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Dr. James Parkinson (11 April 1755— 21 December 1824) was an English surgeon,
apothecary, geologist, palacontologist, and political activist. He is most famous for his 1817
work, An Essay on the Shaking Palsy, in which he was the first to describe “paralysis agi-
tans”, a condition that would later be renamed after him — Parkinson’s disease. His birthday,
11 April, has been chosen for marking the World Parkinson’s Day with the main goal to
raise awareness of Parkinson’s disease, promoting a greater understanding of this condition
and supporting activities that help affected persons.

Today, enormous efforts are undertaking to reveal molecular basis of this and other neu-
SHAKING PALSY rodegenerative diseases, with the ultimate goal to find the right causal drugs that prevent

i their development and progression (see Editorial, p. 303-5).

E S SAY

Dr Dzejms Parkinson (11. april 1755 — 21. decembar 1824), engleski hirurg, apotekar, ge-
e olog, paleontolog i politicki aktivista, najpoznatiji je po svom delu “An Essay on the Shaking
: Palsy” u kome je prvi opisao paralysis agitans, stanje koje je kasnije nazvano po njemu
e Parkinsonova bolest. Na njegov rodendan, 11. april, obelezava se Svetski dan Parkinsonove
bolesti sa ciljem podizanja svesti o toj bolesti, njenom boljem razumevanju i podupiranju
svih aktivnosti koje pomazu obolelima.

Danas se ulazu ogromni napori za otkrivanje molekuske osnove ove, ali i drugih neurode-
generativnih bolesti, €iji je konacni cilj pronalazenje odgovarajucih kauzalnih lekova koji bi
sprecili njihov nastanak i napredovanje (vidi Uvodnik, str. 303-5).

Dr. James Parkinson
1755-1824
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Parkinson’s disease — the hardship at old age

Parkinsonova bolest — tegoba poznih godina

Marija Mucibabi¢, Gerard W. Canters, Thijs J. Aartsma

Leiden Institute of Physics, Leiden University, Leiden, The Netherlands

Within the recent millennia of turbulent human history
frequent fatal diseases ravaged the world. It is estimated, for
example, that severe pestilence in Athens in 430—-426 BCE
that occurred as the consequence of huge overcrowding in
the city and insanitary conditions wiped out a third of its po-
pulation. No less severe was the disease in Constantinople
and throughout the Byzantine Empire in 541-544 AD. Medi-
eval Europe also used to be devastated and decimated by
frequent outbreaks of infections and contagious diseases,
very often 'travelling' from the Far East along the old trade
routes. The 'Black Death' hit Europe in 1347-1353 AD not
only killing between a third to a half of the European popula-
tion ' but also causing economic rage unknown before. The
rapid industrialization in the 19th century contributed to the
spread of cholera and typhoid. It also emphasized the impor-
tance of public health and sanitary conditions. The First
World War, 1918-1919, was followed by the 'Spanish flu', a
pandemic that killed 50 million people, more than in the War
itself.

In modern times human life style changed, hygiene im-
proved tremendously and the development of antibiotics, as
well as vaccines brought about breakthroughs in treating in-
fectious diseases. Prolonged lifespans in modern society bro-
ught an increase in non-infectious diseases, where cancer,
cardiovascular and neurodegenerative diseases took the lead.
The number of people with neurodegenerative diseases inc-
reases steadily, and no proper therapeutical treatment is avai-
lable yet. Parkinson’s disease follows Alzheimer’s disease on
the list of most common neurodegenerative diseases > and af-
fects approximately 6.3 million people worldwide.

James Parkinson was the first to define the manifestati-
on of shaking palsy described in his, now historical, paper
“An essay on the shaking palsy’” almost two centuries ago .
He examined three men and observed another three on the
streets of London. They all shared symptoms as rest tremor,
weakened muscular power, anomalous torso posture and

dynamic gait. Parkinson clearly emphasized the difference
between the early and the later stages of shaking palsy toget-
her with the need for repeated observation over an extended
period of time to understand the nature of the disorder. In the
19th century Jean-Martin Charot observed non-tremulous
forms of the disease and referred to it as Parkinson’s disease *.
In 1912 Fritz Heinrich Lewy investigated by light
microscopy the brain sections of 25 Parkinson’s disease pati-
ents and later on brain sections of 60 more patients. He iden-
tified the abnormal inclusions in nerve cell bodies to be a
hallmark of the disease. They were named Lewy bodies after
him by Konstantin Nikolaevich Tretiakoff who found similar
deposits in the substantia nigra °. Thanks to Carlsson and his
coworkers dopamine was discovered as a putative neurotran-
smitter °. Just a few years after it was discovered by Enringer
and Hornykiewicz that Parkinson’s disease patients shared a
decreased concentration of dopamine in the striatum °, and
the first trials of levodopa, a precursor of dopamine, were
started in Parkinson’s disease patients ' to increase dopamine
levels in their brains. It resulted in the most potent drug so
far for controlling the symptoms of Parkinson’s disease, and
the Nobel Prize in Medicine was awarded to Arvid Carlsson,
Paul Greengard, and Eric R. Kandel in 2000 for their disco-
veries concerning the role of dopamine in signal transduction
in the nervous system.

Due to the lack of laboratory test for Parkinson’s disea-
se, it is still diagnosed based on clinical observations. The
acronym TRAP is used for the four major signs of Parkin-
son’s disease and it stands for tremor at rest, rigidity, akine-
sia (bradykinesia) and postural instability *. These signs of
the disease are associated with primary motor symptoms in-
cluding dynamic gait, micrographia and others. Next to mo-
tor symptoms there are equally important non-motor
symptoms such as cognitive impairment, apathy, sleep disor-
ders, etc (Table 1). To monitor the impact of Parkinson’s di-
sease there was a need for a standardized scale for a wide

Correspondence to: Marija Mucibabié, Leiden Institute of Physics, Leiden University, Niels Bohrweg 2, 2333 CA Leiden, The Nether-

lands. E-mail: mucibabic@physics.leidenuniv.nl
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Table 1

Symptoms in patients with Parkinson’s disease

Motor symptoms

Non-motor symptoms

Tremor at rest, rigidity, bradykinesia, postural instability

Dynamic gait, micrographia, trouble turning in bed,
history of falls

Hypomimia, dysarthria, dysphagia, sialorrhoea
Blepharospasm, dystonia, scoliosis, striatal deformity

Cognitive impairment, bradyphrenia, fatigue,
anhedonia, paraesthesia
Depression, apathy

Sensory symptoms
Sleep disorders

range of parameters. Widely used nowadays, the Unified Par-
kinson’s disease Rating Scale includes four parts. The first part
of the scale comprises non-motor aspects, the second covers
daily activities, the third one addresses motor symptoms and
the fourth possible complications of prescribed therapy °. The
disease develops not only in the central, but also in the perip-
heral and the enteric nervous system '°. When the disease is
diagnosed, approximately 70% striatum dopamine has already
been depleted and it advances in time . In the advanced stage
of Parkinson’s disease most of the dopaminergic neurons are
lost, concomitant with significant cell death during the pro-
cess 2. Together with dopaminergic cells, choline neurons
present in the dorsal vagal nucleus degenerate .

Medical treatment mostly involves levodopa, so far the
most potent drug for controlling disease symptoms. Next to

One of the first steps in genetic understanding of this
complicated neurodegenerative disease began with the iden-
tification of a missense mutation in the gene coding for a
small protein, a-synuclein that causes a rare form of Parkin-
son’s disease '°. Lewy bodies and Lewy neurites were both fo-
und to be immunoreactive for a-synuclein . In fact, electron
microscopy images showed that Lewy bodies and Lewy neuri-
tes are largely composed of 200600 nm long a-synuclein fi-
laments '*. These findings brought a-synuclein in the spotlight
of the scientific community. The small, 14.5 kDa protein, a-
synuclein, is mostly present in the human brain, but is also fo-
und in the heart and muscles. It belongs to the group of
intrinsically disordered proteins that are known to cling toget-
her and form aggregates. They are associated with a number of
diseases, most of which are neurodegenerative ** (Table 2).

Table 2
Intrinsically disordered proteins associated with human diseases
. . . Polypeptide length . .
Protein/peptide Disease(s) (number of amino acid Protein/peptide structure
residues)

a-synuclein Parkinsons’s disease 140 Intrinsically disordered

Synucleopathies

Dementia with Lewy body

Multiple system atrophy

Lewy body variant of Alzheimer’s

disease
Amyloid-f peptide Alzheimer’s disease 37-43 Intrinsically disordered
Huntingtin fragments =~ Huntington’s disease Variable Mostly intrinsically

disordered

Amylin Type II diabetes 37 Intrinsically disordered
TDP43 Amyotrophic lateral sclerosis 414 Intrinsically disordered
Prion protein Prion disease 231 Intrinsically disordered and

Creutzfeld-Jacob disease
Bovine spongiform encephalopathy

o-helical

levodopa, catechol-o-methyl-transferase inhibitors, dopami-
ne agonists and nondopaminergic therapy are applied '*. De-
ep brain stimulation and the transplantation of nigral neu-
rons ' are alternatives in severe cases. All the above-listed ap-
proaches to the treatment of Parkinson’s disease only control
the symptoms, while targeting the underlying cause would be
the most desirable solution to halt the development of the dise-
ase and to provide a cure. To be able to treat the cause of the
disease, it is necessary to understand the molecular mechanism
of the disease.

These diseases all correlate with the formation of inter- and in-
tracellular inclusions made of insoluble amyloid fibrillar ag-
gregates. The structures of these amyloids are very similar, al-
though they may be composed of proteins with very different
functionality. Amyloids are fibrillar aggregates with a length
of up to a few microns, which are stabilized by a characteristic
cross-p structure which plays a key role in the interaction
between adjacent proteins within the fibrils *

A detailed characterization of the mechanism of a-
synuclein aggregation, fibrillization and toxicity is crucial to
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unravel the pathology of Parkinson’s disease at the molecular
level. So far the relevant processes during a-synuclein aggre-
gation can be classified into three groups: processes that incre-
ase the number of aggregates such as nucleation and fragmen-
tation, processes that increase the size of already formed ag-
gregates, ie, the growth process, and the opposite processes
that decrease the size and the number of aggregates like disso-
ciation and/or degradation. Morphological heterogeneity of the
species formed during the aggregation was studied by atomic
force microscopy *' and electron microscopy. In recent years,

optical techniques > have been applied to study the aggregati-
on of a-synuclein. On the other hand, many potential inhibitors
were identified to inhibit the aggregation process > **, but their
precise mechanism remains to be unraveled.

The huge effort invested in the research of Parkinson’s
disease resulted in well-defined symptoms of the disease, po-
tent therapeutics of these symptoms, and deeper understan-
ding of the molecular mechanisms behind the disease. Ne-
vertheless important questions remain to be answered in the
coming years before a cure can be developed.
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Abstract

Background/Aim. Recurrent or habitual missed abortions
(RMA) are defined as three or mote consecutive abortions. In the
first trimester of pregnancy habitual missed abortions occur in
about 1% of population. The aim of this immuno-histochemical
study of decidua in RMA of unknown etiology was to identify
subpopulations of decidual lymphocytes in recurrent miscarriages
and compare the distribution of immunocompetent cells in artifi-
cial abortions and RMA. Methods. The study included 30 women
with at least 2 consecutive miscarriages in the first trimester of
pregnancy. Curettements of the third missed abortion wete immu-
nohistochemically analyzed. The control group consisted of 20
women without loaded reproductive anamnesis, with the abortion
for social reasons. Critetia for exclusion from the study were diag-
nosed uterine anomalies, positive screening for thrombophilia and
women who suffered from diabetes mellitus and disorders in the
function of the thyroid gland. Immunophenotyping was per-
formed by immuno-alkaline phosphatase (APAAP) using mono-
clonal antibodies: CD 30, CD 45 RO, CD 56 and CD 57, CD 68.
Results. The number of missed abortions (1,223) was on the av-
erage 9.7% of all deliveriies during the test period. Among them
RMA were registered in 52 (4.2%) patients and in 30 (57%) the ex-
act ctiology of abortions was not determined. RMA was most

Apstrakt

Uvod/Cilj. Ponovljeni, habitualni pobacaji (PSP) definisu se
kao tri ili vise uzastopnih pobacaja. Tokom prvog tromesecja
trudnode, habitualni pobacaj javlja se kod oko 1% trudnica. Cilj
rada bio je da se imunohistohemijskom studijom decidue kod
ponavljanih spontanih pobacaja nepoznate etiologije identifiku-
ju subpopulacije decidualnih limfocita i uporedi distribucija
imunokompetentnih Celija decidue kod arteficijalnih abortusa i
kod ponavljanih spontanih pobacaja. Metode. Ispitivanjem je
obuhvacéeno 30 zena sa najmanje dva uzastopna spontana po-
bacaja u prvom trimestru trudnoce. Kiretman treeg spontanog
pobacaja bio je imnunohistohemijski analiziran. Kontrolu je ¢i-
nilo 20 Zena bez optereéenja u reproduktivnoj anamnezi, sa

common in the 25-34 years of age group. The largest number of
RMA showed the ultrasound characteristics of missed abortion in
60% of cases and was in nulliparous patients (76.7%). The number
of natural killer (NK) CD56 positive cells did not differ significantly
between the types of abortion. In the decidual tissue, a number of
NK CD57 positive cells was significantly higher in missed abortions
compared to artificial interruptions (p < 0.01). In artificial termina-
tion of pregnancy thete was an absolute predominance of CD45RO
lymphocyte subpopulations, whereas in the RMA group there was
slightly greater predominance of CD30 positive cells. The com-
pleted analysis showed a significantly higher number of CD68 posi-
tive macrophages in a decidual tissue of RMA pregnancy (p < 0.01).
Conclusion. The number and phenotypic structure of NK cells are
significantly different in normal pregnancy decidua and in RMA.
The NK cell dominance is present in the RMA group, in favor of
CD56+ and CD 57 of subpopulations with increased CD30 of T
lymphocyte subpopulations. Macrophages are more numerous in
the decidua of pregnancies ended in abortion, so the cause of RMA
of unknown etiology in a number of cases could be distegulation of
immunocompetent cells.

Key words:
abortion, habitual; immunohistochemistry; uterus; killer
cells, natural; abortion, missed; decidua.

prekidom trudnocée iz socijalnih razloga. Kriterijumi za iskljuci-
vanje iz studije bili su dijagnostifikovane anomalije uterusa, po-
zitivan test na trombofilije, kao i dijabetes melitus i poremecaji
u funkciji stitne Zlezde. Imunofenotipizacija radena je prime-
nom metode imunoalkalne fosfataze, (APAAP) sa koris¢enjem
monoklonalnih antitela: CD 30, CD 45 RO, CD 56 i CD 57,
CD 68. Rezultati. Ukupno je registrovano 1 223 spontanih
pobacaja $to predstavlja 9,7% svih spontanih pobacaja. PSP us-
tanovljen je kod 52 (4,2%) bolesnice. Od tog broja kod 30
(57%) bolesnica sa PSP nije utvrdena tacna etiologija pobacaja.
PSP je bio najzastupljeniji u starosnoj grupi 25-34 godine zivo-
ta. Najveci broj PSP pokazivao je ultrazvucne karakteristike
izostalog pobacaja (kod 60% bolesnica). Najveci broj PSP bio
je kod nulipara (76,7%). Broj natural killer INK) CD56 pozitiv-
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nih éelija nije se znacajnije razlikovao u zavisnosti od tipa pre-
kida trudnoce. U tkivu decidue broj NK CD57 pozitivnih ¢elija
bio je znacajno vedi kod spontanih prekida trudnoée u odnosu
na namerne prekide (p < 0,01). Kod namernih prekida trudno-
¢e bila je prisutna apsolutna predominacija subpopulacije
CD45RO limfocita, dok je u grupi sa PSP bila nesto veca pre-
dominacija CD30 pozitivnih éelija. Uradena analiza pokazala je
znacajno veci broj CD68 pozitivnih makrofaga u tkivu decidue
kod PSP trudnoée (p < 0,01). ZakljuCak. Broj i fenotipska

struktura NK Celija znacajno se razlikuje u decidui normalne

trudnoce i kod PSP. NK ¢elijska dominacija u grupi PSP je u
korist CD56+ i CD57 subpopulacija uz vecu zastupljenost
CD30 subpopulacije T-limfocita. Makrofagi su brojniji u deci-
dui trudnoca zavrsenih pobacajem, tako da bi uzrok PSP nepo-
znate etiologije u odredenom broju slucajeva mogla biti disre-
gulacija imunokompetentnih ¢elija.

Kljucne reci:
abortus, habitualni; imunohistohemija; materica; Celije
ubice, prirodne; abortus, izostali; decidua.

Introduction

Recurrent or habitual missed abortions (RMA) are defi-
ned as three or more consecutive abortions. In the first trime-
ster of pregnancy habitual missed abortions occur in about
1% of population '.

The causes of recurrent missed abortions are multifacto-
rial but can be divided into: embryonic, mainly due to patho-
logical embryonic karyotype, and maternal affecting the en-
dometrium and placenta.

Known maternal causes are anatomic, endocrine and
immunological — auto- and alo- immune. Recent works talk
about sperm quality as another factor that influences the
frequent occurrence of abortion *.

Despite knowing all the above mentioned etiological
factors of recurrent spontaneous abortions, 50% of them
were classified as recurrent spontaneous abortions of
unknown etiology °. It is believed that the largest number of
them is the consequence of inadequate aloimmune response
of a mother to pregnancy. Period from luteinising hormone
(LH) jump to implantation to menstruation is critical for the
transformation of the endometrium in terms of supporting
implantation or the occurrence of menstruation. Endocrino-
logical and the immunological systems are in a close interac-
tion during the implantation and the maintenance of
pregnancy. This communication is most striking on the en-
dometrium of decidual pregnancy. Decidua makes a smaller
part of the placenta and the only one that is of exclusively
maternal origin. For this reason it does not show antigenic
potential, but it is the place of significant process of establis-
hing and maintaining gravid immunoregulation toward the
fetal part of the placenta considering that it is a place of di-
rect maternal fetal confrontation. It can be said that decidua
is the place of selection, proliferation and maturation of
unique population of uterine natural killer (NK) (uNK) cells
34 Apoptosis important for the selection and favorising cer-
tain populations of immunocompetent cells also occurs in the
decidua. Reorganization of decidual immunocompetent cells
provides its immunosuppressive effect by regulating the
activity of NK cells, which themselves undergo subpopulati-
on recomposition under the influence of hormones and
cytokines. Decidual cell populations are most important in
the implantation uNK cells, macrophages, dendritic cells
(DCS) and T cells. B cells and neutrophils are insignificant
in decidualization and implantation. Decidual composition of
immunocompetent cells effectively establishes and maintains
gravidity immunomodulation and probably control and gui-

dance of placental growth > °. If fertilization and then im-
plantation occurs on the day 20-24 of the cycle, granular NK
cells rapidly proliferate and become dominant populations of
lymphoid cells achieving close contact with invading trop-
hoblast .

The tissue-specific differentiation of uNK cells is rela-
ted to their function and may be a critical determinant for de-
cidualisation or desquamation of the endometrium * '°. Des-
pite the changes in the number of these cells, a fundamental
change is subpopulation precomposition. A dominant subpo-
pulation of NK cells of peripheral blood is CD56 dim,
CD16+ and they constitute the basic population of uNK cells
of the proliferative phase of the cycle. uNK cells have high-
level of CD56 expression, so they belong to the CD56 bright
subpopulation ' In addition to CD56 bright, uNK cells also
express killer activating and inhibitory receptors but do not
express any other typical NK cell markers, such as CD16 or
CD57 " . In pregnancy, progesterone causes the reduction
in the number of NK cells, activity and cytotoxicity through
direct influence on NK cells or promoting TH2 cytokine ac-
tivities, progesterone-induced blocking factor (PIBF) produc-
tion in T lymphocytes. Also, progesterone facilitates the re-
grouping of peripheral NK (pNK) cells in the endometrium
by expression of receptors that induce vascular endothelial
growth factor (VEGF) and macrophage inflammatory protein
(MIP1p) in the endometrium. Endometrial stromal cells un-
der the influence of progesterone produce IL15, prolactin
and other factors that regulate uNK in their proliferation, dif-
ferentiation and production of cytokines and other molecules
that support placental trophoblastic development and promo-
te local immunomodulation. uNK cell function is mainly re-
lated to the decision to launch the mechanism of menstruati-
on or decidualization, control of maternal immune response
to fetal allograft, degree of trophoblastic invasion and the
formation of placenta — the modulation of cytokine
expression during implantation.

It was long thought that T lymphocytes affect decidua-
lisation and implantation exclusively through the TH1/TH2
balance, i.e. favourisation of TH2 cytokine immune respon-
se * . Pregnancy is considered a TH2 cytokine-mediated
event. TH1 cytokines have been associated with miscarriage
and infertility. These effects of THI cytokines in
experiments were blocked by injection of TH2 cytokines IL-
10 °. The conclusions of these experiments with mice were
expanded to human population ®. But the discovery of
regulatory T lymphocytes with detailed elaboration of
cytokine profiling of T cell subgroups showed that the
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explanation is not so simple. It is evident that the TH1/TH2
hypothesis is not sufficient to explain the immune mecha-
nisms during implantation. In human reproduction, TH1
cytokine activity is needed at several stages of pregnancy,
especially during the early implantation period '*. During this
period, the cytokines IL1 and tumor necrosis factor alfa
(TNFa) make pregnancy possible by stimulating the produc-
tion of leukemia inhibitory factor (LIF) and increasing angi-
ogenesis. It is also interesting that TH1 evironment stimula-
tes the production of TH2 cytokine '*. T regulatory (Tregs)
lymphocytes play a role in implantation and are necessary
for the establishment of peripheral immunomodulation. They
suppress autoreactive T cells '°. In the context of pregnancy,
Tregs are characterized as essential for the establishment of
alotolerance. Tregs have CD4 and CD25, these leukocytes
are found in the decidua in various stages of pregnancy. The
highest level in the peripheral blood is shown in the first tri-
mester of pregnancy. Tregs cells are specific for Foxp3 mar-
ker required for their function, and in the experiments it was
significantly lower in infetile women '°. This supports the
importance and fundamental role of Tregs from T cell popu-
lation in implantation. Macrophages also play a role in im-
plantation and decidualization. Macrophages in the endomet-
rium in proliferative and secretory stage was fairly constant,
but the number significantly increased in the decidua of early
pregnancy ‘. Their concentration is about 45% higher in the
preimplatation region of decidua which is largely achieved
through redistribution of these cells from other decidual re-
gions. Chemotaxis of macrophages and their accumulation at
the site of implantation are favored by primarily trophoblast
proinflammatory factors at the site of the endometrial erosi-
on, increased levels of steroid hormones and increased con-
centrations of cytokines stimulated by steroid hormones '*.
Cytokine production of macrophages may help prepare the
endometrium for pregnancy, cleaning apototic material of
trophoblast cells which is very important because it prevents
their presentation of immunocompetent cells and initiation of
immune responses. Macrophages are likely to mediate the
range of trophoblast invasion through TNFa and participate
in the level of inflammatory reaction necessary in the early
stages of pregnancy '*.

A number of systems are involved in creating a favo-
rable environment for the acceptance of allogeneic
blastocysts. The three most important ones involved in it are
immune cells, cytokines and adhesion molecules in the place
of decidua blastocyst contact *.

The aim of this study was to identify subpopulations of
decidual lymphocytes of recurrent spontaneous abortions by
immuno-histochemical study of decidua in recurrent sponta-
neous abortions of unknown etiology and to compare the dis-
tribution of immunocompetent decidual cells in artificial
abortion with those in recurrent spontaneous abortions.

Methods

The study included 30 women who had a history of 2
consecutive miscarriages in the first trimester of pregnancy,
while the third miscarriage curettment was histopathologically

immuno-histochemically analyzed with paraffin preparations.
The control group consisted of 20 women without loaded rep-
roductive anamnesis, where the abortion was done for social
reasons. Criteria for exclusion from the study were diagnosed
uterine anomalies, positive screening for thrombophilia and
women who suffer from diabetes mellitus and disorders in the
function of the thyroid gland.

Curettings were fixed in 10% formalin during 24 hours,
and thereafter moulded in paraffin. Paraffin S-micron secti-
ons were dyed using the hematoxylin-eosin method.
Immunophenotyping was performed using immuno-alkaline
phosphatase as a method (APAAP) with the following mo-
noclonal antibodies (DAKO): CD30 (marker for activated
cells); CD45 RO (marker for T lymphocytes); CD56 and
CD57 (markers for NK cells); CD68 (marker for macropha-
ges).

Visualization of the reaction products was performed
using the new foschsina which resulted in red deposits in the
places of positive reaction. The average number was deter-
mined at 10 high-power fields (hpf).

The results were statistically analyzed by forming a da-
tabase. Statistical significance was tested by commercial
software using appropriate tests-Student’s t-test and t-test
with corrective approximate method by Cohren and Cox for
small samples when neccessary. The 5% level was taken as a
borderline level of statistical significance.

Results

The number of missed abortions during the test period
was 1,223. The percentage of missed abortions per year is
shown in Table 1.

Out of 1,223 abortions during the test period, RMA was re-
gistered in 52 (4.2%) patients. Of that number, in 30 (57%) pati-
ents with RMA the exact etiology of abortion was not determined.

Table 1
Percentage of miscarriages by years

Year Deliveries, n Miscarriages, n (%)
2010 3,189 301 (9.7)
2011 3,167 305 (9.6)
2012 3,133 304 (9.7)
2013 3,109 313 (10.1)
Total 12,598 1,223 (9.7)

Ultrasound features of RMA of unknown etiology are
shown in Table 2.

Table 2
Ultrasonic (US) characteristics of recurrent or habitual
missed abortions

US finding n Y%
Missed abortion 18 60
Abortion spontaneus incipiens 6 20
Blighted ovulum 6 20
Total 30 100

The largest number of RMA showed the ultrasound
characteristics of missed abortions (in 60% of cases).
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Frequency distribution of RMA by age groups is shown O SPONTANEOUS ABORTIONS BARTEFICIAL ABORTIONS
in Table 3. 40
RMA is most common in the 25-34 years of age group. 35 - 33.7*
Parity in patients with RMA is shown in Table 4.
The largest number of RMA was in nulliparous patients 3 1 25.7
(76.7%). 25 - '
Immunohistochemical studies of decidua in artificial 20
abortions and recurrent miscarriages (the presence of cell 15 -
subpopulations of NK lymphocytes) are given in Table 5. 10
5
Table 3 | 00
Distribution by the age groups 0 -
Age (years) n % T Ly CD30 T Ly CD45RO
25-29 10 33.3 Fig. 1 — Average number of T-lymphocytes depending on
30-34 11 36.7 the type of abortion.
35-39 7 23.3 Data are presented as X £ SD (average number on 10
> 40 2 6.7 high-power fields — hpf); **p < 0.01.
Total 30 100.0
35
Table 4 .
Parity of the patients with recurrent or habitual
missed abortions (RMA) 2447
Previous deliveries n % » -
0 23 76.7 2025
1 6 20.0 20
2 1 3.3
15
Table 5 19
Characteristics of cellular subpopulations
of natural killer (NK) cells in decidual tissue 5
Type of NK CD56 NK CD57
abortion (x£SD) (X +SD) 0. :
Spontenous 85.03+233 053 +26.1%* SPONTANEOUS ABORTIONS ARTEFICIAL ABORTIONS
*;Ar)rt;f;l)c:)z;l 776+ 13.27 152£26 Fig. 2 — CD68 number of positive macrophages by the

type of abortion.
Data are presented as X + SD (average number on 10

The number of NK CD56 positive cells did not differ high-power fields — hpf); **p < 0.01.

significantly depending on the types of abortion (Table 5). In
the decidual tissue, the number of NK CD57 positive cells

was significantly higher in missed abortions compared to ar- . * H sponianeaus shortians. M arlsficial abortions
tificial interruptions (p < 0.01).
The average number of certain subpopulations of T 750 o
lymphocytes in the decidual tissue (determined at 10 hpf) in 605
RMA and artificial abortions is shown in Figure 1. 800
In artificial termination of pregnancy there was an abso- 508

lute predominance of CD45RO lymphocyte subpopulations,
whereas in the RMA group there was slightly greater predo- 400

minance of CD30 positive cells (Figure 1). 33.

The number of CD68 positive macrophages in decidual o8
tissue in RMA and artificial abortions is shown in Figure 2. ool | 223

The completed analysis showed a significantly higher z
number of CD68 positive macrophages in a decidual tissue 100 100 J i5
of RMA pregnancy (p <0.01) . - I:l

Frequency percentage of leukocyte subpopulations in oo 5 LA Y T L= e
decidual tissue in RMA and the control group of artificial Fig. 3 — Percentage of present decidual leukocyte
abortions is given in Figure 3. subpopulation, depending on the type of abortion.
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Discussion

Stroma of the gravid endometrium, decidua, is an
immunologically privileged position of the reproductive
system of a woman with a dominant population of NK cells.
Cell microenvironment, the environment in early pregnancy
decidua of normal or completed by miscarriage is very impor-
tant, especially in terms of intercellular contact and the success
of establishing immune tolerance.

According to our results the total number of leukocytes in
the decidua is 30% in artificial termination of pregnancy com-
pared to 35% in RMA, which is a statistically significant diffe-
rence. In addition to the increasing number of leukocytes, the
most important results of our study show a significant diffe-
rence in terms of subpopulation regrouping immunocompetent
cells in the decidua of these two groups of patients. The total
number of NK cells in the group of recurrent missed abortions
comparing to artificial is significantly higher. If we look at the
phenotypic structure in NK cells, our results show a
significantly higher number of CD 56+ and CD 57+ of NK
cells in the RMA group.

Our results show that CD 57 populations of NK cells oc-
cur in RMA decidua which is otherwise characteristic
phenotype of NK cells of the peripheral circulation. We can
say that a lot is known about the immunocellular population of
decidua in normal pregnancy, but still not enough about the
differences of the same population in RMA. There are several
studies with the results similar to the results of this study in re-
lation to the significant increase in the number of CD 57 cells
in the decidua of pregnancies ended in miscarriage ' '°. The
possible mechanism of increasing the number of CD57 NK
cells in the endometrium of RMA would be the activating of
cytokines attacking trophoblast. In a study from 2006, Ordi et
al. ** investigated the presence of different subpopulations of
immune cells in the decidua and endometrium in four groups
of women: (I) women treated with progesterone disregarding
pregnancy; (II) in extrauterine pregnancy; (III) in intrauterine
pregnancy of women with RMA; (IV) the group of women
with inflammatory reaction at the level of endometrium.

The results of this study show the presence of CD 56 and
CD 57 cells in all the groups; especially CD 57 subpopulation
was present in the group with inflammation of the endometri-
um in 100% of cases, and in the RMA group in 55% of cases.
CD 56 is present in the group of women with progesterone
therapy and RMA, but much less in the decidua of ectopic
pregnancy. We can say that NK cells, producing various
cytokines, directly influence trophoblastic growth and hormo-
ne production allowing decidual vascularization and implanta-
tion, and by creating immunomodulatory proteins take part in
immunomodulation at the maternal-fetal site of contact.

There are several studies that have used the immuno-
histochemical method and flow cytometry in NK cells in
women with RMA. Most of these studies speak in favor of
the increasing number of CD 56 and CD 57 in NK cells. La-
chapelle et al. ' in a study found a similar percentage of the
total number of NK cells with increased CD 16+, CD 56 dim
subsets and reduced subset of CD 16, CD 56 bright NK cells.
Quenby et al. °, in their immuno-histochemical study from

1999, found an increased percentage of CD 16+ and CD 56+
cells. Clifford et al. ' in 1999, using immuno-histochemical
method, reported an increased number of CD56+ NK cells in
women with RMA under 13 gestational weeks. Emmer et
al. *! in 2002, also immuno-histochemically, obtained results
on the increasing number of NK cells expressing CD 56 and
CD 16 in RMA. There are two studies which show different
results in terms of the number and phenotypic features of de-
cidual NK cells. Shimada et al. > in the 2004 study, using
flow cytometry, reported no difference in the percentage of
CD 56+ and CD 56, CD16 + compared to CD 56+, CD16
NK cells. Furthermore, 13. Michimata et al. ** in 2002, im-
muno-histochemically found no difference in the number of
CDI16 + compared to CD 56+ NK cells. There are two studi-
es which show different results in terms of the number and
phenotypic features of decidual NK cells. Howewer, 13. Mi-
chimata et al. "’ immuno-histochemically found no differen-
ce in the number of CD16 + compared to CD 56+ NK cells.

Our study included examination of the frequency of CD
30 and CD 45 RO T lymphocyte subpopulations in the group
of intentional abortions for social reasons and in the group of
habitual miscarriages. In artificial abortions we found a
significantly higher number of CD45 RO T lymphocytes, and
CD 30 in RMA. Studies that researched the distribution of
CD45 RO T lymphocytes report that decidual lymphocytes are
expressed in 90% of CD 45 antigen RO cases .

As far as the literature data on decidual CD 30 T
lymphocytes are concerned, they show their increase in
secretory stage of the cycle and possible hormonal influence
on them . In the case of T lymphocyte activation, immune
response that leads to the loss of pregnancy is taking place in
lymphoid aggregates in the vicinity of endometrial glands,
where decidual T lymphocytes are grouped ** **. Our results
show a slightly higher presence of macrophages in RMA de-
cidua. The number of endometrial macrophages is partly un-
der control of ovarian steroids and they possess estrogen and
progesterone receptors '*. They are also the main cells that,
beside trophoblasts, synthesize prostaglandins, whose immu-
nosuppressive role in pregnancy is known *°. Macrophages
are the most numerous at the site of implantation, and there
are 45% of them more than in other parts of decidua '*.

In addition, they play an important role in the mainte-
nance of pro- and anti- imflammatory cytokine balance *
They are also essential in the response to infective agents and
in the removal of apoptotic material '*. A slightly higher per-
centage of macrophages in RMA in our sample would indi-
cate the presence of infection in a number of RMA. The
normal phenotype of uNK cells with receptor system on their
surface and cytokyne production encourage the development
of pregnancy by adequate angiogenesis and anti-
inflammatory reaction of the decidua. This role of uNK cell
phenotype CD56brightCD16- is disrupted by their lack of or
exposure to inflammatory agents (viruses and bacteria). The-
ir insufficiency recruit T cytotoxic lymphocyte subpopulati-
ons with the beginning of inflammatory pathogenesis. Also,
exposure to inflammatory agents causes the conversion of
cytokine NK cell production with dominant TNF-a. In such
environment there is a loss of immunotolerance with
inadequate angiogenesis resulting in pregnancy loss .
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Conclusion

The number and phenotypic structure of uterine NK

cells is significantly different in normal pregnancy decidua
and in that of RMA. Our results demonstrate NK cell domi-
nance in the RMA group, with phenotypic structure in favor
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Oxidative stress induced by chlorpromazine in patients treated and

acutely poisoned with this drug

Oksidativni stres izazvan hlorpromazinom kod bolesnika le€enih 1 akutno

otrovanih ovim lekom
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Abstract

Background/Aim. Although chlorpromazine (CPZ) is an antip-
sychotic drug widely used in clinical practice for a long time, its
mechanism of action has not been entirely defined. An extremely
difficult managing of patients acutely poisoned with CPZ is addi-
tional reason for detailed studying its toxicity mechanisms. In this
clinical study, we investigated whether the oxidative stress (OS)
mediates CPZ toxic effects in the exposed patients. Methods. The
patients were organized into 3 groups: the T-group — hospitalized
patients receiving therapeutic doses of 75-150 mg CPZ/day; the
overdosed group, divided into two subgroups: the group M and
the group S — mildly (CPZ serum concentration: 0.21 * 0.05
mg/L) and severely (CPZ serum concentration: 2.66 + 0.25 mg/L)
poisoned patients, respectively, and the group C (control group of
healthy volunteers). Oxidative stress parameters [total antioxidative
status (T'AS) and malondialdehyde (MDA) in plasma)] and super-
oxide dismutase (SOD) activity in erythrocytes were measured
spectrophotometrically, and CPZ concentrations in serum were
monitored chromatographically. One set of measurements was
performed in the group C and T, whereas two sets of measure-
ments (after 24 hours and 48 hours) were done in the poisoned pa-
tients, groups M and S. Results. A decrease of TAS and increase
of SOD activity wete obtained in both subgroups of the poisoned
patients, compared to the controls and the group receiving thera-
peutic doses of CPZ. A significant increase of MDA was achieved
in severely poisoned patients, compared to all other groups. Con-
clusion. Changed oxidative stress parameters in patients poisoned
with chlorpromazine indicate involvement of oxidative stress in
the toxicity mechanism(s) of chlorpromazine.

Key words:
chlorpromazine; poisoning; oxidative stress;
malondialdehyde; superoxide dismutase.

Apstrakt

Uvod/Cilj. Iako hlorpromazin (CPZ) pripada grupi antipsihotika i
siroko se primenjuje u klinickoj praksi ve¢ duze vreme, njegov me-
hanizam dejstva jo$ uvek nije potpuno definisan. Izuzetno tesko
stanje bolesnika nakon akutnog trovanja CPZ dodatni je razlog za
detaljno proucavanje mehanizama toksi¢nosti leka. U ovoj klinic-
koj studiji, ispitivali smo da li je oksidativni stress (OS) ukljucen u
toksicne efekte kod bolesnika nakon akutnog trovanja CPZ. Me-
tode. Bolesnici su bili podeljeni u tri grupe: T-grupa — hospitalizo-
vani bolesnici koji su dobijali terapijsku dozu leka (75-150 mg
CPZ dnevno); grupa akutno otrovanih osoba, podeljena u dve
podgrupe: grupa M (blago trovanje: koncentracija CPZ u serumu:
0.21 + 0.05 mg/L) i grupa S (tesko trovanje: koncentracija CPZ u
serumu: 2.66 £ 0.25 mg/L) i grupa C (kontrolna grupa zdravih
dobrovoljaca). Parametri OS [ukupni antioksidativni status (T'AS) i
malondialdehid (MDA) u plazmi)] i aktivhost superoksid dizmuta-
ze (SOD) u hemolizatu eritrocita odredivani su spektrofotomettij-
ski, dok je koncentracija CPZ u serumu pracena hromatografski.
Svi parametri odredivani su jednokratno u grupi C i T, dok su u
grupi M 1 S merenja izvrSena u dva termina, posle 24 h i 48 h na-
kon trovanja. Rezultati. Smanjenje TAS i povecéanje aktivnosti
SOD dobijeno je u obe grupe bolesnika nakon trovanja, u porede-

nju sa kontrolnom grupom i grupom bolesnika koja je bila na tera-
pijskim dozama CPZ. Znacajno povecanje MDA dobl]eno eu
grupi bolesnika sa teskim trovanjem, u poredenju sa svim drugim
grupama. Zaklju¢ak. Promene parametara oksidativnog stresa
kod bolesnika nakon trovanja hlorpromazinona pokazuju ukljuce-
nost oksidativnog stresa u mehanizme toksi¢nosti ovog leka.

Kljuéne reci:
hlorpromazin; trovanje; stres, oksidativni; malondialdehid;
peroksid dismutaza.
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Introduction

Chlorpromazine (CPZ) is an antipsychotic drug widely
used in clinical practice for a long time, but its mechanism of ac-
tion is not yet fully defined. The drug is dopamine D2 receptor
antagonist, but also it has an affinity for other receptors as well .
Also, by its binding to calmodulin (Cazt binding messenger
protein) it may influence on a variety of Ca**-calmodulin depen-
dent enzymes *. It is known that an excessive stimulation of Ca”'-
activated processes, such as those catalyzed by nonlysosomal pro-
teases, endonucleases and phospholipases, may be the predomi-
nant cytotoxic event for a variety of toxic insults *.

It is also known that CPZ has been shown to lower
peroxidative damage in vivo and to protect cells from lethal injury
presumably by acting as an antioxidant*”. However, potent
prooxidative effect of CPZ was documented by the generation of
reactive oxygen species (ROS) within 15 minutes of CPZ treat-
ment in differentiated human hepatoma HepaRG cells . Energy
disruption by CPZ was blamed for exacerbation of its toxicity.

Recent studies showed that chronic administration of CPZ
reduces the activity of manganese superoxide dismutase
(MnSOD) and copper/zinc SOD (CuZnSOD) (after 21 days),
and catalase and glutathione (GSH) (after 180 days) and increa-
ses lipid peroxidation (LPO) based on the concentration of
malonylaldehyde (MDA) determination ”*.

Oxidative stress (OS) is implicated in the pathophysiology
of many diseases including neurological ones °. Reactive
oxygen species, such as hydrogen peroxide (H,0,), superoxide
radicals (O, ), hydroxyl radicals (OHe) are known to damage
various cellular components, including membrane lipids, prote-
ins, DNA and thereby contribute to cellular dysfunction®. The
products of LPO (carbonyl compounds) readily react with ami-
no acids residues, such as cysteine or lysine, and disturb protein
function. Under normal conditions, antioxidant enzymes (like
SOD, glutathione peroxidase, catalase, etc.) provide adequate
protection against free radicals (FRs) harmful effects on all kind
of biomolecules, unlike in OS when extrem FRs production oc-
curs, and endogenous antioxidative system is insufficient to pre-
vent oxidative injury of cells. There is evidence that the mitoc-
hondrial pathology and OS (reduced activities of antioxidant
enzymes in plasma, red blood cells, and cerebrospinal fluid in
patients) may be the most critical concerns in the
pathophysiology and outcome of schizophrenia . Such changes
in oxidative defense mechanisms in patients with schizophrenia
may be exacerbated by the treatment with antipsychotics having
pro-oxidant properties .

Having in mind these contradictory findings, the aim of
this study was to test the hypothesis that CPZ provokes OS de-
velopment in dose-dependent manner. Therapeutic (T), mild
(M) and severe (S) toxic doses of CPZ were tested in exposed
patients by assessing total antioxidative status (TAS) and MDA
concentration in plasma and SOD activity in erythrocytes.

Methods
Participants

The following groups of participants were organized in
this cross-sectional study: the group C — the control group of

healthy individuals, nonsmokers, on no medication, excluding
personal or family histories of psychiatric/neurological illness;
the group T — the hospitalized patients on therapeutic doses of
75-150 mg CPZ/day divided in three single daily doses, for mi-
nimum 60 days; and two groups of poisoned patients, subdivi-
ded into two categories according to the poisoning severity score
(PSS) and measured serum concentration of CPZ: the group M
— mildly poisoned patients (PSS: 0-1; CPZ in serum: 0.21 +
0.05 mg/L) and the group S — severely poisoned patients (PSS:
2-3; CPZ in serum: 2.66 + 0.25 mg/L). Patients with PSS 4
were not included in this study. The study was conducted in the
Military Medical Academy in Belgrade. It was approved by the
Ethics Committee of the Military Medical Academy, Belgrade,
Serbia.

Reagents

All chemicals used in this study were of analytical grade.
Also, all drugs solutions were prepared on the day of the
experiment.

Sample preparation

Considering the circadian rhythm, blood samples were ta-
ken between 08:00 and 09:00 a. m. just before the breakfast.

Immediately after the blood test, tubes with lithium-
heparin was put on ice to preserve the activity of SOD in
erythrocytes. Blood with EDTA was immediately analyzed and
it was determined from the concentration of hemoglobin, which
is expressed through the activity of the SOD isoenzymes.

The chromatographic quantification of serum CPZ

Samples were prepared as follows: 5 g of previously ho-
mogenized and thawed sample was transferred to the
polypropylene centrifuge tubes, and 20 mL of 0.1 mM sulfuric
acid in acetonitrile was added. After homogenization on ultra-
turrax, samples were sonicated for 5 minutes and centrifuged at
2,400 g for 10 minutes. Supernatant was decanted into the clean
centrifuge tubes and the extracts were purified. Columns were
conditioned with 5 mL of methanol and 5 mL of water, followed
by sample loading and washing with 0.01 M sulfuric acid.
CPZ was eluted with 6 mL of 0.1 mM sulfuric acid in aceto-
nitrile and methanol (50 : 50 v/v). Eluates were evaporated at
40°C in the gentle stream of nitrogen. Dry residue was dis-
solved in mobile phase and 20 uL was injected into the high
pressure liquid chromatography (HPLC) system.

Concentrations of CPZ were made by diluting stock and
working standard solutions to achieve calibration concentra-
tions expected to meet the therapeutic levels in serum of pa-
tients. Stock solution was prepared by dissolving the sta-
ndard in methanol to the concentration of 0.1 mg/mL.
Working solution was also prepared in methanol by diluting
stock solution to the concentration of 1 ug/mL. Concentrati-
ons of calibration solutions (25 ng/mL, 50 ng/mL, 75 ng/mL
and 100 ng/mL) were prepared by dissolving working soluti-
on in acetonitrile. The mobile phase was a mixture of 0.03 M
sodium acetate-acetonitrile (67 : 33 v/v). Flow rate was set to
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1 mL/min isocratic elution through the HPLC column. Detecti-
on was achieved by measuring ultra-violet absorption at 250 nm.

Five-point calibration (including zero) was performed
at the beginning of each batch of samples, followed by blank
and fortified samples '*

Oxidative stress parameters (TAS, SOD, MDA) were
determined spectrophotometrically. One set of measurements
was performed in the group C and T, whereas two sets of
measurements (after 24 hours and 48 hours) were done in the
poisoned patients (groups M and S).

TAS determination

Total antioxidant status was performed by commercial
“Randox” test on automatic biochemical analyzer AXON
Technicon. The principle of the reaction is based on in vitro
reduction of blue 2,2-azino-di-(3-etilbenztiazonil sulfonate)
(ABTYS) cation radical (ABTSe+) into its colorless molecular
form, ABTS, by endogenous antioxidants. The intesity of
blue color diminishes with the increase of TAS. This TAS
assay is often referred to as the Trolox equivalent antioxidant
capacity (TEAC) assay and is expressed as mmol/L .

