recent findings
have indicated that the degree of dysfunction is the main
parameter influencing long-term survival in these patients(1,
2). Left ventricular (LV) dysfunction is not necessarily irre-
versible and can be improved after myocardial revascularisa-
tion. Patients with expressive dysfunction of the LV can gain
the greatest benefit from bypass surgery because they repre-
sent the most sensitive group for the progressive loss of the
contractile myocardium; however they also have the highest
mortality rate when it comes to surgical procedures. When
surgical revascularisation of the myocardium is discussed, it
is necessary to take into account its adequacy, graft occlusion,
restenosis, and the existence of associated myocardial disease,
such as LV hypertrophy. Clinicians primarily treat patients,
not myocardial segments, and recent studies have taken into
account global LV function, physical capacity, quality of living
and mortality as the most important parameters (3). Other
factors that are taken into account while defining diagnostic
tests are feasibility, accessibility and the experience of the test
performer. Regional myocardial dysfunction after myocardial
infarction is not always manifested by irreversible damage
to the entire affected tissue. Shortly after an acute ischemic
event, stunned myocardium spontaneously disappears.

In 1990, stress echocardiography was used for the first
time to detect vital myocardial tissue by application of
small doses of dobutamine, a drug that recovers the en-
tropic reserves, by Pierard (4). Today, this method is the
gold standard due to its relatively high sensitivity, specific-
ity and diagnostic accuracy, with a low cost of performance
compared to other diagnostic techniques. The application
of pharmacological echocardiography dobutamine stress
testing in the most difficult group of patients with low
ejection fractions, as well as the disclosure of vital tissue
in diabetic patients indicated for surgical and percutane-
ous myocardial revascularisation is of the highest impor-
tance, primarily due to its direct impact on the outcome
and prognosis of future procedures.

As the literature does not provide sufficient data on ei-
ther the evaluation of the vital myocardium in coronary pa-
tients with long-term diabetes mellitus type 2 or the results
after myocardial revascularisation, it is important to investi-
gate this problem, which was the aim of this study (5).

MATERIALS AND METHODS

The study included 50 patients with ischemic heart
disease and a low ejection fraction. The research was con-
ducted at the Clinical Centre in Kragujevac and the Insti-
tute for Cardiovascular Diseases “Dedinje” in Belgrade.
Patients were subjected to a dobutamine echocardiogra-
phy stress test (DSE), with the addition of atropine (DASE).
All patients were also subjected to coronarography and a
revascularisation procedure. After revascularisation last-
ing for 8 weeks (a period of 2 to 5 months), an assessment
of myocardial recovery was conducted.

Analysis of study population.

Inclusion criteria for patients were as follows: optimal
ultrasound images, an end-diastolic diameter (EDD) >
6.0 cm (M-mode), an ejection fraction (EF) <40% (Simp-
son method) and changes in the coronary blood vessels
indicative of significant coronary stenosis (> 50% diam-
eter stenosis) verified by coronarography. Patients were
divided into two groups. The first group consisted of pa-
tients with diabetes mellitus, and the second consisted
of patients without diabetes mellitus. The group with di-
abetes mellitus type 2 had a defined glycemic profile and
a defined profile of glycolised haemoglobin (HbAlc), as
reliable parameters of adequate disease control. Patients
were excluded due to the existence of any of the follow-
ing: congestive heart failure, unstable angina pectoris,
significant ventricular arrhythmias, severe valve disease
and any contraindications for dobutamine infusion or
the administration of atropine (6).

Dobutamine infusion protocol.

The most widely used protocol for DASE, which is
used at our institution and is used in this paper, includes
the following: after the basic echocardiography study,
dobutamine is given intravenously at an the initial dose
of 5pg/kg/min over 3 minutes, which then increases
to 10pg/kg/min in the subsequent 3 minutes, and then
again to 20pg/kg/min and 30pg/kg/min, up to a maxi-
mum of 40 pg/ kg/min, in three-minute intervals. If
sub-maximum frequency is not achieved (calculated by
the formula 220 - age x 0.85 for men or 200- age x 0.85
for women), atropine is given in a dose of 0.25 mg, up
to a maximum dose of 2 mg . The echocardiogram is
continuously monitored. Four views (parasternal long-
axis, parasternal short-axis at the papillary muscle level,
apical four-chamber, and two-chamber) are recorded at
rest, at each stage of dobutamine infusion, and 3 min-
utes after the termination of infusion. Each of the stages
of the test is digitalised directly (on-line) from four sec-
tions with the digital system of NovaMicrosonics.

Interpretation of echocardiography findings.

Segmental myocardial contractility was assessed ac-
cording to the recommendations of the American Soci-
ety for echocardiography. The left chamber is divided
into 16 segments on the basis of these guidelines. The
left ventricular wall motion score index (WMSI) is cal-
culated for each stage of the test by summing the points
of each segment. The contractility of each segment is
determined semi-quantitatively with a score from 1 to
4, with normal contractility segments assessed as 1 (>
5mm motion of endocardium), hypokinesis assessed as
2 (< 5mm motion of endocardium), akinesis as 3 (ab-
sence of endocardium motion or < 2mm) and diskinesis
as 4 (paradoxical motion to the outside during systole).
The characterisation of tissue was made on the basis of
segmental wall motion before the test and at low and
high dobutamine dosages.



Stress echocardiography.

Before the test and after each stage of the test, echocar-
diographic records were made on a three-channel electro-
cardiogram. The ECG was then assessed as normal, isch-
emic or non-diagnostic. Ischemic changes were defined as
the appearance of ST segment depression > 0.1 mV or > 0.2
mV in the leads with ST abnormalities at rest. The electro-
cardiogram was assessed as non-diagnostic if there was a
block of the left branch after digitalis therapy or due to the
presence of ST depression > 2 mm at rest.

Coronary angiography.

Visual assessment of stenosis diameter, shown as a per-
centage, was conducted by two experienced angiographers.
Significant coronary stenosis is defined as a reduction of more
than 50% in the absolute diameter of the lumen of the main
epicardial arteries or their main branches. Patients with veri-
fied significant stenosis of at least one major coronary artery
were considered to have ischemic dilated cardiomyopathy.

Statistics.

For the purposes of statistical data processing, various
methods of descriptive and differential statistics were used.
Tables and graphic displays of descriptive statistical methods
were produced, as were measures of central tendency and
measures of variability in absolute and relative numbers. For
the differential statistical analyses, the following methods were
used: t-test, x>-test, Mann-Whitney U-test, two-factor analy-
sis of variance with repeated measures and the determination
of sensitivity and specificity test. In cases where we had a nu-
merical characteristic of observation that acted according to a
normal distribution and two groups of subjects, the t-test was
used. In a similar situation with a non-normal distribution, the
Mann-Whitney U-test was used. To compare the representa-
tion of certain categories of observational characteristics be-
tween two or more groups, the x *-test was used. The analysis
of the results of the dobutamine stress test obtained in the giv-
en times and measurements observed between the two groups
of subjects was conducted by a two-factor analysis of variance
with repeated measures; in this way, WMSI were tested, as was
the average number of segments in the different categories
with wall mobility. For comparison of the average number of
segments of certain observed categories of wall motion among
the two groups, in each of the studied periods of monitoring, a
two-factor analysis of variance was performed. On the basis of
test results and outcomes after revascularisation, the specific-
ity and sensitivity test was determined.

RESULTS

Clinical and basic echocardiography andelectrocar-
diography information.

The information obtained from the investigated
groups is shown in Table 1. Statistically significant dif-
ferences observed in the groups are not shown when it
comes to anthropometrical values and echocardiogra-
phy data except for body weight and body mass indexes
(BMI), which were statistically significantly higher in
the group with diabetes mellitus type 2.

NYHA: New York heart Association; NS: not significant.

Baseline data Ischemic heart | Diabetes mellitus | p Value
disease and ischemic
heart disease
Mean age (XSD) 62.743.57 60.2545.52 NS
(year)
body Wezag; (X*SD) | g5 97411.23 80.6£9.99 | p=0.022
body high (X£SD) | 174 674886 | 173354617 NS
(cm)
body mass index 26.55+2.88 29.88+2.85 | p=0.000
(BMI) oRe 0ok p=0.
male 24 (80%) 15 (75%)
gender NS
(n (%))
female 6 (20%) 5 (25%)
NYHA class Il 25 (83.3%) 17 (85%)
(n (%)) NS
class Il 5 (16.7%) 3 (15%)
Ejection fraction 29.6+4.71 29.55+4.3 NS
End diastolic 66.733.82 65.15£3.48 NS
diameter (mm)
(n (%)) no 11 (36.7%) 11 (55%)
family history | Yes 16 (53.3%) 8 (40%) NS
(n (%)) no 14 (46.7%) 12 (60%)
dyslipidemia | Yes 17 (56.7%) 16 (80%) NS
(n (%)) no 13 (43.3%) 4 (20%)
smoking yes 17 (56.7%) 11 (55%) NS
(n (%)) no 13 (43.3%) 9 (45%)
hypertension |~ Yes 19 (63.3%) 15 (75%) NS
(n (%)) no 11 (36.7%) 5 (25%)

Table 1. Clinical and echocardiographic findings

Stress test results and side effects.

Between the subjects with ischemic dilatative cardio-
myopathy with or without glycoregulation disorders, statis-
tically significant differences in the average values of dobu-
tamine dose, atropine, attained sub-maximum frequency;,
systolic and diastolic blood pressure were not recorded.
Statistically significant difference was also not recorded in
manifestations such as chest pain, nausea, arrhythmia and
changes in the ST segment.

Echocardiographic tracking of LV wall

motion results.

Two factorial analyses of variance with repeated mea-
sures were used to test the result of of LV-segment clas-
sifications at rest, with small doses of dobutamine, with
maximal doses of dobutamine and after the test. Individual
analyses was made for groups with ischemic dilatative car-
diomyopathy with or without glycoregulation disorders. In
both of the examined groups, LV function was significantly
reduced. The expansion of regional dyssynergy was signifi-
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Baseline low dose pick dose after
dobutamine dobutamine revascularisation

Normal segments(n) 6.67+2.09 10.63+2.27 8.5+2.54 9.83+2.23

Ischemic heart disease Hypokinetic segments (n) 4.77x2.11 1.87+2.18 3.331£2.72 2.97+2.28

Akinetic and dyskinetic segments (n) 4.57+1.68 3.5+2.26 4.17+1.91 3.242.16

Normal segments (n) 5.75+2.2 8.65+2.39 6.65+3.3 8.15+2.32

Diabetes mellitus and Hypokinetic segments (n) 43429 1.9+2.07 3.142.69 254212
ischemic heart disease

Akinetic and dyskinetic segments (n) 5.95+2.63 5.45+2.65 6.25+2.31 5.35+2.62

Table 2. Grading of LV segments per patients at stress test and after revascularisation

cant in both examined groups. At a low dose, dobutamine
improves the contractility examined in both groups, with an
increasing number of segments marked as normokinetic to
account for segments with persistence in kinetic. High doses
of dobutamine c aused an increase in the number of segments
with persistent in kinetic in both examined groups. The test
was performed in both groups after myocardial revasculari-
sation using the same protocol (Table. 2). Analysis of certain
categories of motion segment classification observed both
before the test in relation to the number recorded while using
low doses of dobutamine and after revascularisation, as well
as in groups of patients with ischemic dilated cardiomyopathy
with or without diabetes mellitus, revealed that the number of
segments with normal motion was significantly lower before
the test. The number of hypokinetic segments was statistical-
ly different both before the test in relation to the number re-
corded while using low doses of dobutamine and after revas-
cularisation, whereas differences were not found when using

Figure 1. Classification of the segments during the test and after revascu-
larisation in patients without diabetes mellitus type I
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Figure 2. Classification of the segments during the test and after revasculari-
sation in patients with diabetes mellitus type II

high-dose dobutamine in either group. No significant statisti-
cal difference was found between the number of akinetic and
dyskinetic segments in either of the analysed measurement
intervals in both groups (Figure 1). In the group of subjects
with coronary disease and diabetes mellitus type 2, the change
in type of the number of segments during dobutamine stress
testing and after revascularisation was statistically significant
(Figure 2). The number of normal segments with small dobu-
tamine doses was the highest; declines were recorded with in-
creasing doses, whereas values increased again after revascu-
larisation in the group with or without diabetes mellitus type
II. In all measurement intervals, the number was the highest.
The number of hypokinetic segments after revascularisa-
tion was lower than with high doses of dobutamine, as well
as before the test in the both groups. Akinetic and dyskinetic
segments showed the same dynamics, as did hypokinetic seg-
ments. The value of WMSI of the observed group was tracked
before, during and after the test and after revascularisation.
For comparison of the values, two-factor analyses of variance
with repeated measures were used. Differences in WMSI val-
ues are due to different times of measurement or test phases
as well as the period after the revascularisation and are also
due to individual differences between the subjects, as well
as the differences between the groups. Measurement time
in this model is given as an inner group factor, whereas dif-
ferences between coronary disease with or without the pres-
ence of diabetes mellitus are given as a factor of differences
between the groups. The response to the test carried out on
defined values of WMSI in the observed measurement peri-
ods was not significantly different between the tested groups.
The level of differences in the observed index values did not
change significantly over time, and the difference in WMSI
values that existed before the test, during the test and after
myocardial revascularisation were approximately the same, as
shown in Table 3.
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Heart attack is the cause of death in about 25% of people
in the U.S. and Europe. The mortality rate in patients with
deterioration of LV function is growing by 15-60% per year
(7). Previous studies (8) have shown a reduction of these
rates after revascularisation, with a concomitant improve-
ment in symptoms. After revascularisation, potential ben-
efits must be weighed against the high operating mortality
rate in patients with LV dysfunction, which ranges from 5
to 37%. A useful effect of revascularisation is to improve
the blood supply of dysfunctional but viable myocardium,
with a gradual improvement of regional and total LV func-
tion. This is confirmed by a number of studies (9) in which
improvements occurred after revascularisation in patients
with LV dysfunction but viable myocardial tissue. Previous
studies have dealt very little with the role of DSE in the
assessment of viable myocardium in the group of patients
with low ejection fractions. When it comes to patients with
associated long-term diabetes mellitus, this question has
been completely unexplored.

