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ABO blood group and risk of glioma: a case control study from Serbia

ABO krvne grupe i rizik od nastanka glioma: studija slucaj-kontrola iz Srbije

Ana Azanjac Arsié¢*, Svetlana Miletié Drakuli¢*’, Katarina Vesi¢*,
Gordana Ton&ev*’

University of Kragujevac, Faculty of Medical Sciences, *Department of Neurology,

Kragujevac, Serbia; Clinical Center Kragujevac, "Clinic of Neurology, Kragujevac,
Serbia

Abstract

Backgraund/Aim. Gliomas are the most common primaty
brain tumors and the etiology is unknown. The aim of this
study was to investigate possible association between inci-
dence in relation to glioma and certain blood groups.
Methods. The case-control study included 100 pathologi-
cally confirmed cases of glioma at the Clinical centar of
Kragujevac, Serbia, between 2014 and 2015, and 200 age-
and sex-matched controls without malignant diseases in
personal and family history at the same institution. After
signing the informed consent, all patients filled out an epi-
demiological questionnaire. Results. In the analysis com-
paring the glioma patients with the control group, a signifi-
cant association (p < 0.0005) was observed in relation to the
blood group AB. Furthermore, it was not observed a sig-
nificant association in relation to the blood group A (p =
0.070), blood group B (p = 0.256), blood group O (p =
0.768) among the compared groups. Also, in the analysis
comparing glioma patients with the control group, a signifi-
cant association was observed in relation to the years spent

Apstrakt

Uvod/Cilj. Gliomi su naj¢e$éi primarni tumori mozga ¢ija
je etiologija nepoznata. Cilj ove studije bio je da ispita da li
je ucestalost glioma povezana sa odredenom krvnom gru-
pom. Metode. Studija slu¢aj-kontrola ukljucila je 100 bo-
lesnika sa patohistoloski potvrdenim gliomom u Klinickom
centru Kragujevac, u Stbiji, izmedu 2014. i 2015. godine i
200 ispitanika kontrolne grupe ukrstenih po polu i godina-
ma koji nisu imali istoriju malignih bolesti u li¢noj i poro-
di¢noj anamnezi. Nakon potpisivanja pristanka svi bolesnici
popunjavali su epidemioloski upitnik. Rezultati. U analizi, u
kojoj su uporedivani bolesnici sa gliomom i ispitanici kon-
trolne grupe, znacajna veza (p < 0,005) ustanovljena je za
krvnu grupu AB. Nije zapazena statisticki znacajna veza za
krvnu grupu A (p = 0,070), B (p = 0,256) i O (p = 0,768)

izmedu poredenih grupa. Poredenjem bolesnika sa gliomom

in hometown (p = 0.035), changing the place of residence (p
= 0.007), the body weight (p = 0.002) and the body mass
index (p < 0.0005). Univariate binary logistic regression
showed that higher number of years spent in the hometown
[odds ratio (OR) 1.011 95% confidence interval (Cl) 1.000—
1.023; p = 0.043], increased body weight (OR 0.976 95% Cl
0.959-0.993, p = 0.006) and increased body mass index (OR
0.898 95% Cl 0.839-0.961; p = 0.002) increase the risk of
glioma. However, a change of the residence decreases the
risk of glioma (OR 0.327 95% Cl 0.147-0.727; p = 0.000).
Univariate binary logistic regression analysis revealed that
the individuals with group AB were at 3.5-fold increased
risk of developing glioma compared to the individuals with
other ABO blood groups (OR 3,429 95% CI 1,83-6,41; p <
0.0005). Also, there was more male patients with glioma
with the blood group AB (p = 0.001). Conclusion. In a
present study, we demonstrate that individuals with the
group AB have an increased risk of developing glioma.

Key words:
glioma; blood group system; risk factors.

i bolesnika kontrolne grupe, nadena je statisticki znacajna
veza sa godinama Zivota provedenih u mestu rodenja (p =
0,035), promenom mesta boravka (p = 0,007), telesnom ma-
som (p = 0,002) i indeksom telesne mase (p < 0,0005). Pri-
menom univarijantne binarne logisticke regresije pokazano
je da veéi broj godina zivota provedenih u mestu rodenja
[odds ratio (OR) 1,011 95% confidence itnerval (Cl) 1,000—1,023;
p = 0,043], povecana telesna masa (OR 0,976 95% CI
0,959—0,993; p = 0,000) i povecan indeks telesne mase (OR
0.898 95% Cl 0,839-0,961) povecavaju rizik od nastanka
glioma. Medutim, promena mesta boravka smanjuje rizik od
nastanka glioma (OR 0,327 95% C1 0,147-0,727; p = 0,000).
Primenom univarijantne binarne logisticke regresije otkriva
se da kod osoba sa krvnom grupom AB postoji 3,5 puta
vedi rizik za nastanak glioma u poredenju sa osobama sa
drugim krvnim grupama (OR 3,429 95% Cl 1,83-6,41, p <
0,0005). Takode, bilo je vise bolesnika muskog pola sa

Correspondence to: Ana Azanjac Arsi¢, 34 000 Kragujevac, Serbia. E-mail: ana.azanjac@yahoo.com
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gliomom koji su imali krvau grupu AB (p = 0,001). Zaklju-
¢ak. Ova studija pokazuje da kod osoba sa krvnom grupom
AB postoji povecan rizik od nastanka glioma.

Kljucne reci:
gliom; krvne grupe; faktori rizika.

Introduction

Gliomas are the most common primary brain tumors .
They accounts for approximately 27% of all brain and cen-
tral nervous system tumors and about 80% of malignant
brain tumors. Gliomas are tumors arising from glial or pre-
cursor cells and include astrocytoma, glioblastoma, oli-
godendroglioma, ependymoma, mixed glioma, malignant gli-
oma, not otherwise specified (NOS) and few rare histologies .

The etiology of glioma is unknown. Several possible
risk factors for glioma were suggested in the past, but with
the exception of ionizing radiation, none was consistently
confirmed>*. Several studies investigated the relationship
between the blood groups ABO and glioma risk and demon-
strated conflicting results > '°. The scientist Landsteiner found
the blood group ABO system in 1901 at the University of Vi-
enna. Locus ABO is localized on chromosome 9 and gene ABO
is inherited in an autosomal dominant ''. The A and B antigens
are complex carbohydrate molecule and they represent extracel-
lular domains on the surface membrane of red blood cells. The
A and B alleles of the ABO locus encode different enzyme gly-
cosyltransferases, adding N-acetylgalactosamine and D-
galactose on a common precursor of the side chain, the H de-
terminant, which is then converted into the A or B antigen. The
group O individuals lack such functional enzymes, and express
unchanged H determinant. In addition to the surface of red
blood cells, A and B antigens are found on a variety of human
cells and tissues, including epithelial cells, neurons, platelets and
vascular endothelium > .

Distribution of the four different blood groups varies
between countries. Generally, blood group O has highest
prevalence, while blood group AB has the lowest '*. In Ser-
bia, the proportion of ABO blood groups is 41.5% for A,
37.5% for O, 16% for B and about 5.5% for AB .

The aim of this study was to examine incidence of
glioma in the patients with different blood groups ABO.

Methods

The study group included a series of 100 consecutive
patients (59 males, mean age 59.76 + 10.76 years, and 41
females, mean age 58.36 + 8.95 years) with histopathologi-
cally verified diagnosis of glioma according to the WHO cri-
teria (ICD-O-3). Of these 100 patients, the blood groups
were available in 96 patients. The study was realized ac-
cording to the Declaration of Helsinki and performed in ac-
cordance with the Ethics Committee of Clinical Center Kra-
gujevac. The criteria for inclusion into the study were the pa-
tients who had a consultative decision evaluated on the basis
of stages of the disease and the general condition of the pa-
tient. Also, the criteria for inclusion into the study were pri-
mary, previously untreated glioma. The criteria for exclusion

from the study were previously diagnosed and treated glioma
and glioma recidivans. The patients were treated surgically,
followed by radio and chemotherapy at the Center for On-
cology, Clinical Center Kragujevac. Data were collected be-
tween April 2015 and May 2016. The control group included
200 patients matched by sex and age (109 males, mean age
59.32 £ 10.71 years, and 91 females, mean age 58.09 + 9.12
years), who were hospitalized in the Clinical Centre Kragu-
jevac, without malignant diseases in personal and family his-
tory. Of these 200 patients, the blood group were available in
172 patients. After obtaining the patient consent, a question-
naire based on the reviewed literature data and personal con-
siderations was to collect detailed information. It included
questions about different factors supposed to be a possible
risk or protective factors.

The first part of the questionnaire referred to demo-
graphic features of the patients [sex, age, birth and residency
places, blood type, Rh (D) antigen, school education, occu-
pation, number of family members, the size of the home
space]. The second part of the questionnaire included the
family history of chronic diseases, including brain tumors
and other malignant tumors. The third part of the question-
naire referred to the personal history of the disease including
reproductive risk factors. The fourth part deals with infor-
mation on the risks of exposure to external factors, the fifth
included data on habits (smoking, drinking coffee, tea, alco-
hol) and the sixth part referred to information about nutrition.

Satigtical analysis

Statistical analysis was performed using the SPSS soft-
ware version 19.0. The chi-square ()’) test was used for the
comparison of qualitative variables between the patients with
glioma and the control group. The categorical variables were
presented as frequencies and percentages. The univariate
analysis using the logistic regression techniques, including the
odds ratio (OR), was performed to determine the effects of
blood groups on the dependent variable (glioma). The P value of
less than 0.05 was considered statistically significant.

Results

Table 1 shows the demographic and personal characteristic
of patients and controls. Difference in years spent in hometown
between the study and the control group was statistically signifi-
cant (p=0.035). The control group patients were more fre-
quently changing the residence than patients with glioma
(p=0.007). Also, the statistically significant difference was
found between the compared groups in relation to the body
weight (p=0.002) and to the body mass index (p < 0.0005). The
patients with glioma had a higher body weight and higher body
mass index in comparison to the patients of the control group.
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In comparing the patients with glioma with the control
group patients, a significant association (p < 0.005) was ob-
served in relation to the blood group AB. Furthermore, no
significant association was observed in relation to the blood
group A (p=0.070), blood group B (p=0.256), blood group
O (p=0.768) among the patients with glioma and the control
group (Table 2).

In the group of patients with glioma, 32.3% of patients
had the blood type AB, 25.0% of patients had the blood
group A, 10.4% the blood group B and 32.3% the blood
group O. The ratios of blood groups AB, A, B and O were
12.2% v.s. 32.6% v.s. 18.5% v.s. 34.9% in the control group,
respectively (Table 2).

Comparing the male patients with glioma and the con-
trol group as the blood groups ABO, a significant association
was observed in relation to the blood group AB (p = 0.001).
There was no significant difference regarding the blood
group A (p = 0.726), blood group B (p = 0.668) and the
blood group O (p=0.726), (Table 3).

Comparing the female patients with glioma and the
control group as the blood group AB, differences did not
reach significance there (p = 0.057). Also, there was no sig-
nificant difference regarding the blood group A (p = 0.288),
blood group B (p = 0.549) and the blood group O (p = 0.522)
(Table 4).

Table 1
Demographic and personal characteristic of patients and controls
Variable Patients with glioma (n = 100) Control group (n = 200) p
Age (years), mean + SD
male 59.76 £ 10.76 59.32+10.71 0.779
female 58.36 + 8.95 58.09 +£9.12 0.876
Sex, n (%)
male 59 (59) 109 (54.5) 0.537
female 41 (41) 91 (45.5) 0.537
Years spent in hometown, mean + SD 47.39 +20.94 41.69 +23.45 0.035
Change of the place residence, n (%) 8(8) 42 (21) 0.007
Birth weight (kg), mean + SD 3.14+£0.57 3.63+£3.01 0.108
Body weight (kg), mean + SD 82.88 + 12.64 77.23 +£17.04 0.002
Body height (cm), mean = SD 172.84 +7.62 173.09 +9.65 0.813
BMI (kg/m?), mean + SD 27.57+5.01 25.72 +£3.30 <0.0005
Rh factor (-), n (%) 8(8) 25 (12.5) 0.921
BMI - body mass index; SD — standard deviation.
Table 2
Comparison of blood groups between the patients with glioma and the control group
Patients with glioma Control group
Groups n (%) n (%) p
AB 31(32.3) 21(12.2) <0.0005
A 24 (25.0) 63 (36.6) 0.070
B 10 (10.4) 28 (16.3) 0.256
0] 31(32.3) 60 (34.9) 0.768
Total 96 (100) 172 (100)
Table 3
Distribution of blood groups in the male patients with glioma and the control group (male)
Patients with glioma Control group
Groups n (%) n (%) p
AB 18 (31.6) 8(8.7) 0.001
A 14 (24.6) 30 (32.6) 0.726
B 7(12.2) 17 (18.5) 0.668
(0] 18 (31.6) 37 (40.2) 0.726
Total 57 (100) 92 (100)
Table 4
Distribution of blood groups in the female patients with glioma and the control group (female)
Patients with glioma Control group
Groups n (%) n (%) p
AB 13 (33.3) 13 (16.2) 0.057
A 10 (25.7) 33 (41.2) 0.288
B 3(7.7) 11 (13.8) 0.549
(0] 13 (33.3) 23 (28.8) 0.522
Total 39 (100) 80 (100)
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Univariate binary logistic regression showed that higher
number of years spent in the hometown (OR 1.011 95% con-
fidence interval (Cl) 1.000-1.023; p = 0.043) increased the
body weight (0.976 95% Cl1 0.959-0.993) and increased the
body mass index (OR 0.898 95% C1 0.839-0.961) increased
the risk of glioma. However, a change of the residence de-
creased the risk of glioma about three times (OR 0.327 95%
C10.147 - 0.727; p= 0.006) (Table 5).

The univariate binary logistic regression analysis re-
vealed that the individuals with the group AB were at 3.5-
fold increased risk of developing glioma compared to the in-
dividuals with other blood groups (OR 3.429 95% Cl 1.834—
6.411; p < 0.0005). The blood groups A (OR 0.696 95% Cl
0.402—1.204; p = 0.195), B (OR 0.690 95% Cl1 0.321-1.485;
p=0.343) and O (OR 1.064 95% CI 0.632—1.792; p=0.816)
were not significantly associated with a glioma risk (Table 5).

Table 5
Univariate regression analysis of the relationship between
the demographic features, ABO blood group and glioma

Odds ratio

Variable [95% confidence p

interval (CI)]
Age 1.004 (0.980 — 1.029) 0.728
Sex 0.832 (0.512-1.353) 0.495
Years spent in hometown ~ 1.011 (1.000 — 1.023) 0.043
Change of the place 0.327 (0.147 —0.727)  0.006
residence
Birth weight 0.590 (0.317 - 1.101) 0.097
Body weight 0.976 (0.959 — 0.993) 0.006
Body height 0.997 (0.970 — 1.025) 0.826
BMI 0.898 (0.839 - 0.961) 0.002
Rh factor (-) 1.104 (0.857 — 1.423) 0.442
Blood group AB 3.429 (1.834—6.411)  <0.0005
Blood group A 0.696 (0.402—1.204) 0.195
Blood group B 0.690 (0.321-1.485) 0.343
Blood group O 1.064 (0.632—1.792) 0.816

BMI - body mass index.

Discussion

In our study, we demonstrated that the distribution of
blood groups in the patients with glioma differ significantly
than in the control group, with a higher incidence of glioma
reported in the individuals with the blood group AB. Previ-
ous studies showed different results about the ratios of blood
groups in the patients with glioma. The study of Yates and
Pearce’, which was conducted on 473 cases with astrocy-
toma excluding glioblastoma multiforme, showed that in 164
patients, who were diagnosed before 1945, a distribution of
the blood groups was normal. In 305 patients analyzed after
that year, a statistically significantly lower number of glioma
in the patients with the blood group O was noticed.
Selvestrone and Cooper ° also examined the relationship be-
tween the blood groups and astrocytic brain tumors, in-
cluding glioblastoma multiforme, and they found a statisti-
cally significantly lower number of patients with the B and O
blood types. The study of Jates ’ recruited 160 patients with
glioma and the same number of controls and observed no
significant difference in the distribution of blood groups be-

tween the glioma patients and controls from the Oxford re-
gion in the United Kingdom. Strang et al. ® did not detect
significant difference in the distribution of blood group be-
tween 900 astrocytoma patients and the control population.
However, once adjusted for sex, there was significantly more
male cerebral astrocytoma patients with group A (p < 0.05).
In the meta-analysis by Zhang et al.'" which examined the
relationship between the blood groups and cancer risk were
included 89 studies (82 case control studies and 7 cohort
studies). The study by Akhtar et al. * analyzed 1674 patients
with glioma and results suggested that the blood groups were
not significantly associated with a glioma risk. In a recent
study, Allouh et al. "> reported a significant association be-
tween the distribution of blood group ABO antigens and
glioblastoma multiforme in Jordanians, with a higher inci-
dence reported in the persons with the blood group A.

In the last five decades, relationship between the blood
groups ABO and carcinoma has been extensively investi-
gated.

Mechanisms that explain the relationship between the
blood groups ABO and a cancer risk are unclear. Several hy-
potheses have been proposed, including a modulatory role of
blood group ABO antigens. The blood group antigens (A, B)
are expressed on the surface of red blood cells and numerous
other tissues. For a variety of tumor types, the blood group
antigens expressed on the surface of malignant cells was
found to be different from the antigens expressed on normal
cells 7. Modified expression of blood group antigens on
the surface of cancer cells may alter cell motility, sensitivity
to apoptosis and immune escape, and thus influence the ini-
tiation and spread of cancer '®. Also, the blood group ABO
system regulate the level of circulating proinflammatory and
adhesion molecules (such as E-selectin, P-selectin and intra-
cellular adhesion molecule-1), which are important for tu-
mourigenesis. Chronic inflammation was extensively linked
with a cancer development and provides a potential mecha-
nisms by which the ABO antigens may influence a risk of
cancer. One of the possible explanations about the role of the
blood group ABO in the tumourigenesis process is the recent
discovery of vWF that is an important modulator of angio-
genesis and apoptosis. Individuals with other blood groups
have significantly higher levels of plasma concentrations of
vWF compared to individuals with blood group O. On the
other hand, vWF may not have a significant role in cancer
progression, and the elevated vWF levels can simply be an
indication of the extent of endothelial dysfunction caused by
tumor growth '°. Some research have shown that the structure
of certain tumor antigens is similar to the structure of anti-
gens of the ABO blood group system. For example,
Prieto and Smith *° presented the Forssman antigen. This an-
tigen is synthesized predominantly in stomach and colon
cancer and structurally it is identical to the A antigen deter-
minant. One study found neoexpression of ABO blood group
antigens in hepatocellular carcinoma tissues. These mecha-
nisms are biologically plausible to explain the association be-
tween the ABO blood group and a risk of cancer; the un-
derlying mechanisms for the discrepancy among different
cancer sites still remains a challenge '°.
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Morever, our results suggest that a change of place of
living decreases a risk of glioma and that higher number of
years spent in hometown increases the risk of glioma. Until
now, there have been no studies that have examined the rela-
tionship between the change of residence and a number of
years spent in hometown and a risk of glioma. In this case
control study, increased body weight and increased body
mass index increase a risk of glioma.

Conclusion

To our knowledge, this is the first study that examined
the frequency of blood group in patients with glioma among

the Serbian population. Also, for the first time our study re-
sults suggest that blood group AB increases the risk of
glioma.

The results of our study suggest that the blood group
AB can be the one of hereditary factors which have an influ-
ence on the occurrence of glioma. The further research on a
much larger sample is needed to confirm these findings as
well as potential mechanisms by which the blood group
ABO system affects the occurrence of glioma.
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Abstract

Background/Aim. The World Health Organization esti-
mates that 3.2 billion people are at a risk of being infected
with malaria. Thus, the adequate diagnostic protocols for
malaria, especially those aimed at determining disease sever-
ity, are paramount both in endemic and non-endemic set-
ting. The aim of this study was to identify the demographic,
parositological, clinical and laboratory characteristics associ-
ated with severe malaria in a non-endemic settings. Meth-
ods. We analyzed 22 patients with severe malaria and com-
pared their clinical and laboratory findings with those of the
patients with non-severe malaria in a search of predictors of
disease severity. All patients were treated at the Infectious
and Tropical Diseases University Hospital, Clinical Centre
of Serbia in Belgrade, Serbia from 2000 to 2010. Results.
The average age of patients with with severe malaria was
44.86 £ 12.33 years and men predominated (95.45%). The
patients with severe malaria were infected Plasmodium falcipa-
rum (P. falciparnm) significantly more frequently compared
with those with non-severe disease (p =0.047). Jaundice was
the most commonly observed feature of severe malaria, fol-
lowed by anemia and renal failure. The multifactor analysis
of variance showed that thrombocytopenia (p = 0.05) and
high serum tumor necrosis factor-alpha levels (p = 0.02)
were significantly associated with the disease severity. Con-
clusion. A high index of suspicion for malaria should be
maintained when evaluating febrile patients returning from
the malaria endemic regions. The elevated serum tumor ne-
crosis factor-alpha levels and thrombocytopenia ate associ-
ated with severe malaria in non-endemic settings.

Key words:
malaria; tumor necrosis factor-alpha;
thrombocytopenia; severity of illness index; serbia.

Apstrakt

Uvod/Cilj. Svetska zdravstvena organizacija procenjuje da
je oko 3,2 milijarde ljudi u riziku od inficiranja malarijom.
Dakle, adekvatni dijagnosticki protokoli za ovu bolest, naro-
¢ito oni koji su namenjeni za utvrdivanje tezine bolesti, od
presudnog su znacaja u enedemskim i neendemskim regija-
ma. Cilj rada bio je identifikacija demografskih, parazi-
toloskih klinickih i laboratorijskih obelezja udruZzenih sa
teskim oblikom malarije u neendemskim regijama. Metode.
Analizirali smo 22 bolesnika sa teskom malarijom i uporedili
njihove klinicke slike i laboratorijske analize sa nalazima kod
bolesnika koji su imali manje teske forme malarije, a sve u
cilju identifikovanja prediktora tezine bolesti. Svi bolesnici
bili su leceni u Klinici za infektivne i tropske bolesti Klini¢-
kog centra Srbije u Beogradu u periodu od 2000. do 2010.
godine. Rezultati. Oboleli od teske malarije su bili prosec¢ne
starosti od 44,86 = 12,33 godina i to pretezno muskarci
(95,45%). Plasmodinm falciparum (P. faleiparum) je bio znacajno
¢esdi izolat kod bolesnika sa teSkom malarijom u odnosu na
bolesnike sa laksim formama malarije (p = 0,047). Oboleli sa
teskom formom malarije najcescée su imali Zuticu, a zatim
anemiju i akutnu bubreznu slabost. Multifaktorska analiza
varijanse pokazala je da su trombocitopenija (p = 0,05) i vi-
soke koncentracije faktora alfa nekroze tumora (p = 0,02)
bile znacajno povezane sa teSkom malarijom. Zakljucak.
Pri evaluaciji febrilnih bolesnika koji se vracaju iz podrucja
koja su endemska za malariju potrebno je posumnjati na
ovu bolest. Visoke koncentracije faktora nekroze tumora-
alfa i trombocitopenija povezane su sa teskom malarijom u
neendemskim podrudjima.

Kljucne reci:
malarija; faktor nekroze tumora-alfa; trombocitopenija;
bolesti, indeks teZine; srbija.
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Introduction

The World Health Organization (WHO) estimates that
some 3.2 billion people (about 44% of the world population)
are at a risk of being infected with malaria and developing
the disease '. Some 214 million cases of malaria were re-
ported in 2015 and resulted in 438,000 deaths >. The WHO
African region carries a disproportionately high share of the
global malaria burden, considering it was home to 88% of
malaria cases and 90% of malaria deaths in 2015 >,

Severe malaria is defined by clinical or laboratory evi-
dence of vital organ dysfunction >. In 1990, the WHO estab-
lished the criteria for severe malaria in order to facilitate fu-
ture clinical and epidemiological studies *. In the year 2000,
these criteria were revised to include other clinical and labo-
ratory abnormalities that portend a poor prognosis based on
the clinical experience in the semi-immune patients °. Plas-
modium falciparum (P. falciparum) is the most common
cause of severe malaria, but P. vivax and P. knowles can al-
so cause severe disease °. Although rare, Plasmodium ovale
(P. ovale) were also reported in the patients with severe ma-
laria .

The circulating level of tumor necrosis factor-alpha
(TNF-alpha) was shown to be a marker of organ failure and,
as such, was correlated to malaria severity *'°. Low throm-
bocyte counts were also proven to be related to the severity
both of vivax and falciparum malaria, although some authors
questioned their usefulness for triage and prognostication '
. Most studies correlating the platelet counts and TNF-al-
pha levels to disease severity were conducted in endemic set-
tings * .

In 1975, the WHO announced that malaria was eradi-
cated from Europe, with what was then the Socialist Federal
Republic of Yugoslavia designated as malaria free since
1964. This meant that malaria was also eradicated from Ser-
bia which was one of the six republics constituting the fed-
eration '*. However, imported malaria remained a concern in
the years that follow °

The aim of this study was to identify the demographic,
parasitological, clinical and laboratory characteristics associ-
ated with severe malaria in a non-endemic setting.

Methods

We conducted a case control study in order to analyze
the clinical, laboratory and parasitological characteristics of
severe malaria in the Republic of Serbia. The researchers
browsed through the archived paper-based medical records
and identified all patients who were treated for malaria at the
Infectious and Tropical Diseases University Hospital, Clini-
cal Centre of Serbia in Belgrade, Serbia in the 11-year period
(2000-2010).

The Infectious and Tropical Diseases University Hos-
pital is a tertiary health care facility that treats the patients
with infectious and/or tropical diseases that cannot be diag-
nosed and/or treated in other hospitals in Serbia and the pa-
tients who reside in the capital city of Belgrade and present
directly to the Clinic.

Poluga J, et al. Vojnosanit Pregl 2019; 76(5): 470—475.

The researchers then analyzed the selected medical re-
cords and determined which subset of malaria patients met
the criteria for severe disease. Severe malaria was defined
according to the WHO criteria as the presence of one of the
following: hyperparasitemia (more than 5% parasitized
erythrocytes), shock, abnormal bleeding, pulmonary ede-
ma/acute respiratory distress syndrome (ARDS), jaundice (a
bilirubin concentration higher than 50 umol/L), renal failure
(a urine output <400 mL per 24 hours and a serum creatinine
concentration higher than 265 pmol/L), severe anemia (a
hemoglobin concentration less than 7 g/dL or a hematocrit
less than 20%), hemoglobinuria, impaired consciousness (a
Glasgow coma score less than 11), prostration, multiple con-
vulsions (at least two convulsions in 24 hours), acidosis (a
bicarbonate concentration less than 15 mmol/L or arte-
rial/capillary pH lower than 7.25), hyperlactatemia (an arte-
rial lactate concentration >5 mmol/L) hypoglycemia (a
plasma glucose concentration lower than 2.2 mmol/L) °. The
patients with non-severe malaria were used as controls.

The findings on physical examination, parasitological
and immunological investigation and blood chemistry panel
and complete blood count results were entered into a Micro-
soft Excel 2010 document. We determined the TNF-alpha
concentration in the patients’ serum using the ELISA-based
standardized kit called the Quantikine ELISA Kit (R&D Sys-
tems, 614 McKinley Place NE, Minneapolis) and examined
thick and thin peripheral blood stained with Giemsa. Para-
sitemia was expressed as a percentage of parasitized erythro-
cytes.

Statistical analysis was preformed using the IMB’s
SPSS Statistics v14 utilizing descriptive statistics, the x test,
Fisher’s exact test (where assumptions for the y test were
not met) and multivariate analysis of variance (MANOVA).
We analyzed an average age of the patients, malaria chemo-
prophylaxis compliance, immunity to malaria, the presence
of comorbidities, symptoms duration before admission to
hospital, severe thrombocytopenia (platelet count < 50,000 x
10°/L) and the TNF-a level as possible predictors of severe
malaria using MANOVA.

The authors obtained ethical approval from the Ethics
Committee of the School of Medicine, University of Bel-
grade.

Results

We identified 103 patients treated for malaria at the In-
fectious and Tropical Diseases University Hospital, Clinical
Centre of Serbia from 2000 to 2010. A subgroup of 22
(21.35%) patients met the criteria for severe malaria at pres-
entation. Men (95.45%) predominated and the average age of
the patients was 44.86 + 12.33 years (ranging from 21 to 61
years). The age distribution of the patients with severe ma-
laria is represented in Table 1. It was not statistically signifi-
cantly different than the age distribution of patients with
non-severe malaria (Fisher’s exact test, p = 0.759).

All 3 patients who suffered a fatal outcome had severe
malaria making the overall lethality of malaria 2.91% and the
lethality of severe malaria 13.64%.
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Table 1
Age distribution of patients with malaria

Number (%) of patients

Age (years) - -
non-severe malaria severe malaria

0-10 1(1.23) 0(0)
11-20 1(1.23) 0(0)
21-30 6 (7.41) 3 (13.64)
3140 14 (17.28) 4 (18.18)
41-50 22 (27.16) 6 (27.27)
51-60 24 (29.63) 8 (36.36)
61-70 13 (16.05) 1 (4.55)
Total 81 (100) 22 (100)

A majority of patients with severe malaria were in-
fected with P. falciparum (90.9%) which was a statistically
significant difference compared with the patients with non-
severe forms of the disease (Fisher’s exact test, p = 0.047).
We identified P. vivax in the blood of 2 patients with severe
malaria, whereas one patient had malaria caused by P. ovale.
No patients with severe malaria were infected with P. ma-
lariae. A vast majority of patients with severe malaria
(95.45%) had a single Plasmodium species as the causative
agent. One patient had a mixed P. falciparum and P. vivax
infection (Table 2).

Table 2
Patient distribution by Plasmodium species

Number (%) of patients

Plasmodium species severe non-severe
malaria malaria
Plasmodium falciparum 19 (86.38) 56 (69.13)
\Izl\iiwodlum falciparum + 1 (4.54) 4(4.94)
Plasmodium vivax 1(4.54) 19 (23.46)
Plasmodium ovale 1(4.54) 0(0)
Plasmodium malariae 0(0) 2 (2.47)
Total 22 (100) 81 (100)

Thirteen patients (59.10%) fulfilled only one criteria for
severe malaria at presentation, while 9 (40.90%) had two or
more criteria. A single patient fulfilled five criteria for severe
malaria and suffered a lethal outcome (Table 3). No patient
met more than five criteria. We did not analyze the correla-
tion between the number of fulfilled criteria and disease out-
come due to the sparsity of data.

Table 3

Distribution of patients with severe malaria according
to the number of fulfilled the World Health Organisation

(WHO) criteria

Number of fulfilled criteria Number (%) of patients
1 13 (59.10)

2 4(18.19)

3 3 (13.63)

4 1(4.54)

5 1(4.54)

Total 22 (100)

The distribution of patients according to the features of se-
vere malaria is represented in Table 4. Jaundice was present in
28.21% of patients making it the most commonly fulfilled crite-
rion for severe malaria in our cohort (y° = 22.744, p = 0.05). No
criteria of disease severity aside from those represented in Table
4 were fulfilled by the patients in the study cohort.

Table 4

Distribution of patients according to the features
of severe malaria

Features of severe malaria (WHO criteria) Numbe.r (%) of
patients
Cerebral malaria 3(7.69)
Pulmonary edema/ARDS 2(5.12)
Renal failure 4(10.26)
Disseminated intravascular coagulation 1(2.56)
Jaundice 11(28.21)
Anemia 7 (17.95)
Haemoglobinuria 1(2.56)
Hyperparasitemia 10 (25.65)

WHO - World Health Organization; ARDS — acute
respiratory distress syndrome

Two patients with severe malaria had arterial hypertension,
while one had diabetes mellitus. The rest had no comorbidities.

The average TNF-alpha serum level was 31.91 pg/mL.
Fourteen patients (63.63%) had severe thrombocytopenia
(less than 50,000 x 10° thrombocytes/L). MANOVA re-
vealed that the patients with severe malaria had statistically
significantly higher levels of TNF-a (p = 0.02) and a statisti-
cally significantly higher frequency of severe thrombocyto-
penia (p = 0.05) compared with the patients with non-severe
malaria (Table 5).

Table S
Multivariate analysis of variance (MANOVA)

Variables Non-severe malaria Severe malaria F p

Avarage age (years) 47.47 43.68 0.48 0.49
Lack of Chemoprophylaxis (% of patients) 75.31 77.28 1.69 0.20
Absence of Immunity (% of patients) 46.92 50.00 0.84 0.36
Comorbidities (% of patients) 23.45 13.63 0.15 0.70
Duration of symptoms (days) 6.47 7.23 0.03 0.85
Serum TNF-a level (pg/mL) 17.12 31.91 5.79 0.02*
Number of platelets < 50,000 x 10%/L (% of patients) 18.52 63.63 4.10 0.05*

*statistically significant result

Poluga J, et al. Vojnosanit Pregl 2019; 76(5): 470—475.
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Discussion

In the timespan analyzed in our study, 103 patients with
malaria were treated in our Clinic. According to data pro-
vided by the Institute of Public Health of Serbia “Dr Milan
Jovanovi¢ Batut”, the total number of malaria cases reported
in Serbia in that same period was 121 '°. The patients not
treated in our Clinic were treated in other hospitals, mostly in
the Military Medical Academy in Belgrade which treated a
number of patients with severe malaria, especially if an in-
terdisciplinary approach was necessary ‘.

There is a lack of data when it comes to the severe
forms of malaria in countries where the disease is not en-
demic because most studies can include only a small number
of patients '*. The results of our study showed that 21.35% of
patients had severe malaria according to the WHO criteria.
Other authors found that the proportion of patients with se-
vere disease varies from 1% to 38% of the total number of
patients with malaria '°. Variations in the percentage of pa-
tients with the severe form of malaria are best illustrated by
the following: the disease was severe in 7.5% of patients
with malaria in Canada, 15.9% in the US and 16% in the
UK >, In Germany, 27.9% of patients with malaria caused
by P. falciparum had severe disease **.

The vast majority of patients in our study (approxi-
mately 91%) had malaria caused by P. falciparum, which is
in concordance with data from other studies. Both this and
other studies indicated that severe malaria can be caused by
P. vivax, the so called "falciparum like" syndrome ***’. No
cases of severe P. knowlesi malaria were reported in Serbia
in the analyzed time span. In our study, P. falciparum was
significantly over-represented in the subgroup of patients
with severe malaria compared with those with non-severe
malaria.

This study shows that the most common features of se-
vere malaria are the following (listed by decreasing fre-
quency): jaundice, hyprparasitemia, anemia, renal failure,
cerebral malaria, pulmonary edema/ARDS. Haemoglobinuria
(also called blackwater fever) and disseminated intravascular
coagulation (DIC) occurred leach in one patient. According
to the research by authors from Germany and Spain, hyper-
bilirubinemia and hyperparasitemia were most commonly as-
sociated with severe malaria > **. A multicentric study from
Thailand showed that jaundice was present in 529 (50.4%) of
1,050 patients with severe malaria and hyperparasitemia was
present in 33.3% *.

Cerebral malaria, renal failure, ARDS, anemia and DIC
were most commonly associated with a fatal outcome in the
US *. In this study, the fatal outcomes occurred in 3 (2.91%)
patients; the immediate causes of death being cerebral ma-
laria, renal failure and pulmonary edema/ARDS.

Many studies have shown that increasing age is a risk
factor for severe malaria although some authors questioned
this view *'°. The average age of patients with severe ma-
laria in this study was approximately 44 years and the statis-
tical analysis led us to the conclusion that an old age was not

Poluga J, et al. Vojnosanit Pregl 2019; 76(5): 470—475.

a risk factor for severe malaria. The lack of chemoprophy-
laxis is the second most commonly cited risk factor for se-
vere malaria *"*® *’. Extensive research that had been con-
ducted in France from 1996 to 2003 and included the results
from 120 reference laboratories analyzed at the National
Center for imported and autochthonous malaria, showed an
association between the severe malaria and increasing age,
lack of chemoprophylaxis and duration of symptoms before
diagnosis *°. No such associations were proven in this study.
The absence of acquired immunity to malaria was not a risk
factor for the development of severe disease; a finding was
similar to those of French authors **. Moreover, previous re-
search suggests that congenital immunity is of a greater im-
portance, and that the acquired immunity depends on the
long-term exposure to malaria parasites making it generally
limited to areas of high endemicity **.

According to the results of our study, the patients with
severe malaria had significantly higher TNF-a levels and a
significantly higher frequency of severe thrombocytopenia
compared with the patients with non-severe disease. A retro-
spective study that had been conducted at the University
Hospital of Heidelberg, Germany and included 122 patients
with falciparum malaria, showed that thrombocytopenia was
a significant predictor of severe malaria *. These findings
were corroborated by other authors ** *°. In severe malaria,
the concentrations of proinflammatory cytokines such as
TNF-o0, interleukin-1 (IL-1), interleukin-6 (IL-6), and inter-
leukin-12 (IL-12) are elevated *'. The high level of TNF-a in
the patients with falciparum malaria correlates with disease
severity, hypoglycemia, hyperparasitemia, jaundice, renal
failure, cardiovascular complications and death **. Many
studies showed a statistically significant correlation between
the severe malaria and TNF-a levels, the presence of hyper-
parasitemia, jaundice and acute renal failure * .