SOD activity

Superoxide dismutase activity (including all three SOD
isoenzymes) was determined by commercial "Randox" test
on an automatic biochemical analyzer AXON Technicon.
The dismutation of O," ™ into H,0, is catalyzed by SOD. The
principle of the method is based on the reaction of xanthine
and xantine oxidase that provides O, ~ which reacts with 2-
(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chlo-
ride (IN.T) forming red-colored formazan. The higher
intensity of red color means the less activity of SOD. The re-
sults were expressed as U of SOD per mg Hb.

MDA concentrations

The LPO was determined by MDA quantification,
using thiobarbituric acid reactive substances (TBAR) met-
hod. Namely, TBAR (15% trichloroacetic acid + 0.375%
TBA + 0.25% mol HCI) reacts with MDA, originating from
polysaturated fatty acid peroxidation. Formed MDA was me-
asured spectrophotometrically at 533 nm. The results were
expressed as mmol/L.

Statistical analysis

Types of data distribution within the groups were
analyzed by Kolmogorov-Smirnov test. All data were
analyzed statistically by one way ANOVA using Dunnett's
C-test. The statistical program GraphPad Prism was used.
Statistical significance was defined at p < 0.05. The data was
presented as mean + SD.

Results

The demographic characteritics of subjects in the study are
given in Table 1.

Generally, there were more females than males in all the
studied groups, but with no differences in age among them.

The serum CPZ concentrations in the group T were within
the therapeutic range (data not shown). The serum CPZ concen-
trations in the patients from the group S (2.66 + 0.25 mg/L)
were much higher than in the patients from the group M (0.21 +
0.05 mg/L).

After 24 hours of poisoning, TAS values were lower in
both groups (Figure 1) than in the controls (p < 0.05), as well as
in the patients from the group T (p < 0.01). On the contrary, the
SOD activities were higher in both M and S group (Figure 2),
than in the controls (p < 0.05), at the same time (24 hours), as
well as in the patients from the group T (p < 0.05). Both T and
M group had the same MDA concentrations (Figure 3) as the
control group, but we registered the significant MDA increase in
the patients from the group S (p < 0.001). A significant negative
correlation (Figure 4) between the serum CPZ concentration and
TAS level in plasma of the patients from the group S (r = -0.54,
p =0.0161) was obtained after 24 hours of the poisoning.

After 48 hours of poisonings the results were similar for
all the examined parameters: significantly decreased TAS le-
vel (p < 0.05) and increased SOD activity (M patients, p <
0.05 and the patients from the group S, p < 0.01) in the gro-
ups M and S, compared to the controls, as well as in the gro-
up T (Figures 1, 2). Also, in the patients from the group S,
we registered a significant MDA increase (p < 0.001) compa-
red to all the other groups (Figure 3).

Discussion

Our results showed that CPZ induces OS development
in the dose-dependent manner in exposed humans, based on

Table 1

Characteristics of healthy volunteers and patients exposed to chlorpromazine (CPZ) enroled in the study

Study groups Participants (n) Females (n) Average age (X + SD) Males (n) Average age (X £ SD)
Control 30 10 43.5+10.91 20 41.8+17.72
T 39 14 39.7+13.23 25 31.9+10.70
M 13 7 46.7 £ 11.33 6 35.7+8.83
S 19 10 38.9+945 9 32.1+5.55

The control group of healthy individuals, nonsmokers, on no medication, with no personal or family histories
of psychiatric/neurological illness; the group T — hospitalized patients on therapeutic doses of CPZ; the group
M — patients with mild CPZ poisoning; the group S — patients with severe CPZ poisoning.
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Fig. 1 — Total antioxidant status (TAS) level (mmol/L)
in the control group and in the groups of patients with therapeu-
tic doses (T-dose) of chlorpromazine (CPZ), as well as in the
groups of CPZ mild (M) and severe (S) poisoned patients.
Bars in the graph represent the mean + SD. Labels of statistical sig-
nificance: * — compared to the control group; ¥ — compared to the
group T. A statistical significance was considered at: * {p <0.05,
T1p <0.01, One Way ANOVA, Dunnett's C-test.

MDA (mmol/L)

Fig. 3 — Malondialdehyde (MDA) concentration (mmol/L)
in the control group and in the groups of patients with therapeutic
doses (T dose) of chlorpromazine (CPZ) as well as in groups with
mild (M) and severe (S) CPZ poisoning.

Bars in the graph represent the mean + SD; labels of statistical signifi-
cance: * —compared to the control group; T — compared to the group
T; i — compared to the group M. A statistical significance was consid-
ered at: *** 11 11ip <0.001, One-Way ANOVA, Dunnett's C test.

the measured OS parameters. Namely, LPO as the major indica-
tor of lipid oxidative injury was highly elevated in the patients
poisoned with higher toxic doses of CPZ (PSS: 2-3).
Additionally, TAS levels were lower and SOD activities were
higher in both the groups, M and S, of the patients than in the
controls, as well as in the group T. The obtained results were in
an agreement with recent clinical trials that even therapeutic do-
ses of CPZ disrupt antioxidative defense system . In addition to
the reduced energy production, the products of anaerobic gluco-
se metabolism lead to the formation of ROS, which affects the
deterioration of the course and outcome of poisoning. However,
we found that TAS levels in plasma of the patients from the
group T did not significantly differ from the control group, indi-
cating that the total antioxidant capacity of the organism in the
patients from the group T was not diminished (Figure 1).

The study of Hu and Kulkarni "* showed that CPZ is
oxidized into CPZ cation radical in the presence of H,0O,
and/or other FRs such as O, ~ and hydroxyl radical (HO*).
Also, auto-oxidation of dopamine is the potential source of

SOD (Ufmg Hb)

Fig. 2 — Superoxide dismutase (SOD) activity (U/mg
Hb) in the control group and in the groups of patients with
therapeutic doses (T-dose) of chlorpromazine (CPZ) as well as in
the groups of CPZ mild (M) and severe (S) poisoned patient.
Bars in the graph represent the mean = SD; Labels of statistical sig-
nificance: * — compared to the control group; 1 — compared to T
group, a statistical significance was considered at: *{p <0.05, **
11p <0.01, One-Way ANOVA, Dunnett's C-test.
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Fig. 4 — The correlation of the serum concentration
of chlorpromazine (CPZ) (mg/L) in the patients with severe
poisoning and total antioxidative status (TAS) level (mmol/L)
in plasma. In the first 24 hours after poisoning, parallel with
the increase of CPZ serum concentration, TAS level in
plasma decreases, Pearson’s correlation, r =-0.54. There is a
negative linear relationship between these variables
(p <0.05).

undergoes, O, ~. However, dopamine is primarily metaboli-
zed through oxidation by monoamine oxidase (MAO) to 3.,4-
dihydroxyphenyl-acetic acid (DOPAC), followed by the
formation of H,0,, which can further react with iron or cop-
per ions to produce OHe (the most toxic of FRs). Thus, the
biochemical pathway of dopamine supports the oxidation
process in the brain leading to neurological disorders and
oxidation of administered neuroleptics such as CPZ, as well.
It has also been shown that different peroxidases and met-
hemoglobin catalyze single electron oxidation of CPZ into
biologically active CPZ cation radical. This radical is highly re-
active and can interact with a number of endogenous substances
and xenobiotics, as well. Neuroleptics block dopamine recep-
tors, which may affect the increased dopamine turnover and, in
turn, could eventually lead to the increased production of H,0,,
resulting in OS °. It has also been shown that neuroleptics can
induce cellular alterations that lead to production of ROS and
cell death. In addition, CPZ increases in the level of brain man-
ganese, which in turn may potentiate the damage caused by FRs.
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Reacting with GSH, CPZ cation radical leads to the forma-
tion of GSH thiol radical cation of CPZ, which is responsible for
both pharmacological efficacy and toxic effects of this drug.
Inevitably, depleted GSH storage makes antioxidative defense
system more fragile, what means that this drug can initiate OS in
the brain '°.

A TAS value as the ratio of total antioxidative status in the
groups of patients 24 and 48 hours after poisoning with CPZ, was
lower than in the control group, as well as in the group T, indica-
ting the consumption of antioxidant potential in the cases of both
M and S poisoning (Figure 1). Neuroleptics may also have direct
cytotoxic effect via the production of toxic metabolites .

In this study we obtained a negative linear relationship
(Figure 4) between TAS level in plasma and serum CPZ le-
vel in the patients from the group S (p < 0.05, r = -0.54),
confirming the antioxidative defense damage.

Changes in the activities of antioxidative enzymes may
provoke an increase in ROS. Increased SOD activity in the
poisoned patients from the group M and S and in the group
T, indicate that CPZ may induce expression of gene for SOD
synthesis (Figure 2). Antipsychotic drugs have been found to
induce the expression of immediate early genes such as cfos
and cjun, transcription factors, growth factors and peptides *.
There is evidence that early genes and growth factors can
then regulate the expression of antioxidant enzymes which
provide a part of neuroprotective mechanisms associated with
growth factors . As noted previously, SOD can protect living
organisms from oxidative injury by O, ~ sequestration '°. Inc-
reased SOD activities that are registered in both M and in S
group are probably induced by the increased production of
ROS and CPZ cation radical, consequently.

Membrane fluidity is an important factor that determines
inter- and intracellular communication, membrane elasticity
and biological transport of proteins and lipids. Guo et al. '* ha-
ve proposed that oxidation of membrane lipids leads to the
formation of peroxidation degradation products (MDA), which
leads to cross-linking reaction of the lipid-lipid and lipid-
protein type, thereby rendering the membrane more rigid and
less fluid. In patients of the group S, we registered a significant
increase in LPO at 24 hours and 48 hours of poisoning (Figure
3). The process of peroxidation is an important indicator of
membrane damage, which serves a lot to promote irreversible
impairment of essential cellular components and eventually le-

ads to cell death or necrosis. There is considerable evidence
that schizophrenic patients have increased levels of LPO. Pall
et al. " found increased MDA levels in the cerebrospinal fluid
of patients taking CPZ.

Increased SOD activity was accompanied with decrea-
sed MDA concentration in the group M, emphasizing SOD
capability to prevent OS, reducing LPO. This is not the ca-
se in the group S, where OS is present in spite of increased
SOD activity. These results confirm that the organism was
protected from the increased production of FRs in the pati-
ents from the group M, while the resulting OS leads to the
initiation of the process of LPO in the patients from the
group S. In the first 24 hours, after mild CPZ poisoning, the
increase of SOD activity is not followed by the MDA inc-
rease, indicating a still effective antioxidant potential pre-
venting from LPO. However, FRs production was steadily
increased at the same time (24 hours) in the patients from
the group S. The increase of SOD in this period is followed
by MDA increase, indicating the existence of biological
membrane damage by FRs and LPO processes. All of these
changes were still present 48 hours of CPZ poisoning in
this group.

Conclusion

Our results showed that chlorpromazine dose-dependent
changed of SOD activity and malondialdehyde concentration
in all the investigated groups. Oxidative stress, lipid
peroxidation and changes of the antioxidant enzyme activity
may be responsible for one of the molecular mechanisms of
chlorpromazine induced tissue damage. Based on the chan-
ges in oxido-reductive status in the patients exposed to
chlorpromazine it can be concluded that red-ox toxicity
pathway might contribute to the overall chlorpromazine toxic
effects in humans. This finding emphases the significance of
disturbed oxido-reductive status in patients overdosed by
chlorpromazine.
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Radiographic cephalometry analysis of condylar position after
bimaxillary osteotomy in patients with mandibular prognathism
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Abstract

Background/Aim. Postoperative condylar position is a
substantial concern in surgical correction of mandibular
prognathism. Orthognathic surgery may change condylar
position and this is considered a contributing factor for ear-
ly skeletal relapse and the induction of temporomandibular
disorders. The purpose of this study was to evaluate
changes in condylar position, and to correlate angular skele-
tal measurements following bimaxillary surgery. Methods.
On profile teleradiographs of 21 patients with mandibular
angular and linear parametres, the changes in condylar posi-
tion, were measured during preoperative orthodontic treat-
ment and 6 months after the surgical treatment. Results. A
statistically significant difference in values between the
groups was found. The most distal point on the head of
condyle point (DI) moved backward for 1.38 mm (p =
0.02), and the point of center of collum mandibulae point
(DC) moved backward for 1.52 mm (p = 0.007). The
amount of upward movement of the point DI was 1.62 mm
(p = 0.04). Conclusion. In the patients with mandibular
prognathism, the condyles tend to migrate upward and for-
ward six months after bimaxillary surgery.

Key words:
prognathism; surgery, oral; postoperative period;
cephalometry; temporomandibular joint; centric relation.

Apstrakt

Uvod/Cilj. Postoperativna pozicija kondila je znacajna za
hirursku korekciju mandibularnog prognatizma. Ortognat-
ska hirurgija moze da promeni poziciju kondila, a to moze
biti jedan od faktora koji doprinosi ranom skeletnom recidi-
vu i pojavi temporomandibularnih disfunkcija. Zbog toga je
cilj ove studije bio da proceni promene pozicije kondila kao
i da ne koreli$u promene pozicije kondila sa angularnim ske-
letnim promenama nakon bimaksilarne hirurgije. Metode.
Na telerendgenskim snimcima 21 bolesnika sa mandibular-
nim prognatizmom mereni su angularni i linearni parametri
koji opisuju promene u polozaju kondila, pre ortodontske
pripreme i Sest meseci nakon hirurske korekcije. Rezultati.
Ustanovljena je statisticka znacajnost razlika u vrednosti pa-
rametara izmedu grupa. Tacka DI — najdistalnija tacka na
glavi kondila, pomerila se unazad 1,38 mm (p = 0,02), a tac-
ka DC — tacka koja oznacava centar collum mandibulae,
pomerila se, takode, unazad za 1,52 mm (p = 0,007). Vred-
nost pomeranja tacke DI navise bila je 1,62 mm (p = 0,04).
Zakljucak. Kod bolesnika sa mandibularnim prognatiz-
mom, kondili su tezili da migriraju unapred i navise Sest me-
seci nakon bimaksilarne operacije.

Kljuéne reéi:

prognatizam,; hirurgija, maksilofacijalna;
postoperativni period; kefalometrija;
temporomandibularni zglob; centri¢ki odnos.

Introduction

Mandibular prognathism (MP) or skeletal Class III maloc-
clusion with a prognathic mandible has long been viewed as one
of the most severe maxillofacial deformities '. The treatment of

MP is complex and includes preoperative orthodontic treatment
and orthognatic surgery. In some severe cases both mandibular
and maxillary osteotomy are needed. One of the preferred surgi-
cal procedures for the correction of mandibular prognathism,
since its introduction by Trauner and Obwegeser °, is billateral
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sagittal split osteotomy (BSSO). Another popular technique,
mostly used for maxillary reposition, is Le Fort I osteotomy. In
some severe cases of MP both mandibular and maxillary
osteotomy are needed, and that form of correction is commonly
known as bimaxillary surgery.

One of the goals of bimaxillary surgery is maintaining
skeletal and occlusal stability. Occlusal stability, which is
one of the most important factors in the prevention of pos-
toperative relapse in orthognathic surgery, results from go-
od dental occlusion and a normal postoperative condylar
position *. Condylar processus is a part of the mandibular
ramus and a part of the temporomandibular joint (TMJ),
specific to the human body in its morphology, position and
function *. This makes it particularly important, both in
functional and in anatomical terms, because of its shape
and position depending on the position of the mandible, the
function of the TMJ and facial appearance °. Good dental
occlusion depends on normal temporomandibular joint; that
is, dental malocclusion or abnormal interdigitation with
normal condylar position can be controlled postoperatively
by orthodontic treatment, but an abnormal condylar positi-
on can not be corrected postoperatively and eventually dis-
rupts postoperative occlusal stability *. Therefore, postope-
rative condylar position is a substantial concern in the sur-
gical correction of a mandibular prognathism. Orthognathic
surgery may change condylar position and this is conside-
red a contributing factor for early skeletal relapse *° and
the induction of temporomandibular disorders (TMDs) '* .

Positional changes in the condyle have been hard to
recognize and accurately measure following orthognathic
surgery '*'°. Displacement of the condyle can be expected
as a result of four variables: anterior-posterior, vertical,
medial-lateral, and along the long axis of the condyle '°.

The purpose of this study was to evaluate changes in
condylar position, and to correlate angular skeletal measu-
rements following bimaxillary surgery in patients with
mandibular prognathism.

Methods

The study included 21 patients (13 males, 8 females;
ages between 18-25 years). Clinical examinations and sta-
ndardized lateral cephalometric radiographs were conduc-
ted at the Belgrade University Faculty of Dentistry. The
study was approved by the Ethics Committee at the Faculty
of Dentistry in Belgrade. Informed consent was obtained
from each patient. All the patients were diagnosed with
mandibular prognathism on the basis of the following crite-
ria: the angle of mandibular prognathism (SNB) > 80°; the
angle of sagittal intermaxillary relationship (ANB) < 0°;
reverse overlap of the frontal teeth and relationship of the
first permanent molars in Class III, and had ended the
growth and development of orofacial system. The patients
with mandibular prognathism as a result of severe facial
asymmetry, deformity secondary to trauma, syndromes, pa-
tients with systemic disease, degenerative joint disease, and
with signs and symptoms of temporomandibular
dysfunction were not included in the study.

The presurgical protocol included preoperative ortho-
dontic treatment, model surgery, cephalometric and photo-
cephalometric analysis. The preoperative orthodontic trea-
tment lasted from 18 to 24 months.

The surgery began with soft tissue incision and initial
osteotomy of the ramus of the mandible as in BSSO, but
with no definitive separation of bone fragments. The
wound was filled with gauze soaked in saline and then the
complete Le Fort I osteotomy was done. Using the interoc-
clusal splint and maxillo-mandibular fixation, the maxilla
was positioned in a certain position and fixed with mono-
cortical screws (at least four) and L-shaped plates. After
fixing the maxilla, the maxillo-mandibular fixation was re-
moved, so the separation of mandibular bone fragments
was completed. A separated central fragment of mandible
was placed in the correct occlusion with the maxilla, the
intermaxillary fixation was restored, and bone fragments of
the mandible were fixed with monocortical screws and pla-
tes. Monocortical screws were located on the buccal surfa-
ce of the mandible, three of them on each side of the
osteotomy line. Rigid intermaxillary fixation was maintai-
ned for 6 to 8 weeks and after that period of time, the elas-
tic fixation was maintained for 4 weeks. Postoperative ort-
hodontic treatment started 6 to 8 weeks after the surgery.

Standardized lateral cephalometric radiographs were
obtained at the following 2 stages in all the patients: before
the preoperative orthodontic treatment (T1) and 6 months
after the surgical treatment (T2).

The machine used to obtain lateral cephalometric ra-
diographs was Ortoceph (Simens, Germany). The scanning
settings of the machine were: 65-80 kVp tube voltage, 20
mA tube current, and 1-1.5 second scan time. All the pati-
ents sat in an upright position with the teeth in centric oc-
clusion. The patients’ Frankfort horizontal (FH) plane was
parallel to the floor.

Cephalometric radiographs were scanned by a scanner
EPSON 1600 PRO (Japan) into jpg format. In that way all
the radiographs were converted into digital form. The
software Ax Ceph version 2.3 (Audax, Slovenia) was used
for computerized cephalometric analysis. Cephalometric
analysis was carried out by one examiner and included the
reference points and lines shown in Figures 1 and 2.
Analyses were performed twice by the same examiner, on
different days. Statistically significant differences did not
appear between these two analyses.

Certain linear and angular parameters were used to de-
fine the position of the condyle pre- and postoperatively
(Table 1). Angular parametres included: SNA — the angle
of maxillary prognathism; SNB — the angle of mandibular
prognathism; ANB — the angle of sagittal intermaxillary re-
lationships; Cd-DC-Xi/FH — the angle formed by centerline
of mandibular rami and X axis; ArGoMe — gonial angle
(angle of the mandible); Sna-Snp/FH — the angle formed by
the main plane of maxilla and X axis. Linear parametres
were the distances between the points Go, Ar, DC, Cd, PI,
CI, A, B and Y axis; and distances between the points Go,
Ar, DC, Cd, PI, CI, A, B and X axis (see Abbreviations in
addendum).
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Fig. 1 — Reference points included in the analysis.

S (sella) — The point representing the geometric center of the sella turcica.; N (nasion) — The most anterior (midline) point of the frontonasal
suture; A (subspinale) — The deepest point in the bony concavity in the midline below the anterior nasal spine; Or (orbitalis)- The point
representing the lowest point on the inferior orbital rim; Po (porion) — The most superior point of the external auditory meatus; Sna (spina
nasalis anterior) — The most prominent point of maxilla; Snp (spina nasalis posterior) — The most distal point of the conjunction of palatinal bone
and pterygomacxillar fissure; B (supramentalis) — The innermost point on the contour of the mandible between the incisor tooth and the bony
chin; Me (menton) — The lowest point of the mandibular symphysis; Go (gonion) — the midpoint of the mandibular angle between the ramus and
mandibular body; Cd (condylion) — the most posterosuperior point on head of the condyle; Ar (articularis) — The point midway between the two
posterior borders of the left and the right mandibular rami at the intersection with the basilar portion of the occipital bone; DI — The most distal
point on the head of the condyle; PI — The most anterior point on the head of the condyle; DC — The center point of the collum mandibulae on
the Ba-N line; Xi — The point located at the geographic center of the ramus; Ba (basion) — The point of the anterior margin of the foramen
magnum — The midpoint of the curvature between upper and the lower surfaces of the basilar portion of the occipital bone.

Fig. 2 — Reference planes included in the analysis.
N-S — The main plane of the anterior cranial base; Go-Me — The main plane of the mandible body; Sna-Snp — The main plane of the
maxilla; Cd-DC-Xi — the centerline of the mandibular rami; X axis (Or-Po Frankfort horizontal (FH)) — The horizontal plane of the
head; Y axis — The vertical plane which is normal to the X osis and goes from the point S.

Table 1
Linear and angular parameters included in the analysis
Linear parameters (millimeters) Angular parameters (degrees)
Go-Y axis Cd-DC-Xi/FH
Ar- Y axis ArGoMe
DC-Y axis Sna-Snp / FH
Cd- Y axis ANB
PI- Y axis SNB
CI- Y axis SNA
A-Y axis
B-Y axis
Go- X axis
Ar- X axis
DC- X axis
Cd- X axis
PI- X axis
CI- X axis
A- X axis
B- X axis

SNB — Angle of mandibular prognatism; ANB — Angle of sagittal intermaxillary relationship; SNA — sella nasion, A point.
See abbreviations in Addendum.
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Using the software, after insertion the digital (jpg) format of
lateral cephalogram, calibration was set up. The calibration is
used to convert pixels of the inmages into milimetres. A me-
tal ruler on a cephalostat which is visible on radiography was
used for calibration (Figure 3).

First point X: 837,94, Y: 85,00
Second point X: 838,94, Y: 173,00
Distance 87,01 pixels
Distance (mm) 20

Manual Calibration Remowve Calibration

Original image size: 4468 x 5103
Current image size: 876 x 1000

Preset found for image size:
Save to preset Done
-
Fig. 3 — Calibration of the digital image usig the software
“Ax Ceph”.

Then, the location of reference points and lines were de-
fined. To analyze linear (anterior-posterior and vertical) mo-
vement of the condyle, in every cephalometric radiograph the
coordinate system with X and Y axis (as described in Figure 2)
was inserted. After that, the distance between the points Go,
Ar, DC, Cd, PI, CI, A, B and Y axis was measured to determi-
ne horizontal skeletal changes postoperatively. The distance
between the points Go, Ar, DC, Cd, PI, CI, A, B and X axis
was measured to determine vertical skeletal changes
postoperatively. Angles SNA, SNB, and ANB were used to
describe skeletal changes after the intervention. The angle Ar-
Go-Me and angle Cd-DC-Xi/FH were used to analyze rotation
of the condyle after the intervention. Angle Sna-Snp/FH was

used to describe rotation of the maxilla after bimaxilary
surgery (see Abbreviations in addendum).

Data analysis was not preformed until the last patient
had been examined for the last time to prevent bias from the
examiner’s awareness of any trends in the basic data.

Statistical analyses were performed with SPSS version
15 (SPSS, Chicago, IlI). For the assessment of the differences
between angular and linear parameters before (T1) and after
(T2) the surgery, Students paired t-test was used. Pearsons cor-
relation was used to correlate changes in condilar position with
angular skeletal changes following bimaxillary surgery. The
differences were considered significant at p < 0,05.

Results

Horizontal skeletal changes: the mean setback of the man-
dible 6 months postoperatively (T2-T1) was 0.91 mm at point B
but the differences were not statistically significant (p = 0.658).
Point Go showed tendency to go forward (1,19 mm) but also
was not statistically significant (p = 0.242). On the other hand,
maxilla was on average moved forward 3.29 mm at point A (p =
0.0038) (Table 2). Horizontal changes in condylar position: six
months after the surgery the position of point DI and DC chan-
ged significantly. Point DI moved backward 1.38 mm (p =
0.02), likewise, point DC moved backward for 1.52 mm (p =
0.007). The movement of the points PI and Cd were not
statistically significant, but it was noted that point PI showed the
tendency to move forward by 0.1 mm (Table 2).

Vertical skeletal changes: the results showed the tendency
of downward movement of the mandible at points B and Go
(1.43 mm, p = 0.644; 3.85 mm p = 0,058, respectively). Maxilla
was moved upward at point A for 3.18 mm but showed no stati-
stical significance (Table 3).

Vertical changes in condylar position: the position of
condyle changed only at point DI. The amount of upward mo-
vement of point DI was 1.62 mm (p = 0.04). Points PI and DC

Table 2
Distances between the reference points and Y axis

Distances (mm) n X SD Med Min Max p
T1 21 60.48 14. 84 65.00 39.00 100.00

YB T2 21 59.57 10.82 60.00 37.00 85.00 0.658

YA T1 21 59.52 11.26 60.00 45.00 82.00 0.0038*
T2 21 62.81 8.01 63.00 47.00 79.00 ’

YDI T1 21 17.38 3.69 16.00 12.00 26.00 0.020%
T2 21 18.76 421 19.00 8.00 24.00 ’

YPI T1 21 6.48 3.31 6.00 1.00 13.00 0.653
T2 21 6.38 3.15 6.00 0.00 11.00 ’

YCd T1 21 14.38 3.97 14.00 8.00 24.00 0446
T2 21 14.86 3.62 16.00 6.00 20.00 ’

YDC T1 21 9.19 3.70 10.00 2.00 16.00 0.007*
T2 21 10.71 3.94 11.00 2.00 17.00 ’

YAr T1 21 15.33 4.08 15.00 8.00 23.00 0.005*
T2 21 16.86 3.92 16.00 7.00 23.00 ’

YGo T1 21 7.00 6.32 6.00 0.00 24.00 0242
T2 21 8.19 5.95 6.00 0.00 20.00 )

*p < 0.05 (2-tailed); X — mean; SD — standard deviation; Med — median;
Min-Max — minimal-maximal value; T1 — Standardized lateral cephalometric radiographs obtained
before preoperative orthodontic treatment; T2 — Standardized lateral cephalometric radiographs

obtained 6 months after the surgical treatment.

See abbreviations in Addendum.
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Table 3
Changes in distances between the reference points and X axis
Distances (mm) n X SD Med Min Max p
XB Tl 21 71.86 13.28 71.00 45.00 95.00 0.644
T2 21 73.29 9.03 71.00 61.00 96.00
XA T1 21 35.38 13.20 32.00 23.00 88.00 0.137
T2 21 32.19 5.78 30.00 24.00 49.00
XDI T1 21 5.24 291 5.00 0.00 11.00 0.040%*
T2 21 6.86 341 7.00 0.00 14.00
XPI Tl 21 3.62 1.99 4.00 0.00 8.00 0.887
T2 21 3.81 3.17 3.00 0.00 12.00
XCd T1 21 433 3.79 4.00 0.00 16.00 0.263
T2 21 3.57 2.73 3.00 0.00 8.00
XDC T1 21 8.48 5.47 11.00 0.00 16.00 0.335
T2 21 9.10 6.20 10.00 0.00 17.00
XAr Tl 21 12.86 4.05 12.00 6.00 20.00 0.007*
T2 21 14.57 4.25 14.00 8.00 21.00
XGo T1 21 58.05 10.67 57.00 40.00 82.00 0.058
T2 21 61.90 5.20 62.00 51.00 75.00

*p < 0,05 (2-tailed); ); X — mean; SD — standard deviation; Med — median; Min-Max — minimal-maximal value;
T1 — Standardized lateral cephalometric radiographs obtained before preoperative orthodontic treatment;
T2 — Standardized lateral cephalometric radiographs obtained 6 months after the surgical treatment.

See abbrevations in Addendum.

showed the trend to move upward (0.19 mm and 0.62 mm,
respectively). On the contrary, point Cd showed the tendency to
move downward (0.76 mm; p = 0.263) (Table 3).

The results suggest that point Ar was moved significantly
from both X and Y axis. Point Ar moved downward (mean dif-
ference T2-T1 was 1.71 mm; p = 0.007) and forward (T2-T1
was 1.53 mm; p = 0.005) (Tables 2 and 3).

SNA, SNB and ANB angle significantly changed
postoperatively. SNA and ANB angle increased in dimensions
(T2-T1) for 1.76° and 3.76° respectively (p = 0.049 and p <
0.001). On the other hand, SNB angle decreased for 1.95° (p =
0.04). Angles which predicted the rotation of the condyle — Ar-
GoMe changed significantly (p = 0.009) for 5.1°, but Cd-DC-
Xi/FH did not (p = 0.277). The rotation of maxilla (SnaSnp/FH
angle) did not change significantly six months after the surgery
(p=0.128) (Table 4).

The study showed a positive correlation between the
distance XB and the ArGoMe angle. The XA distance also
correlated negatively with ArGoMe angle. The distance
between the point DI and the X axis showed negative corre-
lation with SNA angle (Table 5).

A positive correlation between the distance YB and
the angle SNB, YA and SNB was noted. The distance
between the Y axis and the point DI showed a positive cor-
relation with the angle ArGoMe (Table 6).

Discussion

Condyle displacement from or in the glenoid fossa can
be caused by abnormal mandibular movement, methods used
for fixation, segment rigidity, or masticatory muscle tensi-
on . Condylar displacement, especially after BSSO, can ca-
use postoperative complications '*. Rotational changes also
contribute to idiopathic condylar resorption after BSSO "',
The direction of movement of the jaw during surgery is of
great importance because it is considered to be one of the
factors that influence the postoperative position of the
condyle *. This study shows a statistically significant move-
ment of the mandible six months after the surgery, which
significantly influenced the position of the condyle. Studies
have shown that the method of fixation of fragments contri-
butes significantly to the stability of the condyle ® ', for

Table 4
Changes in angular parametres

Angle (°) n X SD Med Min Max p

SNA T1 21 81.86 5.51 82.00 72.00 96.00 0.049*
T2 21 83.62 5.59 84.00 74.00 94.00

SNB Tl 21 86.57 6.03 88.00 77.00 103.00 0.040%*
T2 21 84.62 5.04 84.00 75.00 92.00

ANB T1 21 -4.71 241 -4.00 -10.00 0.00 <0.001**
T2 21 -0.95 2.62 -1.0 -6.00 3.00

ArGoMe T1 21 139.48 7.94 137.00 126.00 155.00 0.009*
T2 21 134.38 8.55 134.00 119.00 154.00

Cd-DC-Xi/FH Tl 21 61.90 6.20 62.00 43.00 70.00 0.277
T2 21 63.76 6.36 63.00 52.00 77.00

SnaSnpFH T1 21 4.10 3.27 4.00 0.00 9.00 0.128
T2 21 5.19 3.37 5.00 1.00 11.00

*p < 0.05 (2-tailed); ** p < 0.001 (2-tailed); ); X — mean; SD — standard deviation; Med — median;
Min-Max — minimal-maximal value; T1 — Standardized lateral cephalometric radiographs obtained before the preoperative
orthodontic treatment; T2 — Standardized lateral cephalometric radiographs obtained 6 months after the surgical treatment.

See abbrevations in Addendum.
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Table S
Correlation of angular and linear parametres (Xaxis)
(T_l -T2) Cd-DC-Xi/ SnaSnp/FH ArGoMe SNA SNB ANB
n=21 FH
< ! 0.009 -0.031 0.652" -0.206 -0.303 0.194
P 0.969 0.893 0.001 0.371 0.182 0.400
xA T 0.069 -0.188 -0.619” 0.041 0.280 -0.347
P 0.768 0.415 0.003 0.859 0.218 0.123
X DI r -0.063 -0.053 0.148 -0.509" -0.360 -0.191
p 0.787 0.818 0.523 0.018 0.109 0.406
X PI r -0.067 -0.053 0.037 -0.130 -0.340 0.237
P 0.775 0.818 0.873 0.574 0.131 0.300
xcd ° 0.193 0.374 0.232 -0.238 -0.394 0.177
P 0.403 0.095 0.311 0.299 0.077 0.442
xpc ° 0.077 0.010 -0.089 -0.414 -0.245 -0.261
P 0.740 0.966 0.702 0.062 0.284 0.252
X Ar r -0.234 -0.123 0.261 -0.207 -0.146 -0.041
P 0.308 0.594 0.252 0.368 0.527 0.860
X Go r 0.035 -0.171 -0.339 0.074 0.274 -0.252
p 0.881 0.457 0.133 0.749 0.229 0.271
*Correlation is significant at the level p < 0.05 (2-tailed); **Correlation is significant at the level p < 0.01 (2-tailed);
(T1-T2) — The difference in dimensions in angles/distances before the preoperative orthodontic treatment and six
months after the correction of mandibular prognathism.
See abbrevations in Addendum.
Table 6
Correlation of angular and linear parametres (Y axis)
(T1-T2) Cd-DC-Xi/ SnaSnp/FH ArGoMe SNA SNB ANB
n=21 FH
YB r -0.303 -0.005 -0.027 0.379 0.680" -0.360
p 0.181 0.983 0.906 0.090 0.001 0.109
YA r -0.174 -0.053 -0.218 0.422 0.499" -0.112
P 0.450 0.819 0.343 0.057 0.021 0.630
Y DI r -0.099 0.078 0.498" -0.235 -0.061 -0.194
p 0.668 0.738 0.022 0.306 0.793 0.398
Y PI r 0.204 -0.393 -0.370 -0.308 -0.234 -0.090
p 0.374 0.078 0.099 0.175 0.308 0.700
Y Cd r -0.328 -0.123 0.178 -0.067 0.071 -0.163
P 0.147 0.595 0.440 0.774 0.759 0.481
Y DC r -0.294 -0.225 0.425 -0.179 -0.236 0.131
p 0.195 0.327 0.055 0.437 0.303 0.571
Y Ar r 0.112 0.206 0.422 -0.415 -0.276 -0.129
p 0.629 0.370 0.057 0.061 0.226 0.577
Y Go r 0.175 0.009 -0.275 0.193 0.189 0.081
p 0.447 0.969 0.227 0.401 0.413 0.727

*Correlation is significant at level p < 0.05 (2-tailed); **Correlation is significant at level p < 0.01 (2-tailed);
(T1-T2) — difference in dimensions in angles/distances before preoperative orthodontic treatment and six months

after the correction of mandibular prognathism.
See abbrevations in Addendum.

these reasons, in this study the patients’ jaw fragments were
connected with rigid fixation.

Many researchers, using various radiographic methods,
studied the movement of the condyle in patients after orthognat-
hic surgery ***. However, there are still few studies that deal
with bimaxillary orthognathic surgery mandibular prognat-
hism ****. In this study, four points on the condyle — DI, PI, DC
and Cd were used and based on the distance of these points with
the X and Y axis the anteroposterior and vertical changes in po-
sition of the condyle before the preoperative orthodontic prepa-
ration and 6 months after the bimaxillary surgical correction
were established. The results of this study indicate the condyle
tend to move forward and upward. The anterior condyle move-
ment is similar with the study which Ueki et al. * conducted.
They also reported that there was anterior and inferior move-

ment of the condyle after BSSO and intraoral vertical ramus
osteotomy, but there was no statistically significant difference
between these different techniques. The possible reason for mo-
ving the condyle forward and downward is anatomical feature of
the front part of the glenoid fossa °.

On the other hand, Hu et al. *® investigated the effect of sa-
gittal split ramus osteotomy of the mandible on the temporo-
mandibular joint. By comparing images of temporomandibular
joints, they noticed a posterior condyle movement in the group
of patients who underwent BSSO. They also found the forward
rotation of the condyle, which is similar to our results. These re-
sults can be explained by the pulling force of the anterior and
posterior segments of m. temporalis and m. masseter. In this
study there was a decrease in the value of the angle ArGoMe six
months after the surgery which could partialy influence the
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forward rotation of the condyle. Contrary to the results of Hu et
al. ™, a study by Harris et. al. >’ showed medial, posterior and
superior movement of the condyle after BSSO, and also medial
rotation of the condyle.

The results showed that the amount of the mandibular
and maxillar movement postoperatively did not correlate
statistically with condylar displacement as did the results of
Harris et al. ”” and Lee and Park °. Interestingly, only changes
in ArGoMe angle correlated with the changes in the distance
Y-DI, and changes in the angle SNA correlated with changes
in the distance X-DI.

Conclusion

This study shows that the position of the condyle after
bimaxillary orthognathic surgery is altered. In our group of pati-
ents, six months after surgery, the condyles tend to migrate
upward and forward. Only the most distal point on the head of
the condyle (point DI) correlated with the gonial and SNA an-
gle. Although this study yielded significant results over a period
of six months, it was performed in a limited number of patients
due to strict inclusion criteria. Further research on changes in
condylar position is needed with a longer observation period.
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Addendum
Abbreviations:

S (sella) — The point representing the geometric center of the sella turcica; N (nasion) — The most anterior (midline)
point of the frontonasal suture; A (subspinale) — The deepest point in the bony concavity in the midline below the
anterior nasal spine; Or (orbitalis) — The point representing the lowest point on the inferior orbital rim; Po (porion) —
The most superior point of the external auditory meatus; Sna (spina nasalis anterior) — The most prominent point of
maxilla; Snp (spina nasalis posterior) — The most distal point of the conjunction of palatinal bone and pterygomaxillar
fissure; B (supramentalis) — The innermost point on the contour of the mandible between the incisor tooth and the bony
chin; Me (menton) — The lowest point of the mandibular symphysis; Go (gonion) — the midpoint of the mandibular
angle between the ramus and mandibular body; Cd (condylion) — the most posterosuperior point on head of the condyle;
Ar (articularis) — The point midway between the two posterior borders of the left and the right mandibular rami at the
intersection with the basilar portion of the occipital bone; DI — The most distal point on the head of the condyle; PI —
The most anterior point on the head of the condyle; DC — The center point of the collum mandibulae on the Ba-N line;
Xi — The point located at the geographic center of the ramus; Ba (basion) — The point of the anterior margin of the
foramen magnum — The midpoint of the curvature between upper and the lower surfaces of the basilar portion of the
occipital bone. N-S — The main plane of the anterior cranial base; Go-Me — The main plane of the mandible body; Sna-
Snp — The main plane of the maxilla; Cd-DC-Xi — the centerline of the mandibular rami; X axis (Or-Po Frankfort
horizontal (FH)) — The horizontal plane of the head; Y axis — The vertical plane which is normal to the X osis and goes
from the point S.

Mikovi¢ ND, et al. Vojnosanit Pregl 2016; 73(4): 318-325.



Page 326

VOJNOSANITETSKI PREGLED

Vojnosanit Pregl 2016; 73(4): 326-336.

-

5 KV

i ¢

ORIGINAL ARTICLE

TET
=t 5 &

. 1944" *

UDC: 614.71:616.2-053.2
DOI: 10.2298/VSP140910025D

-
(L

'u-,-.u

U‘ JL..%

0
S qvu”

Respiratory diseases in preschool children in the city of Ni§ exposed to
suspended particulates and carbon monoxide from ambient air

Respiratorne bolesti dece predskolskog uzrasta u NiSu izloZene CestiCastim
materijama 1 ugljen-monoksidu iz vazduha okoline

Amelija Djordjevi¢*, Goran Risti¢*, Nenad Zivkovi¢*, Branimir Todorovié',
Sladjan Hristov*, Lidija MiloSevi¢*

*Faculty of Occupational Safety, University of Ni§, Ni§, Serbia; "Faculty of Natural
Sciences and Mathematics, University of Ni$, NiS, Serbia; Serbian Armed Forces,
Army Command, NiS, Serbia

Abstract

Background/Aim. Analysis of air quality in Serbia indicates
that the city of Ni§ belongs to a group of cities characterized by
the third category of air quality (excessive air pollution). The aim
of the study was to analyze the degree of causality between am-
bient air quality affected by patticulate matter of 10 pm (PM;q)
and carbon monoxide (CO) and the incidence of respiratory dis-
eases in preschool children in the city of Nis. Methods. We
quantified the influence of higher PMjo concentrations and cat-
bon monoxide comprising motor vehicle exhausts in the city of
Nis on the occurrence of unwanted health effects in preschool
children by means of the hazard quotient (HQ), individual health
risk (Ri), and the probability of cancer (ICR). The methodology
used was according to the US Environmental Protection Agency
(EPA), and it included basic scientific statistical methods, compi-
lation methods, and the relevant mathematical methods for as-
sessing air pollution health risk, based on the use of attribute
equations. Results. Measurement of ambient air pollutant con-
centrations in the analyzed territory for the entire monitoring du-
ration revealed that PM; concentrations were significantly above
the allowed limits during 80% of the days. The maximum meas-
ured PM;jy concentration was 191.6 p.g/ m3, and carbon monox-
ide 5.415 mg/m3. The incidence of tespiratory diseases in the
experimental group, with a prominent impact of polluted air was
57.17%, whereas the incidence in the control group was consid-
erably lower, 41.10 %. There were also significant differences in
the distribution of certain respiratory diseases. Conclusion. In
order to perform good causal analysis of air quality and health
risk, it is very important to establish and develop a system for
long-term monitoring, control, assessment, and prediction of air
pollution. We identified the suspended PM; and CO as ambient
air pollutants causing negative health effects in the exposed pre-
school children population.

Key words:
air pollution; air pollutants; serbia; child, preschool;
respiratory tract diseases.

Apstrakt

Uvod/Cilj. Analiza kvaliteta vazduha u Stbiji pokazuje da grad
Nis spada u grupu gradova sa trecom kategorijom kvaliteta vaz-
duha (znacajno zagadenje). Cilj rada bila je analiza stepena uzro-
¢ne povezanosti kvaliteta vazduha okoline iskazanog kroz sadtzaj
Cesticastih matetija (particulate matter precnika 10 um ili manje —
PM,g) i uglien-monoksida (CO) i ucestalosti bolesti disajnih or-
gana kod dece predskolskog uzrasta u Nisu. Prikazane su karak-
teristike vazduha okoline u Nisu i istaknut uticaj saobracajnih to-
kova na aerozagadenje. Metode. Uticaj povisenih koncentracija
PMj i ugljen-monoksida koji se nalaze u sastavu izduvnih gasova
motornih vozila na podru¢ju grada Nisa, na pojavu nezeljenih
zdravstvenih efekata kod dece predskolskog uzrasta, kvantifiko-
van je pomocu hazardnog koeficijenta (HQ), individualnog
zdravstvenog rizika (Ri) i verovatnoée pojave kancera (ICR). Za
procenu zdravstvenog rizika koris¢ena je metodologija Agencije
za zaStitu zivotne sredine SAD (US EPA). Rezultati. Merenje
koncentracija zagadujuih supstanci u ambijentalnom vazduhu na
analiziranoj teriritoriji u celokupnom periodu praéenja pokazalo
je da su koncentracije suspendovanih cestica PMjg bile znatno
iznad dozvoljenih tokom 80% dana. Maksimalna izmetrena kon-
centracija PMyo iznosila je 191,6 pg/m3, a CO 5415 mg/m?3.
Ucestalost respiratornih bolesti u eksperimentalnoj grupi, sa izra-
zenim uticajem zagadenog vazduha, iznosila je 57,17%, dok je
kod kontrolne grupe ta vrednost bila znatno niza i iznosila je
41,10%. Uocene su i znacajne razlike u zastupljenosti pojedinih
respiratornih bolesti. Zaklju€ak. Za dobru analizu uzroéne po-
vezanosti kvaliteta vazduha i zdravstvenog rizika od posebnog je
znacaja uspostavljanje i razvoj sistema za dugorocno pracenje,
kontrolu, procenu i prognozu stanja aerozagadenja. Suspendova-
ne cestice PMy 1 CO zagaduju vazduh okoline sto dovodi do po-
jave negativnih zdravstvenih efekata izlozene populacije dece
predskolskog uzrasta.

Kljuéne reci:
vazduh, zagadenje; vazduh, zagadivadi; stbija; deca,
predskolska; respiratorni trakt, bolesti.
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Introduction

Analysis of air quality in Serbia conducted by the Ser-
bian Environmental Protection Agency (SEPA) revealed that
the city of Nis belongs to a group of cities characterized by
the third category of air quality (excessive air pollution) '.
This air quality category implies that during annual monito-
ring of the presence of ambient air pollutants one or more
pollutants exceed not only the limit values, but also the tole-
rable concentration levels >. Degradation of ambient air
quality in the city of Ni§ is primarily caused by high particu-
late matter of 10 um (PM,,) concentrations, which are moni-
tored at two measuring points in the city within the state
network for automatic air quality monitoring. According to
the “Annual Report on the Environment in the Republic of
Serbia” by the Ministry of Environment, Mining, and Spatial
Planning, the mean annual ambient air PM;, concentration in
2010 was 51 pg/m’ (maximum allowed level: 50 pg/m?),
whereby limit values were exceeded during 123 days .

There is a qualitative and quantitative correlation
between the emission of pollutants produced by fuel combus-
tion and the air quality in the city of Nis.

Studies of road traffic flows in the city of Ni$ on the
primary road networks showed a particularly high vehicle
flow on main city roads. Access roads and highways are do-
minated by passenger vehicles, which comprise 80% of the
total traffic participants. According to the annual reports on
air quality in the city of Ni§ and Niska Banja Spa by the Pub-
lic Health Institute in the city of Ni§, during the latest moni-
tored years, 2008-2011, carbon monoxide (CO) concentrati-
on on busy roads exceeded the allowed limits >*.