In our studied population, a high level of homogenisa-
tion has been reached, which creates ideal conditions for
the evaluation of diagnostic methods in which only sepa-
rate variables affect the outcome of the test. The smaller
frequency of angina pectoris can be primarily attributed
to the existence of autonomic neuropathies. The link be-
tween silent coronary events through autonomic neuropa-
thies and lesions of afferent transmission of sensory im-
pulses has been known for long time, as O’Sullivan (1991.
Yr.), Jermendy (1993.) and Jalal et al. (1999.) have shown
(10). On the other hand, according to findings obtained by
selective coronarography, assumptions about the extent
of heart disease as a precondition for the development
of pain in the analysis of the examined group of patients
with diabetes mellitus are invalid. Specifically, Koistinen et
al. (1992) (11) have shown by inducing ischemia through
efforts in angiography in proven coronary patients that
symptomatic patients do suffer from more difficult forms
of arteriosclerosis.

Using electrocardiogram analysis, the classification of
patients based on previously examined groups according
to the presence and location of the Q wave is viewed as a
relatively reliable parameter (12) of past coronary events.
Conventional techniques used for the determination of
viable myocardium include the absence of the Q wave on
the EKG, the absence of LV regional dysfunction and fixed
scintigraphic perfusion defects. Q view on the EKG is not
specific for myocardial infarction; it can be caused by any
form of ischemia, under which circumstances it may be
reversible. Today, the presence of myocardial thickening
as a response to dobutamine infusion observed in akinetic
segments, despite the existence of Q view as a sign of IM
on EKG, is understood based on pathological studies (91).
These studies report that regional contractile dysfunc-
tion in relation to the presence of Q view is not always
an indicator of transmural scar formation. Bruken (1986.

DISCUSSION

god.) and Berlinerblau et al. (1994) (13) reported a high
prevalence (68%, 72%) of metabolically viable myocardium
in regions with Q view. Localisation of Q view in the ex-
amined population has shown commonalities among the
investigated groups. More frequent appearances on the
lower wall among patients in the diabetic group may af-
fect the accuracy of diagnostic tests based on the difficult
visualisation of individual segments (14). Rather, homoge-
neous distributions of coronary heart disease according to
the main coronary blood vessels in the investigated groups,
with a larger percentage of changes in the RCX and RCA
compared to the studies of Pierarda (1990), La Cann (1994)
and Piscionea (2001), is a great relief in assessing the pre-
dictive value of WMSI and its dynamics during the DSE
test, whereas on the other hand it can affect the accuracy
of diagnostic methods because of the difficulty in visualis-
ing individual segments (15, 16).

From our analysis of blood pressure and cardiac fre-
quency, which are considered the best indicators of cardiac
work (17-19), as well as the average value of dobutamine
and atropine (20, 21), external events and changes in the
final oscillations of EKG, we have confirmed previously es-
tablished conclusions regarding DASE. The value of dobu-
tamine was not significantly different in the investigated
groups, and it ranges through the wide scale of values re-
ported in previous studies (22). Average values for systolic
pressure increases fell within the expected range, whereas
in hypertonic patients, an increase in systolic pressure was
more evident, an effect that has previously been recorded
and impacts the sensitivity and specificity of the test (23).
Rare changes in the ST segment, registered in several ma-
jor studies, are a confirmation of the very low sensitivity of
ST segment changes with DSE(121). In our work, among
the patients with proven multi-vessel coronary disease,
reported changes are the expected results. In the group
of diabetes patients, the lower representation can be ex-
plained by a reduced sensitivity of EKG in these patients
and a number of abnormalities while resting that makes
the reading more difficult (24).

In the interpretation of regional kinetics while resting,
it is likely that mental stress can provoke silent ischemia
(25). One-third of all patients who have acute IM with ST
elevation never manifested a diagnostic Q view, and 10-
15% of IM patients with clinically significant Q view in the
period of 2 years leads to his loss. One-third of the total
number of IM events remain clinically silent, with approxi-
mately 10% belonging to the silent NSTEMI and 5% to si-
lent STEMI that form silent that are lost during time. In
the population of patients with diabetes, this percentage
is slightly higher than in the general population and may
range up to 45% of suffered IM events (26). Mild hypocon-
tractility is often a source of misinterpretation, and in fact
is a normal form of a wall motion. Unlike stunned myocar-
dium, which dominates in the early post-infarction period,
with chronic myocardial ischemia, hibernated myocardi-
um is dominant as a consequence of the decrease in coro-
nary flow and post-ischemic dysfunction accompanied by
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ultrastructural damage of myocytes with a corresponding
loss of myofilaments and contractile materials (27, 28). It
is clear that this form of dyssynergy at rest dominates in
our patient population. Looking at the average number of
segments according to the degree of their kinetics, it can
be concluded that scar changes are more expanded in the
group of patients with diabetes due to a greater average
value of the segments with severe kinetic dysfunction. The
answer to this situation may be found in the frequency and
time of thrombolytic therapy and the degree of coronary
heart disease development, i.e., accelerating atheroscle-
rosis and the status of microcirculation (29). This process
is accelerated by a smaller number of segments with pre-
served kinetics in this group. According to the average val-
ues of segment kinetics, statistically significant differences
have been registered in both groups in the number of nor-
mal kinetic segments in relation to the other. The value of
WMSI in the group with regular glycoregulation, as well as
in the group of patients with diabetes, corresponds to the
values published in previous studies (151-153) by authors
who treated patients with low EF.

Analysing regional responses between the examined
groups’ unique tendencies towards improvements in con-
tractility at low doses of dobutamine has been detected,
as the expected response taking into consideration that its
maximum positive isotropic effect is achieved in this man-
ner. More studies have shown that it is a dose of 7.5 pg/
kg/min. By analysing the responses of individual segments
that showed improvements at the low dose and were clas-
sified in the potentially viable segments, a double tendency
was recorded. One group consists of segments with con-
sistent kinetic improvements, whereas the second group
consists of segments with bi-phase responses to high doses
of dobutamine. New segments with deteriorations in their
kinetics have also been registered. Other segments did not
show a change in the dynamics of movement during dobu-
tamine infusion. These results correspond to the study of
Vigne et al. (30), whereas they minimally deviate from the
results of Afridy et al. (31), who were using a continuous
increase of 5ug/kg/min in their study. The use of WMSI
in the difficult scoring on a four-level scale has influence
when there is a diffuse hypocontractility of the chamber.

Three months after complete myocardial revasculari-
sation, a control echocardiogram determined the segments
with preserved contractile reserve. Statistically significant
differences were noticed in the number of normal kinet-
ics segments in both groups compared to the ones with
disturbed kinetics. A tendency towards the movement of
segments in the control echocardiography was similar for
both groups, and WMSI movement follows this tendency.
Identical results were published by Hennessy et al. (32).
Unlike the initial papers by Topola et al. (1984.god.), Lazar
et al. (1989.god.) and La Cann et al. (1994.god.), in which
estimations of viable myocardium were made immediately
after myocardial revascularisation, when publishing results
with specificity equal to the ones based on later estima-
tions, today it is certain that the right assessment of viable

myocardium should be performed 3 months after the com-
pletion of revascularisation procedures (33). The reasons
for delayed answers lie in the different criteria for patient
selection, the variety of information regarding graft circu-
lation capabilities, different postoperative time periods of
evaluation and different methods for wall motion analysis.
Moreover, myocardial preservation techniques during sur-
gical revascularisation and the duration of aortic clamping
can have an impact on postoperative segmental contractil-
ity. Revascularisation techniques need to be taken into ac-
count, as do their percentage representation in the tested
population. Several factors modify postoperative contrac-
tility independently of the procedure. Reductions in post-
operative vascular resistance may positively affect kinet-
ics in the early period. It is well known that segments that
show improvement with low doses of dobutamine have
statistically smaller amounts of fibrotic tissue (34). Ad-
ditionally, segments in which kinetics are improved after
revascularisation have a significantly lower percentage of
fibrosis. The highest diagnostic accuracy of DSE is reached
by analyses of combinations of continuous improvement
and bi-phase response during the test. Alfridy et al, first
announced the importance of combining improvements in
kinetics with bi-phase response. Kaul (35) suggested that
this be the goal of every ischemia provocation test in dys-
functional myocardium because it may be the best predic-
tor of functional repair after revascularisation. Today it is
known that it is the response of the myocardium to low
doses of dobutamine that is decisive, in contrast to the
hypothesis of Armstrong that suggested improvements at
any dosage. Constant kinetic improvement during the test,
which usually occurs in hypokinetic segments, bears very
little predictive value, and the mechanism itself remains
unknown (36, 37). Improvements may occur in the field of
nontransmural myocardial infarction with the engagement
of external tissue in the absence of critical stenosis. Revas-
cularisation of this part of the myocardium does not show
any improvement. Functional changes in the border zone
of ischemia can also affect the test results. Recent research
indicates that the area of dysfunction is spread over more
than 30% or 1 cm outside the ischemic zone. In this way,
dobutamine enhances the contractility of non-ischemic
tissue that is characterised as necrotic. To overcome this
problem, the principle to ignore improvements in the area
up to 1cm around the affected tissue is used.

DASE showed that the sensitivity in diagnosing viable
myocardium in the group of ischemic dilated cardiomyo-
pathy patients was 95% in our study. The results of sev-
eral studies, ranging from 68-100% (38). In the group of
ischemic dilated cardiomyopathy and diabetes mellitus
type 2 patients, the sensitivity of the test was 93%. The
sensitivity given by the work of France et al. was 86%. Test
sensitivity analysis is necessary to consider all aspects of
the implementation of the echocardiography stress test,
i.e., the method of titrating dobutamine during the test,
especially at low doses of 2.5, 5 or 10pg/kg/min-duration.
Other factors include the adequacy of the ultrasound de-



vice, variations in the cine loop technique and, perhaps
the most important factor in the implementation of a test:
the human factor, i.e., the training and experience of the
echocardiographer (39, 40). An important role is given to
the level of coronary heart disease, the degree of coronary
artery stenosis, i.e., a relatively small percentage of viable
tissue, up to 35% below the occluded coronary artery with
reduction of sensitivity methods (52%) (41), the existence
and degree of residual flow after the IM, myocardial wall
thickness, the state of microcirculation and the degree of
fibrosis (42). An important fact in our work is the high
selectivity when creating the group of observed patients.
This approach is less selective when creating a group after
thrombolysis as elaborated by Smart, who showed that the
improvement of WMSI with a small dose of dobutamine
had a sensitivity of 71% in relation to recovery during the
observation, whereas the lack of progress had a 74% speci-
ficity in relation to the improvement in the observation
period. These investigators also found that improvements
at the low doses of dobutamine up to 20pg/kg/min were
not a real indicator of recovery. Whereas the current study
indicates that improvements in regional function follow-
ing dobutamine administration have predictive value re-
garding the viability of myocardial segments in the early
post-infraction period, several results support or deny the
effectiveness of dobutamine testing with regard to myocar-
dial viability in the long run, after the IM.