Conclusion

Even though it is a rare cause of morbidity in a non-en-
demic setting, a high index of suspicion for malaria should
be maintained when evaluating febrile patients returning
from malaria endemic regions. TNF-alpha is significantly
higher and thrombocytes are significantly lower in the pa-
tients with severe malaria both in endemic and non-endemic
settings and Serbia is no exception. Other proinflammatory
cytokines may also represent a viable early diagnostic test
for predicting malaria severity and presents us with an ave-
nue of future research. Since P. falciparum causes a large
proportion of imported malaria cases in Serbia and is most
strongly associated with severe disease (lethal in one in eight
patients), the identification of Plasmodium spp. in a patient’s
blood or even a febrile illness in a patient returning from a P.
falciparum endemic region, should prompt the clinician to
request a determination of the TNF-alpha levels and platelet
counts in order to take measures to prevent and/or more ef-
fectively treat possible organ failure. Whether this approach
is cost-effective remains to be elucidated.
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Abstract

Background/Aim. Breast cancer is one of the most com-
mon malignancies among women all over the world. Tumor
microenvironment represents one of the main regulators of
tumorigenesis. We investigated the role of matrix metallo-
proteinases 9 (MMP-9) concentration in peritumoral tissue
as a prognostic marker in the breast cancer patients. Meth-
ods. The ELISA test was used to determine a total MMP-9
concentration in carcinoma and peritumoral tissue sample in
the patients with breast cancer. Comparison of MMP-9 pro-
tein expression with the clinicopathological parameters was
evaluated. Results. Peritumoral tissue at 3 cm distance from
the tumor produces more MMP-9 than the tumor itself.
The ratio of concentrations of MMP-9 in the tumor and
peritumoral tissue considerably changes in favor of peritu-
moral tissue with the increase of tumor size and the in-

Apstrakt

Uvod/Cilj. Karcinom dojke je jedna od najéesé¢ih malignih
bolesti Zena Sirom sveta. Tumorsko mikrookruzenje pred-
stavlja jedan od glavnih regulatora tumorogeneze. Istrazivali
smo ulogu koncentracije matriks metaloproteinaze 9 (MMP-
9) u peritumorskom tkivu kao prognostickog markera kod
bolesnica sa karcinomom dojke. Metode. ELISA test je
koris¢en za odredivanje koncentracije ukupne MMP-9 u
uzorcima karcinomskog i peritumorskog tkiva kod bolesnica
sa karcinomom dojke. Vrseno je poredenje proteinske eks-
presije MMP-9 sa klinicko-patoloskim parametrima. Rezul-

volvement of axillary lymph nodes. In NO stage, the con-
centration ratio of MMP-9 in the tumor and peritumoral tis-
sues was 1 : 1.44, but in the N2 stage, the ratio was 1 : 26.5.
Conclusion. In patients with breast cancer even in an early
stadium there is a change in MMP-9 concentration in peri-
tumoral tissue. We can extract the group of patients at in-
creased risk for the development of lymph node metastasis.
A statistically significant difference between the concentra-
tions of MMP-9 in the peritumoral tissue and cancer tissue
exists only in case of metastatic disease not in MO stadium
implying need for early detection of still unknown metasta-
ses in such patients.

Key words:
breast neoplasms; disease progression; matrix
metalloproteinase 9; risk assessment; tissues.

tati. Peritumorsko tkivo na distanci od 3 cm od tumora
produkovalo je vise MMP-9 nego sam tumor. Odnos kon-
centracija. MMP-9 u tumorskom i peritumorskom tkivu se
znatno menjalo u korist peritumorskog tkiva sa porastom
velicine tumora 1 obimom zahvacéenosti aksilarnih limfnih
nodusa. U NO stadijumu odnos koncentracija MMP-9 u tu-
morskom i peritumorskom tkivu bio je 1 : 1,44, dok je u N2
stadijumu bolesti taj odnos bio ¢ak 1 : 26,5. Zakljucak.
Kod bolesnica sa karcinomom dojke ¢ak i u ranom stadiju-
mu postoje promene u koncentraciji MMP-9 u peritumor-
skom tkivu koje mogu posluziti kao prognosticki parametar
u proceni agresivnosti bolesti. Analizom odnosa MMP-9 u
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tumorskom i peritumorskom tkivu mozemo izdvojiti grupu
bolesnica koja je pod povecanim rizikom od razvoja limfo-
nodalnih metastaza. Statisticki znacajna razlika izmedu kon-
centracija MMP-9 u peritumorskom tkivu i tkivu karcinoma
postoji samo u slucaju metastatske bolesti, ali ne u MO stadi-

jumu, ukazujuéi na potrebu za ranom detekcijom jos uvek
nedijagnostikovanih metastaza kod takvih bolesnica.

Kljucne reci:
dojka, neoplazme; bolest, progresija; matriks,
metaloproteinaze 9; rizik, procena; tkiva.

Introduction

Breast cancer is one of the most common malignancies
among women all over the world. Breast cancer mortality in the
European Union is 58,000 women a year with an estimation of
135,000 new patients diagnosed every year '. According to the
data from 2012, breast cancer morbidity in Central Serbia was
26% of all malignant diseases >. Although breast tumors can ap-
pear at early age, the incidence is much higher after the Sth dec-
ade and is connected with hormonal changes °.

Tumor environment (microenvironment, or peritumoral
tissue) represents one of the main regulators of tumorigenesis
containing cancer-associated fibroblasts having the role in the
synthesis of proteins that can remodel extracellular matrix *°. It
is well-known that matrix metalloproteinase-9 (MMP-9) can be
secreted from the cancer stromal fibroblasts and endothelial
cells *7. The metastasis of primary tumors depends not only on
cancer cells themselves, but the microenvironment as well .
Peritumoral tissue must not be considered as a static organ for
energy storage, but as an active factor in the communication be-
tween the tumor itself and its microenvironment, producing
many cytokines, growth factors and hormones that can affect the
tumor growth and development’. Matrix metalloproteinases
(MMPs) is also known as a gelatinase B and is involved in the
degradation of extracellular matrix and type IV collagen, the
main component of basement membrane '* . It promotes can-
cer progression by increasing the cancer cell proliferation, mi-
gration, invasion, metastasis and angiogenesis '*. Numerous pa-
pers suggest that MMP-9 could be used as a good prognostic
marker °. MMP-9 protein is located in the tumor cell cytoplasm,
but in the stromal fibroblast cells as well, representing one of the
tumor microenvironment components '°. Although the tumor
cells are the ones breaking several tissue barriers with the aim of
proliferation and spreading, there is some evidence suggesting
that the tumor microenvironment cells, such as stromal cells,
support the processes of tumor progression '’ . The findings
suggested that MMPs overexpression might be associated
with poor prognosis in breast cancer and its expression is in-
creased with the increase of tumor stage * . Appropriate
resection of cancer considers macroscopically and micro-
scopically clean margins of specimen. We hypothesized that
despite the absence of malignant cells, there are some pa-
rameters in peritumoral tissue, which can, on a molecular
level, indicate a biologically aggressive tumor with poor out-
come. Therefore, we performed the study to explore the con-
centration of MMP-9 in the invasive breast cancer and peri-
tumoral tissue and its value as a prognostic marker. The nov-
elty in our work was the analysis of ratio of MMP-9 concen-
tration between the tumor and peritumoral tissues as a prog-
nostic parameter in the patients with the breast cancer.
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Methods
Tissue collection and processing

This work was performed in compliance with the Hel-
sinki Declaration. Both carcinoma and surrounding peritu-
moral tissue were analyzed. After the decision made by the
medical specialists on the combined meeting of surgeons,
oncologists and radiologists, an indication for surgery was
achieved. All patients who were eligible for surgery were in-
cluded in the study. After approval of the Ethics Committee
of Clinical Centre in Kragujevac (CC Kragujevac No. 01-
4990) and written patients’ informed consent, the samples
were collected from 50 patients. During the surgery regularly
performed at the General and Thoracic Surgery Department
in Kragujevac, the samples of breast cancer tissue and peri-
tumoral tissue were collected from each patient. The samples
of carcinoma tissue were different in size, depending on the
size of the tumor itself, whereas the samples of peritumoral,
macroscopic unchanged tissue were taken at 3 cm distance
from the macroscopic tumor margin. All the samples were
histopathological verified by the Department for Pathological
and Anatomical Diagnostics in Kragujevac. Weight of sam-
ples was measured and they were stored at the temperature of
-196°C until using. All samples were frozen after the initial
histopathologic and immunohistochemical analysis after the
surgery and all at once thawed and analyzed. The cases were
evaluated for the histological type, tumor grade, histological
grade (according to the Nottingham histological scores), pa-
tient age, lymph node metastasis and estrogen (ER), proges-
terone (PR), and human epidermal growth factor receptor 2
(HER2/neu) status, according to the American Joint Com-
mittee on Cancer (AJCC, 7th ed., 2010) ***.

The study excluded the patients with preoperatively
conducted neoadjuvant therapy. The study excluded the pa-
tients with previous breast cancer history. Metastatic tumors
from other tissue origins were excluded.

Tissue sample preparation

The sample preparation was performed on ice. Homog-
enization was conducted by adding 500 pl lysis buffer for 0.01 g
sample. The IKA Homogenizers IKA®-Werke GmbH & Co.
KG, Germany and Ultrasonic homogenizers Sonopuls, BAN-
DELIN electronic GmbH & Co, Germany were used for the
automatic sample homogenization. Lysis buffer contained the
following components: 31.25 mM Tris-HCI1 pH 6.8, 2% SDS,
10% glycerol and filled with up to 100 mL dH20O. After 10-min
centrifugation at 10,000 rpm at 4°C, supernatant, representing
the total cell lysis, was isolated. In this manner, total proteins
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from the carcinoma and peritumoral tissue were isolated and the
total protein concentration in supernatant was determined. Su-
pernatants were aliquoted and preserved at -80°C until used.

Protein concentration determination

Concentrations of protein in supernatant (samples of
carcinoma and peritumoral tissue) were determined using the
Lowry method .

Determination of metalloproteinases 9 concentration
(MMP-9)

Concentration of total MMP-9 (human MMP-9 assay
measures the 92 kDa Pro-MMP-9 and the 82 kDa active
MMP-9) was detected by the immune/sandwich ELISA
method according to the kit procedure (Human MMP-9,
R&D Systems). The method is based on the measurement of
total MMP-9 amount, the enzyme included in degradation of
extracellular matrix which could be in active form or pre-
form %7, After determination, the total protein concentration,
supernatants of peritumoral and carcinoma tissue were used
as the samples for the total MMP-9 concentration. The
MMP-9 concentration in ng/mL (per mg proteins) was cal-
culated according to the known concentrations of MMP-9
from a standard curve.

Satistics

The data were analyzed by using the SPSS (ver. 13.0, Chi-
cago, IL, USA). The data were expressed as mean (four biologi-
cal replicates) and the standard error of mean (SEM). The un-
paired Student’s t-test, ANOVA, abnormal x2 test, Mann—
Whitney U tests, Kruskal-Wallis H tests were used. The correla-

tions between two variables were assessed using the Spearman’s
rho test. All statistical tests were two-sided and the p values of
0.05 were considered as statistically significant.

Results

The clinical and pathological parameters of patients
with the breast cancer such as margin purity, histological
type, histological grade, tumor size, lymph node infiltration,
presence of distant metastases (M), receptor status for ER,
PR and HER, patient age are given in Table 1.

Figure 1 represents the values of the total MMP-9 con-
centrations in peritumoral and carcinoma tissue individually
for each patient. After comparing the total MMP-9 concen-
trations, it was indicated that the microenvironment of carci-
noma tissue in most samples (72%) produced higher con-
centrations of MMP-9 than carcinoma tissue (28%).

The mean concentration value of total MMP-9 in peri-
tumoral tissue was significantly higher compared to the con-
centration in carcinoma breast tissue (Table 2). The correla-
tion between production of total MMP-9 in the carcinoma
and peritumoral tissue in the breast cancer patients was sta-
tistically significant indicating that the increase of MMP-9
production in carcinoma tissue was associated with the in-
crease of MMP-9 production in peritumoral tissue (Spear-
man’s correlation coefficient, r = 0.612, **p < 0.01).

The concentration of total MMP-9 in peritumoral and car-
cinoma tissue of breast cancer was analyzed and compared to
margin “cleanness” (Figure 2). The study showed that the high-
est percentage of samples had clean margins on macroscopic
and microscopic examination or RO resection without the resid-
ual carcinoma cells (96% of the total number of samples).

Table 1

Clinical and pathological characteristics of breast cancer patients

Characteristics Patients, number (%)
Samples

peritumoral tissue 50 (50)

cancerous tissue 50 (50)
Resection (R) margin

RO — no residual tumor 48 (96)

R1 — microscopic residual tumor 2(4)

R2 — macroscopic residual tumor 0
Histological type of tumor

invasive ductal carcinoma 43 (86)

invasive lobular carcinoma 7 (14)
Histological grade (G)

G1 — well differentiated (low grade) 6(12)

G2 — moderately differentiated (intermediate grade) 28 (56)

G3 — poorly differentiated (high grade) 16 (32)

G4 — undifferentiated (high grade) 0
Tumor (T) size

T1(£2) 21 (42)

T2 (2-5) 27 (54)

T3 (>5) 24

T4 (tumor extends to skin or chest wall) 0
Age (years)

<40 2(4)

> 40 48 (96)

Cvetkovi¢ DM, et al. Vojnosanit Pregl 2019; 76(5): 476—484.



Vol. 76, No 5

VOIJNOSANITETSKI PREGLED

Page 479

14

— —
(=3 ¥

ES 5N o

MMP-9 ng ml''mg proteins!

¥

e

O Peritumoral tissue

B Carcinoma tissue

Fig. 1 — Concentrations of total matrix metalloproteinase 9 in carcinoma and peritumoral tissue
in the breast cancer patients.

The data were expressed as mean + standard error (SE) for four independent measurements of each sample.

Table 2

Concentrations of total matrix metalloproteinase 9 (MMP-9) vs clinical
and pathological characteristics of breast cancer patients

Peritumoral tissue

Concentrations of total MMP-9

Carcinoma tissue

(mean = SD) (mean + SD)
Mean 3.41+£0.27 2.40+0.42°
Invasive ductal carcinoma 3.39+£0.31 2.40+0.24"
Invasive lobular carcinoma 3.42+£0.27 245+021°
Age (years)
<40 4.61 £0.33 3.95+0.58
> 40 3.37+0.28 2.95+0.21
*p < 0.05 statistically significant difference carcinoma vs peritumoral tissue.
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Fig. 2 — Concentration of total matrix metalloproteinase 9 (MMP-9) in peritumoral and carcinoma tissue
in the breast cancer in relation to clean margins (R0) and tumor cell affected margins (R1).
The data were expressed as mean + standard error (SE); n = the number of samples with R0 and R1; *p < 0.05
statistically significant difference carcinoma vs peritumoral tissue; #p < 0.05 statistically significant difference
R1 vs RO in peritumoral tissue; ##p < 0.05 statistically significant difference R1 vsS R0 in carcinoma tissue.
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Peritumoral tissue around ductal and lobular carcinoma type
produced statistically significant higher concentrations of MMP-9
compared to carcinoma tissue (Table 2). The difference in produc-
tion of MMP-9 in the carcinoma and peritumoral tissue was statisti-
cally significant in the ductal and lobular carcinoma type.

It was found that peritumoral tissue around the tumor
with the histological grade G3 produced statistically higher
concentration of total MMP-9 compared to carcinoma tissue
(Figure 3). Amount of MMP-9 was proportionally growing
in peritumoral tissue with the increase of histological grade.

Peritumoral tissue around the cancer with the high grade
(G3) produced statistically higher MMP-9 concentrations
compared to other groups.

Figure 4 represents the concentration and distribution of
MMP-9 in relation to the TNM classification (Figure 4). The
results showed that the MMP-9 concentration was statisti-
cally higher in peritumoral tissue around the tumor of the
largest dimensions (T3). At the same time, the tumor T3 pro-
duced statistically considerably smaller amounts of MMP-9
compared to the small dimension tumors.
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Fig. 3 — Concentration of total matrix metalloproteinase 9 (MMP-9) in peritumoral
and carcinoma tissue in the breast cancer in relation to histological grade
(G1 - low grade; G2 — intermediate grade; G3 — high grade).
The data were expressed as mean + standard error (SE); n = the number of samples with G1,
G2 and G3; *p < 0.05 statistically significant difference carcinoma vs peritumoral tissue;
#p < 0.05S statistically significant difference G3 vs G1, G2 in peritumoral tissue.
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Fig. 4 — Concentration of matrix metalloproteinase 9 (MMP-9) in peritumoral and carcinoma
tissue in the breast cancer in relation to tumor mode metastasis (TNM) classification.
The data were expressed as mean + standard error (SE); n = the number of samples with T1, T2, T3, N0,
N1, N2, M0 and M1; *p < 0.05 statistically significant difference carcinoma vs peritumoral tissue;
#p < 0.05 statistically significant difference T3 vs T1, T2; N2 vsNO, N1 and M1 vs M0 in peritumoral tissue;
##p < 0.05 statistically significant difference T3 vs T1, T2; N2 vs N0, N1 and M1 vs M0 in carcinoma tissue.
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Fig. 5 — Concentration of total matrix metalloproteinase 9 (MMP-9) in peritumoral and carcinoma tissue
in the breast cancer with positive (+) or negative (-) receptor expression for estrogen (ER),
progesterone (PR) and human epidermal growth factor receptor (HER) .
The data were expressed as mean =+ standard error (SE); n = the number of samples with ER +, ER-, PR +,
PR-, HER + and HER-; *p < 0.05 statistically significant difference carcinoma vs peritumoral tissue;
#p < 0.05 statistically significant difference ER + vs ER-; PR + vs PR- and HER + vs HER- in peritumoral tissue.

The concentration of MMP-9 was statistically higher in
peritumoral tissue in the NO and N2 groups compared to car-
cinoma tissue. Peritumoral tissue around the tumor with
“clean” lymph nodes (NO) produced the highest concentra-
tions of MMP-9.

There was one group of patients without confirmation
of metastatic disease (Mx group). It included 12% of patients
representing a limiting factor of the study. Therefore, this
group was excluded from the research. When we compared
the MMP-9 production in the patients with determined pres-
ence or absence of distant metastasis, we came to the conclu-
sion that peritumoral tissue around the cancer with distant
metastasis (M1) produced statistically higher concentrations
of total MMP-9 compared to all other groups.

When peritumoral tissue was analyzed, it was noticed
that the patient groups marked as T2, NO and M1 produced
the highest concentrations of total MMP-9, whereas the low-
est concentrations were noticed in the patient groups marked
as T3 (tumor size > 5 cm), N2 (metastases present in the ip-
silateral axillary nodes) and MO. In carcinoma tissue, the
groups T1, NO and M1 produced the highest concentrations
of MMP-9, whereas the lowest values were produced in the
groups T3, N2 and MO. When the MMP-9 production ratio in
peritumoral and carcinoma tissue was analyzed, it was con-
cluded that the patients with the biggest cancer dimension
(T3) had the biggest ratio 1 : 9.41. Also, there was a drasti-
cally big difference in the MMP-9 production in the N2 pa-
tient group where the ratio was 1 : 26.5, whereas in the group
M1, the MMP-9 production difference between carcinoma
and peritumoral tissue was 1 :1.8.

Cvetkovi¢ DM, et al. Vojnosanit Pregl 2019; 76(5): 476—484.

Considering that the status of receptor for estrogen,
progesterone and HER2 has a significant role in the breast
cancer therapy, concentrations of total MMP-9 in peritu-
moral and carcinoma tissue were analyzed in relation to ex-
pression of these receptors. It was proved that peritumoral
tissue in all the examined patient groups produced bigger
amounts of total MMP-9 compared to carcinoma tissue (Fig-
ure 5). Peritumoral tissue around cancer with the expressed
steroid receptors (ER+, PR+) produced a statistically higher
amount of MMP-9 compared to the environment around the
cancer without these receptors. To the contrary, the concen-
tration of total MMP-9 was higher in peritumoral tissue
around the cancer with no expressed receptor for human
growth factor (HER-).

In relation to the concentrations of total MMP-9 in peri-
tumoral and carcinoma tissue in relation to patient age with
diagnosed breast cancer, it can be said that the microen-
vironment around the tumor, in the patients younger than 40,
produced statistically higher concentrations of MMP-9 com-
pared to the same tissue in older patients.

Discussion

Since the breast cancer represents a systemic disease,
surgical treatment is insufficient in treatment of these pa-
tients, so the researches on molecular and genetic level are in
their full expansion. Surgical intervention is considered as
properly oncologically conducted if RO resection was per-
formed. It means that preparation margins are “clean” both
macroscopically and microscopically, without the residual
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malignant cells in peritumoral tissue. The R1 resection indi-
cates “macroscopically clean” preparation of margins, yet,
the histopathological analysis indicates the presence of tumor
on preparation margins. The R2 resection indicates that
preparation margins are neither macroscopically nor micro-
scopically “clean” ' 7' Our assumption is that pathohis-
tological analysis of tumor and peritumoral tissue is insuffi-
cient and an examination on the molecular level is required
for better prediction of tumor progression. Even if there are
no malignant cells in peritumoral tissue, there are some
changes on the level of molecular markers indicating a fur-
ther course of disease. Peritumoral tissue does not represent a
passive factor in pathogenesis and tumor development, so we
tried to find which parameters or markers in peritumoral tis-
sue could help us predict the progression of malignant dis-
ease. According to the literature data, considering its role in
the degradation of extracellular matrix, it would be logical to
expect that MMP-9 could have a significant role in these
processes *>. We consider that the determination of MMP-9
concentration is significant in prediction of biological tumor
behavior in terms of disease aggressiveness not only in car-
cinoma but in peritumoral tissue as well. To our knowledge,
there is just one study described in literature that analysed
the MMP-9 concentration in peritumoral breast tissue. There
was an isolated group of patients with higher risk of disease
metastases and/or recidivism despite correctly conducted
radical surgical RO resection, which was indicated by the
elevated level of MMP-9 in peritumoral tissue. Numerous
literature data suggest that there is a correlation between
MMP-9 and certain clinical and pathological parameters *'.
This study compared both MMP-9 concentration in the tu-
mor and its environment and correlation with the clinical and
pathological parameters in the patients with the breast can-
cer. We proved that the production of total MMP-9 was
higher in peritumoral tissue than in tumor itself with a statis-
tically significant difference. There are only a few papers
with studies on the MMP-9 level in peritumoral tissue 2. We
found statistically higher concentrations of MMP-9 in peri-
tumoral than in cancer tissue in the ductal as well as the
lobular breast cancer. Results showed that the MMP-9 con-
tent in the tumor microenvironment increased with the in-
crease of histological grade. Peritumoral tissue at G3 grade
produced significantly higher concentrations of MMP-9
compared to G1 and G2 grades. The results correspond to the
literature, indicating that the higher MMP-9 concentrations
correlate with the less differentiated high grade cancer phe-
notype **. According to our study, there was no correlation
between the MMP-9 production and the histological carci-
noma type. However, both ductal and lobular types were as-
certained with significantly higher concentrations in peritu-
moral than in carcinoma tissue. These data are in accordance
with the literature data . Some papers presented often con-
tradictory attitudes about the correlation of MMP-9 serum
concentration and certain clinical and pathological features,
but they mostly agreed on absence of correlation between the
MMP-9 level and tumor size and/or distant metastases, as
well as on presence of correlation between the MMP-9 con-
centration and metastases in the axillar lymph nodes **. The

results revealed that the high MMP-9 expression was associ-
ated with the small tumor size (T1) as well as with the poor
differentiation (G3) which is in accordance with the litera-
ture . An interesting fact is that the increase of tumor size
considerably changes the concentration ratio in the tumor
and peritumoral tissue. In case of T1 tumor, the ratio was 1 :
1.27 in advantage of peritumoral tissue, whereas in the tumor
size T3, the ratio was even 1 : 9.41. The increase of tumor
size causes the production of smaller amount of MMP-9 but
peritumoral tissue continues to produce MMP-9 in unre-
duced amount. We consider that it is very important to ana-
lyze the MMP-9 concentrations both in peritumoral tissue
and tumor since the altered ratio proves peritumoral tissue to
be an active factor in tumorigenesis. Heo et al.*> demon-
strated a positive correlation between the serum and MMP-9
levels in lymph node metastasis in the breast cancer patients.
In this respect, our results are consistent with the literature
data. It was noticed that peritumoral tissue produced signifi-
cantly more MMP-9 than carcinoma tissue in advanced dis-
ease stadium (T3, N2, M1). Such a tumor environment in
developed disease takes over the role and becomes a domi-
nant source of MMP-9, e.g., MMP-9 concentration ratio in
carcinoma and peritumoral tissue was 1 : 1.44 in the NO sta-
dium, whereas in the N2 stadium, the ratio was 1 : 26.5.
Therefore, we conclude that the MMP-9 concentration in
peritumoral tissue is directly proportional to involvement de-
gree of axillar lymph nodes. A bigger difference in favor of
peritumoral tissue indicates poor prognosis. It could be con-
cluded that even though the primary tumor is removed,
MMP-9 activity will not be reduced due to the increased
production in peritumoral tissue. A statistically significant
difference between the concentrations of MMP-9 in peritu-
moral tissue and cancer tissue (in favor of the peritumoral
tissue) existed only in case of metastatic disease, but not in
the MO stage. This is a very important conclusion because it
highlights the importance of seeking and diagnosing still un-
known metastases. The results revealed that the increased
production of MMP-9 in peritumoral tissue in the breast can-
cer appeared in the patients with the positive ER and PR re-
ceptors **. Literature contains data indicating that there is no
statistically significant correlation between the serum MMP-
9 level on the one, and the ER, PR and HER-2 status on the
other hand **. It was confirmed that in breast cancer estrogen
could promote pathological tumor-stromal interactions
through degradation and remodeling of extracellular matrix.
Members of the MMP family and their inhibitors play the
key role in these processes. There are evidence that ER and
related compounds could participate in regulation of these
processes *°**. We found a statistically significant difference
between MMP-9 in peritumoral tissue of the PR+ patients in
regard to the PR- patients, but did not demonstrate such dif-
ference in cancer tissue, respectively. The results confirmed
that a higher concentration of MMP-9 was produced in the
patients with unexpressed receptors for HER-2 in carcinoma
and peritumoral tissue. According to the MMP-9 expression,
it could be concluded which distant organs the breast cancer
metastases would appear in. Therefore, in experiment with
cells with the expressed HER-2 receptors and higher MMP-9
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level, metastases commonly appear in the brain, whereas in
the group without expressed HER-2, metastases could be ex-
pected in other organs such as bones and pleura. This sug-
gests that analyzing MMP-9 could influence a further treat-
ment course in these patients *”*’. The results showed that,
in the whole group of patients, a significantly higher level of
MMP-9 in peritumoral tissue was associated with the HER-2
negative breast cancer. Literary data claim that the MMP-9
overexpression in the carcinoma cells was associated with
the HER-2 overexpression, but only in the subgroup of node-
negative patients. Also, the stromal MMP-9 overexpression
was associated with the HER-2 overexpression only in the
ER+ tumors. It suggests that the relation among the MMP-9
levels and different clinical and pathological features is very
complicated and further investigations are needed *>. In all
age categories, the MMP-9 concentration is higher in peri-
tumoral tissue than in carcinoma tissue. Additionally, the
MMP-9 concentration in peritumoral tissue was a statisti-
cally significantly higher in the group of patients younger
than 40 years compared to those older than 40 years. This re-
sult agreed with that of Rashad et al. *'.

Conclusion

Our research confirms that breast cancer even in early
stage without regional lymph or distant metastases leads to
changes in peritumoral tissue detectable on the molecular but
not on histopathological level. The analysis of the total
MMP-9 concentration indicates that peritumoral tissue does

not represent a passive factor in the process of development
and dissemination of malignant disease. Tumor environment
in the developed disease takes over the role becoming a dom-
inant source of MMP-9. Peritumoral tissue at distance of 3
cm from the tumor produces more MMP-9 than the tumor it-
self. The increase of tumor size and involvement of axillar
lymph nodes changes the ratio of MMP-9 concentration in
the tumor and peritumoral tissue in favor of peritumoral tis-
sue. In NO stage, the concentration ratio of MMP-9 in the
tumor and peritumoral tissues is 1 : 1.44, but in N2 stage ra-
tio is 1 : 26.5. A statistically significant difference between
the concentrations of MMP-9 in the peritumoral tissue and
cancer tissue (in favor of peritumoral tissue) exists only in
case of metastatic disease, but not in MO stage. This is a very
important conclusion because it highlights the importance of
early detecting of still unknown metastases in such cases.
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Abstract

Background/Aim. Children with cerebral palsy (CP) grow at
a slower rate relative to their peers. Their body height, body
weight and bone mineral density are significantly below those
measured for healthy children of corresponding age. The aim
of this work was to estimate bone mineral density in relation to
the anthropometric parameters and the level of gross motor
function in the children with cerebral palsy. Methods. This
cross-sectional pilot study included 23 children with CP, aged 6
to 17 years, in whom the gross motor function level was
estimated according to the Gross motor function classification
system- expanded and revised (GMFCS-E&R), while the
anthropometric parameters were established in relation to the
developmental charts for healthy children as well as those
pertaining to children with CP. Bone mineral density was
measured by dual energy X-ray absorptiometry and the findings
were interpreted in accordance with the International Society
for Clinical Densitometry Official Positions of Adults &
Pediatrics. Mean values with interquartile deviations, along with
frequencies and percentages were the descriptive statistical
measures employed in the analyses. Differences between
groups were ascertained through the Kruskal-Wallis test.
Results. Our sample of 23 children comprised of 56.5% boys
and 43.5% gitls, aged 13.00 + 3.56 years, of whom 3/4 had a
severe form of gross motor dysfunction (GMFCS-E&R levels
IV and V). All subjects had lower bone density in both regions

Apstrakt

Uvod/Cilj. Deca sa cetebralnom paralizom (CP) rastu
sporije u odnosu na svoje vr$njake. Njihova telesna visina,

of interest [spinal Z-score -1.60 £ 1.40 standard devation (SD);
hip Z-score -2.00 £ 3.00 SD], as well as lower anthropometric
parameters [height Z-score -2.74 £ 4.28; body weight Z-score -
3.22 + 6.96; body mass index (BMI) Z-score -2.64 £ 6.03]. In
the observed sample, bone mineral density in the spine
(» <0.01) and the hip (p <0.05) was reduced in all subjects,
and all children had a lower body weight (p < 0.01) and the
BMI (p < 0.01), but not body height, in relation to the existing
developmental charts for the CP children adopted from the
US. Children with the CP Level IV on the GMFCS-E&R had a
significantly lower bone density (spinal Z-score -1.90 SD; hip
Z-scote -3.40 SD), with the reduction even more pronounced
at level V (spinal Z-score -3.80 SD; hip Z-score -2.30 SD).
Conclusion. A significantly lower bone mineral density as well
as the decreased values of all observed anthropometric para-
meters, were noted in the children with CP. In the observed
sample, bone mineral density in both spine and hip was
reduced in all subjects, all of whom also had lower body weight
and the BMI, but not body height compared to the existing
developmental charts for the children with CP adopted from
the US. The children with severe forms of CP (GMFCS-E&R
levels IV and V) had significantly lower bone mineral density.

Key words:
cerebral palsy; child; anthropometry; bone density;
muscle tonus.

telesna tezina i mineralna kostana gustina znacajno su nize u
odnosu na opstu populaciju zdrave dece. Cilj ovog rada bio
je procena mineralne koStane gustine u odnosu na
antropometrijske parametre i nivo grube motoricke funkcije
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kod dece sa CP. Metode. Pilot sudija preseka obuhvatila je
23 dece sa CP, uzrasta od 6 do 17 godina, motorickog nivoa
procenjenog prema sistemu klasifikacije grubih motornih
tunkcija (The gross motor function classification system-expanded and
revised — GMFCS-E&R) i antropometrijskih parametara pre-
ma kartama razvoja za zdravu decu, kao i prema kartama
razvoja za decu sa cerebralnom paralizom. Mineralna kos-
tana gustina merena je dvostrukom X-zra¢nom apsorpcio-
metrijom, a za ocitavanje nalaza koriS¢ene su preporuke
Internacionalnog udruzenja klinicke denzitometrije — The
International Society for Clinical Densitometry Official Positions of
Adults & Pediatrics. Od deskriptivnih statistickih mera ko-
ris¢ena je srednja vrednost sa interkvartilnim odstupanjima,
frekvencije i procenti. Razlike izmedu grupa procenjivane su
Kruskal-Wallis-ovim testom. Rezultati. U uzorku od 23
dece, bilo je 56,5% decaka i 43,5% devoijcica, starosne dobi
13,00 + 3,56 godina. Njih 4/5 je imalo tezi oblik motoricke
onesposobljenosti (GMFCS-E&R, nivoi IV 1 V ). Nasi
ispitanici imali su nizu kostanu gustinu na obe posmatrane
regije [Z-skor ki¢me -1,60 £ 1,40 standardne devijacije (SD);
Z-skor kuka -2,00 * 3,00 SD], kao i niZze antropometrijske
parametre [Z-skor telesne visine —2,74 £ 4,28; Z-skor te-

lesne mase -3,22 + 6,96, Z-skor indeksa telesne mase (BMI)
-2,64 £ 6,03]. U posmatranom uzorku kod svih ispitanika
bila je snizena mineralna kostana gustina na ki¢mi (p < 0,01)
i na kuku (p <0,05), a svi su imali nizu telesnu masu
(» <0,01) i BMI (p < 0,01), ali ne i telesnu visinu u odnosu
na postojece karte razvoja dece sa CP (SAD). Deca sa CP
nivo IV GMFCS-E&R imala su znacajno manju kostanu gu-
stinu ( Z-skor ki¢me -1,90 SD, Z-skor kuka -3,40 SD), dok
kod nivoa V snizenje je bilo jos izrazenije ( Z-skor ki¢me -
3,80 SD, Z-skor kuka -2,30 SD). Zaklju€ak. Deca sa CP
imala su znacajno manju vrednost mineralne kostane gusti-
ne kao i svih posmatranih antropometrijskih parametara. U
posmatranom uzorku kod svih ispitanika bila je snizena
mineralna kostana gustina na ki¢mi i na kuku, a svi su imali
nizu telesnu masu i BMI, ali ne i telesnu visinu u odnosu na
postojece karte razvoja dece sa CP (SAD). Deca sa tezim
oblicima CP (GMFCS-E&R, nivoi IV i V stepen) imala su
znacajno manju vrednost mineralne kostane gustine.

Kljucne reci:
paraliza, cerebralna; deca; antropometrija; kost,
gustina; mi$ici, tonus.

Introduction

Cerebral palsy (CP) encompasses a group of disorders
that, while not progressive, are subjected to frequent change
due to the damage to a developing brain "% In addition to
issues with fine and gross motor functions, communication,
and perception and numerous muscle and skeletal diffi-
culties, growth and development of children with cerebral
palsy is also compromised **. The CP children grow at a slo-
wer rate relative to their peers *. Their body mass and length
as well as bone mineral density are considerably lower than
those pertaining to healthy children of comparable age >*.
The poorer nutritional status of these children is typically
attributed to numerous difficulties in feeding, inadequate
calorie intake and variable, often increased, energy requi-
rements °''. The oromotor dysfunction, inadequate chewing
and difficulties in swallowing solid, pulpy and/or liquid food
are among factors contributing to the stagnation in body
weight and length in these children ® . Growth and develop-
ment of children with moderate and severe form of cerebral
palsy differs from that of their healthy peers. For example,
they enter puberty earlier and reach sexual maturity later
than healthy children * *. The assessment of growth and
development is facilitated by developmental charts defined
by the World Health Organization (WHO) as well as by the
Centers for Disease Control and Prevention (CDC). The
CDC provides 16 developmental charts (8 per gender) for
assessing boys and girls aged 2 to 20. The parameters in
these charts are expressed as a percentile and refer to the
body height (BH), body weight (BW) and body mass index
(BMI) for the children of the same age group “. The body
mass index is defined as a ratio of body mass and the square
of body height expressed in meters (kg/m®) '* . Due to the
different clinical manifestations of this entity, these charts
are not sufficiently precise for use in the assessment and

monitoring of children with CP. In recent years, intense
efforts have been dedicated to the systematization of the data
pertaining to growth and development of CP children in
order to formulate nomograms for growth and development
of this cohort. BH and BW of children with CP does not
meet the reference standards and can therefore not be
assessed using the existing developmental charts for healthy
children ® ™. The developmental pattern for children aged
under 10 years with the quadriplegic type of CP was deve-
loped by Krick et al. " based on a sample of 360 children
with this condition. The 10th, 50th and 90th percentile for
body length (for age group), body weight (for age group) and
body weight (for body length) was graphically represented.
Day et al. * investigated the development of children and
adolescents with CP by studying a sample of 24,920 patients,
taking into consideration their disability level, gross motor
function and the ability to independently eat or be fed via the
gastrostomy tube. The authors supplemented their findings
by a graphic representation of the development of both
genders according to the age '°. For the assessment of gross
motor function in the CP children aged < 18 years, the
revised and extended Gross Motor Function Classification
System — Expanded & Revised (GMFCS-E&R) is typically
used, whereby children are scored on a scale comprising of
five levels '™ ', The first level on the gross motor function
scale is designated for patients who are capable of moving
independently, while level V pertains to those that are not
able to move independently '*. For measurements of bone
mineral density (BMD), dual energy X-ray absorptiometry
(DEXA) is used . When performing the scans, the
posterior-anterior (PA) L1-L4 (femoral neck and total hip)
are defined as regions of interest (ROI). “Low bone mineral
density” is the preferred term for pediatric DXA reports
when BMD Z-scores are < 2 standard deviation (SD) 2
Non-ambulatory children with neurological disorders such as
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CP whose muscle tone in all four limbs is increased often
have low bone mineral density and are therefore at a greater
risk of experiencing fractures *'. The aim of this research was
to evaluate BMD in relation to the anthropometric
parameters and the level of gross motor function in the
children with CP.