In order to harmonize the criteria for qualitative-
quantitative assessment of urban air quality in EU countries,
the CITEAIR project was carried out from 2004 to 2007 with
the purpose of determining pollutant concentration levels
that would be represented as index values to be used in all
EU countries (common air quality index — CAQI). The
common air quality index was recommended for use in 2006,
and in 2010 it was developed into a system for online com-
parison of air quality in EU cities. The index was created for
easy comparison of air quality and health risk in European
cities in real time and it was defined within the Ambient Air
Quality Directive 2008/50/EC. The highest index value is de-
termined in relation to the highest concentration of a specific
pollutant in ambient air and it is taken as the authoritative
factor for the final assessment of air quality and health risk.
In order to harmonize domestic legislation with the Directive
2008/50/EC, Serbian official bodies adopted the Regulation
on Monitoring Conditions and Air Quality Requirements
(“Official Gazette of the Republic of Serbia, No. 11/2010,
75/2010, and 63/2013). The need to proceed with the rese-
arch that was initiated with the CITEAIR project spurred a
couple of domestic projects financed by the Serbian Ministry
of Education, Science, and Technological Development as of
2011. The first of these is the project No I11-43014, entitled
“Improving the System for Monitoring and Assessment of
Long-term Population Exposure to Environmental Pollutants
By Means of Neural Networks”, which was launched by the

Faculty of Occupational Safety in the city of Nis. The second
one is the project No I1I-42008, entitled “Assessment of
Energy Properties and Quality of Building Interiors in Serbi-
an Educational Institutions with Their Health Effects” and
carried out by the Vinca Nuclear Institute in Belgrade.

There are multiple relationships between air quality and
health, but their interaction has not yet been sufficiently es-
tablished and their nature is very difficult to quantify. Certain
pollutant concentration levels in ambient air need to be upda-
ted regularly and monitored for their health effects as far as
current scientific development will allow it °. The impact of
pollutants on the health of exposed population can be highly
complex, which is why air quality assessment is typically de-
termined based on exposure to a single pollutant with the
highest concentration °.

Since no detailed analysis of suspended particulate pre-
sence in the immediate vicinity of roads had not been conduc-
ted and bearing in mind that PM,, concentrations at the measu-
ring points belonging to the state network for automatic air
quality monitoring were above the allowed limits, the aim of
this paper was to determine a causality between suspended
particulates and CO from motor vehicle exhausts and the he-
alth of the exposed preschool children aged six or under.

In 2012, as part of the abovementioned projects by the
Ministry of Education, Science, and Technological Deve-
lopment, we conducted a research on the causality between
the level of ambient air pollution by suspended PM2.5 in and
around “Bambi” kindergarten in the city of Ni§ and the oc-
currence of respiratory diseases in the exposed preschool
children. The available Serbian literature does not cover this
type of research, which examines the causality between spa-
tial and temporal relation of measured pollutant concentrati-
ons at kindergarten locations and the occurrence of
respiratory diseases. The research we conducted showed jus-
tifiable to proceed with further research and analysis of the
cause-and-effect relationship between increased suspended
particulate concentrations and the occurrence of respiratory
diseases in preschool children. There is a valid probability
that the trend of children suffering from respiratory diseases
and the trend of ambient air pollutant concentrations are cor-
related, which would confirmn a direct causality between air
pollution and health risk. The results of this research were
published at the Fourth International WeBIOPATRE
Workshop & Conference Particulate Matter: Research and
Management 7

The relationship between air quality and the occurrence
of health issues in the exposed population is highly complex
and this interaction is still in the domain of ongoing scientific
research. Health risk has not yet been quantified with com-
plete precision and accuracy, as it cannot be fully ascertained
what levels of exposure to an air pollutant would lead to acu-
te or chronic respiratory diseases or to carcinogenic diseases.
The complexity of interaction between exposure to pollutants
and unwanted health effects depends on whether pollutants
are synergistic or additive. Adaptation to new conditions of
environmental pollution is fundamentally non-existent; rat-
her, we may speak of tolerance that is qualitatively,
quantitatively, and temporally limited. Exhausting the adap-
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tation mechanisms, crossing the tolerance threshold, and
exceeding the capacity of protective and defence mecha-
nisms causes pathophysiological reactions that manifest, to a
greater or lesser extent, through various forms of pathologi-
cal conditions or diseases of modern civilization, often refer-
red to as environmental diseases.

Methods

The United States Environmental Protection Agency
(USEPA) has developed a methodology to assess health risk
from air pollution in which all other factors affecting the de-
velopment of environmental diseases are eliminated. For the
assessment of health risk, this paper utilized the US EPA
methodology, beginning with hazard identification, risk cha-
racterization, and risk quantification * .

Since PM,;, and CO concentrations monitored in the
city of Ni$ up to 2011 exceeded the allowed limits at most
measuring points, they can be considered as ambient air pol-
lutants detrimental to the health of the exposed population. In
order to quantify substance hazard in the risk assessment sta-
ge, it is necessary to analyze the relationship between diffe-
rent doses and the occurrence of unwanted health effects —
risk characterization (Figure 1) °.

the representative individual in the observed subgroup, repre-
sented as y (kg); EDi — exposure duration for the representati-
ve individual in environment i (year); ATx — average time of
effect duration of pollutant x (days); and EFi — exposure
frequency (day/year).

Respiratory rate and distribution and resorption of the
inhaled air pollutant vary according to the features of indivi-
duals in a subgroup. The average uptake of air pollutants was
assessed through parameters for a representative individual
in a subgroup. Exposure in relation to average uptake of air-
borne pollutant x and in relation to the representative indivi-
dual with average anatomical and physiological features in
their subgroup, in environment i, was calculated with the
following physical equation °:

E,.,= 0,001-C,, IR, |[ ED.-ETi-EF |mg/kg/day(2)
i W, AT,

Ei,x,y — exposure, or the average uptake of pollutant X as a
function of time, for the representative individual y in the obser-
ved subgroup in environment i.

For air pollutant exposure, the EPA established a refe-
rence concentration (RfC), which represents the exposure

Exposure || Potential Received Internal ~ Biologically effektive dose
- dose dose ~ .~ dose
o e S| . HEALTH
Chemical agent = [ ORGAN EFFECT
METABOLISM
Inhalation/ingestion Resorption

Uptake

Fig. 1 — Exposure-dose risk characterization.

It is difficult to determine with complete certainty the
relationship between a received dose and the response it cau-
ses (response or internal dose) because there are certain ab-
sorption barriers inside the exposed individual’s body that
are inaccessible for direct determination of dose level.

According to the methodology for health risk asses-
sment provided by the US EPA ® | the quantity of the
exposing chemical agent is related with the uptake dose and
its contact with the exposed person’s body per unit body
weight per unit time (expressed as mg/kg/day), according to
the defined uptake pathway. The uptake dose can be
expressed with the equation °.

IRy Y ED, -ET. -EF.
Uptakedose=Ci‘X[ 4 ][ 1

BW, AT,

X

J[mg/ kg/ day] 1

CiLx —
(mg/m®); IRy — individual respiratory rate at rest per unit time

concentration of pollutant x in environment i

for a representative individual in the subgroup y in environ-
ment i (m3 /day); ETi — exposure time of the representative in-
dividual in environment i (days/years); BWy — body weight of

concentration threshold below which, even with continuous
inhalation, there are no detrimental health effects, including
the highly-sensitive population. RfC can be equated with the
reference dose (RfD) by multiplying the R fC with the indi-
vidual respiratory rate of the individual y (IRy) and dividing
it with the individual’s body weight (BWy). When assessing
the probability of non-carcinogenic diseases, the risk of non-
carcinogenic diseases can be assessed as the ratio of
exposure and the corresponding RfD for a given pollutant.
The increased probability of health risk in the individual y
exposed to non-carcinogenic pollutant X in a given subgroup
in environment i can be obtained by calculating the health
risk hazard quotient (HQ) '~ .

E

_ Xy
HQi,x,y -

RfD

3)

HQixy — health risk hazard quotient for non-carcinogenic
substances (dimensionless quantity).
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If the exposure level exceeds this limit, i.e. if the E/RfD
ratio exceeds 1, there is a possibility of negative non-
carcinogenic effects. The bigger the E/RfD ratio, the bigger
the possibility of detrimental effects.

According to the EPA methodology, health risk asses-
sment for exposure to substances classified as carcinogenic
involves quantifying individual health risk based on known
exposure using the equation: '* ',

R ;= Ei,xy - Toxicity 4

Individual health risk was expressed as one in a million
(10”) of the probability of occurrence of health risk for ast-
hma or lung cancer, for instance. Individual health risk Ri
can be calculated through the potential dose and the SFI (In-
halation Slope Factor) % '*:

SFI = unit risk (pg/m’)" - BW (kg) - IR (m*/day)”. (5)

For the assessment of carcinogenic effects due to long-
term exposure to pollutants, the potentially higher risk of
carcinogenic diseases can be determined as the product of
exposure and carcinogenic coefficient, established for every
carcinogenic pollutant *' The potentially higher risk of an
individual in subgroup y developing cancer due to exposure
to pollutant X is:

ICR,,, =Ei,,SF, (mg/kg/day) (6)
ICRi,x,y — probability of individual cancer risk for the in-

LX)y

dividual y exposed to pollutant x in environment i; SFx — carci-
nogenic coefficient of pollutant x.

This paper presented the results of monitoring of sus-
pended PM,, in one of the busiest intersections and the as-
sessment of consequent health risk for the exposed group of
children through calculation of individual cancer risk
probability with the equation (6).

Fig. 2 — Micro-location of the kinde

T

Since concentrations of suspended particulates near
busy roads in the city of Ni§ were not officially monitored,
for the 2012 and 2013 study we performed ambient air con-
centration measurements of particulates 2.5 um (PM; ;) and
10 um (PM,) in diameter with the help of the Air Pointer
automatic measuring station and monitored respiratory disea-
ses in 305 children at the kindergarten “Bambi”, subsidiary
of the Preschool Institution “P¢elica”. The kindergarten
“Bambi” is located in a densely populated part of the city
with prominently heavy road traffic due to the vicinity of the
intersection of Bulevar Nemanji¢a and Vojvode Misica Stre-
et (Figure 2).

Results

The results of PM, s monitoring in 2012 and the occur-
rence of respiratory diseases in the exposed children were
published in the paper “Health Effects of Ambient Particula-
te Matter on Preschool Children in the City Center of Ni§” .

Since high concentrations of PM, 5 suspended particula-
tes, which cause health risk, were registered at the kindergar-
ten “Bambi” in 2012, in 2013 we measured PM,,, as well as
CO, NO,, and SO, concentrations. Measuring was performed
from November 28 to December 27 (data from August are
missing because kindergartens are closed during August).
The results are given in diagrams (Figures 3—6) as mean 24-
hour concentrations.

The results of measured concentrations shown in Figu-
res 3—6 indicate that during the entire monitored month the
PM,, concentrations significantly exceeded the allowed con-
centrations or were near the threshold limit values. The
maximum registered concentration was 191.6153 pg/m’,
which is triple the allowed value.

Concentrations of CO were also high, occasionally
exceeding or nearing the threshold limit values (Figure 4).
NO, concentrations were below the limit values for the mo-
nitored period, with a note that on certain days they neared

the city of Nis.
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Fig. 3 — Trend of daily mean PM;, concentrations between
November 28 and December 27, 2013.
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Fig. 5 — Trend of daily mean NO, concentrations between
November 28 and December 27, 2013.

the threshold limit values (Figure 5). The SO, concentrations
were well below the limit values (Figure 6). Such trend of
pollutant concentrations can objectively be related to the
activity of mobile pollution sources. This is evident in the
graphic representation of the direction of pollutants in relati-
on to “Bambi” kindergarten (Figure 2). Emitted PM,, con-
centrations from the east of the kindergarten, where the traf-
fic roundabout is located, exceeded 100 pg/m’, whereas con-
centrations emitted from the northwest, where bus stops are

Limit

/ \)_c#( \ == Tolerant
!

Fig. 4 — Trend of daily mean CO concentrations between
November 28 and December 27, 2013.
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g
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Fig. 6 — Trend of daily mean SO, concentrations between
November 28 and December 27, 2013.

located, remained in the proximity of 100 pg/m® (Figures 2
and 7). The emission directions for other monitored pollu-
tants were similar to the direction of suspended PM,,, which
helps us draw a general conclusion that mobile pollution so-
urces are the dominant pollutant emitters in the studied area
(Figure 7).

In 2013 we also monitored the monthly incidence of the
abovementioned respiratory diseases in children attending
the kindergarten “Bambi”. The percentage of sick children

5

NO, emission direction

S0, emission direction

Fig. 7 — Emission directions of pollutants in relation to the kindergarten “Bambi”.
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was very high, exceeding 30% for the entire monitored peri-
od, with the exception of July and September. In February,
March, and April, the number of children suffering from
respiratory diseases was highest and ranged from 50% to
58% (Figure 8).

-'~.

§ @

§

xq“’év-?é)\

Fig. 8 — Percentage of respiratory diseases in the exposed
preschool children between January and November 2013.

The incidence of respiratory diseases in preschool chil-
dren at “Bambi” kindergarten in 2013 is shown in Table 1 by
monthly and annual level.

Numerous foreign epidemiological and toxicological stu-
dies have proven that suspended PM2.5 and PM,, in ambient air
contribute to the occurrence and development of carcinogenic
diseases, as they contain substances with varying levels of
toxicity, depending on their place of origin.

Table 2 shows the individual risk (Ri) calculated by the
equations (4) and (5) in relation to measured PM,, concentra-
tions at “Bambi” kindergarten (Figure 3) 7. It is necessary
to stress that, according to the US EPA methodology for indi-
vidual risk assessment, calculated with the equations (4) and
(5), risk is determined solely based on exposure to a given pol-
lutant from ambient air, disregarding other risk factors. This
allows for exclusive determination of the impact of air polluti-
on on the development of specific respiratory diseases. The
probability of individual cancer risk was also calculated by the
equation (6) (Table 2). The individual risk and the probability
of cancer were calculated for a two-hour exposure to PM10
concentrations for the mean daily concentration of 97.1 pg/m’,
under the assumption that the children were exposed to the gi-
ven concentration twice a month during a year. The assump-
tion is based on a long-standing analysis of monitoring the
concentration of particulate matter PM10 in ambient air in
the city of Ni§, at the measuring point located 600 m from
the examined kindergarten.

The calculated probability of individual cancer risk ran-
ges from 5.060-10° to 9.170-10™ which means that 5-9 per
million exposed preschool children can contract the disease
at this level of exposure.

Considering that we registered high daily CO concentra-
tions (for children) at the kindergarten “Bambi” during our
monitoring period (November and December 2013) (Figure 4),
it is necessary to determine the expected health risk for the

Table 1

Incidence of respiratory diseases in preschool children from the kindergarten “Bambi” in Ni$ in 2013, monthly
and annual levels (%)

Respiratory disease Disease (%)
name and ICD Month Annually

1 11 11T I\ \ VI VII IX X X1
Laryngitis acutaet Ton- o5 5 5578 4167 2078 3030 4889 5517 3571 3947 5714 4478
sillitis acuta — J02-J03
Bronchitis et Bronchio- ) 51 556 1550 o4 2727 1332 2069 4285 1176 2857  20.00
litis acuta — J20-J21
Infectiones tractus respi-
ratorii superioris — JOO- 0 16.67 25 27.65 27.27 22.22 20.69 7.14 23.68 2.38 18.22
JO1, JO5-JO6
Laryngitis acuta and tra- ) 5.56 8.34 3.36 303 1L11 0 1428 1578  4.76 7.47
cheitis acuta — J04
Tracheitis and other ob-
structive lung diseases — 7.41 2.78 8.34 3.36 3.03 2.22 3.45 0 0 4.76 3.88
J40-J44
Other nose and parana-
sal sinus diseases - J30- 7.41 0 0 3.36 9.09 2.22 0 0 0 2.38 2.98
J31.J33-J34
Influenza — J10-J11 0 8.33 4.17 2.12 0 0 0 0 0 0 1.49
Pneumonia — J12-J18 0 5.56 0 2.12 0 0 0 0 0 0 0.89
Chronic tonsillar
disease and vegetative 0 2.78 0 0 0 0 0 0 0 0 0.29
syndrome — J35
Sinusitis chronica — J32 0 0 0 0 0 0
Bronchial asthma — J45- 0 0 0 0 0 0 0 0
J46
Mean incidence: 50.00 66.67 41.38 79.66 58.92 72.58 36.25 28.00 69.09 72.41 57.17

ICD - International classification of diseases.
Table 2

Individual risk and probability of cancer in children exposed to PM,, particulates at the kindergarten “Bambi”

Children’s age (years) Individual risk R; (%)

Probability of individual cancer risk (ICR)

Under 1 2.124
1to3 11.59
3106 28.51

5.060-10°
7.880-10°
9.170-10°7°
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exposed children. To assess health risk from carbon
monoxide, we used the mean annual concentrations monito-
red at 16 measuring points in 2011 (the last monitored year
in the city of Nis), with the help of which we predicted the
concentrations at the kindergarten “Bambi” using a radial ba-
sis function (RBF) network and subsequently mapped air
quality. It is worth noting that no air pollutant was monitored
in kindergarten locations in the monitoring network of the
city of Nis. Accordingly, as the result of the project No III-
43014, we implemented an original methodology of mapping
air quality, which enabled us to predict CO diffusion in the
analyzed territory by using an radial basic function (RBF)
network. The map of air quality is shown in Figure 9, with
the purple, red, and orange fields representing health risk zo-
nes in which CO concentrations range from 3 to 9.7 mg/m’.
Such high CO concentrations cause unwanted health effects,
especially in highly sensitive population groups such as pres-
chool children. The effects could be heavy breathing, chest
“pressure”, and fatigue and chest pain in people with
respiratory diseases.

If we use the mean annual concentration for 2011, which is
7.769 mg/m3, to assess health risk, we can calculate the health

risk HQ for long-term exposure of preschool children at the kin-
dergarten “Bambi”. The health risk HQ calculated by the
equation (3), equals 2.96 for children aged 3 to 6, assuming they
were exposed for two hours during a day, which places the risk
in the “high” category. If we assume that preschool children
aged 3 to 6 are exposed to mean annual CO concentrations of
7.769 mg/m’ for 4 hours per day, the HQ is 5.88 and the health
risk is considered to be “very high” '*'* 1.

In order to obtain the best possible assessment of the
causality between health risk from CO exposure and the oc-
currence of respiratory diseases in preschool children, we al-
so monitored the number of children with respiratory disease
at the kindergarten “Maslacak” in 2013. We selected the
children from the kindergarten “Maslacak™ to be the control
group, as this kindergarten, similarly to “Bambi”, is located
in a central densely-populated part of the city and is surroun-
ded with high-rise residential buildings (Figure 10).

The number of analyzed children at the kindergarten
“Masladak” was 310, which was very close to the number of
analyzed children at the kindergarten “Bambi” (305).
Hygienic-sanitary and socio-economic conditions in both
kindergartens were almost identical, and the percentage of

Fig. 9 — Air quality zone map with approximate CO concentrations at kindergartens “Bambi” and “Masla¢ak” in the city
of Ni§, 2011.
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Fig. 10 — Micro-location of the kindergarten “Maslacak” in the city of Nis.
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non-smoking family members of the exposed children was
also approximately the same (Table 3).

The only significant difference between the two kinder-
gartens was their distance from busy roads. The busiest road
along the dominant wind direction in relation to the kinder-
garten “Maslacak” is 126 m away, whereas the busiest road
near “Bambi” is only 15 m away. Table 4 shows the mean
15-minute CO emission concentrations as well as concentra-
tions at distances of 15 and 100 metres from the nearest road
to the kindergartens “Bambi” and “Maslacak”. The calculati-
on of concentrations was done by means of the Screening Air
Dispersion Model (SCREEN) ',

The mass of CO emission on the road near the kinder-
garten “Bambi” was larger than the mass near “Maslacak”.
Based on the above calculations, CO concentration at the
kindergarten “Maslacak” was significantly lower compared
to “Bambi”, which is in keeping with the CO concentration
prediction for “Maslacak” by means of the RBF network
(Figure 9).

Using the RBF network at the kindergarten “Maslacak”,

we predicted the mean annual CO concentration to be 4.91
mg/m’ (Figure 9). Based on mean annual concentrations, the
health risk HQ, calculated by the equation (3), equals 1.87
for children aged 3-6, assuming they were exposed for 2 h
per day (health risk is “moderately high”). For 4-hour daily
exposure, the HQ is 3.72 (health risk is “high™) .

In 2013 we also monitored the monthly occurrence of
respiratory diseases in children attending the kindergarten
“Maslacak”, and the percentage is shown in Figure 11.

The flowchart of respiratory diseases shown in Figure
11 reveals that the number of affected children is higher du-
ring the winter months. The winter percentage of diseases
ranges from 26.80% to 40.21%. Table 5 shows the incidence
of respiratory diseases found in children at the kindergarten
“Maslacak”.

Discussion

According to the Regulation on Monitoring Conditions
and Air Quality Requirements (“Official Gazette of the Re-
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Fig. 11 — Percentage of respiratory diseases in the exposed preschool children at the kindergarten “Maslac¢ak” between
January and November 2013.

Table 3

Percentage of smokers in the families of children from the “Bambi” and “Maslac¢ak” kindergartens in the city of Ni§

Number of smoking family members

Children’s “Bambi” kindergarten “Maslacak” kindergarten
age (years) One Two Three or No One Two Three or No
more smokers more smokers
3 26.09 3.35 4.38 66.18 16.20 2.70 - 81.10
4 20 6.15 3.07 70.78 32.65 16.32 2.05 48.98
5 18.66 4 0 77.34 21.06 14.70 - 64.24
6 39.34 4.92 0 55.74 19.64 17.85 1.78 60.73
Average 26.02 4.6 3.72 65.66 22.39 12.98 1.91 62.72
percentage
Table 4
Calculated 15-minute CO emission concentrations on busy roads in the city of Ni$§
. Distance from Concentration ..
Location 3 Emission [kg]
source [m] [mg/m”]
Roundabout near 15 35.66 3.935
the kindergarten “Bambi” 100 1.72 '
Road near the kindergarten 15 22.99 2 546
“Maslagak” 100 0.691 )
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Table 5

Incidence of respiratory diseases in preschool children (control group) at the kindergarten “Maslac¢ak” in the city of Ni§
in 2013, monthly and annual level (%)

Respiratory disease Disease (%)
name and code Month Annually
1 1T 11T v VI VII IX X X1
Laryngitis acuta and
Tonsillitis acuta — 0 0 0 83.34 60.00 51.87 61.11 50.00 53.85 56.53 46.63
J02-J03
Infectiones tractus
respiratorii superioris ~ 96.67 7.14 0 11.11 2286 14.81 38.89 27.78 30.76  13.04 32.21
-J00-J01, JO5-J06
Bronchitis et Bron-
chiolitis acuta — J20- 0 57.15 0 5.55 8.57 14.81 0 11.11 1539 21.74 12.50
J21
Laryngitisacutaand =5 33 355 0 571 1481 0 0 0 869 673
tracheitis acuta — J04 ) ' ) ' ’ ’
Tracheitis and other
obstructive lung dis- 0 0 0 0 0 0 11.11 0 0 0.96
eases — J40-J44
%‘g“sms chronica - 0 0 0 0 2.86 0 0 0 0 0 0.48
Bronchial asthma —
145-146 0 0 0 0 0 0 0 0 0 0.48
Other nose and para-
nasal sinus diseases — 0 0 0 0 0 0 0 0 0 0
J30-J31.J33-J34
Influenza — J10-J11 0 0 0 0 0 0 0 0 0 0
Pneumonia — J12-J18 0 0 0 0 0 0 0 0 0 0
Chronic tonsillar
disease and vegeta- 0 0 0 0 0 0 0 0 0 0
tive syndrome — J35
Mean incidence: 57.70  26.92 0 3461 6730 51.92 34.61 3333 7428 53.49 41.10
public of Serbia, No. 11/2010, 75/2010, and 63/2013) 2 the assessment methods, indicate that the average life

PM,, concentration of 50 pg/m’ must not exceede that value
more than 35 times within a single calendar year. Suspended
particulate concentrations at the kindergarten “Bambi” du-
ring the 29 monitored days exceeded 50 pg/m’ on 23 days.
The tolerable limit value of 75 pg/m’ was exceeded on 16
days during the monitored period. Such high PM,, values
can cause serious health risk in the exposed population, to an
even greater extent. The calculated percentage of individual
risk applies only to a 2-hour exposure to high concentrations
twice a month.

Based on the results of earlier studies it is estimated that
approximately 3% of cardiopulmonary and 5% of lung can-
cer deaths are attributable to PM globally. In the European
Region, this proportion is 1-3% and 2-5%, respectively, in
various subregions *°.

Results emerging from a recent study indicate that the
burden of disease related to ambient air pollution may be
even higher. This study estimates that in 2010, ambient air
pollution, as annual PM, s, accounted for 3.1 million deaths
and around 3.1% of global disability-adjusted life years.

Exposure to PM, s reduces the life expectancy of the
population of the Region by about 8.6 months on the avera-
ge. Results from the scientific project Improving Knowledge
and Communication for Decision-Making on Air Pollution
and Health in Europe, which uses traditional health impact

expectancy in the most polluted cities could be increased by
approximately 20 months if the long-term PM, 5 concentrati-
on was reduced to the WHO (AQG) annual level *'.

Adverse health effects from other gaseous pollutants,
such as SO,, nitrogen dioxide (NO,), and carbon monoxide
(CO), should not be underappreciated. Recent epidemiologic
studies conducted throughout the world have provided valu-
able insight into the associations between SO,, NO,, and CO
exposure and in cardiopulmonary mortality,
respiratory and cardiovascular hospital admissions,
emergency admissions caused by stroke (NO,), and
myocardial infarction (NO, and CO) *.

The study “Air pollution and sudden infant death
syndrom” ** nevertheless have not been able to identify the
specific components of particulate matter and carbon
monoxide, nor elucidate the mechanism by which these pol-
lutants affect health in children and infants, which may be
different from adults.

Our study shows that mean annual CO concentrations
in ambient air for the analyzed location of the kindergarten
“Bambi” (7.769 mg/m’) are 63.20% higher than the same
concentrations at the kindergarten “Masladak” (4.91 mg/m?).
By comparing the difference of the hazard quotient and he-
alth risk in exposed children from the two kindergartens, we
concluded that the health risk for children at the kindergarten

increases
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“Bambi” is 63.18% higher for a 2-hour exposure and 63.26%
higher for a 4-hour exposure. If we compare the values of the
average respiratory disease incidence monitored in the kinder-
gartens, we can conclude that the average incidence at the kin-
dergarten “Bambi” is 57.15%, as opposed to 41.10% at the
kindergarten “Maslacak”, which is a 16.05% difference. It is
also significant that there is 3% higher percentage of non-
smoking family members of the children attending the kinder-
garten “Bambi”. According to the presented results, there is a
causality between pollutants emitted from mobile sources and
the occurrence and development of respiratory diseases in pre-
school children. A direct link between the percentage of occur-
rence and development of a specific respiratory disease and
the concentration of a specific pollutant in ambient air is still
the subject of ongoing scientific research.

The mean annual incidence of respiratory diseases in
the experimental group, with prominent effects of polluted
air, was 57.17%, whereas the value was considerably lower
in the control group — 41.10%. We also noticed significant
differences (up to four times higher incidence) in certain
respiratory diseases — for instance, Bronchitis et Bronchioli-
tis acuta, 12.50% in the control group and 20.00% in the

experimental group or Tracheitis and other obstructive lung
diseases, 0.96% in the control group and 3.88% in the
experimental group. Some respiratory diseases, such as Ot-
her nose and paranasal sinus diseases, code J30-J31 and J33-
J34, and Influenza, code J10-J11, were not even registered in
the control group. Monthly monitoring indicates considerab-
le seasonal fluctuations of respiratory disease incidence.

The probability of individual cancer risk, caused by
PM,, concentrations in the experimental area, ranges from
5.060-107 to 9.170-10° (5-9 per million exposed preschool
children).

Conclusion

Based on the presented results and the discussion, we
unequivocally conclude that there is a directly proportional
relationship between ambient air quality and respiratory di-
seases in preschool children.

Development of a network and system for monitoring
ambient air quality in urban areas can significantly contribute
to respiratory disease prevention, primarily for preschool and
school children.
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Differences in postural disturbances between female adolescents
handball players and nontraining peers

Razlike u posturalnim poremecajima izmedu rukometaSica i netreniranih

Slavica Dj.

adolescentkinja

Jandric¢

Faculty of Medicine, University of Banja Luka, Banja Luka, Republic of Srpska, Bosnia
and Herzegovina

Abstract

Background/Aim. Physical activity and sport can influ-
ence the extent of the presence of the postural disturbances
in children. The aim of this study was to investigate the oc-
currence of differences in the postural disturbances in fe-
male adolescents in relation to team handball training.
Methods. This investigation involved 150 female adoles-
cents with the average age of 13.2 + 1.34 years divided into
two groups (50 adolescents trained handball and 100 did
non train it). Results. The study determined a statistically
significant difference in the total number of postural distur-
bances between the two groups of adolescents (p < 0.001).
The presence of the flat foot was statistically significantly
higher in untrained adolescents (p < 0.001), but the pres-
ence of the scoliosis, kyphosis, lordosis, and pes varus was
not found (p > 0.05). Conclusion. Handball adolescents
players have less postural disturbances than untrained ado-
lescents. Flat foot is significantly less frequent in female
adolescents handball players than in untrained ones. Find-
ings obtained in this investigation can help us in planning
continuous prevention, observation and care for untrained
and trained team handball female adolescents with postural
disturbances.

Key words:
adolescent; athletes; female; spinal curvatures;
scoliosis; kyphosis; foot deformities.

Apstrakt

Uvod/Clilj. Fizicka aktivnost i sport mogu uticati na pojavu
posturalnih poremecaja kod dece. Cilj studije bio je da se is-
trazi postojanje razlika u posturalnim poremecajima kod
adolescentkinja koje treniraju i njihovih vrsnjakinja koje ne
treniraju rukomet. Metode. U ovo istrazivanje bilo je uklju-
¢eno 150 adolescentkinja prose¢ne starosti 13,2 * 1,34 go-
dina, podeljenih u dve grupe (50 adolescentkinja koje su
trenirale rukomet 1 100 njihovih vrs$njakinja koje nisu treni-
rale ovaj sport). Rezultati. Istrazivanjem je utvrdena statis-
ticki znacajna razlika u ukupnom broju posturalnih poreme-
¢aja izmedu dve grupe adolescentkinja (p < 0,001). Ravno
stopalo bilo je statisticki znacajno ¢esée prisutno kod adole-
scentkinja koje ne treniraju (p < 0,001), nego kod adolescen-
tkinja koje treniraju rukomet. Za skoliozu, kifozu, lordozu i
pes varus razlika nije bila statisticki znacajna (p > 0,05). Zak-
lju€ak. Adolescentkinje koje treniraju rukomet imaju manje
posturalnih poremecaja od onih koje ne treniraju. Ravno
stopalo je znacajno rede zastupljeno kod rukometasica nego
kod njihovih vr$njakinja koje ne treniraju. Rezultati ovog is-
trazivanja mogli bi pomodi u planiranju stalne prevencije,
pracenja i lec¢enja adolescentkinja sa posturalnim poremeca-
jima, bilo da one treniraju ili ne treniraju rukomet.

Kljucne reci:
adolescenti; sportisti; Zene; ki€ma, krivine; skolioza;
kifoza; stopalo, deformacije.

Introduction

Postural disturbances can become more pronounced dur-
ing the growth and development, especially in school children,
under the influence of various internal and external factors.

Common postural disorders are postural disorders of the
spine (scoliosis, kyphosis, lordosis) and postural disorders in
the lower extremities. Principles for normal posture are op-

timal load on the skeletal system, balans between antagonistic
muscle groups and optimal activity for internal body systems.
In postural disorders there is an imbalance in the loads
imposed on different areas. Where loads exceed normal
physiological limits consistently and over prolonged periods
of time, structural changes occur in the skeletal bones. The
damage of this type is usually irreversibile ">, Postural dis-
orders can develop in variety of forms, but most types can be
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classified as either functional (flexible) * or structural (rigid)
postural disorders *. Increase of the physiological thoracic
kyphosis angle may be attributed to an alteration in the sup-
porting anterior and posterior soft tissues and musculature.
Lumbar lordosis is a key postural component. There is evi-
dence that many individual factors, such as age, gender,
muscular strength, activity, sport and flexibility of the spine
and lower extremities ° may affect the lumbar lordosis angle.
It is worthy of consideration whether the degree of thoracic
kyphosis and lumbar lordosis depends on one's style of life,
for example, taking part in sports almost every day °.

Several studies " ® suggested that the pediatric flat foot
as postural disorder in the lower extremities is a frequent
presentation in clinical practice. Potential pain and disability
are the reasons to discuss prevention and treatment of this
problem. Although definition of flat foot varies under differ-
ent classifications of this entity, it is widely accepted that the
low medial arch, valgus heel position and the foot flexibility
are consistent atributes ®.

Postural status is the result of earlier growth and devel-
opment, but also of dominant physical activity or a sport and
individual practices’. Systematic physical activity is a neces-
sary element of normal development of a young human
body '°. From early childhood, people should participate in
sports and recreational activities involving movement. How-
ever, organised and systematic learning of a given form of
motor activity (physical training), particularly participation
in sport competitions, may result in development of certain
abnormalities connected with excessive physical load of a
young body.

The guidelines of the International Scientific Society on
Scoliosis Orthopaedic and Rehabilitation Treatment (SO-
SORT) recommend that sports are not prescribed as a treat-
ment for idiopathic scoliosis. It is recommended that general
sport activities are performed because of the specific benefits
they offer to patients in terms of psychological, neuromotor
and general organic well-being and that during all treatment
phases physical education at school is continued. Based on
the severity of the curve and progression of the deformity
and the opinion of a clinician specialized in conservative
treatment of spinal deformities, restrictions may be placed on
practicing certain types of sport activities. It is recommended
that sport activities are continued also during brace treatment
because of the physical (aerobic capacity) and psychological
benefits these activities provide. The SOSORT recommends
that during brace treatment, contact or highly dynamic sport
activities are performed with caution and that competitive ac-
tivities that greatly mobilize the spine are avoided in patients
with scoliosis at high risk of progression '

There are different results in the literature about the ef-
fect that various sports can have on the prevalence of pos-
tural disturbance in children. Sports associated with jumping
and marked stress for the spine must be warned against in the
Scheuermann's disease '>. A high frequency of thoracic hy-
perkyphosis in the standing position was observed, whereas
predominately neutral values were found in the lumbar
spine "*. Adolescent dancers are at significantly higher risk
of developing scoliosis than nondancers of the same age

(dancers were 12.4 times more likely to have scoliosis than
nondancers of the same age) '*.

Different types of competitive sports exert different ef-
fects on the various subsystems of posture control . Pos-
tural deformities of the locomotor apparatus among athletes
from different sports were the subject matter of many stud-
jes 21 Ppostural disorders and asymmetry of the mus-
culoskeletal system occur both in the general population and
among athletes . The studies were mostly conducted with
the aim of comparatively analyzing posture in athletes and
their non-athlete peers, or analyzing some of the postural dis-
turbance among athletes (adolescents) from different sports.

The scientific knowledge regarding female adolescent
handball team demands is limited. There are few data in the
literature about the effect of the handball training on the oc-
currence of postural disturbance in female adolescents ' "
In these investigations various samples, methods and pa-
rameters for assessment of postural disturbances were used,
as well as for assessment of postural disturbances in athletes
that trained various sport.

But, there are no investigations that analyzed the shape
of the spine in the sagittal and frontal plane, together with as-
symmetry of shoulder, scapulas, pelvic position, asymmetry
of waist (Lorenz’s triangle) and asymmetry of line of the
Achilles tendon, or assessments of feet disturbance.

That's why the aim of this study was to investigate the
occurrence of differences in the presence of postural distur-
bances, specifically in the spine and feet, in trained and un-
trained team handball female adolescents.

The findings obtained in this investigation could give us
information about potential disturbances related to training
handball and for planning continuous care for adolescents
with postural disturbances, trained and untrained female ado-
lescent team handball players. These findings could also
show a total number of postural disturbances and which pos-
tural disturbances are less frequently seen in female handball
players.

Methods

Subjects and design

In this investigation we included 150 female adoles-
cents, average age 13.2 + 1.34 years (range 12—13 years), di-
vided into two groups. The group I included 50 female ado-
lescents with the average age of 13.4 + 1.5 years that partici-
pated in team handball training in local clubs for at least 2
years. The group II included 100 female school adolescents,
average age 13.1 = 1.7 years, that did not train team handball
or any other sports, but were occupied with usual physical
activities for that age. The groups were similar on all demo-
graphic characteristics.

Exclusion criteria were female adolescents with con-
genital musculoskeletal deformities, other deseases or inju-
ries that resulted in deformities, disturbance of function of
the musculoskeletal system and subjects with shoulder pain.
All the participants underwent physical examination of the
spine and feet. Estimate of the child conditions with spinal
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and feet deformity included medical history, clinical physi-
cal, orthopaedic, pediatric, neurology examination and diag-
nostic tests.

The posture was examined visually and with special
tests. Standardized physical examination of the spine to di-
agnose scoliosis included evaluation of patient posture in a
standing position (inspection from behind, from the side,
from the front and palpation). Physical assymmetry is exam-
ined in the following areas: shoulder height, scapulas posi-
tion, chest area, pelvic and hip position, asymmetry of waist
(Lorenz’s triangle) and lateral deviation of the spinal col-
umn. Physical examination included examination of verte-
bral rotation (rib hump) with the Adam’s forward bending
test. The patients were in standing position, bending torso
forward, legs are together, knees extended and shoulder re-
laxed. Practitioner made evaluation of imbalance or protu-
berance (hump) in the upper back area or prominence in the
lumbar area.

Physical examination of the spine to diagnose kyphosis
and lordosis included evaluation of patients posture in a
standing position. We asked the patients to stand and looked
at the the spine from the side. Although normal posture is
difficult to define, we made assessment of the thoracic and
lumbar curvatures, noting whether the curve is quite regular
or apparently increased.

Physical examination of the feet was performed visually
and with special tests. We estimated medial arch, valgus heel
position and the foot flexibility. We asked patients to try to
arch the foot. In mobile flat foot the arch can often be re-
stored voluntarily. In estimate of posture we looked at the
foot from behind, paying particular attention to the slope of
the heels. Valgus heels are associated with pes planus .

Testing procedures

Modified original physical activity and postural distur-
bance test which was developed from the classification of
musculoskeletal disturbance was used. The original physical
activity and postural disturbance test contains also the part
with questions about physical activity, which we did not
study in this work.

Postural disturbance test contains information about
age, gender and 10 sections. Five sections are for assessment
of the body asymmetry and degree of disappearance when
child actively corrected: asymmetry of the scapulae, shoulder
girdle, waistline (Lorenz’s triangles), pelvic alignment in the
frontal plane-anterior superior iliac spine (ASIS) and asym-
metry of line of the Achilles tendon. Three sections are in-
tended for assessment of spine postural disturbances and
flexibility (scoliosis, kyphosis and lordosis) and 2 sections
for assessment of of feet disturbance and flexibility (flat feet
and pes varus) >’ using a rating on the scale from 0 to 2. “0”
estimate normal findings, “1” mild degree and flexible pos-
tural disturbance an “2” clear, nonflexible deformity.

In a spontaneous standing position obvious asymme-
tries were noted along the contour of the back: elevation of a
shoulder, prominence of a scapula, uneven waistline, levels
of the anterior superior iliac spines or a rib hump, asymmetry

of the line of the Achilles tendon and the degree of disap-
pearance when a child actively corrected **'. Visual (scaled)
observations ® and the test of contraction of plantar flexor
muscles were performed for physical examination of the feet
(if an arch is reconstituted on toe standing, then it is termed a
flexible flat foot) >'. A pedoscope was used to see the pattern
of weight distribution in the foot. We registred an increase in
the area of central part of sole taking part in weight-bearing.

For assessment of spine postural disturbances and flexi-
bility we performed tests for assessment of spine flexibility:
test of lying in a prone position, test of hanging position *,
the Adam’s forward bending test **''. Children were classi-
fied as having normal findings (estimated ,,0°), flexible pos-
tural disturbance or mild asymmetry (grade ,,1°) or struc-
tural, clear, nonflexible deformity or asymmetry (grade ,,2).

Informed consent was obtained from all the subjects.
All parameters that were collected, age, clinical examination
and testing procedures are the part of the regular clinical and
ethical procedures in medical practice.

Statistical analyses

To assess the occurrence of differences in postural dis-
turbances and symmetries between team handball trained and
nontrained female adolescents, ” test and Student t-test were
used. Statistical significance of differences was on the level
of p<0.05.

Results

The characteristics of the study participants are shown
in Table 1. The female handball players had 64 (27.8%) and
untrained 166 (72.2%) of the total number of disturbances in
the total sample of participants. As we can see, there was a
statistically significant diference in the total number of pos-
tural disturbances in trained vS nontrained female athletes
(p<0.001). The presence of the flat foot was statistically
significantly higher in untrained adolescents (p < 0.001). Dif-
ference between groups regarding scoliosis, kyphosis, lor-
dosis, and pes varus was not statistically significant
(p>0.05).

Table 2 presents the results obtained by Student t-test.
As we can see, there is a significantly higher asymmetry of
the prominence of the scapula in the handball female adoles-
cent players (p<0.05), but not in the shoulder girdle
(p > 0.05). Compared to the untrained peers, there is a statis-
tically significantly higher asymmetry of the pelvic align-
ment in the frontal plane (p < 0.05) and the line of the Achil-
les tendon in the control group of adolescents compared to
the handball players (p < 0.05).

Discussion

Modern life style has reduced physical activity in chil-
dren. The various sports have an influence on the muscu-
loskeletal system. There is evidence that school children who
are not activelly involved in sport activities have signifi-
cantly higher probability of poor posture than children per-
forming sports >, which is in accordance with our findings.
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Table 1
Characteristics of the study participants
(n = 150; 50 female handball players and 100 female untrained adolescents)
Scor Statistical
Parameter Group core Total analysis
0 1 2 ¥ test
Age (years), handball 13.4+£1.5
X+ SD control 13.1+1.7 132+13
o handball 34 (68) 12 (24) 4(8) 50 (100)
1 9 >0.05
Scoliosis, n (%) control  70(70) 29 (29) 1(1) 100 (100) P
: handball 40 (80) 8 (16) 2(4) 50 (100)
Kyph 9 >0.05
yphosis, n (%) control  80(80)  19(19) 1(1) 100 (100) P
. handball 40 (80) 8 (16) 2(4) 50 (100)
L 9 > 0.
ordosis, n (%) control  72(72)  25(25) 3(3) 100 (100) p=0.05
handball 24 (48) 16 (32) 10 (20) 50 (100)
Flat foot, n (% <0.001
at foot, n (%) control  16(16) 67 (67) 17 (17) 100 (100) P
handball 48 (96) 2(4) 0 (0) 50 (100)
P 0 > 0.
es varus, n (%) control 96 (96) 4(4) 0(0) 100 (100) p=0.05
Total of postural handball 46 (71.9) 18 (28.1) 64 (27.8) p<0.001
disturbances, n (%) control 144 (86.7) 22 (13.3) 166 (72.2) )
Total, n (%) 190 (82.6) 40 (17.4) 230 (100)
X + mean value; SD — standard deviation.
Table 2

Assessment of symmetry of the scapulas, shoulders, pelvis and Achilles tendon of the handball players and
untraining peers (score from 0-2, where 0 is a normal finding)

. No trained female Adolescent handball

Symetries t

adolescents players (Student's p value

Average score Average score t-test)
(+ SD) (= SD)

Scapula 0.24 (0.52) 0.56 (0.77) -1.89 <0.05
Shoulder girdle 0.22 (0.51) 0.12 (0.33) 0.39 >0.05
Waistline (Lorenz’s 0.08 (0.28) 0.08 (0.27) 0 >0.05
triangle)
Pelvic alignment in the
frontal plane-ASIS 0.06 (0.24) 0 (0) 1.77 <0.05
Line of the Achilles 0.48 (0.77) 0.12 (0.44) 2.38 <0.05
tendon

ASIS — anterior superior iliac spine; SD — standard deviation.

A total number of postural disturbances in female handball
adolescents was significantly lower than in the control group
in our research. This could be explained by involvement of
various muscle groups, as well as by higher spine mobility
during team handball training. The total sample contained a
lower percentage of lordosis and kyphosis in our investiga-
tion compared to previous study >. These differences could
be explained by differences in the samples.

Scoliosis has been found in up to 80% of athletes with
an asymmetric load on the trunk and shoulders, such as jave-
lin throwers and tennis players **. A 10-fold higher incidence
of scoliosis was found in rhythmic gymnastic trainees *. But,
research that investigated the prevalence of kyphosis, hyper-
lordosis and back asymmetry in children playing and not
playing sports reported that the incidence of back asymmetry
was higher in girls playing basketball. Tennis was found not
to be a suitable sport for either male or female prepuberal
children. In females the incidence of hyperlordosis did not
correlate with any of the sports *°.

Scoliosis was found in 32% of the female handball
players in our research (24% flexible and 8% nonflexible)
and in 30% of adolescents in the control group (29% flexible
and 1% nonflexible). Nonflexible scoliosis was found in a
higher percentage (8%) of female handball players in our re-
search than in non-training peers (1%). An overall preva-
lence of adolescent idiopathic scoliosis (AIS) is 0.47-5.2%
in the current literature >’. These results may be because of
the size of the samples, other factors or potentially related to
the overheadthrowing motion that is a highly repetitive
skilled motion performed at high velocities.

We did not find a statistically significant diference in
the number of scoliosis in female adolescent players in rela-
tion to nontraining peers that is in accordance with other re-
port, showing that systematic exercising is probably not as-
sociated with the development of AIS .