In our work, the DASE showed a 91% specificity in the
group of patients with ischemic dilated cardiomyopathy,
whereas in the group with diabetes mellitus type 2 this
value was 96%. This is a relatively high specificity in rela-
tion to the results of other studies (43-45). Echocardiogra-
phy testing with a high dose of dobutamine, the addition
of atropine and the provocation of ischemia, i.e., bi-phase
response, do reduce the sensitivity of the test; however, as
it is well known, these methods also increase the specificity
of the test. It is also known that the contractility of border
areas around the ischemic zone impacts the decrease in
sensitivity; even 40% akinetic and 5% dyskinetic segments
that showed kinetic improvements during the test are a
consequence of nontransmural IM and have a completely
normal histological material. Low EF and multi-vessel cor-
onary heart disease, in the absence of the significant influ-
ence of diabetes mellitus in test feasibility, produces actual
sensitivity and specificity. The improvement in regional
function of the chamber is not the main signal for inter-
vention, which is actually the real objective, while improv-
ing the global functions of LV and patients status. These
final results can be measured by ventricular volume and EF
or working capacity after revascularisation.

The viability of the myocardium represents a deterio-
ration in contractile function that is potentially reversible
if adequate resaturation of the coronary circulation takes
place. Deterioration may be the result of various causes,
including acute myocardial ischemia, myocardial hiberna-
tion, acute myocardial stunning or repeated stunning (46).
The difference between these pathophysiological entities

is probably not relevant to the clinical aspects of the dis-
ease, as not only does this situation often coincide, but the
treatment would represent complete revascularisation.
An accurate diagnosis of viable but not contractile myo-
cardium in patients with ischemic heart disease and pre-
ceding IM allows the application of treatment on the basis
of heart failure symptoms and angina pectoris while also
taking into account the effects of revascularisation. Re-
cent views suggest that, whereas the level of LV dysfunc-
tion is the main parameter for prognosis, LV dysfunction
is not necessarily irreversible and can be improved after
the procedure of myocardial revascularisation. Patients
with significant LV dysfunction can benefit from bypass
surgery or percutaneous coronary interventions the most
because they are at the highest risk in the event of further
loss of contractile tissue mass; however, they also have the
highest level of mortality with respect to surgical proce-
dures. When we discuss surgical revascularisation of the
myocardium, its adequacy should be taken into account
(graft occlusion and restenosis), as should the existence of
associated myocardial diseases, LV hypertrophy, and myo-
pathic processes. Recent studies have taken into account
the global function of LV, physical capacity, quality of life
and death rate as their most important parameters. Other
factors that are taken into account in the definition of di-
agnostic tests are feasibility, accessibility and experience of
the test performer (47-53).

LIMITATIONS OF THE RESEARCH

Our study had several limitations. Firstly, the number of
patients tested was small. Secondly, coronarography results
were not compared with starting echocardiography studies
in terms of the comparison of myocardial dysfunction with
the existence of residual flow and occluded coronary arter-
ies. Thirdly, the effect of silent ischemia on the segmental
contractility, especially in the diabetic group. Moreover,
there are a number of restrictions when it comes to the
interpretation of echocardiography studies. Visualisation
and segmental analysis of large chambers, as is the case
with our patients, is always difficult. The cine loop allows
researchers to monitor and compare segments of the wall
next to one another, but the selection of identical segments
is the responsibility of the echocardiographer. The timing
of the cardiac cycle is very important and any error in the
recording start makes the loop useless. Attention should
given to the interpretation of data from the basal segment
of the inferior wall, due to the overlap with echoes from
the valve or even atrium chamber wall. Additionally, the
images taken in parasternal cross-section should be care-
fully interpreted due to the presence of artefacts. It is nec-
essary to visualise the apex effectively, as it is the most the
most common place for abnormalities (54-56). By using
high-dose dobutamine and provoking ischemia, we have
reduced the sensitivity of the test. We did not use a dose
of 7.5 pg/kg/min as our starting dose. Factors such as post-
operative disturbed sympathetic tone, heart frequency,
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aortic pressure and overfilling of the LV can influence
heart movements. Very frequent appearance of abnormal
movement of the septum after surgical intervention is also
a problem. Finally, the echocardiography study was con-
ducted over a wide time range after revascularisation (2-5
months). It is widely accepted that the golden standard is
3 months (57-59).
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ABSTRACT

Type 1 diabetes mellitus is an autoimmune disease in
which pathologic autoreactive T cells attack the insulin-
secreting pancreatic islets of Langerhans. Intravenous im-
munoglobulin has been shown to have a therapeutic effect in
some autoimmune diseases. The therapeutic effect of intrave-
nous immunoglobulin has not been tested in type 1 diabetes
mellitus models.

Objectives: We examined the effect of intravenous immu-
noglobulin (IVIG) on the development of immune-mediated
diabetes induced by administration of multiple low doses of
streptozotocin (SZT) in susceptible C57BL/6 male mice.

Methods: Diabetes was induced by five daily injections of
streptozotocin. Mice were treated daily with either 50 mg/kg
or 200 mg/kg body weight IVIG for 15 days. Control animals
received equivalent doses of human serum albumin. Glycae-
mia and glycosuria were evaluated daily, and serum levels of
TNFa, IL-17 and HbA Ic were determined on day 21.

Results: Assessment of glycaemia (p<0.001), glycosuria
(p<0.01), and HbAlIc levels demonstrated that treatment
with 200 mg/kg IVIG significantly attenuated diabetes in-
duction.  Calculation of Pearson’s correlation coefficients
indicated an inverse correlation between HbAIc levels and
1VIG dose (p<0.04). Finally, serum levels of TNFa and IL-17
were significantly lower in IVIG-treated mice than in control
mice (p<0.05).

Conclusion: Our results show for the first time that IVIG
may attenuate diabetes induction by reducing serum levels
of proinflammatory cytokines.

Keywords: Diabetes mellitus, intravenous immunoglob-
ulin, TNFa, IL-17
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SAZETAK

Dijabetes melitus tip 1 je autoimuna bolest u kojoj
patoloski, autorektivni T limfociti oStecuju Langerhansova
pankreasna ostrvca. Pokazano je da intravenski imuno-
globulini imaju terapijski efekat kod mnogih autoimunih
bolesti. Terapijski efekat imunoglobulina u modelu dijabe-
tes melitusa tip 1 nije ispitivan.Ciljevi: Mi smo ispitivali
efekat intravenskih imunoglobulina na razvoj dijabetes
melitusa izazvanog niskim ponovljenim dozama streptozo-
tocina kod osetljivih C57BL6 miseva.

Metode: Dijabetes je izazivan sa pet dnevnih injekcija
streptozotocina. Koriséene su dve doze intravenskih imuno-
globulina (50mg/kg, i 200mg/kg telesne mase) svakodnevno
15 dana. Kontrolne Zivotinje dobijale su istu doza hu-
manog serumskog albumina. Glikemija i glikozurija me-
rene su dnevno, dok se nivo serumskog TNFa i IL-17, kao i
nivo HbAIc odredivao 28.dana

Rezultati: Primena vecih doza intravenskih imunoglob-
ulina (200 mg/kg,) znacajno je smanjila pojavu dijabetesa,
sto je praceno kroz vrednosti glikemije (r<0,001), glikozurije
(r<0,01) i nivoa HbAIc. Pirsonova korelacija pokazala je
inverznu korelaciju izmedu nivoa HbAlc u krvi i doze in-
travenskih imunoglobulina (R<0,04). Konacno, serumski
nivo TNFa i IL-17 je bio znacajno snizen nakon primene
intravenskih imunoglobulina (r<0,05).

Zakljucak: Nasi rezultati su po prvi put pokazali da
primena intravenskih imunoglobulina suprimiraju indukc-
iju dijabetesa verovatno smanjenjem nivoa serumskoih
proinflamatornih citokina.

Klju¢ne reci: Dijabetes melitus, intravenski imuno-
globulini, TNFa, IL-17
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INTRODUCTION

Intravenous immunoglobulin (IVIG) has been used for
the treatment of patients with primary and secondary anti-
body deficiencies [1] and more recently has been proven to
be beneficial in autoimmune and systemic inflammatory
diseases [2-4]. IVIG may be an effective treatment for a
range of diverse immunological conditions due to its wide-
ranging modes of action [5].

IVIG may be considered to have four separate mecha-
nisms of action: a) actions mediated by the variable regions
F(ab’),, b) actions of Fc on a range of Fc receptors (FcR),
¢) actions mediated by complement binding within the Fc
fragment, and d) immunomodulatory substances present
in the preparation of IVIG [6]. Through these mechanisms,
IVIG may inhibit the function of autoreactive T cells, sup-
press harmful autoantibodies through anti-idiotypic inter-
actions, and interfere with the production of proinflamma-
tory cytokines [7-9]. Due to these anti-inflammatory and
immune modulating features, IVIG has proven useful in
the management of autoimmune disorders [10-14].

We have evaluated the effect of human IgG for i.v. use
on the onset and progression of diabetes mellitus, a T cell-
mediated autoimmune disease.

Diabetes mellitus type 1 is a chronic inflammatory
disorder characterised by the autoimmune destruction
of pancreatic f cells. This breakdown of immunological
self-tolerance results in autoreactivity to islet self-anti-
gens [15]. Immunity and inflammation play an important
role in B cell destruction through the recruitment and
activation of T cells and macrophages to pancreatic is-
lets and the local production of inflammatory cytokines
[16,17]. The cytokine network is a multi-faceted system
that is regulated by a delicate balance between two dis-
tinctive cytokine pathways [18]. In general, the balance
between Thl-type and Th2-type cytokines, which are
locally produced in pancreatic islets by immune cells, is
crucial to diabetes development [19,20]. Thus, a bias to-
wards the Th1l-type cytokines IFNy and TNFa promotes
inflammatory insulitis and diabetes [21,22], whereas a
bias towards the Th2-type cytokines IL-4 and IL-10
prevents beta-cell destruction in NOD mice [23,24,25].
Type 1 cytokines initiate a cascade of inflammatory pro-
cesses in the islets (insulitis), culminating in beta-cell
destruction [26]; however, proinflammatory cytokines
such as interleukin 1 (IL-1) and tumour necrosis factor
(TNFa), both produced by macrophages, are involved in
pancreatic islet B cell functional suppression and death
[27]. Recent studies have suggested that Th17 may play
an important role in cell-mediated autoimmune inflam-
matory diseases [28] such as EAE [29] and diabetes mel-
litus [30,31]. IL-17-producing effector T cells (Th17
cells) are efficient inducers of tissue inflammation and
crucial initiators of organ-specific autoimmunity. The
activity of Th17 cells is associated with the induction
of proinflammatory cytokines such as TNFa, IL-1, IL-6,
and IL-8 and with enhanced proliferation, maturation,

and chemotaxis of neutrophils [32]. The induction of
Th17 cells in the secondary lymphoid tissue and the
maintenance of these cells in the target organ are essen-
tial in initiating autoimmune tissue inflammation [33].
The type and intensity of inflammation depend on the
balance of cytokines produced; Thl and Th17 cytokines
promote inflammation, and Th2 and Treg cytokines in-
hibit inflammation. During this period, an imbalance in
B cell damage [34] and P cell repair [35] results in de-
creases in the number and function of B cells, eventually
culminating in overt hyperglycaemia.

We analysed the effects of IVIG in the MLD-STZ-
induced mouse model of diabetes mellitus [36], in which
low-dose STZ treatment results in a cellular immune at-
tack against B-cells that have been rendered antigenic.
The aim of this study was to evaluate the antidiabetogenic
potential of IVIG in this model and to define the possible
mechanisms of action of IVIG.

In this study, we have shown that treatment of C57BL/6
mice with intravenous IgG attenuates MLD-STZ-induced
diabetes mellitus and reduces serum levels of proinflam-
matory cytokines.

MATERIALS AND METHODS

Experimental animals. The experiments were ap-
proved by the ethics board of the Medical Faculty of Kragu-
jevac. Eight- to ten-week-old male C57BL/6 mice weighing
between 18 and 24 g were used for all experiments. The
mice were housed in our laboratory animal facility under
standard conditions. Mice were divided into three groups.
The first group was treated with 50 mg/kg IVIG, the sec-
ond group was treated with 200 mg/kg IVIG, and the third
group was treated with human serum albumin.