Methods

The sample employed in this pilot prospective study
consisted of 23 children with CP aged 6 to 17 years, residing
in the “Veternik” Home residential care facility, and the
Clinic for Children’s Habilitation and Rehabilitation at the
Institute for Child and Youth Health Care of Vojvodina,
Novi Sad, Serbia. The pilot study was conducted between
January Ist and December 31st, 2014. The patients’ BMI
was calculated based on their body weight (BW) in kg and
body height (BH) in m. Using these values, the following
parameters were analyzed: BW Z-score (derived from the
body weight nomogram, expressed as the Z-score in
comparison to the age-equivalent healthy children). The Z-
scores for BW, BH and BMI were calculated from
nomograms represented as a percentile. TT-p was obtained
from the body weight nomograms, expressed as a percentile
in comparison to the age-equivalent healthy cohort. The BH
Z-score was deduced from the body height nomograms
expressed as the Z-score in comparison to the age-equivalent
healthy children, BW-p was derived from the body weight
nomograms expressed as a percentile in comparison to the
age-equivalent healthy cohort. The BMI Z-score was
obtained from the BMI nomogram, expressed as the Z-score
in comparison to the age-equivalent healthy children, and the
BMI-p was obtained from the BMI nomogram expressed as a
percentile in comparison to the age-equivalent healthy
children. BMI-p was interpreted as follows: below the Sth
percentile — malnutrition; from the 5Sth to the 84th percentile
— normal weight; from the 85th to the 94th percentile —
excessive body weight; and the 95th percentile and above —
obesity **. Height for a specific age group, expressed as a
percentile, was interpreted as follows: below the 5th
percentile — short stature; from the Sth to the 94th percentile
— normal height; the 95th percentile and above — tall stature.
Weight in relation to that of the peer group, expressed in
percentiles, was interpreted as follows: below the 5th
percentile — malnutrition; from the 5Sth to the 84th percentile
— normal weight; from the 85th to the 94th percentile — risk
of obesity; and the 95th percentile and above — obesity '* >
The body weight and height data was analyzed according to
the developmental charts for healthy children issued by the
CDC * as well as those for children with CP (Growth Charts
— Life Expectancy for CP) **. Gross motor function for the
patients of both genders were classified according to the
GMFCS-E&R '®.  All patients were referred for
osteodensitometry at the Special Hospital for Rheumatic
Diseases, Novi Sad, Serbia. Osteodensitometry was
performed using the Lunar device, with the L1-L4 segment
and/or the hip serving as ROIL In three of the examined
children, DXA failed to provide the adequate spinal data due
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to the presence of neuromuscular scoliosis, while hips could
not be assessed in 12 children owing to flexion contractures
associated with the more severe form of CP. The obtained
results for BMD (g/cm?®) were interpreted as standard
deviations, expressed as the Z-score. In interpreting the
BMD results, recommendations from the International
Society for Clinical Densitometry, Official Positions Adults
& Pediatrics (ISCD) were used ». The following parameters
were monitored for all patients: gross motor function level
according to the GMFCS-E&R scale, BW, BH, and BML.
These values were compared to those pertaining to the age-
matched healthy cohort and children with CP and were
examined in relation to their BMD presented as the Z-score.
The research was carried out with the approval of the Ethics
Committee. The clinical data was subjected to the descriptive
statistical analyses, whereby the median with interquartile
deviations was used, along with frequencies and percentiles.
The Kolmogorov-Smirnov and Shapiro-Wilk test results
confirmed that the distributions of spine and hip Z-scores
were not statistically significantly different from the normal
distribution. The between-group differences were determined
using the Kruskal-Wallis test. A statistical significance was
defined at the zero hypothesis probability level ranging from
p < 0.05 to p < 0.01. The statistical processing and analysis
was performed using the SPSS (Statistical Package for the
Social Sciences) v.20 software.

Results

The pilot study sample comprised 13 boys and 10 girls
(56.5% v.s. 43.5%), aged 13.00 + 3.565 years. According to
the CP type, 74% of the patients had quadriparesis and the
most severe motor impairment — level V according to the
GMFCS-E&R was noted in 69.6% of the sample. The
analysis of nomograms for BH, BW and BMI, expressed as
the Z-score, revealed that the values pertaining to the study
sample were lower than those expected for a healthy cohort.
All patients had lower bone mineral density in at least one
region of interest. The spine and hip Z-score distributions did
not statistically significantly differ from the normal
distribution, as indicated by the Kolmogorov-Smirnov test
findings and confirmed by the more rigorous Shapiro-Wilk
test (Table 1). When assessed using the nomograms for
healthy children, more than a half of the children included in
our pilot study had short stature (52.2%) and were
malnourished relative to their BW (60.9%) and BMI
(56.5%). On the other hand, according to the nomograms for
the children with CP, 95.7% of our sample had normal BH
and normal nutritional status based on the BW (56.5%) and
BMI (78.3%) (Table 2). The findings yielded by the Kruskal-
Wallis analysis revealed absence of statistically significant
differences in the Z-score for hip between the patients with
different BH measured in relation to their peers. As all
patients for whom the Z-score was measured with the hip
serving as ROI were of regular height, it was not possible to
calculate the p value. Statistically significant differences (p <
0.01) were also noted in the Z-scores measured with the
spine used as ROI between the subjects with different BH
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and the healthy age-matched cohort. In addition, the Z-score
at the spine for the patients with different BW was
statistically significantly different at the 0.01 level from that
for the age-matched healthy cohort (¥* = 10.40; p = 0.00) as
well as for children with CP (y*> = 12.27; p = 0.00). A
statistically significant difference at the 0.05 level was also
noted in the Z-score at the spine between the patients with
different BMI in comparison to a healthy age-matched cohort

(® =5.97; p=0.015) as well as relative to the children with
cerebral palsy (x> = 9.65; p = 0.00) at the 0.01 level. The
Kruskal-Wallis analysis revealed a statistically significant
difference at the 0.01 level in the Z-score at the spine (y* =
11.33; p=0.00) and at the 0.05 level in the Z-score at the hip
(® = 7.15; p = 0.03) between the patients with different
GMECS (Table 3).

Tablel
Sample characteristics of the study group compared to the healthy cohort
Variables n % Min Max Median IR Statistic df p
Gender (total) 23 100.0
boy 13 56.5
girl 10 43.5
Age (years) 23 100.0 6.00 17.00 13.00 3.565
CP subtypes
quadriplegia 17 74
diplegia 3 13
hemiplegia 3 13
GMFCS-E&R levels 23 100.0
I 4 17.391
v 3 13.043
v 16 69.565
Height Z-score 23 100.0 -6.07 1.66 -2.74 4.28
Weight Z-score 23 100.0 -20.03 1.47 -3.22 6.96
BMI Z-score 23 100.0 -22.90 1.83 -2.64 6.03
BMD spine (g/cm?) 20 86.956 0.32 1.12 0.558 0.42
BMD hip (g/cm?) 11 47.826 0 0.6 0
Z-score spine (SD) 20 86.956 -3.80 1.00 -1.60 1.40
Kol.-Smir. 0.207 11 0.200
Shap.-Wilk 0.943 11 0.561
Z-score hip (SD) 11 47.826 -4.00 0.00 -2.00 3.00
Kol.-Smir. 0.154 11 0.200
Shap.-Wilk 0.943 11 0.560

CP —cerebral palsy; GMFCS-E&R — Gross Motor Function Classification System- Expanded & Revised; BMI — body mass
index; BMD — bone mineral density; SD — standard deviaton; IR — interquartile range; Kol.-Smir. — Kolmogor ov-Smirnov

test; Sharp.-Wilk — Shapiro-Wilk test.

Table2

The body height, body weight and body massindex (BM1) of patientsin comparison to the
nomograms of healthy children and children with cerebral palsy

Parameters Nh Nep
n (%) n (%)
Height Z-score
short 12 (52.20) 1(4.30)
normal 10 (43.50) 22 (95.70)
tall 1(4.30)
Weight Z-score
undernourished 14 (60.90) 10 (43.50)
normal 7 (30.40) 13 (56.50)
the risk for obesity 2 (8.70)
BMI Z-score
undernourished 13 (56.50) 5(21.70)
normal 7 (30.40) 18 (78.30)
overweight 2 (8.70)
obesity 1(4.30)
Total 23 (100.00) 23 (100.00)

Nh — characteristics of the sample in relation to the nomograms of healthy children;
Ncp — characteristics of the sample in relation to the nomograms of children with cerebral

palsy; BMI —body massindex.
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Table 3

Bone mineral density in comparison to the anthropometric parameters and the level of gross motor function in the
patients with cerebral palsy according to the nomograms of healthy children and children with cerebral palsy

Parameters Z-score lumbar spine Z-score hip

Nh Ncp Nh Ncep
Height
short -3.80 -4.20 -2.60 /
normal -1.70 -1.90 -1.70 -2.00
tall -0.70 / -0.50 /
r 9.99 1.70 2.05 /
p value 0.017 0.19 0.36 /
Weight
underweight -3.80 -4.10 -3.00 -3.40
healthy weight -1.60 -1.60 -2.00 -1.85
at risk of overweight -0.40 / -0.20 /
$ 10.40 13.27 1.08 1.24
p value 0.00" 0.00" 0.30 0.27
BMI
underweight -3.95 -4.20 -3.40 -3.40
healthy weight -1.80 -1.90 -2.00 -1.85
overweight -0.40 / -0.20 /
obesity -1.90 / -2.00 /
$ 5.97 9.65 0.36 1.24
p value 0.017 0.00" 0.54 0.27
GMFCS-E&R levels
I 0.30 -0.40
v -1.90 -3.40
v -3.80 -2.30
r 11.33 7.15
p value 0.00 0.03*

Nh — characteristics of the sample in relation to the nomograms of healthy children; Ncp — characteristics of the sample in
relation to nomograms of children with cerebral palsy; BMI — body mass index; GMFCS-E&R — Gross Motor Function

Classification System Expanded & Revised.
*p < 0.05; 'p < 0.01.

Discussion

The children with CP, especially those with the most
frequent spastic type, are less physically active than their
healthy peers. Along with the mobility difficulties,
deviations in growth and development are often noted in this
cohort. Monitoring the growth and development is of the
utmost importance in ensuring optimal child health. The
assessment of these parameters is simplified by the use of
nomograms developed by the WHO and other institutions.
As the growth and nutritional status assessments aimed at the
children with cerebral palsy are not standardized, this
represents a real challenge for medical practitioners *°. The
children with CP living both in developed and undeveloped
countries have lower BH and BW in comparison to their
healthy peers, as indicated by numerous studies and observed
in this research >**. In our pilot study, 19 of 23 subjects had
the most severe type of gross motor disability (GMFCS-E &
R levels IV and V), while the most frequent type of CP was
quadriparesis (the bilateral spastic type). All subjects had
lower BH, nutritional status and BMD relative to that
measured in their healthy peers. In our pilot study, the DXA
scanning could not be performed at lumbar spine in three
patients due to the presence of neuromuscular scoliosis,
while DXA of either hip was unfeasible for 12 patients
because of flexion contracture of the hip. Indeed, the
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difficulties associated with performing the DXA scans were
some of the obstacles, in terms of technical feasibility in
assessing the bone health of children with CP. Conditions
such as hip contractures and hip dysplasia, scoliosis and
metal implants often prohibit the DXA measurements at the
desired region of interest (lumbar spine or proximal
femur) ***’. “Low bone mineral density” is the preferred
term for the pediatric DXA reports when the BMD Z-scores
are <2 SD *. As mineral density is often low in the children
with CP, they are at a risk of fractures at a minimal trauma,
which additionally compromises their quality of life **. Our
results showed that more than a half of the subjects included
in our sample had shorter stature and were malnourished
according to the body weight and BMI nomograms
pertaining to their healthy peers. In comparison to the age-
equivalent cohort with cerebral palsy, a majority of the
subjects had normal body height and were well nourished
according to the BMI, while approximately the same number
of children were in the malnourished and well-nourished
group. Malnutrition is a frequent problem in the CP children,
resulting in the lower muscle strength and poor immuno-
logical status *. In the study conducted by Karagiozoglou-
Lampoudi et al. ", the anthropometric data for 42 CP
patients aged 8.0 = 4.0 years was analyzed using the Z-scores
given by the WHO. Subjects were divided into three groups
(comprising 10, 8 and 24 children, respectively), based on
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the level of gross motor function according to the GMFCS-
E&R: mild (GMFCS-E&R levels 1 and II), moderate
(GMFCS-E&R levels III) and severe (GMFCS-E&R Level
IV and V). Thus, a majority of the subjects had either poor
mobility or were immobile. When the nutritional status of the
sample was assessed in terms of the Z-score according to the
WHO, 38.1% of the patients were malnourished while 7.1%
were over-nourished. In this study, the Z-scores provided by
the WHO was a useful instrument for monitoring the level of
nourishment in the CP children . In the study conducted by
Dahlseng et al. °, data from a Norwegian registry of cerebral
palsy was analyzed. According to the results reported by the
authors, 21% of the children whose data was included in the
evaluation were completely dependent on others for help
with feeding, while 14% of the sample was fed using the
gastrostomy tube. Even though prolonged gastrostomy
feeding is connected to the higher body mass and BMI, but
not to increased BH, one in four children included in the
aforementioned study was malnourished. In our pilot study,
our aim was to ascertain whether there were statistically
significant differences in the Z-scores pertaining to the hip
and spine among subjects with the different body height,
body weight and BMI. Extant literature indicates that
children of short stature do have lower BMD measured at the
lumbar spine in comparison to the CDC nomograms for
healthy children '*. When BW was analyzed in relation to the
BMI, the group of underweight children was found to have
lower BMI at the lumbar spine in comparison to the CDC
nomograms for the healthy age-equivalent cohort, as well as
relative to the developmental charts for the children with CP.
Children with more severe motor impairment had lower bone
mineral density both at the lumbar spine and the hip. Wren et
al. ** used quantitative computed tomography to assess bone
density in 37 children with CP and compared their findings
with those pertaining to their healthy peers. The children
with CP had lower bone density measured at the tibia, while
volumetric bone density decreased with the rise of the
GMFCS level . Nevertheless, the clinical importance of
abnormal DXA findings and its correlation to an increased
risk of fracture is still unclear. A careful assessment is
necessary, with a close monitoring of patients at a greater
bone demineralization risk *'. Due to the significantly
decreased bone mineral density, the children with CP often
suffer from the painful fractures following even minimal
trauma, and this fragility considerably affects their day-to-
day functioning and quality of life. If a child is at a risk, it is
necessary to repeat the osteodensitometric measurements at
1-2 year intervals, depending on the clinical findings and
existing risk factors specific to the child **. Our investigation
revealed a highly statistically significant difference in the Z-
score for the spine (p <0.01) and the hip (p < 0.05) between
subjects classified at different GMFCS-E&R levels. More
specifically, children with more severe motor disability
(GMFCS-E&R level V) had a considerably lower Z-score
measured at the spine in comparison to children who were
ambulatory without limitations (GMFCS-E&R level I). The
ambulatory children with CP classified at GMFCS-E&R
Level I had a higher BMD at the hip in comparison to the CP

children with more severe motor disability (GMFCS-E&R
levels IV and V). By analyzing the nutritional status of the
children included in our study sample, and comparing the
findings with the growth charts for the children with CP in
the US ', we obtained similar results. Since, in Serbia, no
developmental charts for the CP children presently exist, we
utilized the Growth Charts-Life Expectancy for the CP chart
24 in our analyses. The growth patterns for the children with
CP differ significantly from those observed in the general
population and exhibit a considerable deviation according to
the severity of functional damage based on GMFCS *. The
study conducted in Turkey by Simsek and Tug ** marked the
first attempt to investigate the connection among the BMI,
functional independence and quality of life in children with
cerebral palsy. The authors concluded that lower BMD may
decrease the everyday activity level as well as compromise
quality of life of the children with CP. In an earlier study,
Henderson et al. ** analyzed the data pertaining to 117
children aged 2 to 19 years, all of whom had a moderate or
severe CP type according to the GMFCS. The BMD value
expressed as the Z-score was lower at the distal femur
relative to that measured at the lumbar spine. The lower BMI
values were found in children with more severe CP types in
comparison to those with the moderate type.

The key limitations in our pilot study stem from the
small, heterogenic sample investigated, which did not
include the children with levels II and III gross motor
function abilities, as well as a small number of children rated
at level I (according to the GMFCS-E&R scale). Moreover,
other possible risk factors, such as the type and number of
anti-epileptic drugs and long-term effects of these
medications, a lack of exposure to sunlight (which can cause
vitamin D deficiency), nutritive limitations, etc., were not
considered in the analyses.

Conclusion

In our pilot study, a much lower bone mineral density, as
well as the values of other assessed anthropometric parameters,
were recorded for children with CP. In all subjects included in
the study sample, the spine and hip BMD was reduced, as was
their BW and BMI, but not BH, relative to the available
development scales for the CP children used in the US.
Inadequate nutritional support for children with CP (especially
those with more severe CP forms) was likely to contribute to the
lower body weight and BMI values recorded in this study when
compared to the utilized nomograms. The children with the
more severe CP forms (GMFCS-E&R levels IV and V) had a
statistically significantly lower BMD.

The findings yielded by our study indicate regular
evaluation of children with CP, their BW, BH, BMI and
BMD. We further suggest to invest greater efforts into the
understanding and application of various preventive
measures aimed at maintaining BMD (nutritive support,
vitamin supplementation, kinesitherapy, etc.).

A multidisciplinary approach to the evaluation of children
with CP, as well as a set of recommendations and good clinical
practice for those populations are clearly needed.
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Abstract

Background/Aim. The deposition of hydroxyapatite
(HAP) on the surface of titanium (Ti) alloys enhances bio-
activity and osseointegration of the alloys which are widely
used as implant materials in dentistry and orthopaedic sur-
gery. However, the stability of HAP and subsequent bio-
compatibility of such alloys depends on the coating tech-
nique. The aim of this work was to test the cytotoxicity of a
Ti alloy (Ti6Al4V), coated with HAP by a new plasma dep-
osition method. Methods. The Ti6Al4V samples prepared
as discs, 10 mm in diameter and 2 mm in thickness, were
coated with HAP (one or both sides of the alloy) by an in-
novative atmospheric plasma jet method. The cytotoxicity
of uncoated and HAP coated Ti6AI4V samples was evalu-
ated by examining the morphological changes and viability
of 1.929 fibroblasts in direct contact with the test materials.
Adequate negative (polystyrene) and positive (nickel) con-
trol discs of the same size were used. The indirect cytotox-
icity was determined by cultivating 1.929 cells with condi-
tioning medium (CM), prepared as extract of the test sam-
ples incubated in the complete Roswell Park Memorial In-
stitute (RPMI) 1640 medium for cell cultures. The cytotoxic
effect was evaluated based on the degree of metabolic ac-
tivity, necrosis, apoptosis and proliferation of 1.929 cells, us-

Apstrakt

Uvod/Cilj. Oblaganje povtsine legura titana (Ti) hidroksia-
patitom (HAP) poboljsava bioaktivnost i oseointegraciju Ti
legura, koje se Siroko koriste kao implantacioni materijali u
stomatologiji i ortopediji. Medutim, stabilnost HAP prevla-
ke i biokompatibilnost takvih legura zavise od primenjene
tehnike oblaganja. Cilj ovog rada je bio da se ispita

ing the appropriate assays. Results. Uncoated and one side
HAP coated Ti6AI4V alloys were classified as non-cytotoxic
according to the current ISO 10993-5 criteria, whereas two
sides HAP coated Ti6Al4V alloy samples were slightly-
moderate cytotoxic. The cytotoxicity manifested as the inhi-
bition of metabolic activity and proliferation of 1.929 cells as
well as the induction of their apoptosis and necrosis was
significantly reduced by conditioning of HAP/Ti6AI4V al-
loys for 24 hours. The cytotoxic effect of HAP/Ti6AI4V
CM only partly dectreased in the presence of nifelate, a cal-
cium (Ca) channel blocker, suggesting that Ca ions were not
the only responsible cytotoxic agent. Conclusion. The orig-
inal HAP coating procedure by atmospheric plasma spray-
ing with high energy input enables the production of the
stable adhesive coatings on Ti6Al4V alloys. Their cytotoxic-
ity, which depends on the quantity of HAP coating layer,
could be significantly reduced up to the non-cytotoxic level
by prior conditioning of the alloys in culture medium. Such
a procedure, which removes leachable toxic components,
could be useful before implantation of HAP coated alloys 7
vivo.

Key words:
dental alloys; titanium; materials testing;
hydroxyapatites.

citotoksi¢nost Ti6Al4V legure oblozene sa HAP pomocéu
plazme koriséenjem originalne metode. Metode. Uzorci
Ti6Al4V legure u obliku diska, pre¢nika 10 mm, debljine 2
mm su presvuceni sa HAP (jednostrano ili obostrano) mla-
zom atmosferske plazme. Citotoksi¢nost neoblozene i
HAP-om oblozenih Ti6Al4V legura je ispitivana na osnovu
morfoloskih karakteristika i vijabilnosti 1.929 fibroblasta u
direktnom kontaktu Celija sa test materijalima. Odgovarajuca

Correspondence to: Marko Magi¢, University of Belgrade, School of Dentistry, Department of Oral Surgery, Dr Subotica 4,

11 000 Belgrade, Serbia. E-mail: markomagic@ymail.com



Vol. 76, No 5

VOIJNOSANITETSKI PREGLED

Page 493

negativna kontrola (polistirenski diskovi) i pozitivna kontro-
la (diskovi od nikla) istih veli¢ina kao i diskovi Ti6AI4V le-
gura su takode ukljuéeni u ecksperimente. Indirektna
citotoksicnost je procenjivana nakon kultivisanja 1.929 Celija
sa kondicioniranim medijumom (CM), koji je predstavljao
ekstrakt testiranih uzoraka inkubiranih u kompletnom Ro-
swel Park Memorial Institute (RPMI) 1640 medijumu za
Celijske kulture. Citotoksi¢ni efekat CM je procenjivan na
osnovu stepena metabolicke aktivnosti, nekroze, apoptoze i
proliferacije 1.929 ¢elija, koris¢enjem adekvatnih testova.
Rezultati. Neoblozena Ti6Al4V legura i Ti6GAI4V legura
oblozena jednostrano sa HAP su okarakterisane kao ne-
citotoksicne na osnovu ISO 10993-5 kriterijuma, dok je
Ti6Al4V legura oblozena sa HAP obostrano pokazivala bla-
gu do umerenu citotoksi¢nost. Citotoksi¢nost, koja se mani-
festovala smanjenjem metabolicke aktivnosti i proliferacije
1.929 celija kao i indukcijom njihove apoptoze i nekroze, je
bila znacajno smanjena ako su uzorci HAP-om presvucenih

legura kondicionirani u medijumu u toku 24 casa. Cito-
toksicnost CM pripremljenih od Ti6Al4V legura oblozenih
sa HAP je bila samo delimi¢no smanjena u prisustvu nifela-
ta, blokatora kalcijumovih (Ca) kanala, $to ukazuje da Ca jo-
ni nisu jedini citotoksi¢ni faktor. Zaklju€ak. Originalna me-
toda oblaganja Ti6Al4V legure sa HAP pomocu atmosfer-
ske plazme u obliku spreja visoke energije omogucava sta-
bilnu adheziju prevlake. Citotoksi¢nost ovako obradene le-
gure, koja zavisi od koli¢ine nanetog HAP, se moze znatno
smanjiti do necitotoksicnog nivoa prethodnim kondicioni-
ranjem u medijumu. Ova procedura, kojom se uklanjaju ras-
tvorljive toksi¢ne komponente, moze biti korisna pre 7 vivo
implantacije legura oblozenih sa HAP.

Kljucne reci:
legure, stomatoloske; titan; materijali, testiranje;
hidroksiapatiti.

Introduction

Due to their good physical and mechanical properties
and biocompatibility " ? , titanium (Ti) and its alloys are
widely used as implant materials, predominantly in ortho-
paedic and dental implant surgery. However, their corrosion
properties in acid or alkaline solutions and biological fluids
are not satisfactory. Such biomaterials show high friction co-
efficient, poor wear properties and low abrasion resistance in
vivo > *. These disadvantages can be overcome by modifica-
tion of Ti or Ti alloy surface by different methods, which can
lead to favourable bone regeneration and integrity between
the bone tissue and implant surface. At the same time, these
procedures can improve the clinical performance of implants,
without affecting their original biocompatibility. Ideally, sur-
face modifications should enhance osseointegration and fas-
ten the healing phase after implantation. Biofunctionality of
coating depends on the coating technique and factors that in-
fluence the process of osseointegration such as surface mi-
croroughness, coating thickness and nanotopography °.

Deposition of hydroxyapatite (HAP) coatings on the
surface of Ti alloys, due to its similarity to the biological ap-
atite, enhances implant bioactivity and bonding with bone *.
Besides, HAP coatings with corresponding roughness im-
prove the primary stability of implants and can also induce
osteogenic differentiation of human mesenchymal stem cells
% and promotion of the ingrowth of new bone tissue °. The
nanoscale features of HAP coatings increase the rate of the
bone formation around the implant surface, diminishing par-
ticularly the friction in contact of the implants with natural
bone and reducing significantly wearing of bone tissue in di-
rect contact with implant '°. Plasma-sprayed HAP coatings
frequently show a large variation in coating thickness and
density, insufficient coating-metal adhesion strength as well
as changes in structural and chemical properties during the
coating process, especially transformation of the crystalline
structure of HAP to the amorphous phase ' '2.

In our previous paper we described the microstructure
and sintering mechanism of HAP coatings on pure Ti ob-

Magi¢ M, et al. Vojnosanit Pregl 2019; 76(5): 492—501.

tained by an innovative atmospheric plasma jet method with
a high electric energy input . The coating was stable be-
cause its adhesion was unusually high, around 60 MPa. Due
to such a high adhesion, the coating was stable. On the other
hand, the phase composition was appropriate because the
crystalline phase of HAP predominates over the amorphous
one. In this work, a similar procedure was applied for coating
of the Ti6Al14V alloy. The principal goal of the study was to
investigate cytotoxicity of uncoated, one side and two sides
HAP coated TiV4Al6 test samples using 1.929 as a target cell
line, recommended for the biocompatibility testing of medi-
cal devices ", in different in vitro models.

Methods

HAP coatings of Ti6Al4V by plasma jet deposition

The rods of DC Ti6Al4V alloy (Bien-Air Medical
Technologies, Switzerland) were cut into discs, diameter 10
mm and height 2 mm, by means of electro-erosion. The discs
were firstly polished on one or both sides using fine alumin-
ium oxide (Al,O3) powders with granulation of 5 —0.05 mm.
The specimens were then immersed in 5 M NaOH aqueous
solution for 24 h at 60°C after which they were removed
from the solution and washed with distilled water. After-
wards, they were immersed in 1 M Ca(NO;), aqueous solu-
tion for 24 h at 60°C, rinsed with distilled water after re-
moving from the solution, and dried at room temperature. Fi-
nally, the specimens were heated at 600°C for 4 h in the electri-
cal furnace in an air atmosphere, and cooled to room tempera-
ture in the furnace.

Prepared titanium alloy (Ti6Al4V) specimens were fur-
ther used as a substrate for plasma jet deposition of HAP.
The plasma installation PJ-100 (Plasma Jet, Serbia) was used
for the plasma spray process. The basic parameters of instal-
lation used for the coating deposition were: Plasma power
52.0 + 1.5 kW, voltage 120+2 V, current 430 £5 A, argon
flow 38.5 = 1.2 L/min, powder carrier gas (air) 8 L/min and
powder feed rate 2.0 £ 0.1 g/s. The diameter of aperture of
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the anode nozzle was 8 mm, while the length of plasma jet
was between 60 and 70 mm. The spraying process was con-
trolled fully by a computer-driven device which enabled the
nozzle to be moved at chosen speed and direction. Commer-
cially available HAP powder (Captal® 90, Plasma Biotal
Limited, UK), with an average grain size of 90 pm was used
for the plasma deposition.

Test samples and conditioning

Test samples included: uncoated Ti6A14V; one side and
two sides HAP coated Ti6Al4V discs; polystyrene discs (nega-
tive control) and nickel (Ni) discs (positive control). All discs
had the same dimensions, diameter of 10 mm and height of 2
mm. The polystyrene discs were prepared by cutting a polysty-
rene plate (Sarstedt, Germany). The nickel discs were prepared
from a Ni road using the same procedure as used for cutting of
the Ti6Al4V alloy. Before use in the cell culture experiments,
the samples were sonicated in distilled water in an ultrasonic
bath for 10 minutes, washed again with distilled water, sterilized
in 70% alcohol for 30 minutes and transferred into the sterile
Petri dishes to dry on ambient temperature.

The extracts of test samples in culture medium, named
as conditioned medium (CM), were prepared by incubating
the test samples in complete culture medium consisting of
Roswell Park Memorial Institute (RPMI) 1640 medium
(Sigma, Munich, Germany) with addition of 10% foetal calf
serum (Sigma), 2 mM of L-glutamine (Sigma) and antibiot-
ics (penicillin, streptomycin and gentamicin) (all from Ga-
lenika, Belgrade), in an incubator with carbon dioxide (CO,)
at 37°C. The surface area of test samples/volume of complete
medium was lem’/mL. Conditioning lasted either 24 hours
or 7 days. A similar procedure was applied for the prepara-
tion of medium extract from already conditioned samples.
After the incubation, CM were collected, centrifuged at 3000
rpm/ 10 min and then frozen at -20°C until use in the cell
culture experiments. HAP and Ca(OH), (Merck), both at the
concentrations of 40 mg/mL were also extracted in the cell
culture medium. The control CM was complete RPMI me-
dium without the test samples.

Cytotoxicity assays

The cytotoxicity tests were performed in vitro by using
a direct contact method of the discs samples with the subcon-
fluent monolayer of L.929 cells or indirectly by examining
the metabolic activity of L929 cells in the presence of differ-
ent dilutions of CM according to the ISO-10993-5 guide-
line '*. The L929 cells are a mouse fibroblast cell line
(ADCC collection, Rockville, MA, USA).

In the direct assay, L929 cells were cultivated in com-
plete RPMI medium in 6-well plates (Sarstedt, Germany) un-
til reaching about 80% confluency. The Ti6Al4V alloys,
coated or uncoated as well as positive and negative control
samples were placed into the centre of the wells and culti-
vated for 24 hours in an incubator with 5% CO,. The surface
of the test samples/volume of medium was 1 cm*mL. The
cells without the test samples served as the negative control.

All cultures were done in triplicates. After cultivation, the
cultures were examined under the invert microscope (IX51
Inverted Microscope, Olympus) at 10 and 20x magnifica-
tions. The quality of cell monolayer was analysed in the
proximity and at the distance from the samples. Confluences
of cell growth indicated the absence of cytotoxicity while the
rounding, vacuolization and detachment of cells indicated the
existence of cytopathic effects of the samples. After the mi-
croscopic examination, the samples were removed and de-
tached from the plastic surface by using 0.25% of trypsin
dissolved in the serum free RPMI medium with addition of
0.02% ethylenediamine tetracetic acid (EDTA). The viability
of 1929 cells was determined by using 1% Trypan blue. The
viability was calculated by subtracting the percent of dead
(Trypan blue” cells) from 100%.

In the experiments with CM, the L.929 cells were culti-
vated in 96-well plates in complete RPMI medium
(1 x 10%well; volume 200 pL) overnight in sixplicates. After
that, the medium was carefully removed and replaced with
different dilutions of CM and the cells were cultivated for
another 24 hours as described for direct assay. In the experi-
ments where the effect of Ca in CM was investigated, the
cultures were treated with nifelate (10 pg/mL), prior to plac-
ing CM in the cell cultures. The triplicates of cultures were
used for the MTT test, whereas other triplicates were used
for the detection of necrosis and apoptosis, respectively.

MTT assay

Metabolic activity was assessed by performing the as-
say based on mitochondrial succinate dehydrogenase ability
to reduce 3- [4,5 dimethyl-thiazol-2-1yl]-2.5 diphenyl tetra-
zolium bromide (MTT) into the water-insoluble blue Forma-
zan product. This reaction is directly proportional to the cell
survival in vitro . The 1929 cells (1 x 10*) were cultivated
in presence of CM as described above. After cultivation, the
medium was carefully removed and filled with new complete
culture medium without phenol red (100 pL) in which
0.1mg/ml of MTT was dissolved. The cells were then culti-
vated for 4 h. After that, 100 pL of 10% sodium dodecyl sul-
phate (SDS) in hydrochloric acid solution 0.01 mol/L (0.01M
HCI) (Serva) was added and cells were cultivated addition-
ally for 18 h.

Formation of formazan was detected in cultures by
reading the optical density (OD) of samples at 570 nm (Beh-
ring ELISA Processor II, Heidelberg, Germany). The test re-
sults were presented as the percentage of the metabolic activ-
ity of cells in the culture with the analysed samples in com-
parison with the metabolic activity of control, non-treated
cells. Metabolic activity was calculated as follows: Meta-
bolic activity (%) = [(OD of cells cultivated with test sam-
ples — OD of test samples cultivated without cells) / (OD of
cells cultivated alone - OD of control medium)] x 100.

Apoptosis and necrosis assays

After 24 hours of cultivation in CM, apoptosis of L.929
cells was determined by a morphological method. The cells
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were detached from the plastic substrate by trypsine and
stained with the Turk solution, as we have already originally
described '°. The apoptotic cells were identified on the basis
of their homogeneously stained, condensed nuclei. The num-
ber of totally calculated cells/sample was 500. The results
were expressed as percentages of apoptotic cells.

Necrosis was detected after staining of the L929 cells
with propidium iodide (PI) (Sigma) and the subsequent anal-
ysis of cells by the flow cytometry using the Partec Cube 6
flow cytometer. For this purpose, the L929 cells were col-
lected from the wells after trypsinization, washed with phos-
phate buffered saline (PBS) and incubated with 500 uLof PI
(10 pg/mL) dissolved in PBS. The labeled (necrotic) cells
were analyzed immediately after staining. The results were
expressed as percentages of necrotic cells by analysing
10.000 cells/sample.

Proliferation assay

The proliferative activity of the cells was studied by us-
ing a [’H]-thymidine incorporation assay. The L1929 cells
(1 x 10% were plated in 96-well plates in triplicates and in-
cubated overnight. After that, the medium was carefully re-
moved and replaced with different dilutions of CM and the
cells were cultivated for 24 hours, followed by a pulse with
[’H]-thymidine (1 pCi/well, Amersham, Books, UK) for an-
other 8 hours. After that, the labelling fluids were removed
and the cells were detached with 0.25% trypsine. The re-
leased radioactivity was measured in the - liquid scintilla-
tion counter (LKB-1219 Rackbeta, Finland). The results are
expressed as count per minute (cpm). The relative prolifera-
tion was determined by comparing cpm of CM cultures with
cpm of cultures with the control medium used as 100%.

Satigtical analysis

All experiments were carried out at least three times.
The values were expressed as the mean + standard deviation
(SD). The differences between the samples were tested using
one-way ANOVA with the Bonferoni post-test. The differ-
ences at p < 0.05 were considered as statistically significant.

Results
Cytotoxicity of HAP coated Ti6Al4V alloy samples

The first aim of this study was to examine the cytotox-
icity of HAP coated Ti6Al4V alloy samples by using a direct
assay on the 1.929 cells according to the ISO 10993-5 guide-
line. Three Ti6Al4V samples were tested: uncoated
Ti6Al4V, one side, and two sides HAP coated Ti6Al4V disc
samples. Cytotoxic Ni discs were used as the positive con-
trol. Negative controls were polystyrene disks and the 1.929
cells without any test materials. As presented in Figure 1, no
significant changes in the cell morphology and morphologi-
cal signs of cytotoxicity were observed around the Ti6A14V
samples and negative control samples compared to the con-
trol cells. The cells in culture with the positive control sam-
ples showed clear signs of cytotoxicity manifested as round-
ing, deadherence, necrosis and completely inhibited growth
of 1929 cells. No significant signs of cytotoxicity, except
slight inhibition of growth, were observed around the one
side coated Ti6Al4V samples. However, the morphological
signs of cytotoxicity were visible around the two sides HAP
coated Ti6Al4V discs, whereas the distant cells appeared
healthy. When the test discs were removed, the cytotoxicity
signs were noticed under all test samples, except under the
negative, polystyrene controls.

Fig. 1 — Morphological appearance of 1.929 cells monolayers in culture with different test samples.
1) Negative control (cells alone); 2) Positive control (nickel disc); 3) Negative control (polystyrene disc);
4) Ti6Al4V uncoated disc; 5) One side hydroxyapatite (HAP) coated Ti6Al4V disc;

6) Two sides HAP coated Ti6Al4V disc. (Magnification: x100; Inserts x 300).
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Fig. 2 — The effect of uncoated and HAP coated Ti6Al4V alloys and control samples on
viability (A) and metabolic activity (B) of L929 cells.