Young athletes may have a spinal deformity that might
have been incidental or potentially related to their sport *’.
Excessive mechanical loading and the frequency of training
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could lead to an increase in kyphosis in the immature ath-
lete *°. There is the lack of prospective, controlled trials ad-
dressing this issue.

To assess the shape of anteroposterior vertebral curva-
tures in adolescents who practice team sports, recently re-
ported investigation analyzed 57 females and 104 males aged
14-17 years, playing volleyball, basketball or handball, and
63 females and 99 males as a control group '°. The author
found that female athletes had lower thoracic kyphosis than
the control group (p <0.01). The percentage of functional
(flexible) kyphosis and lordosis in our research was lower in
the trained handball (16% and 16% respectively) than in fe-
male untrained adolescents (19% and 25%, respectively).
The presence of the unflexible kyphosis was higher for 3% in
handball trained. But, there was no statistically significant
difference in the presence of kyphosis and lordosis in the two
groups of adolescents. These differences could be the result
of selection of the sample and of the applied method.

Poor posture and loss of muscle tone were contributory
to lumbar lordosis in untrained adolescents. It is also reason-
able to postulate that lower physical activity in female in re-
lationship to male adolescents*' may decrease the tone of the
spinal ligaments and muscles in untrained female. There is a
report that the relationship between kyphosis and lordosis
decreased in girls but not in boys ***.

Karski et al. ** reported favorable influence of some sports
on the development of children skeleton. In the classification of
sports, team handball presents sports activity with modest statics
and high dynamics *. Several recent studies in the prevalence of
postural disturbances in children suggest problems with foot be-
ing one of the most common " *. There is no standardized
framework from which to evaluate the pediatric flat foot ”. The
prevalence of flat foot estimates are vastly variable and range
from 0.6-77.9% . We find that 73.3% of female adolescents
have flat feet. Of course, these differences could be the result of
selection of the sample, sex and age of participants, diagnostics
and cultural habits. Our results showed that asymmetry of the
line of the Achilles tendon were statistical significantly lower in
trained than in untrained female.

The results of our study show significantly lower num-
ber of flat feet and asymmetry of the line of the Achilles ten-
don in team handball players. These results could be ex-
plained by the fact that handball training requires endurance
and maintenance of the foot arch which needs involvement
of sole arch muscles. There are reports that the formation of
foot arches probably end at late school age *°.

There is a significantly higher asymmetry of the promi-
nence of scapula in the handball female adolescent players in
our research, that is in accordance with the results of a re-
cently report 7. Asymmetric scapular posture is often associ-
ated with abnormalities of the shoulder complex joint. We
did not find a difference in the shoulder girdle between fe-
male handball adolescent players and untraining peers. How-
ever, shoulder asymmetries may also be related to adapta-

tions to sports practice . It was noted in previous studies
that in handball athletes, the dominant scapula was more an-
teriorly tilted than in non-athletes groups. The authors con-
cluded that a certain degree of scapular asymmetry may be
normal in some athletes. It should not be considered auto-
matically as a pathological sign but rather an adaptation to
sports practice and extensive use of upper limb '*.

We did not find a statistically significant difference in the
presence of waistline (Lorenz’s triangle) between trained and
untrained females. This result may be explained by low per-
centage of non-flexible scoliosis in both groups of adolescents.

There is a report that states that correct pelvic alignment
in the frontal plane was more common in handball players
than in untraining young females '’. It is in accordance with
our results showing no asymmetry of the pelvic alignment in
the frontal plane in female adolescents handball players in
any case. We found a significantly higher asymmetry of the
pelvic alignment in the frontal plane in the control group of
adolescents. This result can be explained by the fact that
handball training contributes to and maintains elasticity of
hip muscles.

Conclusion

The results of this investigation show that postural dis-
turbances are less frequent in 13-year female team handball
players than in untrained adolescents of the same age. Flat
foot is significantly less frequent in female adolescents
handball players than in untrained ones.

We did not find a statistically significant difference in
the presence of scoliosis, kyphosis, lordosis and pes varus
between young female handball players and untraining peers.

The obtained results show that asymmetry of the line of
the Achilles tendon and asymmetry of pelvic alignment in
the frontal plane-anterior superior iliac spine were statisti-
cally significantly lower in female handball trained than in
untrained adolescents, but asymmetry of the waistline and
the shoulder girdle were not. There is a significantly higher
asymmetry of the prominence of the scapula in the handball
female adolescent players than in the untrained adolescents.

The findings obtained in this investigation can help in
planning continuous prevention, observation and care for
trained and untrained team handball female adolescents with
postural disturbances.

Understanding of what we know (and do not know)
about team handball trained differences in female adoles-
cents is important for improving quality of care for muscu-
loskeletal development of children. The findings of this
study could be useful in practice and further investigation.
These may be the strengths of this study. The primary limita-
tion of this study was that we could not include emotional
and mental health domains and pretraining physical shape.
Further studies are required to confirm these results in other
sets of adolescents.
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Cerebralna paraliza kod prevremeno rodene dece
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Abstract

Background/Aim. Cetebral palsy (CP) is one of the leading
causes of neurological impairment in childhood. Preterm birth
is a significant risk factor in the occurrence of CP. Clinical out-
comes may include impairment of gross motor function and
intellectual abilities, visual impairment and epilepsy. The aim of
this study was to examine the relationships among gestational
age, type of CP, functional ability and associated conditions.
Methods. The sample size was 206 children with CP. The data
were obtained from medical records and included gestational
age at birth, clinical characteristics of CP and associated condi-
tions. Clinical CP type was determined according to Surveillance
of Cerebral Palsy in Eurgpe (SCPE) and topographically. Gross
motor function abilities were evaluated according to the Gross
Motor Function Classification System (GMFCS). Results.
More than half of the children with CP were born prematurely
(54.4%). Statistically significant difference was noted with re-
spect to the distribution of various clinical types of CP in rela-
tion to gestational age (p < 0.001). In the group with spastic bi-
lateral CP type, there is a greater proportion of children born
preterm. Statistically significant difference was noted in the
functional classification based on GMFCS in terms of gesta-
tional age (p = 0.049), children born at earlier gestational age
are classified at a higher GMFCS level of functional limitation.
The greatest percentage of children (70.0%) affected by two or
more associated conditions was found in the group that had
extremely preterm birth, and that number declined with in-
creasing maturity at birth. Epilepsy was more prevalent in chil-
dren born at greater gestational age, and this difference in dis-
tribution was statistically significant (p = 0.032). Conclusion.
The application of antenatal and postnatal protection of pre-
term children should be a significant component of the CP
prevention strategy.

Key words:
Cerebral palsy; risk factors; infant, premature.

Apstrakt

Uvod/Cilj. Cerebralna paraliza (CP) jedan je od najéeséih
uzroka nastanka neuroloskih ostedenja u de¢jem uzrastu.
Prevremen porodaj je znacajan faktor rizika od pojave CP.
Klinicke posledice mogu biti oste¢enje grube motoricke
funkcije, intelektualnih sposobnosti, poremecaj vida i epilep-
sija. Cilj rada bio je da se istrazi odnos izmedu gestacijske sta-
rosti, oblika CP, funkcionalnih sposobnosti i pridruzenih
oboljenja. Metode. Uzorak se sastojao od ukupno 206 dece.
Iz medicinske dokumentacije dobijeni su podaci o gestacijskoj
starosti, klinickim karakteristikama CP i pridruzenim obolje-
njima. Klinicki tip CP odredivan je prema preporuci Swurveil-
lance of Cerebral Palsy in Europe (SCPE) 1 topografski. Grube
motoricke funkcije procenjivane su na osnovu istoimenog
klasifikacionog sistema Gross Motor Function Classification System
(GMFCS). Rezultati. Vise od polovine dece sa CP prevre-
meno su rodena (54,4%). Registrovana je statisticki znacajna
razlika u distribuciji klinickih tipova CP u odnosu na gestacij-
sku starost (p < 0,001); kod dece sa spasticnim bilateralnim
tipom CP vise su zastupljena prevemeno rodena deca. Utvr-
dena je statisticki znacajna razlika u funkcionalnoj klasifikaciji
na osnovu GMFCS u odnosu na gestacijsku starost (p
= 0,049); deca koja su manje gestacijske starosti imaju visi
stepen prema GMFCS-u. Najvedi procenat dece (70,0%) koja
imaju dva ili viSe pridruzenih oboljenja utvrden je kod izrazi-
to prevremeno rodene dece i ovaj broj opada $to je termin
blizi normalnom terminu porodaja. Epilepsija je bila cesca
kod dece sa ve¢om gestacijskom starosti i ova razlika u distri-
buciji bila je statisticki znacajna (p = 0,032). Zakljuéak. Pri-
mena antenatalne i postnatalne zaStite preterminski rodene
dece trebalo bi da bude znacajna komponenta strategije pre-
vencije CP.

Kljuéne reci:
paraliza, cerebralna; faktori rizika; nedonosce.
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Introduction

Cerebral palsy (CP) is one of the leading causes of neu-
rological impairment in childhood " 2. Worldwide studies of
the prevalence of this disorder indicate that it is much higher
in developing countries and its incidence varies from 1.5 to 3
per 1,000 live births *°. In some regions, CP prevalence has
historically remained stable 3. However, in most studies,
changes were noted in the CP prevalence rates in indifferent
risk groups, such as low birthweight infants (with body mass
below 1,000 or 1,500 g), or those born prematurely (before
32 weeks of gestation) *. Improved healthcare system can re-
duce CP prevalence by minimizing the effects of prenatal,
perinatal and postnatal damage. On the other hand, by incre-
asing survival rates of preterm infants, CP prevalence is
likely to increase °.

Preterm birth is a significant risk factor in the occurren-
ce of CP 7. In preterm infants, secondary postnatal compli-
cations can develop, as a result of immaturity, or preexisting
brain damage that occurred during prenatal or perinatal peri-
od °. Specific perinatal risk factors for CP in preterm infants
are maternal-fetal infection, neonatal sepsis, and other serio-
us conditions that can develop during the neonatal period.
Brain damage resulting from periventricular hemorrhage, pe-
riventricular cystic leucomalacia and posthemorrhagic
hydrocephalus in particular, are reliable predictors of future
neurodevelopmental issues, and thus CP *. According to
O'Callaghan et al. ’, preterm birth, intrauterine fetal growth
restriction, perinatal infection, and multiple births are the le-
ading risk factors for developing CP.

Prematurely born infants (preterm neonates) are babies
born at gestational age below 37 weeks and can be classified
into three groups, namely those born at 32—36, 28-31, and
before 28 weeks of gestation °. Survival and neurological de-
velopment of preterm children born after 32 weeks of gesta-
tion is similar to that of those carried to full term. However,
the period from 20 to 32 weeks post-conception is characte-
rized by rapid brain growth and development. Illness, under-
nourishment and infection during this period may compromi-
se fetal neurodevelopmental progress, resulting in clinical
outcomes that may include CP, visual and hearing impair-
ment, learning difficulties, as well as behavioral,
psychological and social deficits ®.

As preterm infants are at a greater risk of developing
CP, the aim of this study was to examine the relationships
among gestational age, type of CP, functional ability and as-
sociated conditions.

Methods

This qualitative study, clinical-epidemiological, classi-
cal type was conducted at the Clinic for Child Habilitation
and Rehabilitation, the Institute for Child and Youth He-
althcare of Vojvodina in Novi Sad. The study was approved
by the Ethics Committee of the Institute and the Faculty of
Medicine, University of Novi Sad. The analysis included all
patients in whom the CP diagnosis had been established in
19902009 period, resulting in a sample of 206 children. A

part of this comprehensive study was presented in this paper.
Initially, medical history of all patients was reviewed in or-
der to ascertain their gestational age at birth, as well as their
CP clinical characteristics and associated conditions. Clinical
CP type was determined according to Surveillance of Cereb-
ral Palsy in Europe (SCPE) and topographically '°. Based on
the clinical presentation, gross motor function classification
was performed, according to the five-level Gross Motor Fun-
ction Classification System (GMFCS), whereby Level I indi-
cates the highest functional ability, and Level V most
severely limited motor function. For each of the five levels,
the description of gross motor function is given for four age
groups: before the 2nd birthday, between the 2nd and the 4th
birthday, between the 4th and the 6th birthday, and between
the 6th and the 12th birthday ''. Data on associated conditi-
ons (mental deficit, epilepsy, visual impairment) was sourced
from the reports provided by the child’s neurologist, neuro-
pediatrician, psychologist, speech therapist and ophthalmo-
logist.

The collected data was input into a database specifically
designed for the purpose of this study. The subsequent data
analysis consisted of descriptive and inferential statistics. At-
tributive characteristics were presented through frequencies
and percentages. Comparison of the observed and expected
attributive characteristics frequencies was performed via
test, whereas analysis of the correlation between two charac-
teristics was conducted by applying Spearman correlation
coefficient. All statistical analyses were performed using
SPSS Statistics 17.0 computer software.

Results

Of the 145 children diagnosed with CP for whom gesta-
tional age at birth was documented, more than half were born
prematurely (54.4%). More specifically, 30.3% were born at
32-36 weeks of gestation, 17.2% between 28 and 31, and in
6.9% cases gestational period was shorter than 28 weeks.
The distribution difference was found to be statistically sig-
nificant (x> = 48.572, p < 0.001) (Table 1).

Table 1
Distribution of children with cerebral palsy (CP) by
gestational age
Total numbers of

Gestational age Patients with com-

(weeks) patients, n (%) plete data (%)
<28 10 (4.9) 6.9
28-31 25 (12.1) 17.3
32-36 44 (21.4) 30.3

> 36 66 (32.0) 45.5
Total 145 (70.4) 100.0

No data 61 (29.6)

Total 206 (100.0)

Of the 109 children classified as having spastic bilateral
type of CP (of the 116 in the sample), more than half (n = 64;
58.7%) had diplegia, and the remaining 45 (41.3%)
quadriplegia. While nearly 1/3 of the studied children had
diplegia, spastic unilateral CP was somewhat less prevalent
(affecting 29.5% of the children). In addition, while
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quadriplegia affected nearly quarter of the sample (23.3%),
8.8% children were diagnosed with dyskinetic CP type, and
5.2% had ataxic CP (Table 2).

In children diagnosed with CP, a statistically significant
difference was noted with respect to the distribution of vari-
ous clinical types of CP in relation to gestational age (}* =
33.448, p < 0.001). More than 2/3 of the children diagnosed
with spastic unilateral, dyskinetic and ataxic type of CP were
born at full term (71.8%, 69.2% and 66.7%, respectively). In
contrast, in the group with spastic bilateral CP type, there
was a greater proportion of children born preterm, which
constituted the majority of the group diagnosed with diplegia
(85.4%), whereas among those affected by quadriplegia, mo-
re than half (51.6%) were prematurely born children. The da-
ta is presented in Table 3.

A statistically significant difference was noted in the
functional classification based on GMFCS in terms of gesta-
tional age (x> = 15.541, p = 0.049). As can be seen in Table
4, in full-term children, Level I is most prevalent, accounting
for more than a third of the sample (36.9%), while fewer
prematurely born children are classified as having this level
of functionality (14.3% of children born before 32 weeks of
gestation, and 17.1% of those born at 32—36 weeks of gesta-

tion). The analysis of relationships between gestational age
and GMFCS classification presented in Table 4 revealed ne-
gative correlation (nonparametric Spearman), which was not
statistically significant (p =0.751). This finding implies that
children born at earlier gestational age are classified at a hig-
her GMFCS level of functional limitation.

The majority of children delivered after 28 weeks of ge-
station have moderate or borderline mental deficit, which af-
fects 41.2% of those born at 28-31 gestational age, 48.6% of
those born at 32-36 weeks of gestation, and 40.0% full-term
children. In the group born before 28 weeks of gestation,
75% of children have mental deficit, with equal proportion of
those affected by the severe and moderate/borderline form
(37.5%). In line with the mental deficit, the distribution of
the visual impairment severity in relation to gestational age
is also evident. Severe visual impairment is most prevalent
among children born before 28 weeks of gestation (20.0%),
while the mild/moderate form is more frequent among those
born at 28-31 gestational age (28.0%), those born at 32-36
gestational age (22.7%), and full-term children (19.7%).
Epilepsy is more prevalent in children born at greater gesta-
tional age, and this difference in distribution (Table 5) is
statistically significant (x> =8.795, p = 0.032).

Table 2

Distribution of cerebral palsy (CP) types

Total number of patients

Patients with complete data

Clynical type of CP n (%) (%)
Spastic unilateral 57 (27.7) 29.5
SB* diplegia 64 (31.1) 33.2
SB* quadriplegia 45 (21.8) 233
Dyskinetic 17 (8.3) 8.8
Ataxic 10 (4.9) 52
Total 193 (93.7) 100.0
No data 13 (6.3)

Total 206 (100.0)

*SB — spastic bilateral.

Table 3
Distribution of cerebral palsy (CP) types by gestational age

. Preterm birth Term birth Total
Clinical type of CP n (%) n (%) n (%)
Spastic unilateral 11(28.2) 28 (71.8) 39 (100.0)
SB diplegia 41 (85.4) 7 (14.6) 48 (100.0)
SB quadriplegia 16 (51.6) 15 (48.4) 31 (100.0)
Dyskinetic 4 (30.8) 9(69.2) 13 (100.0)
Ataxic 2 (33.3) 4 (66.7) 6 (100.0)
Total 74 (54.0) 63 (46.0) 137 (100.0)

SP — spastic bilateral; n — number of children.
Table 4

Distribution of Gross Motor Function Classification System (GMFCS) levels by gestational age

Gestational age

GMECS, n (%)

(weeks) 1 2 3 4 5 Total

<32 5(14.3) 11 (31.4) 9(25.7) 6(17.1) 4(11.4)  35(100.0)
32-36 7(17.1) 12 (29.3) 8 (19.5) 8 (19.5) 6(14.6) 41 (100.0)
> 36 24 (36.9) 8 (12.3) 7 (10.8) 14 (21.5) 12 (18.5) 65 (100.0)
Total 36 (25.5) 31 (22.0) 24 (17.0)  28(19.9) 22)15.6) 141 (100.0)

n — number of children.
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Table 5
Distribution of associated impairments/conditions by gestational age
. Intellectual impairment Visual impairment .

Gestational age (weeks) Severe Moderate/mild Severe Moderate/mild Epilepsy

<28 37.5 37.5 20.0 10.0 10.0

28-31 11.8 41.2 0.0 28.0 12.0

32-36 257 48.6 9.1 227 273

> 36 18.0 40.0 0.0 19.7 39.4

Total 20.9 42.7 4.1 21.4 29.0

The results are given as percentage of children.

The greatest percentage of children (70.0%) affected by
two or more concomitant conditions is found in the group
that had extremely preterm birth (< 28 gestational weeks),
and this number declines with increasing maturity at birth.
Similarly, the number of children without any concomitant
conditions increases with gestational age (from 10% for
extremely preterm children to 25.8% for those born at full
term). However, the differences in the total number of con-
comitant conditions in relation to gestational age were not
statistically significant (p = 0.200). The data is shown in
Table 6.

affected by the harmful noxa prenatally, which partly
explains the relatively high CP prevalence in the extremely
premature neonates .

Diplegia is the dominant CP subtype, and in more than
50% of cases, it occurs in preterm infants > . In the present
study, 33.2% of children included in the sample had diplegia,
of whom 55.4% were born preterm, and 80% had low
birthweight. Variations in the percentage participation of the
diplegic CP form reported in the extant literature (35—39.8%)
can potentially be explained by the variable prevalence of pre-
term neonates in the total population of children with CP > .

Table 6

Number of associated impairments by gestational age
Gestational age Associated impairments, n (%)
(weeks) 0 1 2 or more Total
<28 1 (10.0) 2 (20.0) 7 (70.0) 10 (100.0)
2831 3(12.0) 11 (44.0) 11 (44.0) 25 (100.0)
32-36 5(11.4) 12 (27.3) 27 (61.4) 44 (100.0)
>36 17 (25.8) 16 (24.2) 33 (50.0) 66 (100.0)
Total 26 (17.9) 41 (28.3) 78 (53.8) 145 (100.0)

n — number of children.

Discussion

Preterm birth is recognized as the key risk factor for
developing CP ™ '> " in particular if it occurs prior to 32
weeks of gestation . A meta analysis of 26 studies revealed
the CP prevalence of 14.6% for children born at 22—27 ges-
tational age, 6.2% for those born at 28—-31, 0.7% for those
born at 32-36 weeks of gestation, and 0.1% for full-term
children "*. Our results indicate that about half of the children
affected by CP were born preterm, of whom 17% were deli-
vered at 28-32 weeks of gestation and 7% before 28 weeks
of gestation. Preterm children with CP have periventricular
white matter damage. The damage to posterior thalamic re-
gion is most prominent, which correlates with reduced
sensory-motor ability at the contralateral side. In rare cases,
descendent corticospinal tract is also affected '°. The presen-
ce of prenatal infection contributes to the increased risk of
CP in prematurely born children. One of the mechanisms re-
sponsible for its development is neurotoxicity of cytokines
that initiate chain reaction, resulting in apoptosis of various
brain cells, predominantly oligodendrocytes, which are res-
ponsible for myelination '°. Advancements in neonatal inten-
sive care have contributed to the reduction in prenatal and
neonatal death rates over time; however, most children are

Our study findings indicate that quadriplegia is present in
23.3% children, while other authors reported somewhat
lower values, ranging from 15% to 20% '*. This disparity
may be due to the different treatment provided to neonates in
the intensive care unit, therapies offered, as well as differen-
ces in prenatal care. According to our findings, quadriplegia
is equally prevalent among full-term and preterm children in
our sample. One group of authors reported that the dyskinetic
form was present in 11-13% of children with CP > ", In our
sample, this percentage is somewhat lower (8.3%), most
likely due to the recently adopted practice of making the dia-
gnosis based on the dominant symptom. In that case, chil-
dren with the dyskinetic form of CP that also present with
spasticity are classified as having spastic bilateral CP type .
In the study conducted by Serdaroglu et al. °, dyskinetic form
of CP was found in 6.4% children. Our results indicate that
the dyskinetic form primarily occurred in full-term children
born with normal body mass. Ataxic CP form is least preva-
lent and occurs in 4.7-5.9% cases, which is in accordance
with our findings (4.9%) >'"'*.

Our findings revealed a statistically significant diffe-
rence in the functional ability distribution, as determined ac-
cording to GMFCS, in relation to gestational age. Level 1
was most prevalent among the full-term children, while
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prematurely born children were assigned higher GMFCS le-
vels. According to numerous studies, children with hemiple-
gia, most of whom were born at full term, predominantly
exhibit Level I functional ability ** . In our study, slightly
more than 50% of children were born preterm. According to
several authors, the most severe form of CP is linked to the
higher GMFCS levels, predominantly Level V 7.

Our findings indicate that children born before 28
weeks of gestation presented with the greatest number of
concomitant conditions, which is in line with the results re-
ported in the literature ' ** . Marlow et al. >’ reported that
cognitive and neurological impairments were most prevalent
among children born before 26 weeks of gestation. In the
study conducted by Laptook et al. %, nearly 30% of children
born on the average at 26 weeks of gestation, with normal
brain ultrasound findings, were subsequently diagnosed with
CP or had learning difficulties. Mongan et al. ** reported that,
in their study, 56% of the children with CP had intellectual
impairment, which was severe in 35% of those cases. The
authors also concluded that the probability of children of
normal birthweight developing intellectual impairment was
twice as high as that found for those with low birthweight.
Our findings indicate that severe mental deficit was most
prevalent in children born before 28 weeks of gestation.
When discussing the developmental prognosis with the pa-
rents, it is necessary to consider the associated cognitive
impairment, as severe intellectual disability can
significantly reduce the likelihood of the child learning to
walk *. Among children with CP, nonverbal learning defi-
cits, accompanied by limited visual-spatial ability, are
common *’. According to the literature reports, 22—41%

children with CP have epilepsy, the prevalence of which
varies across subtypes >* *” ', Our findings indicate that
epilepsy mostly occurred in children born at or close to full
term. On the other hand, greater number of prematurely
born children suffered from retinopathy, cortical visual im-
pairment and strabismus, compared to the children with CP
born at full term **. In our study, severe visual impairment
was most prevalent among children born before 28 weeks
of gestation (20%). In prematurely born children, while
compromised sight is mostly due to the retinopathy of
prematurity (ROP), it can also result from cortical damage.
ROP typically occurs in children born before 32 weeks of
gestation and its incidence and severity are inversely pro-
portional to gestational age ®.

Conclusion

Among the prematurely born children included in this
study, bilateral spastic CP type and higher GMFCS level of
functional limitation were most prevalent. Children born be-
fore 28 weeks of gestation had the greatest number of associ-
ated conditions, as well as greatest prevalence of more severe
cognitive and visual impairment. Providing antenatal and po-
stnatal care to preterm infants should certainly be an impor-
tant component of the CP prevention strategy.
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The Fisher Grade in predicting a degree of cerebral vasospasm in
patients after intracranial aneurysm rupture

FiSerova klasifikacija u predvidanju nastanka cerebralnog vazospazma kod
bolesnika nakon rupture intrakranijalne aneurizme

Djula Djilvesi, Tomislav Cigié¢, Vladimir Papi¢, Igor Horvat, Mladen Karan,
Petar Vulekovié¢

Clinic of Neurosurgery, Clinical Center of Vojvodina, Novi Sad, Serbia

Abstract

Background/Aim. Intracranial aneutysms are pathological
enlargement of the wall of cerebral arteries. Intracranial an-
eurysms rupture is a dramatic event with a significant mor-
bidity and mortality. The Fisher Grade is widely accepted in
assessment of the extensiveness of aneurysmal subarach-
noid hemorrhage (aSAH) and the presence of other intrac-
ranial hemorrhage on the computed tomogtraphy (CT) scan.
Significant eatly complication of a aSAH may be a cerebral
vasospasm. The aim of this study was to determine the rela-
tionship between the extensiveness of aSAH, assessed by
the Fisher Grade on admission, with the intensity of cere-
bral vasospasm in patients with ruptured intracranial aneu-
rysm. Methods. This prospective clinical study included 50
patients with aSAH hospitalized at the Clinic of Neurosur-
gery, Clinical Center of Vojvodina, Novi Sad, Serbia. All the
patients underwent 256-layer cranial CT and CT angiogra-
phy on admission and on the day 9. Based on native CT
scans, they were classified according to the Fisher Grade.
On CT angiography images, intensity of cerebral vasospasm
was determined. Results. On the basis of admission CT
images, 24% of patients were classified into the Fisher
Grade group 2, while 34% and 42% were in the groups 3
and 4, respectively. A positive correlation of the Fischer
Grade on admission with the intensity of cerebral vaso-
spasm was established, but with no statistical significance (p
= 0.273, p = 0.160). Conclusion. This study showed that
the Fisher Grade is not significant in predicting the intensity
of cerebral vasospasm in patients hospitalized with intracra-
nial aneurysm rupture.

Key words:

intracranial aneurysm; subarachnoid hemorrhage;
cerebral arteries; vasospasm, intracranial; disease
progression; severity of illness index; tomography, x-
ray computed; angiography; predictive value of tests.

Apstrakt

Uvod/Clilj. Intrakranijalne aneutizme su patoloska prosirenja
zida mozdanih arterijskih krvnih sudova. Ruptura intrakrani-
jalnih aneurizmi je dramatican dogadaj sa znacajnim morbidi-
tetom i mortalitetom. Za procenu opseznosti subarahnoidalne
hemoragije aneurizmatske etiologije (aneurizmatska suba-
rahnoidalna hemoragija aSAH) i prisustva drugih intra-
kranijalnih hemoragija na nalazu kompjuterizovane tomogra-
fije (CT) siroko je prihvacena Fiserova klasifikacija. Znacajna
rana komplikacija aSAH je cerebralni vazospazam. Cilj rada bio
je da se utvrdi korelacija obima aSAH vrednovanog FiSerovim
stepenom na prijemu sa intenzitetom cerebralnog vazospazma
kod bolesnika sa rupturiranom intrakranijalnom aneurizmom.
Metode. Ovo prospektivno klinicko istrazivanje, obuhvatilo je
50 bolesnika sa aSAH lecenih na Klinici za neurohirurgiju
Klinickog centra Vojvodine. Kod svih bolesnika je na prijemu i
najcesée 9. dana od prijema, uraden CT i CT angiografski
pregled glave na 256-slojnom CT aparatu. Na osnovu nativnih
CT pregleda izvrsena je klasifikacija po Fiserovoj skali. Na CT
angiografskim pregledima odredivan je intenzitet cerebralnog
vazospazma. Rezultati. Na osnovu CT nalaza na prijemu,
24% bolesnika klasifikovano je u grupu 2 po Fiserovoj skali,
34% bolesnika u grupu 3, 1 42% bolesnika u grupu 4. Utvrdena
je pozitivna korelacija Fiserove skale na prijemu sa intenzitetom
vazospazma, ali ta korelacija nije bila statisticki znacajna (o =
0,273, p = 0,160). Zakljuak. Ova studija je pokazala da
Fiserova Kklasifikacija na prijemu bolesnika nakon rupture
intrakranijalne aneurizme nije statisticki znacajna za predvidanje
intenziteta cetebralnog vazospazma.

Kljucne reci:

aneurizma, intrakranijalna; krvarenje, subarahnoidno;
aa. cerebri; vazospazam, intrakranijalni; bolest,
progresija; bolest, indeks teZine; tomografija,
kompijuterizovana, rendgenska; angiografija; testovi,
prognosticka vrednost.
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Introduction

Intracranial aneurysms (IA) are pathological enlarge-
ments of the wall of intracranial arteries. IA rupture and con-
sequent bleeding in the subarachnoid, intraventricular or sub-
dural space is a dramatic event with significant morbidity and
mortality. Most studies show that the incidence of aneurysmal
subarachnoid hemorrhage (aSAH) is 10-11 cases per 100,000
population per year, except in China where it is 2 and in Japan
and Finland 16.8 to 18.33 . Sudden intense headache that does
not respond to painkillers occurs in about 80% of patients with
aSAH. Symptoms that also indicate aSAH are nausea, vomit-
ing, disturbance of consciousness, meningism, and focal neu-
rological deficit?.

The diagnosis of ruptured IA is made by anamnesis, physi-
cal, neurological and radiographic examination. Cranial com-
puted tomography (CT) is the best diagnostic tool for the detec-
tion of intracranial hemorrhage, hydrocephalus and cerebral in-
farction. The Fisher Grade is widely accepted in the classifica-
tion of the extensiveness of the aSAH and the presence of other
intracranial hemorrhage on CT images®: Ficher Grade 1 — no
SAH visualized; Ficher Grade 2 — thin layer of SAH, less than 1
mm thick; Ficher Grade 3 — focal or diffuse layer of SAH,
greater than 3 mm in thickness; Ficher Grade 4 — intracerebral or
intraventricular clots with or without SAH.

Complications after aneurysm rupture may be early and
late. Early complications include aneurysm re-ruptures, hy-
drocephalus and cerebral vasospasm (CV), while the late
ones include general medical complications, late hydro-
cephalus and epilepsy.

CV is a pathologic, reversible narrowing of the cerebral
arteries, which develops a few days after SAH. Symptomatic
vasospasm presents narrowing of the arteries of the brain,
which results in cerebral ischemia with associated clinical
symptoms and signs.

Based on the intensity, CV is classified into mild (0—
33%), moderate (34-66%) and severe (67—100%) *.

CV involves intracerebral part of cerebral arteries. The
distribution and degree of vasospasm correlates with the lo-
cation and size of aSAH. Delayed onset and relative ability
to predict CV offers a chance to act in a therapeutic window
that is still narrow. Determining the precise mechanism of
vasospasm remains an objective to enable a complete phar-
macological preventive treatment .

The incidence of vasospasm after SAH is about 60%,
with data from the literature ranging from 20% to 97% as a
result of unequal criteria for determination of vasospasm °.

There is a proven correlation between the quantity and loca-
tion of subarachnoid blood with the risk of occurrence and distri-
bution of angiographic vasospasm. If the initial CT scans show a
significant amount of SAH (Fisher Grade III), a significant vaso-
spasm develops in 60% of patients. Latest multivariate studies
have shown that only the presence of blood in the subarachnoid
space is a significant factor for the occurrence of vasospasm .

The aim of this study was to determine the relationship
between the extensiveness of aSAH, determined by the
Fisher Grade on admission, with the intensity of CV in pa-
tients with ruptured IA.

Methods

This prospective clinical study included a total of 50 pa-
tients hospitalized at the, Clinic of Neurosurgery, Clinical
Center of Vojvodina Novi Sad, Serbia, due to aSAH. On ad-
mission, all patients underwent cranial CT and CT
angiography (CTA) with 256-layer “dual energy” CT (Sie-
mens) by the special protocol. All images were processed and
reviewed on a workstation “Syngo.via” Siemens.

Initially, a native cranial CT scan was made. Scans
were performed from the level of the foramen magnum to the
top of the vertex with axial sections at 5 mm and subsequent
reconstruction on Imm. Acquisition parameters were 120
kVA, EffmAs to 320 mA, collimation 0.6 and a matrix of at
least 512 x 512 pixels. Native CT examinations were ana-
lyzed with triplanar reconstruction in a standard window for
brain parenchyma 80 WW and 40 WL. Based on CT images
the radiologist determined the extensiveness of SAH and the
presence of other intracranial hemorrhages and classified pa-
tients according to the Fisher Grade.

CTA of cerebral vessels were performed on admission
and on the day 9 or 10 of hospitalization. Two patients un-
derwent CTA on the day 5 and 8, respectively, due to wors-
ening of neurological condition. CTA was performed by
scanning in the same given range as native CT, using non-
ionic, isoosmolar, iodine contrast (Iohexol, Omnipaque 350,
GE Healthcare). The contrast was injected mechanically by
"two-headed" Optivanatage DH injector, 1-1.5 mL per kg of
body weight. Axial cross-section at the level of the Circle of
Willis was recorded after 10 s delay from the beginning of
the application and then successively, every two seconds, un-
til the appearance of contrast in the internal carotid artery
and Circle of Willis, when the scanning was initiated.

CTA images were analyzed with triplanar reconstruc-
tion in “angio window”, 700 WW and 80 WL, maximum
intensity projection (MIP) reconstruction of axial, coronal
and sagittal sections, “Volume rendering” reconstructions, as
well as with software application “syngo CT vascular analy-
sis” to determine the diameter of a blood vessel. Before
measuring a blood vessel, every single analyzed artery was
labeled automatically and set aside in a separate window on
the screen, where possible, with additional tools to improve
image and determine accurately the appropriate position for
the measurement. Then, the automatic determination of the
boundaries of the vessel was checked and, if necessary, cor-
rections were made (minimum and maximum Housfield
units — HU values).

On CTA scans on admission and control CTA scans,
seven segments of the proximal blood vessels of the brain in
their distal parts were measured: suprasellar parts of internal
carotid artery; M1 segments of the middle cerebral artery, Al
segments of the anterior cerebral artery; A2 segments of the
anterior cerebral artery; P1 segment of the posterior cerebral
artery; vertebral arteries and basilar arteries. If there were evi-
dent signs of vasospasm in the distal circulation (M2 and M3),
these data were noted and taken into statistical analysis.

The presence of CV was determined on the measured
values of arterial narrowing of blood vessels. The presence
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of CV was classified into: present (degree of narrowing of
blood vessels 5-100%, taking into account the possibility of
error in the measurement), and absent (0-5%). Narrowing of
the arteries on CTA images were classified into: mild (5—
33%), moderate (34—66%) and severe (67—-100%).

Results

On the basis of CT findings at admission, 24% of the
patients were classified as the Fisher Grade 2, 34% of the pa-
tients as the Fisher Grade 3 and 42% of the patients as the
Fisher Grade 4. On control CTA scans, mild degree of CV
was detected in 36% of the patients, moderate in 46 % and
severe in 9% of the patients.

In the Fisher Grade 2 group, a significant (severe) vaso-
spasm was observed in 7.5% of the patients. In the Fisher Grade
3 group, 29.4% of the patients had a significant vasospasm. This
shows a clear correlation, indicating that there are notably more
patients with significant vasospasm in the Fisher Grade 3 group,
than in the Fisher Grade 2 group (Table 1).

Table 1
Comparison of the Fishers Grade at admission with the
intensity of cerebral vasospasm (CV)
Fisher Grade Intensity of CV (% of patients)

Mild Moderate Severe
2 30 62.5 7.5
3 17.6 52.9 294
4 52.4 33.3 14.3

A positive correlation with no statistical significance of
the Fisher Grade at admission with the intensity of vaso-
spasm in the whole study group of 50 patients is shown in
Figure 1 (p =0.273, p = 0.160).

34 o o o
E
%
‘Z & a o =]
Mild Moderate Severe

Intensity of vasospasm

Fig. 1 — Correlation between the Fisher Grade at
admission with the intensity of cerebral vasospasm.

Discussion

The Fisher Grade was established in 1980 with the as-
sumption that it is valid enough to predict the level of CV af-
ter aSAH. This assumption was confirmed by the small sam-
ple size (41 patients) in 1983 *. However, recently in the lar-
ger, 2005 series, it has been found that this correlation exists,
but it is not significant °.

In this study, we determined a positive, but not signifi-
cant correlation between the Fisher Grade and the intensity
of vasospasm.

The Fisher Grade was created in the age when the
resolution of imaging technology was about ten times lower
than today. Descriptions of the amount of blood in the su-
barachnoid space in scans from those years could not be
considered valid. The biggest difference is in the descrip-
tion of the thickness of SAH less than 1 mm, because in to-
day's CT images that thick collection of SAH is almost al-
ways visible. One of the shortcomings of the Fischer Grade
is that not all forms of intracranial hemorrhage after IA
rupture are defined and classified. The classification of pa-
tients with small focal SAH and intracerebral hemorrhage
(ICH)/intraventricular hemorrhage (IVH) is unclear, be-
cause the Fisher Grade 4 includes only patients with diffuse
layer of SAH or without SAH and ICH/IVH. Also, it is not
clear into which group to classify patients with SAH and
subdural hematoma. Analyzing the admission CT findings
in this study, 24% of the patients were classified in the
Fisher Grade 2, 34% of the patients in the Fisher Grade 3
and 42% of patients in the Fisher Grade 4. The patients
with ICH and the IVC, regardless the amount of SAH, were
classified into the Fisher Grade 4.

Angiographic vasospasm was defined as narrowing of
the contrast in the main cerebral arteries, which is usually fo-
cal, but may be diffuse, as well '°. A large number of studies
have classified the CV as mild (0-30%); moderate (30-50%)
and severe or significant (above 50% narrowing of cerebral
arteries) ' '2. The degree of CV in this study was classified
into mild (0-33%), moderate (34-66%) and severe (67—
100%), according to the 2008 study of Macdonald et al. 4,
After that study, most studies accepted the new classifica-
tion. Frequently, it is stated that angiographic vasospasm de-
velops in approximately 67% of patients with aSAH, which
is characterized by a higher degree than the mild one .
Based on CTA findings, this study determined a mild degree
of CV in 36% of the patients, moderate in 46% and severe of
CV in 9% of the patients. In our study, 55% of the patients
had moderate or severe (significant) CV.

Due to the lack of statistical correlation between the
Fisher Grade and the intensity of CV, the modified Fisher
Grade was proposed in 2006, which correlates significantly
with the intensity of vasospasm and classifies logically the
cerebral hemorrhage on CT findings (Table 2) "

The disadvantage of this classification, and probably
the reason why the modified Fisher Grade is not widely ac-
cepted in neurosurgical clinical practice, is because it is
complex and difficult to remember.
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Table 2

Classification of aneurysmal subarachnoid hemorrhage (SAH) on
cranial computed tomography (CT) scans by the modified Fisher Grade "

CT finding Intraventricular hemorrhage Modified Fisher Grade
Thik difuse SA presen ;
Thick focal SAH r;r;::;t ;1
Thin diffuse SAH plesent !
Thin focal SAH I;f::;t %
No signs of SAH l:;: ::tt 3

Conclusion

This study points out the advantages and disadvantages
of the original classification by Fisher. The Fisher Grade is in
a positive, statistically nonsignificant correlation with the de-
gree of cerebral vasospasm, but it is widely accepted and used

in neurosurgical practice. The modified Fischer Grade is in a
significant correlation with the intensity of vasospasm, but it is
more complex and therefore much less applicable. In the fu-
ture, it would be desirable to modify both Fisher Grades and
combine them into one simple, but accurate classification.
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Differences in temperament and character dimensions in adolescents

with various conduct disorders
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Abstract

Background/Aim. Adolescence is characterized both by a
large developmental potential and by an increased risk for
emergence of different forms of psychopathology. Interna-
tional classifications of mental disorders recognize the psy-
chopathology of adolescence at the age of 15—18 through
the categories of conduct disorders and some forms of ad-
diction: chemical and non-chemical. The aim of this re-
search was to analyse the personality structure among four
groups of adolescents manifesting different types of con-
duct disorder based on Cloninger’s Psychobiological theory
of personality. Methods. The research sample consisted of
140 respondents at the age of 16—18, divided into five
groups: 30 respondents manifesting socialized conduct dis-
order, 20 adolescents in conflict with the law, 30 respon-
dents manifesting abuse of psychoactive substances, 30 re-
spondents with the problem of the Internet addiction and
30 from general population. The Belgrade Adolescent
Personality Inventory (BAPI) questionnaire was used for
the purpose of assessment of personality. Multivariate
analysis of variance (MANOVA), followed by univariate

Apstrakt

Uvod/Cilj. Adolescenciju karakterise veliki razvojni potenci-
jal, ali 1 pojacani rizik od formiranja razlic¢itih vidova psihopa-
tologije. Psihopatologiju adolescencije uzrasta od 15 do 18
godina, medunarodne klasifikacije mentalnih poremecaja pre-
poznaju kroz kategorije poremecaja ponasanja i neke vidove
bolesti zavisnosti: hemijskih i nehemijskih. Cilj istrazivanja bio
je da se na osnovu Klonindzerove psihobioloske teorije lic-
nosti analizira struktura licnosti kod Cetiri grupe adolescenata
koji manifestuju razlicite oblike poremecaja ponasanja. Me-
tode. Uzorak istrazivanja sastojao se od 140 ispitanika uzrasta

analysis of variance (ANOVA) was used to examine differ-
ences between the given groups of adolescents. Results.
The results of MANOVA show differences in the personal-
ity structure among the groups, both in the dimensions of
temperament, F (20,418.84) = 2.71, p <0.001, Wilks’s
lambda 0.67, and in the dimensions of character, F
(12,344.24) = 3.27, p < 0.001, Wilks’s lambda is 0.75. Social-
ized conduct disorder is characterized by low self-
directedness and average cooperativeness. Adolescents in
conflict with the law have the lowest persistence, together
with low self-directedness and cooperativeness. Adolescents
abusing psychoactive substances have low harm avoidance
and self-transcendence. Adolescents with Internet addiction
are characterized by high novelty seeking (impulsivity and
curiosity), low self-directedness and the lowest cooperative-
ness. Conclusion. The results show that the dimensions of
personality can play an important role in etiopathogenesis of
various disorders in adolescents.

Key words:
mental disorders; adolescent; substance-related
disorders; character; personality.

od 16 do 18 godina, podeljenih u pet grupa: 30 ispitanika koji
su manifestovali socijalizovani poremecaj ponasanja, 20 ado-
lescenata sa poremecajem ponasanja u sukobu sa zakonom,
30 ispitanika sa problemom zloupotrebe psihoaktivnih sup-
stanci, 30 ispitanika sa problemom zavisnosti od interneta i 30
ispitanika kontrolne grupe. Za procenu strukture licnosti
koriséen je wupitnik Belgrade Adolescent Personality Inventory
(BAPI). Razlike izmedu grupa adolescenata ispitane su
multivarijatnom (MANOVA) i univarijatnom (ANOVA)
analizom varijanse. Rezultati. Rezultati multivarijatne analize
varijanse pokazuju da postoje razlike u strukturi licnosti
izmedu svih grupa, kako na dimenzijama temperamenta, F
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(20,418.84) = 2.71, p < 0.001, Vilksova lambda 0,67, tako i na
dimenzijama karaktera, F (12,344.24) = 327, p < 0,001,
Vilksova lambda 0,75. Socijalizovani poremecaj ponasanja
karakteriSe ~ niska  samousmerenost, ali  prosecna
kooperativnost. Adolescenti u sukobu sa zakonom imaju
najnizu  perzistenciju, kao i nisku samousmerenost i
kooperativnost. ~ Adolescenti  koji  zloupotrebljavaju
psithoaktivne supstance imaju nisko izbegavanje Stete i
autotranscedenciju. Za adolescente sa internet zavisnoscu

karakteristicna je visoka potraga za novinama (impulsivnost i
radoznalost), niska samousmerenost i najniza kooperativnost.
Zakljuc¢ak. Rezultati ukazuju da dimenzije licnosti mogu
igrati znacajnu ulogu u etiopatogenezi razli¢itth poremecaja
adolescenata.

Kljuéne reéi:
ponasanje, poremecaji; adolescenti; poremecaji
izazvani supstancama; karakter; licnost.

Introduction

Adolescence is characterized both by a large developmen-
tal potential and by the risk for the emergence and structuring of
various forms of psychopathology '. International classifications
of mental disorders (ICD 10 and DSM IV) mostly recognize the
psychopathology of adolescence of the age between 15 and 18
through the categories of conduct disorders and some forms of
addiction >°.

Conduct disorders are a heterogeneous group characterized
by a broad spectrum of repetitive and persistent antisocial pat-
terns, creating a continuum . At one pole of the continuum are
mild disorders which can be pre-delinquent, situation-caused or
a part of developmental crisis and need not to be based on an an-
tisocial construction. The ICD 10 Classification recognizes them
as socialized conduct disorder. On the other pole of the continu-
um are the modes of conduct having the characteristic of juveni-
le delinquency, revealed already in early childhood, with a
tendency to being transformed into the antisocial personality di-
sorder °. Conduct disorders also involving a conflict with the
law make a non-socialized form of disorders. They are characte-
rized by the lack of actual integration into the peer group, with
the presence of more aggressive forms of delinquency and the
disturbance of relations with adults in the form of hostility and
frustration. Accordingly, the American DSM IV Classification
distinguishes two models of understanding the antisocial con-
duct and antisocial personality disorder after the age of 18: chil-
dren and adolescent types of conduct disorder *”. Both forms of
disorders are significantly more present in males. The children
type of conduct disorder inclines towards the antisocial
personality disorder. The adolescent type of conduct disorder
can persist as a disorder only in the period of adolescence.