Diabetes induction. Streptozotocin (STZ, Sigma
Chemical, St. Louis, MO) was dissolved in citrate buffer,
pH 4.5 and administered intraperitoneally at a dose of 40
mg/kg/day for five consecutive days.

IVIG The preparation of IVIG (Bulbio, Sofia) was pro-
vided by The Stephan Angelov Institute of Microbiology
(Sofia, Bulgaria) (immunoglobulin concentration, 50 mg/
ml). Beginning on the day of the STZ immunisation, mice
received daily subcutaneously injections of 50 mg/kg or
200 mg/kg IVIG for 15 days.

Human serum albumin administration Control ani-
mals received human serum albumin. Human serum albu-
min was dissolved in sterile 0.9% NaCl and administered
subcutaneously at a dose of 200 mg/kg/day for 15 days.

Diabetes evaluation: Daily blood glucose (Abbott
Exccide) determination was performed on samples taken
from the tail tip after starvation for four hours. Daily urine
glucose levels were analysed every day using Uroscan 2 test
strips. Levels of glycosylated haemoglobin (HbAlc; Olym-
pus, Center Valley, Pennsylvania) in blood were determined
on day 28. Paraffin-embedded sections were stained with
haematoxylin and eosin (H&E) following standard proto-
cols for light microscopic examination.



PR
4

Histological examination

Pancreata of mice in each group were excised and placed in
10% buffered formaldehyde fixative solution overnight at room
temperature. For quantitative histology of infiltrating cells, 10%
buffered formaldehyde-fixed pancreata were embedded in par-
affin wax, and paraffin-embedded sections were stained with
H&E following standard protocols for light microscopic exami-
nation. Original H&E-stained slides were reviewed to confirm
the presence of infiltrating lymphocytes in the pancreas.

Measurement of mouse TNFa and IL-17

in sera by sandwich ELISAs

Sera were collected by single needle stick and stored at
-20 °C until analysis. IL-17 and TNFa concentrations were
measured using highly sensitive enzyme-linked immuno-
sorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN) specific for the mouse cytokines according to the
manufacturer’s instructions.

Briefly, premixed standards were reconstituted in PBS,
pH 7.2, generating stock concentrations of 2000 pg/mL for
TNFa and 1000 pg/mL for IL-17. The standard stocks were
serially diluted in reagent diluent to generate seven points
for the standard curves.

Diluted capture antibody was added to a 96-well flat-bot-
tomed polystyrene microtitre plate (MTP) in a final volume of
100 pl. Plates were sealed, incubated overnight at room tem-
perature, and washed with wash buffer using an autowasher.
The samples were diluted 1:4 in reagent diluent. Premixed
standards or diluted samples (100 pl) were added to each well
containing washed beads, covered with an adhesive strip and
incubated for two hours at room temperature. After incuba-
tion and washing, 100 pL of the premixed detection antibody
was added to each well, wells were covered with a new adhe-
sive strip, and samples were incubated for two hours at room
temperature. After incubation and washing, streptavidin-HRP
was added to each well (100 pL), and samples were incubated
for 20 min at room temperature in the dark. After washing, the
beads were re-suspended in 100 pl of substrate solution, 50 pL
of stop solution were added to each well, and the optical density
of each well was determined immediately using a microplate
reader set to 450 nm.

Statistical analysis

The data were analysed using SPSS version 13 statis-
tical package. Normally distributed data were compared
using Student’s ¢-tests, and non-normally distributed data
were compared using Mann-Whitney tests.

RESULTS

1.1 Glycaemia

High doses of IVIG decrease glycaemia in susceptible
C57BL/6 male mice with low dose streptozotocin (STZ)-
induced immune-mediated diabetes

Mice were divided in two groups. One group was treat-
ed with 50 mg/kg IVIG, and the other was treated with 200
mg/kg IVIG for 15 days. Control animals received equiv-
alent doses of human serum albumin (HSA). The mice
treated with multiple low doses of STZ and HSA gradually
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Fig.1. IVIG induces significant attenuation of diabetes induction A.
Treatment with a high dose of IVIG had significant antidiabetogenic ef-
fects, as demonstrated by attenuation of glycaemia (p<0,05 from day 19 until
the end of the experiment.). B. Treatment with 200 mg/kg IVIG resulted
in significantly decreased glycosuria (p<0,05 on day 18), and urine glucose
levels remained low in mice treated with 200 mg/kg IVIG until the end of the
experiment. C. HbAlc, which is proportional to the level of glucose in the
blood throughout the current erythrocyte life cycle and therefore serves as
an indicator of an extended diabetic state, was present at significantly lower
levels in mice treated with 200 mg/kg IVIG than in control mice (p<0,05).

became hyperglycaemic. Treatment with 200 mg/kg IVIG
resulted in a significant decrease in blood sugar (Fig.1.A;
p<0.05 by day 19); however, treatment with 50 mg/kg IVIG
did not significantly alter the development of glycaemia as-
sociated with MLD-STZ-induced diabetes.
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Fig.2. IVIG induces significant attenuation of diabetes induction A.
Analysis of the mononuclear cell infiltrates in the pancreatic islets of MLD-
STZ-treated mice demonstrate milder mononuclear cell infiltration in mice
treated with 200 mg/kg IVIG.

TNF serum level
350
300 - *
250 -
|
ggoo -
150 -
100 -
50 -
o T T 1
somg/kg Iv.lgs 200mg/kg Iv.Igs 200mg/kg HSA

IL17 serum level

100 -

80
|
E"ﬁo-

40 *

20 4

o T T 1

200mg/kg HSA

s50mg/kg Iv.lgs 200mg/kg Iv.Igs

Fig.3. High doses of immunoglobulins significantly decrease serum levels
of proinflammatory cytokines in C57BL/6 mice with immune-mediated
diabetes mellitus induced with multiple low doses of streptozotocin:

A. Serum levels of TNF-« in IVIG-treated mice (114.7+ 27,13 pg/ml for 50
mg/kg IVIG, 112.7 + 22,97 pg/ml for 200 mg/kg IVIG) were 2.3-fold lower
than those in HSA-treated control mice (260,8 + 59,79 pg/ml) by day 28. B.
Although both doses of IVIG reduced the level of IL-17, only 200 mg/kg IVIG
resulted in a statistically significant decrease in the serum IL-17 level (60.9+
20,3 pg/ml for 50 mg/kg IVIG, 30.6+ 6,8 pg/ml for 200 mg/kg IVIG) com-
pared with the levels in mice treated with HSA (92.8+ 24,8 pg/ml).

1.2 Glycosuria

High doses of IVIG decrease glycosuria in susceptible
CS7BL/6 male mice with low dose STZ-induced immune-
mediated diabetes

Treatment with 200 mg/kg IVIG induced a significant
decrease in glycosuria, and urine glucose levels remained
lower in high dose IVIG-treated mice than in HSA-treat-
ed control mice until the end of the experiment (Fig.1.B;
p<0.05 by day 18). No differences in glycosuria were de-
tected between mice that were treated with 50 mg/kg IVIG
and HSA-treated control mice.

1.3 HbAlc

HbAlc is formed by the non-enzymatic glycation
of free amino groups at the N-terminus of the 3-chain
of haemoglobin AOQ. The level of HbAlc is propor-
tional to the level of glucose in the blood throughout
the current erythrocyte life cycle. Increased levels of
HbAlc reflect glycaemia over a longer time interval.
Glycosylated haemoglobin (HbA1lc) blood levels were
determined on day 28. We observed a statistically sig-
nificant positive correlation between daily average gly-
caemia (R2=0,5466; p<0,01), daily average glycosuria
(R2=0,9704; p<0,001) and HbAlc level. HbAlc blood
levels were significantly lower in mice treated with
200 mg/kg IVIG than those in mice treated with HSA
(Fig.1.C; p<0.05); however, treatment with 50 mg/kg
IVIG did not ameliorate glycaemia.

2.1 Protection from insulitis in IVIG-treated mice

Morphological examination of the pancreas of mice
receiving STZ and HSA on day 28 revealed obvious insu-
litis and structural changes of the islets (Fig.2A). A similar
histological pattern was found around the islets in mice
treated with 200 mg/kg IVIG, but the number of inflam-
matory lesions and the degree of insulitis appeared to be
greatly decreased (Fig.2A).

3.1 IVIG affects serum levels of proinflammatory
cytokines after MLD-STZ diabetes induction

To study the effects of immunoglobulin treatment
on secreted cytokine profiles, we quantified the levels of
TNFa and IL-17 in the sera of treated and control mice by
ELISA on day 28. Treatment of mice with IVIG caused a
reduction in TNFa and IL-17 levels. Serum levels of TNF«
in mice treated with either 50 mg/kg or 200 mg/kg IVIG
were lower than those in mice treated with HSA (Fig.3.A;
p<0.05); however, only treatment with 200 mg/kg IVIG
resulted in a significant decrease in serum levels of IL-17
(Fig.3.B; p<0.05).

DISCUSSION

Intravenous immunoglobulin treatment has been re-
ported to be beneficial in a large number of autoimmune
diseases that are mediated by either antibodies or by T cells.
In the present study, we have shown for the first time that
IVIG (200 mg/kg) mitigates the development of disease in
an MLD-STZ model of type 1 diabetes by demonstrating
attenuation of glycaemia, glycosuria and increased HbA1lc
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levels. Previous studies have suggested that IVIG prevents
T cell infiltration into the central nervous system (CNS),
thus preventing the onset of irreversible neurologic dam-
age and inhibiting the induction of EAE [37,38]. IVIG has
also been reported to have a beneficial effect during the
development of adjuvant arthritis [28]. Similarly, Fangqi
et al. [39] observed a therapeutic effect of [IVIG treatment
in experimental autoimmune myocarditis. Furthermore,
IVIG has been shown to be an effective treatment in a
number of autoimmune neurological disorders [5].

Modulation of the production of cytokines and cy-
tokine antagonists by IVIG is a major mechanism by
which immunoglobulin exerts its anti-inflammatory ef-
fects in vivo [40] in various inflammatory and autoim-
mune diseases. We found that a high dose of IVIG (200
mg/kg) decreased the number of inflammatory lesions
and the degree of insulitis.

Studies over the past decade have strengthened the as-
sociation between pro-inflammatory cytokines and several
organ-specific autoimmune diseases including type 1 dia-
betes [41]. The balance between Th1 and Th2 cytokines has
been shown to be disrupted in many autoimmune disorders
in which Th1 cytokines predominate over counter-regula-
tory Th2 cytokines [42]. Type 1 diabetes is an autoimmune
condition associated with the T cell-mediated destruction
of pancreatic B cells. Furthermore, the functional imbal-
ance between the two Th cell subsets is a key determinant
in establishing islet pathology [43,44]. Recent studies have
indicated that Th1 populations are key mediators of 3 cell
autoreactivity, while induction of Th2 populations results
in a dominant protective effect.  cell-destructive insulitis
is associated with increased expression of proinflamma-
tory cytokines (IL-1 and TNFa), and pancreatic islet f cell
destruction and type 1 diabetes, like other organ-specific
autoimmune diseases, result from a disorder of immu-
noregulation [45]. Marked increases in the expression of
IL-1, TNFa, IFNYy, IL-6 and IL-12 mRNA have been dem-
onstrated in the insulitis infiltrates of NOD and BB islets
in vivo [46-50]. Dunger et al. [51] demonstrated that in
vitro treatment of islets with TNFa, IFNy or a combi-
nation of TNFa and IFNy inhibited glucose-stimulated
insulin secretion in a dose-dependent manner. MLD-
STZ similarly upregulated IFNy and TNFa at both the
protein and gene levels in islets of C57BL/6 mice [19]
and C57BL/6Ks] mice [52]. Similar conclusions were
drawn from results obtained in patients at onset of type
1 diabetes [53]. Recent studies suggest that Th17 cells
are involved in the pathogenesis of autoimmune diabetes
[54]. High levels of the IL-17 transcript have been found
within insulitic lesions in NOD mice, and increased lev-
els of serum IL-17 were associated with the development
of diabetes in a T cell receptor transgenic NOD model
with accelerated disease progression [55]. More recently,
studies have demonstrated that therapeutic intervention
with an antigen-specific agent that protects against dia-
betes in NOD mice is associated with a decrease in Th17
populations [56].