The test samples were incubated with the 1929 cells for 24 hours as described in methods.
Viability was determined after removal of the samples. Metabolic activity was determined
after the treatment of L929 cells with the conditioning medium (CM) of test samples by
using the cell viability (MTT) assay. The results are presented as relative values (mean +
standard deviation (SD) of triplicates) compared to the negative control (cells cultivated
alone) values used as 100%.
**.p<0.01; ***-p<0.005 compared to the negative control or to the corresponding
samples, as indicated by bars
HAP-1/HAP-2: hydroxyapatite coated on one or two sides of Ti6Al4V alloy, respectively.

These morphological observations were confirmed by
using the quantitative viability assay, based on the calcula-
tion of Trypan blue positive (dead) cells (Figure 2A). The
differences between the two sides HAP/Ti6Al4V and one
side HAP/Ti6Al14V samples as well as between the two sides
HAP/Ti6A14V and uncoated Ti6Al4V samples, respectively,
were statistically significant (p < 0.005). To examine wheth-
er the observed cytotoxicity was due to the released toxic
products from the HAP/ Ti6Al4V alloys, CM prepared after
a 24-hour conditioning of the samples in the culture medium
were used. The results presented in Figure 2B showed the
same pattern of cytotoxicity, except that the level of cytotox-
icity was slightly higher compared to the viability assay.
Based on the ISO 10993-5 criteria, the uncoated Ti6Al4V al-
loy and one — side HAP/Ti6Al4V alloy were classified as
non—cytotoxic (reduction of viability less than 30%), where-
as the two sides HAP/Ti6Al14V alloy was classified as slight—
moderate cytotoxic (reduction of viability by 30%—55%).

Both apoptosis and necrosis areinvolved in cell death
induced by CM of the HAP/Ti6AI4V alloy

The additional tests were performed to evaluate the
mode of cytotoxicity: PI staining to evaluate necrosis; Tiirk
staining to evaluate apoptosis and [*H]-thymidine incorpora-
tion assay as an indicator of cell proliferation. Figure 3A
showed that undiluted CM of Ti6A14V alloys (uncoated, one
side — and two sides HAP coated) induced necrosis of L929
cells. Necrosis was the highest using CM prepared from the
two sides HAP/Ti6Al14V alloys and was dilution dependent.
It is interesting that the lower concentrations of
HAP/Ti6A14V CM induced higher degree of apoptosis that

the higher ones (Figure 3B). The observed necrosis/apoptosis
results were in agreement with the results obtained in the
proliferation assay. As expected, the inhibition of [‘H] -
thymidine incorporation by the 1929 cells was the highest
using CM of two sides HAP/Ti6Al4V samples. All three
tested Ti6Al14V CM samples showed the higher degree of in-
hibition of cellular proliferation compared to the level of cy-
totoxicity obtained by using the necrosis/apoptosis assays
(Figure 3C).

Conditioning decreases the cytotoxicity of
HAP/Ti6AI4V samples

Next, we examined whether the conditioning modified
the cytotoxicity of HAP/Ti6Al14V alloys. In this context, the
two sides coated HAP/Ti6Al14V discs were conditioned for
24 hours and then tested in the direct cytotoxicity assay. At
the same time the 24 hour CM, prepared from already condi-
tioned HAP/Ti6Al4V alloys, was tested by the MTT. The
same procedures were applied for the uncoated Ti6A14V and
control samples. As presented in Figures 4A and 4B, both the
direct and indirect assays clearly showed that conditioning
significantly decreased the cytotoxic effect of HAP/Ti6A14V
alloys. The cytotoxicity of two sides HAP/Ti6Al4V alloys
determined by the MTT assays (initial 48.2 = 4.73) was de-
creased after conditioning (23.5 £ 3.0) to the level of ac-
cepted cytotoxicity according to the ISO 10993-5 criteria
(p<0.005). In contrast, the cytotoxicity of uncoated
Ti6Al4V as well as Ni discs and their CM were not signifi-
cantly modified. No further reduction of cytotoxicity was ob-
served after the additional conditioning of samples for 7 days
(Figures 4C and 4D).
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Fig. 3 — The effect of conditioned medium (CM) of Ti6Al4V alloys and control samples on necrosis (A),

control used as 100% [all as mean + standard deviation (SD) of triplicates].
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apoptosis (B) and proliferation (C) of L929 cells.

The L929 cells were cultivated with undiluted (100%), 50% and 25% conditioning medium (CM) for 24 hours. After that
necrosis, apoptosis and proliferation were determined as described in methods. Results are presented as percentages of
necrotic (propidium iodide — PI+ cells), percentage of apoptotic cells or as relative proliferation compared to the negative

*-p<0.05; **-p<0.01; ***-p <0.005 compared to the negative control or to corresponding samples, as indicated by bars.
HAP-1/HAP-2: hydroxyapatite coated on one or two sides of Ti6Al4V alloy, respectively.
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Fig. 4 — The effect of conditioned Ti6Al4V alloys and CM of the conditioned Ti6Al4V alloys
on viability (A, C) and metabolic activity (B, D) of L929 cells.

The test samples were conditioned in RPMI culture medium for 24 hours (A, B) or 7 days (C, D) as described, and used in the
direct assays with the L929 cells to assess the viability. CM were prepared by incubating the conditioned samples for 24
hours. Such CM were cultivated with 1929 cells for 24 hours and then the metabolic activity of the cells was examined.
*-p<0.05; **p < 0.01; ***-p < 0.005 compared to the negative control or to corresponding samples, as indicated by bars
HAP-1/HAP-2: hydroxyapatite coated on one or two sides of Ti6Al4V alloy, respectively.
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Fig. 5 — The effect of nifelate on the metabolic activity of L929 cells treated with different conditioned media.

The L1929 cells were treated with CM prepared from the HAP, Ca(OH), or two sides HAP-coated Ti6Al4V alloy in presence
or absence of nifelate (10 pg/mL) for 24 hours and after that the metabolic activity of the cells was determined by cell viabil-

ity (MTT) assay as described in methods.

The results are presented as relative metabolic activity [mean * standard deviation (SD); n = 3] compared to the values of

control cells.

*-p < 0.05 compared to corresponding samples as indicated by bars.

The role of Cain cytotoxicity of the HAP coated
Ti6AI4V alloy

The final aim of this work was to examine the possible
role of Ca ions in the HAP/Ti6Al4V cytotoxicity, based on
the previous results which showed that this process depended
on the amount of HAP used for coating. The estimated

amount of HAP on the two sides coated Ti6Al4V alloy was
40 mg. Therefore, this amount of HAP was conditioned in
the same volume of complete RPMI medium as used for the
Ti alloy conditioning. As shown in Figure 5, CM from HAP
was not cytotoxic, indicating that released HAP from the al-
loy was probably not a cause of cytotoxicity. Since HAP is
hardly soluble in water solutions, we tested CM prepared
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from Ca(OH)2 which is more soluble under the same condi-
tions. We showed that CM from Ca(OH), was slightly cyto-
toxic, but much lower than CM of HAP/ Ti6AI4V samples.

Finally, we used nifelate (Ca channel blocker) in the as-
say with CM. Nifelate abrogated completely the cytotoxic ef-
fect of Ca(OH), CM, but only slightly reduced the cytotox-
icity of HAP/Ti6Al4V CM.

Discussion

Modification of surface of the Ti alloys, which are used
as implants in dentistry and orthopaedic surgery, can lead to
favourable bone regeneration and integrity between the bone
tissue and implant surface '’. In this context, HAP has been
widely used due to its good biocompatibility. However, the
bioactivity of HAP coatings in vivo largely depends on the ap-
plied method '®. The plasma-sprayed HAP coatings frequently
show a large variation in the quality of the HAP layer includ-
ing poor coating — metal adhesion strength, non-uniformity
in coating thickness and density, as well as changes in the
structural properties during the coating process '°. The proc-
ess of plasma spraying can also influence the change from
crystal to amorphous form in the HAP phase composition .

To improve most of these parameters, our research
group used an innovative plasma jet method, with high elec-
tric energy input, for the HAP coating on high purity Ti sub-
strate . The procedure enabled extraordinarily high adhe-
sion strengths of the obtained coatings, showing a very rough
surface with micro and nano patterns. Therefore, the same
method was applied in this study for the HAP coating of
Ti6Al4V alloy. Although there was no detailed microstruc-
tural analysis of the Ti6Al4V coating, during cytotoxicity in-
vestigation we found that HAP layer was quite stable, thus
demonstrating the paramount importance for oseointegration.

The biocompatibility studies start from the cytotoxicity
assay in vitro '* and this was the principal goal of this work.
Our results showed that all examined Ti6Al4V samples ex-
erted a certain degree of cytotoxicity. The cytotoxicity of un-
coated and one side coated Ti6AI4V samples was acceptable
according to the current ISO 10993-5 criteria '*, since the
degree of cytotoxicity did not exceed 30%. The cytotoxicity
of two sides HAP coated Ti6Al4V samples was in the range
of 30%-55% and because of that they were classified as
slight-moderate cytotoxic. The cytotoxicity was verified ac-
cording to the reduction of cell viability (MTT and morpho-
logical assays), decrease of cellular proliferation and induc-
tion both of necrosis and apoptosis of L929 cells.

It is interesting that we observed a lower level of apop-
tosis when CM, prepared from the two sides HAP Ti6Al4V
alloys, was tested in higher concentrations. In contrast, ne-
crosis of L929 cells was concentration dependent. This phe-
nomenon could be explained by the fact that cells triggered
to undergo apoptosis will die by necrosis when the intracel-
lular energy level is low, such as adenosine triphosphate
(ATP) depletion *°. Based on this concept, it can be postu-
lated that the higher concentrations of toxic compounds in
the medium extract blocked the mitochondrial or glycolytic
ATP generation and caused necrosis. When their concentra-
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tions are lower the threshold ATP concentrations are suffi-
cient to execute the apoptotic programme.

What could be the mechanisms involved in cytotoxic-
ity? It is obvious that they are different depending on the
used samples. A slight cytotoxicity of uncoated Ti6Al4V al-
loy, which was already described in literature *' could be due
to the release of cytotoxic Ti, aluminium (Al) and vanadium
(V) ions *"**. The release of these ions is usually bellow cy-
totoxic concentrations, due to the formation of a Ti-oxide
protective layer > >, but they could act synergistically at the
subtoxic concentrations. These ions could be also released
from the HAP coated Ti6Al4V discs.

However, a certain degree of cytotoxicity might be
caused by the HAP coatings. Crystalline HAP is not cyto-
toxic because it is hardly soluble in water solutions. We also
confirmed in this study that CM prepared from HAP did not
modify the metabolic activity of 1929 cells. The nanostruc-
ture forms of HAP show some degree of cytotoxicity as
demonstrated on HepG2 cells ** due to the induction of oxi-
dative stress and subsequent cytopathic effects through both
necrotic and apoptotic mechanisms.

We hypothesize that the most pronounced cytotoxic ef-
fect on the L929 cells observed in this study by the two sides
HAP coated Ti6Al4V was induced by the amorphous forms
of the coating layer, including calcium oxide (CaO), three-
and tetracalcium phosphate. These phases, which were de-
veloped during the applied plasma spraying procedure ' *°
are soluble in water solutions *. Of them, CaO is the most
soluble and non-biocompatible compound ****. CaO forms
Ca(OH), in water. Therefore, we tested whether CM pre-
pared from Ca(OH), suspension was cytotoxic. The answer
was yes, similarly as described for the Ca(OH), nanoparticles
¥ but the degree of cytotoxicity was lower compared to CM
from the HAP/Ti6Al4V alloys.

The hypothesis that soluble components of HAP coat-
ing could be responsible for the obtained results is in line
with the observations that conditioning of the two sides
HAP/Ti6Al14V alloy significantly reduced its cytotoxic effect
up to the non-cytotoxic level according to the ISO 10993-5.
Based on this original finding, we can suggest using a kind
of conditioning procedure for the HAP coated metal alloys
before their implantation in vivo, as a helpful method to re-
duce the cytotoxicity. However, to make this presumption
more relevant, it is necessary to determine the concentrations
of Ca released in the culture media during conditioning si-
multaneously with the characterization of HAP coating by
Auger microscopy, as well as to test other water solutions in-
stead of culture medium.

To check the possible effect of soluble Ca for the ob-
served cytotoxicity of CM prepared from the HAP-Ti6A14V
alloys, we blocked the Ca channels by nifelate. We showed
that the cytotoxicity under such experimental conditions was
only slightly diminished, indicating that Ca ions could not be
a key factor influencing the cytotoxicity. Other mechanisms
could be related to the ingestions of micro or nano HAP par-
ticles which might be released in CM. Such particles were
visible around disc samples in the direct cytotoxicity assay.
Recent studies showed that nano-HAP was cytotoxic due to
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the interference of ingested particles with different signalling
mechanisms including those related to cell proliferation/death .
It is also possible that cytotoxicity of HAP/Ti6A14V CM could
be due to the synergism between released metal ions and the
component of amorphous HAP phases, either in their soluble or
particulate forms. To make this conclusion more relevant, ele-
mental analysis of these components will be necessary and this
investigation is in progress.

Conclusion

This study shows that the HAP coatings obtained by an
innovative plasma jet deposition on the Ti6Al4V alloy en-
ables good adhesion stability of the coated layer. However,
when both sides of disc samples of the Ti6Al4V alloy are

coated, the cytotoxicity of target L929 cells was enhanced.
The cytotoxicity was reduced to the non-cytotoxic level by
conditioning of the HAP/Ti6Al4V alloy in culture medium
for 24 hours, most probably due to the removal of the amor-
phous phase of HAP. Therefore, a conditioning procedure
could be helpful if applied before the implantation of HAP
coated metal alloys in vivo.
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Abstract

Background/Aim. There is limited published evidence on
the cytotoxicity of 3D printed polymer materials for den-
tistry applications, despite that they are now widely used in
medicine. Stereolithography (SLA) is one of the foremost
3D processes used in 3D printing, yet there are only a small
number of resin materials reported to be suitable for medi-
cal applications. The aim of this study was to investigate, i
vitro, the cytotoxic effect of the 3D printed resin in order to
establish the suitability for its usage in dentistry and related
medical applications such as surgical dental guides, occlusal
splits and orthodontic devices. Methods. To examine the
cytotoxicity of the 3D printed polymer-based epoxy resin,
Accura® ClearVue™ (3D-Systems, USA), two cell cultures
were used: mouse fibroblasts 1.929, and human lung fibro-
blasts MRC-5. The cell viability was determined by the
Mosmann's colorimetric (MTT) test and the agar diffusion

Apstrakt

Uvod/Cilj. Malo je objavljenih dokaza o citotoksi¢nosti 3D
stampanih polimernih materijala za upotrebu u stomatolo-
giji, bez obzira na njihovu sve $iru primenu u medicini. Ste-
reolitografija (SLA) jedan je od najvaznijih 3D procesa koji
se primenjuje za 3D $tampu, ali postoji samo mali broj ma-
terijala na bazi smola za koje je dokazano da su pogodni za
medicinsku primenu. Cilj ove studije je bio da se ispita, 7 vi-
tro, citotoksi¢ni efekat 3D Stampanog polimera kako bi se
utvrdila moguénost za njegovu upotrebu u stomatologiji i
stodnim medicinskim oblastima, kao sto su hirurske den-
talne vodice, okluzalni splintovi i ortodontski aparati. Me-
tode. Da bi se ispitala citotoksi¢nost 3D $tampanog poli-

test (ADT). Results. Direct contact of the tested material
with the ADT test showed nontoxic effects of tested mate-
rial in any cell culture. The tested material showed no cyto-
toxic effect after 3 days of extraction of the eluate by the
MTT, but mild cytotoxic effect after 5, 7 and 21 days on
both cell lines. The cytotoxicity increased with increasing
the time of the eluate extraction. Conclusion. The 3D
ptinted polymet-based epoxy tesin, Accura® ClearVue™
(3D-Systems, USA) is considered appropriate for making
surgical dental implant guides according to the cytotoxic
behavior. According to the mild level of cytotoxicity after
the longer extraction periods, there is a need for further
evaluation of biocompatibility for its application for the oc-
clusal splints and orthodontic devices.

Key words:
cell culture techniques; dental materials; epoxy resin;
material testing; printing, three-dimensional.

mera na bazi epoksi smole, Accura® ClearVue ™ (3D-Si-
stems, USA), koriScene su dve celijske kulture: fibroblasti
misa 1929 i humani fibroplasti pluca MRC-5. Vijabilnost
celija utvrdena je Mosmannovim kolorimetrijskim testom
(MTT) i testom difuzije agara (ADT). Rezultati. Direktan
kontakt testiranog materijala ispitan pomocu ADT pokazao
je da materijal nije imao citotoksican efekat ni na jednu
Celijsku kulturu. Testitrani materijal je imao blag citotoksi¢ni
efekat posle 5, 7 i 21 dana ekstrakcije eluata primenom
MTT na obe Ccelijske linije. Citotoksi¢nost je rasla sa
produzenjem vremena ckstrakcije eluata. Zakljucak. 3D
Stampani polimer na bazi epoksi smole, Accura® Cleat-
Vue ™ (3D-Sistems, USA) se moze smatrati pogodnim za
iztadu hirurskih dentalnih implantnih vodica sa tacke
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gledista njegovog citotoksi¢nog uticaja. Zbog pokazanih
blagih citotoksi¢nih efekata nakon duzih ekstrakcionih peri-
oda eluata potrebna su dalja istrazivanja u oblasti biokom-
patibilnosti materijala da bi se taj polimer mogao koristiti za
izradu okluzalnih splintova i ortodontskih aparata.

Kljucne reci:

celije, kultura; stomatoloski materijali; smole,
sintetiCke; materijali, testiranje; Stampanje,
trodimenzionalno.

Introduction

Manufacturing processes that create physical three-di-
mensional (3D) objects by successive deposition or adding
layers of material are commonly known as the Additive Ma-
nufacturing (AM) or 3D printing. There is a wide range of
3D printing processes capable of fabricating in polymer and
metal materials, some of which are used in dental applicati-
ons '. The various types of additive manufacturing include
the stereolithography (SLA), fused deposition modeling
(FDM), selective laser sintering (SLS), laminated object ma-
nufacturing (LOM), polymer jetting (polyjet) technology,
Electron Beam Melting (EBM) and laser melting (LM)*".
All 3D printing processes start with the 3D Computer Aided
Design (CAD) geometry as an input. The CAD data is
typically translated into the STL file format. Then it is sliced
into a discrete number of layers, which are rebuilt using the
3D printing process. This enables the construction of parts
with complex geometries and features, such as undercuts,
cavities, complex internal geometry, etc., without the
necessity for using molds or tools’. The 3D printing is wi-
dely used in medicine and related fields including: orthope-
dic surgery, maxillofacial and dental reconstructions, bio-
printing tissues, and organs, and also for educational tools *°.
Accuracy in planning and performing surgical procedures in
dentistry is extremely important to achieve the desired clini-
cal results and avoid iatrogenic damage of the surrounding
tissue. Patient-specific, transient use surgical guides produ-
ced using the 3D printing allow a precise, safe and minimally
invasive surgical procedure. The guides produced on the ba-
sis of 3D data obtained using cone beam computed
tomography (CBCT) are specifically indicated for high-risk
patients with severe orofacial anatomy such as expanded
maxillary sinus or alveolar bone loss’'’. Data obtained from
the CBCT images are transformed by the software into a
format compatible with the 3D printers *. The surgical guides
are used to place implants into the correct position and at the
planned angulations®’. The 3D computer systems allow a
detailed preoperative diagnosis and setting up a detailed tre-
atment plan as well as the creation of surgical guides .

In recent years, implantology has become a very im-
portant field of dentistry, since patients' demand for such re-
storative procedures continuously grows. Consequently, the
need for the surgical guides that transfer planned implant po-
sition directly into operative field is also increasing''. Furt-
hermore, the development of computerized procedures led to
dramatic changes and intervention options in implantology '*.
Comparing to a standard surgical procedure, a guided
surgery offers high accuracy, preservation of anatomical
structures as well as examination of vital structures, followed

Puskar T, et al. Vojnosanit Pregl 2019; 76(5): 502-509.

by the reduced surgical time, less invasiveness in the opera-
tion procedure and predictable prosthetic outcomes *'°. It
was also proven that the surgical guides, produced on bases
of the CBCT imaging, lead to a more accurate implant pla-
cement, comparing to conventionally fabricated guides '
The 3D printers appear as a logical fabrication technology
for the surgical guides, since they can produce required mo-
dels quickly and efficiently, revolutionizing dental and medi-
cal practice in general.

Due to the increasing requirements for treating patients
with dental implants there is a need for the development of
new materials for the fabrication of surgical guides by the 3D
printing. Since guides come into direct contact with the open
surgical wound and must stay in place during the surgical
procedure, the material must be biocompatible and remain
dimensionally stable during the sterilization process. To ensure a
successful clinical use of materials in dentistry, it is necessary to
have information about their physical, chemical, mechanical and
biological properties. These properties depend not only on the
chemical structure of the material and production technology but
also on the behavior of materials in changeable conditions pre-
vailing in the oral cavity'”'. Dental materials and implants ha-
ve special requirements such as nontoxic, non-allergic and non-
cancerous effects, all of which involve chemically and
physically stable material ",

In vitro tests are the most appropriate strategies for de-
termining the biological response to material and are used as
the initial tests when examining biocompatibility ***'. In vi-
tro tests are faster, easier, cheaper, lighter and easier to re-
peat in comparison to other types of tests '°. It is important
that in vitro tests simulate the conditions in vivo and the con-
ditions prevailing in the oral cavity in order to obtain signifi-
cant results that can be properly interpreted . In the oral en-
vironment, human gingiva cells come into contact with the
components of the material directly (e.g., oral mucosa and
the denture base, oral mucosa and the periosteum and surgi-
cal guides) and indirectly (oral mucosa comes into contact
with the substances released in saliva). To imitate in vivo
conditions in the presented research, the cytotoxic effects of
the tested material was investigated both by the direct con-
tact between the samples and the cells [agar diffusion test
(ADT)] and by the contact of the cells with eluates of the te-
sted material 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromidefor (MTT test).

This research investigates used in vitro methods to eva-
luate the biological response of the SLA material Accura”
ClearVue™. This material is reported by the manufacturer to
be capable of meeting the United States Pharmacopeia (UPS)
Class VI. The USP Class VI compounds must be made from
ingredients with clear histories of biocompatibility that meet
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tight requirements for leachates. The SLA process also crea-
tes 100% dense, highly cross-linked, humidity-resistant
polymer parts in the Accura” ClearVue™ clear material,
making it one of the most suitable for implant dentistry and
related surgical applications from the aspect of their physical
properties . Available information on this material that ori-
ginates from the manufacturer indicates its good perquisite
biocompatibility and mechanical properties, but there is little
scientific data on its possible citotoxicity and behavior in
oral cavity.

The aim of this research was to investigate in vitro
cytotoxic effects of the 3D printed polymer based epoxy re-
sin Accura® ClearVue™ (3D-Systems, USA) on two diffe-
rent cell lines, murine 1929, and human MRC-5 cell line
with ADT and the MTT test, to test the increase or decrease
of cytotoxicity in time and to give the answer whether the te-
sted material can be used as material for fabrication of the
3D printed surgical dental guides, occlusal splints or ortho-
dontic devices from the aspect of cytotoxicity.

Methods

Test material

The chemical composition of the Accura® ClearVue ™
in unpolymerised state is given in Table 1.

The CAD (Magics v19, Materialise, Belgium) was used
to create disk with a diameter of 5.5 mm and thickness of 3
mm (Figure 1). Thirty-six samples were analyzed. The sam-
ples were supported using the standard preparation software
(Magics v19) and fabricated by the SLA-6000HD machine
(3D-Systems, USA) using a 0.1 mm layer thickness. Once
complete, the samples were removed from the build plat-
form, soaked in isopropyl alcohol for 10 minutes, moved to a
second isopropyl alcohol bath for 30 min, air dried before
being subjected to ultraviolet light in a post-curing apparatus
for 30 min to ensure full polymerization of the material. All
samples were handled with gloves and were sealed in
polythene back for delivery. These processes were discussed
previously and the effectiveness of cleaning was establis-
hed**.The samples were cleaned and disinfected by ultraso-
und in an alcoholic aqueous solution, for a period of 5 min.
Afterwards, they were washed in distilled water and again
sonicated for a 5 min in isopropyl alcohol. The eluates (ex-
tracts) were obtained by incubation of samples in 4 mL of
modified Dulbecco’s solution (DMEM, Sigma) without se-
rum, in a sealed tube at a temperature of 37 + 1°C and in a
water bath (GFL, Germany) > .

The length of the extraction period was 3, 5, 7 and 21
days. After each period of extraction, the extracts were re-

moved and the tubes were again filled with fresh solution.
All extracts were filtered off before working for sterilization
purposes. During the ADT, the contact between cell lines
and material samples was conducted direct, while during the
MTT test it was done through eluates (extracts).

Fig. 1 — Analyzed samples.

The cytotoxicity effect was determined 24 hours after
incubation of cells with the solid test samples and with the
eluates from the 3rd day up to 21 days.

Cell lines

For in vitro biocompatibility testing, two different fi-
broblast cell lines (L929 and MRC-5) were used. The L929
(ATCCCRL-636) cell line was of mouse origin, whereas the
MRC-5 line (ATCC CCL-171) was a human fibroblast line.
The cells were cultivated in DMEM medium (Sigma, Mu-
nich, Germany) supplemented with 10% fetal calf serum
(FCS) (Sigma, Munich, Germany), 2 mM L-glutamine (Sig-
ma, Munich, Germany) and antibiotics antimycotic solution
(Sigma, Munich, Germany). The cells were subcultured twi-
ce a week and a single cell suspension was obtained using
0.1% trypsin in EDTA (Serva, Heidelberg, Germany).

Mosmann’s colorimetric test with tetrazolium salt

The test is based on the reduction of 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide to the pro-
ducts of formazan and it was used for the estimation of cell
attachment and proliferation . The cells were collected in
the logarithmic growth phase, tripsinized, resuspended and
counted in 0.1% trypan blue. The viable cells were seeded in
Petri dishes (50 mm Center well, Falcon) with the tested sub-
stance/discs, in concentration of 2 x 10°/mL. The control
samples did not contain tested substance.

Table 1
Chemical composition of Accura® ClearVue ™ B
Component %
4.4" isopropyliden 2-cycloheksanol, the oligomeric products of reaction with 1-chloro-2.3-epoxypropane 40-65
mixture of triarylsulfonium salt (50% of propylene carbonate and 50% of a triarylsulfonium 1-10
hexafluoroantimonate salt)
3-ethyl-3-hydroxymethyl-oxetane 10-20
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The Petri dishes with the seeded cells were left in ther-
mostat at 37°C and 5% CO, for 48 h. After incubation, the
cells were seeded in fresh medium. The viable cells were se-
eded (5 x 10*/100 uL) in quadruplicates in a micro titer plate
with 96 holes. The plates with the seeded cells were left at
the thermostat at 37°C, 5% CO, for 24, 48 and 72 h”.
Immediately prepared MTT solution was added into all holes
in the plate in a volume of 10 pL per hatch and incubation
was continued for the next 3 h (in the incubator at 37°C, 5%
CO,). At the end of the 3rd h, 10 uL 0.04 mol/L HCl in iso-
propanol was added in every hole. The absorbance was read
immediately after the incubation on the micro titer plate rea-
der (Multiscan, MCC/340) at a wave length of 540 nm and
referent wave length of 690 nm. The holes on the panel that
contained only medium and MTT, but no cells, were used as
blanks (“blank”).

Cytotoxicity was expressed in percentage according to
following equation: CI(%) = 1-Ns/Nk x 100, where Nk is
the number of cells in the samples and the Ns is the number
of cells with tested substance.

The results are presented as percentages of viable cells
(% cell viability = [total viable cells / total cells (viable +
dead)] x 100). Quantitative changes in cell viability were
presented descriptively: cell viability > 90% control — mate-
rial is noncytotoxic; cell viability = 60-90% control — mate-
rial is mildly cytotoxic; cell viability = 30-59% control —
material is moderately cytotoxic; cell viability of < 30% con-
trol — material is serious cytotoxic *°.

Agar diffusion test

The agar diffusion test is carried out according to the
international standard ISO 10993 and ISO 7405 **2'.

Eagle’s Basal Medium which contained 2.2 g/L sodium
bicarbonate, 3.0 g/l HEPES and 50 ml/L of serum was used
in this test. Double concentration of medium was prepared
without HEPES, and Na,CO; 1 g/L was reduced. Agar me-
dium was sterilized by autoclaving and filtration. Neural-red
solution was kept protected from light. The Petri dishes were
used in diameter 100 mm suitable for the cell culture. The
cells were harvested in the logarithmic growth phase.

The samples of test material in the form of discs were
placed on the top layer of agar in each dish and were incu-
bated under controlled conditions (37° C, 5% CO,) for 24 h.
After hardening of the agar nutritive medium at room tempe-
rature (about 30 min), the cells were stained with neutral red
(10 mL) and left in the dark for 15 min. Staining of the cells
was achieved by adding neutral red (10 mL, a solution of
0.01% neutral red in phosphate buffer) that diffuses through
the agar and makes living cells intensively red. Excess of a
neutral red solution was aspirated > *’.

The decolorization zone around the test materials and
controls was assessed using an inverted microscope with a
calibrated screen, and the Decolorization Index and Lysis In-
dex were determined for each specimen in accordance with
the criteria presented in Table 2.

Table 2
Decolorization index and lysis index for agar diffusion test (ADT)
Decolorlzatlon Decolorization Lysis Index
index
0 No decolorization detectable no cell lysis detectable
1 Decolorization only under the test substance less than 20% cell lysis
2 Decolorization zone not greater than 5.0 mm from the test substance 20—40% cell lysis
3 Decolorization zone not greater than 10.0 mm from the test substance 40-60% cell lysis
4 Decolorization zone greater than 10.0 mm from the test substance 60-80% cell lysis
5 The total culture is decolorized more than 80% cell lysis
% of viabile cells
100
90 <
e
80 *g__—_:\___—
—_— 525

70 ——MRC-5

60

50

3days Sdays 7days 21 days
Time of exposure

Fig. 2 — Viability of 1.929 and MRC-5 cell line presented as the percentage of the control
found by the Mosmann's colorimetric (MTT) assay.
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The results were statistically analyzed using the SPSS.
The results obtained by the MTT assay and ADT are expres-
sed as the mean (M) with a standard deviation (SD) and
standard error (SE). The mean value, standard deviation and
coefficient of variation (CV) were calculated for the replica-
tes (at least triplicate) samples in each experiment. Cytotoxi-
city was expressed as a percentage. Comparison of the re-
sponse of two cultures at different extraction period was per-
formed using the t test with a significance level of p=0.05.

Results

MTT test

The results of the MTT test are presented in Figure 2
and Table 2.

The results are presented as the percentage of viable
cells compared to the control group without tested material.

After the incubation of murine fibroblast L929 cell line
with the extracts of experimental material in DMEM, it was
observed that the tested material was found noncytotoxic af-
ter the first tested period of 3 days and mildly cytotoxic after
all other tested periods. After 3 days of exposition, the per-
centage of viable cells was 96.26%, after 5 days 89.96%, af-
ter 7 days 85.10% and after 21 days 79.40% (Figure 2 and
Table 3). After the incubation of human fibroblast MRC-5
cell line with extracts of experimental material in DMEM, it
was observed that the tested material was also found

noncytotoxic after the first tested period of 3 days and mildly
cytotoxic after all other tested periods. After 3 days of expo-
sition, the percentage of viable cells was 94.10%, after 5
days 87.61%, after 7 days 86.21% and after 21 days 77.60%
(Figure 2 and Table 3). The cytotoxic effect depends on the
period of extraction and tends to rise with the period length.
The highest cytotoxicity was expressed by the eluate from
the 21 days, and a minimal from the 3rd day. The tests on
both cell lines with the eluate of the first extraction period of
3 days showed that the material had noncytotoxic effect, as
opposed to cells that were in contact with the eluate of the
Sth, the 7th and the 21st day of the extraction, which showed
mild cytotoxicity of tested material (Figure 2 and Table 3).
By comparing the responses of two different cell cultu-
res, it was found that the viability of L929 murine fibroblasts
was slightly higher compared to the viability of the MRC-5
human fibroblasts, for all periods of extraction except for the
extraction of eluent from the 7th day of extraction, when the
viability of human fibroblasts was slightly higher (Figure 2).

Agar diffusion test

The results of the agar diffusion test were obtained ac-
cording to the 4 replicate tests. Cytotoxic effect of 3D prin-
ted samples from Accura” ClearVue ™ was not recorded ne-
ither on L1929 cell line nor on MRC-5 cell line. There was no
discoloration around the specimen in any cell culture and the
lysis index was 0 (Table 3).

Table 3
The results of the Mosmann's colorimetric (MTT) assay on the L.929 and MRC-5 cell line
. Days
Cell line C 3 5 7 71
1.008 0.855 0.689 0.824 0.742
0.962 0.915 0.457 0.769 0.781
0.951 0.824 0.650 0.725 0.743
1929 0.985 0.822 0.695 0.773 0.784
0.968 0.971 0.839 0.745 0.738
0.860 0.895 0.760 0.798 0.764
0.943 0.856 0.920 0.812 0.719
0.963 0.872 0.840 0.821 0.743
Blank: 0.012
mean + SD 0.934 £ 0.050 0.899 +0.051 0.840 £+ 0.065 0.794 £ 0.034 0.741 £0.018
Cv 5.375 5.667 7.779 4.283 2.490
Ci % 0.000 3.749 10.043 14.944 20.624
C% 96.251 89.957 85.056 79.376
0.539 0.525 0.475 0.572 0.442
0.575 0.555 0.496 0.611 0.436
0.458 0.522 0.407 0.588 0.458
0.457 0.519 0.499 0.602 0.441
MRC-5 0.599 0.477 0.409 0.540 0.412
0.616 0.566 0411 0.464 0.410
0.543 0.556 0.548 0.419 0.423
0.461 0.489 0.576 0.490 0.422
Blank: 0.034
mean + SD 0.555+0.070 0.522 £ 0.045 0.486 = 0.089 0.478 £0.051 0.431 £ 0.007
Cv 12.591 8.713 18.210 10.569 1.557
Ci % 0.000 5.904 12.393 13.790 22.397
C % 94.096 87.607 86.210 77.603

*C — control; Ci —cytotoxicity.
SD — standard deviation; CV — coefficient of variation.
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To grade the test material, the scale that takes into ac-
count the decolorization index and cell lysis index was used.
The cell response was calculated by Decolorization Index di-
vided by Lysis Index. Cell response was 0, so obtained re-
sults are considered noncytotoxic.

Discussion

The present research was made by the MTT assay in
which the material was in contact with the cells by means of
the eluate and the agar diffusion test in which the samples
were in direct contact with the cells, as the monomers and
other components diffuse through a thin layer of agar. Cyto-
toxicity tests are considered to be primary, in vitro tests, for
the research of biocompatibility of materials that are to be
used for medical purposes. They provide information about
the cytotoxicity of the material and cytotoxicity of eventual
leaking agents from the material on the cell culture ™. They
are standardized and the results can be easily compared with
required levels of safety>"**. According to ISO 7405 stan-
dard, both the direct contact test and the contact of the cells
with eluates, are recommended®'. With the direct contact
tests, in vivo conditions are better imitated, but they involve a
certain risk of mechanical damage of the cells and also incre-
ase the risk of bacterial contamination of the cell culture **.

Agar diffusion method, which is less sensitive compa-
red to the MTT test, showed a completely negative result.
The MTT test showed a drop-in cell number with an increase
of the length of extraction in relation to the control group.
The difference in results is caused mainly due to different
sensitivity of the two tests.

By comparing the cell viability of two different cell cul-
tures in the present research, it can be noted that the higher
rate of survival showed the mission in relation to human fi-
broblasts. The exception is the 7th day, where the MRC-5
culture cells were more viable. These differences may be re-
lated to the differences in cell lines (human and murine fi-
broblasts) as well as to the differences in their doubling pe-
riod, but the final ranking of the results of cytotoxicity did
not differ for the L929 and MRC-5 cell line. Murine fibro-
blasts belonging to the permanent cell cultures (L929) as
well as human fibroblasts (MRC-5) can be regarded as ana-
logues of cells of oral mucosa*'. Murine fibroblasts are often
used in various studies of dental materials*>. Permanent cell
lines are simpler systems without specific metabolic poten-
tial as target cells (target cells in vivo). However, some rese-
arch suggests that these cells are more sensitive to a variety
of tests in relation to the primary culture . Fibroblast cell li-
ne MRC-5 in the present research was used to obtain the re-
sults of the human cell line and check whether there is a dif-
ference between the mouse and human fibroblasts in terms of
cellular response. Thus, the obtained results may be inter-
preted in a clinically relevant manner.

The MTT test carried out on the cell culture MRC-5
showed that the material had a satisfactory degree of
biocompatibility, which was not less than 77.60% and more
than 94.10% cell viability. The lowest recorded viability was
77.60% and this value represents the viability of MRC-5 cul-
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ture in contact with eluates from the 21st day. The fibroblasts
viability of both cell lines measured by the MTT assay was
the lowest in the most concentrated eluate.