Another large group of adolescence problems is the
abuse of and the addiction from psychoactive substances, to-
gether with relatively new forms of non-chemical addiction,
which unofficial name “Internet addiction”, became common
in the professional and popular literature. Causes of occur-
rence and course of psychoactive substances abuse (PAS) are
often connected to the problem of intensive short or perma-
nent anxiety. The emergence of problems related to abuse of
PAS goes through early, middle and late phases ®. The early
phase is characterized by the abuse of PAS manifested thro-
ugh “experimenting” (“trying”) or “social use”. The middle
phase is characterized by a slow transition from abuse to ad-
diction, whereas the late phase is characterized by addiction.

Under the influence of the development of electronic
communications and the accompanying forms of entertain-

ment offered through new communication patterns, new disor-
ders are emerging — particularly emphasized in the adolescen-
ce period * '°. They have not been officially included into the
diagnostic classifications, although the coming American
DSM V Classification brings clearer guidelines for diagnosing
the disorder. For the time being, the clinical practice and pro-
fessional literature recognize the problem under the name of
“Internet addiction” ''. One group of experts perceives the
problem in the light of behavioral, non-chemical or even tec-
hnological addiction, whereas the other group comprehends
the problem in the light of impulse control disorder '>. There is
an agreement among both groups of experts about the fact that
the Internet by itself does not create “addiction” but it is the
individual personality which finds specific forms of satisfacti-
on in the “cyberspace” *'*.

The personality assessment has always been determined
by the use of certain questionnaires and the theory in the
background thereof. In this research, the adolescence subject
matter was analyzed through the prism of the
psychobiological theory of personality of Robert Cloninger.
This theory defines the personality through interactive sha-
ping of biological and social factors, describing seven di-
mensions of personality: four dimensions of temperament
and three dimensions of character *.

The paper deals with determining the relation between
the basic dimensions of personality defined by the Cloninger’s
personality model and various forms of disorders in the adole-
scence period having both similarities and specific differences:
socialized conduct disorder, conduct disorder that includes the
conflict with the law, abuse of PAS and Internet addiction. In
accordance with the chosen subject matter, the research was
aimed at determining specificities and differences in the
personality structure among the four groups of adolescents
expressing the aforementioned forms of conduct disorders and
the differences in the personality structure between the groups
of adolescents with conduct disorders in comparison with the
adolescents from the general population.

Methods
Sample

The research was conducted in the period between
January and November 2012 in public health institutions,
private hospitals, and correctional institution for adolescents
in conflict with law in Belgrade, Ni$ and Knjazevac, as well
as in Belgrade secondary schools. Inclusion of a large num-
ber of institutions into the research was necessary due to the
formation of different research groups. All respondents and
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their parents (parents’ consent was necessary due to the ju-
venile age of the respondents) signed the Form of informed
consent. The sample consisted of 140 respondents in total,
between 16 and 18 years of age (Mg = 16.86), out of which
72 (51.4%) male and 68 (48.6%) female. The sample en-
compassed five groups of respondents: 30 respondents mani-
festing socialized conduct disorder (diagnosed socialized
conduct disorder according to the ICD 10 Classification from
the scope of the diagnosis F91.2); 20 respondents with con-
duct disorder in conflict with the law (pronounced judicial
measure of committal to an educational institution); 30 res-
pondents with the problem of abuse of PAS (fulfillment of
criteria of substance abuse according to the ICD 10 Classifi-
cation); 30 respondents with the problem of Internet addicti-
on (fulfillment of criteria on the basis of the Young’s Internet
Addiction Test (IAT); and 30 respondents from the control
group. The fifth group consisted of adolescents from the ge-
neral population who did not manifest conduct problems or
some form of addiction, nor other forms of
psychopathological manifestation. Additional criteria for all
respondents were the absence of psychotic manifestations,
central nervous system (CNS) injuries or other somatic ill-
nesses, the absence of problems in intellectual development
and voluntary acceptance of participation in the research for
all respondents.

Procedure

The adolescents with socialized conduct disorder were
tested in Belgrade secondary schools and additionally in pri-
vate psychiatric surgeries, upon the received approval from
the school principal, Parents council and with the agreement
of the private surgeries owners. The research was conducted
in the two central Belgrade high schools: XIV Belgrade High
School and Zemun High School; in one suburban secondary
school — Grocka Secondary School, and in one vocational
secondary school in Belgrade: Architecture and Technical
Secondary School. The participants were initially selected
by their head teachers, then they had an interview with scho-
ol psychologists and at the end with the members of the rese-
arch team within the school premises. The members of the
research team conducted a typical psychiatric interview on
the basis of which the diagnosis of social conduct disorder
was established. The tests were distributed by the school
psychologists and by the members of the research team in the
school psychologist’s premises.

The adolescents with conduct disorder in conflict with the
law (pronounced judicial measure of committal to an educational
institution), were tested within the PIKS project, (PIKS — Pro-
gram intervencija u kriznim situacijama — Intervention pro-
gramme in critical situations), conducted by the Republic Institu-
te for Social Protection. The programme has obtained an appro-
ved by the Ministry of Labour and Social Issues, as well as spe-
cial contracts with each of the three above-mentioned institutions
— correctional institutions (Belgrade, Nis, Knjazevac). Tests have
been distributed by the psychologists in these institutions.

The adolescents with the problem of PAS abuse were tes-
ted in the Special Hospital for Substance Abuse, as well as in

two specialized private hospitals for substance abuse (private
hospitals “Lorijan” and “Netrex zone”, both from Belgrade), all
upon the obtained official consent and permission for research
conducting, as well as the consent of the Ethic board in the pub-
lic health institution / the private hospitals owners.

The adolescents with non-chemical addiction were tes-
ted in the Day Hospital for Non-Chemical Addiction of the
Special Hospital for Substance Abuse, upon the obtained of-
ficial consent and approval for the research, as well as the
consent of the Ethic board in the above-mentioned Belgrade
secondary schools, following the above-stated procedure.
The adolescents with non-chemical addiction filled in tests in
the psychiatric surgery, in the public health institutions, and
in the school psychologist’s premises.

The control group adolescents were tested in the above-
stated Belgrade secondary schools following the already sta-
ted procedure. The tests for the adolescents were distributed
by the members of the research team during specially orga-
nized classes agreed with the head teachers and the school
psychologists.

The time necessary for the tests filling in was form 45
to 90 minutes, approximately up to 60 minutes. The research
in the above-stated schools lasted one school class or one
school class and a break.

Instruments

Since the respondents were classified into groups on the
basis of the ICD-10 Classification criteria, the test criterion
was used only for the group of adolescents with Internet ad-
diction problem, considering that this disorder had not yet
been included into the official classification. To that end, the
Young’s Internet Addiction Test (IAT) consisting of 20
items was used for self-assessment of the problems related to
the use of Internet. The following classification of scores was
used in this paper: the score of 20—39 average use; 40—69
frequent problems due to the use of Internet; 70—100 signifi-
cant problems due to the use of Internet '*. The adolescents
classified into the category of “Internet addicts” had IAT
score above 70.

For the purpose of personality assessment we used the
BAPI, a questionnaire constructed on the basis of Clonin-
ger’s theory of personality, which measures four dimensions
of temperament and three dimensions of character. The BA-
PI consists of 46 items grouped into 4 temperament scales:
Novelty Seeking (NS) divided into two subscales —
Impulsivity (NS Im) and Explorative Curiosity (NS Ec);
Harm Avoidance (HA); Reward Dependence (RD) and Per-
sistence (P) and 3 character scales: Self-Directedness (SD);
Cooperativeness (C) and Self-Transcendence (ST). The res-
pondents answered on a 5-level Likert-type scale. BAPI is
created for adolescents from 14 to 18 years of age '”*°. The
questionnaire’s scale showed a satisfactory reliability (0.66—
0.80), particularly having in mind a small number of items
(5-6) per scale. Confirmatory factor analysis in principle
confirmed the two main dimensions of temperament and cha-
racter as defined by Cloninger. The only exception was the
case of NS, for which two-factor solution is more conveni-

Dukanac V, et al. Vojnosanit Pregl 2016; 73(4): 353—359.



Page 356

VOJNOSANITETSKI PREGLED

Vol. 73, No. 4

ent. NS
Impulsivity which differs “good” (curious, interested, creati-
ve) and “bad” (impulsive, impatient, chaotic) features of this
dimension.

is composed of Explorative Curiosity and

Statistics

Data analysis was performed by SPSS. Multivariate
analysis of variance (MANOVA), followed by univariate
analysis of variance (ANOVA) was used to examine diffe-
rences between the given groups of adolescents. Before the
analysis, the basic psychometric characteristics of BAPI
were examined.

Results

The obtained results show the satisfactory psychometric
characteristic of the BAPI scale on this sample, having in
mind only 6 items per scale. Cronbach’s alpha ranges from
0.70 to 0.82, apart from the Reward Dependence (RD) scale
with a marginal reliability (0.60). Even the NS subscales,
Impulsivity and Curiosity with 5 items each have an accep-
table reliability (0.66 and 0.67) (Table 1).

The results of multivariate analysis of variance (MA-
NOVA) show significant differences in personality structure
among all the four groups of adolecesents, both in dimensi-
ons of temperament, F (20,418.84) = 2.71, p < 0.001, Wilk’s
lambda is 0.67, and in dimensions of character, F
(12,344.24) =3.27; p < 0.001, Wilk’s lambda is 0.75.

When observing differences in particular scales, signifi-
cant differences notably exist at all scales except for the RD
scale and the NS Curiosity subscale (Table 2).

The dimensions of personality that differ the groups are

mainly the Impulsivity (NSI) subscale, Persistence (P) and
Harm Avoidance (HA) scales, representing the dimensions
of temperament which in fact essentially optimize the deve-
lopment of a stable, mature character. In relation thereto, si-
gnificant differences among the groups are shown in the
Self-Directedness (SD) and Cooperativeness (C) dimensions
of character which, together with Persistence (P), are the
highest in the group of adolescents from the general popula-
tion (Figure 1).

Fig. 1 — Groups profiles in temperament and character
dimensions.
NSIm - Novelity Seeking Impulsivity; RD — Reward
Dependence; P — Persistence; SD — Self-Directedness;
C — Cooperativeness; ST — Self-Transcendence.

Discussion

The lack of adequate instruments for assessment of ado-
lescents’ personality and the open issues about the develop-
ment of adolescents’ personality structure point to theoretical
and practical problems in the research. The BAPI is a new

Table 1
Descriptive statistics and adolescents temperament and character scales validity

Temperament and character dimension X SD Min Max Sk Ku Nuirtré t;g; of

Impulsivity (NS Im) 17.19 4.21 5 25 -0.39 -0.22 5 0.66

Explorative Curiosity (NS Ec) 17.69 3.55 8 23 -0.70 0.00 5 0.67

Harm avoidance (HA) 18.96 6.14 6 30 -0.10 -0.89 6 0.82

Reward dependence (RD) 21.11 3.93 11 29 -0.32 -0.67 6 0.60

Persistence (P) 21.48 5.31 7 30 -0.38 -0.42 6 0.86

Self-directedness (SD) 20.72 5.14 6 30 -0.68 0.37 6 0.75

Cooperativeness (C) 23.73 3.70 16 30 -0.10 -1.06 6 0.67

Self-transcendence (ST) 19.68 6.16 6 30 -0.44 -0.48 6 0.83

NS — Novelity Seeking.
Table 2
Differences between the groups in temperament and character dimensions
Temperament and Soc1all;ed In con flict Substance Internet .
character dimension b'ehav10r with abuse addiction Controls Group comparison
disorders the law
%+ SD %+ SD % +SD %+ SD % +SD F df, dfb p i

Impulsivity (NS Im) 18.13+3.60 1562 +431 17.07 +3.47 19.70 £3.70  14.67 +440 738 4 128 0.00 0.19
Explorative Curiosity NSEc) ~ 17.17 £3.74  17.54 +443  18.10 +4.04 18.83 £3.17  17.07 £2.89 124 4 128  0.299 0.04
Harm avoidance (HA) 2043 £5.32 1862 £598 15.60 +6.34 2137 +£546 1843 £6.00 434 4 128  0.003 0.12
Reward dependence (RD) 21.87 £4.38  19.69 £3.59 20.63 +4.16  20.57 +£3.93 2137 £3.17 097 4 128 0.434 0.03
Persistence (P) 19.43 £5.96 1846 +4.77 21.67 £4.47  20.53 £549 2430 £4.08 494 4 128  0.001 0.13
Self-directedness (SD) 1890 £5.40 1941 +4.05 22.27 +484 19.03 +£5.08 22.67 £4.16 429 4 132 0.003 0.12
Cooperativeness (C) 25.07 £3.97 2335 +£4.08 22.77 £330 22.07 £3.12  25.00 £3.54 421 4 132 0.003 0.11
Self-transcendence (ST) 21.63 £5.86 20.53 £339 17.03 £7.03 19.67 £5.79 2037 £5.17 2.65 4 132 0.036 0.07

NS - Novelity Seeking.
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form of questionnaire for temperament and character asses-
sment based on the Robert Cloninger’s Psychobiological
model of temperament and character. It has been constructed
in our region and is fully adjusted to our population in the
cultural aspect. Its satisfactory psychometric characteristics
have in several occasions been confirmed in the process of
construction *°, as well as in this report.

The adolescents with socialized conduct disorder
showed an emphasized novelty seeking in the sense of
impulsivity, reduced persistence, i.e. weak endurance and
low self-directedness, however without a weak cooperative-
ness, which points to their good inclusion into the society,
i.e. their peer group. This group of adolescents represents a
milder form of conduct disorder, characterized by running
away from school and/or home, in fact running away from
the source of problem as a “coping” strategy, while remai-
ning good social contact with the peer group of similar ten-
dencies. The problem appears when all possibilities for run-
ning away from problems are exhausted and when pressure
emerges both from the parents and from the school for the
accumulated problems to be resolved. Low Self-Directedness
confirms the difficulties in adjusting the behavior to the situ-
ation, weakly defined goals and feeling of responsibility for
own acts. Particularly high scores in the reward dependence
indicate social and emotional sensitivity. This finding, toget-
her with the accompanying cooperativeness, point to the so-
cialization potential which can act as a protective factor for
development of subsequent behavioral disorders, therefore
transitional adolescent crises which are to be overcome in fu-
ture are more typical for this group.

The adolescents with conduct disorder including the con-
flict with the law have similar characteristics. They score the
lowest persistence, which indicates the difficulties in enduran-
ce and easily giving up. Also, they have reduced harm avoi-
dance as a reflection of absence of fear from punishment
which does not inhibit their behavior, and lower cooperative-
ness in relation to the group with socialized form of behavioral
disorder, having in mind their antisocial behavioral tendencies.
A specific problem of this group is the lowest reward depen-
dence (although not significantly), as a reflection of weaker
social and emotional responsiveness. Within a reduced respon-
se to reward and punishment (reduced scores on RD and HA),
a successful implementation of educational methods is diffi-
cult and requires more intensive therapeutic interventions.

For the adolescents with the abuse of PAS it is charac-
teristic that in comparison with other groups of respondents
they have the lowest scores in Harm Avoidance (HA), reflec-
ting their inclination towards a risky and auto-destructive be-
havior which is not inhibited by fear from harmful
consequences. This contradicts to the earlier researches of
abuse of and dependence from PAS, which emphasized a
high level of harm avoidance *'. It is possible that exactly the
abuse of PAS has the function to reduce the anxiety related
to high scores in this dimension, or that — which was not the
case in our sample — anxiety and depression (high HA sco-
res) appear later, in developed addiction phase, as
consequences of secondary addiction-related problems.
Another specificity is lower scores in self-transcendence.

This can be related to the experience of the absence of sense
or spiritual values, leading to the need for escape from reality
through the abuse of PAS. In the selected sample of respon-
dents, the abuse of substances did not achieve the level of
dependence, increasing the chances for therapeutic success .
Many researches emphasize the importance of personality in
emergence of problems with use and abuse of PAS and not
only the availability of the substances, whereas additional
family and other environmental factors can play a decisive role
in further deepening of the disorder to the level of addiction.

The adolescents who developed Internet addiction have
the lowest Self-Directedness (SD) and Cooperativeness (C)
character dimensions, however rather of asocial than of anti-
social type. Considering that this group also has the highest
scores in Harm Avoidance, the combination of these two di-
mensions can point to the actual social anxiety and avoidan-
ce of society through protective isolation and withdrawal into
the virtual world. In addition, this group is also characterized
with the highest scores in both components of Novelty See-
king (NS), Impulsivity (NS Im), and Explorative curiosity
(NS Ec). This is in accordance with the typical Internet-
related conduct problem, emphasizing the impulse control
disorder ' regardless of the reason this control has been dis-
turbed. It is possible that the technological progress brings a
new opportunity for expressing impulsivity in the virtual
reality, or, which is more probable, long sitting in front of the
computer and seizing into often violent contents lead to
irritability, with a tendency for its impulsive relieve. The re-
sults of researches carried out so far indicate that Internet by
itself does not create the “addiction” but it is the individual
personality which finds specific forms of satisfaction in the
“cyberspace” '°. Observed as a whole, this group of adoles-
cents has the most risky profile, with the lowest character and
the most unstable temperament characteristics, particularly in
relation to internal conflict of contradictory aspirations such
are the aspirations towards novelties (high NS scores) and in-
hibiting anxiety in front of them (high HA scores).

The group of adolescents from the general population is
very heterogeneous, except when it is about the absence of
manifestation of psychopathological forms of behavior; the-
refore, any common description of personality would be sen-
seless. However, their scores in personality dimensions point
to the most mature personality structure, in the sense of the
most developed character dimensions and the highest Persis-
tence (P), the lowest Impulsivity (NS Im), moderate Harm
Avoidance (HA) and increased Reward Dependence (RD),
being an optimum combination for the development of a sta-
ble and mature personality.

On the basis of these results all the examined groups of
adolescents differ per low scores in character dimensions in
relation to young people from the general population, while
temperament dimension specifically distinguishes particular
groups of youth with behavioral problems. On the basis of
the obtained results we can say that personality dimensions
can play a significant role in etiopathogenesis of different
adolescents’ The results can be a base for
psychodiagnostic assessment, as well as for creating pro-
grams and interventions for prevention adolescence prob-

disorders.
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lems. Socialized conduct disorder can be not an ephemeral de-
velopmental phase in adolescence, however, the preventive
work in this phase can prevent complications of the problem
and deepening of disorders within the framework of other un-
favorable circumstances. Among the adolescents in conflict
with the law, the conduct disorder have already achieved the
level of problems requesting educational court measures;
however, the personality profile has no characteristics of a se-
rious antisocial disorder and intensive, integrative therapeutic
interventions might yield promising results. The abuse of sub-
stances is still only the first phase in addictive disorders and
there are possibilities for termination of further development
of the problem, which requires timely implementation of the
existing preventive programs and creation of new ones. The
adolescents with Internet addiction problem in our research
have the most extreme scores in personality dimensions, which
might represent a significant factor of psychopathological risk.

The research results confirmed the hypotheses of this
paper that the clinical groups of adolescents differ from the
group from general population, which is in line with earlier
findings of Cloninger et al. ' on the basis of the Self-
Directedness and Cooperativeness character dimensions
which differentiate the respondents along the normal-
pathological dimension ****. The character dimensions’ sco-

res are the highest on the scales of the group general popula-
tion. The results also confirmed the other hypotheses of the
study, showing that different personality profiles can be con-
nected with specific disorder manifestations.

This study has some limitations that should be taken in-
to account when interpreting its findings and conclusions.
First, it is a descriptive, cross-sectional study, which limits
the ability to determine causal relationships between the
personality and various conduct disorders. Second, research
sample, primarly because of the size, may not be representa-
tive of all the adolescents in Serbia.

Conclusion

It can be concluded that the dimensions of personality
can play an important role in etiopathogenesis of different
adolescence disorders. Assessment of these dimensions of
personality could be useful in psychodiagnostic evaluation,
risk assessment of development problems in adolescence, as
well as in considering therapeutic goals. These findings sug-
gest the need for further longitudinal-type studies on larger
samples as well as the need for creation more efficient pre-
ventive and therapeutic programs, and their more systematic
and coordinated implementation.
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Abstract

Background/Aim. The National Organized Colorectal
Cancer Screening Program was conducted in the Republic
of Serbia during 2013-2014 covering the population of both
genders, aged 50 to 74 years, in 28 municipalities out of 180,
with the target population of 651,445 people. This organ-
ized colorectal cancer screening aim is to reduce mortality
from colorectal cancer in the target population. The aim of
this study was to show the results of organized screening for
colorectal cancer during the first biannual round in Serbia.
Methods. General practitioners from the primary health
centers, invited target population by mail and by phone to
perform immunochemical fecal occult blood test. Persons
with a positive test results were referred to the colonoscopy.
The database of health insurance and other citizens of the
target population was used for invitation for screening in
primary health centers. Descriptive statistical analysis of the
results in organized colorectal cancer screening in the first
round was performed for the key screening indicators. Re-
sults. In the first round a total of 99,592 persons were in-
vited. The participation rate was 62.5%. Colonoscopy was

Apstrakt

Uvod/Cilj. Nacionalni program otrganizovanog ispitivanja
kolorektalnog karcinoma sproveden je u Republici Srbiji
tokom 2013. i 2014. godine, obuhvatajuéi stanovnistvo
oba pola, starosti 50-74 godine, u 28 od 180 opstina, sa
ciljnom populacijom od 651 445 ljudi. Program ima za cilj
snizenje mortaliteta od kolorektalnog karcinoma u ciljnoj
populaciji. Cilj rada bio je da se prikazu rezultati
organizovanog ispitivanja kolorektalnog karcinoma tokom
dvogodisnjeg perioda u Srbiji. Metode. Izabrani lekari iz
domova zdravlja pozivali su pismom i telefonom ciljnu
populaciju da urade imunohemijski FOB test za otkrivanje
okultnog krvarenja u stolici. Osobe sa pozitivhim nalazom
testa upudivane su na kolonoskopiju. Koris¢ena je baza

performed in 1,554 persons. Adenomas were found in 586
persons (0.9% of all the tested), e.g. 37.7 % of all colono-
scopied. In 129 persons colorectal cancer was diagnosed
(0.2% of all the tested), e.g. 8.3% of all the colonoscopied.
In the left half of the colon (rectum, sigmoid and descend-
ing colon) there were 70.4% diagnosed polyps and 77.3%
carcinomas, while 29.6% of polyps and 22.7% carcinomas
were found in the proximal parts of the colon. Conclusion.
In the first round of the organized colorectal cancer screen-
ing in Serbia the patticipation rate of the targeted popula-
tion was high and gave encouraging result. It was expected
that in the forthcoming rounds even higher coverage of the
target population would be accomplished. A positive predic-
tive value of the completed colonoscopies showed that fur-
ther observing the stages of diagnosed adenomas and carci-
nomas would reach the goals of the expected improvement
in early detection of colorectal cancer in Serbia.

Key words:

colorectal neoplasms; serbia; mass screening;
diagnosis; occult blood; predictive value of tests;
colonoscopy; adenoma.

podataka osiguranika i ostalih gradana ciljne populacije u
pozivanju na snimanje u domovima zdravlja. Radena je
deskriptivna statisticka analiza rezultata u organizovanom
ispitivanju  kolorektalnog ~ karcinoma u  prvom
dvogodisnjem ciklusu, za klju¢ne indikatore ispitivanja.
Rezultati. U prvom ciklusu bile su pozvane ukupno 99
592 osobe. Odziv na testiranje bio je 62,5%.
Kolonoskopija je uradena kod 1 554 osobe. Adenomi su
otkriveni kod 586 osoba (0,9% svih testiranih), tj. 37,7%
svih kolonoskopiranih. Kod 129 osoba otkriven je
kolorektalni karcinom (0,2% svih testiranih), tj. kod 8,3%
svih kolonoskopiranih. U levoj polovini kolona (rektumu,
sigmoidnom 1 descedentnom kolonu) bilo je 70,4% dijag-
nostikovanih polipa i 77,3% karcinoma, dok je 29,6% pol-
ipa 1 22,7% karcinoma bilo u proksimalnim delovima ko-
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lona. Zaklju¢ak. U prvom ciklusu organizovanog
ispitivanja kolorektalnog karcinoma u Srbiji odziv ciljne
populacije na testiranje bio je visok i predstavljao je
ohrabrujuéi rezultat. Ocekuje se da ¢e u narednim
ciklusima biti postignuta ¢ak i veca pokrivenost ciljne
populacije. Pozitivna vrednost predvidanja uradenih
kolonoskopija pokazuje da ¢e se daljim radom na praéenju
stadijuma otkrivenih adenoma i karcinoma dostié¢i ciljevi

ocekivanog napretka u ranoj dijagnozi kolorektalnog
karcinoma u Srbiji.

Kljucne reci:

kolorektalne neoplazme; srbija; masovno isitivanje;
dijagnoza; okultna krv; testovi, prognosticka vrednost;
kolonoskopija; adenom.

Introduction

Epidemiology

In Serbia, as in developed countries, colorectal cancer
represents a very significant public health problem because
of the high frequency and high mortality. Organized screen-
ing showed to be a powerful weapon against this disease '.

According to the data of Globocan from 2012, colorectal
cancer in Serbia is the second most frequent malignant tumor
in men, after lung cancer, since the number of newly discov-
ered cases is around 3,400, and the standardized incidence rate
is 43.4 per 100,000 males. In females, colorectal cancer is the
fourth most frequent malignant tumor, after the breast, lung
and cervical cancer. The number of the newly discovered cas-
es is around 21,00 and the standardized incidence rate is 22.3
per 100 000 females. According to the same source, regarding
mortality from malignant diseases in Serbia, colorectal cancer
stands in the second place after lung cancer, with the standard-
ized mortality rate of 22.8 per 100 000 males, with around
1,900 deaths per year, while in females it is the third most fre-
quent cause of death from malignant diseases, after the breast
and lung cancer, with a standardized mortality rate of 11.5 per
100 000 and 1,200 death cases per year *.

The data of the Register for Cancer of the Institute for
Public Health of Serbia “Dr Milan Jovanovi¢ Batut” for the
year 2012 are almost similar, showing that colorectal cancer
in Serbia is the second most frequent cancer in males for
both incidence and mortality. In females it is also the second
leading cause of mortality due to malignancy. According to
this data, in 2012 there were 4,080 newly diagnosed colorec-
tal cancers in Serbia (2,495 males and 1,585 females) while
2,652 patients died (1,579 males and 1,073 females) 3

According to the data of the International Agency for
Research on Cancer (IARC) from the year of 2012, Serbia is
in the 13th place among the European countries regarding
the incidence of colorectal cancer, while it is in the 6th place
in Europe, after Hungary, Croatia, Slovakia, Slovenia and the
Czech Republic regarding mortality from colorectal cancer.
This information shows that colorectal cancer in Serbia is
frequently detected in advanced stage when chances for cure
are significantly reduced.

Organized Colorectal Cancer Screening Program in
Serbia

In order to reduce the incidence and the mortality from
colorectal cancer, experts of the Ministry of Health of the

Republic of Serbia, in cooperation with the most eminent ex-
perts in this area, led by Academician Prof. Dr. Zoran Krivo-
kapi¢, in a decade long work, created and improved Organ-
ized Colorectal Cancer Screening Program in Serbia, and co-
ordinated it with the European Guidelines for Quality Assur-
ance of Colorectal Cancer of Screening (year 2010.) , which
utilize programs of screening of most of the European coun-
tries. This program was realized in coordination with Na-
tional program for early detection of colorectal cancer (Offi-
cial Gazette of the Republic of Serbia 73/2013) °.

The goal of the organized colorectal cancer screening
program is to reduce the incidence and the mortality of colo-
rectal cancer by early detection, in precancerous stadium, the
stadium of benign polyps (whose removal prevents transfor-
mation into colorectal cancer), or detection of colorectal can-
cer in an early phase when it is localized and a complete cure
is possible in almost 90% of cases.

Due to its slow progression (adenoma-carcinoma se-
quence), colorectal cancer is an ideal target for early discov-
ery and prevention thorough organized screening °.

In developed countries, in which screening programs
have been successfully utilized for several decades, a signifi-
cant decrease in the mortality from colorectal cancer has
been recorded **.

The aim of this study was to show the results of organ-
ized screening for colorectal cancer during the first biannual
round in Serbia.

Methods

The database of those with health insurance and other
citizens of the targeted population was used for invitations to
screening, planning to include 75% of the target population.

The selected process indicators of the results of screen-
ing were analyzed from the screening reports from 20 mu-
nicipalities in Serbia in the year 2013, as well as additional 8
municipalities included in 2014, with a total of 28 munici-
palities in the course of the first biannual round of the organ-
ized colorectal cancer screening.

A model of the Organized Colorectal Screening Pro-
gram in the Republic of Serbia

A National Program of the Organized Colorectal Can-
cer Screening is conducted by the Ministry of Health in asso-
ciation with the Institute for Public Health of Serbia and the
Republican Fund for Health Insurance.
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Screening for colorectal cancer is conducted on the ter-
ritory of the Republic of Serbia as an organized decentralized
program. The target population were men and women from
50 to 74 years of age in a round of screening for two calen-
dar years. Screening test was immunochemical fecal occult
blood (iFOB) test. In all cases of positive iFOB test colono-
scopy was performed.

The end of the process of screening was defined as: cases
with negative iFOB test; in case of positive iFOB test colono-
scopy was performed (with endoscopic polypectomy or biopsy
depending on findings and histopathological report) .

The participants in organized colorectal cancer screen-
ing were: Ministry of Health, Republican Expert Commis-
sion for Implementation of the Program for Early Detection
of Malignant Diseases in the Republic of Serbia, Republican
Fund for Health Insurance, Cancer Screening Office and lo-
cal health institutions such as primary health centers as basic
carriers of screening, as well as general hospitals, health cen-
ters, clinical hospital centers, clinical centers and the Institute
for Public Health in Serbia “Dr Milan Jovanovi¢ Batut” with
a network of 24 institutes of public health in each of the dis-
tricts.

Invitations to the target population by letters and by
phone were conducted by the primary health care centers in
cooperation with district institutions of public health. The
tests were delivered by the general practitioners (GPs) in the
primary health care centers, while analysis of the results of
iFOB tests was done in the laboratories of the primary health
care centers. Colonoscopies for all the participants in the
screening with positive iFOB test were performed in the
closest district hospitals and colonoscopy units °.

In 2013 and 2014, 27 primary health care centers, in
cooperation with secondary and tertiary health care institu-
tions, conducted the organized colorectal cancer screening
with their available capacities and scope which did not affect
their primary occupation.

As above mentioned the year 2013, the target popula-
tion from 20 municipalities from the territory of the Republic

of Serbia was invited and tested under the organized screen-
ing for colorectal cancer in 19 primary health care centers.
During 2014, the scope of invitations and testing of the target
population was expanded with 8 additional municipalities,
which included a total of 28 municipalities in the first bian-
nual round out of 180 municipalities in Serbia.

Statistics

Descriptive statistical analysis of the basic epidemiol-
ogical indicators was performed. The process indicators,
coverage by invitations, participation rate, coverage by iFOB
test, percentage of positive iFOB tests, colonoscopy compli-
ance rate, adenoma and cancer detection rate, as well as posi-
tive predictive value for detection of adenoma and colorectal
cancer were calculated.

Results

Participation rate

In the first round during 2013 and 2014 there were
99,592 invited persons of the target population, i.e. 19% of
the total target population in the municipalities in which or-
ganized colorectal cancer screening was conducted (Table 1).
A total of 62,252 persons performed and returned the test, so
the participation rate was 62.5% of all the invited persons.
The number of positive iFOB test was 3,690 representing
5.9% of all the tested persons. Colonoscopy was performed
in 42.1% of those with positive iFOB test.

Adenomas were found in 586 (37.7%) of all the colono-
scopied, while in 129 (8.3%) colorectal cancer was found.

The coverage by invitations and the participation rate of
the target population was higher in the year 2014, as shown
in the Figures 1 and 2.

Results of colorectal cancer (CRC) screing programme
performed during two-years period according to the different
municipalities are shown in Table 2.

Table 1

Basic indicators of organized colorectal cancer (CRC) screening

Persons, n (%)

Relative to issue

Indicator

2013 2014 Total
Invited 38,290 (15.3) 61,302 (20.5) 99,592 (19) Eligable
Tested iFOBT 23,761 (62.1) 38,491 (62.8) 62,252 (62.5) Invited
Positive iFOBT 887 (3.7) 2,803 (7.3) 3,690 (5.9) Tested
Colonoscopied 463 (52.2) 1,091 (38.9) 1,554 (42.1) Positive iFOBT
Adenom detected 145 (31.3) 441 (40.4) 586 (37.7) Colonoscopy
CRC diagnosed 41 (8.9) 88 (8.1) 129 (8.3) Colonoscopy
iFOBT — immunochemical fecal occult blood test.
g Yo
25.0 T 62.6
2804 =
15.0 62.3
10.0 7 62.2
55 1 . s
2013. 2014. 2 2013. 2014.
Coverage by invitation | Participation rate

Fig. 1 — Proportion of persons of the target population
invited to participate in the program according to years.

Fig. 2 — Participation rate by year.
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Table 2

Distribution of invited persons, participation rate, positive immunochemical fecal occult blood (iFOB) test,
screening colonoscopies and the persons with detected adenomas and colorectal cancer (CRC) in municipalities in
Serbia, 2013-2014

Invited Participa-  Positive iFOB

. Colonosocopy Adenoma CRC

Municipality persons tion rate test _

o o % of % of

n % n % n n
colonoscopy colonoscopy

Zemun 2,580 41.6 76 7.1 45 17 37.8 2 44
Vozdovac 6,774 92.1 298 4.8 96 42 43.8 15 15.6
Cukarica 9,939 70.3 615 8.8 465 212 45.6 37 8
Barajevo 751 73.8 114 20.6 17 2 11.8 0 0
Sopot 2,808 67.7 122 6.4 34 10 29.4 5 14.7
Novi Becej 1,460 59.2 110 12.7 41 20 48.8 1 24
Secanj 2,110 75 72 4.6 49 28 57.1 5 10.2
Pancevo 12,461 61.4 337 44 176 47 26.7 7 4
Kragujevac 4,637 51.4 200 8.4 52 21 40.4 3 5.8
Topola 887 71.5 39 6.2 15 2 13.3 4 26.7
Kni¢ 15,96 60.2 24 2.5 7 2 28.6 0 0
Nis 22,162 43.7 597 6.2 127 44 34.6 5 3.9
Doljevac 1,478 89 45 34 15 5 333 5 333
Kosjerié¢ 1,803 64.4 14 1.2 12 3 25 1 8.3
Pozega 3,954 54.5 25 1.2 17 1 59 1 5.9
Leskovac 3,793 83.4 140 44 43 9 20.9 9 20.9
Vlasotince 1,589 65.8 57 5.5 31 11 355 8 25.8
Lebane 1,795 53.4 14 1.5 7 2 28.6 2 28.6
Medveda 1,236 67.9 15 1.8 8 5 62.5 1 12.5
Mali Idos 1,083 57.7 30 4.8 15 7 46.7 0 0
Sr. Mitrovica 2,730 47.7 89 6.8 28 2 7.1 3 10.7
Lucani 1,238 70.4 16 1.8 2 0 0 0 0
Ivanjica 854 46.7 9 2.3 3 1 333 0 0
Cuprija 1,017 79.1 178 221 50 21 42 1 2
Valjevo 3,045 93.1 230 8.1 77 19 24.7 10 13
Sombor 4,052 66.8 76 2.8 30 19 63.3 2 6.7
Kraljevo 1,760 88.5 148 9.5 92 34 37 2 2.2
Total 99,592 62.5 3,690 5.9 1554 586 37.7 129 8.3

Participation rate

In the first biannual round of the organized colorectal
cancer screening, participation rate was high (62.5%) and
there was no statistically significant difference in participa-
tion rate of the target population between municipalities in
Serbia (Figure 3).

Positive iFOB test rate

A total number of persons with positive iFOB test was
3,690 which makes 5.9% of the tested. The highest percent-
age of positive iFOB tests was recorded in the town Cuprija
(22.1%) and Barajevo (20.6%), and the lowest in the town of
Kosjeri¢ and Pozega (1.2%). A large difference in the per-
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Fig. 3 — Participation rate of the target population in different municipaties in Serbia.
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centage of positive iIFOB test findings between municipalities
urged further investigation, considering that primary health
care centers until then did not use the same iFOB test. There
was no statistically significant difference in positive iFOB test
rate in different municipalities in Serbia (Figure 4).

Colonoscopy compliance rate

Colonoscopy was performed in 1,554 out of 3,690
persons with positive iFOB test, so colonoscopy compli-
ance rate was 42.1%.

In the group of 1,554 persons in whom during the first
round of organized colorectal cancer screening colonoscopy
was performed, 586 (37.7%) persons of all colonoscopied,
i.e. 0.9% of all the tested, adenomas were diagnosed and
treated with endoscopic polypectomy, while in 129 (8.3%) of
all colonoscopied, i.e. 0.2 of those tested, colorectal cancer
was found.

Adenoma detection rate

Adenoma detection rate was 9%o. It represents propor-
tion of persons with at least one detected adenoma in relation

to complete number of tested persons in the observation pe-
riod, calculated per 1,000 participants. There was no statisti-
cally significant difference in adenoma detection rate in dif-
ferent municipalities in Serbia (Figure 5).

Positive predictive value (PPV) for detection of ade-
noma (percentage of persons with at least one detected ade-
noma in relationship with persons with positive FOB test
who undertook colonoscopy within the period of observa-
tion) measured 37.7%. There was no statistically significant
difference in PPV for detection of adenoma in different mu-
nicipalities in Serbia (Figure 6).

Cancer detection rate

The cancer detection rate was 2%o. In different munici-
palities in Serbia there was no statistically significant differ-
ence in the cancer detection rate (Figure 7).

PPV for detection of cancer

PPV for detection of cancer was 8.3%. There was no
statistically significant difference in PPV for detection of
cancer in different municipalities in Serbia (Figure 8).
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Fig. 4 — Positive immunochemical fecal occult blood test administered to persons in different municipalities in Serbia.
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Fig. 8 — Positive predictive value for detection of cancer in different municipalities in Serbia.

Localization of adenomas and colorectal carcinoma

Totally 70.4% of diagnosed polyps and 77.3% of carci-
nomas were in the left half of the colon (in rectum, sigmoidal
and descending colon), while 29.6% of polyps and 22.7% of
the carcinomas were in the proximal parts of the colon (in
cecum, ascending and transversal colon). This was observed
on a sample of 40% of persons with the positive diagnosis on
colonoscopy (Table 3).

Discussion

Participation rate

This study, conducted after the first round indicated high
participation rate of the target population, which showed an
increase in the second year of screening round, like in studies
conducted in Canada, New York and in Sweden "’. Imple-
mentation of the National program in which GPs administered

Table 3
Localization of detected polyps and colorectal carcinoma (CRC)
Polyps (%) CRC (%)

Part of colon localization < 10 mm > 10 mm localization
Left

rectum 11.2 12.9 10.9 27.3

sigmo-rectum 5.9 5.7 6.7 12.1

sigmoid 43.1 38.1 53.8 30.3

descending 10.1 11.1 6.7 7.6

total 70.4 67.8 78.1 77.3
Right

transverse 15.9 16.8 14.3 4.5

ascending 7.2 9.2 4.2 16.7

cecum 6.6 6.2 34 1.5

total 29.6 32.2 21.9 22.7
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iFOB tests after issuing letters of invitation was 62%, confirm-
ing such recommendations as sucsesful '°. In the first round of
colorectal cancer screening with FOB tests in Finland, it was
62-68% in males and 77-80% in females °.

In Ontario, Canada, where guaiac FOB test was used in
2005 and 2006 when the program of organized screening of co-
lorectal carcinoma was introduced, participation rate was 26%,
and in the period of 20102012 increased to 63% > ' '%. Such
uptake was accomplished in the first round in Serbia, as well.

The participation rate in such a program in Ireland was
51% . In this program of the organized colorectal cancer
screening in the second year there was an increase in uptake.
These results are in concordance with the results of the organ-
ized screening presented in this study.

Although with a far wider scope, organized colorectal
cancer screening in France in the first biannual round with a
primary guaiac FOB test achieved uptake of 34%. Compared
to the uptake in Serbia, which was almost two times higher (al-
though on a smaller sample of target population), it is shown
that the delivery of the test from a general physician after a
written or telephone invitation is far more effective than the
mailing of the test with an invitation and instructions .

Faivre and Hamza "* has pointed out the paramount im-
portance of the response higher than 50% for the success of
the screening and effectiveness in lowering of mortality of the
colorectal cancer. That is the reason for the results of the first
cycle of screening in Serbia with the response rate of 62% of
the target population to be very encouraging.

In the course of the four-year cycle of testing in Korea,
the uptake of the target population rose from 10% at the be-
ginning to 20% at the end of the organized colorectal cancer
screening round with the use of iFOB test '°.

The coverage of the population with invitations and test-
ing continues to be low despite all the European and American
Cancer Society recommendations. Coverage of target popula-
tion in various European countries varies from 7.2 to 90%
when the initial FOB test was used and between 7% and 55%
when colonoscopy was used > *.

Positive iFOB test

Results from different municipalities in Serbia showed
that in the first cycle, there were on the average 5.9% of per-
sons with positive findings. In 2013, the percentage of per-
sons with positive findings of FOB test was 4.3%, while in
the year 2014, it was 7.3%. In the first round of the organ-
ized colorectal cancer screening, a high percentage of per-
sons with positive findings of iFOBT, particularly in some
municipalities, according to other authors could have been
connected with invitations to persons who did not belong to
the group of average risk '’. In the research of Benson Inter-
national Colorectal Cancer Screening Network from the year
2012, which included 26 programs of organized screening
for colorectal cancer and 9 pilot programs in 24 countries, it
is shown that the results from Serbia are in concord with
programs in Europe, America and the countries of the West
Pacific, which had used iFOB test. The percentage of posi-
tive iFOBT was 6.1% '*. Compared to the iFOB test, guaiac

test has less percentage of positive findings, which on the
average is 4.6% "%,

In the first round of the organized screening in Serbia,
the percentage of positive iFOB test was 4.4—11.1%. The re-
sults achieved in Serbia are within the established and rec-
ommended values of the European recommendation *.

Adenoma detection rate and PPV for the detection of
adenoma

We recorded a somewhat lower rate of adenoma detec-
tion (9%o0) which was slightly less compared to previous Eu-
ro-plan programs (13.3-22.3%o) *. On the other hand, the
PPV for the detection of adenoma in all the colonoscopied
was 37.7% in the first round of organized colorectal cancer
screening. It was found that PPV for detection of adenoma in
our study is in concordance with the European recommenda-
tions (19.6-40.3%) *.

It was shown that colonoscopy had high potential for
detecting adenomas. These data are comparable with the re-
sults of organized screening program in Hungary, which also
has a high incidence of and mortality from colorectal cancer,
and used iFOB test, as well as in Italy . Although the PPV
for detection of adenomas was in line with previous results
of the European population based screening program, ade-
noma detection rate was lower, caused by low colonoscopy
compliance rate. The results from the first round of colorec-
tal cancer screening for five provincial programs in Canada
have shown that a high colonoscopy compliance rate
(80.5%) produced the increased adenoma detection rate
which was 16.9%o »’.

Cancer detection rate and PPV for the detection of cancer

The PPV for the detection of cancer in Serbia was 8.3%,
slightly higher compared to the results after the first two-year
round in France (7.5%) and Canada (4.4%). Despite low a co-
lonoscopy compliance rate, the cancer detection rate in Serbia
was 2%, similar to that in France (1.9%) and Canada (1.8%),
where colonoscopy compliance rate was as almost two times
higher, 80.5% in Canada, and 88.5% in France 1420 Cancer
detection rate in our study is in concordance with European
programs conducted (1.8-9.5%o) *, as well as PPV for detec-
tion of cancer in our study is in the concordance with the Eu-
ropean recommenoations (4.5-8.6%) .

These results indicate that Serbia needs to continue with
education of the target population regarding the importance
of colonoscopy for the detection of the cause of fecal bleed-
ing in patients with a positive iFOB test, in order to increase
colonoscopy compliance rate and the number of persons with
detected adenomas and colorectal cancer.

Localization of polyps and carcinoma

A total of 70.4% of detected polyps were located in the
left colon, which is slightly more than proportion of detected
polyps in the left colon in Croatia (64%) .
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A total of 77.3% of detected carcinomas at colonoscopy
were left-sided, which is identical to the results of organized
screening for colorectal cancer in England *'.

Conclusion

According to the data from the first biannual round of or-
ganized colorectal cancer screening in Serbia, the participation

rate of the target population to testing was high, that is encour-
aging. We believe that in the forthcoming rounds, we could in-
crease the coverage of the target population through organized
screening for colorectal cancer. The established positive predic-
tive value of completed colonoscopies shows that in further ob-
serving the stages of the diagnosed adenomas and carcinomas,
we could reach the expected improvement regarding earlier de-
tection of colorectal cancer in Serbia.
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Introduction

Serum/plasma cardiac troponin (cTn) has been recogni-
zed as highly sensitive and specific marker of the damage to
cardiomyocytes, with no information on the etiopathogenesis
of this damage '. The expression “false positive ¢Tn” should
be reserved for preanalytical and analytic false positives [i.e.
when cTn elevation is not really present, but it is due to met-
hodological problem(s)] 2, ¢Tn is also useful prognosticator in
acute myocardial infarction (AMI)°. ¢Tn predicts outcome in
stable coronary artery disease (CAD), too *, as well as in many
non-ischemic diseases, which increase ¢Tn concentration >°.