Several groups have demonstrated that IVIG can help
to restore the cytokine balance [57]. IVIG inhibits the dif-
ferentiation of ThO cells into Th1 cells and enhances the
differentiation of ThO cells into Th2 cells [58]. We have ob-
served the decreased production of the proinflammatory
cytokines TNFa and IL-17 after IVIG treatment in MLD-
STZ-induced diabetes mellitus. IVIG treatment has been
shown to result in decreased production of the inflamma-
tory cytokine TNFa in two experimentally induced T cell
autoimmune diseases in Lewis rats: experimental autoim-
mune encephalomyelitis and adjuvant arthritis [28,37].
Bayry J et al. [59] also demonstrated the ability of IVIG to
inhibit cytokine production by immature dendritic cells;
however, production of TNFa by LPS-stimulated dendritic
cells was found to be unaffected by IVIG. Decreased TNF«
serum production was also observed in the experimental
autoimmune myocarditis model when BALB/C mice were
treated with IVIG [39]. Furthermore, the ability of IVIG to
neutralise proinflammatory cytokines such as TNFa was
demonstrated to be one of the important mechanisms by
which IVIG is therapeutically beneficial in rheumatoid ar-
thritis (RA) and Kawasaki disease in humans [60].

Our results show for the first time that IVIG may atten-
uate diabetes induction. This effect is accompanied by de-
creased production of proinflammatory cytokines, which
is also associated with a decreased number of inflamma-
tory lesions in Langerhans islets.
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ABSTRACT SAZETAK

Cardio-Renal Syndrome is defined as pathophysiologi-
cal dysfunction of the heart and kidneys in which an acute
or chronic abnormality of one organ favours either the acute
or chronic disorder of the other one. Due to complex inter-
actions between the heart and kidneys, Cardio-Renal Syn-
drome is divided into five types: Cardio-Renal Syndrome
type 1 (Acute Cardio-Renal Syndrome) is defined as acute
kidney dysfunction as a result of acute heart failure. Cardio-
Renal Syndrome type 2 (Chronic Cardio-Renal Syndrome)
is a progressive chronic kidney disorder as a result of chronic
heart failure. Cardio-Renal Syndrome type 3 (Acute Reno-
Cardial Syndrome) is defined as an acute heart abnormal-
ity due to acute kidney dysfunction. Cardio-Renal Syn-
drome type 4 (Chronic Reno-Cardial Syndrome) is defined
as a chronic heart function disorder as a result of a chronic
kidney disorder. Cardio-Renal Syndrome type 5 (Secondary
Cardio-Renal Syndrome) is defined as either a permanent
or temporary abnormality of both organs due to systemic
disease. Early detection of kidney and heart disease and
timely and adequate therapy can prevent the development
of Cardio-Renal syndrome and reduce the overall expense

of therapy.

Keywords: cardiorenal syndrome, acute heart fail-
ure, acute kidney injury, chronic kidney disease, chronic
heart failure

Kardio-renalni sindrom se definise kao patofizioloski
poremecaj srca i bubrega, u kome akutni ili hronicni
poremecaj funkcije jednog organa podstice akutni ili hronicni
poremecaj drugog organa. Zbog sloZene interakcije srca i
bubrega razlikuju se pet tipova kardio-renalnog sindroma.
Kardio-renalni sindrom tip 1 (akutni kardio-renalni sin-
drom) se definise kao akutno ostecenje bubrega nastalo
usled naglog pogorsanja funkcije srca. Kardio-renalni sin-
drom tip 2 (hronicni kardio-renalni sindrom) se definise kao
progresivno hronicno ostecenje bubrega koje nastaje usled
hronicnog poremecaja funkcije srca. Kardiorenalni sindrom
tip 3 (akutni reno-kardijalni sindrom) se definise kao akutno
oStecenje funkcije srca koje nastaje kao posledica akutnog
oStecenja bubrega. Kardio-renalni sindrom tip 4 (hronicni
reno-kardijalni sindrom) se definise kao hronicno ostecenje
funkcije srca koje nastaje usled hronicnog ostecenja funkcije
bubrega. Kardiorenalni sindrom tip 5 (sekundarni kardio-
renalni sindrom) se definise kao povratno ili nepovratno
oStecenje oba organa nastalo usled sistemskih bolesti. Rano
otkrivanje bolesti srca i bubrega, i pravovremena primena
odgovarajuceg lecenja sprecavaju razvoj kardiorenalnog sin-
droma i smanjuju troskove lecenja ovih bolesnika.

Kljuéne reci: kardiorenalni sindrom, akutna sréana
slabost, akutno ostecenje bubrega, hronicna bolest bubrega,
hronicna slabost srca
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INTRODUCTION

Cardio-Renal Syndrome (CRS) is defined as a
pathophysiological disorder of the heart and kidneys in
which an acute or chronic disorder of one organ favours
the acute or chronic disorder of the other [1-6]. Direct and
indirect actions due to the insufficiency of one organ may
trigger damage to the other via a complex combination of
neurohumoural feedback mechanisms [1-6].

METHODS

The MEDLINE database was used for this study. The
following keywords were used for searching: cardio-renal
syndromes, acute heart failure, acute kidney injury, wors-
ening renal function, chronic kidney disease, chronic heart
failure. About 10000 references were found dealing with
these types of problems. Systematic review articles and well
controlled clinical studies were extracted. Editor’s letters
and uncontrolled clinical studies were not used. System-
atic review articles were used and analysed by the Acute
Dialysis Quality Initiative (ADQI) consensus group, which
checked the validity and quality of the selected references.

RESULTS
Types of cardiorenal syndrome

Due to the complex interactions of the heart and kid-
ney, cardiorenal syndrome is divided into five categories
[1-6].

Cardiorenal syndrome type 1

Cardiorenal syndrome type 1 (acute cardiorenal syn-
drome) is defined as acute renal failure caused by sudden
worsening of heart function, such as hypertensive pulmo-
nary oedema with preserved systolic function, acute decom-
pensation of chronic congestive heart failure, acute cardio-
genic shock and predominant right ventricle failure [1-7].

In acute heart failure (including acutisation of chronic
decompensatory heart failure, heart arrhythmia or ischae-
mia) compromised cardiac output is reflected by an im-
pairment in the strength of glomerular filtration and acute
renal failure [acute renal hypoperfusion, lowered oxygen
income, apoptosis and necrosis of renal cells, lowered
strength of glomerular filtration and inadequate response
to natriuretic peptides (ANP - atrial natriuretic peptide,
BNP - brain natriuretic peptide)]. A sudden drop in in-
travascular volume in the renin-angiotensin-aldosterone
system (RAAS) and excessive angiotensin 2 stimulates the
creation and deliberation of endothelin-1 (ET-1) in the
kidney. Endothelin-1 is a potent proinflammatory and pro-
fibrotic vasoconstrictive peptide that plays an important
role in most pathological mechanisms of acute renal fail-
ure by activating an ischaemic cascade during secondary
acute renal damage) [1-7]. Patients with CRS type 1 have

higher concentrations of lipocaline (lipocaline linked with
neutrophil gelatinisation) in their urine, indicating the in-
cipient development of renal impairment [1, 8].

The basic goal of treatment for CRS type 1 is the stabili-
sation of impaired heart function, which is the main cause
of hemodynamic instability, and generation of better renal
perfusion [7]. Acute renal impairment with or without hy-
perkalaemia has an impact on the choice of drugs used for
treatment; angiotensin-1 convertase blockers, angiotensin-1
receptor blockers and aldosterone blockers can all raise
the survival of patients with heart failure and myocardial
infarction. Monitoring of renal function and serum potas-
sium concentration is necessary in patients with CRS type
1. Acute administration of f-blockers in CRS is not advised.
Blockage of inotropic compensation, which is dependent on
compensatory tachycardia and on the sympathetic nervous
system, can worsen cardiogenic shock [1-7].

In the case of hypovolaemia, eliminating excessive
body water can lead to changes in the diuretics used and, in
certain situations, require the adjustment of dialysis treat-
ment modality (SCUF - slow continuous ultrafiltration)
[5-7]. Adding diuretics that block distal tubules (chlortiaz-
ide 500-1000 mg i.v. or metolazone 2.5-10 mg per os) can
significantly improve diuresis in patients who receive di-
uretics of Henle’s loop [7, 9].

Nitrate doses should be titrated with the goal of low-
ering blood pressure by 10 mmHg while at the same time
maintaining systolic blood pressure above 100 mmHg. The
dosage of nitrates should be lowered if systolic blood pres-
sure is between 90 and 100 mmHg and if blood pressure falls
below 90 mmHg, nitrate use should be discontinued [7, 9].

Inotropic therapy is used in patients with acute heart
failure and systolic blood pressure below 90 mmHg [7, 9].
For the vast majority of patients, dobutamine at a dose of
1.0-2.0 pg/kg/min has an inotropic effect and improves re-
nal function, while high doses (5.0-10.0 pg/kg/min) have
simultaneous inotropic and vasoconstrictive effects [7, 9].

Cardiorenal syndrome type 2

Cardiorenal syndrome type 2 (chronic cardiorenal syn-
drome) is defined as a progressive chronic renal impairment
due to the chronic impairment of heart function (chronic con-
gestive heart failure) [1-5]. In chronic heart failure, impaired
cardiac output and hypoxia cause excessive sympathetic ac-
tivity, renin-angiotensin-aldosterone system (RAAS) activity,
vasopressin system activity, increased oxidative stress in the
kidneys, and a disturbance of the L-arginine/NO system in the
endothelium of the kidneys. Activation of RAAS increases the
levels of angiotensin-2, aldosterone and endothelin-1 in the
kidney, which all cause fibrotic processes in the glomeruli and
tubulointerstitium and development of end stage chronic re-
nal failure [1-6]. Chronic heart failure also causes anaemia and
microinflammation [increased deliberation of cytokine: TNFa
(tumour necrosis factor «), interleukin-1, interleukin-6], which
additionally contributes to fibrosis of the renal parenchyma and
more rapid impairment of renal function [1-6].



Figure 1. Mechanism by which negative sodium and water balance may
improve myocardial and renal function in CHF
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The basic goal of cardiorenal syndrome type 2 treat-
ment is improvement of deteriorated heart function, which
is main cause of hemodynamic instability, and better renal
perfusion (Figure 1) [9, 10]. However, treatment of chronic
heart failure may actually worsen renal function. Increased
diuresis, blockage of renin-angiotensin-aldosterone system
and hypotension exaggerated by medical treatment may all
contribute to the worsening of renal function [1-6]. Treat-
ment of patients with chronic heart failure, chronic renal
diseases and anaemia with recombinant human erythro-
poietin improves heart function, leads to regression of
left ventricle enlargement and slowing the progression of
chronic renal failure [1-6].

Cardiorenal syndrome type 3

Cardiorenal syndrome type 3 (acute reno-cardial syn-
drome) is defined as an acute damage of heart function
(heart failure, arrhythmia, pulmonary oedema) as the re-
sult of acute renal damage (acute renal ischaemia or acute
glomerulonephritis) [1-6]. Cardiorenal syndrome type 3
is much less frequent than CRS type 1. Due to a sudden
impairment in the strength of glomerular filtration and
the development of oligoanuria (retention of sodium with

Figure 2. Risk factors for development of cardiovascular complications in patients with chronic renal failure

Modified according to reference [13].
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acute renal failure [1, 8, 27]. The strategy for preventing
acute renal damage in septic patients includes adequate
hydration (central venous pressure - CVP 8-12 mmHg,
urine output > 0.5 ml/kg/h), maintenance of mean arterial
blood pressure (mean arterial blood pressure - MAP > 65
mmHg) and the avoidance of nephrotoxic drugs [28, 29].
Therapy with vasopressors is indicated in patients with
hypotension (SAP < 65 mmHg), complete fluid restitution,
normal or enlarged cardiac index - SI and absent periph-
eral vasoconstriction during physical examination [28, 29].
Vasopressors should not be used in patients with a low car-
diac index (without inotropics and monitoring), in patients
with vasoconstrictive status or those with volume deple-
tion. The most frequently used vasopressin is norepineph-
rine, also known as noradrenaline. The initial dose used is
0.1 - 0.2 pug/kg/min, while the upper treatment value is 1.0
pg/kg/min [28, 29]. Inotropic therapy (dobutamine) is used
in patients with low cardiac index or in patients with low-
ered cardiac index after the use of, and those with previous
fulfilment of intravascular volume (those who reached tar-
get restitution). Dobutamine titration begins with a dose
of 2.5 pg/kg/min and should be increased by 2.5 pg/kg/min
every 15-20 minutes until normal heart function is main-
tained (cardiac index - SI = 2.5 - 4.5 1/min/m2) [28, 29].