The tested material showed no cytotoxic effect in direct
contact with the cells and after 3 days of the extraction pe-
riod. This finding indicates that the 3D printed polymer-ba-
sed epoxy resin, Accura® ClearVue™ (3D-Systems, USA)
can be used for the production of surgical dental guides that
are to be in the contact with the wound or mucosa for a short
period of time (up to a couple of hours). Findings of the mild
cytotoxic effect after 5, 7 and 21 days of extraction and in-
creasing cytotoxic effect with increasing the time of extraction
indicate that the tested material could be used even for produc-
tion of occlusal splints and orthodontic devices, but the additio-
nal tests of biocompatibility are necessary, because of the long
term contact of those dental devices with oral mucosa.

Similar tests conducted on the acrylic materials, denture
base materials used for decades, showed mild to moderate
cytotoxicity ***. The release of toxic substances from the
acrylate is most intense in the first 24 hours after poly-
merization. Research show that greatest cytotoxicity of com-
posite resin can be expected in the first 24 hours after
polymerization, in contrast to the presented study where the
cytotoxicity was the lowest in the first 3 days, but increased
with the period of extraction.

In addition to the chemical composition of materials,
the method of polymerization is one of the decisive factors as
far as the cytotoxicity of acrylic resinis concerned . An ex-
tension of the polymerization time can reduce the toxicity of
the resin. The Accura” ClearVue ™ material is continuously
polymerized during the SLA process, then further post-cured
after being cleaned”’. It can be assumed that this method of
polymerization contributes to reduction of the amount of re-
sidual monomer and consequently better biocompatibility of
epoxy resin.

Although the epoxy-based material evaluated in this re-
search met prerequisite material and processing standards for
medical applications, similar cross-linking acrylic materials
were proven to be potentially toxic, mutagenic or allerge-
nic**. Some studies showed that the 3D printed objects can
be toxic*>*, allergenic '**® , or cause inflammatory response
combined with infections*'. Besides adverse reaction to the
generated product, some hazardous particles can be found in
the air during specimen production*"?. It is, therefore nota-
ble that very few research articles discussing the biocompa-
tibility issue of the 3D printed materials can be found in the
available literature®”**. A recent study, where toxicity of the
3D printed parts was assessed on zebra fish embryos, con-
cluded that both FDM and SLA samples were measurably
toxic*’. Furthermore, the SLA specimens showed greater to-
xic potential, that could, however, be greatly reduced by
post-processing of samples by means of the UV light expo-
sure. Though direct comparison is not implementable since
different resin was used opposed to present research, safety
data sheets indicate that it is likely the both materials contain
the acrylic and/or metacrylic groups. Another study ** on the
same culture also revealed a potential health risk that can be
reduced by a post-printing treatment of the specimens. Ho-



Page 508

VOIJNOSANITETSKI PREGLED

Vol. 76, No 5

wever, it has to be noted that human application differs from
aquatic animals; therefore implication of further tests is
necessary.

With a growing field of 3D printers, their size reduction
to a desktop variant would certainly make the surgical guides
more reachable for everyday clinical use. Those guides are in
a limited contact with live tissues (< 24 h), yet clinical situa-
tion might demand bone or blood communication, which
might require sensitization, irritation or systemic toxicity
tests, according to ISO 10993. Despite many advantages of
its application, biocompatibility of printed parts still remains
a field for further investigation.

Conclusion

Within the limitations of this study it was concluded
that the 3D printed Accura® ClearVue™ material had non-
cytotoxic effect on the cell cultures L929 and MRC-5 in di-
rect contact with the cell culture tested by the ADT. MTT
assay showed no cytotoxic effect after 3 days of extraction of
eluates and mild cytotoxic effect after 5, 7 and 21 days of ex-
traction on both cell cultures. Cytotoxicity increases with the
longer extraction patterns. Human cell line was somewhat
more sensitive to the action of the material, but it is not
clinically relevant. The 3D printed polymer-based epoxy re-
sin, Accura® ClearVue™ (3D-Systems, USA) is considered

appropriate for making surgical dental implant guides accor-
ding to the cytotoxic behavior. According to the mild level of
cytotoxicity after the longer extraction periods, there is a
need for further evaluation of biocompatibility for its appli-
cation for occlusal splints and orthodontic devices.

Further research shall be focused on in vivo testing to
reach comprehensive data about biocompatibility and poten-
tial use of the 3D printed epoxy resin in different fields of
dentistry.
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Advanced magnetic resonance techniques in early differentiation of
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Abstract

Background/Aim. The diagnosis of glioblastoma multi-
forme progression may be confounded by a phenomena
termed pseudoprogression (PSP) and pseudoresponse
(RCT) which has become more common with the adoption
of radiation therapy with concurrent and adjuvant applica-
tion of temozolomide (CRT). Distinguishing of these phe-
nomena is based on the follow-up scans since no single im-
aging method or technique is yet capable of performing
their discrimination. In this study, we evaluated the dynamic
susceptibility contrast (DSC perfusion) imaging and mag-
netic resonance (MR) spectroscopy to predict the prognosis
and time to progression in the patients with glioblastoma
multiforme. Methods. Fourty patients with primary glio-
blastoma multiforme were included in the analysis. The pa-
tients were examined in 3rd week after surgery and 10th
week after the beginning of CRT. The MR exams were per-
formed using the 1.5 T' MR scanner (Avanto; Siemens, Et-
langen, Germany). The maps of perfusion parameters and
time-to-peak (TTP) parameter were calculated using the
DPTools v3.79 software. The 3D CSI PRESS MR spectros-
copy was performed in the area corresponding to the con-

Apstrakt

Uvod/Cilj. Uvodenje tretmana glioblastoma zra¢nom tera-
pijom uz konkurentnu i adjuvantnu primenu temozolomida
(CRT) dovelo je do pojave nove dijagnosticke dileme — po-
trebe za razlikovanjem pseudo-progresije i presudoodgovo-
ra. Razlikovanje snimaka magnetne resonance (MR) ova dva
fenomena za sada je moguce samo evaluacijom u vise vre-
menskih tacaka u toku terapije, dok nove tehnike koje bi
pomogle u njithovom razlikovanju nisu jos uvedene. U radu
je analizirana mogucnost primene Zme-to-peak (I'TP) mapa
dinamickog perfuzionog imidzinga i magnetno rezonantne
spektroskopije u utvrdivanju odgovora tumora na terapiju.

trast enhancement on the T1W images. Results. Thirty-two
of the 40 patients had progressive disease and 8 had pseu-
doprogression. Progressive disease showed the mean time
of the peak values of 33 £ 7 s in 3rd and 30 = 5 s in 10th
week with no statistical significance between these two peri-
ods (p>0.05). The patients with pseudoprogression
showed the mean time of the peak values of 32 £ 8 s in 3rd
week and 43 £ 9 s in 10th week; it was statistically signifi-
cant difference (p < 0.05) was which favors better response
to therapy. The spectroscopy results showed presence of
glycine peak at 3.56 ppm in 6 patients with progressive dis-
ease which was not seen on spectra with pseudoprogres-
sion. Conclusion. The observed significant differences in
the TTP values for PSP and RCT can provide basis for dis-
tinguishing two entities. The presence of glycine peak in the
MR spectra could be a marker of RCT.

Key words:

glioblastoma; disease progression; drug therapys;
radiotherapy; surgical procedures, operative; magnetic
resonance imaging; spectrum analysis; diagnosis,
differential.

Metode. Analizirano je 40 bolesnika sa primarnim gliobla-
stomom multiforme. Bolesnici su snimani u tre¢oj nedelji
nakon operacije i desetoj nedelji od pocetka CRT. Pregledi
na aparatu za MR radeni su na aparatu 1.5 T Avanto Sie-
mens, Erlangen Nemacka. Mape perfuzionih parametara
generisane su i analizirane koris¢enjem programa DPtools
v3.79. 3D CSI PRESS spektroskopija sa dugim i kratkim
vremenom cha radena je kod svih bolesnika. Rezultati.
Kod 32 od 40 bolesnika dijagnostikovana je progresija bole-
sti, a kod osam je dijagnostikovana pseudo-progresija. Kod
bolesnika sa progtresijom bolesti dobijene #me-to-peak vred-
nosti su bile 33 £ 7 s u trecoj nedelji i 30 £ 5 s u desetoj ne-
delji, sto ne predstavlja statisticki znacajnu razliku. Vredno-
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sti ovog parametra za pseudoprogresiju bile su 32 £ 8 s u
trecoj i 43 £ 9 s u desetoj nedelji $to je statisticki znacajna
razlika (p < 0.05). Rezultati spektroskopije ukazali su na pri-
sustvo glicinskog pika kod $est bolesnika sa progresijom bo-
lesti, dok kod pseudoprogresije ovaj metabolit nije bio pri-
sutan. Zaklju€ak. Analizirani MR snimci pokazali su da je
MR veoma uspesna tehniku za postavljanje dijagnoze pro-

gresije bolesti tokom terapije kod bolesnika sa glioblastomom.

Kljucne reci:

glioblastom; bolest, progresija; leCenje lekovima,
radioterapija; hirurgija, operativne procedure;
magnetna rezonanca, snimanje; spektar, analize;
dijagnoza, diferencijalna.

Introduction

Glioblastoma multiforme (GBM) is the most common
brain tumor characterized by high aggressiveness and poor
outcome. The current standard of treatment is surgical resec-
tion, followed by concomitant chemotherapy (CM) and ra-
diotherapy (RT) * % The evaluation of GBM response to
therapy is guided by severa criteria which consider findings
in the post-treatment radiological and clinical evaluation.
According to Macdonald et al. 3, the tumor recurrence (RCT)
can be established by presence of 25% increase in the post-
contrast TIW magnetic resonance images (MRI) and clinical
deterioration. Recently adopted RANO (Response Assess
ment in Neuro-Oncology) * criterion states that, within pe-
riod of 12 weeks upon completion of RT, a true progression
can only be established if amgjority of new post-contrast en-
hancement in the T1W images appears in region outside the
areatreated by the RT. However, the introduction of the new
first-line chemotherapeutic temozolomide (TMZ) led to ob-
servation of arelatively new phenomenon in the follow-up of
GBM treatment — pseudoprogression (PSP). PSP is a phe-
nomenon of subacute changes observed in the glioma imag-
ing, subsequent to radiochemotherapy, suggestive of pro-
gression, with or without associated clinical sequelae, which
resolve spontaneously without further therapy °. In contrast
to radiation necrosis which appears months to several years
after RT ©, PSP usually can be observed several weeks after
RT ’. Beside the similar appearance of PSP and RCT on the
post-contrast TIW images, the first could be also followed
by clinical deterioration. The correct distinguishing of PSP
and RCT has a large impact on decision whether TMZ appli-
cation should be continued or ceased and changed with an
agent specific for recurrent tumor (e.g., Avastin, etc.).

The advanced MRI methods, such as diffusion
weighted imaging (DWI), perfusion imaging and magnetic
resonance spectroscopy (MRS) showed variable success in
distinguishing two entities. The principal obstacle in the
evaluation of GBM response to therapy using DWI lies in
inherently high heterogeneity of tumors appearance on the
DWI and maps of the apparent diffusion coefficient (ADC),
a feature which is often further increased by treatment. Chu
et al. ® reported that DWI obtained at the very high b-values
(3000 smm®), hardly obtainable in clinical MRI setups, can
be used in distinguishing PS and RCT.

Since neoangiogenesis and increased vascular density
are prominent features of recurrent tumors, the techniques
which enable their tracing have a large potential in differen-
tiation of RCT from radiation necrosis. So far, thereis a sin-
gle report dealing with the use of dynamic contrast enhanced

Mihailovi¢ ], Dakovi¢ M. Vojnosanit Pregl 2019; 76(5): 510-517.

(DCE) imaging in distinguishing RCT from PSP. Suh et al. °
used ratios of areas under initial and, somewhat arbitrarily,
selected final part of DCE curve to successfully distinguish
these entities.

The perfusion parameters derived from the dynamic
susceptibility weighted imaging (DSC) such as relative cere-
bral blood flow (rCBF), mean transition time (MTT) and par-
ticularly relative cerebral blood volume (rCBV) have been
successfully used to distinguish residual/recurrent neoplasm
from treatment-related radiation necrosis ' ™. Few studies
reported the use of the DSC parameters in differentiation of
RCT and PSP, although with variable success. Song et a. *2
reported that mean rCBV cannot be used for differentiation
of RCT and PSP. Kong et al. ** reported that PSP showed
significantly lower rCBV values compared with RCT, so
they could be distinguished with cut-off value 1.45 (81.5 %
sensitivity, 77.8 % specificity). There are reports that PSP
and RCT can be distinguished with somewhat higher sensi-
tivity and specificity when cut-off value 1.8 for rCBV is
used > ** Mangla et a. ™ evaluated the rCBV values in the
patients with GBM before and 1 month after RT-TMZ treat-
ment and observed 41% decrease in rCBV in the PSP pa-
tients, in contrast to 12% increase in rCBV for the RCT pa-
tients. However, the studies dealing with classical analysis of
perfusion maps suffer from severa limitations. First, differ-
ent modalities were used for correction of contrast leakage
which is usually achieved by use of the pre-bolus application
of small dose of a contrast agent or by use of a software; in
some studies this correction was not used et al . Second,
the regions of observed the increase of rCBV values may
contain tissue which responded to treatment as well as viable
tumor in different fractions — even a minute presence of
GBM (abundant less than 5 % in total) is considered as
RCT *. There are several studies involving detailed analysis
of the rCBV maps in tumor region. Baek et al. ™' used the
histogram analysis of perfusion maps in two time points after
completition of RT and CM and found that percentage
change in the histogram parameters can be used for distin-
gushing PSP and RCT. Cha et al. *® implemented complex
approach by combining the histograms of ADC and rCBV
maps and traced changes in their parameters between two
follow-up time points. They found that difference histograms
with high sensitivity and accuracy can be used for distin-
guishing RCT and PSP. Tsien et a. *° used the voxel-based
analysis of rCBV maps before and after received therapy and
significantly lower values of this parameter in PSP when
compared to the RCT patients. Hu et al. *® used interesting
approach for differentiation of PSP and RCT as well as for
obtaining tumor burden in enhancing lesion. In their study a
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combination of histological analysis of tumor tissue and
evaluation of perfusion maps was used in obtaining the
rCBV cut-off values which resulted in complete differentia-
tion of PSP from RCT.

The time-to-peak (TTP) parameter can be determined
by measuring the interval from the contrast agent administra-
tion to appearance of minimum in time course of DSC signa
change. The maps of this parameter are usually generated au-
tomatically using the standard software packages built in the
MRI console. However, due to a variation between the time
of contrast injection and the arrival of the bolus in the cere-
bral arteries the comparison of absolute TTP values is diffi-
cult to compare. Therefore, in order to enable comparisons
between TTP for different individuals or the examinations,
the standardized TTP maps should be used %. This parameter
was extensively used in computed tomography (CT) for dif-
ferentiation of pathologies outside the central nervous system
(CNS) and in characterization of strokes, and in differentia-
tion of GBM from solitary metastasis. However, to our
knowledge, TTP derived from the DSC images has been
used only for the evaluation of the stroke-affected tissue %,
but not for the assessment of tumor response to therapy.

MRS is frequently applied as a tool for differentiation
various brain pathologies. However, the discrimination pow-
er of MRS in follow-up of tumor response to therapy islim-
ited by considerable overlapping of spectroscopic profiles of
RCT and radiation/chemo therapy. This is particularly pro-
nounced in differentiation of RCT and TMZ/RT treatment-
induced PSP since both could have the same spectroscopic
features including reduction of N-acetyl aspartate (NAA), €l-
evation of choline (Cho) and a large increase in lactate/lipid
concentrations %%,

Several studies showed that the GBM cells release exci-
toxic levels of glutamate in extracellular space . This
may lead to the increased levels of this excitatory neuro-
transmitter which is followed by elevation of levels of inhibi-
tory transmitters particularly glycine (Gly). Although there is
a number of biochemical studies which dealt with transport
and accumulation of glycine in the GBM cells, the reasons
for this remain unclear . Increased levels of Gly were also
observed in some metabolic diseases, meduloblastomaand in
the low grade tumor central neurocytoma.

In this study we evaluated a possibility of TTP applica-
tion, as minimally subjective parameter, in distinguishing of
PSP from RCT. Sensitivity and specificity of differentiation
were compared to that of the routinely reported DSC pa-
rameter rCBV. The level of glycine, obtained from the anal-
ysis of MRI spectra of tumor tissue was tested as a marker
for establishing presence of PSP.

Methods
Patients

This study included 40 patients with primary GBM,
confirmed by histopathological analysis, (27 maes and 13
females, mean age 51 years) who underwent a surgical resec-
tion followed by concomitant TMZ and RT. The treatment

protocol included RT plus continuous daily TMZ (75
mg/m?/day) followed by 6 cycles of adjuvant TMZ (150
mg/m? for 5 days every 28 days). The treatment started one
week after the surgery.

Magnetic resonance imaging examination

All MRI examinations were performed using the 1.5T
MR scanner (Avanto; Siemens, Erlangen, Germany) in the
3rd and 10th week upon the surgery (2nd and 9th week after
starting the CMT+RT therapy). The first part of protocol in-
cluded the TIW (TR/TE 550/9.4 ms), T2W (TR/TE
3808/89ms) and FLAIR imaging (TR/TE/TI 9900/126/2500).
The MR examinations were repeated in the 6th month after
the surgery in order to establish definitive diagnosis of PSP
and RCT: a decrease of postcontrast enhancement on the
T1w images was indicative to presence of PSP, otherwise
RCT was diagnosed. The obtained images were reviewed by
aneuroradiologist with 18 years of experience.

Dynamic susceptibility contrast

The DSC MRI was performed using a dynamic T2*-
weighted echo-planar MR sequence. The multisection image
data were acquired for atotal of 90 s, with the bolus contrast
injection occurring after 13 seconds to get a sufficient num-
ber of baseline images. The images were acquired in the ax-
ial plane with the mid-dlice position at the level of the basal
ganglia. A contrast medium bolus (dose, 0.1 mmoL/kg Ga
dovist, Bayer Schering Pharma, Berlin, Germany) was ad-
ministered using an MRI injector (Ulrich Medical; Missis-
sippi™ (MRI), Germany) with a5 mL/s flow rate.

The data from the DSC MRI were transferred to a PC
workstation and analyzed using the software package
DPTools (Version 3.79). Time courses of the DSC signal
were obtained from four ROIs (20-30 pixels in size) placed
in regions of the row DSC images corresponding to contrast
enhancement in the TIW images. Arteria input function was
selected by placing single ROl over the middle cerebral ar-
tery located in the hemisphere contralateral to lesion. After
obtaining the rCBV maps, four ROIs (20-30 pixels) were
placed within regions of the map which correspond to the
contrast enhancement in the T1W images or perifocaly to
surgical cavity if no post-contrast enhancement was ob-
served. rCBV associated with each positioned ROI was ob-
tained and normalized (NCBV) by division by rCBV ob-
tained for contralateral white matter. The DSC curves were
obtained from ROIs identically positioned as previously de-
scribed and averaged. The TTP parameter was determined as
a time period from the application of contrast agent to ap-
pearance of minimum of curve.

1H magnetic resonance spectroscopy

1H MRS was performed usng 3D CS PRESS with long
echo time (TE =135 ms). The Voxd matrices were placed in the
area of the high sgnd intengities on the T2W/FLAIR imageswhich
corresponded to edema and the contrast enhancement on TIW. The
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gpectra eva uation was performed using the commercid Syngo v15
workgation (Semens, Erlangen, Germany), metabolites as choline,
chromium, (Cho, Cr), N-acetylaspartate (NAA) and asingle pesk a
3.56 ppm in long echo time defined as Gly were taken into account.
The areaunder the curve of ametabolite Cho, NAA was conddered
as reldive concentration and was measured in terms of ratiosinrda
tionto Cr (Cha/Cr, NAA/C).

Satistical analysis

Statistical calculation was performed in the IBM SPSS
Statistics17. Comparisons between the obtained mean TTP
values between the patient with pseudoprogression and true
progression were performed using ANOVA with Bonfferoni
correction. Statistical significance was set at p = 0.05.

Results

In the 3rd week from the beginning of concomitant RT
and CMT areas of high signal were observed in FLAIR im-
ages both in patients with PSP and RCT. However, no post-
contrast enhancement was detected in the TIW images.

In the 10th week from starting the therapy, the MRI ex-
aminations demonstrated a new enhancement in the post-
contrast TIW images patients, both in patients with PSP and
RCT (Figures 1b and 1d). In addition, hyperintensities were
observed in the regions of the FLAIR images that correspond
to the non-enhancing portion of the lesion in both entities
(Figures 1a and 1c). The follow-up MR imaging in the 6th
month upon surgery revealed presence of RCT in 32 (80%)
patients, while the PSP was established in 8 (20%).

Fig. 1 — FLAIR and post-contrast T1W images obtained
in the 10th week after surgery in the patients with true
progression (upper row) and pseudoprogression (lower
row). Although minute area of post-contrast
enhancement was obeserved in b) and d)
pseudoprogression (PSP) and radiation and
chemotherapy (RCT). In case of pseudoprogression
follow-up, the magnetic resonace imaging (MRI)
demonstrated a decrease of region of post-contrast
enhancement in both entities [a), ¢)].
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Figure 2 shows the box-whiskers plot of the nCBV val-
ues for PSP and RCT in the 3rd and 10th week after surgery.
No significant differences were found between the nCBV
values in pseudo-progression in the 3rd week (mean
2.94 £ 0.95) and in the 10th week (mean 3.31+ 1.32) after
tumor resection. Also, no significant differences were found
between the nCBV values for progressive disease in the 3rd
week (mean 2.99+0.97) and in the 10th week (mean
3.30+ 1.05). Similarly, no differences were found between
PSP and RCT when the nCBF values were analyzed (3rd
week after surgery: nCBF(PSP) =2.62 + 1.10, nCBF(RCT)
= 280+141; 10th week: nCBF(PSP)= 236+ 1.24,
NCBF(RCT) = 2.74 + 1.2).

4.5+
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3.0
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2.0

nrCBV

T T
PSP RCT

10" week

T T
PSP RCT

3" week

Fig. 2 — Normalized relative cerebral blood volume
(arCBYV) values for pseudoprogression (PSP) and
recurrent tumor (RCT) in the 3rd and 10th week

after surgery.

The mean DSC curves for RCT and PSP in the 3rd
week and in 10th week after surgery are shown in Figures 3a
and 3b.
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Fig. 3a — Average dynamic susceptibility contrast (DSC)
curves in patients with tumor progression in the 3rd
week (circles) and the 10th week (squares) after surgery.
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Fig. 3b — Average DSC curves in the patients with

pseudoprogression in the 3rd (circles) and the 10th week
(squares) after surgery.

Figure 4a shows the box-whiskers plot of TTP vaues
for PSP and RCT in the 10th week after surgical resection.
No significant differences (p > 0.05) were found between the
TTP vaues in the first (mean 30 + 5 s) and in the second
time point (33 + 7 s) in the RCT group. A significant differ-
ence (p < 0.05) was observed when the TTP values for PSP
were compared: 32 + 8 sin the 3rd week and 43 £ 9 sin the 10th
week. Also, the TTP vaues for RCT and PSP differed signifi-
cantly in the 10th week, but not in the 3rd after surgery.

The receiver operating characteristic (ROC) curves for
differentiation RCT from PSP for the 3rd week and the 10th
week after surgery are shown in Figures 5a and 5b. It can be
noticed that differentiation of PSP and RCT, based on the
TTP values observed in the 3rd week after surgery, is charac-
terized by intermediate sensitivity and high specificity (64%
and 94% respectively). However, in the 10th week, specific-
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ity and sensitivity for their differentiation were 78% and
99% (AUC = 0.86, p < 0.001), respectively.
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Fig. 4 — The time-to-peak (TTP) values of progression
and pseudoprogression in 10th week compared with the
TTP values from the normal brain tissue and contra-
lateral brain tissue.

In 1H MR spectrafor all 40 patients we observed mark-
edly decreased the NAA/Cr ratios and prominently elevated
the Cho/Cr ratio (Cho/Cr > 2) compared to the contralateral
normal-appearing brain tissue (Cho/Cr= 0.8-1). The in-
verted lactate peak could be identified in most of the cases
and usually was high in the cystic/necrotic portion of the tu-
mor. Presence of Gly peak at 3.56 ppm was established in
spectra of enhancing lesion in 6 (18%) patients with progres-
sive disease (Figure 6b), but not in spectra of pseudoprogression
(Figure 6a). The Gly was detected only in solid part of the tumor
with the Gly/Cr ratio in range from 0.50 to 0.95. The observed
ratio of Gly/Cho waslow and range from 0.12t0 0.18.
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Fig. S — Receiver operating characteristic (ROC) curves of perfusion time-to-peak (TTP) for progression and
pseudoprogression in A) 3rd and B) 10th week after surgery.
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Fig. 6 — 1H magnetic resonance (MR) spectra with long echo time in the patients with a) pseudo-progression and b)
progressive disease in 10th week (glycine peak is present (3.56 ppm) in the spectra of patient with diagnosed
progression). The spectroscopic voxel was positioned in the solid part of the tumor.

Discussion

In this study, we used modified (“in-house”) protocol
for the MRI assessment of tumor response to combined RT
and CMT - the first follow-up MRI was performed in the
course of therapy (3rd week after surgery) while the second
was performed in the first week after its finalization. The
commonly reported protocols employed baseline MRI per-
formed within 48 h after surgery and the second time point is
usually within 4-12 weeks after completion of therapy.

We found no significant differences between the nCBV
values for PSP and RCT regardless of time point used for
comparison. The nCBV values obtained early in the course
of therapy (3rd week after surgery) are in agreement with the
values previoudy reported for non-treated GBM, which sug-
gest that no changes in this parameter can be observed at this
time point. The finding that NCBV cannot differentiate PSP
and RCT in the 10th week after surgery disagrees with the
findings of a majority of studies which evaluated the use of
NCBYV in the assessment of GBM response to therapy > >,
However, in those studies there were differences in cut-off
values and performance of nCBV in differentiation between
PSP and RCT. Song et a. * and Sugahara et a. % reported
that this parameter had no value in solving this diagnostic di-
lemma. Leimgruber et al. ? even claimed that nCBV could
not distinguish between the RCT and effects of therapy. The
absence of concordance between findings of those studies
may be attributed to severa causes. First, the vasodilatation
and inflammation which induced by application of concomi-
tant therapy could lead to overlap in the nCBV values for
PSP and RCT. Further, different algorithms for the estima-
tion of perfusion parameters, subjectivity in AlF selection,
presence/absence of contrast leakage correction may intro-
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duce errors in nCBV determination. For example, using
blood pool constrained agent and standard gadolinium based
agent, Gahramanov et a. * demonstrated that absence of
correction to leakage of contrast agent may lead to 20% in-
crease in false negative RCTs. Last but not the least, the
choice of the ROI positioning may be determining because
suspected RCT/PSP may contain portions of tissue that re-
sponded to therapy as well as viable tumor . Albeit, the
procedures involving the advanced analysis of perfusion pa-
rameters showed a good performance in distinguishing PSP
and RCT Y™, the complexity of their algorithm made them
hardly suitable for routine clinical assessment of the GBM
response to treatment.

When evaluating the performance of TTP, we found
that this parameter, measured in the first week after therapy,
could be used in distinguishing RCT and PSP with relatively
high specificity and sensitivity. The prolonged TTP in PSP
compared to RCT may be explained by presence of inflam-
mation and radiation induced damage of blood vessels and
conseguent decrease in tissue perfusion. This was partly sup-
ported by the lower values (but not significantly) of nCBF in
PSP compared with RCT found in this study. In addition, the
therapy-induced damage of vessels may result in leakage of
contrast agent in interstitium which may lead to an increase
in the TTP value. However, the permeability data which
would confirm our assumption are available for de no-
vo/recurrent GBM and normal tissue, but not for pseudo-
progression ** *, The use of TTP has some advantages over
the standard perfusion parameters in the evaluation of GBM
response to therapy. The values of rCBV and rCBF highly
depend on choice of Arteria Input Function (AIF) which, in
turn, relies on an operator’s experience % *. Further, local
AIF usualy does not match that from the large arteria ves-
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sels (routinely used for the definition of AIF). Inturn, TTPis
directly determined from the DSC signal time course and
thus does not require any assumptions about AIF which
makes the TTP parameter a good choice for unbiased charac-
terization of tissue perfusion %.

We found no significant differences between the
Cho/Cr ratios in GBM and pseudoprogression. This is oppo-
site to the reports which claim that Cho/Cr > 2 are character-
istic for tumor recurrences **. However there are studies that
compromise ability of this ratio to distinguish pseudopro-
gression from tumor tissue . It is awell-known fact that nei-
ther reduction in the NAA/Cr ratio nor concentrations of
NAA are specific in distinguishing brain pathologies *.

Our findings suggest that excess glycine in the region of
post-contrast enhancement in treated GBM might pinpoint to
rest/reappearance of tumor. To our knowledge, there are no
MR spectroscopic studies which dealt with the use of the Gly
levels in distinguishing of recurrent tumor from pseudo-
progression. However, there are both the biochemical * and
MRI spectroscopic studies ** ** ¥ reporting the increased gly
levels of GBM. There are several assumptions about origins
of increased levels of this amino acid in high grade tumors.
The excess concentration of gly found in GBM may be con-
sequence of atered metabolism of glucose in which 3-
phosphoglycerate follows an aternative pathway being con-
verted in 3-phosphoserine and further in serine and gly *.
Recently, Chinnayian et al. * reported altered glucose me-
tabolism in GBM and a severalfold increase in the levels of
key metabolites glucose-6-phosphate, ribose-5-phosphate,
serine and glycine. This finding could support previous as-
sumption. In turn, the increased levels of inhibitory neuro-
transmitter glycine may be a response to the excitoxic levels
of glutamate in extracellular space found in the GBM tissue.
Although some studies suggest presence of additional gene
mutations in RCT compared with primary GBM, there has
not been convincing evidence, so far, for differences in their

chemical constitution. This supports our speculation that the
increased levels of gly may be indication of presence of
RCT.

One of the major limitations of our study is difficulty of
precise estimation of Gly which may be hampered by the
spectral overlap with the Jcoupled resonances of myo-
inositol (Myo) The J evolution of resonances during the echo
time can be exploited for differentiation between the Gly and
Myo signals, but it cannot be excluded a contribution from
Myo even in long echo times.

Other potential limitation of our study is difficulty in
defining pseudoprogression. In our study, we defined pseu-
doprogression based on the RANO criteria. These criteria
were chosen to provide the most potentially useful informa-
tion to the treating neurooncologist. It is possible that some
of the patients who were classified as progressive disease
due to a change in treatment, however, could have had pseu-
doprogression and done well. On the other hand, it is possi-
ble that some patients classified as pseudoprogression had
slowly progressive tumors, instead.

Our final analysis cohort was relatively small, with a
low number of pseudoprogression patients. The magnitude in
the differences in the TTP parameter was striking, however a
statistical significance was achieved. This suggests that such
differences between the two groups are real and robust
enough to prompt additional, larger studies.

Conclusion

Non-invasive techniques to detect and quantify the met-
abolic features and hemodynamic status of human tumor tis-
sue have outstanding clinical potential in cancer imaging.
The results implies that changes in Gly levels and TTP may
be related to specific signatures that favor better response on
therapy and outcome for the GBM patients.
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Abstract

Background/Aim. Complications of breast augmentation,
as one of the most common cosmetic surgery, may be dif-
ferent. Besides usual early, local postoperative complicatons,
the most common late complication is capsular contracture.
As a specific complication of skin functions after this op-
eration only disturbance of sensibility is described. Since the
skin has other functions as well, and because there are no
literature data available, the aim of this research was meas-
uring the skin temperature before and after surgery. Meth-
ods. A prospective intervential study was done in 49 adult
women. Bilateral augmentative mammaplasty was per-
formed for breast hypoplasia or on the personal request of a
patient with autrophic breasts. Measuring the temperature
of the breast skin was done in two points, before the opera-
tion, and seven days and three months after surgery. The
temperature measurement was done by the infrared ther-
mometer (Pyrometer TROTEC BP21). Statistically signifi-
cant difference was determined using the #test for related
samples. Differences were considered statistically significant
if p was less than 0.05. Eta squared coefficient was use to
determine the import size and according to the Cohen crite-
ria everything over 10:14 signified a major impact. The data

Apstrakt

Uvod/Cilj. Komplikacije augmentacije grudi, kao jedne od
najcescih estetskih operacija, su moguce i razlicite. Osim
uobicajenih ranih, lokalnih postoperativnih komplikacija,
najcesca kasna komplikacija je kapsularna kontraktura. Kao
specificna komplikacija poremecaja funkcije koze posle ove
operacije opisan je samo poremecaj senzibiliteta. S obzirom
na to da koza ima i druge funkcije, kao i zbog toga $to ne
postoje podaci u literaturi, cilj istrazivanja bio je merenje
temperature koze dojke pre i posle operacije. Metode.

were analyzed by the IBP SPSS Statistics v20. Results. In a
majority of patients the breasts were hypoplastic (69.39%).
The most commonly used implants were 275-500 mL vol-
ume (46.94%), and the least common implants were over
500 mL (16.33%). In a little less than 2/3 of the patients
submammary incision was used (61.22%). In a majority of
patients (67.35%) the prosthesis were placed subglandularly.
The average value of the temperature before the operation
at the point 1 was 34.49°C, seven days after surgery 34.81°C,
and three months after surgery 34.10°C; and at the point 2:
34.60 °C, 34.91°C and 34.19°C in the same time intervals. In
relation to the size of the breasts before operation and the
size of the implant manufacturer, the localization of the in-
cision and placement of the localization of the prosthesis,
no statistically significant differences in the temperature of
the skin of the breast before and after surgery was observed.
Conclusion. Our results on the change of skin temperature
after the breast augmentation could be significant preopera-
tive information for the patients.

Key words:
breast implantation; reconstructive surgical
procedures; skin temperature; treatment outcome.

Uradena je prospektivna intervencijska studija kod 49 puno-
letnih Zena koje nisu radale. Bilateralna augmentaciona ma-
moplastika je radena zbog hipoplazije dojki ili na li¢ni zah-
tev pacijenta sa eutrofi¢nim dojkama. Merenje temperature
koze dojke je radeno u dve tacke, pre operacije, sedam dana
posle operacije i tri meseca posle operacije. Merenje tempe-
rature je ucinjeno infracrvenim termometrom (Pyrometer
BP21 TROTEC). Statisticka znacajnost razlike je odredena
koris¢enjem #testa za vezane uzorke. Razlike su smatrane
statisticki znacajnim ukoliko je p < 0,05. Koeficijent eta
kvadrat odredivao je veli¢inu uticaja i prema kriterijumu
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Cohena, sve preko 0,14 oznacavalo je veliki uticaj. Dobijeni
su analizirani programom IBM SPSS Statistics v20. Rezul-
tati. Kod vedine ispitanica dojke su bile hipoplasticne
(69,39%). Najcesce su koris¢eni implantati zapremine 275—
500 mL (46,94%), a najrede implantati zapremine preko 500
mL (16,33%). Kod ne$to manje od 2/3 pacijenata prime-
njen je submamarni rez (61,22%). Kod veéine pacijenata
(67,35%), proteza je plasirana subglandularno. Prose¢na
vrednost temperature pre operacije u tacki 1 bila je 34,49°C,
sedam dana nakon operacije 34,81°C, a tri meseca nakon
operacije 34,10°C, a u tacki 2: 34,60°C, 34,91°C i 34,19°C u

istim vremenskim intervalima. U odnosu na veli¢inu dojki
pre operacije, velicinu i proizvodac¢a implantata, lokalizaciju
incizije 1 lokalizaciju plasiranja proteze, nisu nadene
statisticki znacajne razlike u temperaturi koze dojke pre i
posle operacije. Zaklju€ak. Nasi rezultati o promeni tempe-
rature koze dojke posle augmentacije mogli bi da imaju
znacaj u preoperativnom informisanju pacijenta.

Kljucne reci:
dojka, implantati; hirurgija, rekonstruktivna,
procedure; koZa, temperatura; lecenje, ishod.

Introduction

Breast augmentation is one of the most frequent aes-
thetic surgeries and in some countries it is the leading one '.
For example, there are more than 300,000 mammaplasties in
the USA, every year. Different surgical approaches and dif-
ferent implants are used > °. For the most plastic surgeons,
this is the routine surgery, but as any placement of a foriegn
material into the body, it must be taken seriosly.

Complications of mammaplasty are possible and differ-
ent in type and incidence "'*. They are more or less frequent,
minor or significant, nonspecific or specific, local or sys-
temic, early or late. Some of the mammaplasty complications
are specific to this type of operation, the capsular contracture
being the most common, which was studied in detail ° Ac-
cording to literature data, the possible specific complication
of mammaplasty augmentation is a sensory disturbance '*"*.

There are no available data on the skin temperature af-
ter mammaplasty augmentation. A woman with the great de-
sire to resize and reshape the breast, very often is not inter-
ested in possible complications, and sometimes, not com-
pletely informed by a surgeon. Therefore, the aim of this pa-
per was to research breast skin temperature after augmenta-
tion using silicon prosthesis, assuming that a change occurs
on the breast skin after the operation, which could be impor-
tant in providing information to the patient before surgery.