Aortic dissection (AoD) is a catastrophic disease of the
aorta with the highest mortality rate, which reaches 1% per
hour in the first 48 h, if left untreated ’. Initial misdiagnosis
of AoD was =30% (24% of AoD patients were misdiagnosed
as AMI, and 6% as stroke) °. Elevated cTn at admission (to-
gether with electrocardiography — ECG) sugestive of [acute
coronary syndrome (ACS), dyspnea and pleural effusion]
may increase time to AoD diagnosis °. Indeed, the highest
lethality occurs when AoD causes ST segment elevation
myocardial infarction (STEMI) and chemical reperfusion
(thrombolysis) is used for STEMI, with AoD as the cause be-
ing overlooked. Proximal AoD usually arises above right si-

nus of Valsalva and more likely affects the right coronary
artery '°. If AoD causes AMI, ostium of the right coronary
artery is most commonly affected. This is by definition
known as right ventricular (RV) AMI. Consequently, in this
type of AMI, RV AMI, we should be probably more vigilant
to search for AoD as a cause of AMI ',

Patients who receive thrombolysis (by mistake) for
AoD-induced STEMI, have been described even in the car-
diologic institutions with very high reputation. It is someti-
mes “unavoidable” ">, because it is extremely difficult to
make in the emergency department differentiation between
AMI due to atherothrombosis and due to AoD . In AoD an-
tithrombotic and thrombolytic treatments double hemorrha-
gic complications and mortality, which approaches 69—
100% '*. Although thrombolytic and anticoagulant agents
might temporary improve symptoms and signs of AMI, the
mortality rate climbs > 70%, mostly due to hemorrhage into
paricardium,  which  progresses to  tamponade '°.
Contemporary expansion of prehospital thrombolysis is rati-
onal and life-saving for many STEMI patients. Regrettably,
it might enhance the number of thrombolysis in rare cases
with AoD-induced STEMI "°.

The motivation for this paper comes from the following:
cTn has been increasingly used in the emergency room to im-
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prove detection of the diseases with myocardial necrosis,
AMI at the first place. Elevated cTn in a patient with chest
pain has been frequently (but erroneously) interpreted as a
proof against AoD. It is important for practice that elevated
cTn level does not exclude AoD at all. Namely, as much as >
20% of acute ascending AoD patients may have increased
¢Tn values '°. It could be helpful for practitioners who inter-
pret ¢Tn results to be aware of the following possibilities of
elevated c¢Tn in patients with chest pain. Namely, the patient
may have AoD and some of the conditions with increased
c¢Tn, which could erroneously point toward AMI as the sin-
gle disease.

CTn can be raised in AoD patients due to various
reasons:

When AoD causes AMI

The prevalence of AMI among almost 1,000 AoD pati-
ents was 7% '’. In 1/7 of AoD patients coronary arteries are
affected '®. Up to 1/4 AoD patients have increased c¢Tn con-
centration, and they have 4-fold higher mortality risk .
Additionally, 3% of AoD patients have STEMI, as seen in
the large International Registry of Aortic Dissection
(IRAD) . Such patients often present with strong retroster-
nal chest pain, with ST-segment abnormalities, and with inc-
reased serum cTn level, all common signs of AMI. It really
is AMI, but not usual one, type 1 AMI (due to coronary
artery thrombosis), i.e. ,,classical® STEMI, but caused by
AoD . Some quickly performed simple procedures can be
life-saving if they help detect AoD as the cause of AMI:
comparing pulses and pressures between the arms, discovery
of aortic regurgitation murmur, transthoracic echocardiogram
in the emergency room or in the coronary care unit. Therefo-
re, high-risk predisposing condition (such as bicuspid aortic
valve, aortic aneurysm or manipulation, Marfan syndrome,
or positive familly history), high-risk pain characteristics
(abrupt, severe, tearing pain), above mentioned high-risk
examination features (plus hypotension / focal neurologic de-
ficit) were recognized in the latest European Guidelines as
suggestive of AoD.

AoD may cause AMI by compromising coronary artery
blood flow directly (mechanically) in 5 ways . Neri recogni-
zed 3 main types of lesion: Type A — AoD with disruption of
the inner layer, limited to the area of coronary ostium; Type B
— AoD with coronary false channel, is a retrograde extension
of the AoD into coronary artery wall; Type C — circumferential
detachment, with inner cylinder intussuception ***'.

Other authors reported somewhat different potential
mechanisms of coronary artery obstruction: bulging of dis-
sected false lumen, producing occlusion at the coronary ori-
fice, with possible subsequent distal thrombosis; intimal de-
tachment of coronary orifice and dominant blood flow via
false lumen; dissection extending into the coronary artery,
producing obstruction beyond the coronary orifice; extension
of the proximal AoD flap into the right coronary artery; blo-
cking the coronary ostia during diastole, either completely (if
the flap reaches the middle portion of the left ventricle) or

only partially (if flap is shorter) '**'. Many other mecha-

nisms in AoD can be operative resulting in AMI: stress-
induced tachycardia, high blood pressure, etc. It is type 2
AMI ", Namely, tachycardia is common in AoD patients,
due to excruciating pain and subsequent sympathetic activa-
tion. High blood pressure can be expected, too, unless there
is, e.g. bleeding or blood leakage from the aorta. All such di-
sturbances cause mismatch between myocardial oxygen con-
sumption and supply, which can lead to ischemic myocardial
necrosis (and c¢Tn raise). This scenario occurs typically in
AoD patients who also have CAD, but CAD is not conditio
sine qua non.

When AoD causes the disease, other than AMI (eg, stro-
ke), which can increase cTn concentration

AoD can cease arterial circulation to the brain by obs-
tructing carotid arteries, with resulting ischemic stroke. Of
1,873 patients with type A AoD, enrolled in the large Inter-
national Registry for Acute Dissection, 4.7% presented with
cerebrovascular accident and 2.9% with coma *. It is an old
clinical rule that we should think of AoD when a patient pre-
sents with chest pain and neurologic problems, e.g. syncope.
We have to avoid thrombolysis, which is contraindicated if
ischemic stroke is caused by AoD (because thrombolysis
may increase hemorrhage into the aortic media and promote
aortic rupture) *. In several studies, cTn concentration was
found to correlate significantly positively with the increased
volume of the cerebral lesion in ischemic stroke, demonstra-
ted by CT scan. In 15 studies 18.1% [(95% confidence inter-
val (CI) 13.6-22.6)] 0f 2,901 stroke patients had an increased
¢Tn level **. Thus, AoD causes ischemic stroke, which can
increase cTn concentration. In addition, approximately half
of AoD patients have (acute) aortic insufficiency . This
may result in acute heart failure, capable of raising ¢Tn "*.

When the disease increases (cTn) level and contributes
to AoD (chronically or acutely)

Renal failure has been known to enhance c¢Tn values,
especially of cardiac troponin T (¢TnT) *'®. Asymptomatic
patients with end-stage renal disease had increased ¢TnT in
12%—-66% and cardiac troponin I (cTnl) in 0.4-38%. Eleva-
ted cTnT significantly correlated with all-cause mortality [re-
lative risk (RR) 2.64; 95% CI: 2.17-3.20] and with cardiac
death (RR 2.55; 95% CI: 1.93 to 3.37), as demonstrated in a
meta-analysis > '°. The exact mechanism is not definitely
elucidated, but current explanations for ¢Tn elevations are:
asymptomatic necrosis of cardiomyocytes, left vetricle (LV)
hypertrophy, LV systolic dysfunction, enhanced cardiac pre-
load accompanied by myocardial stretch, endothelial
dysfunction, microvascular derangement, episodes of
hypotension during dialysis or myocardial lesion due to cal-
cium and oxalate deposition *°. Diminished renal clearance
of ¢Tn and its particles may also contribute. Increased ¢cTnT
could come from skeletal muscles (skeletal isoform) .

In 3,243 patients of Chronic Renal Insufficiency Cohort
(CRIC), c¢TnT concentrations were mainly an indicator of
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LV hypertrophy >”. The great majority of renal failure pati-
ents have arterial hypertension (AHT), which is commonly
difficult-to-treat and uncontrolled, representing chronic risk
factor for AoD. Hypertensive crisis was listed as condition
which can acutely raise ¢Tn >'. It is due to LV pressure over-
load and tachycardia (with consequent increase in myocardial
oxygen consumption), as well as to sympathetic and catecho-
laminergic enhancement of the tone of coronary arteries (with
resultant decrease in coronary flow), etc. At the same time,
hypertensive crisis can cause/contribute to AoD .

When other factor induce cTn elevation independently
from AoD

AoD can occur in patients who already have raised cTn
level. A list of conditions, characterized by c¢Tn elevation is
very long > '*'7 and obviously not finished. Its simplification
was published to make it easier for learning '. Moreover, it is
important to recognize that diseases from each system of or-
gans can raise c¢Tn value. ¢Tn and/or hs-cTn is solid prog-
nosticator in many non-infarction causes of elevated c¢Tn
concentrations: congestive heart failure, pulmonary embo-
lism, chronic obstructive pulmonary disease, sepsis, renal
failure, critical illness and the perioperative period .

When cTn elevation is the result of analytical
(laboratory) error (false positive cTn elevation)

False positive increases of c¢Tn concentration are less
frequently found now - with new, improved essays >*'°. In or-
der to diminish any potential of false positive cTn elevation
(which is the result of the imprecision in the low concentration
range), the aim is to have all cTn assays attain a 10% coefficient
of variation (CV) at the 99th percentile reference limit **. Taken
together, raised ¢Tn concentration in chest pain patients should
not automatically lead to the conclusion that it is AMI and to the
administration of antithrombotic therapy. It may actually be
AoD patient with any of the aforementioned 5 conditions.

Some obvious implications for practice and research

In patients with diagnosed AoD, high ¢Tn should be inter-
preted having in mind the possibilities numbered in this paper. For
example, angiotensin-converting enzyme (ACE) inhibitor may be
administered in AoD if elevated cTn is a result of AoD-induced
AMLI, but not if ¢Tn increase comes from acute kidney injury.

AoD may cause stroke. In patients with ischemic stro-
ke, elevated cTn concentration is important for prognosis and
imposes the need for cardiologic examination, including
probably echocardiogram with focus also on aorta.

It should be investigated which of the etiopathogenic mec-
hanisms of ¢Tn raise in AoD are common and clinically relevant.

In patients with the diagnosed AoD, high c¢Tn is belie-
ved to have prognostic value. Moreover, it is highly probable
that various causes of elevated ¢Tn in AoD are not equally
good prognosticators; some (e.g., AMI-induced) may be va-
lid, but others (e.g., false-positive) are certainly not.

In which of the etiopathogenic type of c¢Tn increase in
AoD (e.g. within AMlI-induced cTn elevation), is cTn
quantitatively related to bad prognosis (i.e. is there a thres-
hold for cTn as a prognosticator)?

Important biomarkers in AoD: D dimer (DD)

Since early laboratory investigations in AoD, e.g. serum
transaminase and lactic acid dehydrogenase, by Mold * in
1964 , many of biomarkers have been studied, including DD, C
reactive protein (CRP), smooth muscle myosin heavy chain,
calponin, soluble elastin fragments (SELAF), matrix metallopro-
teinases (MMPs), tenascin, transforming growth factor beta
(TGF-b), N-terminal pro-brain natriuretic peptide (NT-proBNP),
big endothelin-1 (Big ET-1), creatine kinase-BB isozyme, Notch
signaling pathway, and genetic markers ** .

DD is now the most widely available and reliable bio-
marker for AoD, the only biomarker for AoD tending to be-
come a gold standard ****. DD is the consequence of the
fibrinolysis, it circulates in the blood several days after intra-
vascular thrombus formation (the half-life is ~ 8 hours) *°.
AoD activates inflammatory, coagulation and fibrinolytic ca-
scades *°. In AoD low admission platelet count is a sign of
their massive consumption, possibly with similar consumpti-
on of fibrinogen and other coagulation factors *’.

Diagnostic potential of DD in AoD

Probably, the first paper about usefulness of DD in AoD
was the one published by Weber et al. ** in 2003. They analyzed
24 AoD patients: 12 with type A and 12 patients with type B.
DD concentration was abnormal (> 500 ng/mL in all of them,
with the average result of 9,400 ng/mL. In a meta-analysis, pla-
sma DD for AoD has the high sensitivity (0.97; 95% CI, 0.94—
0.99), but low specificity (0.56; 95% CI, 0.51-0.60) **. In a large
cohort of patients with suspected AoD, ADD risk score 0 or 1
plus a negative DD accurately and efficiently ruled out AoD .
DD is better in the detection of AoD compared to the smooth
myosin heavy chain and soluble elastin fragments, because of its
longer half-life and higher sensitivity *’.

AoD patients with stroke had a significantly higher
DD as compared with any other stroke subtypes and their
B-type natriuretic peptide (BNP) concentrations were
significantly lower in comparison to patients with cardio-
embolic stroke. Moreover, DD:BNP ratio was significantly
higher in AoD patients with stroke than in patients with any
other stroke subtypes (within 6 h of onset, sensitivity was
81.8% and specificity 96.4%) *'. In a study using DD as a
screening tool in patients not highly suspected of having
AoD, the clinical picture and physician’s judgment remai-
ned principal, despite a well-known high sensitivity of DD
for AoD *. Although DD by itself is not able to discrimina-
te AoD from PTE, if DD is very high, it may demand an
urgent CT, aiming to detect AoD or PTE *. In general, rai-
sed DD concentrations, caused by tissue injury, show a
trend for gradual decline within the first few days following
the event **.
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Cut-off values of DD for AoD

Different DD cut-offs were used as upper normal limit
in the medical literature (100-900 ng/mL) *. The lower the
cut-off, the higher the sensitivity and the lower the
specificity, but even with the cut-off concentration of 400
ng/mL, the sensitivity of DD for aortic intramural hematoma
(IMH) was only 90% and insufficient to rule out the diagno-
sis of acute aortic syndrome (AAS), particularly if there is
high clinical suspicion *. IRAD-Bio published 96.6%
sensitivity and 46.6% specificity using a 500 ng/ml DD cut-
off during the first day of symptom onset **. The specificity
increased to 73% when the cutoff value was 626 ng/mL .
The largest study on the use of DD in AoD showed its mar-
ked elevation within 6 hours of the clinical event: 3,213 +
1,465 ng/mL in type A and 3,574 + 1,430 ng/mL in type B
versus 2,452 + 1,891 ng/mL in  pulmonary
thromboendarterectomy (PTE) patients, 1,459 =+ 1,650
ng/mL in patients with myocardial infarction, and 760 + 974
ng/mL in patients with angina pectoris. With the cut-off level
of 500 ng/mL, within the first 6 h, sensitivity was 95.7% and
specificity 61.3%. Importantly, AoD can be ruled in if DD
concentration is > 1,600 ng/mL during the initial 6 hours **

The same 500 ng/mL DD cut-off value is also used for
PTE, which is beneficial for simplicity and cost-
effectiveness: with a single blood test, one can rule out AoD
and PTE in patients at low risk **. DD is useful in AoD up to
10 days after the onset (with a cut-off of 1,600 ng/ml
sensitivity was 95.3%). It is important that DD concentrati-
ons may be measured in 2 different units: DD unit (DDU) or
fibrinogen equivalent unit (FEU). One DDU is equivalent to
2 FEU **. Therefore, DD units should be reported in publi-
cations and different units (DDU or FEU) can not be used
interchangeably.

False negatives DD in AoD

False negative results (when DD is normal in an AoD pa-
tient) were most likely in patients: 1) under 70 years old, with
intromural hemorrhage (IMH), with thrombosed false lumen,
and with shorter dissections (in length) *******_ DD concen-
tration may be within the normal limits in young patients with
short dissection and a thrombosed false lumen, without penet-
rating atherosclerotic ulcer (PAU) *’. The DD concentration <
100 ng/mL can exclude AoD, but not IMH or PAU **%.

Prognostic potential and correlations of DD in AoD

In the study of Weber et al. ®® DD was not higher in
AoD patients who died in hospital. To the contrary, in the
study of Ohlmann et al. *, the independent markers of in-
hospital mortality were: pericardial effusion [odds ratio
(OR), 6.80; CI, 1.87-27.60), DD > 5,200 ng/mL (OR, 5.38;
CI, 1.27-30.87), and female gender (OR, 4.96; CI, 1.39-
19.95)*. Serum DD > 10,000 ng/mL resulted in the
sensitivity of 61.5% and specificity of 84.1% for the predic-
tion of in-hospital death *”. DD was higher in patients with
in-hospital death *'. This is a consequence at least in a part of

a positive correlation between the extent of AoD and DD
concentration **>"**. The average DD increased from
DeBakey class II AoD, over class III, to class I AoD (r =
0.63; p < 0.01)°". DD decreased with longer duration from
the onset of symptoms, allowing the differentiation of acute
from chronic AoD ">,

DD values are lower in AoD patients with thrombosed
false lumen in comparison to patients with partially thrombo-
sed one (which predicts poor outcome) ******** Ohlmann et
al. * suggested that DD increased proportionally to the sur-
face of contact between the bloodstream and thrombogenic
components of the patent false lumen, which triggers the co-
agulation cascade and thereby raises DD level. DD concen-
tration can be normal in patients with IMH*****. Re-
elevation of DD is unfavorable. During in-hospital treatment
of AoD, the coagulation cascade could be activated by aortic
injury, prolonged bed rest, and hemoconcentration, due to
increased vascular permeability, as the result of
inflammatory response. Serial measurements of DD can be
used for early detection of re-AoD or venous thromboembo-
lism (VTE) during in-hospital management of Stanford type
B AoD 7.

Final remarks on DD in AoD

DD may be used in the same fashion in AoD as in PTE:
negative result renders the presence of the disease very
unlikely **. DD to rule out AoD is most likely to be useful in
individuals with low to moderate risk of AoD. Excluding pa-
tients from definitive imaging studies due to normal plasma
DD may be unwise, especially in high-risk patients (those
with Marfan syndrome or uncontrolled AHT) *. Current evi-
dence supports routine measurement of DD for the suspected
acute AoD: if DD is < 100 ng/mL, this excludes acute AoD
in all cases with a low likelihood of disease *°

DD < 500 ng/mL (this cut-off has been used to rule out
PTE in patients with low likelihood), can almost exclude
AoD during the first day of presentation (negative likelihood
ratio of 0.07). At higher levels in patients presenting within 6
h of symptoms onset, DD may be used to rule in AoD **. Ne-
ema ° suggested that the absence of both increased DD and
ECG changes is considered specific to rule out AoD.

CRP in AoD

CRP is mostly synthesized in the liver by stimulation of
many cytokines, particularly by interleukin (IL)-6 *°. In acute
inflammation (due to infection, trauma, etc.), CRP levels inc-
rease promptly within 4-6 h, and reaches its maximum con-
centration at 36—50 h, and then diminish as the inflammation
response decreases > >". CRP levels are significantly higher
in both acute AoD and chronic aortic aneurysm.

Mechanisms of CRP elevation in AoD
Increased levels of inflammatory markers [IL-6, CRP,

tumor necrosis factor alpha (TNF-a) in plasma] and changes
in MMP-9 are significantly associated with AoD, suggesting
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the role for inflammatory process in the AoD pathogene-
sis . CRP rise is believed to originate from systemic stress
with systemic acute-phase
inflammatory processes *>>**. CRP levels depend greatly
on the time elapsed from the onset of symptoms. Plasma
CRP concentrations are higher in patients with aortic
aneurysms in comparison with controls, but the average CRP
levels were similar in patients with AoD and chronic aortic
aneurysms. On the other hand, the white blood cell (WBC)
count was only elevated in AoD in at least two studies .
CRP concentrations are increased in patients with
asymptomatic abdominal aortic aneurysm (AAA), and they
correlate with the size of AAA.

response, and local aortic

Diagnostic potential of CRP in AoD

CRP level is seldom prominent within the first hours af-
ter AoD onset. Therefore, CRP is not useful to diagnose acu-
te AoD. Moreover, CRP is not appropriate for the discrimi-
nation between acute AoD and chronic aneurysm, because in
some studies CRP levels were found to similarly increase in
both diseases *. Newer data demonstrate increased CRP va-
lues in acute AoD compared with chronic AoD and AHT, as
well as with healthy subjects (13.48 + 3.74 mg/L vs 4.12 +
2.99 mg/L, vs 1.62 £ 0.65 mg/L, and 1.12 £ 0.35 mg/L,
respectively; p < 0.001) *".

Prognostic potential of CRP in AoD

In a study of Schillinger et al. ** higher CRP concentra-
tions predict higher mortality. Mortality hazard ratios in AoD
patients with CRP levels from 2nd to 4th quartiles versus the
first quartile were 0.7, 1.8, and 2.6, respectively. CRP con-
centration > 63.0 mg/L predicted high short-term mortality.
The admission CRP > 68.0 mg/L in AoD and/or aortic
aneurysm predicted a higher mortality rate both in operated
and conservatively treated patients . In type III AoD, a peak
CRP value over 150 mg/L was a marker of a high risk for
oxygenation impairment and adverse outcome . Higher
maximal CRP concentrations were found in AoD patients
with adverse outcome (251 + 123 mg/L), as compared to pa-
tients without them (161 + 74 mg/L, p = 0.010) ®'. The hig-

hest quartile of the peak CRP level is associated with higher
incidence of adverse long-term events in type B AoD. Since
CRP is a nonspecific marker of inflammation, it reveals not
only AoD itself, but complications (e.g., pneumonia),
too 326263

Okina et al. © studied 240 AoD patients and found that
CRP values at admission most often were negative (< 5.0
mg/L) in the uneventful subgroup. In the event-free subgro-
up, CRP demonstrated the peak on the 4th day after AoD on-
set (4.2 = 3.9 days, the average CRP value 137 mg/L), then
gradually decreased to the average of 46 mg/L 4 weeks later.
On the other hand, in the subgroup with clinical events, there
was prolonged CRP elevation and/or re-elevation, peak CRP
was significantly delayed (time to the maximum CRP: 8.1 +
5.1 days, p < 0.05 in comparison with the event-free subgro-
up). Namely, CRP continued to raise after the 4th day, and
subsequently adverse cardiac events occurred in these pati-
ents. Thus, persistently elevated CRP may be a sign of in-
flammation and AoD progression, imposing the need for (re-
peated) application of magnetic resonance imaging (MRI) or
computed tomography (CT), improved blood pressure (BP)
control and/or an early cardiosurgery ©.

In analysis of 180 patients with aortic IMH, the maximal
CRP was found 4 days after the onset of symptoms (124 + 63
mg/L). Those with raised CRP concentration (> 72 mg/L) at 2
weeks had significantly more adverse aortic events (p <
0.001) *. Suzuki et al. ** suggest that maximal CRP concentra-
tion reflects the degree of inflammatory reaction and the da-
mage of the aortic wall **. One study in acute AoD showed
higher CRP in patients with longer hospitalization, due to
complications *’. In chronic type B AoD increased CRP con-
centration pointed to adverse outcome, particularly in patients
on conservative treatment in comparison with the operated
ones . CRP was suggested for possible monitoring of the co-
urse of false lumen thrombosis **®* (Table 1).

Correlations of CRP in AoD
Plasma CRP levels decrease significantly when the time
from the onset of acute AoD to hospitalization increase (p =

0.013) *”. CRP value is usually a low level within 24 h from
the first symptoms. The peak of CRP level in the study of

Table 1

Some of contemporary biomarkers for aortic dissection (AoD) patients

Main purpose in Relevant references

Biomarker Origin of biomarker increase
AoD currently
DD High DD is a consequence of fibrinolysis of To help excluding 34,3841, 66
hematoma in the aortic media AoD in low risk
patients
CRP CRP rise results from systemic stress and local Prognostication 32,57, 58, 61, 63—65
aortic inflammatory processes
cTn Elevated cTn concentration Indicator of possible 9, 16, 21, 67

is due to acute myocardial infarction type II of type

one, or due to renal failure,
stroke, etc.

coronary artery
affection by AoD

DD — D dimer; CRP-C - reactive protein; ¢Tn — cardiac troponin.
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Sugano et al. ®' was observed at 3 + 1 days. In AoD, the

injury of the vessel wall induces inflammatory response, in-
cluding numerous humoral factors, capable of activating not
only endothelium in lungs, but extensive resident neutrophil
pool, as well. In AoD patients, maximal CRP concentration >
150 mg/L was an independent predictor of forthcoming lung
injury (relative risk = 12.6, p = 0.001) °'.

Final remarks on CRP in AoD

CRP does not increase within the first day from the
AoD symptoms onset, and therefore CRP is not a valuable
biomarker for diagnostic purposes. Markedly elevated CRP
during in-hospital stay results probably either from extensive
aortic damage or from significant comorbidity, making CRP
suitable candidate for valid prognostic marker in AoD.

Conclusion

Elevated troponin concentration does not exclude AoD.
Five categories of diseases/clinical situations are probable

causes of troponin raise in patients with AoD. Laboratories
made a tremendous progress in troponin estimation, many
scientists proved its usefulness for diagnostic purposes and
prognostication, and it is time for all of us to optimize tropo-
nin interpretation in everyday work.

DD is now the most widely available and reliable bio-
marker for AoD, the only biomarker for AoD tending to be-
come the gold standard. DD may be used in the same fashion
in AoD as in PTE: negative result renders the presence of the
disease very unlikely.

CRP is not useful for the AoD diagnosis, but has a po-
tential as a prognostic marker. More investigation is needed
to confirm this and to find optimal cut-off concentration and
adequate time for the measurement, since CRP concentration
depends a lot on time (in days) from the AoD onset.
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Introduction

Chronic renal failure (CRF) is usually slowly progres-
sive and irreversible impairment of the functional unit of
the kidney — the nephron. According to the agreed and es-
tablished criteria (National Kidney Foundation / Kidney
Disease Outcomes Quality Initiative — NKF / KDOQI) the-
re is a five-stage classification, so that in I° stage glomeru-
lar filtration rate (GFR) > 90 mL/min/1.73m* and morpho-
logical and functional abnormalities may exist. Mild, mo-
derate and pronounced reductions in GFR correspond with
the stages 1I°-IV’, and GFR < 15 mL/min/1.73m’ means
end-stage renal failure '.

Progressive decrease in GFR leads to a number of adaptive
changes on tubular processes which maintain the external balan-
ce of substances and water. Biological ‘price’ of exhausted
compensatory mechanisms is expressed as the disorder of inter-
nal balance — homeostasis along with the development of azo-
temia, hyperkalemia, hypocalcemia, hyperphosphatemia, and a
number of consequential changes in all organs *°

Mineral and bone disorder (MBD) related to renal
osteodystrophy (ROD), occurs relatively early in the course
of chronic kidney disease (CKD-MBD) and includes: ab-
normal levels of serum calcium (Ca), phosphate (P),
parathyroid hormone (PTH) and vitamin D; lower rates of
bone turnover, mineralization, structure, strength and linear
growth; vascular and soft tissue calcification *.

Secondary hyperparathyroidism (SHPT) is a disorder
of increased bone turnover, which is pathophysiological
and can combine all the above mentioned disorders.

Etiopathogenesis of secondary hyperparathyroidism
in chronic renal disease

According to the traditional concept of pathophysiology of
SHPT, PTH hypersecretion is a compensatory measure for the
correction of  hypocalcemia  resulted from transient
hyperphosphatemia, which appears relatively early in the course
of chronic renal disease (CRD) (GFR < 60 mL/min/1.73m’). PTH
hypersecretion stimulates 1-o hydroxylase activity and enhances
the synthesis of calcitriol, which promotes intestinal absorption of
calcium and phosphorus. Synthesis of phosphaturic hormone is
stimulated in osteocytes (FGF 23), and thus ‘temporarily’ distur-
bed homeostasis is restored.

With progression of chronic renal failure (CRF),
hyperphosphataemia becomes more common, and after the
reduction of GFR < 25-30 mL/min/1.73m’ it becomes per-
manent °. Serum calcium values therefore progressively dec-
rease and it consequently lowers ionized calcium fraction
(Ca™), thus stimulation of PTH synthesis and secretion be-
comes permanent, partly due to the absence of inhibitory ef-
fects of calcium and vitamin D for lower receptor density
(CaSR/VDR) for these ligands in chief cells of the
parathyroid gland °.
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Reduced serum calcium and calcitriol values and increase
in circulating PTH have been encountered in 40% of patients
with GFR < 40 mL/min/1.73m’* and in 80% of cases with
GFR <20 mL/min/1.73m > >°,

Biological effects of parathyroid hormone

PTH is a polypeptide containing 84 amino acids,
which is normally secreted by the chief cells of four
parathyroid glands, 50-300 mg weight each. Proteolytic
degradation of prepro-PTH in the endoplasmic reticulum
and Golgi apparatus creates the final form ("* iPTH)
which is deposited on secretory granules. Release from the
depot is encouraged by the same stimuli as its synthesis,
primarily by low extracellular concentration of Ca" jons. It
disintegrates rapidly in the liver and kidneys (T2 = 2—4
minutes) into biologically active N terminal amino acids
(33-84, 36-84N), and various biologically inactive C
carboxylate terminals (7% 3454 37-84 41844384 0y 7.8

PTH exerts its effects on tissues through PTH,/PTH,
receptors. Correction of hypocalcemia involves rapid release
of Ca®" jons along with pumping-out a so-called ‘bone fluid’
located on the peripheral zone of bone matrix and slow-rate
and long-term release of calcium deposited in the mineral
matrix. Osteoclastic-induced enzymatic degradation of apati-
te is stimulated by cytokines (TNF-a and IL-1) and growth
factors acting locally (TGFB, IGF, FGF). PTH stimulates re-
absorption of Ca®” and Mg”" in kidney cells; it inhibits reab-
sorption of P and stimulates calcitriol synthesis by stimula-
ting o 1-hydroxylase. Indirectly, stimulating the synthesis of
vitamin D, PTH promotes the intestinal absorption of Ca*"
and P for the increased expression of genes responsible for
NaPT2b transporter synthesis .

Nontraditional target organs of PTH are other tissues
and organs with PTHI1/PTH2 receptors, which are not
directly or indirectly involved in maintaining Ca*" and P ion
homeostasis. Maladaptive changes in blood vessels, myocyte
hypertrophy, increased extracellular matrix, myocardial fib-
rosis, dyslipidemia, proatherogenic and proinflammatory ef-
fects, vascular and soft tissue calcifications, increased intra-
cellular Ca®" concentration, impaired compliance of arteries
and arterioles are some of the harmful consequences of
SHPT and related disorders leading to increased mortality in
patients on dialysis '"*'2. According to the relevant data from
the DOPPS (Dialysis Outcomes and Practice Patterns Study),
there was an increased mortality in patients on dialysis with
Ca’*>10.0 mg/dL, P > 7 mg/dL, and PTH > 600 pg/mL ".

Regulation of parathyroid hormone synthesis and
secretion

Variation in the extracellular ionized Ca>" concentrati-
ons is the most important mechanism of regulation of PTH
synthesis and secretion. It is independent of the effects of vi-
tamin D and is accomplished through a complex sensing re-
ceptor CaSR. Intracellular domain of the receptor complex
(B-region) directs through adenylate cyclase the production
of energy substrates ATP and cAMP which stimulate the

synthesis of PTH wunder conditions of extracellular
hypocalcemia. Otherwise, intracellular a- domain of CaSR
and phospholipase C is activated, which finally inhibits mR-
NA transcription in PTH synthesis in a cascade process '*.

Experimental hyperphosphataemia stimulates PTH
synthesis (and secretion), regardless of the concentration of
calcium in the vicinity of parathyreocytes, by phospholipase
A2-mediated post-transcriptional induction of PTH mRNA
synthesis. Indirectly, it leads to hypocalcemia but also to
stimulation of 1-a hydroxylase and the synthesis of phospha-
turic hormone FGF23, thereby providing a feedback control
of hyperphosphatemia *.

Through its nuclear receptor (VDR) vitamin D directly in-
hibits PTH mRNA synthesis, and in different ways it indirectly
controls biologically available PTH: it stimulates CaSR
expression and the synthesis of FGF23 in osteocytes, encoura-
ges maturation of osteoblasts and synthesis of bone matrix (uti-
lization of Ca®" and P), stimulates osteoclastogenesis (liberation
of Ca’" and P), intestinal absorption of Ca®" and P, renal reab-
sorption of Ca>” and Mg, and excretion of phosphates

Phosphaturic hormone FGF 23 is formed in the osteocytes
and is stimulated by PTH, vitamin D and hyperphosphatemia. It
inhibits PTH synthesis and secretion on post-transcriptional le-
vel through mitogen-activated protein kinase (MAPK). It
exhibits phosphaturic effect through internalisation of phospha-
te-transport proteins (NaPT2a and NaPT2c) °.

Permanent PTH hypersecretion in advanced CRF and in
dialysis patients is encouraged by intrinsic change in parathyroid
glands. Combining thropic stimuli enables diffuse (polyclonal)
proliferation of parathyreocytes and consequently reduces the
density of CaSR and VDR, so that individual clones proliferate
uncontrollably, which eventually ends up in formation of micro-
nodule or encapsulated macronodule. They are relatively insen-
sitive to inhibitory effects of vitamin D and the concentration of
ionized calcium in the environment, which shifts the ‘sensitivity
of Ca*" to the right, i.e. to inhibit PTH synthesis higher serum
(and extracellular) calcium levels are needed .

Skeletal resistance to PTH indicates an inadequate respon-
se to its pro-calcemic effects and is associated with abnormaliti-
es in uremic environment: hyper-P, hypo-Ca, hypovitaminosis
D, lower density of VDR and CaSR, accumulation of 8 pTH
fragment exerting effects that are opposing to iPTH etc. In addi-
tion, the accumulation of osteoprotegerin (which inhibits osteoc-
last differentiation and maturation) and of BMP-7 bone morp-
hogenetic protein (incorporation of phosphate into skeletal
matrix) suppresses the function of osteoclasts and osteoblasts in
different ways *°.

The diagnosis of secondary hiperparathyroidism

Clinical manifestations of SHPT are: itching, nausea,
vomiting, confusion, various clinical manifestations of soft
tissue calcification, painful bones and joints, fractures, and
other .

Laboratory analyses of relevant parameters are shown
in ranges of normal serum/plasma values ~'*: 1) serum intact
PTH (iPTH), 15-60 pg/mL (iPTH > 450 pg/mL indicates ra-

pid bone turnover); 2) markers of bone formation are: total
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alkaline phosphatase (ALP), 90-120 IU/L; bone-specific
ALP (bALP), 5-15 pg/L; osteocalcin (OC-bGP), 38-202
ng/mL; matrix Gla protein (m-GP): 6.2 + 3.5 nmol/L; 3) mar-
kers of bone resorption: tartrate-resistant acid phosphatase
(TRAP), 2.5 to 45 TU/L; C - terminal of procollagen Type I
(ICTP), 1.8-5.046 ng/mL; N - terminal type I collagen (NTX),
6.2 = 19.0 nmol/L; 4) other parameters of bone metabolism
are: total serum calcium: 2.10-2.60 mmol/L (8.5-10.5 mg/dL);
jonized calcium (Ca*” 1.15-1:35 mmol/L (4.6-5.4 mg/dL);
serum phosphate 0.84—1.45 mmol/L (2.5-4.5 mg/dL); product
(Ca x P): < 4.40 mmol*/L* (< 55 mg*/dL?); fibroblast growth
factor (FGF23), 29 + 28 pg/mL; serum 25(OH)D, 20-70ug/L;
serum 1.25(OH),D serum: 25-45 pg/mL.

Radiological diagnostics

Radiological skeletal survey (dominant hand bones,
long bones, spine and synarthrosis) can identify signs of
bone resorption (subperiosteal, intracortical, endosteal and
subchondral) bone sclerosis (vertebrae) and calcification of
the blood vessels (continuous in the intima - discontinuous
in the media of the blood vessels) and parenchymal or-
gans '’

Ultrasound examination of the parathyroid glands reveals
their position and size (volume), which correlates well with the
degree of activity, and examination of the heart and blood ves-
sels provides information on cardiovascular changes.

Scintigraphy of parathyroid glands with *"TC-
methoxyisobutyl isonitrile (MIBI) allows additional visuali-
zing the glands and morphofunctional analysis.

Computed tomography (electron beam — EBCT and mul-
ti-slice — MSCT) are useful for the assessment of severity of
coronary and valve calcification, as well as for locating
parathyroid glands and estimation of their size .

Biopsy is not a routine procedure and is applied in accor-
dance with K/DIGO (Kidney Disease: Improving Global Out-
comes) recommendations, along with two-dose tetracycline 500
mg administered 20 and 10 days before the biopsy . It is re-
commended in cases of inconsistent laboratory findings,
unexplained bone pain or the occurrence of fractures, progressi-
ve vascular calcification, unexplained hypercalcemia, suspicion
of aluminum or other metals intoxication, and it also should be
considered before the application of bisphosphonates ** .

Prevention and treatment

Preventive measures include slowing the progression of
kidney disease, timely commencement and periodic monito-
ring of indicators of mineral status thereafter, serum levels of
regulatory hormones, biochemical markers of bone turnover,
and timely diagnostic procedures, Table 1 .

Treatment involves the implementation of measures to
normalize serum Ca”" and P, correction of calcitriol deficiency
and other procedures applied to suppress PTH synthesis and
secretion.

Oral phosphate binder

Treatment of hyperphosphatemia begins by protein-
adjusted restricted dietary phosphate intake of 800-1000
mg/daily, usually not before GFR is reduced to 50-60% of its
normal values.

If serum P cannot be reduced to the recommended limit
in this way or PTH is increased, the use of calcium, and
optionally, non-calcium-based phosphate binders may be
considered (Table 2) "%,

For this purpose, natural metabolites of vitamin D can be
used [ergocalciferol (D,), cholecalciferol (D;), calcitriol];
synthetic analogues of vitamin D, (paricalcitol, falecalcitriol,
doxercalciferol) synthetic analogues of vitamin D5 (alfacalcidol,
maxacalcitol).

The use of vitamin D in the treatment of secondary
hyperparathyroidism

If hyperphosphatemia is corrected as described above
and target serum Ca’" levels achieved are not sufficient to sup-
press hypersecretion of PTH, application of vitamin D may be
taken into consideration (Table 3) **.

Ergocalciferol [Calcidol®, Calciferol®, Vitamin D2%,
Drisdol® caps. 1.25 mg (50,000 IU); Ergocalciferol” amp.
200.000/300.000/600.000 in 1 mL or 2 mL is now rarely used,
and priority is given to calcitriol and its synthetic derivatives.

General recommendations for use of vitamin D to suppress
SHPT are: if, after the initial dose serum PTH increases remains
unchanged, or is reduced to less than 50%, the dose should be
increased; if PTH is reduced by more than 50%, the dose does

Table 1
Recommended reference intervals for monitoring biochemical parameters of mineral bone disorder in chronic kidney
disease (CKD)
Check-up interval (in months)
Parameter CKD-111° CKD-1V° CKD-V’
(GFR 59-30 mL/min) (GFR 29-15 mL/min) (GFR < 15 mL/min)

Ca 6-12 3-6 1-3

P 6-12 3-6 1-3

PTH basal 6—12 3-6

ALP not recommended 6-12 3-6

bALP basal- not recommended

25 OH Dy basal when PTH levels increase when needed

GFR - glomerular filtration rate; Ca — serum calcium; P — serum phosphate; PTH — parathyroid hormone; ALP — serum
alkaline phosphatase; bALP — bone alkaline phosphatase.
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Recommendations for the application of phosphate binder

Table 2

Dosage

Phosphate binder

Initial dose

Titration: dose/interval

D.Th. max.
Notes

Initial dose

Titration: dose/interval

MDD
Notes

Initial dose

Titration: dose/interval

MDD
Notes

Initial dose

Titration: dose/interval

MDD
Notes

Initial dose

Titration: dose/interval

Calcium carbonate
2-3 x 0.5-1.0 g (Calcium carbonate® tablets. 0.5/1.0 g)
0.5-1.0 g/1-2 weeks
5.0-6.0 g (2.0 g elemental Ca daily)
Constipation, hyper-Ca, soft-tissue calcification, proven ABD or
PTH < 150 pg/mL constantly

Calcium acetate

(Phoslo® capsules 667 mg; Phosex® tablets 1000 mg; Renacet” tablets 475 mg)

2 x 667 mg; 3 x 475 mg

475-667 mg/1-2 weeks

3-4.0 g (2.0 g elemental Ca daily).

Constipation, hyper-Ca, soft-tissue calcification, proven ABD or
PTH < 150 pg/mL constantly

Combination 435 mg calcium acetate and 235 mg magnesium carbonate

(Osvaren® tablets)
3 x 1 tabl.
1-2 tabl. /1-2 weeks
10-12 tab.

Mg > 2 mmol/L, AV-block III°, bradycardia/bradyarrhythmias, customize the dialysate magnesium content,

myasthenia

Sevelamer hydrochloride (Renagel” tablets 800 mg)
Sevelamer carbonate (Renvela® tablets 800 mg)
3 x1(P:1.76-2.42 mmol/L); 3 x 2 (P >2.42 mmol/L).
1-2 tab/week
4-6 g/daily

Cholesterol binder, compensation of liposoluble vitamins, hypo-Ca (correction of CaCOj3, vitamin D)

Lanatanum carbonate
(Fosrenol® tablets 500/750/1000 mg)
1-2 tab/daily
1-2 tab/week

MDD 1.5-3.0 g/daily
Notes Less hypocalcemic state, likely tissue accumulation
MDD — maximum daily dose.
Table 3
Recommendations for supplementation of vitamin D
Dosage Vitamin D
Calcitriol

Initial dose

Titration: dose/interval

MDD
Notes

Initial dose

Titration: dose/interval

MDD
Notes

Initial dose

Titration: dose/interval
MDD

Notes

Initial dose

Titration: dose/interval

MDD

Notes

Initial dose

Titration: dose/interval

MDD

Notes

(Rocaltrol™ tablets -0.25/0—5 pcg; Calcitriol® ampoules 1 pcg)

p.o0.: 0.25 pcg/daily or 0.1 pg/xg/weekly in 3 doses

iv.: 1-2 peg/HD.

p.o.: 0.25 pcg/2—4 weeks

i.v.: 0.5-1 pcg/2—4 weeks

In accordance with parameters (Ca, P, Ca x P and PTH) — app. 10 pcg
General contraindications

. Alfacalcidol

(One-Alpha® capsules 0.25/0.5/1.0 pcg; ampoules 1.0/2.0 pcg)
p.o.: 1,0 pcg/daily
iv.: 1.0 peg/HD
p.0.: 0.25/0.5 pcg./2—4 weeks
i.v.: 0.5-1.0 peg./2—4 weeks
In accordance with parameters (Ca, P, Ca x P and PTH)
General contraindications

22-oxacalcitriol-OCT
(Maxacalcitol” Oxarol *; ampoules 5.0/10.0 pcg)
iv.: 5 peg (PTH < 500 pg/mL); 10 pucg (PTH > 500 pg/mL).
1.v.: 5.0 peg/2-4 weeks
In accordance with parameters (Ca, P, Ca x P and PTH)
Lower levels of hyper-Ca and hyper-P in relation to calcitriol
Better control of bone metabolism
Useful in refractoriness to calcitriol
General contraindications
Paricalcitol
(Zemplar® capsules 1/2/5 pcg; ampoules 5.0/10 pcg)
p.o.: 1 peg/daily; 2 peg 3 times weekly (PTH < 500 pg/mL),
p.o.: 2 peg/daily; 4 peg 3 times weekly (PTH > 500 pg/mL),
iv.: 5 pcg/HD
p.o.: 1 peg/2 peg/2—4 weeks
iv.: 2.5 -5 peg/2-4 weeks
p.o.: peg dose = PTH (pg/mL) : 60; (< 32 pcg/weekly)
i.v.: peg dose = PTH (pg/mL) : 80, (< 40 pucg/weekly)
Less calcemic than calcitriol
General contraindications
Doxercalciferol
(Hectorol® capsules 0.5/1.0/2.5 pcg; ampoules 2.0/4.0 pcg)
p.0.: 3 x 1-2.5-10 peg.
iv.: 3 x4 peg
p.o.: 2.5-5.0 pcg/8 weeks
iv.: 3 x 1-2 peg/8 weeks
p.o.: 60 pcg/weekly
iv.: 18 peg/weekly
General contraindications

P.o. — per 0s; i.v. — intravenous; MDD — maximum daily dose; PTH — parathyroid hormone; Ca — serum calcium;

P — serum phosphate.
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not change if PTH > 150 pg/mL; if PTH < 150 pg/mL treat-
ment will be suspended temporarily, and after 1-2 weeks it
will continue at a lower dose. It will be necessary to
periodically monitor: Ca, P, Ca x P (at every 7-14 days) and
PTH (1-2 times a month.) *>*.

Contraindications to vitamin D are: hypercalcemia (> 2.60
mmol/L), hyperphosphatemia (> 1.70 mmol/L), iPTH < 150
pg/mL, adynamic bone biopsy-proven disease, vascular calcifi-
cation and calciphylaxis.

Treatment of secondary hyperparathyroidism with calci-
mimetics

Calcimimetics are drugs that bind to the transmembrane
domain of CaSR in parathyrocyte and increase its sensitivity to
the existing extracellular Ca®” concentration, and thereby sup-
press PTH synthesis independently of vitamin D. Long-term
use of calcimimetics substantially reduces the need for
parathyroidectomy (PTx), and the risk of fractures and cardio-
vascular complications *’.

The drugs are indicated for dialysis patients with refractory
SHPT including those with calciphylaxis if serum PTH > 800—
1000 pg/mL despite standard therapy and surgical treatment is
impossible. The main contraindication is hypocalcemia.

Cinacalcet (Mimpara®; Sensipar” tabl. 30/60/90 mg) is
used to treat SHPT with phosphate binders and vitamin D.
The starting dose was 30 mg/day and progressively increased
by 30 mg every 2—4 weeks to a maximum of 180 mg/day.
During the titration phase PTH should be measured every
month, and every 3 months when the maintenance dose is
achieved. In case of hypo-Ca, calcium supplements and vi-
tamin D should be administered and dialysate concentration
of calcium should be corrected.