CONCLUSION

The link between the heart and kidneys is more com-
plex than of a simple pump and filter, and knowing more
about the complex interactions between these two organs
enables the development of adequate therapeutic strate-
gies for preserving heart and renal function [30-34].
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ABSTRACT

General principles of construction and the use of the
scintillation detectors and gamma camera are presented in
this article. Various types of the scintillators and their usage
in these devices are also described. The given information is
oriented to those medical personnel and medical students,
who are neither familiar with physics nor with physical ter-
minology. We hope that our explanations will make them
easier to understand aforementioned principles.

Key words: Nuclear Medicine, Imaging, Scintillation de-
tector, Gamma camera

INTRODUCTION

The discovery of artificial radioactivity in 1934 by
the Curies, the development of the scintillation detec-
tor in 1948 by Hofstadter, and the construction of a
gamma scintillation camera in 1957 by Anger, were
key events in the last century in regards to nuclear
medicine instrumentation. We intend to describe the

Accepted / Prihvacen: 5. 5. 2010.
SAZETAK

U ovom radu su prikazani generalni principi konstrukci-
je i koriséenja scintilacionih detektora i gama kamera.
Takode su prikazani razliciti tipovi scintilatora i njihovog
koriséenja u takvim uredajima. Ove informacije su orijenti-
sane ka medicinskom personalu i studentima, koji nisu do-
voljno familijarni sa fizikom i sa fizickom terminologijom.
Nadamo se da e nasa objasnjenja njima olaksati razume-
vanje ovih principa.

Kljucne reci: Nuclerna medicina, Snimanje, Scintila-
cioni detektor, Gama kamera

principles of construction and operation of scintilla-
tion detectors and gamma cameras. This paper is pri-
marily written to help medical personnel and medical
students, who are neither familiar with the physics nor
with the physical terminology to be proficient in detec-
tor fundamentals.

Correspondence: Prof. Dr. Milovan Matovic, Clinical Centre Kragujevac, Department of Nuclear Medicine, Zmaj Jovina 30, 34000 Kragujevac
mmatovic@medfkg.ac.rs
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SCINTILLATION DETECTORS
Scintillators

Scintillating materials, which can be organic or inor-
ganic, have the property that when excited by ionizing ra-
diation, a gamma photon for instance, will reemit the ab-
sorbed energy. The phenomenon is presented as a visible
light photons emission following the absorption of gamma
photons in the crystal lattice of the scintillator. The mecha-
nism of scintillation is based on the fact that some impuri-
ties or imperfections in the crystal lattice can create energy
states in the forbidden band, known as activator sites.

What is a scintillation detector?

The scintillation detector constitutes one of the most
useful tools available for the detection of a wide range of
radiation. The principle of scintillation detector is the in-
teraction of the incident radiation with a scintillating ma-
terial that releases the energy deposited in the form of light
photons. These light photons are subsequently detected by
the photomultiplier tubes (PMT), which convert the light
photons to electrons. These electrons are multiplied with-
in the PMT to produce a measurable current pulse that is
proportional to the energy of the incident radiation.

In nuclear medicine, most detectors are based on inor-
ganic scintillators. These types of the scintillators could be
divided into three different groups. The first class of scintilla-
tors are those activated by doped impurities; activator sites are
produced by adding impurities to the crystal lattice, such as
thallium activated sodium iodide (Nal(T1)), thallium activated
cesium iodide (CsI(T1)), and cerium activated gadolinium or-
thosilicate (Gd,SiO,(Ce)). The second type of detectors are
made of self-activated scintillating materials, in which case the
activator sites are produced by a stochiometric excess of one of
the constituents of the solid. such as cadmium sulphide (CdS)
with excess Cd and bismuth germanate (BGO). Finally, the
third group of scintillators are those scintillators comprised of
pure crystals, in which case activator sites are produced by im-
perfections in the crystal lattice, such as in diamond.

Properties required for good scintillator

+ The detection efficiency should be high for the inci-
dent radiation; this corresponds to the material having
a high atomic number and high density.

+ The crystal itself must be transparent to the scintilla-
tion light.

+ The conversion of radiation into light should be linear
over a wide range of energies. The light yield should be
proportional to the deposited energy.

+ Thecrystal should have high stopping power, which depends
on the effective Z (or high linear attenuation coefficient).

+ The crystal should convert the energy of the radiation ab-
sorbed into detectable light with high scintillation efficien-
cy, i.e, high light output (LO). It is the number of visible

@

photons produced in the scintillator under gamma radia-
tion. This is usually is expressed in terms of photons/MeV.

o The decay time of the produced scintillation light
should be short.

o The index of refraction of a scintillator should be similar
to that of glass (1.5), and the wavelength of scintillation
light should be similar to the maximum PMT sensitivity.

+ The scintillator should be both available and inexpensive.

These properties influence energy resolution, which de-
fines the ability of the detector to determine the incident en-
ergy of the radiation. High resolution is necessary in order to
distinguish gamma-sources of slightly different energies.

Thallium doped sodium iodide NaI(TI) is the most
widely used scintillation material. Its light output is great-
er than that of other scintillators, and it has a convenient
emission range (in coincidence with maximum efficiency
region of photomultiplier with bialkali photocatodes). The
main disadvantage to Nal(TI) is hygroscopy.

Cesium iodide doped with sodium CsI(Na) is currently
a widely used material. High light output (85% of that of
Nal(TI)), emission in the blue spectral region (coincident
with the maximum sensitivity range of the most popular
PMT with bialkali photocatodes), and substantially lower
hygroscopicity in comparison with that of NaI(TI), makes
this material a good alternative for Nal(TI) in many stan-
dard applications.

Complex oxide crystals, such as gadolinium silicate
doped with cerium (Gd,SiO (Ce) or GSO), BGO, CWO,
PWO, and NBWO, have a number of advantages over alkali
halide crystals: high effective atomic number, high density,
good energy resolution, low afterglow, and non-hygrosco-
py. Due to these features, detectors with oxide crystals are
fail-safe, and there is no need for hermetisation.

Zinc selenide ZnSe(Te) scintillation material was cre-
ated especially for matching with the photodiode, with an
emission maximum at 640 nm. However, ZnSe(Te) crystals
possess poor transparency.

Organic scintillators can be either liquid or solid and
are characterised by their high response speed and rela-
tively low light output.

Construction and Function of Scintillation Detectors

The basic scintillation detector consists of

« Scintillator (usually crystal NaI(TI))

+ Light guide, which is usually a thin layer of some trans-
parent material with appropriate index of refraction,
similar to the of refraction index of the crystal and pho-
tocathode

+ Photo-detector (usually photomultiplier tube-PMT)

The Photomultiplier tube (PMT) consists of

« Vacuum glass envelope with a transparent window to
couple the scintillator with a light guide

+ Photocathode to absorb scintillation photons and to
emit photoelectrons
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» Focusing electrodes to guide photoelectrons to the first
dynode

+ Dynode chain - there is a voltage drop between each
dynode (100-300 V)

+ Anode - the output stage of the PMT

*  Amplitude of PMT anode output pulse is proportional
to the energy E_of the incident photon. This is a very
important characteristic of scintillation detector.

How does it work?

A fraction of the light photons produced in the scin-
tillator will hit the PMT glass window. The light that
passes through the glass envelope will hit the photo-
cathode. Commonly, a photocathode consists of a mix-
ture of potassium, cesium, sodium, and antimony. The
photocathode must be thick enough to absorb the light
photons, yet thin enough to prevent absorption of the
photoelectron. Its purpose is to absorb the photon and
emit an electron. Focusing electrodes guide the elec-
trons, or the photoelectrons, to the first dynode. When
the photoelectron strikes the dynode after being accel-
erated through 100-300 V, it will cause an emission of
2-5 secondary electrons, which in turn will be attracted
to the next dynode and produce a multiplication of the
2-5/dynode stage.

The multiplication factor for a dynode is given by

N
5= s
Np

where N is the number of secondary photoelectrons and
N, is the number of incident primary electrons. Typical
values of § are approximately between 4 and 5, and the
overall gain in the PMT is given by

gain =adN

In this relationship, o is the collection efficiency (~1) of the
photoelectrons and N is the number of dynodes.

The gain of a 10-stage PMT tube is ~ 5° or 10".

GAMMA SCINTILLATION CAMERA

While the shape and design of the detector and elec-
tronic processing have been altered since its inception, the
basic components and principles of the gamma camera
have changed little over that time.

Hal Anger 1958 developed a visualisation device with 10-
cm diameter circular Nal(Tl) crystal, pinhole collimator, and
7 PMTs. The author named this device “scintillation camera’;
although it is now usually referred as an “Anger camera’.

What is Nuclear Imaging?

Nuclear imaging involves injecting a small amount of a
chemical substance, tagged with a short-lived radioactive
tracer, into a patient. Depending on the chemical substance
used, the radiopharmaceutical concentrates in the part of
the body being investigated and emits gamma rays. A gam-
ma camera then detects the source of the radiation to build
a picture. These are called scans.

Nuclear medical imaging may be divided into three categories:

» Conventional or planar medical imaging

«» Single photon emission computed tomography (SPECT)

» Positron emission tomography (PET)

Conventional and SPECT imaging use gamma cameras of
the Anger type, which are more or less modified. Cam-
eras of this general type have a single crystal viewed by
arrays of detectors (Figure 2).

Figure 2.
Schematic of an
Anger’s type
gamma camera.
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How do Gamma Scintillation Cameras work?

The emitted photons are first discretised by direction
using a collimator. The collimator ensures that each small
part of the crystal views only a small area of the organ to be
imaged. Each interactions of a gamma ray with the detector
crystal is called an ‘event’ Scintillation imaging produces
many single events in the crystal (Figure 3). The scintilla-
tion, which is produced in the crystal, originates very close
to the point of interaction (event).

Each photomultiplier tube in the array detects the
scintillation light of each single event. The PMT converts
the detected light into an electronic pulse. The amplitude
pulse is proportional to the intensity of the detected light;
i.e., it is related to the proximity of the PMT to the point of
interaction (Figure 5). Each event is located using informa-
tion collected from each PMT. From all detected outputs,
a position-specific logic circuit (Anger logic) estimates
the position of each event. Because of this processing, the
vertical and axial positions of PMTs are weighted by their
electric signal responses from all PMTs. That circuit then
gets X and Y coordinates of each single event. A single im-
age is comprised of many events, represented as dots on
the analog image.

Gamma Camera Computer System

For optimal performance, the gamma scintillation cam-
era is often coupled with a dedicated computer. Analog-to-
digital conversion of the signal from gamma camera is pro-
vided by an analog-digital converter (ADC) module. This
module is part of dedicated computer in older models of
analog gamma cameras, or part of gamma camera itself in
newer digital models (Figure 4).

Signals for the definition of horizontal and vertical po-
sitions (X and Y coordinates, respectively) of the events
will then be converted to digital form. The ADC conver-
sion is usually performed with ADC converters for each
channel (separately for the X and Y coordinate). As trigger
for AD conversion process of each single event uses cor-
responding Z pulse. The ADC module and dedicated soft-
ware developed in our institution (9) could be an example
how it can be realised.

The digital image in the computer’s video memory
matrix is presented as a rectangular object in (or around)
the field of view of detector crystal (FOV), which consists
of NxM elements (Figure 5). These elements are usually
called pixels. In most cases, N is equal to M and the shape
of the matrix is a rectangular quadrilateral. Each pixel of
the matrix has its own unique address (n,m), which cor-
responds to the X and Y coordinates of the event in the
crystal. According to the given digitalised X and Y coordi-
nates of the actual event, an appropriate pixel is increased
by 1 for each registered event. In this case, an event is com-
monly referred to as a count. Many single events will be
represented in video memory as a digital image of the spa-



tial distribution of the radiopharmaceutical. The number
of events that can be stored in each pixel depends on the
third dimension (depth) of the used matrix. A matrix of
n bits deep can store 2" events. It is common practice in
nuclear medical imaging to use matrices 8 to 64 bits deep
and with up to 512x512 pixels. Figure 6 presents one com-
mon nuclear medicine image, a scintigram of the thyroid.

Computer systems coupled with gamma camera en-
able data processing, safe long-term data storage, provide
dynamic, gated and ECT studies. If an image in computer
memory is digital, we could further process using, for ex-
ample, digital filtration, edge detection and enhancement,
shape recognition, etc.