Methods

In the prospective intervention study, breast skin tem-
perature was taken on 49 Caucasian women before and after
augmentation using silicon prosthesis. The operations were

3 7
~
i Gj /1

performed at the Clinic for Plastic Surgery and Burns of the
Military Medical Academy in Belgrade, over the period from
January 1, 2012 until January 1, 2016, with the approval of
the Ethics Committee of the Military Medical Academy.

The inclusion criteria for participation in the study
were: women of age up to 60 years that did not give birth, bi-
lateral mammaplasty augmentation due to hypoplasia of the
breasts or at personal request of the examiners with eutrophic
breasts. Furthermore, an inclusion criterion was also a signed
consent to participate in the study, after the patient was first
acquainted in detail by the researcher with the purpose and
significance of the research. An eutrophic breast was consid-
ered a concave shaped breast, vertically stretching from 3rd
or 4th rib to the 6th or 7th rib, and horizontally, from the
parasternal line to the medial axillary line, with a base form-
ing an angle of approximately 100° (Figure 1). The exclud-
ing criteria in the study were certain changes in the local sta-
tus of the breast [congenital anomalies of the breast except
hypoplasia, higher grade of breast ptosis (Grade 3 and 4 ac-
cording to Becker), mastectomy, secondary augmentation
mammaplasty, scar]; unilateral mammaplasty augmentation;
ovulation and menstruation; severe forms of chronic disease
(diabetes melitus, cardiovascular, respiratory, nephrological,
hepatological, neurological, dermatological, autoimmune);
psychiatric examinees; autoimmune nervous system disor-
ders; use of certain drugs (estrogens, gestagens or their an-
tagonists, sympathomimetics, adrenergic blockers, choliner-
gics, antimuscarinic drugs); early postoperative complica-
tions (higher degree of edema in one or both breasts, hematoma,
seroma, dehiscence, necrosis, infection, implant protrusion), fol-
lowed by incomplete medical documentation, and inability of
adequate control testing until the end of research.

~ ~

Position and projection of the nipple

Fig. 1 — Morphology and topography of eutrophic breast.
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On admission to the Clinic, the participants had the fol-
lowing medical documentation: specialist medical report, the
breast ultrasound examination findings, mammography, he-
matogram, glycemy, urea and creatinine values, international
normalised ratio (INR) and activated partial thromboplastin
time (APTT), laboratory urine findings, X-ray of the lungs,
electrocardiogram, internist’s findings and breast photo. All
the operations were performed under general endotracheal
anesthesia. Submammary or periareoal incision was applied.
Textured silicone implants of different shape, by different
manufacturers were used and placed in front of (subglandu-
lar) or behind the large chest muscle (subpectoral). The im-
plant size depended on the degree of hypoplasia, size of eu-
trophic breast and patient’s wish. The breast temperature was
taken at three-time periods: before the operation (up to 24 h),
seven days and three months after the operation. The tests
were performed at the Clinic for Physical Medicine and Re-
habilitation of the Military Medical Academy in Belgrade.
The breast temperature measurement was performed by spe-
cialists in physical medicine and rehabilitation. While doing
so, during the postoperative measurement, they did not have
insight into the results of preoperative measurement of the
same patient. The same conditions were provided during the
test: room temperature about 21°C, relative air humidity
40%-55% and relaxed lying position of the patient. The
breast skin temperature was taken by the infrared thermome-
ter (Pyrometer BP21 TROTEC) in two points (Figure 2). The
first point was the areola area, directly medially from the
mamilla, and the second point was in the middle of the hori-
zontal line that connects the center of the frontal part of the
sternum and mamilla (Figure 1, drawing and photos).

Statistical processing of the data was performed apply-
ing the IBM SPSS Statistics v20 program. The results were
presented descriptively, using the table and graph. The con-
tinuous variables are shown as mean values and standard de-
viations, and categorical variables as percentile share of cer-

A

tain categories. Statistical significance of temperature differ-
ence between two moments in time was determined by using
the t-test for paired samples. The differences were considered
statistically significant if p<0.05. The eta squared coefficient
determined the impact value and according to the Cohen criteria,
everything above 0.14 indicated a large impact.

Results

The age in a 49-patient sample was in the range of 18—
60 years (average 29.41 years). In most of the subjects the
breasts were hypoplastic (69.39%), and in 15 subjects eutro-
phic (30.61%). Implants volume of 275-500 mL (46.94%)
were most commonly used, in 18 (36.73%) patients while
implants up to 275 mL, and implants volume of over 500 mL
were rarely used (16.33%). In less than 2/3 of the partici-
pants, submammary incision was applied (61.22%), and less
commonly the periareolar incision (38.78%). In most of the
participants (67.35%), the placement of the prosthesis was
subglandular, and in 16 (32.66%) submuscularly participants
(Table 1).
Table 1
Patient’s data and information about the operation

Variable Patients, n (%)
Size of the breast
hypoplastic 34 (69.39)
eutrophic 15 (30.61)
Size of the implant
to 275 cc 18 (36.73)
from 276 ccm to 500 cc 23 (46.93)
over 500 cc 8(16.32)
Type of the incision
submammary 30 (61.22)
periareolar 19 (38.78)
Placement of the implant
subglandularly 33 (67.35)
submuscularly 16 (32.65)

-
|

s

Fig. 2 — Breast skin temperature measurement by infrared thermometer at two points.
Up: preoperation; down: postoperation in the same patient.

Piscevi¢ B, et al. Vojnosanit Pregl 2019; 76(5): 518-523.
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Table 2

Average values of the differences in the breast skin temperature after breast angmentation in relation
to the value before operation

Average differences (A) in the breast skin temperature (°C)

Time after operation

Point 1 Point 2
7 days A=0.32 , A=0.31 ,
(t=16.248; df = 48; p=0.000; eta” = 0.85) (t=22.947; df = 48; p=0.000; eta” = 0.92)
A=0.39 A=041
3 months

(t=31.738; df = 48; p = 0.000; eta’ = 0.95)

(t=34.687; df = 48; p = 0.000; eta’ = 0.96)

Point 1 — the areola area, directly medially from the mamilla;

Point 2 — middle of the horizontal line that connects the center of the frontal part of the sternum and mamilla.

The average temperature value before the operation at
the point 1 was 34.49°C, seven days after the operation
34.81°C, and three months after the operation 34.10°C. The
average temperature value before the operation at the point 2
was 34.60°C, seven days after the operation 34.91°C, and
three months after the operation 34.19°C. No statistically
significant differences were determined in the breast skin
temperature before and after the operation in relation to the
breast size before the operation, the implant size and manu-
facturer, incision and prosthesis placement localization.On
the other hand, by applying the t-test for paired samples, we
reached a conclusion that there was a statistically significant
difference between the breast skin temperature at the point 1
before and seven days after the operation; this difference on
average was 0.32°C (t = -16.25, df = 48, p = 0.000) (Table
2). The average temperature value, seven days after the op-
eration at the point 1 was 34.81°C, and three months after the
operation 34.10°C. Applying the t-test for paired samples we
concluded that there was a statistically significant difference
between the skin temperature seven days and three months
after the operation (A = 0.72°C t =47.33, df = 48, p=0.000).
The t-test for paired samples also showed a statistically signifi-
cant difference between the preoperative temperature and tem-
perature after three months. This difference was 0.39°C (t =
31.74, df = 48, p = 0.000). The eta squared coefficient deter-
mined the impact value and according to the Cohen criteria eve-
rything above 0.14 indicates a large impact. Considering that our
values were significantly higher for all three previous conclu-
sions, it means that there was a great difference between the
breast skin temperature at the different intervals of time after op-
eration in relation to the value before operation (Table 2).

Using the t-test for paired samples, it was found that
there was a statistically significant difference between the
breast skin temperature at the point 2 before the operation
and three months after; the average difference was 0.41°C (t
= 34.69, df = 48, p = 0.000). According to the eta squared
coefficient, the obtained values were significantly higher for
all three previous conclusions; therefore, the difference be-
tween the temperatures was great (Table 2).

Discussion

Human skin temperature is one of the four vital parame-
ters. Localized, designated measurement of skin temperature
of a specific body region is rarely used in medical practice.

Piscevi¢ B, et al. Vojnosanit Pregl 2019; 76(5): 518—523.

The examples of this are vascular, endocrine, rheumatic and
skin diseases '>'7. Measurement of skin temperature in sur-
gery is used in the postoperative monitoring with the use of
arterial, free tissue flaps, mostly free-microvascular "' as
well as after tissue expanson *. The measurement of breast
skin temperature was taken in analysis of the periods after
physical strain and in nursing mothers ****.

On research of references pertaining to mammaplasty,
particularly the analysis of possible early and later postopera-
tive complications, we did not find the data that directly in-
dicate a change in the breast skin temperature after this op-
eration. The other authors mostly analyzed the hematoma,
seroma, dehiscence, infection, hypertrophic scar and Mon-
dor’s disease (superficial thromophlebitis), as well as possi-
ble early complications, asymmetry, capsular contracture,
mamilla and areola sensitivity disorder, prosthesis deflation
or rupture, appearance of autoimmune diseases and anaplas-
tic large cell lymphoma (ALCL) as possible later complica-
tions " '*. ALCL is a rare type of non-Hodgkin’s lymphoma,
the appearance of which after breast augmentation was pub-
lished for the first time in January 2011 according to the
FDA report, and some 40 cases have been described in the
world to date '*. The relation between prosthesis implanta-
tion and the appearance of breast malignancy was not prov-
en.

Until today, there is no reachable data about the tem-
perature changes of the breast skin after augmentation
mammaplasty. We can try to explain our results. Our meas-
urements indicated that there was a statistically significant
difference between the temperature before and seven days af-
ter the operation, whereas this difference on average was
0.31°C (p = 0.000). Also, we recorded a statistically signifi-
cant difference between the temperature seven days and three
months after the operation (p = 0.000). A statistically signifi-
cant difference was noted between the preoperative tempera-
ture and temperature after three months.

Augmentation mammaplasty is some kind of tissue in-
juries. Tissue injury can be induced by: allergic reactions,
autoimmunity, infection or mechanical damage often results
in the disruption of normal tissue architecture, initiating a
healing response »*. Tissue healing process after the injury
includes two more very important processes- inflammation
and healing.

Tissue integrity is disrupted and inflammation is normal
answer. Also, inflammation additionally disturbs the tissue.
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All these facts, which include very strong immunity reaction,
contribute to the cellular damage and the tissue destruction.
Local inflammation implies synthesis of different proin-
flammatory cytokines: interleukin (IL)-1, IL-6, TNF-a,
chemokines, etc *°. Cytokines and chemokines by their gra-
dients recruit the inflammatory cells on the place of tissue in-
juries *’. Neutrophils, eosinophils, lymphocytes and macro-
phages are observed at sites of acute injury with cell debris
and areas of necrosis cleared by phagocytes **. Vascular
changes are detected like increased permeability with in-
creased influx of the inflammatory cells at the site of injury.
These cells have the role to clean the inflammation place and
to make the base for the healing process. Inflammatory cells
secrete the chemokines which induce the profibrotic cells to
settle the injury place *°. Fibroblasts with profibrotic conduc-
tion of cytokines activate the process of the healing. At the
end of this process, the fibrin-rich scaffold formation, wound
contraction, closure and re-epithelialization can be ob-
served *°. Augmentation mammaplasty, as some kind of the
tissue injury, activates this very compound process. Ojo-
Amaize et al. *' recorded the elevated concentrations of pro-
inflammatory cytokines IL-1b and IL-1 receptor antagonist
in plasma of women with silicone breast implants *. Also,
some data indicated that physiatric procedures (electromag-
netic pulse field) decreased pain and IL-1b level after the

augmentation mammoplasty *>. Including all these facts, we
can explain the temperature changes of the skin after augmenta-
tion mammaplasty. Increased temperature seven days after the
surgery, noticed in our results, can be explained by the inflam-
mation process. Inflammation is the answer to the local tissue
injury (surgery, foreign body-silicone implants). As the process
is continued by activating the healing cascade, we propose the
explanation for the decreased skin temperature three months af-
ter the surgery. The healing process, including the fibrotic tissue
production for modeling the tissue after the inflammation with
decreased local blood flow at the site of the inflammation, is the
possible answer for this phenomenon.

Conclusion

According to the existing literature and results of our
research, we concluded that the implantation of silicon pros-
thesis can affect the change in breast skin temperature in the
postoperative period. Skin temperature changes can be ex-
plained by the inflammation and healing process, as the con-
sequence of the augmentation mammaplasty. The obtained
data can have a significant impact on the patient’s decision
concerning this operation. In addition to this, this paper can
also be an incentive to test other functions of the breast skin
in mammaplasty augmentation.
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Pulmonary tuberculosisin the immunocompromised patients

Plu¢na tuberkuloza imunokompromitovanih bolesnika
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Abstract

Background/Aim. During the last few decades, immuno-
compromising diseases led to an increase in the number of
tuberculosis cases. The aim of this study was to examine the
influence of immunocompromising diseases on the course of
tuberculosis. Methods. The research included two groups,
each consisting of 40 subjects with tuberculosis, who were
treated at the Institute for Pulmonary Diseases of Vojvodina
during 2010 and 2011. The first group had no immunocom-
promising diseases (the kontrol group), whereas the second
group contained patients with accompanying immunocom-
promising diseases. The data from the patients’ medical his-
tory, from the Center for Microbiology and from the Radiol-
ogy Center were used. The two groups were compared ac-
cording to the following characteristics: age, sex, bacteriologi-
cal status, radiological presence of the disease, presence of
adverse effects of drugs, presence of resistance to drugs, du-
ration of the therapy regimen and the duration of hospitaliza-
tion. Results. The group of immunocompromised patients
was older in average than the control group and included a

Apstrakt

Uvod/Cilj. Imunokompromitujuée bolesti su tokom posled-
njih decenija dovele do porasta broja obolelih od tuberkuloze.
Cilj rada je bio da se ispita uticaj imunokompromitujucih bole-
sti na tok tuberkuloze. Metode. Ispitivanjem su obuhvacene
dve grupe od po 40 bolesnika obolelih od tuberkuloze koji su
leceni u Institutu za pluéne bolesti Vojvodine tokom 2010. 1
2011. godine. Prva grupa nije imala imunokompromitujuée bo-
lesti (kontrolna grupa), dok su u drugoj grupi bili bolesnici sa
pridruzenim imunokompromitujuéim bolestima. Koriséeni su
podaci iz istorija bolesti, podaci Centra za mikrobiologiju i Cen-
tra za radiologiju. Dve grupe su poredene prema slede¢im ka-
rakteristikama: starost, pol, baktetioloski status, radioloski nalaz,
prisustvo nezeljenih efekata lekova, prisustvo rezistencije M. #u-
berenlosis na lekove, trajanje terapijskog rezima i duzina hospita-
lizacije. Rezultati. Grupa imunokompromitovanih bolesnika je
bila starija od kontrolne grupe i sa ve¢om zastupljenoséu mus-
kog pola. Grupa imunokompromitovanih je imala statisticki

higher percentage of males. The immunocompromised group
had statistically important longer average time required for
the sputum smear conversion (p = 0.000) and for the conver-
sion of sputum cultures to M. tuberculosis (p = 0.010), more
frequent presence of cavity (p = 0.030), longer average ther-
apy regimen duration (p = 0.000) and higher average number
of hospital days (p = 0.000) compared to the control group.
The most frequent localization of changes in the immuno-
compromised patients was in all lobes of both lungs (32.5%)
whereas the changes in the control group were mostly localized
in the upper lung lobes (62.5%). There was no statistically im-
portant difference in the finding of sputum smear positive acid-
fast bacilli on direct micoscropy, the presence of adverse effects
of drugs and M. tuberculosis resistance to drugs between the two
groups of patients. Conclusion. The immunocompromising
diseases change the course of tuberculosis, primarily by affect-
ing bacteriological status, radiological presentation, the length
of therapy regimen and the duration of hospitalization.

Key words:
tuberculosis; immunocompromised host; prognosis.

znacajno duze prosec¢no vreme potrebno za direktnu konverzi-
ju sputuma (p = 0,000) i konverziju kultura sputuma na M. 7x-
berculosis (p = 0,010), znacajno cesce prisustvo kaverne (p =
0,030), prose¢no duze trajanje terapijskog rezima (p = 0,000) i
prose¢no vedi broj bolnickih dana (p = 0,000) u odnosu na
kontrolnu grupu. Najcesca lokalizacija promena kod imuno-
kompromitovanih je bila u svim reznjevima oba pluéna krila
(32,5%) dok su u kontrolnoj grupi promene bile najéesée loka-
lizovane u gornjim pluénim reznjevima (62,5%). Nije bilo
statisticki znacajne razlike u nalazu mikobakterija u sputumu di-
rektnom mikroskopijom, prisustvu nezeljenih efekata lekova i
prisustvu rezistencije na lekove izmedu dve grupe bolesnika.
Zaklju¢ak. Imunokompromitujuce bolesti menjaju tok tuber-
kuloze, prvenstveno uticuéi na bakterioloski status, radiolosku
prezentaciju, duzinu terapijskog rezima i duzinu hospitalizacije.

Kljuéne reci:
tuberkuloza; imunokompromitovan domacin;
prognoza.
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Introduction

After human immunodeficiency virus (HIV) infection,
tuberculosis is the second most frequent cause of death
among infectious diseases in the world. Annually, 810 mil-
lion people are infected, and around 2 million people die '.
One person with active tuberculosis infects 10—15 individu-
als per year. It is believed that one third of the entire human
population is infected with Mycobacterium tuberculosis (M.
tuberculosis) *. The epidemiological situation of tuberculosis
has changed during recent years, primarily due to an increas-
ing number of patients with immunocompromising diseases
(the patients with transplanted organs, patients undergoing
immunosuppressive therapy, people infected with HIV, peo-
ple suffering from malignant diseases, diabetes mellitus, liv-
er cirrhosis, renal insufficiency, alcoholism) that change the
course of tuberculosis infection . An increase in the num-
ber of these patients can be expected in the future °.

Aquired cell mediated immunodeficiency is the most
common kind of immunodeficiency and it is very important
in pathogenesis of tuberculous infection. The patients who
have impared cell mediated immunity are predominantly
susceptible to infections caused by intracellular microorgan-
isms including M. tuberculosis inside alveolar macro-
phages .

Individuals suffering from immunocompromising dis-
eases with latent tuberculosis infection (LTBI) have an in-
creased risk of developing active tuberculosis.

LTBI is a complex clinical condition where the exact
biological status of M. tuberculosis is not sufficiently known.
It is believed that during LTBI the bacteria persist in a sub-
clinical state with minimum replication, and, therefore, do
not cause a clinically manifested disease. It is believed that
5%—-10% of individuals with LTBI have a risk of developing
active tuberculosis. The greatest risk of LTBI developing in-
to active tuberculosis occurs in the first two years when a
half of the infected individuals become ill. The tuberculin
test and the more recent interferon-gamma release assays
(IGRA) tests are used for LTBI screening. The limitation of
the tuberculin test is based on the fact that the test is a mix-
ture of different antigens that are not specific for M. tubercu-
losis. Therefore, it cannot be determined whether the positive
result comes from the response to the Bacillus Calmette-
Guerin (BCG) vaccine M. bovis, M. tuberculosis, or non-
tuberculosis mycobacteria. Unlike the tuberculin test, the
IGRA test detects the presence of cellular immune response
to antigens specific to M. tuberculosis so that the results of
this test do not depend on the previous BCG vaccination or
non-tuberculosis mycobacteria infection. Therefore, the ap-
plication of IGRA tests has an advantage in the BCG vacci-
nated population °. In the immunocompromised individuals,
the IGRA tests do not distinguish between latent or active
tuberculosis. They play a role within the entire risk assess-
ment for LTBI which entails insight into the epidemiological
data, risk factors, radiogram, and tuberculin test. Following
this assessment, if a patient is determined to be in a risk of
developing active tuberculosis, chemoprophylaxis is admin-
istered '. The aim of this study is to point out the influence of
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immunocompromising  diseases on the course of
tuberculosis.

The HIV infected patients have dominantly impared
cell immunity with lower number of CD4+ lymphocites. If
these patients suffer from latent tuberculosis infection, they
have 20-30 times higher risk to develop active tuberculosis
then the immunocompetent persons. The HIV positive pa-
tients exhibit more frequent occurrences of disseminated and
extrapulmonary forms of tuberculosis, more frequent occur-
rence of sputum smear negative pulmonary disease, and an
atypical radiological presentation of changes in the patients
with CD4+ lymphocyte number lower than 200 cells/ul. The
adverse effects of drugs are also more frequent. Hepatotoxic-
ity is connected to the overlapping of adverse effects of anti-
tuberculotics, antiretroviral therapy, antibiotics and antimy-
cotics that are used simultaneously ”®. It should be noted that
rifampicin affects the metabolism of protease inhibitors by
inducing cytochrome P450 enzyme system in the liver .

The patients with liver cirrhosis have increased risk to
develop tuberculous infection due to the multifactorial proc-
ess, dominantly reticuloendothelial system dysfunction.
These patients more frequently exhibit extrapulmonary forms
of tuberculosis with predominant peritoneal localization of
the disease. The tuberculosis treatment regimen must be
modified in accordance with the level of damage to the liver
functions. Considering that the basal function of the liver is
often disturbed, the most common adverse effect during the
treatment is hepatotoxicity. Three out of four of the first-line
antituberculotics are potentially hepatotoxic. Pyrazinamide is
considered to be the most frequent cause of hepatotoxicity,
followed by isoniazid, and thirdly by rifampicin. According
to the recommendation of the World Health Organization
(WHO), the larger extent of damage to the liver function, the
smaller number of the hepatotoxic drugs can be used °.

The patients with chronic renal failure have 10-15
times higher incidence of tuberculosis mostly due to im-
paired cellular immunity '°. In those patients, tuberculosis is
usually diagnosed later on, because of unspecific clinical
signs and due to 50% more frequent occurrence of extrapul-
monary form of the disease, especially with peritoneal local-
ization. Mortality rate in the patients on hemodialysis who
develop tuberculosis is two times higher compared to the pa-
tients without tuberculosis. The tuberculosis treatment re-
gimes usually last six or nine months. Duration of treatment
is individual reflecting the different clinical circumstances,
immunosuppression level, or the spread of disease. Usually,
the standard doses of antituberculotics are used and they are
administered daily or in an intermittent therapy regimen, de-
pending on the drug metabolism and creatinine clearance.
Hemodialysis eliminates most of the antituberculotics, there-
fore they are administered after hemodialysis. The adverse
drug effects are observed in a majority of cases, the most
common being neurotoxicity, hepatotoxicity, and optic neu-
ropathy '

Systemic diseases are connected with the increased risk
of tuberculosis infection. It remains unknown whether that
risk is linked only to the use of immunosuppressive therapy
or to the immunologic disease itself as well. The cases of ac-
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tive tuberculosis were reported in the patients who used cor-
ticosteroid therapy in doses of 15-20 mg of prednisone or
equivalent for a month or longer '>. The cases of active tu-
berculosis following the usage of methotrexate and cyclo-
phosphamide were also reported . Recently, a biological
therapy has been successfully applied in rheumatoid arthritis
which entails the use of tumor necrosis alpha (TNF-alpha)
inhibitors. TNF-alpha is an important proinflammatory cyto-
kine which plays an important role in the tuberculosis granu-
loma formation. There is an increasing amount of data that
suggests that the use of these drugs is linked to the risk of
developing active tuberculosis '**°.

In the patients with malignancies, the increased risk of
developing tuberculosis occurs due to the drop in immunity
conditioned by the local or systemic effect of the tumor mass
itself, or as a consequence of chemo- and radiotherapy '°.

The patients with transplanted organs require the appli-
cation of immunosuppressive therapy with the aim of pre-
venting the rejection of organs which significantly increases
the risk of active tuberculosis >* ',

Alcohol is the most commonly abused substance
throughout numerous countries '’. The chronic alchocolics
have impaired the neutrophils function and the impaired al-
veolar macrophage phagocytosis and superoxide production.
T cells of the alchoholics show the impiared delayed type
hypersensitivity responses. It has been proven that individu-
als who use more than 40 g of alcohol per day are three times
more likely to develop active tuberculosis ',

Diabetes mellitus is predisposing factor for developing
tuberculous infection. The frequency of tuberculosis is four
times higher in diabetics then in nondiabetics *'. The diabetic
patients show the neutrophil and macrophage disfunctions
which includes: impared chemotaxis, adherence, phagocyto-
sis and ability to kill the phagocyted microorganisms. These
patients show alternations in the T lymphocyte subsets. Tu-
berculosis incidence among the diabetics increases propor-
tionally with the duration of the diabetes and the increase of
insulin doses required for glucoregulation ***. If diabetes is
well-regulated, the course of tuberculosis and the response to
the antituberculotics therapy shows no significant difference
compared to the individuals without diabetes, whereas poor-
ly-regulated diabetes has a negative impact on the course of
pulmonary tuberculosis **.

M ethods

The research included two groups, each consisting of 40
subjects with recently diagnosed pulmonary tuberculosis
who were treated at the Institute for Pulmonary Diseases of
Vojvodina during 2010 and 2011. The first group consisted
of patients with pulmonary tuberculosis without accompany-
ing immunocompromising diseases whereas the other group
contained the patients with pulmonary tuberculosis with ac-
companying immunocompromising diseases, including: dia-
betes mellitus (27 patients), use of alchohol (9 patients), liver
cirrhosis (2 patients) and malignancy (2 patients). The HIV
positive patients were not included in the examined sample.
The patients were analyzed and the two groups were com-

pared according to the following characteristics: age, sex,
bacteriological status, radiological presentation of the dis-
ease, presence of adverse effects of drugs, presence of resis-
tance to antituberculotics, duration of the therapy regimen in
months and the duration of hospitalization. The data from the
patients’ medical history, from the Center for Microbiology
and from the Radiology Center of the Institute for Pulmonary
Diseases of Vojvodina were used.

The collected data were analyzed on the level of de-
scriptive statistics by the measures of central tendency
(arithmetic mean) and measures of variability (standard de-
viation), as well as on the level of percentage representation
of certain variable categories. On the level of inferential sta-
tistics, the significance of the research hypotheses was tested
by using the y” test and the Student's t-test. The statistical da-
ta were processed by using the statistical program package
SPSS 16.0.

Results

As seen in Table 1, the group of patients suffering from tu-
berculosis with accompanying immunocompromising diseases
was older in average than the group of subjects suffering from
tuberculosis, but without accompanying immunocompromising
diseases. While the group of patients with tuberculosis without
accompanying immunocompromising disease had slightly more
women (52.5%), the group of tuberculosis patients with accom-
panying immunocompromising diseases had significantly more
male patients (77.5%). In the group of patients with accompany-
ing immunocompromising conditions, diabetes mellitus was the
most common, followed by the use of alcohol. The number of
patients with liver cirrhosis and malignancies was significantly
smaller (Table 1).

By analyzing the frequency of presence or absence of
finding sputum smear positive acid-fast bacilli on direct mi-
croscopy between the tested groups of subjects, no statisti-
cally significant difference was found (y* = 0.457; p =
0.499). By using the t-test, a statistically significant differ-
ence was determined between the average length of time re-
quired for the sputum smear conversion (t = -7.532; p =
0.000) and the average length of time required for the spu-
tum culture conversion (t = -6.403; p = 0.010) between the
two groups of patients. In both cases, the group of patients
with immunocompromising diseases had longer average time
required for the sputum conversion to M. tuberculosis (Table 2).

By analyzing the frequency of presence or absence of cavi-
ties, a statistically significant difference could be noted between
the groups, where a significantly higher number of patients with
cavities was observed among the patients with tuberculosis and
accompanying immunocompromising diseases (x’= 4.713; p =
0.030). A statistically im significant portant difference between
the two groups of patients was also present in relation the af-
fected area of the lung lobes. In the group of patients without ac-
companying immunocompromising diseases, only the upper
lobe was affected in the majority of patients; on the other hand,
in the group of patients with immunocompromising diseases, all
lobes of both lungs were affected in the majority of patients (=
16.358; p=0.006) (Table 3).
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Tablel
Distribution of patients according to age, sex, and accompanying immunocompromising diseases

Tuberculosis without
accompanying diseases (n = 40)
51.87 +18.83 (19-84)

Tuberculosis with
accompanying diseases (n = 40)
61.55+12.13 (25-83)

Sample description

Age (years), mean = SD (range)

Sex, n (%)
males 19 (47.5) 31 (77.5)
females 21 (52.5) 9 (22.5)
Immunocompromising conditions, n (%)
diabetes mellitus 27 (67.5)
alcohol abuse 9 (22.5)
liver cirrhosis 2(5.0)
malignancy 2 (5.0)

SD —standard deviation.

Table2
Mycobacteriological status of the patients

Patients without accompanying diseases Patients with accompanying diseases

Parameter (n = 40) (n = 40)
Sputum smear positive, n (%)
no 6 (15.0) 4 (10.0)
yes 34 (85.0) 36 (90.0)
Time regulred for sputum smear 2091 + 6.70 4064 + 13.80
conversion (days), mean + SD
Time required for the M. tuberculosis 32374812 4767+ 1274

culture conversion (days), mean + SD
SD — standard deviation.

Table3
Radiological presentation of pulmonary tuberculosis

Tuberculosis without accompanying
diseases (n = 40)

Tuberculosis with accompanying
diseases (n = 40)

Parameter

Cavity, n (%)

no 17 (42.5) 8(20.0)
yes 23 (57.5) 32 (80.0)
Affected lobes, n (%)
only upper 25 (62.5) 8(20.0)
only middle 1(2.5) 12.5)
upper and middle 6 (15.0) 12 (30.0)
lower and middle 1(2.5) 4(10.0)
lower and upper 0(0.0) 2 (5.0)
all lobes of both lung 7(17.5) 13 (32.5)

Table4
Drug susceptibility, adver se drug reactions and length of tuber culosis treatment

Tuberculosis without accompanying
diseases (n = 40)

Tuberculosis with accompanying
diseases (n = 40)

Parameter

Resistance to drugs, n (%)

no 40 (100.0) 38 (95.0)

yes 0(0.0) 2(5.0)
Adverse drug effects, n (%)

no 28 (70.0) 29 (72.5)

yes 12 (30.0) 11 (27.5)
Length of hospitalization (days), mean + SD 38.98 +£11.44 58.00 £ 17.03
Length of treatment (month), mean + SD 6.25 + 0.67 6.75 + 0.98

SD —standard deviation.

Between the examined groups, no statistically signifi-
cant difference was recorded in the frequency of presence of
adverse effects of drugs (x’= 0.061; p = 0.805) as well as in
resistance to drugs (x’= 2.051; p = 0.152). In both groups, a
significantly higher number of patients did not have the ad-

compromising diseases, there were two patients with drug
resistant tuberculosis. In the first case it was monoresistance
to isoniazid, and in the second case polyresistance to isoni-
azid and streptomycin. By using the t-test, a statistically sig-
nificant difference between the two groups was determined

verse effects of antituberculosis drugs, nor resistance to the
drugs. In the group of patients with accompanying immuno-
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in terms of the average length of hospitalization (t = -5.864;
p = 0.000) where the group of patients with accompanying
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immunocompromising diseases exhibited longer hospitaliza-
tion time compared to the group without accompanying im-
munocompromising diseases. A statistically important dif-
ference between the two groups of patients was also deter-
mined in terms of the average length of treatment expressed
in months (t = -2.663; p = 0.000). In this case as well, the
group of patients with accompanying immunocompromising
diseases exhibited longer average length of treatment (Table 4).

Discussion

The group of tuberculosis patients with accompanying
immunocompromising diseases in this study was mostly
comprised of diabetics (67.5%) and a significantly lower
number of patients who abuse alcohol (22.5%), the patients
with liver cirrhosis and patients with malignancies (5% in
both cases). A majority of published results refer to the
course of tuberculosis in diabetics and the HIV positive indi-
viduals (the latter were not included in the examined sam-
ple), while considerably less data can be found on the influence
of other immunocompromising conditions on the course of tu-
berculosis . For this reason, the obtained results were mostly
compared to the results of the authors who researched the influ-
ence of diabetes on the course of tuberculosis infection.

The results of this study showed that the group of pa-
tients with accompanying immunocompromising diseases
was older in average and consisted of a substantially higher
percentage of males than the control group. These results co-
incide with the results of other authors. In a study conducted
by Perez-Guzman et al. *°, the group of tuberculosis patients
with diabetes was older in age than the group of patients with
tuberculosis in the control group. A study done by Singla et al. >/
also showed that the group of tuberculosis patients with accom-
panying diabetes was considerably older with a higher percent-
age of males. The individuals who abused alcohol were exclu-
sively males which coincides with the results of other authors.
This was probably conditioned by some social prejudices to-
wards female alcoholics because of which women are less likely
to admit that they have an alcohol abuse problem'®.

In terms of bacteriological status, the results of this
study pointed to a slightly higher frequency of sputum smear
findings on direct microscopy and statistically significantly
longer time required for the sputum smear conversion and
the conversion of sputum cultures to M. tuberculosis in the
group of patients with immunocompromising diseases. The
acquired results were probably linked to the higher frequency
of cavity occurrence in this group of patients (although re-
sults of some studies are opposite, denying the role of cavi-
ties on sputum positivity). In studies that were conducted
earlier, different results were reached in terms of the bacte-
riological status of patients. Yurteri et al. *' proved that there
was a lower number of patients with positive sputum smear
among diabetics. In their study, Jabbar et al. *® reached a dif-
ferent result that showed a higher number of patients with
positive sputum smear among diabetics, and a longer time
required for the conversion of M. tuberculosis sputum cul-
tures. Singla et al. *’ also proved that diabetics require longer
time for the conversion of sputum cultures to M. tuberculo-

sis. In a study conducted in North Carolina, Fiske et al.
proved that there was a higher frequency of patients with
positive sputum smear among the individuals who used alco-
hol excessively.

In terms of radiological presentation of pulmonary
changes, this study proved that there was a statistically sig-
nificant higher occurrence of cavities and atypical radiologi-
cal presentation of pulmonary tuberculosis in the group of
patients with immunocompromising diseases. These results
were in concordance with the results of certain authors. Yur-
teri et al. *', Perez-Guzman et al. *® and Singla et al. > pub-
lished that the occurrence of cavities was significantly higher
among diabetics. On the other hand, in a study conducted by
Jabbar et al. ® a more rare occurrence of cavities among dia-
betics was proven. Bacakoglu et al. * proved that there was
no difference in the frequency of cavity occurrence between
the diabetics and individuals without diabetes. In their study,
Kiyan et al. > reached results that showed no significant dif-
ference in the frequency of cavity occurrence between the
immunocompromised individuals (who are not HIV positive)
and immunocompetent individuals, whereas Fiske et al. *
proved that there was a higher frequency of cavity occur-
rence among the alcoholics. Perez-Guzman et al. *°, Jabbar et
al. *® and Singla et al. ”” published results showing that the
majority of diabetics had radiological changes in lower
lobes. On the other hand Yurteri et al. > published that the
atypical radiological presentation of tuberculosis was present
only in a minor number of patients with tuberculosis and ac-
companying diabetes.

This study found no statistically important difference in
the presence of adverse antituberculotics effects between the
two groups of patients. The percentage of patients who
showed the adverse effects in both groups matched the re-
sults of other authors*'. In a study conducted by Kumar et
al.°, the patients with liver cirrhosis demonstrated hepatotox-
icity in 17% of the cases, but there was no statistically im-
portant difference compared to the patients without liver cir-
rhosis.

This study found no statistically important difference in
the presence of resistance to antituberculotics between the
two groups of patients. The obtained result was in accor-
dance with the fact that the examination included newly-
diagnosed tuberculosis cases and that the therapy regimen of
the majority of patients were not interrupted due to the dem-
onstrated adverse effects of antituberculotics. Furthermore,
the examination did not include the patients with multiresis-
tant tuberculosis. According to this facts, two patients who
had drug resistant tuberculosis probably were initially in-
fected with drug-resistant strains of M. tuberculosis (trans-
mitted or primary drug resistant tuberculosis) *>. The results
of other authors differ to a great extent among themselves.
Bashar et al. ** proved a significantly more frequent occur-
rence of multiresistant tuberculosis among diabetics. Con-
trary to their results, Yurteri et al. >' found multiresistant tu-
berculosis in few diabetics only. Singla et al. > proved the
resistance to antituberculotics was significantly rarer among
diabetics, while there was no significant difference in the oc-
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currence of multiresistant tuberculosis between the two
groups of patients.

This study proved that a statistically significant longer
therapy time was required in the group of immunocompro-
mised patients which coincided with the results of certain au-
thors > **. The result is probably a consequence of the longer
time required for the sputum smear conversion and the con-
version of sputum cultures to M. tuberculosis, and the slower
radiological regression in immunocompromised patients as
well. Results published by Singla et al. ” confirmed that dia-
betes did not affect the duration of therapy regimen, while
other authors published opposite results.

This study proved that the group of immunocompro-
mised patients had a statistically significant higher average
number of hospital days. This result is linked to more fre-
quent cavity presence and longer time required for the spu-
tum smear conversion and the conversion of sputum cultures
to M. tuberculosis****.

Conclusion

Immunocompromising diseases affect the course of
pulmonary tuberculosis. This primarily refers to the bacterio-
logical status (meaning longer time required for the sputum
smear conversion and the conversion of sputum cultures to
M. tuberculosis), radiological presentation of the disease
(more frequent cavity occurrence and atypical localization of
changes), duration of the therapy regimen (longer duration in
the immunocompromised patients), and the duration of hos-
pitalization (the immunocompromised patients have more
hospital days). There is no significant difference between the
two groups in exhibiting the adverse effects of antitubercu-
lotics and exhibiting the resistance to antituberculotics.