To change the dialysis regime means, besides the use of
membrane with higher phosphate clearance and longer dialysis
duration, more frequent or daily/nightly dialysis until
hyperphosphatemia has been corrected. To provide a more libe-
ral application of vitamin D or its analogues, and, consequently,
a more efficient suppression of PTH, 1.5 mmol/L or 1.25
mmol/L calcium dialysate is commonly used **.

Surgical treatment of secondary hyperparathyroidism

Surgical or sclerosing PTx is a procedure for treatment of
advanced SHPT that is refractory to combined drug therapy **.

Indications for PTx are: persistent hyper-Ca despite the
complete suspension of Ca-phosphate binder; persistent
hypersecretion PTH (> 1000 pg/mL) refractory to medical tre-
atment, especially if the gland/nodule is greater than 0.5 cm;

progressive and symptomatic soft-tissue calcifications inclu-
ding uremic arteriolopathy (calciphylaxis); unbearable itching
with increased levels of PTH ».

Surgical methods are subtotal or total parathyreidectomy.
Total PTx means simultaneous autoimplantation of parathyroid
tissue which is not of nodular hyperplastic gland. Subtotal PTx
involves removing all located parathyroid glands except the le-
ast and anatomically the best one, which is partially resected and
reconstructed .

Ultrasound-guided percutaneous ethanol injection therapy
(PEIT) is used to selectively destroy nodular hyperplastic
glands, while the rest of diffuse-type hyperplastic parathyroid
tissue can be medically controlled. Complications include pain,
bleeding and laryngeal nerve paresis. The same procedure may
also be used with administration of injectable calcitriol or analo-
gues and effectively suppress diffuse-type hyperplastic glands,
through apoptosis induction or toxic necrosis *°

Conclusion

Excessive secretion of parathyroid gland already deve-
lops in moderate renal failure, and severe clinical
consequences are usually seen in patients treated with dialysis.
Initially, transient hypocalcemia and hyperphosphatemia tri-
gger the excessive synthesis and secretion of parathyroid hor-
mone, and when they have turned into permanent condition,
vitamin D deficiency is already present. Besides biochemical
indicators that should be periodically monitored in accordan-
ce with the recommendations, a variety of visualization
techniques can be used for localization and assessment of the
gland activity. Correction of hyperphosphatemia and
hypocalcemia using calcium-based phosphate binders and vi-
tamin D leads to the suppression of PTH hypersecretion. In
clinically well-defined patients, application of calcimimetics
may be useful and, if associated with pulse doses of active
metabolites of the vitamin D, can significantly reduce the ne-
ed for parathyroidectomy.
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Introduction

Treatment of inflammatory bowel disease (IBD) has
significantly changed the shape and efficiency over the last 20
years. Cutaneous lesions could be part of extraintestinal mani-
festations of these disorders (like erythema nodosum or
pyoderma gangrenosum), can occur as consequence of specific
vitamin and micronutrient deficiencies (zinc and iron
deficiency), or as complications of the drugs that are used with
the intention to control inflammation. In fact, treatment with
these drugs can cause paradoxical inflammatory dermatoses.

This article suggests how to recognize and treat cutane-
ous lesions that can occur during the treatment of IBD,
especially how to diagnose them early (particularly skin can-
cer) and how to treat them most effectively with an emphasis
on the importance of very close cooperation of gastroentero-
logists and dermatologists in the approach to these patients.

Prebiologic era

Before the advent of medications from the biological
group, the following drugs were the mainstay of IBD treat-
ment: S-aminosalicylic acid (5-ASA) and mesalazine, corti-
costeroids and immunosuppressants — azathioprine,
methotrexate (MTX) and cyclosporine.

5-ASA

Cutaneous side effects of 5-ASA are various forms of
nonspecific exanthemas, which occur rarely and with mild
intensity not requiring interruption of therapy. Serious adver-
se reactions are even more rare, but can occur as exfoliative
dermatitis (erythroderma), Stevens-Johnson syndrome, and
toxic epidermal necrolysis, mainly during sulfasalazine trea-
tment '. These reactions occur within the first month of trea-
tment. In the event of such a severe reaction it is necessary to
immediately stop further implementation of the drug.

Corticosteroids

Methylprednisolone, hydrocortisone and prednisone
have great potential in the treatment of IBD and are used in
inducing remission in moderate to severe form of the disease.
Corticosteroids suppress immune system by decreasing the
number of activated T lymphocytes which have very impor-
tant role in pathogenesis of IBD. But corticosteroids also
carry a risk of side effects. The skin is prone to the following
adverse effects from prolonged courses or high doses of
systemic steroids: skin infections such are bacterial (eg cellu-
litis) and fungal infections (eg tinea, candida), skin atrophy
resulting in easy bruising (purpura), skin tearing after minor
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injury and slow healing; these effects are most prominent on
sun exposed areas particularly the backs of the hands and the
forearms. Also, stretch marks (Striae) can occur, particularly
under the arms and in the groin. Steroid acnes are very com-
mon side effect with clusters of small spots on the face, chest
and upper back, but without the usual open and closed co-
medones that are typical of juvenile acne (Figure 1).
However, aggravation of preexisting acne in the young pati-
ents is also frequent. Hirsutism and androgenetic alopecia are
also a common side effect of a prolonged steroid use *. These
adverse effects are just one of the several reasons for
contemporary treatment corticosteroids to be no longer re-
commended for a prolonged use. Its use should be limited to
no longer than 3 months and repeated episodes of their appli-
cation should be avoided, especially now with a large selec-
tion of effective drugs of a much better safety profile.

Fig. 1 — Steroid acne in a 19-year-old patient presented
with severe form of ulcerative colitis. Treatment was
started with 40 mg of methylprednisolone, and steroid
acne developed thereafter, treated with topical antibiotic
therapy. The lesions completely regressed after the
discontinuation of systemic steroids.

Thiopurines

Thiopurine medications are used in the form of 6-
mercaptopurine (not registrated in Serbia) and azathioprine.
By blocking the synthesis of purines they represent antime-
tabolites which disrupt the synthesis of DNA and thereby
block the differentiation and proliferation at the cell level,
stimulate apoptosis of T lymphocytes, resulting in the reduc-
tion of the number of lymphocytes in peripheral blood and
the number of natural killer cells *.

After starting thiopurine medications, maculopapular
rash can occur and lead to discontinuation of the treatment.
Thiopurines also increases the risk of viral infections, such as
herpes simplex (Figure 2) or herpes zoster. These infections
are usually mild, although the presentation in immunocom-
promised patients may have an aggressive form * °. Regar-
ding the patient presented to our clinic it is clear how a banal
infection under the immunosuppressive therapy can take a
more severe form which is harder and takes longer to treat.

This is the reason when under treatment with thiopurine
with this type of skin changes, chemoprophylaxis is recom-
mended for such patients with acyclovir 400 mg 2 times per
day. In Serbia, the vaccination against varicella (chickenpox)
is optional and according to the European Crohn's and Colitis

Fig. 2 — Labial bilateral herpes simplex in a 20-year-old
patient with Crohn’s disease treated with azathioprine and
mesalazine. Oral and topical acyclovir were started and
continued for 10 days, since the regression of the lesions
was slow and prolonged. Azathioprine treatment was
interrupted during the infection.

Organisation (ECCO) recommendations it is advised that
nonvaccinated patients who are planned for application of
immunosuppressive therapy are screened for susceptibility to
primary varicella zoster virus (VZV) infection. Those
without a clear history of chickenpox, shingles or receipt of
two doses of varicella vaccine should be tested for VZV IgG.
Where possible, seronegative patients should complete the
two-dose course of varicella vaccine at least 3 weeks prior to
commencement of immunomodulatory therapy °.
Hypersensitivity skin reactions to thiopurine occur in
about 12% of patients, most commonly manifested in the
form of urticaria or maculopapular rash. Sweet syndrome
(SS) (Figure 3) represents an eruption of painful
erythematous plaques or nodules, accompanied by fever.

Tl

4
Fig. 3 — Neutrophilic dermatosis of the dorsal hands
(localized form of Sweet’s syndrome) in a 48-year-old
patient with fistulized Crohn’s disease treated with
azathioprine and antibiotics. Skin changes presented as
erythematous and edematous livid plaques, with
ulcerations on the dorsal hands. Corticosteroid therapy
(topical and oral) was started and complete resolution of
the skin was achieved. Azathioprine was excluded and
the treatment continued with anti-tumor necrosis factor
(TNF) therapy.
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Changes of this type occur in the first two weeks after sta-
rting thiopurine medication. It is important to emphasize that
SS is also described as cutaneous extra-intestinal manifesta-
tion of IBD, but nevertheless there is sufficient evidence for
the existence of azathioprine-induced SS that exists
independently of confounding factors " *.

Erythema nodosum (Figure 4) also occurs, although
these changes may be a manifestation of an underlying
IBD °. Common to all of these dermatoses is that after the
cessation of drug administration, regression of skin lesions is
evident. If cutaneous reaction to azathioprine is suspected,
reintroduction of the drug can be dangerous because it can
lead to more severe manifestations, so it should be avoided.

Fig. 4 — Erythema nodosum in a 27-year-old patient with
first presentation of ulcerative colitis. At the onset of
disease the patient was presented with barely raised,

painful, tender, reddish nodules, below the knees, and
treated with local and systemic steroids. While reaching
clinical remission, skin changes completely disappeared.

Although thiopurine has been known for more than 30
years in the treatment of IBD it has been only recently noted that
a prolonged use of this drug is associated with the appearance of
skin cancer. It was originally observed in transplant patients. It is
believed that patients who receive the drug for a prolonged peri-
od of time have a much higher risk of getting non-melanoma
skin cancer (NMSC) than people in the general population .
NMSC is the most common cancer in industrialized world, and
it presented as basal cell carcinoma (BCC) (Figure 5) and
squamous cell carcinoma (SCC), usually in the ratio 1:4 and
most commonly in the sun-exposed areas (face, lips, and backs
of hands and forearms). Skin cancer develops as a consequence
of accumulated 6-thioguanine (6-TG) that absorbs UV rays cau-
sing damage and instability formation of DNA and generates re-
active oxygen species that can cause mutagenic and irreversible
DNA damage .

A retrospective study on 53,377 patients found a positi-
ve correlation between exposure to azathioprine and NMSC
after the minimum drug exposure of 90 days. The study po-
ints to the increased risk of incidence of NMSC (IRR, 1.64;
95% CI, 1.51-1.78), based primarily on the occurrence of
immunological function disturbances which represent the ba-
sis of disorder in patients with IBD, as well as the use of

immunosuppressive drugs. The risk is further increased if the
exposure is prolonged over a year .

A French study (CESAM) on 19,486 patients with IBD
showed an increased tendency of getting NMSC in Caucasi-
ans, over 65 years of age, with the hazard ratio (HR) of 5.9
for patients still in treatment phase and the HR of 3.9 in pati-
ents who discontinued the drug .

Information about the tendency of getting melanoma in
these patients is still very scarce. Only 3 cases of melanoma
on combined immunosuppression (azathioprine plus cortico-
steroids) have been described so far .

Clearly, for patients treated with thiopurines there is the
need for regular dermatologic examination once a year. Ri-
gorous sun protection (avoidance of direct sun exposure,
especially between 11 a.m. and 4 p.m.; sun protective clothes
and the use of broad spectrum sun protection factor (SPF) 50
sunscreens is also mandatory and should be emphasized "°.

Fig. 5 — Basal cell carcinoma in a 48-year-patient with
ulcerative colitis treated with mesalazine and
azathioprine for 3 years. The patient was presented with
erythematous patch with ulcerations and crusting on the
left shoulder. Complete excision was done.

Methotrexate

MTX is anti-metabolite drug which inhibits DNA, RNA
and protein thymidylate synthesis. The mechanism of immu-
ne suppression induced by MTX is accumulation of adenosi-
ne, which inhibits the activation of T lymphocytes. Cutaneo-
us reactions to MTX are nonspecific maculopapular
exanthems, (15%), alopecia (8%), photosensitivity (5%) and
urticaria (4%). Erosions, ulceration, hemorrhagic bullae of
the oral and vaginal mucosa, the knees and the back are the
result of the MTX cytotoxic effect the regions with the fast
epithelial turnover '°.

Only 10 cases of cutaneous lymphomas induced by
MTX have been described so far, Epstein Barr virus (EBV)
associated multifocal B lymphomas being the most frequent.
In the majority of cases, they spontaneously regress with
MTX treatment discontinuation . Also, a case of cutaneous
lymphoma at the site of intramuscular injection, which
spontaneously regressed after discontinuation of MTX has
been described '*.
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There are several case reports on melanoma developed
while on MTX treatment, most commonly in rheumatologic
patients. Also, in a study a 3-fold increased risk for melano-
ma was described in these patients. Similar results, however,
have not been published for IBD patients. Further investiga-
tions in this filed are needed, until then yearly dermatological
checkups are recommended °.

Cyclosporine

Cyclosporine is still used in Serbia in treatment of the
most severe forms of ulcerative colitis, although in most co-
untries after advent of drugs from the group of anti-tumor
necrosis factor (TNF), its use has been drastically reduced.
Cyclosporine inhibits translocation of nuclear transcription
factor [nuclear factor of activated T lymphocytes (NFAT)]
which leads to reduced secretion of proinflammatory
cytokines by T cells *°. Cutaneous lesions develop in 7% of
patients and are manifested as hirsutism, acne and gingival
hyperplasia. Also, cases of cutaneous T-cell lymphoma are
described, especially in prolonged use in transplant patients.
Since cyclosporine is used in IBD for a short period of time
(usually 3 months) these side effects have not been described
in IBD patients *'.

Biologic era

For the last 15 years in Serbia, biological therapy of
IBD primarily involves the use of monoclonal antibodies to
TNF, which is one of the dominant secreting
proinflammatory cytokines in the pathogenesis of IBD. Alt-
hough these drugs are also used in the treatment of psoriasis
and other dermatoses, inflammatory dermatoses can appear
as a paradoxical side-effect of these class of drugs. New
drugs called antiadhesive antibodies have not yet been regis-
tered in Serbia, and hereby were not reviewed.

Anti-TNF drugs

TNF-a is a proinflammatory cytokine, and one of the
main inflammatory mediators involved in the pathogenesis
of IBD. TNF-a inhibitors led to the revolutionary advance in
the treatment of patients with IBD. Today there are 4 pro-
ducts of this group on the market: infliximab (Remicade”),
adalimumab (Humira®), golimumab (Simponi®) and certoli-
zumab (Cimzia®). TNF inhibitors lead to the fast control of
IBD symptoms with a maximum mucosal healing, reduce the
need for hospitalization and surgery, and the cost of treat-
ment of these patients > **. Combination of anti-TNF inhibi-
tors with thiopurine or with MTX is considered the most ef-
fective therapy in the treatment of IBD. Treatment with TNF
inhibitors is, however, accompanied with frequent cutaneous
side effects, including the occurrence of skin infections and
inflammatory dermatoses in about 12—20% of patients.

Local site reactions (Figure 6) with the application of
anti-TNF drugs are frequent and are described in the form of
erythema and edema at the site of the injection. These chan-
ges are observed only during the application of adalimumab.

Skin infections are also described in the literature as
common side effects of TNF inhibitors: cellulitis, herpes
simplex infection and reactivation, staphylococcal skin infec-
tion, tinea corporis, pityriasis versicolor. Infections are not
related to the particular TNF inhibitor, and are specific for
the entire class of these drugs. Overall, they do not exceed
1.5% in biologics exposed patients, and are second most
common after acute respiratory infections. However, coad-
ministration of anti-TNF with thiopurine is leading up to 3—4
times higher incidence of opportunistic infections. The risk is
highest for the simultaneous administration of at least two of
immunosuppressants and in patients older than 50 years.
They are mostly milder infections as oral candidiasis but life-
threatening infections are also possible **.

Fig. 6 — Injection site reaction in a 26-year-old patient
with small bowel Crohn’s disease on treatment with
adalimumab. Skin reaction presented immediately after
starting adalimumab therapy. The patient was treated
with topical corticosteroids until resolution. Therapy was
switched to infliximab.

Development of anti-nuclear antibodies (ANA) and lu-
pus-like syndrome are rare, and they are most frequently de-
scribed in rheumatologic patients. In IBD patients it is desc-
ribed as case reports. In a study that analyzed 105 drug-
induced lupus erythematosus cases on anti-TNF therapy, ten
of them were patients with Crohn disase *, so the literature
is scarce. Malar rash and photosensitivity are the most com-
mon presentation, followed by discoid cutaneous lesions,
while lupus nephritis is rare. TNF itself prevents the formati-
on of autoantibodies and its blockade creates the opposite ef-
fect. Also, treatment with TNF inhibitors decreases clearance
of antibodies, enables the shift from Thl to Th2-type
cytokines, leading to the production of ANA *.

Psoriasis is a chronic inflammatory skin disease with
different manifestations. In about 10% of cases it is associa-
ted with other inflammatory diseases, and IBD is one of
them. TNF inhibitors are used for the treatment of psoriasis
and psoriatic arthritis, but paradoxically the use if these
drugs can be associated with de novo psoriasis onset, irres-
pective of the type of TNF inhibitor. The frequency of psori-
asis in TNF inhibitor treated patients is about 3%, it is more
often in women (70%) and it usually develops after 2—6
months from the application of this type of treatment. It was
shown that anti-TNF-alpha therapy induces higher levels of
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interferon (IFN)-alpha, that is known as a factor capable of
inducing or aggravating existing psoriasis, through the inducti-
on of proinflammatory cytokines, such as IL-12 and IL-23 .
That is why it is recommended to switch the patients with
anti-TNF induced psoriasis to ustekinumab anti 1L-12/23
antibody **.

A number of patients also show exacerbation of
previously existing psoriasis, while the highest number gets
de novo changes. The changes are most frequently manifes-
ted in the form of palmoplantar pustulosis which is
nowadays considered as a separate entity from psoriasis
(Figure 7). Also, it can be manifested in the form of guttate
(Figure 8) and pustular psoriasis. Scalp lesions with infiltra-
tion and thickened scale, sometimes in the form of tinea
amiantacea can also be present *°, as frequently as the pal-
moplantar lesions. Completely atypical lesions are also desc-
ribed, where psoriasiform reaction was confirmed by histo-
pathological analysis. These cutaneous lesions quickly re-
gress after discontinuation of TNF inhibitor *°.

Fig. 7 — Palmoplantar pustulosis in a 35-year-old patient
with inflamatory bowel disease on infliximab/azathioprine
therapy. After a year of the therapy the patient presented

with sterile pustules on erythematous background on the
palms and soles, and was successfully treated with acitretin

25 mg a day without interruption of the biologic therapy.

Trough levels were checked, at that point that were high, so
optimisation with lowering the infliximab dose was done.

Treatment depends on the severity of skin lesions,
mainly does not require discontinuation of anti-TNF prepara-
tions and is well controlled with application of topical corti-
costeroids, keratolytics, vitamin D analogs. In severe cases,
addition of MTX, retinoids or cyclosporine is necessary. Al-
so, phototherapy can be very useful in most cases. If there is
no success in treatment it should be discontinued with the
implementation of anti-TNF preparations or possibly replace
one anti-TNF preparation with another, although it is accom-
panied with a large (52%) percentage of relapse *'. Consulta-
tion of dermatologist to diagnose psoriasis, psoriasiform
eruption or other inflammatory dermatosis is necessary in
order to choose the appropriate and most effective treatment
combination.

Localized or generalized eczema, sometimes typical of
atopic dermatitis is well-known in IBD patient on anti-TNF
therapy. However, in a case control study ** it was shown that
atopic manifestations, particulary eczema were more frequently
reported in patients with Crohn’s disease in comparison to con-
trol patients. Anti-TNF therapy can aggravate atypical form
dermatitis manifestations, with erythema, desquamation and it-
ching usually manifested in popliteal and antecubital fossa, but
more severe erythema, oozing and severe itching can occur on
other flexural areas, and can progress to erytroderma (Figure 9).
Treatment involves application of local therapy, but if the lesi-
ons are generalized systemic corticosteroids are necessary with
intensive local treatment with emollients, topical corticosteroids
and topical calcineurin inhibitors. In the most severe cases, dis-
continuation of therapy with a possibility to switch to another
form of biological therapy is necessary. Close collaboration with
the dermatologist is mandatory to diagnose and adequately treat
these patients.

More rare changes observed in the application of these
therapies involve alopecia which may occur shortly after the
start of treatment, or after a few months/years of anti-TNF tre-
atment. Alopecia areata, androgenetic alopecia and diffuse
alopecia were all described. Discontinuation of the drug is
generally sufficient for withdrawal symptoms but the reintro-
duction of these products can repeatedly induce alopecia *°.
Vasculitis is present in 5% of gastroenterology patients trea-
ted with anti-TNF therapy over 30 years, but this percentage

‘

Fig. 8 — Psoriasiform reaction during treatment with infliximab: a) Guttate papules on the face; b) Slightly indu-
rated plaques with whitish adherent scales in the retroauricular region in a 24-year-old patient with Crohn's colitis
presented with skin lesions 8 months following starting the therapy. The patient was treated with topical corticoster-
oids and a combination of calcipotriol/betamethasone.
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Fig. 9 — Generalized eczema developed during the
treatment with adalimumab. A 36-year-old patient with
small bowel Crohn's disease treated with adalimumab
presented after the 3rd dose with generalized eczema.
The patient was treated with systemic corticosteroids and
intensive topical corticosteroid and emollient therapy.
Skin lesions resolved and biologic therapy was switched
on infliximab. At follow-up no further skin lesions
developed, and the disease was in stable remission.

also includes patients with vasculitis as a manifestation on
the underlying disease. Cutaneous vasculitis usually starts as
palpable purpura, hemorrhaagic bullae and skin ulcers can
further develop **. Erythema nodosum is one of the most
common extraintestinal manifestations of IBD, but in IBD
patients it was described as a complication of infliximab and
certolizumab treatment >. Non-melanoma skin cancer deve-
lops in 0.3-1.4% on mono anti-TNF therapy *. These skin
tumors were specific for the application of thiopurine medi-
cations but given that in practice the most common use is the
combination therapy of thiopurine/anti-TNF, it can someti-
mes lead to a confusion of which of administered medicati-
onsis is a specific cause of these complications.

More recent meta-analysis, including patients with
mono application of anti-TNF preparations, have establis-
hed HR for development of NMSC of 2.02, indicating that
these cancers are rare but clearly possible consequence du-
ring anti-TNF treatment '>. It is important to familiarize pa-
tients with complications and refer them to implement pre-
ventive actions (protection and covering of the skin, avoi-
ding open exposure to UV radiation, regular control),
thereby reducing the incidence of NMSC. Regular self-skin
examination every month is advisable and dermatological
consultation if new or changing lesions appear is necessary.
If NMSC is suspected, surgical excision is advised, and
there is no need to discontinue the therapy. The risk of
lymphoma is also present during anti TNF treatment and
HR is approximately 4.4, with or without concomitant use
of thiopurine medications and usually manifests itself in the
form of systemic lymphoma, without cutaneous manifesta-
tions, but one case report of cutaneous lymphoma on
infliximab therapy was described *°.

The risk of melanoma in IBD patients and relation to
the used anti-TNF medication at least more than 1 year

conveyed with almost 2-fold risk for getting this malignancy *’.
Long et al. ** in a retrospective nested case control study reveal
that IBD patients have an increased risk for melanoma, and that
therapy with biologics further increases the risk. Risk was signi-
ficant for Crohn’s disease but not for ulcerative colitis >. There-
fore, regular and rigorous sun protection, self skin examination
and dermatologic consultations for new and changing lesions are
necessary. Patients on combination therapy have the greatest
risk of NMSC with the HR of 5.85 while the HR, in application
of only thiopurine medications, is 3.56 and the lowest one in
mono therapy with anti-TNF preparations, 2.07 **. This clearly
indicates the synergistic effect of a combination, where the risk
is particularly increased with thiopurine combination with
corticosteroids or anti-TNF medication. Similar associations
were seen in the incidence of skin lymphoma in IBD popula-
tion. In thiopurine monotherapy the risk of developing cuta-
neous lymphoma is 1.4, in anti-TNF monotherapy 1.7, but in
combination with anti-TNF preparations the risk is
substantially increased and the HR is 6.6. . Contrary to the-
se published results are those from study of Soh et al. ** where
the most significant observation is that the concomitant use of
AZA/6 MP at the time of introducing anti-TNF agents decreases
the risk of adverse skin lesions in both univariate (p = 0.008)
and multivariate (p = 0.006) analysis. Moreover, the cumulative
probability of the incidence of adverse skin lesion was the
lowest in the group with concomitant use of azathisprine/6 mer-
captopurine at the start of anti-TNF treatment. Further studies
and careful statistical interpretation of results are necessary to
draw the final conclusion. Meanwhile, regular skin check-ups
are necessary in these patients.

What gastroenterologists have to know?

Gastroenterologists are not trained to identify early
premalignant skin lesions or even NMSC and are not trained
to stratify patients based on their risk factors. Evidence based
guidelines for primary and secondary prevention are lacking
in IBD population. Torres et al. *' propose the algorithm for
all the patients who are starting on azathioprine/anti-TNF in
an attempt to avoid the adverse effects of this drug on the
skin and to timely recognize skin lesions that may be malig-
nant, and it is presented in Figure 10. It is recommended that
all patients starting with immunosuppressive therapy must be
examined by the dermatologist, which would reduce the risk
of serious skin lesions. At the same time it is recommended
that the control and monitoring continues even after cessati-
on of immunosuppressive therapy.

Conclusion

Inducing effective immunosuppression as early as pos-
sible is a goal of effective treatment in IBD, since it will
beneficially affect the course of the disease and prevent de-
velopment of severe disease and its complications. But this
immunosuppression and immune modulation, could, on the
other hand, lead to diverse dermatologic manifestations
which could severely affect the quality of life of patients and
compromise further treatment. Although some of the cutane-
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Patient proposed to start
immunosuppressicn (thiopurines/ antiTNF)

- Information about dermatological complications
* |dentify risk factors for development of skin cancer: premalignant skin lesions, evidence of HPV
. infection, sun exposure history, family history of skin cancer, skin type, solar lentigines, etc
. Advice on adequate skin protection and on self-monitoring
*  Advice on modifiable risk factors
* Dermatology evaluation on baseline

Surveillance based on risk stratification

Low-risk patients

2 Moderate-high risk patients Very high-risk patients
5 Dar_k il i » Sunburns/exposure to ionizing radiation History of cutaneous
* Nopre-malignant lesions  Light skin, Freckling or facial telangiectasia malignancies

* No history of BCC/SCC
* No outdoor occupation

» Outdoor occupations
= Living in high sun exposure countries

= Youngage * High exposure to sun as a child
# Psoriasis treatment with oral psoralen and PUVA
* High cumulative exposure to thiopurines

» Combination therapy
* Increasing age

New medical skin exam in
3-5 years

Manage on
individual basis

Skin examination every year

Fig. 10 — Modified algorithm *' where yearly skin exams were recommended.
TNF — tumor necrosis factor; HPV — human papilloma virus; BCC — basal cell carc inoma; SCC — squamous cell
carcinoma; PUVA — psoralen and ultraviolet A.

ous manifestations are not frequent, it is necessary to know
their pathogenesis, prevention, and how to treat them.

The most important suggestion is that these changes sho-
uld be seen and treated by a team, where the role of dermatolo-

gist is very important and unavoidable. Recommendations and
adequate approach in this field is necessary to be established at
the international level and make them available to the physicians
from the primary care level to high-end subspecialists.
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Intravenous lipid emulsion in treatment of cardiocirculatory
disturbances caused by glyphosate-surfactant herbicide poisoning
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prouzrokovanih trovanjem glifosat-surfaktant herbicidom
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Abstract

Introduction. Glyphosate is the first widely used herbicide against
weed in genetically modified crops. Though glyphosate itself has a
low toxicity, commercial products are more dangerous because of
increased toxicity due to surfactants addition. There is no specific
antidote for the poisoning with glyphosate-surfactant (Gly-SH). In
recent times, the efficacy of intravenous lipid emulsion (ILE) ad-
ministration for the treatment of acute poisoning caused by Gly-
SH has been investigated. Case Report. A 50-year-old man was
admitted 3 h after self-poisoning with herbicide containing gly-
phosate and polyoxyethyleneamine, as a surfactant. On admission,
the patient was in a coma, hypotensive (80/50 mmHg) and with-
out spontaneous breathing. Electrocardiogram showed wide-
complex tachycardia, and arterial blood gas (ABG) revealed acido-
sis (pH 7.07). Conventional treatment included mechanical ventila-
tion, intravenous fluids, bicarbonate and dopamine. As there was
no improvement, ILE was started. The patient received 100 mL of
20% Intralipid® bolus followed by infusion of 400 mL over 20
minutes. Prior to expiration of infusion, a gradual rise in blood
pressure was noted, and within 2 hours sinus rhythm was restored.
Conclusion. This case report suggests that the use of ILE may be
an additional option for the treatment of cardiocirculatory distur-
bances caused by commercial products of glyphosate herbicide.

Key words:
herbicides; poisoning; fat emulsions, intravenous;
cardiovascular system; treatment outcome.

Apstrakt

Uvod. Glifosat je prvi herbicid namenjen za unistavanje korova
na genetski modifikovanim usevima. Sam glifosat je malo toksi-
¢an, ali komercijalni proizvodi sadrze i surfaktante koji povecava-
ju njegovu otrovnost. Za lecenje trovanja ovim preparatima ne
postoji specifican antidot, a u novije vreme se ispituje moguénost
primene intravenskih lipidnih emulzija (ILE). Prikaz bolesnika.
Bolesnik, star 50 godina, primljen je 3 ¢asa nakon samotrovanja
preparatom koji sadrzi glifosat i surfaktant polioksietilenamin. Na
prijemu je bio u stanju kome, bez spontanog disanja, hipotenzi-
van 80/50 mmHg, sa tahikardijom $irokih kompleksa na elektro-
kardiogramu. Analize arterijske krvi pokazale su postojanje aci-
doze (pH 7.07). Primenjena je konvencionalna terapija koja je uk-
ljucivala mehanicku ventilaciju, intravensku primenu te¢nosti, bi-
karbonata i dopaminsku stimulaciju. Kako nije dovela do pop-
ravljanja hemodinamskih poremecaja, primenjen je Intralipid®
20%, 100 mL u bolusu, a zatim 400 mL u infuziji tokom 20 mi-
nuta. Pre isteka infuzije doslo je do postepenog porasta krvnog
pritiska, a u roku od 2 sata i uspostavljanja sinusnog ritma. Zak-
lju¢ak. Prikaz ovog bolesnika potvrduje da bi primena intraven-
skih emulzija masti mogla biti dodatna terapijska opcija u lec¢enju
kardiocirkulatornih poremecaja prouzrokovanih trovanjem ko-
mercijalnim preparatima herbicida glifosata.

Kljuéne redi:
herbicidi; trovanje; masne emulzije, intravenske;
kardiovaskularni sistem; leCenje, ishod.

Introduction

Glyphosate is in focus of not only professionals, but also
the general population, because it is the first herbicide against
which crops have been genetically modified to increase their to-
lerance. It is the one of the most widely used general-purpose

herbicide in the world. Animal experiments have shown that
glyphosate is a relatively low toxic herbicide ', but it turned out
that commercial preparations containing it could cause severe
poisoning with fatal outcome in humans *°. These products are
commonly available as glyphosate-surfactant (Gly-SH) mixture,
made of glyphosate in the form of isopropylamine salt dissolved
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in surfactants which seem to significantly contribute to the acute
toxicity of formulations *.

Clinical picture of severe Gly-SH poisoning usually inclu-
des irritant, or even corrosive lesions on the gastrointestinal
tract, hypotension refractory to fluid resuscitation, inotropes or
vasopressors, cardiac arrhythmias, respiratory distress, impaired
consciousness, hepatic injury, renal failure, metabolic acidosis
and hyperkaliemia >°.

Treatment of glyphosate-surfactant toxicity is mainly sup-
portive. In recent years, potential therapeutic effects of intrave-
nous lipid emulsion (ILE) in the patients with acute Gly-SH poi-
soning has been examined ’. We report the unique case of acute
Gly-SH poisoning with refractory wide complex tachycardia
and hypotension successfully treated with ILE.

Case report

A 50-year-old man ingested 250 mL of herbicide which
contained 48% glyphosate as an isopropylamine salt dissolved
in polyoxyethyleneamine surfactant and water. He phoned the
ambulance shortly after, so he was brought to local hospital.
The patient was alert and agitated at presentation one hour
post-ingestion. However, his condition rapidly deteriorated.
He became drowsy, dyspnoeic and hypotensive with blood
pressure of 80/40 mmHg. Despite the supportive treatment
with intravenous fluids, his blood pressure decreased to unde-
tectable level. The patient was intubated, infusion of dopamine
was initiated and after consultation with the National Poison
Control Centre in the Military Medical Academy in Belgrade,
he was transferred to the toxicology ward of the Centre.

On admission, 3 hours after herbicide ingestion, the pa-
tient was in a coma, with a Glasgow coma scale score of 3.
His pupils were dilated and unresponsive. He had no sponta-
neous breathing, and blood pressure was 80/50 mmHg. Elec-
trocardiogram revealed wide complex rhythm (Figure 1).
The results of the arterial blood gas analysis were as follows:
pH 7.07; PaO2 53 mmHg, PaCO, 27 mmHg, lactates 7.2
mol/L and bicarbonates 7.8 mmol/L. Complete blood count,
serum electrolyte concentrations and other chemistry tests
results were within the normal range. A chest radiograph
showed normal findings.

Fig. 1 — Electrocardiogram (ECG} on admissioﬁ at 11.50 h.

The patient was admitted into intensive care unit and
placed on mechanical ventilation. Despite fluid resuscitation,
sodium bicarbonate administration and continuous infusion
of dopamine (10 pg/kg/min), the patient remained comatose
and hypotensive.

Because the patient responded poorly to conventional
therapy, about 2.5 h after admission ILE was started. He re-
ceived 100 mL of 20% Intralipid® (ILE) bolus followed by
an infusion of 400 mL over 20 minutes. At a moment when
ILE was initiated, the patient’s blood pressure was 70/40
mmHg, and there was no improvement of ECG (Figure 2).
Elevation of blood pressure was noticed about 15 min after
the start of infusion. Within following 2 h sinus rhythm was
re-established (Figure 3), blood pressure reached the value of
120/75 mmHg and the patient started to response to stimuli.
He remained stable, so dopamine infusion was ceased. Seven
hours post-admission the patient was alert, with normal cli-
nical findings except for sore throat and incipient mild left
lung pneumonia. After 2 days the patient was transferred to
the psychiatric ward for further psychiatric treatment.

Fig. 2 — Electrocardiogram (ECG) after bicarbonate and be-
fore intravenous lipid emulsion (ILE) at 14.15 h.

Fig. 3 — Electrocardiogram (ECG) after intravenoﬁs lipid
emulsion (ILE) at 15.52 h.

Discussion

In massive ingestion of Gly-SH herbicide fatal outcome may
occur despite early recognition of severity of the poisoning and in-
tensive treatment. On the basis of published cases, it can be con-
cluded that after large ingestion of Gly-SH, marked sedation,
refractory hypotension, respiratory failure, metabolic acidosis,
dysrhythmia, elevated creatinine, and hyperkalemia are important
risk factors for fatal outcome °. In our patient, many of those fac-
tors were present, including coma, respiratory failure, metabolic
acidosis, refractory hypotension and wide complex tachycardia.

The mainstay of treatment for Gly-SH toxicity is deconta-
mination, supportive and symptomatic therapy. Our patient was
admitted 3 hours after the herbicide ingestion, in critical conditi-
on, so gastric lavage was not indicated for decontamination.
Haemodialysis may be effective as a method of decontamination
in GlySH poisoning ° and could be performed even before acute
renal failure developed ' However, this type of treatment could
add to hypotension and thus be very hazardous. In our case,

Jovi¢-Stosic |, et al. Vojnosanit Pregl 2016; 73(4): 390-392.
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haemodialysis was not considered because the patient was
haemodynamically instable and had life-threatening arrhythmia.
Conventional treatment of hypotension with dopamine in our pa-
tient was not effective, as there was no elevation of blood pressure
and urine output. Sodium bicarbonate was indicated for two rea-
sons — correction of acidosis and treatment of arrhythmia. As there
was no effect on cardiac rthythm, ILE was used as a rescue
therapy. Before the second hour from ILE application expired, si-
nus thythm was re-established and haemodynamic stability was
achieved. As the result, the patient’s condition improved and furt-
her complications, like renal failure, were thus prevented.

In recent years, ILE has been demonstrated to be effective
in treatment of cardiocirculatory toxic effect caused by many li-
posoluble agents '"'% Its beneficial effect is first and foremost
explained by “lipid sink theory* suggesting that a lipophilic
agent may be shifted from tissue and captured by an extended
lipid compartment in the blood . Except for that mechanism,
ILE may recover cardiac contractility by increasing fatty acid
content and calcium level in cardiomyocytes '*'°. Experimental
and anecdotal evidence indicated the lipid solubility of toxic
agent may be a crucial factor in determining the efficacy of ILE.
Glyphosate is a water-soluble compound with low solubility in
lipids, and it is unlikely that the “lipid sink” mechanism acts on
the toxicity of glyphosate itself. On the other hand, the first well
documented case of life saving effect of a lipid emulsion in a pa-
tient with refractory hypotension caused by Gly-SH herbicide
was published in 2010 '°. Authors explanation was that

commercial product contained non-ionic surfactant
polyoxyethylene amine (POEA) which contributed to the
toxicity and was capable of solubilising fats, so the whole
mixture was liposoluble.

ILE was for the first time introduced for the treatment of
cardiotoxic effects caused by bupivacaine ', local anaesthetic
able to generate depression of cardiac conduction by blocking
the fast inward sodium channels in myocardium *. Wide
complex tachycardia is usually caused by the same mechanism.
In the present case, like in the case of propranolol cardiotoxicity
we had reported earlier, '’ ILE was effective in abolition of this
type of arrhythmia.

Conclusion

This case suggests that intravenous lipid emulsion co-
uld be a new, additional option for treatment of acute poi-
soning by commercial products of glyphosate-surfactant
herbicide, characterized by haemodynamic and heart
rhythm disturbances.
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Case report of Mikulicz's disease — a modern concept of an old entity

Prikaz bolesnika sa Mikuli¢evom bolesti — savremeni koncept starog entiteta

Ksenija Bozi¢*, Branislava Glisi¢*', Olga Radié¢-Tasic, Bojana KneZevic¢*

*Clinic of Rheumatology, ‘Institute of Pathology, Military Medical Academy, Belgrade,
Serbia; TFaculty of Medicine of the Military Medical Academy, University of Defence,
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Abstract

Introduction. Modern knowlegde defines Mikulicz’s dis-
ease as a part of immunoglobulin G4-related disease. The
main feature is the presence of lymphoplasmacytic infil-
trates, immunoglobulin G4 plasma cells positivity, distinc-
tive storiform fibrosis and moderate eosinophilia. Case re-
port. A 59-years old male presented with a mild keratocon-
juctivitis sicca and enlarged lactimal and salivary glands dur-
ing the last two years. Althought clinical presentation of the
patient was typical, earlier testing did not pinpoint Miku-
licz’s disease. By typical clinical presentation, elevated se-
rum immunoglobulin G4 level and histopathological finding
of lacrimal glands tissue we diagnosed Mikulicz’s disease
successfully treated with corticosteroid therapy. Conclu-
sion. We reported the first case of IgG4-related Mikulicz’s
disease in Serbia. Our report highlights IgG4-related Miku-
licz's disease as an important differential diagnosis
with Sjégren’s syndrome and lymphoproliferative disease in
rheumatological practice.

Key words:

mikulicz' disease; diagnosis, differential; diagnosis;
lacrimal apparatus; salivary glands; immunoglobulin
G; histological techniques; glucocorticoids; treatment
outcome.

Apstrakt

Uvod. Savremena saznanja svrstala su Mikulicevu bolest u
grupu bolesti postredovanih imunoglobulinom G4, ¢ija je
glavna odlika histoloski nalaz limfoplazmocitnih infiltrata,
imunoglobulin G4 pozitivnih plazma ¢elija, uz storiformnu
fibrozu i umerenu cozinofiliju. Prikaz bolesnika. Prikazan
je 59-godisnji bolesnik koji je dve godine imao umeren suvi
keratokonjuktivitis i uvecane pljuvacne i suzne zlezde. Iako
je klinicka slika bila karakteristicna, ranijim ispitivanjem nije
se doslo do dijagnoze Mikuli¢eve bolesti. Na osnovu tipic-
nog klinickog nalaza, visoke serumske koncentracije imu-
noglobulina G4, uz patohistoloski nalaz biopsije tkiva
suznih zlezda, dijagnostikovali smo Mikulicevu bolest. Pri-
menjena terapija kortikosteroidima bila je efikasna. Zaklju-
Cak. Prikazali smo prvog bolesnika u Srbiji sa Mikulicevom
bolesti posredovanim imunoglobulinom G4. Nasim prika-
zom istakli smo znacaj poznavanja Mikuliceve bolesti pos-
redovane IgG4, kao i diferencijalnu dijagnozu sa Sjégreno-
vim sindromom i limfoproliferativnim bolestima u reuma-
toloskoj praksi.

Kljucne reci:

mikuli¢eva bolest; dijagnoza, diferencijalna; dijagnoza;
suzni aparat; pljuvacne Zlezde; IGG; histoloske
tehnike; glukokortikoidi; leCenje, ishod.

Introduction

Immunoglobulin G4 (IgG4)-related diseases (IgG4-RD)
are new clinical entity of fibro-inflammatory conditions, charac-
terized by the tendency to form tumorous lesions, dense
lymphoplasmacytic infiltration abudant of IgG4-positive plasma
cells and storiform fibrosis in relevant organs and often, but not
always, elevated serum IgG4 levels '. The concept is based on
the discovery of increased serum IgG4 levels in patients with
sclerosing pancreatitis *. IgG4-RD can affect various organs,
pancreas more often than the others as well as hepatobiliary
tract, salivary and lacrimal glands, orbits and lymph nodes.

Very little data exists on the incidence and prevalence
of IgG4-RD. Most epidemiological studies come from Japan
and they are focused on autoimmune pancreatitis. It was es-
timated that the incidence of new cases with IgG4-RD is
2.63—10.2/million, with newly diagnosed 336—1,300 patients
per year °.

Mikulicz’s disease (MD) is characterized by
symmetrical, painless enlargement of lacrimal, parotid and
submandibular salivary glands. Based on histological simila-
rites, this disease was considered for a long time as a subtype
of Sjogren’s syndrome (SS). A recent research of Japanese
authors has discovered increased serum IgG4 levels in pati-
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ents with MD and defined histopathological findings in
glands tissue, presenting MD as part of IgG4-RD *.

Today, the focus of interest is how to differentiate the
diagnosis of MD and SS. MD is usually observed in patients
older than 50 years, both males and females. In spite of the
persistent swelling of salivary and lacrimal glands, their fun-
ction is not significantly reduced. The number of positive an-
tinuclear antibody (ANA) is small, while anti-Ro and anti-La
antibodies are negative. Patients with SS are mostly females
around 50 years old. Although gland swellings in SS are in-
termittent, keratoconjunctivitis sicca is present. Serum tests
in most patients show positive ANA, 70% of them have anti-
Ro and 30% anti-La antibodies. High serum level of 1gG4 is
specific for MD, but is usually not seen in SS. The basics for
MD diagnosing is a histopathological feature. Although the
lymphocytic infiltrates are typical for MD and SS, their in-
fluence is different. In MD lymphoid follicules are placed
around the duct protecting it while in SS they create
lymphoepithelial lesions and destroy the duct. This explains
less frequent keratoconjunctivitis sicca in MD in spite of si-
gnificant gland swellings. Infiltration of IgG4 positive plas-
ma cells is the main difference between MD and SS. The ra-
tio of IgG4 positive cells to IgG positive cells is higher than
40%. Steroid therapy is efficient in MD, but partially in SS.
In spite of certain clinical similarities, MD and SS are two
different diseases >°.

We presented the first patient with proven IgG4-related
MD in our country.

Case report

A 59-year-old man was admitted to our hospital due to
chronic dacryoadenitis and sialadenitis, with suspicion of the

TT——

existence of lymphoproliferative disease. The patient had dry
mouth and painless swelling in the area of parotid salivary
glands during two years. A year before hospitalization he no-
ticed swollen eyelids. His other problem was nasal obstructi-
on. The diagnosis of keratoconjunctivitis sicca was made in
other hospital a year before. There was no evidence for the
existence of SS (Schirmer's test was 7 and 8 mm;
scintigraphy showed mildly reduced accumulative and
excretory function of salivary glands; ANA, anti-Ro and an-
ti-La antibodies were negative; ultrasound showed enlarged
parotid and submandibular salivary glands; biopsy of the mi-
nor labial salivary gland was negative). The computed
tomography (CT) scan showed enlarged lacrimal glands mo-
re on the left side (Figure 1). Biopsy of the both glands was
performed. The results showed chronic dacryoadenitis
followed by significant polyclonal proliferation of the plas-
mocites. Lymphoproliferative disease was suspected.

On admission the patient was obese, body mass index
(BMI) of 34 kg/m® (normal range 18.5-25 kg/m’), with en-
larged, painless parotid, submandibular and lacrimal glands
(Figure 2).

Blood tests showed erythrocytes sedimentation rate
(SER) of 70 mm/h (the normal range is 0-22 mm/h form
men), C-reactive protein (CRP) of 7.61 mg/L (normal range:
less than 10 mg/L), polyclonal hipergamaglobulinemia IgG
of 28.3 g/L (normal range: 5-16 g/L) and IgE of 1,060
Ul/mL. Serological markers including ANA, anti-Ro, anti-La
and RF were negative. The serum IgG4 level was 15.7 g/L
(normal range: 0—1.3 g/L). Inflammatory pseudotumor of the
lacrimal gland with signs of storiform fibrosis revealed after
histopathological and immunohistological analysis. The
IgG4 positive plasma cells infiltration was enormous, once
microscopically enlarged where ratio IgG4+/ IgG+ was at le-

Fig. 2 — A) Dacryoadenitis manifests as bilateral swelling of upper eyelieds, and B) Sialadenitis manifests as
bilateral swelling of parotid regions in the same patient.
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ast 40% (Figure 3). There was no histological criteria for a
lymphoproliferative neoplasm.