Newer trends in construction

Over the past decade, great progress has been made in
combining anatomical imaging, such as CT or MRI, with
modes of functional imaging, such as SPECT and PET.
The first advancement was the development of software
for the fusion of images generated from those different
“stand alone” machines, followed by the development of
hybrid devices such as SPECT/CT and PET/CT. There are
currently many models of hybrid imaging devices, with
SPECT or PET as functional imaging devices that are of-
ten coupled to a 64-slice CT for use as anatomical imaging
devices. More powerful hybrid imaging machines such as
PET/MRI are being developed as the modality of choice in
clinical imaging, and such machines will likely be the ulti-
mate future imaging modality.
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ABSTRACT

Adenomyoepitheliomas are extremely rare breast tu-
mours that were not described and classified until after
thel1990s. They are characterised by biphasic prolifera-
tion of ductal and myoepithelial cells organised in rib-
bon-like, solid, tubular or lobular arrangements. During
years adenomyoepithelioma represent poorly under-
standable diagnostic entity which biological behaviour
cannot be always predicted on the basis of the cytological
characteristics and histological architecture. Diagnosis
by clinical examination and imaging studies remains
difficult, and frozen sections of selected areas can poten-
tially be misdiagnosed as malignant.

In this study, we present a case of a breast adenomyoepi-
thelioma in 68-year-old woman. The diagnosis was made
with immunohistochemistry following a surgical excision.

Keywords: breast tumours, adenomyoepithelioma,
immunohistochemistry.

ABBREVATIONS

HE&E - haematoxylin and eosin;

LMW CK - low-molecular weight cytokeratin;
HMW CK high-molecular weight cytokeratin;
a-SMA - smooth muscle actin;

GFAP - glial fibrillary acidic protein;

ER - estrogen receptor; PR - progesteron receptor.

Accepted / Prihvacen: 21.10.2009.
SAZETAK

Adenomioepiteliomi su retki tumori dojke, detaljno
opisani i klasifikovani tek devedesettih godina proslog
veka. Karakterise ih bifazna Celijska proliferacija duktal-
nih i mioepitalnih celija organizovanih u trakaste, solidne,
tubularne ili lobularne aranZmane. Godinama predstav-
ljaju slabo razumljiv dijagnosticki entitet, cije se biolosko
ponasanje ne moze uvek predvideti na osnovu citoloskih
i histolosko-arhitekturnih osobina. Postavijanje precizne
dijagnoze, na osnovu klinickog nalaza i radioloskih-
imidzZing metoda, je veoma tesko, a ex tempore analiza
pojedinih tumorskih zona moZze biti pogresno interpreti-
rana kao maligna.

U ovom radu, prezentujemo slucaj adenomioepitelioma
dojke kod Zene stare 68 godina, koji je nakon hirurske eksciz-
ije, dijagnostikovan odredivanjem imunofenotipa Celijske
populacije ovog tumora.

Kljucne reci: tumori dojke, adenomioepiteliom, imuno-
histohemija.

SKRACENICE

HE&E - hematoksilin i eozin

LMWCK - nisko-molekularni citokeratin
HMWCK - visoko-molekularni citokreatin

a- SMA - glatko-misicni aktin

GFAP - glialni fibrilarni protein

ER - estrogen receptor PR- progesteron receptor
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INTRODUCTION

Adenomyoepitheliomas are extremely rare breast
tumours. Hamperl (1970) was the first to describe
this tumourl, and in 1991, Tavassoli classified it as a
form of breast neoplasia2. Adenomyoepitheliomas are
unique tumours formed of epithelial and myoepithelial
cells, and other structures are sometimes present, as
well. Classification is occasionally further complicated
by papillary proliferation or microglandular adenosis
within the foci of the tumour mass.

These tumours are most commonly restricted in
growth and benign in character. However, sometimes
their biological behaviour is unpredictable as assessed
by macroscopic, histological and immunohistochemi-
cal features.

Figure 1: Histological features of adenomyoepithelioma (H&E staining).
a) The well-restricted tumour is composed of proliferated ductal epithe-
lial cells, myoepithelial cells and myxoid stroma (original magnification,
x100). b) The tumour cells demonstrate a slight polymorphic morpholo-
gy, with pale eosinophilic cytoplasm and vesicular nuclei with prominent
nucleoli (original magnification, x400).

QSE

A 68-year-old woman was admitted by her family doc-
tor because of a change in the upper outer quadrant of the
left breast that was first noticed a few months ago. Planar
X-ray mammography was suspicious for neoplasia, but
ultrasound results were nonspecific. Clinical examination
revealed the presence of a subcutaneous, localised, solid,
mobile mass of approximately 4 cm diameter, nontender
to palpation. Axillary lymphadenopathy was absent. A
multidisciplinary oncology team recommended surgical
treatment. A biopsy of the mass was performed, and an
intraoperative ex tempore histological analysis was done.

Macroscopically, the specimen was a round, solid,
well-circumscribed, irregular mass 35x25x20 mm in di-
ameter. Tissue sections revealed a white-yellow interior.
The findings of the microscopic ex tempore analysis were
nonspecific, as the frozen section showed microscopic
structures with both benign and malignant features, vary-
ing by tissue area.

The samples were fixed in 4% formaldehyde solution
and embeded in paraffin. Five- um-thick tissue sections
were stained with hematoxylin and eosin (H&E).

On further microscopic exam, the tumour was well-
encapsulated, but in several foci the tumour appeared to
invade the surrounding tissue in tiny bands. The tumour
consisted of myxoid stroma and cells of slightly polymor-
phic morphology with a myoepithelial-like shape that
formed anastomosis-like bands, ranging in width from
one to more than 10 cells (figure 1a). The cytoplasm was
pale, nuclei were large and vesicular and nucleoli were
prominent (figure 1b). Inside the bands and occasion-
ally outside of them, foci of pseudo-luminal glandular
structures suggesting ductal differentiation of the tu-
mour were noted. Within those foci, the cells had lightly
eosinophilic cytoplasm and hyperchromic nuclei. There
were 5 mitotic figures per 10 areas of large microscopic
magnification. Because of suspicion for double histo-
logical differentiation, additional immunohistochemical
analyses were performed.

On immunohistochemical analysis, tumour cells
demonstrated a diffuse, moderate-to-strong positiv-
ity for vimentine, low-molecular weight and high-mo-
lecular weight cytokeratin (LMW and HMW CK, re-
spectively) (figures 2a, ¢, and d). They also displayed
sporadic positivity for S-100 protein, smooth muscle
actin (a-SMA), and glial fibrillary acid protein (GFAP)
(figures 3a, b, and c). About 8% of the nuclei of tumour
cells stained positive for Ki-67 (figure 3d). Staining for
desmin, HER-2, estrogen (ER) and progesterone (PR) re-
ceptors was negative.

Based on this microscopic analysis and immunophe-
notype, a diagnosis of benign adenomyoepithelioma was
established. The patient was discharged and advised to
follow up regularly. The patient remained well through-
out two years of follow-up after the surgery, with no ap-
parent recurrence.

CASE REPORT



Figure 2:
Immunohistochemical
staining (original magnifi-
cation, x200).

a) The tumour cells
demonstrate moderate
to strong expression of
vimentin, and

b) discret and weak
expression of desmin.

c) Approximately 50%
of tumour cells are
strongly positive for
CK HMW.

d) Diffuse, strong staining
for CKLMW.

Figure 3: Immunohis-

tochemical staining (origi-

nal magnification, x200).

a) The tumour cells
demonstrate moderate
to strong expression of
S-100 protein.

b) Myoepithelial cells
positive for a-SMA
and

c) GFAP.

d) The nuclei of the
tumour cells show
focal positivity for Ki67
(Ki67 index = 8%).
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DISCUSSION

Breast adenomyoepitheliomas are extremely rare, so
data about these tumours are limited to individual case-
reports.3-13 They appear to occur in a wide age range,
from 26 to 82 years of age. In the majority of the patients,
the mass’s initial presentation was as a solid, clearly cir-
cumscribed, painless lesion, localised in a peripheral quad-
rant of the breast. The usual tumour size is from 0.6-17 cm,
with the largest mass described in a 30-year-old woman.13
They more frequently appear as solitary rather than mul-
tifocal masses.8 Reported colors include light brown, grey,
white or yellow. X-ray mammography and ultrasound im-
aging often suggest malignancy.4,7

The specific histological presentation depends on the
presence of glandular-epithelial and myoepithelial prolif-
eration, the degree of spindle-cell differentiation and the
extent of fibrosis. Thus, adenomyoepitheliomas appear
closely related to ductal adenomas14 and pleomorphic
adenomas.15 However, these tumours are more com-
monly found in subareolar regions rather than in the lat-
eral breast quadrants, and they probably originate from
large lactiferous ducts.6,15

The most common microscopic appearance of adeno-
myoepithelioma is tubular with glandular structure prolif-
eration, though myoepithelial differentiation can be found
in peripheral islands of solid tumour or in the basal cells of
tubular structures. Rarely, myoepithelial proliferation ap-
pears as wide bands and trabeculae that are both separated
by fibrovascular stromal cells. Epithelial and myoepithelial
cells are incorporated into abundant mixed stromal2 that
sometimes contain areas of calcification, cystic degenera-
tion, and cartilaginous and bony metaplasia. In our case,
myoepithelial cells formed anastomosing bands of one to
many cells thick, with additional foci of ductal differentia-
tion. Abundant mixed stroma was found in the area of this
epithelial “building block”

Cytological atypia and mitotic activity were rare or ab-
sent in the lesions where myoepithelial cells were seen to
have a polygonal configuration or a clear papillary form.
These cells were often found in the lesions that appeared
to be growing in spindle-shaped formations. They were
noted to contain increases in mitosis, nuclear polymor-
phism, and hyperchromasia, and rare multinuclear cells
were seen in them. However, cytological atypia is not a
valid criterion for diagnosing adenomyoepithelioma,
because some tumours without that feature progressed
aggressively.2,7 Therefore, in the absence of an obviously
malignant pattern of cytomorphology, invasive develop-
ment remains the only reliable criterion for establishing a
diagnosis of malignancy.

The immunohistochemical analysis of cell phenotype,
and thus the establishment of a diagnosis, is greatly aided
when the pathologist is familiar with the great morpho-
logical diversity of adenomyoepitheliomas. Normal myo-
epithelial cells strongly express LMW CK, a-SMA, myo-
sin, S-100, CD-10 and maspin.8 Because S-100 protein

is expressed in both glandular and myoepithelial cells, it
cannot be used as diagnostically specific tumour marker
for adenomyoepithelioma.11 Epithelial cells regularly stain
positive for cytokeratin and carcinoembryonic antigens.5,6
Both cell types are variably positive in response to vimen-
tine and immunonegative staining for epithelial membrane
antigen, p53 and HER-2.8 Also, the response to staining
for ER and PR receptors is variable; if they are immuno-
histochemically present, they are restricted to the nu-
clei of epithelial cells.7,9 In our case, most tumour cells
were positive for vimentine, LMW and HMW CK, and
a smaller number were positive for S-100 protein, GFAP
and a-SMA. Ki-67 was visualised on 8% of tumour cells.
In the available literature data about mitotic indices, data
about the association between number of mitotic figures
and tendancy towards malignancy are scarce. One paper
reported a series in which 7 per 10 areas of large micro-
scopic magnification were considered a diagnostic sign
suggesting malignancy.16

Adenomyoepitheliomas are most commonly benign,
well-circumscribed, and encapsulated tumours that are
most frequently treated with surgical excision.7 However,
although they are enclosed within a pseudo-capsule of
connective tissue, masses often infiltrate their surround-
ing structures.10 Due to this invasive tendency, the natural
course of these lesions is ultimately unpredictable. Local
recurrence usually occurs two years after initial excision.2
In some cases, multiple recurrences were reported, likely
resulting from incomplete tumour excision.3,7 Mastec-
tomy, radiotherapy and axillary dissection for benign ad-
enomyoepithelioma should be avoided, except in the case
of frequently recurrent lesions or tumours with malignant
characteristics.16-19

The reports concerning malignant adenomyoepithe-
lioma are rare. Neoplasm can be detected incidentally as
a separated mass or after an excision of the adenomyoepi-
thelioma.2 Histological characteristics include increased
mitotic activity, necrosis, cellular polymorphism, and, fre-
quently, invasion of tissue surrounding the tumour. Malig-
nant alteration could be limited to the epithelial or myo-
epithelial zones, or rarely to both of them. The location of
malignant zones might alternate within the same tumour
, e.g., the the foci of benign characteristics and obviously
malignant lesions could be bounded by the zones with be-
nign features.16,17 Some tumours described as malignant
adenomyoepitheliomas recurred locally, while other mass-
es metastasised, resulting in fatal outcomes.16-19

CONCLUSION

Breast adenomyoepithelioma is usually a well-circum-
scribed tumour; as such, complete surgical excision of the
mass remains the preferred therapeutic strategy. The de-
finitive diagnosis is established with vigilant microscopic
analysis and immunohistochemical staining. This approach
avoids an incorrect pathological diagnosis that could lead
to an unnecessary procedure such as a major surgery.