The results of this study may be useful during diagnos-
tics and treatment of tuberculous patients with accompanying
immunocompromising diseases.
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Abstract

Background/Aim. The era of direct-acting antiviral (DAA)
regimen in the treatment of chronic hepatitis C virus (HCV)
started in 2011. The aim of this study was to assess the antiviral
efficacy and safety of DAA regimen, ombitasvir
(OBV)/patitaprevit (PTV)/titonavir (f) + dasabuvit (DSV) +
ribavirin (RBV), in patients with chronic HCV infection, geno-
type 1. Methods. The real-life data were collected. The study
was multicentric and included seven infectious diseases and
hepatology departments in Serbia. A total of 21 patients were
enrolled in the OBV/PTV/t + DSV + RBV eatly access pro-
gram, 20 of which were previously treated with pegylated inter-
feron + RBV, while 1 was treatment-naive. All patients re-
ceived the adequate doses of these antiviral drugs. RBV was
not given to the patients with HCV genotype 1b infection ac-
cording to the therapeutic protocol. For the majority of patient,
the treatment duration lasted for 12 weeks. For the patients
with liver cirrhosis, who were infected with HCV genotype 1a,

Apstrakt

Uvod/Cilj. Era direktno delujuéeg antivirusnog (DAA)

the duration of treatment was 24 weeks. Viremia was assessed
at four points in time: at baseline, 4 weeks after the treatment
beginning (rapid viral response, RVR), 12 or 24 weceks after the
treatment beginning (end of treatment response — ETR) and 12
weeks after the end of treatment (sustained viral response —
SVR). SVR, as a confirmation of the absence of HCV was con-
sidered as endpoint of successful treatment. Results. Complete
RVR, ETR and SVR wete achieved in 64.71%, 85.71% and
95.24% of the patients, respectively. Only 3 patients had mild
adverse effects which did not required dose reduction. Con-
clusion. The treatment of the patients with a chronic HCV in-
fection with OBV/PTV/r + DSV + RBV resulted in excellent
antiviral activity and tolerability.

Key words:

antiviral agents; drug therapy, combination; hepatitis
¢, chronic; ritonavir; ombitasvir; paritaprevir;
dasabuvir; ribavirin.

rezima lecenja bolesnika sa hroni¢nom hepatitis C virusnom
(HCV) infekcijom zapocela je 2011. godine. Cilj rada bio je
ispitivanje efikasnosti i bezbednosti DAA rezima ombitasvir
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(OBV)/patitaprevir (PTV)/ritonavir (f) + dasabuvir (DSV)
+ ribavirin (RBV), kod bolesnika sa genotip 1 HCV infekci-
jom u Srbiji. Metode. U multicentricnu studiju je bilo
ukljuceno sedam centara u Srbiji. Prikupljeni su podaci iz
realnog Zivota. U rani pristupni program OBV/PTV/r +
DSV + RBV bio je ukljucen 21 bolesnik od kojih jedan nije
prethodno lecen, dok je ostalih 20 prethodno leceno pegilo-
vanim interferonom i RBV. Svi bolesnici su dobijali odgova-
raju¢e doze lekova. Bolesnici sa HCV genotipom 1b nisu
dobijali RBV u skladu sa terapijskim protokolom. Za veéinu
bolesnika trajanje terapije je iznosilo 12 nedelja. Za cetvoro
bolesnika sa cirozom i HCV genotipom 1a trajanje terapije
je iznosilo 24 nedelje. Viremija je odredivana Cetiri puta: pre
pocetka terapije, 4 nedelje posle pocetka terapije (rapidni
virusolosko odgovor — RVR), 12 ili 24 nedelje nakon

pocetka terapije (kraj terapije — ETR) i 12 nedelja nakon
zavrsetka terapije (stabilan virusoloski odgovor — SVR). Po-
stignut SVR kao potvrda odsustva virusne RNK u serumu,
smatran je zavr$nicom uspesnog lecenja. Rezultati. Kom-
pletan RVR, ETR i SVR postignut je kod 64,71%, 85,71%, i
95,24% bolesnika sukcesivno. Samo 3 bolesnika imali su
blage nezeljene efekte koji nisu zahtevali korekciju doze le-
kova. Zaklju¢ak. Lecenje bolesnika sa hronicnom HCV in-
fekcijom sa OBV/PTV/r + DSV + RBV pokazalo je
odli¢nu antivirusnu aktivnost i podnosljivost.

Kljucne reci:

antivirotici; leCenje, kombinovano; hepatitis c,
hroni¢ni; ritonavir; ombitasvir; paritaprevir; dasabuvir;
ribavirin.

Introduction

Hepatitis C virus (HCV) was identified as one of the non-
A-non-B hepatitis virus in 1989 ". It was estimated that it causes
a chronic viral hepatitis in circa 71 million people throughout
the world®. This disease that emulates the epidemiology of
HIV/AIDS is also a risk factor in the development of hepatic
cancer, since up to a third of the patients with chronic hepatitis C
infection develop liver cirrhosis®. The prevalence of hepatitis C
infection is highest in the Eastern Mediterranean basin (2.3%)
and in Europe (1.5%), while in the rest of the world it amounts
0.5%—1%"*. Some local data from the Balkans give an estimated
prevalence of only 0.25%° and a relatively recent study in Ser-
bia reports a seroprevalence of 0.19% among blood donors ® and
1.13% in the general population ’. Incidence of hepatitis C infec-
tions is 1.75 million, or 23.7 new infections per 100,000 peo-
ple®. A total of seven HCV genotypes have been identified so
far, with genotypes 1 and 3 responsible for 46.2% and 30% of
all HCV infections, respectively. Genotype 4 is most prevalent
in Africa and Middle East, where it can account for as much as
90% of all cases, such as in Egypt®. HCV genotype 1b is the
most prevalent one in Serbia .

After the introduction of recombinant interferons (rIFN)
in 1991 and pegylated interferons (PEG-IFN) in 2001, the
combination of the latters with ribavirin (RBV) became a
standard treatment, with the sustained viral response (SVR)
of 44%—-51% for genotype 1 and 70% for genotypes 2 and 3.
Indeed, in a recent Serbian study this combination assured a
total SVR of 70.5% °. Unfortunatelly, this combination is still
the standard of care in Serbia. The era of direct-acting antivi-
rals (DAAs) in the treatment of HCV started in 2011, when
telaprevir (TVR) and boceprevir (BOC), as the first genera-
tion, were approved . Our own study with BOC + PEG-IFN
+ RBV in the genotype 1-infected chronic HVC patients with
advanced fibrosis assured the overall SVR of only 55% .

The low percentage of obtained SVRs and numerous adverse
effects of the interferon-based regimens prompted the development
of new therapeutic schemes, including the second generation of
DAAs, such as the combination of ombitasvir/paritaprevir/ritonavir
(OBV/PTV/r) + dasabuvir (SV). The results of phase 3 trials and re-
al-world data with this type of treatment were excellent, with ob-

tained SVRs of more than 93% '"'%. Moreover, this therapeutic reg-
imen without ribavirin assured in the TURQUOISE-III phase IITb
open-label clinical study the 100% SVR in the HCV subgenotype
1b-infected cirrhotic patients .

The aim of this study was to evaluate the efficacy and
safety of OBV/PTV/r + DSV therapeutic regimen in the pa-
tients with a chronic HCV infection in Serbia included in the
early access program.

Methods

This prospective, multicentric, real-life clinical study
was performed at seven infectology and hepatology depart-
ments of five Serbian university clinics in Belgrade, Novi
Sad, Ni$ and Kragujevac.

The diagnostic and treatment approach to these patients
was inspired by the Polish real-life (AMBER) study '*"*. A
total of 21 male and female patients were included in this
study. They had a chronic HCV infection, caused by geno-
type 1, and majority of them were previously treated (nonre-
sponders or relapsers). The anatomical status of their livers
was assessed by elastography (fibrosis scores F0-F4), while
the hepatic functional status was assessed by the values of
bilirubin, albumin, international normalized ratio (INR), ala-
nine-aminotransferase (ALT), aspartate aminotransferase
(AST) and presence of encephalopathy and ascites. Based on
these parameters, the Child-Pugh score was calculated in or-
der to assess the existence of liver dysfunction. Some addi-
tional parameters were also estimated: hemoglobin, red
blood cell (RBC), white blood cell (WBC), platelet (PTL)
counts and alpha-fetoprotein (AFP) concentrations.

All patients in this study received the dose of OBV/PTV/r
12.5 mg/75 mg/5 mg, two tablets as a morning dose and DSV 250
mg dose of 500 mg/day divided into two doses. The dose of RBV,
administered in 200 mg tablets, was 1,000 mg/day for the patients
weighing < 75 kg or 1,200 mg/day for the patients weighing > 75
kg divided into two doses. It was planned to reduce the dose of
RBYV in the patients who developed severe adverse effects, or labo-
ratory abnormalities, such as anemia. RBV was given to all patients
except to those with HCV genotype 1b. For the majority of patient
the treatment duration was 12 weeks. The duration of the treatment
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was extended to 24 weeks in the high-risk patients, i.e., patients with
liver cirrhosis who were infected with HCV genotype 1a.

Viremia was assessed at baseline, 4 weeks after begin-
ning of treatment (rapid viral response — RVR), 12 or 24
weeks after beginning of treatment (the end of treatment re-
sponse — ETR), and 12 weeks after the end of treatment
(SVR). A number of replications of viral RNA was ex-
pressed in IU/mL. The HCV levels were obtained by the
quantitative polymerase chain reaction (PCR) assay. The vi-
ral RNA detection limit was > 12 IU/mL.

Descriptive statistics such as the calculation of mean
values and their standard deviations (SD) were used.

Results

A total of 21 patients with the HCV infection were in-
cluded in this study. Twenty of them were previously treated

with PEG-IFN and RBV, while 1 was treatment-naive.
Among previously treated patients, 18 paients were null-
responders and 2 patients were relapsers (Table 1).

All 21 patients were infected with genotype 1. In 11 of
them subgenotyping was not performed, 1 patient had a
combined genotype la and 1b infection, 1 had a genotype 1a,
while 8 were infected with genotype 1b. Out of 21 patients, 9
(42.85%) had fibrosis stages F3/F4, which are considered
difficult to treat. Initial viremia varied over the large range of
values (152 x 10°~527 x 10° IU/mL) with the median of 1.17
x 10° IU/mL. The liver function in these patients was well
preserved with the Child-Pugh score class A for 18 patients,
with 3 patients without the Child-Pugh score. All the bio-
chemical and hematological parameters were within the
normal range of values (Table 1).

Table 1

Baseline demographic and clinical characteristics of patients with chronic
hepatitis C treated with OBV/PTV/r + DSV + RBV

Parameters

Values (n =21)

Age (years), mean £ SD
Gender, n (%)

male

female
BMI (kg/m?), mean + SD
Treatment history, n (%)

naive

relapser

null-responder
Fibrosis stage, n (%)

FO

Fl1

F3

F4

unknown
HCV genotype, n (%)

la

1b

lat+1b

1 (subgenotype not available)

HCV RNA level (x 106 IU/mL), mean + SD

Child-Pugh score A, n (%)
Albumin (g/L), mean =+ SD
Bilirubin (umol/L), mean + SD
INR

Creatinine, (umol/L), mean + SD
ALT (IU/L), mean + SD

AST (IU/L), mean + SD
Hemoglobin (g/L), mean + SD
RBC (x 10%L), mean + SD
WBC (x 10°/L), mean + SD
PLT (x 10*/L), mean + SD
AFP (ng/mL), mean + SD

4170 11.59
21 (100)
13 (61.91)
8 (38.09)

25.43+3.82
21 (100)

1 (4.76)
2(9.52)
18 (85.71)
21 (100)

6 (28.57)
5(23.81)
7(33.33)
2(9.52)

1 (4.76)
21 (100)

1 (4.76)

8 (38.09)

1 (4.76)

11 (52.38)
55.80+ 15.30
18 (85.71)
43.03 % 5.60
13.57 £5.22
1.06 = 0.12
72.19 + 15.87
83.42 + 58.60
79.11 +70.46
151.68 + 19.94
5.710 % 0.47
6.58+2.62
204.84 + 51.32
16.31 + 34.40

BMI - body mass index; HCV — hepatitis C virus; RNA — ribonucleic acid;
INR - international normalized ratio; ALT - alanine aminotransferase;
AST - aspartate aminotransferase; RBC — red blood cells; WBC — white blood

cells;, PLT - platelets; AFP —

alpha-fetoprotein;

OBV - ombitasvir;

PTYV — partiaprevir; r — ritoravir; DSV — dasabuvir; RBV — ribavirin.
Note: Normal range of biochemical parameters — albumin: 34-55 g/L; bilirubin
0-20.5 pmol/L; INR: 2-3; creatinine 59-104 pmol/L; ALT 0-41 U/L; AST 0-37 U/L;

RBC - 4.34-5.72 x 10%L; WBC 3.40-9.70

AFP <20 ng/mL.
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Fig. 1 — Results of the PCR testing during the treatment with
OBV/PTV/r + DSV + RBV.
Start — before commencement of treatment; RVR — rapid viral response after 4 weeks of
treatment; ETR — end of therapy response after 12 or 24 weeks of treatment;
SVR - sustained viral response 12 weeks after the end of treatment; PCR — polymerase
chain reaction; OBV — ombitasvir; PTV — paritaprevir; R — ritoravir; DSV — dasabuvir;

RBYV - ribavirin.

The four-week RVR data were available in 17 patients.
In 11 (64%) patients, HCV could not be found, 5 patients
had low viral concentration (15-623 IU/mL) and only 1 pa-
tient had a significant viral load (99.000 IU/mL). ETR was
estimated after 12 weeks of therapy in 18 patients and after
24 weeks of therapy in 3 high-risk patients. Complete ETR
was achieved in 18 patients, in the rest of them the viral load
was 12 x 10°, 192 x 10* and 1.24 x 10°. Full SVR, estimated
12 weeks after the end of the treatment, was achieved in 20
patients, while only 1 had a significant viremia of 902 x 10°
IU/mL (Figure 1).

The used DAAs were well-tolerated and no adverse
events were recorded in 18 (85.71%) patients. The remaining
3 (14.29%) patients had adverse events. Two patients had
hyperbilirubinemia and one had anemia, asthenia, fatigue,
headache, insomnia and pruritus. These side effects were
mild and therefore the therapy did not have to be stopped,
nor the reduction of RBV dose was needed. The life-
threatening treatment emergent serious adverse event (SAE)

was not recorded.
Table 2
Concomitant medication in five patients

Concomitant medication Numbers per patient

Nebivolol 1
Propylthiouracil 1
Mirtazapine, escitalopram 2
Ursodoxycholic acid, pantoprazole,

iron, folic acid, vitamin B12, vitamin 7
B6, zinc

Bisoprolol, levothyroxine 2
Total 13

The data on the concomitant medication were available
in 19 patients. No such medication was needed in 14 pa-

tients. In 5 of them, the concomitant medication included:
antihypertensives, bronchodilators, thyreosuppressant and
anti-anemic drugs, antiulcers drugs, levothyroxine and anti-
depressants (Table 2).

Discussion

The DAA combination OBV/PTV/r + DSV + RBV
used in this study assured complete 4-week RVR in 11 out of
17 patients (64.71%). Twelve-week ETR was achieved in 18
out of 21 (85.71%) patients, while the SVR was registered in
20 out of 21 (95.24%) patients. The results obtained are in
agreement with the results of other similar clinical trials ">~
" The onset of antiviral action was fast and it was similar to
the one reported in a Polish clinical trial, where RVR was
achieved in 69.23%''. In a systematic review of 19 clinical
trials using the same therapeutic combination in the patients
with a chronic HCV hepeatitis, the average SVR of 97% was
found ™. SVR, as a confirmation of the absence of HCV was
considered as an endpoint of successful treatment and as a
positive predictor of the patients’ lower hepatic failure and
mortality rates '°.

The SVRs obtained in the present study and in the other
ones with the OBV/PTV/r + DSV + RBV antiviral combina-
tion were significantly higher than in the patients treated
with pegylated interferon + RBV, 95-100% versus 70.5%".
The 2011 registration trials for the first generation protease
inhibitors BOC and TVR, each combined with PEG-
IFN+RBV, assured significantly lower SVRs of 59%—66% '’
and 64%—75% '°, respectively, while the subsequent real-life
SVRs were even lower, 42%—55% '*'°. Besides, the onset of
the antiviral effect of the OBV/PTV/r + DSV + RBV was
faster, with the vast majority of the patients requiring only 12
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weeks of treatment, while the duration of BOC or TVR reg-
imens was 3248 weeks """

All the treated patients in this study had infection with
HCV genotype 1, which is in accordance with the epidemi-
ological data obtained from Europe and the USA, where this
genotype is dominant, in contrast with the data from the
Middle East, where genotype 4 prevails '>'*****. The local
epidemiological and clinical studies also confirm the pre-
dominance of genotype 1 %717,

Adverse events were mild and rare, occurring in 3 out
of 21 (14.29%) patients, all of them in those ones receiving
RBYV and not necessitating the decrease of the dose of RBV.
Anemia is known to be associated with the RBV therapy **.
In some other studies, considerably higher incidence of ad-
verse events (72.20%) was noted '*. This difference could be
explained by the fact that the population of patients in the
present study was younger (average age of 41.70 £ 11.59),
without significant comorbidities, leaner [body mass index

(BMI) 25.43 + 3.82 kg/m’] and with better preserved hepatic
function than in the other trials®*. The safety of the
OBV/PTV/r + DSV + RBV antiviral combination in the pre-
sent report was better than the one of the BOC or the TVR-
based triple regimens, where the incidence of adverse effects
was very high, with anemia being the most important one (in
25% of patients), followed by neutropenia and thrombocyto-
penia '°. It seems that overall quality of life of patients treat-
ed with OBV/PTV/r + DSV + RBV is better than the one
with BOC or TVR.

Conclusion

In this real-life multicenter clinical study, DAA combi-
nation, OBV/PTV/r + DSV + RBYV, assured excellent effi-
cacy and tolerability in the patients with genotype 1 chronic
HCV infection.
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Introduction

Type 2 diabetes mellitus is one of the most common
endocrine disorders. Across the planet, 415 million people
have diabetes (1 in 11 adults); estimates are that by the year
2040 there would be 642 million sick people. Every 6 sec-
onds one person dies from the consequences of diabetes (5
million lethal outcome). The International Federation of Dia-
betes (IDF) indicated the factors that play arolein the devel-
opment of the disease: genetics, lifestyle, environment and
diet. The underlying mechanism in the development of type
2 diabetes is insulin resistance and insulin secretion reduced
as a result of exhaustion of the beta-cells. Diabetes mellitus
represents a state of chronic hyperglycemia, characterized by
disturbed metabolism of carbohydrates, proteins and fats. It
occurs due to the absolute or relative insulin deficiency, insu-
lin resistance, increased glucose production and excessive
action of the hormones with the opposite effect of insulin.
Science has not clearly defined so far the additional contrib-
uting factors affecting the occurrence and treatment of this
disease. What is the basis of the generation of diabetes is not
well understood. Therefore, any contribution that leads in
thisdirection is valuable.

Insulin antibodies and insulin receptor antibodies in
the onset of diabetes mellitus

In 1950, for the first time the association between insu-
lin resistance (IR) and insulin antibodies (IA) was described

The presence of |A were then attributed to the use of non-
human insulin. Hypoglycemia simultaneously with the exis-
tence of a high titre of insulin antibodies, in the patients with
diabetes, was decribed as autoimmune insulin syndrome, or
Harate disease *. The presence of postprandial hyperglyce-
mia and hypoglycemia fasting are two of the same processin
this disease and are due to binding of insulin antibodies. This
insulin antibodies have alow binding affinity for insulin and
never lead to IR.

Recent findings suggest that there is a need for monitor-
ing the presence of A in the patients with insulin resistance
(IR). Anti-insulin receptor antibodies (AIRAS) are deter-
mined by a metod of radioreceptor essay. These antibodies
are 1gG and IgM. 1gG antibodies were more freguent in the
patients with autoimmune diseases such as acanthosis nigri-
cans. The antibodies of the IgM class are present in type 2
diabetes”.

AIRAs are shown in circulation in the patients with di-
abetes. All previous studies indicate that there is no link be-
tween insulin and receptor antibodies in type 1 diabetes.
However, among the patients with type 1 diabetes receiving
insulin, there is a correlation between the dose of insulin and
the levels of insulin receptor antibodies, but not with anti-
insulin antibodies. In any case, AIRAS are proven in the pa-
tients with diabetes but their role in the further development
of diabetesis not fully understood.

In a study of 80 patients with type 1 and type 2 diabe-
tes, aong with a study of 20 patients with mixed autoim-
mune diseases and 20 healthy patients, AIRAs were demon-
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strated in 13 of 33 patients with type 1 diabetes and in 6 of
47 with type 2 diabetes. The antibodies were mainly IgM
groups. In both groups of diabetes, there is a good correlation
between the % of binding to insulin receptors and % of antibody
classIgM (p <0.001), but not with class IgG. Thereisacorrela-
tion between the % of inhibition of insulin binding to its recep-
tor, and daily insulin doses (p <0.001). Based on the above, it
can be concluded that there is the presence of insulin receptor
antibodiesin patientswith type 1 and type 2 diabetes .

The role of vitamin D in the development of diabetes

According to many authors, vitamin D plays an impor-
tant role in controlling blood glucose levels, but aso in ale-
viating chronic diabetic complications. The rationale for this
is grounded on the following facts: the presence of the vita-
min D receptor (VDR) in pancregtic beta-cells, the vitamin D
activating 1 alpha-hydroxylase present in that cells, the pres-
ence of the VDR gene for insulin, which results in the in-
creased synthesis of insulin under the effect of vitamin D.
Furthermore, VDRs are present in skeletal muscle cells, fact
that 1,25 (OH) 2D is rounding gene transcription for the in-
sulin receptor, which stimulates this expression and sup-
presses the renin gene, thus reducing hyperglycemia-induced
increase in the level of renin and blocks renin-angiotensin
activity.

The beneficial effects of vitamin D, when it comes to
diabetes may be due to its anti-inflammatory effects and the
effect on the metabolism of calcium and phosphate, and gene
regulation of the insulin receptor. Vitamin D increases the
amount of calcium in cells, leading to increased glucose
transport in muscle. The Vitamin D a so regulates the nuclear
PPAR (peroxisome proliferative activated receptor), which
plays an important role in insulin sensitivity. The vitamin D
deficiency is associated with the increase in inflammation.
The vitamin D decreases the expression of proinflammatory
cytokines involved in the development of insulin resistance,
such as interleukin (IL)-1, IL-6 and tumor necrosis factor
(TNF)-apha. By such effect on this cytokine, vitamin D ex-
erts antiapoptotic effect upon the pancreatic beta cells, the
preservation of the insulin secretion from the same and in-
creases insulin sensitivity.

In comparison to the healthy population, in type 2 dia-
betes, substantially lower concentrations of circulating
25(0OH)D are present *. Common risk factors for type 2 dia-
betes and hypovitaminosis D are obesity, age, association
with black race and reduced physical activity. The probable
mechanism by which vitamin D participates in the glucose
homeostasis is the effect on the beta cell dysfunction and in-
sulin resistance in cases of the vitamin D deficiency. Nega-
tive correlation between the blood glucose and insulin levels
to the level of 25(OH)D and the positive correlations
25(OH)D levels with insulin sensitivity was tested in several
anima and human studies. In some of these studies, it was
observed that vitamin D supplementation may improve insu-
lin secretion and reduce insulin resistance in type 2 diabetes.
The possible role of vitamin D in type 2 diabetes and influ-
ence on the HbA1C values is aso registered. It should be

noted that there are studies that do not prove the above re-
port. It seems that there is still no general consensus on this
issue.

Vitamin D deficiency has arolein type 1 and type 2 di-
abetes. The evidence indicates that the treatment with vite-
min D reduces the insulin resistance and improves glucose
tolerance. Vitamin D deficiency leads to reduced insulin se-
cretion, and showed that vitamin D supplementation restores
insulin secretion in animals. Indirect effect on insulin secre-
tion is found through the calcium effect. In fact, vitamin D
contributes to the normalization of extracellular calcium, en-
suring the normal flow of calcium through the cell mem-
brane, so that hypovitaminosis D may have the harmful ef-
fects on calcium insulin secretion. Other potential mecha-
nisms include stimulation of insulin receptor expression, im-
proving the insulin response to glucose transport and a de-
crease in systemic inflammation by direct effects on cyto-
kine>®.

In a prospective study, Jannersio et al.” investigated the
relationship of serum 25(OH)D and parathyroid hormone
(PTH) with al-cause mortality in the patients with type 2 di-
abetes and found that in the men with type 2 diabetes, vita-
min D levelsinversely correlated with all-cause mortality in-
dependently of years, levels of PTH, HbA1c, waist circum-
ference, 24h-monitoring of blood pressure and serum apoB.
In the women with type 2 diabetes, the serum PTH was di-
rectly proportiona with all causes of death. In this study, it
was not proven that the substitution of vitamin D reduces the
risk of mortality, but in spite of this, it was suggested that the
serum level of 25(OH)D in the men and PTH in women, suf-
fering from type 2 diabetes, could be used as the surrogate
markers for prognostic information related to mortality. This
is an independent risk factor in terms of blood pressure, ca-
rotid intima-medial complex (as measured in the carotid ar-
tery) and flow rate (measured in the carotid and femoral ar-
teries). De Boer 2 in his study with the hemodialysis patients
showed that vitamin D treatment improved insulin secretion
and sensitivity.

There are studies which have the opposite results in
comparison to the conclusions given above. Thus in Shet et
al. ? study, 912 patients (429 patients of the group with type
2 diabetes and 483 patients of non-diabetic control group)
from the West Indies studied the biochemical parameters
[fasting glucose, postprandia glucose, HbAlc, basal insu-
linemia, insulin resistance in the form of homeostatic model
assessment (HOMA- IR)] and compared to the level of
25(0OH)D. It was concluded that, although there was a high
prevalence of vitamin D deficiency in both groups, the effect
of vitamin D on these parameters could not be confirmed.
The explanation for this was the increased skin pigmentation
of the population in this region, but also reduced exposure to
sunlight because of how they dress and the way of life °. Ex-
posure to the sun takes twice as long for the people of West
Indiesin relation to the white race, for the same effect on the
synthesis of vitamin D.

Vitamin D, according to some studies, has arolein al-
leviating chronic diabetic complications. Data on the effect
of vitamin D deficiency in the control of diabetes and the oc-
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currence of complications are modest. Ahmedieh et al. ° in
their study examined the relationship between levels of
25(0OH)D and microvascular complications in the patients
with type 2 diabetes. The conclusion was, that the low serum
levels of 25(0OH)D was independent predictor of HbA1c, di-
abetic neuropathy, and retinopathy. In the similar study by
Zoppini et al. ™, it was found the inverse relationship be-
tween the levels of 25(OH)D and the prevalence of mi-
crovascular complications in the patients with type 2 diabe-
tes. Whether the supplementation of vitamin D in these pa-
tients may have a benefit on the risk of microvascular com-
plications remains to be explored. In another study, it was
concluded that the vitamin D deficiency was more common
in the diabetic patients with nephropathy, but not in those
with retinopathy and neuropathy. Also, it was found that the
level of vitamin D was lower in the patients with severe mi-
crovascular complications, and it was concluded that the vi-
tamin D deficiency was associated with the microvascular
complications in the patients with tip 2 diabetes.

Diabetic nephropathy (DN) reduces progressively the vi-
tamin D body level dueto: the loss of vitamin D-binding protein
in proteinuria, compromised synthesis of vitamin D in the skin
and lower activation of vitamin D in the damaged kidney. It was
noted that the lack of vitamin D is higher in the diabetic chronic
rend failure (CRF) than in the non diabetic patients. There are
indications that the VDRs are modul ators of glomerular damage.
Cdcitriol, endogenous VDR activator reduces the glomerulo-
sclerosis index. In clinical terms, the patients with CRF treated
with paricacitol (selective VDR activator), exhibited a signifi-
cant reduction of proteinuria after 23 weeks of the treatment, re-
gardiess of GFR, blood pressure or angiotensin converting en-
zyme (ACE) inhibition. However, in clinica studies, the pro-
teinuria response in the patients treated by VDR activators was
not unique. The question is whether these patients may benefit
from the therapy with VDR activators. The above mentioned
benefit of therapy with VDR activators refers precisely to the
anti-inflammatory effect. In animal modes of primary glomeru-
lopathy, VDR activators reduced glomerular infiltration of in-
flammatory cells. In addition, a high serum vitamin D level in
the CRF patients is associated with the reduced systemic in-
flammation 2. Subantiproteinuric dose of calcitriol and parical-
citol reduces glomerular inflammation in experimental DN %,
Clinica studies in the human population with paricalcitol in DN
revealed that it has a modest and variable effect on proteinuria
Cdcitriol and paricdcitol have reduced the expresson of in-
flammatory cytokinesin the kidney, reduced glomerular expres-
sion of IL-6 and monocyte chemoattractant protein-1 (MCP-1),
decreased glomerular infiltration of CD43 + leukocytes, which
synthesize the chemotactic factors.

Vitamin D decreases expression of renin, suppressing
the transcription of renin in mesangia cell that contribute to
the reduction of inflammation. Hyperglicemia suppressed
calcitriol and activate renin-angiotensin system. Thus, in the
study of Li et a. ™, vitamin D is recognized as a negative
endocrine regulator of the renin-angiotensin system by re-
ducing the biosynthesis of renin. The VDR deficiency re-
sulted in the production of renin and angiotensin 11, leading
to arterial hypertension, and myocardia hypertrophy. In case
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of the vitamin D deficiency, increased renin secretion occur,
whileinjection of 1,25(0OH)2D reducesits synthesis.

Combination therapy with losartan and paricacitol in
the diabetic patients, prevents albuminuria, restores glomeru-
lar filtration membranes structure and significantly reduces
glomerulosclerosis .

Whether VDR activators should be used to reduce the
progression of CRF could still not be answered with cer-
tainty. It would take larger randomized controlled studies.
The reduction of proteinuria in previous studies takes place
without changes in blood pressure, which indicates that the
mechanism of action is non- haemodynamic. Finaly, some
meta-analyzes suggest that VDR gene polymorphism may
affect individual susceptibility to the development of DN in
the white population.

Regarding diabetic retinopathy (DR), calcitriol inhibits an-
giogenesis in tumours *°. Diabetic retinopathy is characterized
by neovascularisation and angiogenesis, and high serum 1,25
(OH)2D reduces angiogenesis in ischemic retinopathy *'. The
level of 25(OH)D is significantly lower in the patients with two
or three microvascular complications compared to those with no
complications, and this is especidly related to DR. In the study
of Inuki et a. *®, it was found the low level of 25(OH)D and
higher PTH in the patients with DR and/or proteinuria in com-
parison with those without. In studies including 1,520 patients
with type 2 diabetes it was confirmed that the vitamin D defi-
ciency is an independent factor of risk for DR. In the another
study of Jee et al. *° of 204 patients, a statistically significant in-
fluence of vitamin D deficiency on DR was found in the males,
whileit was not the case in the females.

Diabetic polyneuropathy and the influence of vitamin D
as a neurotropic substance on neuropathic pain is unclear. It
is believed that the vitamin D deficiency can potentially
stimulate the diabetic nerve damage. In the Basit et a. ®
study, a high dose vitamin D effect was investigated in the
patients with painful diabetic neuropathy and it was con-
cluded that a single intramuscular dose of 600,000 1U of vi-
tamin D leads to a significant reduction of the symptoms of
diabetic neuropathy. Its deficiency is more common in the
patients with distal symmetrical polyneuropathy, and pain
reduction is achieved after vitamin D deficiency correction.
Three studies showed that vitamin D deficiency is independ-
ently associated with increased risk for diabetic peripheral
neuropathy in the type 2 diabetes patients.

When it comes to published studies on diabetic macroan-
giopathy and the affecting vitamin D, Somjen et a.%, first dis-
covered enzymatic 1 dpha-hydroxylase activity in human vas-
cular smooth muscle cdlls that may be stimulated with PTH and
inhibited by the exogenous vitamin D intake. It was proven the
physiologica effect of vitamin D on the vascular structure. Its
serum level is directly proportional to endothelia function, and
vice versa to arterid cacification. Unfortunately, there are not
enough vaid studies regarding direct correlation of the vitamin
D and diabetic macroangiopathies.

Based on the above, there appears to be serious evi-
dence of the role of vitamin D in metabolic syndrome and
type 2 diabetes mellitus. However, there are studies that have
the opposite impetus. Further randomized control studies are
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needed to achieve a generally accepted attitude. The role of
vitamin D in type 2 diabetes and metabolic syndrome is clear
when it comes to the pathophysiological mechanism of the
way it performsits activity on target tissues.

Cardio-Ankle Vascular Index (CAVI), parameter in
the diagnosis of occlusive blood vessel disease

Thisis a new parameter for determining the rigidity of
the artery walls, starting from the aorta to the arteries at the
lower extremity joints 2. The determination of this index is
based on the beta receptor domination, the effect of the beta
1 receptor on the rigidity of the blood vessels. There is a
change in the blood artery caliber and consequently the
changes in the internal pressure of the blood vessel %, This
index is independent of the height of the pressure at that
point. The parameters of blood stiffness beta are determined
as the ratio of pulse wave velocity and diastolic blood pres-
sure. CAVI is a constant value. Administration of apha
blockers, which reduce contracture of smooth muscul ature of
arterial wall decrease the CAVI value or the blood pressure
value. This means that CAVI is the indicator of arteries
compliance or vascular function indicator of transport blood
from the heart to the peripheral arteries.

Thiazide diuretics and ACE inhibitors and beta 1 blockers,
do not reduce CAVI when they reduce the blood pressure.

The parameter of constriction artery beta, is determined
over the length of the main arteries. It is calculated by meas-
uring the pulse wave velocity over the brachia artery and ar-
teries of the lower leg at the level of the ankle joint. It meas-
ures systolic and diastolic blood pressure over the brachial
artery. The measured values of the application are given in
equation. Then it gets a new parameter called Cardio-Ankle-
Vascular-Index (Figure 1).
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Fig. 1 — Cardio-ankle vascular index (CAVI).

PWYV — pulse wave velocity; L — distance between aortic
value and ankle; T — time taken for arterial pulse wave to
travel from aortic value to ankle; tb — time between aortic
value closing and notch of brachial pulse wave; tba — time
between rise of brachial pulse wave to rise of ankle pulse
wave; Ps — systolic pressure; Pd — diastolic pressure; AP —
pulse pressure = Ps — Pd; p — blood density.

There is a positive correlation between the vaue of
CAVI and the degree of arteriosclerotic disease. CAVI de-
creases with improving cardiovascular risk. It is a predictive
factor of cardiovascular events. CAVI, at the same time, in-
directly represent the contracture status of vascular smooth
musculature of arterial blood vessels ** .,

When it comes to influence blood glucose level and the
value of CAVI, high blood glucose causes contracture of
smooth muscles of arteries and increases CAVI in a short pe-
riod of time. Thereby, reducing HbA1C reduces CAVI, and
therefore, CAVI may be a marker of glucose control. In the
patients with high low density lipoprotein (LDL) cholesteral,
the low CAVI values are shown. In the initial stages of hy-
percholesterolemia, the arteries are not rigid, but rigidity of
blood vessels occurs when the process of arteriosclerosis in-
flammation is included. Of course, giving statins reduces
CAVI. In the pathogenesis of apnea sleeping, the concentra-
tion of high and low oxygen passes through the walls of
blood vessel and contrubute to rigidity %.

It was showed that mortality decreased when the CAVI
values were lower than 9 in relation to the higher CAVI.
Cerebrovascular events are more common when CAVI was
over these values. The results of preliminary studies indicate
that preferable CAVI should be lower or equal to 9. It was
proven that CAVI and diastolic ventricular heart function
had linked value, and therefore CAVI1 is an indicator of the
afterload (or CAVI was determined by compliance of the ar-
terial blood vessel). So, the CAVI vaue is increased in:
poorly regulated diabetes, obesity, hypertension, infection,
cerebral hemorrhage, change in the structure of smooth mus-
cles of the arteries. CAVI is an indicator of the artherioscle-
rosis degree and degree of contractility of blood vessels %'.

Role of concentration levels of PAI-1 in the process
of angiogenesis and wound healing in diabetes type 2

Plasminogen activator inhibitor-1 (PAI-1) has an im-
portant role in the local and systemic responses to a trauma
as well as in wound healing. Therefore, this points out the
importance of the normal levels of PAI-1 in the treatment of
tissue ischemia and necrosis of any aetiology. This fact has a
bigger role in the patient with diabetes due to the aready
present endothelial dysfunction.