Additional tests were done including myelogram and
analysis of clonality in bone marrow lymphocytes. Using
polymerase chain reaction method, no lymphoproliferative
disease was found.

On the seventh hospital day, the patient showed signs of
compressive, peripheral paresis of the left facial nerve. It was
the reason for urgent corticosteroid therapy with prednisone
0.5 mg/kg/day. Two weeks later, swelling disappeared
completely and the facial nerve recovered its function. The
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tic criteria for IgG4-related MD. According to them, IgG4-
related MD defines with persistent (longer than 3 months)
symmetrical swellings of at least 2 pairs of lacrimal, parotid
or submandibular glands, elevated serum IgG4 levels (> 135
mg/dL) or histopathologically marked infiltration of IgG4
positive plasma cells with a ratio of 1gG4 /IgG > 40%, with
typical tissue fibrosis or sclerosis . So, patients with

swelling of salivary and lacrimal glands, elevated serum
IgG4 levels and significant infiltration of IgG4 positive pla-
sma cells in lacrimal gland tissue fulfil all the criteria for
IgG4-related MD.
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Fig. 3 — Histological findings of lacrimal gland biopsies. Inmunohistochemical staining showing: A) IgG4-
positive plasma cells, and B) IgG-positive plasma cells in the lacrimal gland section of the patient (x200).

corticosteroid dosage was tapering gradually 2.5 mg per
week. After a 3-mount follow-up, the patient was still
without any complaints. He continued to receive prednisolo-
ne 10 mg per day as maintenance therapy.

Discussion

By the end of the 19th century, Johan von Mikulicz-
Radecki described a patient with symmetrical swellings of
the lacrimal, submandibular and parotid glands with massive
infiltration of the glands by mononuclear cells . Later, these
clinical features were observed in patients with tuberculosis,
sarcoidosis and lymphomas ®. Schafer and Jacobsen ° formed
a group of patients with typical clinical features known as
Mikulicz's syndrome. In 1933, Henrik Sjogren '* described
histopathological lymphocyte infiltrates in salivary gland of
patients with keratoconjunctivitis sicca and swollen main
salivary glands. But his findings were forgotten until the mid
20th century, when Morgan and Castelman observed that
salivary glands tissues in MD and SS are similar '. Since
then, MD is considered as a subtype of SS chronical form of
dacryoadenitis and sialadenitis of an autoimmune etiology '

The research of Japanese authors in the 21st century
shows elevated serum IgG4 levels and histopathologically
abundant infiltration of IgG4 positive plasma cells in lacri-
mal and salivary glands of patients with MD. This is the cre-
ation of a modern clinical concept clearly differentiating MD
from SS, putting MD to the group of IgG4-RD . The Japa-
nese Society for Sjogren’s Syndrome has published diagnos-

The clonality of lymphocytes is necessary to be tested
due to histopathological similarities between IgG4-related
MD and lymphoma. In the early diagnosing of B-cell
lymphomas, they are predominantly represented by B-cell in-
filtrates unlike primary T-cell infiltrates in IgG4- RD "

Allergic rhinitis and bronchial asthma are more frequent
in MD than in SS. A high occurrence of allergic conditions is
explained by domination of type 2 helper T (Th2) cells immu-
ne response, which raises the concentration of IgG4 and IgE "

Corticosteroids are the standard first-line treatment for
IgG4-related MD. They rapidly reduce swellings of lacrimal
and salivary glands, recover their functions and reduce IgG4
concentration in serum '®

A number of patients with IgG4-related MD was desc-
ribed in Japan with just a few individual cases in the western
world. In spite of low prevalence of IgG4-related MD, it is
necessary to have it in mind when dealing with patients pre-
senting with swollen lacrimal and salivary glands.

Conclusion

In suspicion for Mikulicz’s disease serum levels of im-
munoglobulin G4 as well as biopsies from glands with im-
munohistochemical evaluation should be assessed. It is
nessesery to distinguish immunoglobulin G4-related Miku-
licz’s disease from other distinct disorders, including Sjo-
gren’s syndrome and lymphoproliferative disease. Therapy
with corticosteroids is efficient and recommended for a lon-
ger period of time.
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Abstract

Introduction. Central retinal artery obstruction (CRAO)
represents an abrupt diminution of blood flow through the
CRA that is severe enough to cause ischemia of the inner retina
with permanent unilateral visual loss. We presented the role of
color Doppler imaging (CDI) of orbital vessels and of
extracranial duplex sonography (EDS) in the etiological
diagnosis of CRAO in two patients with clinical suspicion of
unilateral CRAO. Case report. Patients were examined
following the protocol which included CDI of orbital vessels
and EDS. Both patients had no emboli visible
ophthalmoscopy. The B-scan ultrasound evaluation of the first
patient found a small round, moderately reflective echo within
the right optic nerve, 1.5 mm behind the optic disc (emboli of
cholesterol). CDI of retrobulbar vessels revealed the normal
right ophthalmic artery (OA) hemodynamic parameters, but
the first patient had no arterial flow signal on CDI at the
distance of 1.5 mm behind the right optic disc. In contrast, the
left eye had the normal aspect on CDI of retrobulbar vessels.
The right internal carotid artery EDS identified a severe
stenosis at its origin as CRA’s emboli source. The second
patient had characteristic CDI findings for giant cell arteritis
(GCA) with eye involvement: severe diminished blood flow
velocities, especially end-diastolic velocities, in both CRAs.
Less abnormalities were observed in the posterior ciliary
arteries, and in the ophthalmic arteries. The second patient had
no systemic symptoms or signs of GCA. Conclusion. In the
presented cases, the ultrasound investigation enabled prompt
differentiation between central retinal artery occlusion of em-

bolic mechanism and CRAO caused by GCA.

on

Key words:
retinal artery occlusion; ultrasonography, doppler,
color; giant cell arteritis; diagnosis, differential.

Apstrakt

Uvod. Opstrukcija centralne retinalne arterije  (OCRA)
predstavlja naglo smanjenje protoka krvi kroz CRA koje moze
da ozbiljnu ishemiju unutrasnje retine trajnim
jednostranim gubitkom vida. Cilj rada bio je da se proceni
uloga kolor dopler snimanja (KDI) orbitalnih sudova i
ekstrakranijalne dupleks sonografije (EDS) u etioloskoj
dijagnosticic OCRA. Prikaz bolesnika. Dva bolesnika sa
klinickom sumnjom na jednostrani desni OCRA ispitana su
ptimenom slozenog protokola uklju¢ujuéi i KDI orbitalnih
sudova. Nisu ustanovljene embolije vidljive na oftalmoskopiji.
Na B-sken ultrazvuénoj evaluaciji prvog bolesnika pronaden je
mali krug, umeteno reflektujuéi eho unutar desnog oc¢nog
zivea, 1,5 mm iza optickog diska. KDI retrobulbarnih krvnih
sudova prikazao je normalne hemodinamicke parametre
oftalmicke arterije (OA), bez prisustva signala arterijskog
protoka na KDI na rastojanju od 1,5 mm iza desnog optickog
diska. Nasuprot tome, levo oko imalo je normalan KDI aspekt
retrobulbarnih sudova. Ultrazvuc¢nim pregledom na pocetnom
delu desne a. carotis intenae identifikovana je velika stenoza, kao
izvor CRA embolije. Drugi bolesnik imao je karakteristican
KDI nalaz za arteritis dzinovskih celija (GCA) sa uceséem oka:
visok indeks otpora u svim retrobulbarnim sudovima (sa
izrazitim smanjenjem brzine protoka krvi, posebno end-
dijastolne brzine, u pogodenoj desnoj CRA). Bolesnik nije
imao sistemske simptome, ni znake GCA. Zakljudak.
Ultrazvu¢na dijagnostika omoguéuje brzu orjjentaciju u
pogledu digitalne dijgnoze izmedu OCRA embolijskog
mehanizma nastanka i OCRA izazvane prisustvom GCA.

izazove

Kljucne reci:
okluzija retinalne arterije; ultrasonografija, dopler, kolor;
arteritis, dZinovske celije; dijagnoza, diferencijalna.
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Introduction

Central retinal artery obstruction (CRAO) is the result
of an abrupt diminution of blood flow in the central retinal
artery (CRA), severe enough to cause ischemia of the inner
retina with permanent unilateral visual loss . Frequently, the
blockage is located within the optic nerve substance and for
this reason, it is generally not visible on ophthalmoscopy .
We presented the role of color Doppler imaging (CDI) of or-
bital vessels and extracranial duplex sonography (EDS) in
the etiological diagnosis of CRAO in two patients with clini-
cal suspicion of acute unilateral right CRAO.

Case report

Two patients were examined at presentation in our
ophthalmology and neurology departments in January 2012 with
the following protocol: collection of detailed history of all pre-
vious or current systemic diseases, including arterial hyperten-
sion, diabetes mellitus, hyperlipidemia, atrial fibrillation (AF),
valvular diseases, ischemic heart disease, stroke, carotid artery
disease, systemic coagulopathies (including thrombophilias),
and vasculitis, including giant cell arteritis (GCA); complete
physical examination, including the temporal arteries (Tas), was
performed by a neurologist and an internist in order to detect
eventual temporal arteritis as part of GCA; comprehensive
ophthalmic evaluation, conducted by an ophthalmologist by
recording visual acuity with the Snellen visual acuity chart,
visual fields with a Goldmann perimeter, relative afferent
pupillary defect, intraocular pressure, slit-lamp examination of
the anterior segment, lens and vitreous, direct ophthalmoscopy,
and color fundus photography; laboratory workup, including
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
factor V Leiden mutation, etc; cranial computed tomography
(CT) scanning, in order to identify whether stroke was associ-
ated with CRAO; CT-angiography (CT-A), performed at pres-
entation, which allowed analysis of the arterial wall and the en-
doluminal part of the aorta and its branches; ECG, and transtho-
racic echocardiography (TTE), to detect eventual cardiac source
of emboli; CDI of retrobulbar (orbital) vessels, performed with
an ultrasound (US) equipment (Logic 500, GE) with a 9 MHz
linear probe for detecting and measuring orbital vessel blood
flow in the ophthalmic arteries (OAs), the CRAs, the superior
ophthalmic veins, and the posterior ciliary arteries nasal and
temporal (PCAs) *°, EDS, performed with an US equipment
(My Lab50 Esaote) with a 7.5-10 MHz linear array transducer

19.01.20712

to determine the carotid source of emboli and with a 10 MHz
linear probe for the examination of the TAs. All CDI of retro-
bulbar vessels and EDS examinations were performed by the
first two authors of the study. One investigator, who was un-
aware of the patients’ diagnoses, looked only for detecting and
measuring orbital and extracranial vessels blood flow. If their re-
sults disagreed, then the investigators would have examined the
results together and would have reached a consensus on the find-
ings; temporal artery biopsy (TAB) was assessed at 1 day after
presentation when GCA was suspected, for the second case.

Case 1 - Central retinal artery obstruction with
embolic mechanism

A 73-year old hypertensive woman presented with sudden
and painless visual loss in the right eye. She had visual acuity of
20/20 in her left eye, and saw only hand movements in the right
eye. Anterior segment examination was normal in both eyes.
The fundus of the affected right eye presented ischemic
whitening of the retina, cherry-red spot in the center of the reti-
na, and the site of obstruction of the right CRA was not visible
on ophthalmoscopy (no embolus was found).

B-scan ultrasound evaluation found a small round,
moderately reflective echo within the right optic nerve, 1.5 mm
behind the optic disc. This image suggested a cholesterol struc-
ture of the embolus (Figure 1a). CDI of retrobulbar vessels reve-
aled normal right OA hemodynamic parameters, but the patient
had no blood flow signal on CDI on the surface of 1.5 mm be-
hind the right optic disc (Figure 1b). The arterial flow signal
stopped at the level of emboli, and could not be recorded in front
of it (right CRAO). In contrast, the left eye had the normal as-
pect on CDI of retrobulbar vessels, including left CRAO.

Right internal carotid artery (ICA) EDS examination,
and CT-A identified a severe stenosis at its origin. TTE, the
sonography of the TAs, and laboratory data were all normal,
the only exception being an increased ESR (40 mm/hr). After
eleven months, a diminished arterial flow signal could be de-
tected at the level of the right CRA (Figure 1c¢).

Case 2 - Central retinal artery obstruction with
vasculitis mechanism, due to occult giant cell arteritis

A 71-year old hypertensive man presented with CRAO
of the right eye, with the abrupt painless severe loss of vision
of the right eye (visual acuity 0.1), with normal anterior se-
gment examination in both eyes, and a fundus of the right

19.01.2012 06.12.2012
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Fig. 1 — First patient: a) B-scan ultrasound evaluation of the right eye; b) Color Doppler imaging (CDI) of the right
central retinal artery; c) CDI of the right central retinal artery after 11 months.
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eye with ischemic whitening of the retina, and a cherry-red
spot in its center. The site of obstruction of the right CRA
was not visible on ophthalmoscopy.

The patient developed moderate right temporal headac-
he, one week before presentation in our departments. The
superficial TAs were normal at clinical examination, inclu-
ding TA’s pulsation. He did not present associated systemic
symptoms: fever, fatigue, and/or malaise.

A normal ESR (8 mm/hr), and the elevated CRP (6.4
mg/L) were revealed in this patient; the other laboratory data
were all normal.

EDS investigated almost completely the whole length of
the common superficial TAs, including the frontal and parietal
branches *’, and found only dark hypoechoic circumferential
wall thickening (halo) around the lumen of a segment of the
frontal branch of the right TA. Normal US patterns were found
in all the other branches of the two external carotid arteries and
for the other extracranial vessels (facial arteries, etc). TAB was
guided by Doppler US of the TAs at the level of the affected
segment of the frontal branch of the right TA. We observed
characteristic lessions for GCA: intimal thickening, internal
limiting lamina fragmentation, and chronic inflamatory infil-
trate with giant cells *.

Spectral Doppler analysis of retrobulbar vessels revealed
in this case severely diminished blood flow velocities
especially end-diastolic velocities (EDV) in both CRA (Figu-
res 2a and 2b), normal values: peak systolic velocity (PSV)
17.3+2.6 cm/s; EDV 6.2+2.7 cm/s *°, despite the fact that
the left eye had the normal aspect at ophthalmoscopy. Less
abnormalities were observed in the PCAs (Figures 2c and 2d),
(normal values for temporal PCA: PSV:13.3+3.5 cm/s;
EDV: 6.4 + 1.5 cm/s; normal values for the nasal PCA: PSV:
12.4+ 3.4 cn/s; EDV: 5.8 +2.5 cm/s) ™, and in the OAs (nor-
mal values: PSV: 453+ 10.5 cnv/s; EDV: 11.8+4.3 cm/s) *°.
CT-A, and TTE were normal in this case. CT-scanning
excluded strokes in both presented patients.

Discussion

Since there are no functional anastomoses between cho-
roidal (nasal, and temporal PCAs) and retinal circulation

Right CRA+CRV

Vd 1. 76eca/s
2 25cmis

iVmox 5.6lcm/s
3 68ca/s

Right nasal PCA

Rl 0. EGB6@Vmax 18 S5Sca/s=

(CRA), CRAO determines severe and permanent loss of vi-
sion, as mentioned in different studies '™ °'®. Therefore, it is
very important to identify the cause of CRAO, in order to
protect the contralateral eye ' . According to Gonzales-
Gay ®, and Gonzales-Gay et al. '° the majority of GCA pa-
tients with CRAO develop the classic clinical symptoms of
GCA: new moderate bitemporal headache, scalp tenderness,
and abnormal TAs on palpation (tender, nodular, swollen,
and thickened arteries). However, in the case at hand, the
second patient presented developed only new moderate right
temporal headache.

Gonzales-Gay ° and Gonzales-Gay et al. '°, along with
Duker et al. °, Connolly et al. 1 and Foroozon et al. "
continue to argue that most of the patients with GCA and
CRAO present systemic symptoms: fever, fatigue, malaise,
and weight loss. Contrary to what they found, the second pa-
tient with CRAO due to GCA did not show systemic symp-
toms. Nevertheless, a study of Gonzales-Gay et al. '® show
that 21% of the patients with positive TAB for GCA have no
systemic symptoms or signs and the only presenting sign was
visual loss. He named this type of GCA occult GCA ',
which matched the profile of our second patient.

Lopez-Diaz et al. ' note that the ESR is often very high in
GCA, with the levels more than 50 mm/hr (fairly suggestive of
this disease). In interpreting the ESR, he observes that the levels
of 40 mm/hr may be normal in the elderly 7 (as we found in our
first case with CRAO due to embolic mechanism) and cases of
biopsy-proven GCA have been reported in patients with ESR
levels lower than 30 mm/hr 7. In his study, approximately 20%
of the patients who have a positive TAB for GCA present a
normal ESR "7 (like in our second case). Lopez-Diaz et al.
concluded that "normal" ESR does not rule out GCA. CRP is
generally raised in GCA (the normal range is < 5mg/L) ** '°. It
generally runs parallel with ESR, and may be helpful when
the ESR is equivocal 6816 However, in some cases, Gonza-
les-Gay ® and Gonzales-Gay et al. ' demonstrated ESR ele-
vation but not CRP. In their opinion, the combination of ESR
and CRP together gives the best specificity (97%) for detec-
tion of GCA * .

Schmidt et al. 7, and Arida et al. '® demonstrate that EDS
examination of the TAs in temporal arteritis has garnered con-

=VUd 1 88cm/a

« 2 B3cals 1. 48ca/s

Right temporal PCA

Vd 1.568cm/s

8. B87cm/s=

Fig. 2 — Second patient: a-d) Spectral Doppler analysis of retrobulbar vessels.
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siderable interest as a GCA diagnosis tool, because it indi-
cates segmental inflammation of TAs. A meta-analysis of
Arida et al. '® confirm that the halo sign in US is useful in di-
agnosing GCA. US may also detect inflamed TAs in patients
with clinically normal TAs 7 '¥, as we observed in our sec-
ond case.

Schmidt et al. 7 compared the results of TAs EDS
examinations with the occurrence of visual ischemic
complications (CRAO, arteritic anterior ischemic optic
neuropathies, etc) in patients with newly diagnosed active
GCA. However, findings of TAs EDS did not correlate with
eye complications. For this reason, CDI of retrobulbar
vessels is of critical importance. In Foroozon et al's "
opinion, this technique is able to detect certain orbital
vascular abnormalities in patients with CRAO, because it
indicates the direction of blood flow, and allows calculation
of the PSV, EDV, and the mean velocities of flow, and
estimation of the resistence index (RI) of these vessels.
These abnormalities are not detected by the standard
diagnostic modalities now used to evaluate permanent
mondeukiebfirsinesse’, diagnostic imaging (including CT-A,
neurosonological investigations, ECG, TTE, etc) revealed a
large-artery atherosclerosis etiology (ICA’s severe stenosis)
for CRAQ >3 10.11.13,15,19

According to Duker °, less than one third of CRAO
results from emboli. We did not perform prolonged cardiac
monitoring in both cases for detection of paroxysmal AF,
because, according to the Rabinstein study, there were no
risk factors for paroxysmal AF detection (left dilatation on
TTE, frequent premature atrial complexes on ECG, etc) *°.

Platelets and fibrin are the materials found in cardiac
emboli *'°, which was not the case of our first patient (emboli of
cholesterol). Duker * noted that cholesterol emboli typically
emanate from atheromatous plaques of the ipsilateral ICA. In
the first preseted case (CRAO with artery to artery embolism),
detecting by B-scan US evaluation the retrobulbar embolic
material interrupting the pixels of color of the right CRA was
helpful in eliminating the diagnosis of GCA with eye
involvment "*. When CDI localizes retrobulbar embolus, the
patient does not have to be subjected to high-dose
corticosteroids, even if the ESR is elevated, like in the first case
3 1L 15 The patient received antiplatelet aggregating agents and
statins before right carotid endarterectomy. In the second case
(CRAO with vasculitic mechanism, due to GCA), the patient had
the normal ESR without systemic/clinical symptoms, even a
swollen TA (occult GCA) * '°. His spectral Doppler analysis of
the orbital vessels revealed characteristic CDI findings for GCA
(severe diminished blood flow velocities, especially EDV, in
retrobulbar vessels, especially in CRAs) * ' '°. In patients with
CRAO due to occult GCA prompt recognition and early
corticotherapy are crucial to prevent further visual loss in the
controlateral eye **%'*1%,

Conclusion

In the presented cases, ultrasound investigation enabled
prompt differentiation (when no emboli are visible on
ophthalmoscopy in the retinal circulation) between central reti-
nal artery occlusion of embolic mechanism due to severe steno-
sis of the ipsilateral internal carotid artery and central retinal ar-
tery occlusion caused by vasculitis from ocult giant cell arteritis.
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Solitary extramedullary plasmacytoma of the duodenum and pancreas
— A case report and review of the literature

Solitarni ekstramedularni plazmocitom duodenuma 1 pankreasa
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Abstract

Introduction. The extramedullary plasmacytomas (EMPs)
are rare tumors of plasma cell disorders which are rarely
found in the duodenum. We presented a case of solitary
EMPs involving the duodenum and pancreas successfully
treated by surgical resection after failure of chemotherapy.
Case report. A 55-year-old female with previously diagnosed
solitary EMP of the duodenum was admitted to our institu-
tion after failure of three cycles of vincristine, adriablastine,
dexamethasone (VAD) chemotherapy regimen with an upper
gastrointestinal obstruction. On admission computed tomo-
graphy of the abdomen showed tumor in the region of the
second part of duodenum and uncinate process of the pan-
creas with a complete duodenal obstruction. Intraoperatively
a tumor formation was in the region of the second duodenal
part, originated from the wall of duodenum with the total di-
ameter of 7 x 5 cm, covering the entire circumference of
duodenal wall leaded to a natrowing of duodenal lumen to
the thigh gap with an upper gastrointestinal obstruction. Infil-
tration in the head of the pancreas and uncinate process were
also found. The Whipple’s procedure was performed but
postoperative course was complicated by rapidly refilling chy-
lous ascites which was resolved 4 days after the surgery.
Conclusion. Each patient with gastrointestinal EMPs should
be considered separately and in timely manner, thus adequate
treatment could provide local disease control.

Key words:

plasmacytoma; duodenum; pancreas; intestinal
obstruction; surgical procedures, operative; postoperative
period; ascites; treatment outcome.

Apstrakt

Uvod. Ekstramedularni plazmocitomi (EMP) su retki tumori
koji pripadaju plazmacelijskim oboljenjima sa retkom lokali-
zacijom u duodenumu. Prikazali smo bolesnicu sa solitarnim
EMPs i zahvatanjem duodenuma i pankreasa uspesno izlecenu
hirurskom resekcijom, nakon neuspeha hemioterapije. Prikaz
bolesnika. Bolesnica, starosti 55 godina, sa prethodno dijag-
solitarnim EMP duodenuma i pankreasa
primljena je u nasu ustanovu nakon neuspeha u lecenju sa tri
ciklusa hemioterapije po vinkristin, adriablastin, deksametazon
(VAD) protokolu, sa visokom gastrointestinalnom opstrukci-
jom. Na prijemu, kompjuterizovanom tomografijom abdomena
otkriven je tumor u predelu drugog dela duodenuma i uncinat-
nog nastavka pankreasa, sa potpunom opstrukcijom duode-
numa. Intraoperativno, naden je tumor u predelu drugog dela
duodenuma, koji je poticao iz zida duodenuma, sa pre¢nikom
od 7 x 5 cm, koji je zahvatao kompletnu cirkumferenciju zida
duodenuma dovodeéi do suzavanja lumena duodenuma na
usku pukotinu sa visokom gastrointestinalnom opstrukcijom.
Takode, nadena je i infiltracija glave pankreasa i uncinatnog
nastavka. Primenjena je Viplova procedura, ali se postopera-
tivni tok komplikovao nastankom obilnog hiloznog ascita, sto
je sanirano Cetiti dana nakon operacije. Zakljucak. Svakog
bolesnika sa gastrointestinalnom lokalizacijom EMP trebalo bi
posmatrati zasebno, a blagovremeno i adekvatno le¢enje moze
omoguditi lokalnu kontrolu bolesti.

nostikovanim

Kljuéne redi:

plazmocitom; duodenum; pankreas; creva, opstrukcija;
hirurgija, operativne procedure; postoperativni period;
ascit; leCenje, ishod.

Introduction

Plasmacytoma derives from clonal proliferation of plas-
ma cells and can be classified as an osseous disease or
extraosseous tumor. It appears in three clinical forms: multiple

myeloma (MM), medullary plasmacytoma (MP) and
extramedullary plasmacytoma (EMP) '.

Solitary EMPs are rare tumors constituting fewer than
5% of all plasma cell tumors. These tumors could originate in

a variety of anatomical sites, but most often, approximately
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90% of cases, have been reported from the upper respiratory
tract. Less than 10% of EMPs occur in the gastrointestinal
tract, whereas the stomach is the most frequent site of its oc-
currence >°. There are only several cases described in the lite-
rature of EMP in the duodenum and few cases involving the
pancreas or both duodenum and pancreas *'%.

We presented a case with solitary EMPs in the duodenum
and pancreatic head infiltration with an upper gastrointestinal
obstruction, surgically treated after failure of chemotherapy.

Case report

A 55-year-old Caucasian female was admitted to our
institution due to deterioration of the general condition, per-
sistent vomiting and weight loss of 5 kg a month before the
hospitalization. On admission all laboratory findings inclu-
ding bilirubin were in normal ranges with the exclusion of
the erythrocyte sedimentation rate of 58 mm/h (normal ran-
ge: 0-20 mm/h), alkaline phosphatase of 281 U/L (normal
range: 20—140 U/L) and lactate dehydrogenase of 344 U/L
(normal range: 140-280 U/L).

Almost a year before, the patient was admitted to our
hospital also with severe abdominal pain, whereas abdomi-
nal ultrasound showed tumor formation in the upper right
region with the diameter of 10 x 5 cm. Computed
tomography (CT) scan showed enlargement of the head of
pancreas and stenosis of duodenum in the region distally of
the duodenal papilla of the length of 7 cm. In the same hos-
pitalization esophagogastroduodenoscopy showed normal
duodenal mucosa but narrowed duodenal lumen of 6 cm in
length in the region of the second and the third part of the du-
odenum. Biopsies from that region showed chronic
lymphoproliferative plasma cell infiltration which correspon-
ded to solitary EMPs of duodenum, immunoglobulin A (IgA)
lambda chain. The application of diagnostic criteria, including
bone marrow biopsy, did not show the existence of MM. Consi-
dering the tumor size and localization, the patient’s age, and
propensity for gastrointestinal occlusion, it was decided that the
patient begin receiving VAD (vincristine, adriablastine,
dexamethasone) chemotherapy regimen protocol.

After the third cycle of VAD chemotherapy regimen,
multislice CT abdominal scan did not show any improve-
ment in the reduction of tumor mass (Figure 1). Due to impa-
irment of the patient general condition (vomiting and weight
loss) and evident failure of chemotherapy, it was decided to
perform surgical intervention.

With the open surgical approach and medial
laparotomy we found intraoperatively a tumor formation in
the region of the second duodenal portion, the first and the
second duodenal knee, originated from the wall of the duo-
denum with the total diameter of 7 x 5 cm. The tumor co-
vered the entire circumference of the duodenal wall leading
to duodenal lumen narrowing to a tight gap with upper gas-
trointestinal obstruction and moderate gastrectasia. The
tumor consistency was solid with the infiltration of head of
the pancreas and uncinate process in the anterior segments,
but without involvement of the portal vein and superior
mesenteric vessels (Figures 2 and 3).
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Fig. 1 — A) Multislice computed tomography abdominal scan
showing tumor in the wall of the second part of the duode-
num (frontal section); B) tumor in the region of the second

duodenal knee and uncinate process with complete duodenal

obstruction (transversal section).

Fig. 2 — Tumor resection specimen, the duodenum, a part of
the stomach, pancreatic head and the first jejunal limb
(arrow shows the tumor in the second duodenal portion and
the head of the pancreas).

No other findings were observed during the surgery.
We performed the Whipple’s procedure with one bore drain
placement. Postoperatively, the patient presented with
chylous ascites approximately 1,500 mL daily that diminis-
hed and resolved on the postoperative day 4 (Figure 4).
However, on the postoperative day 6 a low-output external
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Fig. 3 — A) Longitudinally transected duodenum with infiltration in the duodenal wall by the tumor (arrlow);
B) The transected pancreatic head shows infiltration in the pancreas by the tumor (arrow).

Fig. 4 — Chylous ascites in the drainage bag on the day 2 postoperatively.

pancreatic fistula occurred, and resolved during conservative
treatment on the postoperative day 10. The postoperative tre-
atment was based on the control of infection process and
low-fat oral diet with medium-chain triglycerides after the
introduction of per oral food intake on the day 5 after the
surgery. The drain was removed on the postoperative day 12,
and patient was discharged two weeks after the surgery.

Histopathological examination showed diffuse neoplas-
tic proliferation of plasma cells in duodenal submucosa and
pancreatic tissue, with tumor cells positivity for MUM-1,
CD138 and A light chain expression on immunohistochemi-
cal studies (Figure 5).

On follow-up 3 months later the patient had no gastro-
intestinal problems, disease recurrence, nor activity on posit-
ron emission tomography scan.

Discussion

The diagnostic criteria of EMPs are: 1) solitary plasma
cell tumor; 2) histological confirmation; 3) normal bone
marrow, taken from a distant site with less than 5% of plasma
cells; and 4) low concentration of monoclonal paraprotein .

The upper respiratory tract including oropharynx,
nasopharynx, nasal cavity, sinuses and larynx are the most
common sites of solitary EMPs. Approximately 7% of all
solitary EMPs can be found in gastrointestinal tract > "', The
most affected organs include the stomach, small bowel, while
the colon and esophagus are involved rarely ''. There are only
11 cases in the literature with duodenal localization of solitary
EMP, but only 3 cases with pancreas involvement and two ca-
ses with duodenal and pancreas involvement until now *'* .
In all described cases with solitary EMP involving both duo-
denum and pancreas or just pancreas, patients had obstructive
jaundice that was not present in our case. In our patient a pla-
sma cell infiltrate has spread in the area out of the Vater’s am-
pulla and the main pancreatic duct, mainly in the anterior seg-
ments of pancreatic head what was the reason of the jaundice
absence. However, nausea, pain, vomiting, upper gastrointes-
tinal bleeding or weight loss occurred in almost all described
cases. Also, the presented patient was the first one with upper
gastrointestinal obstruction caused by EMPs. Excluding mali-
gnant tumors originating from the stomach, duodenum, panc-
reas and biliary tree there are not many pathological conditions
reported to cause upper ileus »’.

Ignjatovi¢ M, et al. Vojnosanit Pregl 2016; 73(4): 402—407.
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pleomorphic plasma cells [(A) HE, x 10; B) HE, x20)]; C) The tumors cells demonstrating strong diffuse
positivity for MUM-1 (x 40); D) Diffuse cytoplasmic A light chain expression in primary duodenal
plasmacytoma and CD138 positivity (x 40).

The diagnosis of EMPs comprises in fact the exclusion of
other two from plasmacytoma, both MM and MP. A localiza-
tion and extent of the tumor could be evaluated by the radiolo-
gical imaging procedures which include CT scan and magnetic
resonance imaging. Interestingly, our case was the third repor-
ted with imaging of duodenal involvement by solitary EMPs in
the literature data so far '*'”. The first case was published by
Magagnoli et al. '/, and a recently published case by Karam et
al. '* was the second reported with imaging of duodenal locali-
zation of EMPs with the explanation that the most of the pub-
lished cases appeared in gastroenterology journals. Therefore,
our case was the first one reported with duodenal and pancrea-
tic localization of solitary EMP with both imaging and speci-
men figures. With regard to neoplastic proliferation of plasma
cells in the stomach, primary plasmacytoma should always be
distinguished from the other lymphoproliferative disorders
with  plasmacytic  differentiation. Immunohistochemical
analysis of the resected specimen in the presented patient
showed that tumor cells were diffusely CD138, MUM-1, and
IgA positives, and CD5 negative.

Therapeutic strategies for solitary plasmacytoma and
EMP include surgery, chemotherapy, radiotherapy, along
with combined approaches . Although it was showed that
solitary plasmacytoma are highly chemoradiosensitive "%,
many cases of EMP are reported to be insensitive to

radiotherapy and chemotherapy >'**. In eligible patients, ra-

diation therapy in the dose of 40-50 Gy has been suggested
providing an excellent locoregional disease control .
However, in that study the majority of patients were with
EMPs in the region of the neck and head, and in only two pati-
ents EMPs was localized in the abdominal cavity. A relatively
small number of inconclusive data are available for analysis of
the natural history and treatment for EMPs of the gastrointes-
tinal tract. Some reported cases showed poor sensitivity of
EMPs to radiochemotherapy > '**, suggesting aggressive co-
urse of the disease. Others favor radiation therapy over
chemotherapy in the treatment of solitary plasmacytoma >,
and in cases of extramedullary spread high dose chemotherapy
followed by stem-cell transplantation have been suggested as
standard treatment '"'*. However, it was considered that gas-
trointestinal involvement of MM has a very poor prognosis
even with aggressive treatment *°, and surgical resection sho-
uld be implemented only in cases with local complications by
the mass itself ''. As radiation therapy was used in the past for
EMPs treatment, and the standard first line chemotherapy re-
gimen for EMPs failed, in addition to occurrence of local
complications in our patient, we decided to perform surgical
intervention. In the literature data there are only few patients
with EMP localized in the region of duodenum and pancreatic
head who underwent surgery. Our case was the third patient
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reported with EMP of this localization in whom radical
pancreaticoduodenectomy (Whipple’s procedure) was perfor-
med *°. In case of the three other patients, one was treated
with local excision succumbing 15 months later to MM 7, the
second one only with gastrointestinal by-pass without resecti-
on °, whilst the third case was operated with no data regarding
the surgical procedure '®.

The ascites and pleural effusion occur in approximately
one-third of patients with plasma cell disorder. Those clinical
features could be found solitary or as a part of POEMS or
Crow-Fukase syndrome in patients with plasma cell disorders,
predominantly in patients with MM *’. The pathogenesis of
this syndrome, mainly edema, pleural effusions and ascites
development, is attributed to markedly increased plasma and
serum levels of vascular endothelial growth factor (VEGF) in
patients with MM. The VEGF is secreted from plasma cells
and platelets promoting vascular permeability, angiogenesis
and monocyte/macrophage migration. There are no literature
data regarding etiopathogenesis of the ascites and/or pleural ef-
fusion occurrence in patients who underwent surgery for EMP
although a case was reported with plasmacytoma of the ovary
and stormy postoperative course complicated by rapidly refilling
ascites and pleural effusion **. Such complications may be attri-
buted to angiogenesis, especially to lymphangiogenesis, in the
field of plasma cell disorder, VEGF hypersecretion and operati-
ve trauma. The drainage of chylous ascites in postoperative co-

urse burdened our patient also, however, it was diminished and
resolved shortly after the surgery. Unfortunately, we had no
possibility to evaluate the drainage fluid due to technical cir-
cumstances. In addition to the aforementioned case of
plasmacytoma of the ovary, our patient was another with this
unusual complication but the first one with duodenal localiza-
tion of EMPs.

The most effective therapy for gastrointestinal EMPs can-
not be determined from this small case series. It is obvious that
some of these patients with duodenal plasmacytoma are insensi-
tive to irradiation and/or chemotherapy, whereas surgery could
provide local disease control not only in cases of complications.
When the first line chemotherapy fails, surgical procedure sho-
uld be considered timely to prevent the development of possible
complications.

Conclusion

Solitary EMPs are rare tumors of plasma cell disorders
and even more rarely with duodenal and pancreas involve-
ment. The presented patient did not respond to chemotherapy
and was operated on with success. The Whipple’s procedure is
the optimal surgical procedure in cases of EMPs in the duode-
num and pancreas. Each patient with gastrointestinal EMPs
should be considered separately and timely providing him/her
an adequate treatment which can assure local disease control.
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the illustrations, the symbols, arrows, numbers, or letters should be iden-
tified and explained clearly in the legend. Explain the method of staining
in photomicrographs.

Abbreviations and symbols

Use only standard abbreviations. Avoid abbreviations in the title and
abstracts. The full term for which an abbreviation stands should precede
its first use in the text.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp
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UPUTSTVO AUTORIMA

Vojnosanitetski pregled (VSP) objavljuje radove koji nisu ranije nigde objav-
ljivani, niti predati za objavljivanje redosledom koji odreduje uredivacki od-
bor. Svaki pokusaj plagijarizma ili autoplagijarizma kaznjava se. Prilikom
prijave rada u sistem elektronskog uredivanja ,,Vojnosanitetskog pregleda“
neophodno je priloziti izjavu da su ispunjeni svi postavljeni tehnicki zahtevi
ukljucujudi 1 izjavu koju potpisuju svi autori da rad nije ranije ni u celini, niti
delimi¢no objavljen niti prihvaéen za Stampanje u drugom ¢asopisu. Izjavu o
pojedinacnom doprinosu svakog od autora rada potpisanu od svih autora, tre-
ba skenirati i poslati uz rad kao dopunsku datoteku. Takode, autori su obave-
zni da dostave i potpisanu izjavu o nepostojanju sukoba interesa ¢ime postaju
odgovorni za ispunjavanje svih postavljenih uslova. Ovome sledi odluka o
prihvatanju za dalji uredivacki postupak. Za objavljene radove VSP zadrzava
autorsko pravo. Primaju se radovi napisani samo na engleskom jeziku.
VSP objavljuje radove samo autora koji su pretplaceni na ¢asopis u go-
dini podnosenja rada za objavljivanje. Pretplata je obavezna za svakog
autora/koautora ¢iji rad ude u postupak recenzije.

Od 1. januara 2012. godine Vojnosanitetski pregled presao je na
e-Ur: Elektronsko uredivanje ¢asopisa.

Svi korisnici sistema: autori, recezenti i urednici moraju biti registro-
vani jednozna¢nom e-mail adresom. Registraciju je moguce izvrSiti na:

http://aseestant.ceon.rs/index.php

U VSP-u se objavljuju uvodnici, originalni ¢lanci, prethodna ili
kratka saopStenja, revijski radovi tipa opSteg pregleda (uz uslov da
autori navodenjem najmanje 5 autocitata potvrde da su eksperti u oblasti
o kojoj piSu), aktuelne teme, metaanalize, kazuistika, seminar prak-
ticnog lekara, ¢lanci iz istorije medicine, li¢ni stavovi, naruceni ko-
mentari, pisma uredni$tvu, izvestaji sa nauénih i struénih skupova, pri-
kazi knjiga i drugi prilozi. Radovi tipa originalnih ¢lanaka, prethodnih ili
kratkih saopstenja, metaanalize i kazuistike objavljuju se uz apstrakte
na srpskom i engleskom jeziku.

Rukopis se pise sa proredom 1,5 sa levom marginom od 4 em. Koristi-
ti font veliine 12, a nacelno izbegavati upotrebu bold i italic slova, koja
su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i metaanali-
ze 1 Clanci iz istorije medicine ne smeju prelaziti 16 stranica (bez priloga);
aktuelne teme — deset, seminar prakti¢nog lekara — osam, kazuistika — Sest,
prethodna saopstenja — pet, a komentari i pisma uredniku — tri, izvestaji sa
skupova i prikazi knjiga — dve stranice.

U celom radu obavezno je koris¢enje medunarodnog sistema mera
(SI) i standardnih medunarodno prihvaéenih termina (sem mm Hg i °C).

Za obradu teksta koristiti program Word for Windows verzije 97,
2000, XP ili 2003. Za izradu grafickih priloga koristiti standardne gra-
ficke programe za Windows, pozeljno iz programskog paketa Micro-
soft Office (Excel, Word Graph). Kod kompjuterske izrade grafika
izbegavati upotrebu boja i senéenja pozadine.

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.

Prispeli radovi kao anonimni podlezu uredivackoj obradi i recenziji
najmanje dva urednika/recenzenta. Primedbe i sugestije uredni-
ka/recenzenata dostavljaju se autoru radi kona¢nog oblikovanja. Pre ob-
jave, rad se upucuje autoru odredenom za korespodenciju na konaénu
saglasnost.

Priprema rada

Delovi rada su: naslovna strana, apstrakt sa kljuénim re¢ima,
tekst rada, zahvalnost (po zelji), literatura, prilozi.

1. Naslovna strana

a) Pozeljno je da naslov bude kratak, jasan i informativan i da odgovara
sadrzaju, podnaslove izbegavati.

b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, ¥,
LT *51,.

¢) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je
rad obavljen mesta i drzave za svakog autora, koristec¢i standardne znake
za fusnote.

d) Zaklju¢ak moze da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije.

¢) Podaci o autoru za korespodenciju.
2. Apstrakt i kljucne reci

Na drugoj stranici nalazi se strukturisani apstrakt (250-300 reci za
originalne ¢lanke i meta-analize) sa naslovom rada. Kratkim receni-
cama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada, osnov-
ne procedure — Metode (izbor ispitanika ili laboratorijskih zivotinja;
metode posmatranja i analize), glavni nalazi — Rezultati (konkretni
podaci i njihova statisticka znacajnost) i glavni Zakljuéak. Naglasiti
nove i znacajne aspekte studije ili zapazanja. Strukturisani apstrakt za
kazuistiku (do 250 reci), sadrzi podnaslove Uvod, Prikaz bolesnika i

Zakljudak). Ispod apstrakta, ,,Klju¢ne re¢i* sadrze 3—10 kljuénih reci
ili kratkih izraza koje ukazuju na sadrzinu ¢lanka.

3. Tekst ¢lanka

Tekst sadrzi sledeca poglavlja: uvod, metode, rezultate i diskusiju.
Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge
za studiju ili posmatranje. Navesti samo vazne podatke iz literature a ne
opsirna razmatranja o predmetu rada, kao ni podatke ili zakljucke iz rada
o kome se izvestava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne Zzivotinje, ukljucuju¢i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvodaca u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omogu¢i reproduk-
cija rezultata. Navesti podatke iz literature za uhodane metode, ukljucu-
juéi i statisticke. Ta¢no identifikovati sve primenjene lekove i hemika-
lije, ukljuCujuéi genericko ime, doze i nacine davanja. Za ispitivanja na
ljudima i zivotinjama navesti saglasnost nadleznog eti¢kog komiteta.

Rezultate prikazati logickim redosledom u tekstu, tabelama i ilustra-
cijama. U tekstu naglasiti ili sumirati samo znacajna zapazanja.

U diskusiji naglasiti nove i znacajne aspekte studije i izvedene zak-
ljucke. Posmatranja dovesti u vezu sa drugim relevantnim studijama, u
nacelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati zak-
ljucke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one zakljuc-
ke koje podaci iz rada ne podrzavaju u potpunosti.

Literatura

U radu literatura se citira kao superskript, a popisuje rednim broje-
vima pod kojima se citat pojavljuje u tekstu. Navode se svi autori, ali
ako broj prelazi Sest, navodi se prvih Sest i ef al. Svi podaci o citiranoj
literaturi moraju biti ta¢ni. Literatura se u celini citira na engleskom
jeziku, a iza naslova se navodi jezik ¢lanka u zagradi. Ne prihvata se
citiranje apstrakata, sekundarnih publikacija, usmenih saopstenja, ne-
objavljenih radova, sluzbenih i poverljivih dokumenata. Radovi koji
su prihvaceni za $tampu, ali jo§ nisu objavljeni, navode se uz dodatak
,,u Stampi““. Rukopisi koji su predati, ali jo§ nisu prihvaceni za Stampu,
u tekstu se citiraju kao ,,neobjavljeni podaci® (u zagradi). Podaci sa
Interneta citiraju se uz navodenje datuma pristupa tim podacima.

Primeri referenci:

Durovi¢ BM. Endothelial trauma in the surgery of cataract. Vojnosanit
Pregl 2004; 61(5): 491-7. (Serbian)

Balint B. From the haemotherapy to the haemomodulation. Beograd:
Zavod za udzbenike i nastavna sredstva; 2001. (Serbian)

Miadenovi¢ T, Kandolf L, Mijuskovi¢ ZP. Lasers in dermatology. In:
Karadagli¢ D, editor. Dermatology. Beograd: Vojnoizdavacki zavod &
Verzal Press; 2000. p. 1437—49. (Serbian)

Christensen S, Oppacher F. An analysis of Koza's computational ef-
fort statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the ANA
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited
2002  Aug 12];  102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele

Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. Obelezavaju
se arapskim brojevima, redosledom pojavljivanja, u desnom uglu (Tabela 1),
a svakoj se daje kratak naslov. Objasnjenja se daju u fus-noti, ne u zaglavlju.
Svaka tabela mora da se pomene u tekstu. Ako se koriste tudi podaci, obave-
zno ih navesti kao i svaki drugi podatak iz literature.

Tlustracije

Slikama se zovu svi oblici grafickih priloga i predaju se kao dopunske dato-
teke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujednaceni,
a dovoljne veli¢ine da prilikom umanjivanja budu ¢itljivi. Slike treba da budu
jasne i obeleZene brojevima, onim redom kojim se navode u tekstu (SL 1; SI. 2
itd.). Ukoliko je slika ve¢ negde objavljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koristeci arapske brojeve.
Ukoliko se koriste simboli, strelice, brojevi ili slova za objasnjavanje pojedi-
nog dela ilustracije, svaki pojedinacno treba objasniti u legendi. Za fotomi-
krografije navesti metod bojenja i podatak o uvecanju.

Skracenice i simboli

Koristiti samo standardne skracenice, izuzev u naslovu i apstraktu. Pun
naziv sa skracenicom u zagradi treba dati kod prvog pominjanja u tekstu.

Detaljno uputstvo moZe se dobiti u redakceiji ili na sajtu:
www.via.mod.gov.rs/vsp
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