REFERENCES

1. Hamperl H. The myothelia (myoepithelial cells) state,
regressive changes, hypoplasia tumors. Curr Top Pathol
1970; 53: 194-8.

2. Tavassoli FA. Myoepithelial lesions of the breast. Myo-
epitheliosis, adenomyoepithelioma, and myoepithelial
carcinoma. Am J Surg Pathol 1991; 15:554-568.

3. Young RH, Clement PB. Adenomyoepithelioma of the
breast. A report of three cases and review of the litera-
ture. Am J Clin Pathol 1988;89:308-314.

4. Gusterson BA, Sloane JP, Middwood C, et al. Ductal ad-
enoma of the breast-a lesion exhibiting a myoepithelial/
epithelial phenotype. Histopathology 1987;11:103-110.

5. De Dominicis E, Perrone G, Verzi A, et al. Pleomorphic
adenoma of the breast. Breast ] 2005;11:513—4.

6. Sato K, Ueda Y, Shimasaki M, et al. Pleomorphic
adenoma(benign mixed tumor) of the breast: a case
report and review of literature. Pathol Res Pract
2005;201:333-9.

7. Rosen PP.Adenomyoepithelioma of the breast.Hum
Pathol 1987; 18:1232 -37.

8. Pia-Foschini M, Reis-Filho JS, Eusebi V, Lakhani SR.
Salivary gland-like tumours of the breast: surgical and
molecular pathology. ] Clin Pathol 2002;56:497-506.

9. Vielh P, Theiry JP, Validire P, et al. Adenomyoepithelio-
ma of the breast: fine-needle sampling with histologic,
immunohistologic and electron microscopic analysis.
Diagn Cytol 1993;9:188-193.

10. Molland JG, Morgan GJ, Walker DM, Lin BP. Pleomor-
phic adenoma of the parotid and breast in a male pa-
tient. Pathology 2005; 37:263-5.

g:E

11. Gillett CE, Bobrow LG, Millis RR. S100 protein in human
mammary tissue-immunoreactivity in breast carcinoma
including Paget’s disease of the nipple, and value as a
marker of myoepithelial cells. ] Pathol 1990;160:19-24.

12. Reid-Nicholson M, Bleiweiss I, Pace B, Azueta V, Jaffer
S. Pleomorphic adenoma of the breast. A case report
and distinction from mucinous carcinoma. Arch Pathol
Lab Med 2003;127:474-7.

13. Williams RW, Leach WB. Mixed tumor of female
breast of unusual duration and size. South. Med. J.
1975; 68: 97-100.

14. Guarino M, Reale D, Squillaci S, et al. Ductal adenoma
of the breast. An immunohistochemical study of five
cases. Pathol Res Pract 1993;189:515-20.

15. Biku J, Griffiths C, Ebbs SR. Pleomorphic Adenoma of
the Breast Should Be Excised with a Cuff of Normal
Tissue. The Breast Journal, 2007;13: 418—420.

16. Rasbridge SA, Millis RR. Adenomyoepithelioma of
the breast with malignant features. Virchows Arch
1998;432:123-130.

17. Loose JH, Patchefsky AS, Hollander IJ, Lavin LS, Coo-
per HS, Katz SM. Adenomyoepithelioma of the breast.
Am I Surg Pathol 1992;16: 868-876.

18. Hungermann D, Buerger H, Oehlschlegel C, Herbst
H and Werner Boecker W. Adenomyoepithelial tu-
mours and myoepithelial carcinomas of the breast
— a spectrum of monophasic and biphasic tumours
dominated by immature myoepithelial cells BMC
Cancer 2005, 5:92.

19. Nadelman CM, Leslie KO, Fishbein MC”Benign’, Me-
tastasizing Adeno-myoepithelioma of the Breast. Arch
Pathol Lab Med. 2006;130:1349-53.

83



84




INSTRUCTION TO AUTHORS
FOR MANUSCRIPT PREPARATION

Serbian Journal of Experimental and Clinical Research
is a peer-reviewed, general biomedical journal. It publishes
original basic and clinical research, clinical practice arti-
cles, critical reviews, case reports, evaluations of scientific
methods, works dealing with ethical and social aspects of
biomedicine as well as letters to the editor, reports of asso-
ciation activities, book reviews, news in biomedicine, and
any other article and information concerned with practice
and research in biomedicine, written in the English.

Original manuscripts will be accepted with the under-
standing that they are solely contributed to the Journal.
The papers will be not accepted if they contain the mate-
rial that has already been published or has been submitted
or accepted for publication elsewhere, except of prelimi-
nary reports, such as an abstract, poster or press report
presented at a professional or scientific meetings and not
exceeding 400 words. Any previous publication in such
form must be disclosed in a footnote. In rare exceptions
a secondary publication will acceptable, but authors are
required to contact Editor-in-chief before submission of
such manuscript. the Journal is devoted to the Guidelines
on Good Publication Practice as established by Commit-
tee on Publication Ethics-COPE (posted at www.publica-
tionethics.org.uk).

Manuscripts are prepared in accordance with ,Uni-
form Requirements for Manuscripts submitted to Biomedi-
cal Journals“ developed by the International Committee of
Medical Journal Editors. Consult a current version of the
instructions, which has been published in several journals
(for example: Ann Intern Med 1997;126:36-47) and posted at
www.icmje.org, and a recent issue of the Journal in prepar-
ing your manuscript. For articles of randomized controlled
trials authors should refer to the ,,Consort statement” (www.
consort-statement.org). Manuscripts must be accompanied
by a cover letter, signed by all authors, with a statement that
the manuscript has been read and approved by them, and not
published, submitted or accepted elsewhere. Manuscripts,
which are accepted for publication in the Journal, become the
property of the Journal, and may not be published anywhere
else without written permission from the publisher.
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Kragujevac. However, Editors have full academic freedom
and authority for determining the content of the journal, ac-
cording to their scientific, professional and ethical judgment.
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which are endeavoring to ensure scientific credibility of pub-
lished content, confidentiality and integrity of auth ors, re-
viewers, and review process, protection of patients’ rights to
privacy and disclosing of conflict of interests. For difficulties
which might appear in the Journal content such as errors in
published articles or scientific concerns about research find-
ings, appropriate handling is provided. The requirements for
the content, which appears on the Journal internet site or
Supplements, are, in general, the same as for the master ver-
sion. Advertising which appears in the Journal or its internet
site is not allowed to influence editorial decisions.

Address manuscripts to:
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Clinical Research
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MANUSCRIPT

Original and two anonymous copies of a manuscript,
typed double-spaced throughout (including references, ta-
bles, figure legends and footnotes) on A4 (21 cm x 29,7 cm)
paper with wide margins, should be submitted for consid-
eration for publication in Serbian Journal of Experimen-
tal and Clinical Research. Use Times New Roman font, 12
pt. Manuscript should be sent also on an IBM compatible
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floppy disc (3.5”), written as Word file (version 2.0 or later),

or via E-mail to the editor (see above for address) as file

attachment. For papers that are accepted, Serbian Journal

of Experimental and Clinical Research obligatory requires

authors to provide an identical, electronic copy in appro-
priate textual and graphic format.

The manuscript of original, scinetific articles should
be arranged as following: Title page, Abstract, Intro-
duction, Patients and methods/Material and methods,
Results, Discussion, Acknowledgements, References,
Tables, Figure legends and Figures. The sections of oth-
er papers should be arranged according to the type of
the article.

Each manuscript component (The Title page, etc.)
should begins on a separate page. All pages should be num-
bered consecutively beginning with the title page.

All measurements, except blood pressure, should be re-
ported in the System International (SI) units and, if neces-
sary, in conventional units, too (in parentheses). Generic
names should be used for drugs. Brand names may be in-
serted in parentheses.

Authors are advised to retain extra copies of the manu-
script. Serbian Journal of Experimental and Clinical Research
is not responsible for the loss of manuscripts in the mail.

TITLE PAGE

The Title page contains the title, full names of all the
authors, names and full location of the department and in-
stitution where work was performed, abbreviations used,
and the name of corresponding author.

The title of the article should be concise but informa-
tive, and include animal species if appropriate. A subtitle
could be added if necessary.

A list of abbreviations used in the paper, if any, should
be included. The abbreviations should be listed alphabeti-
cally, and followed by an explanation of what they stand for.
In general, the use of abbreviations is discouraged unless
they are essential for improving the readability of the text.

The name, telephone number, fax number, and exact
postal address of the author to whom communications
and reprints should be sent are typed et the end of the
title page.

ABSTRACT

An abstract of less than 250 words should concisely sta-
te the objective, findings, and conclusions of the studies
described in the manuscript. The abstract does not con-
tain abbreviations, footnotes or references.

Below the abstract, 3 to 8 keywords or short phrases
are provided for indexing purposes. The use of words from
Medline thesaurus is recommended.

INTRODUCTION
The introduction is concise, and states the reason and
specific purpose of the study.

PATIENTS AND METHODS/MATERIAL
AND METHODS

The selection of patients or experimental animals, in-
cluding controls, should be described. Patients’ names and
hospital numbers are not used.

Methods should be described in sufficient detail to permit
evaluation and duplication of the work by other investigators.

When reporting experiments on human subjects, it
should be indicated whether the procedures followed were
in accordance with ethical standards of the Committee on
human experimentation (or Ethics Committee) of the insti-
tution in which they were done and in accordance with the
Helsinki Declaration. Hazardous procedures or chemicals,
if used, should be described in details, including the sa-
fety precautions observed. When appropriate, a statement
should be included verifying that the care of laboratory ani-
mals followed accepted standards.

Statistical methods used should be outlined.

RESULTS

Results should be clear and concise, and include a mi-
nimum number of tables and figures necessary for proper
presentation.

DISCUSSION

An exhaustive review of literature is not necessary. The
major findings should be discussed in relation to other pu-
blished work. Attempts should be made to explain diffe-
rences between the results of the present study and those
of the others. The hypothesis and speculative statements
should be clearly identified. The Discussion section should
not be a restatement of results, and new results should not
be introduced in the discussion.

ACKNOWLEDGMENTS

This section gives possibility to list all persons who
contributed to the work or prepared the manuscript, but
did not meet the criteria for authorship. Financial and ma-
terial support, if existed, could be also emphasized in this
section.

REFERENCES

References should be identified in the text by Arabic
numerals in parentheses. They should be numbered con-
secutively, as they appeared in the text. Personal communi-
cations and unpublished observations should not be cited
in the reference list, but may be mentioned in the text in
parentheses. Abbreviations of journals should conform to
those in Index Serbian Journal of Experimental and Clini-
cal Research. The style and punctuation should conform to
the Serbian Journal of Experimental and Clinical Research
style requirements. The following are examples:



= o *® @

Article: (all authors are listed if there are six or fewer;
otherwise only the first three are listed followed by “et al’)

12. Talley NJ, Zinsmeister AR, Schleck CD, Melton LJ.
Dyspepsia and dyspeptic subgroups: a population-based
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TABLES

Tables should be typed on separate sheets with table
numbers (Arabic) and title above the table and explanatory
notes, if any, below the table.

FIGURES AND FIGURE LEGENDS

All illustrations (photographs, graphs, diagrams) will
be considered as figures, and numbered consecutively in
Arabic numerals. The number of figures included should
be the least required to convey the message of the paper,
and no figure should duplicate the data presented in the
tables or text. Figures should not have titles. Letters, nu-
merals and symbols must be clear, in proportion to each
other, and large enough to be readable when reduced for

publication. Figures should be submitted as near to their
printed size as possible. Figures are reproduced in one of
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the articles that have been published in Serbian Journal
of Experimental and Clinical Research will be conside-
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PROOEFS

All manuscripts will be carefully revised by the pu-
blisher desk editor. Only in case of extensive corrections
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approval. In order to speed up publication no proof will
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