It is known that plasminogen affects the wound healing
process, the process of the proteolysis of the extracellular
matrix, activation of growth factors and activation of cell
migration of smooth muscle blood vessel %%,

As for the role of PAI-1 in the wound healing of in-
flamed tissue in the ischemic type 2 diabetes, it was signifi-
cantly increased at the early stage of the reaction in the proc-
ess of neutrophil inflammation. This directly increases the
swelling and tissue necrosis. Therefore, at an early stage,
PAI-1 inhibits the effects of IL-6, which decreases the con-
centration of proteinsin the inflamed region with the delayed
wound healing. This suggests that the increased concentra-
tion of PAI-1 in the acute phase protein response. It is known
that PAI-1 is increased locally in the damaged tissue, under
the influence of macrophages and endothelial damage. The
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decrease of PAI-1 increases the impact wound in the region
of neutrophil inflammation, leading to reduced tissue necro-
sis and edema eight hours after the tissue injury. The de-
crease of PAI-1 results in a decrease of IL-6, increasing the
levels of protein and faster wound healing . It was shown
that PAI-1 at low concentration has antiapoptotic effect and
increases the cell proliferation viaits activity and encourages
angiogenesis *" %,

Ischemia of lower leg represents a large problem in
therapy, but these properties of the norma PAI-1 concentra-
tion can be used in the treatment of ischemia of diabetic pa-
tients. Tissue ischemiaitself constitutes a stimulus for the se-
cretion of stem cell transplantation. The angiogenic effect of
inhibition of PAI-1, in terms of tissue ischemia, consists of
the stimulation of secretion of neutrophilic granulocytes
from bone marrow and from the tissue. The produced stimu-
lation of secretion of vascular endothelial growth factor
(VEGF), fibroblast growth factor 2 (FGF-2) and the free ma-
trix metalloproteinase 9 (MMP-9) in tissues, increases secre-
tion of angiogenic factors from bone marrow: VEGF, hema-
topoietic growth factors. Muscular infiltration with CD11h +
Gr1 + neutrophils potentiates the inhibition of PAI-1 by increas-
ing the level of FGF2 and VEGF and thus angiogenesis .

PAI-1 stimulate angiogenesis by increasing the FGF re-
ceptor at the endothelial level, which increases the binding of
VEGF to the endothelial cells in the ischemic tissue ** .
Thus, FGFs activate VEGF affecting other growth factors

and cytokines, which stimulate the development of basic and
collateral circulation. tPA mobilise CD11b cells and
VEGFR-1 + cells from the bone marrow, accelerates healing
and neovascul arisation of ischemic tissue *. This process in-
dicates that the normal concentrations of PAI-1in circulation
is another therapeutic approach in the treatment of ischemic
tissue in the type 2 diabetic patients.

Conclusion

The determination of concentration of vitamin D levelsin
the obese patients, patients with metabolic syndrome and type 2
diabetes is useful, because the concentration of vitamin D in
these patients is reduced. An adequate substitution of vitamin D
contributes to a better quality of glycemic control. In fasting hy-
poglycaemia and postprandid hyperglycaemia is dways over-
looked the presence of insulin antibodies and insulin receptor
antibody, which substantialy impairs the quality of glycemic
control both in type 1 and type 2 diabetes. Norma concentra-
tions of PAI-1 is another therapeutic approach in the treatment
of the ischemic tissue in the type 2 diabetic patients.

By applying new parameter CAVI, data on early and
evolutionary arteriosclerosis could be obtained. Every con-
tribution to the science pointing to all processesin the devel-
opment of diabetes is valuable in order to acheieve the clear
diagnosis and treatment of this disease.
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Abstract

Introduction. GLUT1 deficiency syndrome (GLUT1 DS,
OMIM 606777) is a metabolic brain disorder caused by mu-
tations in SLLC2A7 gene (chromosome 1) encoding glucose
transporter type 1 located on blood-brain membrane. The
“classic” phenotype in children includes eatly onset general-
ized farmacoresistant epilepsy, developmental delay, com-
plex movement disorders and acquired microcephaly. How-
ever, there are milder phenotypes without epilepsy which
could be seen in older children. The ketogenic diet is a
treatment of choice. Case report. We present a four-year-
old female patient with farmacoresistant generalized epi-
lepsy, paroxysmal dystonic posturing, ataxia, hypotonia, de-
velopmental delay (motor, attention and speech distur-
bances), and microcephaly. The genetic testing revealed a
novel point mutation at c.156T > A (p.Y52X) in exon 3 of
SLC2AT gene. The patient responded excellent on keto-
genic diet. Conclusion. GLUT1 DS is treatable, and likely
to be under-diagnosed neurological disorder. The ketogenic
diet is resulting in good control of seizures in the patients,
and it has certain benefit for the neurodevelopmental dis-
ability.

Key words:
glutl deficiency syndrome; diagnosis; diet ketogenic;
treatment outcome.

Apstrakt

Uvod. GLUT1 sindrom deficijencije (GLUT1 DS, OMIM
606777) je metabolicko oboljenje mozga uzrokovano muta-
cijom u SLC2A7 genu (hromozom 1) koji kodira transpor-
ter glukoze tip 1 lokalizovan na krvno-mozdanoj barijeri.
“Klasi¢ni” fenotip kod dece uklju¢uje ranu pojavu generali-
zovane farmakorezistentne epilepsije, usporen psihomotorni
razvoj, poremecaje pokreta i steCenu mikrocefaliju.
Medutim, blazi fenotipovi bez pojave epilepsije mogu se vi-
deti 1 u kasnijem uzrastu. Ketogena dijeta je terapija izbora.
Prikaz bolesnika. U radu je prikazana devojcica, uzrasta
Cetiri godine sa farmakorezistentnom generalizovanom epi-
lepsijom, paroksizmalnim distonijama, ataksijom, hipotoni-
jom, usporenim razvojem (poremecajima motorike, paznje i
govora) 1 mikrocefalijom. Genetsko testiranje je otkrilo no-
vu tackastu mutaciju u ¢.156T > A (p.Y52X) na egzonu 3
SLC2AT1 gena. Kod bolesnice je primeceno poboljsanje u
klinickom nalazu na primenu ketogene dijete. Zakljucak.
GLUT1 DS je leciva neuroloska bolest, koja je verovatno
nedovoljno prepoznata. Ketogena dijeta dovodi do povoljne
kontrole napada kod dece, a doprinosi izvesnom
poboljsanju u neuroloskom nalazu.

Kljucne reci:
sindrom deficijencije glutl; dijagnoza; dijeta, ketogena;
leCenje, ishod.

Introduction

GLUT1 deficiency syndrome (GLUT1 DS, OMIM
606777) is a metabolic brain disorder arising from mutations
in the neuronal glucose transporter GLUT1 (now designed
S.C2A1) at short arm of chromosome 1 (1p35-31.3)"
GLUT1 located at the blood brain barrier is the main vehicle
for glucose transport into the brain. The disease is caused by

impaired D-glucose transport across the blood brain barrier,
exposing the brain to the risk of energy failure.

The syndrome was first described by De Vivo et al.
(1991) in two children with early-onset epilepsy, develop-
mental delay and acquired microcephaly. They had alow ce-
rebrospinal fluid concentration of glucose and normal plasma
glucose concentration. GLUT1 DS is characterized by infan-
tile onset refractory epilepsy, cognitive and motor develop-
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mental delay, and mixed motor disorders including
spasticity, ataxia and dystonia®. Affected infants have neu-
rodevelopmental impairment of variable severity and acqui-
red microcephaly. Some patients have milder phenotypes and
others have more severe with permanent neurological defi-
cits. The cardina biochemical feature is a decreased ratio of
cerebrospina fluid glucose relative to the plasma glucose
concentration®,

GLUT1 DSis caused by haploinsufficiency of SLC2A1
gene due to a de novo heterozygous mutation in a majority
(90%) of cases. About 10% of patients have autosomal do-
minant inheritance and one affected parent, and only a few
cases have autosomal recessive -2,

GLUT1 DS is a treatable disorder and a lot of patients,
especially those with a mild phenotype, are likely to be under-
diagnosed . The ketogenic diet is the mainstay of treatment,
resulting in good control of seizuresin mogt patients and it has
certain benefit for the neurodevel opmental disability.

Case report

We presented a four-year-old female infant born at term
by vaginal vertex delivery. There were no complications du-
ring pregnancy. Birth weight was 3 300 g and the 5-minutes
Apgar score was 10. The physical examination at birth was
without signs of abnormalities. Her parents were nonconsan-
guineous and healthy. Family history was unremarkable with
no history of developmental problems, learning deficits, birth
defects or genetic syndromes.

At the age of 6 months, the neurological examination
revealed microcephaly, mild hypotonia, reduced motor
activity, brisk deep tendon reflexes and developmental delay.
The girl started to sit without support from the age of one
year and to walk on a wide base, with support and with spa-
stic-ataxic component from the age of two and a half years.
She never attained the ability to walk. Speech devel opment
was aso delayed. She had dysarthria with difficult under-
standing and very poor expressive speech. She was able to
put words into phrases from the age of three years and her
developmenta quotient was 60. She had moderate intellec-
tual impairment. Intensive physical and speech rehabilitation
was performed.

First seizures were noticed starting from the age of 18
months with brief episodes of unresponsiveness, eye move-
ments, head bobbing and hypotonia. The interictal
electroencephalography (EEG) recording showed generali-
zed spike and wave discharges with a frequency of 2.5-4 Hz.
Antiepileptic therapy was given (valproate 30 mg/kg) and it
resulted in exacerbation of seizures, so the drug was exclu-
ded. The seizures were also resistant to antiepileptic drugs
clonazepam, clobasam and lamotrigine. Atypical absence se-
izures as the most common type of seizures were noticed at
the age of three years and ethosuximide was introduced. The
girl responded readily and better control of seizures was ac-
hieved. Later, levetiracetam was added with satisfactory re-
sults. The magnetic resonance imaging (MRI) of the brain
done twice at the age of two and three years was normal.
Metabolic investigations were within normal limits.

The genetic testing encompassed array comparative ge-
nomic hybridization (aCGH) and S_LC2A1 gene sequencing.
Normal result was obtained using aCGH, showing only one
polymorphic copy humber variant (loss of approx. 1.3 Mb at
15g11.2). Sanger sequencing of SLC2A1 gene disclosed va-
riant ¢.156T > A (p.Y52X) in the exon 3 of the gene. This
variant was not reported in the databases of The Exome Ag-
gregation Consortium (ExAC), 1000 Genomes, and Human
Gene Mutation Database (HGMD). The prediction anaysis
using the MutationTaster software indicated pathogenicity of
the variant.

After the diagnosis of GLUT1 DS had been confirmed,
the ketogenic diet (4 : 1 ratio) was introduced. Complete
control of seizures was achieved. The girl is now 4 years old
and shows delay in psychomotor development. She has
microcephaly, abnormal gait (spastic-ataxic) and speech
delay. She does not have seizures at all.

Discussion

Most patients with GLUT1 DS have perinatal history
without complications, like in our reported patient®. The ne-
urological findings in the “classic’” GLUT1 DS include epi-
leptic encephaopathy, complex movement disorders (ataxia,
dystonia, spasticity) and developmental delay including cogniti-
ve deficits. It dso includes hypotonia and acquired
microcephaly. Our patient showed al these characterigtic featu-
res. In the literature, the average age for confirming diagnosisis
5years” and in our patient it was 4 years.

Recently, the “non-classic” clinical features of GLUT1
DS have included familiar and sporadic paroxysmal exerci-
se-induced dyskinesia with or without epilepsy>". It could
aso include varying degrees of cognitive deficits, dysarthria,
dysfluency and expressive language deficits. Awareness of
the broad range of potential clinical phenotypes associated
with GLUT1 DS facilitates diagnosis. Post et al. ® listed the
most frequent movement disorders as gait disturbances,
dystonia, chorea, non-epileptic paroxysmal events, etc. Most
patients have several types of movement disorders.
Additionally, the syndrome of paroxysmal choreoathetosis
with spasticity (DYT9), and paroxysmal exertiond
dyskinesia (DY T18) were also included as a part of clinica
variability of GLUT1 DS® %,

The onset of seizuresin GLUT1 DS occurs between 4
weeks and 18 months of age and in our patient the onset was
at the age of 18 months. They include al seizure types (fo-
cal, generalized, absence and myoclonic) and are resistant to
antiepileptic drugs® ™. In our patient, atypical absence seizu-
res were observed to be resistant to different drugs. They
showed, however, good clinical response to etosuximide and
levetiracetam. The EEG findings in our patient was aso
typica for this syndrome (generalized 2.54 Hz spike and
wave discharges), while the neuroimaging findings as nor-
mal *. In fact, the conventional anatomic neuroimaging with
computed tomography (CT) or the MRI is typically normal
in the patients with GLUT1 DS, whereas the metabolic ima-
ging with *®F-fluorodeoxyglucose positron emission
tomography (FDG-PET) reveals a distinctive pattern of
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hypometabolism in the thalami and mesial tempora regions.
It suggests impaired function of thalamo-cortical network as
an important factor in epileptogenesis™2.

Certain antiepileptic drugs, like valproate, have the po-
tential to exacerbate seizures and that happened to our pati-
ent. It is confirmed that valproate can significantly inhibit the
GLUTZ1 function and glucose transport resulting in the incre-
ased seizure activity in the patient with GLUT1 DS. Therefo-
re, it is important to be careful with the use of vaproate in
the patient with compromised function of GLUT1 ",

The ketogenic diet (high-fat, carbohydrate-restricted) plays
an indispensible role in the treatment of GLUT1 DS. It mimics
the metabolic state of fasting, providing ketone bodies, derived
from the hepatic metabolism of fatty acid, as an dternative fuel
source for the brain. Therefore, the ketogenic diet is a proven
therapy for the trestment of seizures and other clinical features
of the syndrome. This treatment in our patient resulted in subse-
quent improvement in her neurologica satus (gait, ataxia,
spasticity) aswell as cessation of seizures™ ™,

Our patient fulfilled the criteriafor the “classic” phenotype
of GLUT1 DS: epilepsy, developmental delay, cognitive deficit,
microcephdia, hypotonia, spasticity and a complex movement
disorders (ataxia, dystonid). The diagnosis in our patient was
confirmed by identification of pathogenic nucleotide substitu-
tion in the exon 3 of the . .C2A1 gene.

The phenotype-genotype correlation is not well-
established. The relationship between clinical and genetic
characteristics is analyzed in one study’. Sporadic cases
with SLC2A1 de novo mutation (direct gene sequencing re-
vealed missense, nonsense and splice site mutation) had a
more severe phenotype than familiar cases (all patients pre-
sented with missense mutation). Sporadic cases had more

profound cognitive disability, more severe form of epilepsy
and neurologic deficits. The milder phenotype was observed
in familiar cases in the form of “benign” epilepsy and dlight
movement disorder. Another study presented that missense
mutations more frequently showed “mild” phenotype®,
which, of course, could be observed in a variety of other ge-
netic disorders. However, the patients with the same muta-
tion could show phenotypic variety, suggesting that other
genes or other proteins are involved in glucose transport,
pathophysiology of the disease and phenotype. It raises the
unsolved question on the real incidence of GLUT1 DS, tre-
atment with ketogenic diet in milder forms of disease and
concerns about genetic counseling ™ .

Conclusion

We presented the patient with GLUT1 DS, novel causative
SCL2A1 gene variant and effective treatment with ketogenic di-
et. Although presentation was rather typical, diagnosis was con-
firmed at the age of 4 yearswhich isin concordance with reports
from other centers. It is well-established that early initiation of
the ketogenic diet results in better seizure control and improves
the neurologic outcome. One solution could be an employment
of massive pardld gene sequencing in an early course of
infantile seizures, which could provide timely diagnosis in a
substantial proportion of patients.

Acknowledgements

This work was supported by the Serbian Ministry of
Education, Science and Technological Development (Grant
ON175091).

REFERENCES

1. Kiepper ], Leiendecker B. GLUT1 deficiency syndrome-2007 up-
date. Dev Med Child Neurol 2007; 49(9): 707-16.

2. De Vivo DC, Trifiletti RR, Jacobson RI, Ronen GM, Bebhmand RA,
Harik SI. Defective glucose transport across the blood-brain
barrier as a cause of persistent hypoglycorrhachia, seizures, and
developmental delay. N Engl ] Med 1991; 325(10): 703-9.

3. Pearson TS, Akman C, Hinton V], Kristin E, De 1ivo DC. Phe-
notypic spectrum of glucose transporter type 1 deficiency syn-
drome (Glut1DS). Curr Neurol Neurosci Rep 2013; 13(4): 342.

4. Pong AW, Geary BR, Engelstad KM, Natarajan A, Yang H, De
Vivo DC. Glucose transporter type 1 deficiency syndrome: epi-
lepsy phenotypes and outcomes. Epilepsia 2012; 53(9): 1503—10.

5. Kigpper ]. GLUT1 deficiency syndrome in clinica practise. Epi-
lepsy Res 2012; 100(3): 272-7.

6. Brockmann K. The expanding phenotype of GLUT1-deficiency
syndrome. Brain Dev 2009; 31(7): 545-52.

7. Schneider SA, Paisan-Ruiz C, Garcia-Gorostiaga |, Quinn NP, Weber
YG, Lerche H et al. GLUT1 gene mutations cause sporadic
paroxysmal exercise-induced dyskinesias. Mov Disord 2009;
24(11): 1684-8.

8. Post R, Collins A, Rotstein M, Engelstad K, De 1/ivo DC. The spec-
trum of movement disorders in Glut-1 deficiency. Mov Disord
2010; 25(3): 275-81.

9. Auberger G, Ratzlaft T, Lankes A, Nelles HW, Lenbe B, Binkofski
F, et al. A gene for autosomal dominant paroxismal cho-
reoathetosis/spasticity (CSE) maps to the vicinity of a potas-

Ivancevi¢ N, et al. Vojnosanit Pregl 2019; 76(5): 543—546.

sium channel gene cluster on chromosome 1p, probably within
2cM between D1S443 and D1S8197. Genomics 1996; 31(1):
90—4.

10. Weber YG, Kamm C, Suls A, Kempfle |, Kotschet K, Schule R, et al.
Paroxysmal choreoathetosis/spasticity (DY'T9) is caused by
GLUT1 defect. Neurology 2011; 77(10): 959-64.

11. Larsen ], Johannesen KM, Ek ], Tang S, Marini C, Blichfeldt S, et al.
The role of SLC2A1 mutations in myoclonic astatic epielpsy
and absence epilepsy, and the estimated frequency of GLUT1
deficiency syndrome. Epilepsia 2015; 56 (12): €203-8.

12. Akman CI, Provenzano F, Wang D, Engelstad K, Hinton V', Yu ],
et al. Topography of brain glucose hypometabolism and epi-
leptic network in glucose transporter 1 deficiency. Epilepsy
Res 2015; 110: 206-15.

13. Wong HY, Chu TS, Lai JC, Fung KP, Fok TF, Fujii T, et al. So-
dium valproate inhibits glucose transport and exacerbates
Glutl-deficiency in vitro. ] Cell Biochem 2005; 96(4): 775-85.

14. Baranano KW, Hartman AL. The ketogenic diet: uses in epi-
lepsy and other neurologic ilnesses. Curr Treat Options Neu-
rol 2008; 10(6): 410-9.

15. Strafstrom CE, Rho JM. The ketogenic diet as a treatment para-
digm for diverse neurological disorders. Front Pharmacol
2012; 3: 59.

16. Gano 1B, Patel M, Rho JM. Ketogenic diets, mitocondria, and
neurological disease. ] Lipid Res 2014; 55(11): 2211-28.



Page 546 VOJINOSANITETSKI PREGLED Voal. 76, No 5

17. De Giorgis 1/, Teutonico F, Cereda C, Balottin U, Bianchi M, 19. De Giorgis 1/, Veggiotti P. GLUT1 deficiency sindrome 2013;

Giordano L, et al. Sporadic and familiar glutlds Italian patients: current state of the art. Seizure 2013; 22(10): 803—11.

a wide clinical variability. Seizure 2015; 24: 28-32. 20. Melnikova AM, Korff CM. Clinical variability of GLUT1DS. Sei-
18. Leen WG, Kigpper ], Verbeek MM, Leferink M, Hofste T, van Enge- zure Disord 2015; 29(2): 14.

len BG, et al. Glucose transporter-1 deficiency sindrome: the

expanding clinical and genetic spectrum of a treatable disorder. Received on April 06, 2017.

Brain 2010; 133(Pt 3): 655-70. Accepted on July 07, 2017.

Online First September, 2017.

Ivancevi¢ N, et al. Vojnosanit Pregl 2019; 76(5): 543-540.



Vojnosanit Pregl 2019; 76(5): 547-551.

VOJNOSANITETSKI PREGLED

Page 547

CASE REPORT
(CC BY-SA) (2

AT ETg
® &,

UDC: 618.11-006
https://doi.org/10.2298/VSP170424107R

Clear cell/endometrioid type ovarian carcinoma associated with
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Abstract

Introduction. Ovarian endometriosis has been identified as
a risk factor for occurrence of endometriosis-associated
ovarian carcinoma. We presented a rare case of simultane-
ous clear cell/ endometrioid ovarian carcinoma and endo-
metriosis of the ipsilateral ovary. Case report. A 47-year-
old patient underwent surgery for right ovarian endometri-
otic cyst. A total hysterectomy with bilateral salpingo-
oophorectomy, lymphadenectomy in the right psoas muscle
region and omentectomy were performed as well as multiple
peritoneal biopsies. Six cycles of chemotherapy were insti-
tuted postoperatively using the Taxol-CBDCA protocol.
Abdominal and pelvic CT did not demonstrate recurrence
of the disease postoperatively and after completed chemo-
therapy treatment. Six months after the completion of
treatment, the patient felt well without the disease recur-
rence. Conclusion. Clear cell and endometrioid subtypes of
ovarian carcinoma have good prognosis if they are diag-
nosed and treated at an eatly stage of the disease. In our pa-
tient, the carcinoma was detected in the first stage and suc-
cessfully treated with combination therapy, i.e., surgical and
chemotherapy.

Key words:
adenocarcinoma, clear cell; diagnosis; endometriosis;
ovarian neoplasms; treatment outcome.

Apstrakt

Uvod. Endometrioza jajnika je identifikovana kao faktor
rizika od nastanka karcinoma jajnika udruZenog sa endo-
metriozom. Prikazali smo bolesnicu sa istovremenom po-
javom svetlocelijskog/endometrioidnog tipa katcinoma ja-
jnika i endometrioze u istom jajniku. Prikaz bolesnika.
Bolesnica, stara 47 godina, podvrgnuta je operativnom zah-
vatu zbog endometrioticne ciste na desnom jajniku.
Uradena je histerektomija sa obostranom adneksektomijom,
limfadenektomija regije desnog slabinskog misi¢a, omentek-
tomija i viSestruke biopsije peritoneuma. Posle operacije
primenjena je hemioterapija u toku Sest ciklusa po
protokolu Taxol-CBDCA. Nakon hiruskog zahvata i
sprovedenog lecenja hemioterapijom uraden je kontrolni
CT abdomena i male karlice i kod bolesnice nisu nadeni
znakovi recidiva bolesti. Sest meseci posle zavrsenog le¢enja
bolesnica se dobro osecala i nije imala recidiv bolesti.
Zaklju€ak. Svetlocelijski 1 endometrioidni  podtip
karcinoma jajnika imaju dobru prognozu ako se otkriju i
lece u ranom stadijumu bolesti. Kod prikazane bolesnice
karcinom je otkriven u prvom stadijumu i uspesno je lecen
kombinovanom terapijom tj. hiruski i hemioterapijom.

Kljucne reci:
adenokarcinom svetlih ¢elija; dijagnoza; endometrioza;
jajnik, neoplazme; leCenje, ishod.

Introduction

Endometriosis is a benign gynecological condition cha-
racterised by specific histological, molecular and clinical
findings. Prevalence of endometriosis among the women of
reproductive age is 10%—15%, increasing to 30% in the in-
fertile women '. Endometriosis is considered as a considera-
ble risk factor for development of several subtypes of epithe-

lial ovarian carcinoma (clear cell and endometrioid carcino-
ma) known as endometriosis-associated ovarian carcinoma
(EAOC) **. The incidence of ovarian cancer in general po-
pulation ranges between 5 and 9 new cases per 100,000 wo-
men per year, and ovarian cancer is known to develop in
0.3%-1.6% of women with endometriosis *. We presented a
rare case of simultaneous clear cell/endometrioid ovarian
carcinoma and endometriosis of the ipsilateral ovary.

Correspondence to: Ivana Rudi¢ Bilji¢-Erski, Mihaila, Avramovi¢a 22, 11 000 Belgrade, Serbia. E-mail: rudic.biljic@gmail.com



Page 548

VOJNOSANITETSKI PREGLED

Vol. 76, No 5

Case report

A 47-year-old patient was admitted to our clinic for
surgery due to presence of a right ovarian endometriotic cyst
and pelvic pain. The onset of pelvic pain was one month pri-
or to hospital admission. Menstrual cycles were regular, 25
days in length. The patient was a nulligravida. The patient
appeared generally well, with a normal nutritional status and
blood pressure. The right ovarian endometriotic cyst was di-
agnosed by ultrasound 4 years before. Furthermore, the pati-
ent had history of laparoscopic surgery 13 years ago for a
benign left ovarian cyst. The patient did not see her doctor
for regular gynecologic exams. Family history was negative
for malignancies. The gynecologic bimanual exam revealed a
palpable and tender right adnexal cystic mass, measuring 50—
60 mm. Two-dimensional transvaginal ultrasound revealed the
anteverted uterus with a normal external uterine contour, measu-
ring 70 % 51 x 51 mm. Endometrial lining had normal contours
and its thickness measured 6 mm. A multiloculated cystic tumo-
ur of the right ovary measured 70 x 60 mm and contained
hyperechoic and viscous material on ultrasound. A solid
hyperechoic formation, measuring 25 x 25 mm, was seen in the
lower half of the right ovarian cystic mass. The capsule of the
cyst measured 3.5 mm. The left ovary measured 28 x 22 mm
and was normal on ultrasound. Abdominal ultrasound was nor-
mal. Paraaortic and pelvic lymph nodes were not enlarged. Pre-
operative ultrasound findings of internal genitalia are demon-
strated on Figures 1, 2 and 3.

Colour flow Doppler of pericystic vessels and the blood
vessels of solid portions of the cyst were performed and the
resistance indices (RI) of 0.50 and 0.42 were measured
respectively. Increased tumour marker levels of the cancer
antigen 125 (CA-125) were noted at 594 U/mL (normal ran-
ge is less than 46 U/mL). Human epididymis protein 4 (HE4)
levels were within a normal reference range (HE4 = 42.8
pmol/L). The risk of ovarian malignancy algorithm (ROMA
index) value was calculated to be 18%, which was conside-
red a high-risk in a premenopausal woman. Complete blood
count, urea, creatinine, electrolytes, liver function tests,
urinalysis and urine culture were all within normal limits.
Colposcopic exam and Pap smear were normal. Internal me-
dicine and anaesthesiology consults were sought and the
examinations were found to be normal. The patient under-
went a total abdominal hysterectomy with bilateral salpingo-
oophorectomy. Wide adhesions covering the fundus and anterior
uterus were noticed intraoperatively and adhered to the anterior
pelvic wall and bladder peritoneum. A cystic formation measu-
ring 60 x 70 mm was seen on the right ovary, which adhered to
the uterus, right Fallopian tube and the lateral pelvic wall. The
left ovary and Fallopian tube had a normal gross appearance,
with adhesions to the uterus and peritoneum of the lateral pelvic
wall. Multiple endometriotic implants were seen on the utero-
sacral ligaments and the pouch of the Douglas peritoneum. Du-
ring the resection of right ovarian adhesions, the ovarian cyst
ruptured. Gross pathological changes were not seen on the liver,
stomach, large and small intestines, and the omentum. The
histopathology results revealed the following: ovarian adenocar-
cinoma I, endometrioid/clear cell type, HGl NG2, which was

also found on the surface of the cyst. Further histopathology re-
vealed ovarian endometriosis. Histopathology of the Fallopian
tubes was normal. Uterine histopathology revealed an intramural
fibroid and adenomyosis. Cervical histopathology revealed
chronic cervicitis. The histopathology of removed right ovary
diagnosed both endometriosis and ovarian carcinoma (Figure 4).
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Fig. 1 — A normal sized uterus with a homogeneous
echotexture.
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Fig. 2 — Right ovarian bilocular cystic tumour with
viscous content. A regular and thin septum is present
within the cyst. A hyperechoic solid tissue element is

visible in the inferior half of the cyst.
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Fig. 3 — Hyperechoic solid tissue element
at the inferior pole of the right ovarian cyst.
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Fig. 4 — Histopathological types of ovarian carcinoma of the right ovary: A) Clear cell carcinoma
and endometriosis (hematoxylin and eosin, X10); B) Endometrioid carcinoma (hematoxylin and eosin, x20).

Fig. 5 — Positron emission tomography-computed tomography (PET-CT) scan: an enlarged lymph node, suspicious of
metastases, is visible between the right psoas muscle and the spinal column.

The disease was staged using the Tumor-Node-
Metastasis (TNM) and International Federation of
Gynecology and Obstetrics (FIGO) classifications and was
classified as follows: pT1c-NO-MO (FIGO IC). The patient’s
case was presented to the Council for Malignant Gynecologic
Diseases and the Council decided to perform positron emission
tomography (PET) and computed tomography (CT) of the ab-
domen and pelvics. PET/CT of the abdomen and pelvis did not
find any pathological lesions; pelvic and paraaortic lymph nodes
were not enlarged. An enlarged lymph node, suspicious of meta-
stasis, measuring 15 x 10 mm, was noted in-between the right
psoas muscle and the spine. Postoperative findings of the PET/
CT scan are shown in Figure 5.

The PET/CT findings were presented and the Council
decided that the patient should undergo radical surgery ac-
cording to the protocol for ovarian cancer. The patient un-
derwent the second surgery with lymphadenectomy in the
right psoas muscle region, omentectomy and multiple perito-
neal biopsies. Swabs from the peritoneum of the pouch of
Douglas, bilateral paracolic gutters, and subdiaphragmatic
areas were obtained. Cytologic washings of the peritoneal

Rudi¢ Bilji¢-Exski I, et al. Vojnosanit Pregl 2019; 76(5): 547-551.

cavity were obtained. The histopathology results were as fol-
lows: Reactive follicular hyperplasia and sinus histiocytosis
lymphadenopathy; fragments of peritoneal connective vascu-
lar tissue without pathological significance. The cytological
finding was negative for malignancy. The histopathological
findings of the removed lymph node are shown in Figure 6.

Fig. 6 — Sinus histiocytosis of the lymph node with
reactive follicular hyperplasia.
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These findings were presented to the Council for Ma-
lignant Gynecologic Diseases, and a decision to commence
chemotherapy was made, using six cycles of the Taxol (125
mg/m®) and carboplatin CBCDA (250 mg/m?) protocol. Tu-
mour markers (CA-125 and HE4) or CT of the pelvis and
abdomen were to be repeated before commencing and after
the completion of chemotherapy regimen. Prior to commen-
cing chemotherapy, the CA-125 value was reported to be 70
U/L, and the abdominal/pelvic CT did not show any patholo-
gical changes. The patient was treated with six cycles of
chemotherapy. The follow-up CT of the abdomen and pelvis
was normal; CA-125 levels were also within a normal refe-
rence range. Six months after treatment, the patient felt
generally well, without signs of metastatic disease. The fol-
low-up CT findings of the pelvis and abdomen are shown in
Figures 7 and 8.

Fig. 7 — Pelvic computed tomography (CT) demonstrates
normal bladder and intestines.

Fig. 8 — Normal computed tomography (CT) of
abdominal organs.

Discussion

Endometriosis has been found to be associated with
some histological subtypes of epithelial ovarian carcinoma,
such as clear cell, endometrioid and low malignant potential
serous carcinoma. These are known as EAOCs >°. EAOCs
are usually diagnosed at an early stage in the patients with
endometriosis, and these are usually low malignant potential
carcinomas. Endometriosis is diagnosed in 4.2% of patients
with ovarian carcinoma °. Endometriosis and epithelial car-
cinoma of the ipsilateral ovary have been associated in 2.5%
of patients. The women with endometriosis have a 1.7 times
higher risk of ovarian cancer than the women without endo-
metriosis. The nulliparous women with endometriosis have a
three times increased risk of ovarian cancer than the women
who have given birth *. Our patient had a history of infertility
which was assessed and had been treated. Endometrioid tu-
mours constitute 15%-25% of epithelial ovarian carcinomas.
Clear cell subtype constitutes 5%—-25% of epithelial ovarian
carcinomas. The mixed clear cell/endometrioid subtype con-
stitutes 1.3% of all ovarian carcinomas. There are 30% to
40% of women who have an endometrioid carcinoma associ-
ated with endometriosis, while this frequency is 30%-55% in
the women with clear cell carcinoma >’. The mechanism by
which endometriosis influence the development of ovarian
carcinoma is unknown. The molecular level research has
identified oxidative stress, inflammation and hyperestro-
genism as important mechanisms by which endometriosis
may lead to ovarian carcinoma. Due to repeated hemorrhage,
heme and free iron accumulate in the endometriotic lesion,
leading to the production of oxydative stress, which creates a
hypoxic environment that promotes the DNA damage and
mutation accumulation. These events play a role in
pathophysiology of ovarian carcinoma *>. Endometriosis is
characterized by genetic instability: like neoplasms endome-
triosis seems to be monoclonal in origin, Advances in genetic
have led to the discovery of new mutations and a better un-
derstanding of the function of genes and pathways associated
with EAOCs ®. Tumor suppressor genes that were identified
as contributors to the development of EAOCs include TP53,
PTEN, and ARID1A as well as a proto-oncogene KRAS.
ARID1A mutation (AT rich interactive domain 1A) was seen
in 46% of ovarian clear-cell carcinomas and in 30% endome-
trioid carcinomas and was described as a possible early evant
in the malignant transformation of endometriosis into carci-
noma ~'°. The TP53 mutations were seen in 30% of endome-
triosis associated with clear-cell carcinomas. Hence, the
TP53 abnormalities may be involved in malignant transfor-
mation of ovarian endometriosis. Some studies suggest that
mutation of the tumor suppressor gene PTEN play a part in
the malignant transformation of endometriosis ''. Furthermo-
re, inflammation also has a role in the development of
EAOCs. Some studies showed that the peritoneal fluid of
women with endometriosis had the increased levels of
proinflammatory cytokines and growth factors such as TNF-
o, IL-1, IL-6 and IL-8, but these women also had the serum
inflammatory markers comparable to those found in the wo-
men with ovarian carcinoma '>. IL-1 may upregulate the
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COX2 gene expression leading to the increased secretion of
PGE,; PGE, stimulates processes that are characteristic of
tumor growth such as angiogenesis, cell proliferation and in-
hibition of apoptosis. The women with a positive family
history for colon cancer or endometrial cancer (Lynch
syndrome 2) or hereditary nonpolyposis colorectal carcino-
ma, have an increased risk of endometrioid ovarian cancer .
The women who have mutations in BRCA1 or BRCA2 ge-
nes on chromosome 17 and 13 have an increased risk of bre-
ast and ovarian carcinomas . The prognosis of EAOC is
good at the early stage of the disease. The treatment options
include surgical management and chemotherapy, either as

separate modalities or in combination ’. Our patient was trea-
ted both surgically and with chemotherapy. Six months after
the treatment completion, the patient felt well without the di-
sease recurrence.

Conclusion

Clear cell and endometrioid subtypes of ovarian carci-
noma have good prognosis if they are diagnosed and treated
at an early stage of the disease. In our patient, the carcinoma
was detected in the first stage and successfully treated with
combination therapy, i.e., surgical and chemotherapy.
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Abstract

Introduction. Mitral valve calcifications are frequent find-
ing in Barlow disease. This is making mitral repair surgery
even more demanding in already complex valve pathology.
Case report. A fifty—five-year-old Barlow disease patient
underwent a mitral repair surgery due to posterior leaflet
prolapse at P2 level and extensive posterior leaflet and an-
nular calcifications as well. The prolapsed scallop was re-
sected, while P1 and P3 scallops were detached from the
annulus. After complete posterior annulus decalcification,
so formed the large atrio-ventricular defect was recon-
structed with the autologous pericardial patch and double
suture line technique. The P1 and P3 segments were reat-
tached there by the sliding technique and sutured with no
strain. Annuloplasty was performed with a saddle rigid ring
No 36. The patient was discharged nine days after the sur-
gery with just a trace of mitral regurgitation. Conclusion.
Annular decalcification and reconstruction in the patients
with calcified Barlow mitral disease is neccessary for safe
and durable mitral valve surgical repair.

Key words:
barlow syndrome; mitral valve stenosis; mitral valve
annuloplasty; reconstructive surgical procedures.

Apstrakt

Uvod. Kalcifikacije mitralne valvule su ¢est nalaz kod bolesnika
sa Barlovljevom bolesti $to cini rekonstruktivau hirurgiju zalist-
ka kod ovih bolesnika znatno slozenijom. Prikaz bolesnika.
Bolesniku starom 55 godina je uradena rekonstrukcija mitral-
nog zalistka zbog prolapsa posteriornog listi¢a i znacajnih kalci-
fikacija na P2 segmentu i1 posteriornom anulusu. Nakon resek-
cije P2 segmenta i odvajanja P1 i P3 segmenta od anulusa,
uradena je kompletna resekcija velikog kalcifikata sa skoro po-
lovine obima posteriornog anulusa. Nastali atrioventrikularnog
defekt rekonstruisan je autolognim perikardom elipsoidnog ob-
lika sasivenim u dva sloja. P1 i P3 segment su potom reinplanti-
rani na rekonstruisani anulus i medusobno spojeni. Rekon-
struktivna procedura je kompletirana anuloplastikom pomocu
sedlastog rigidnog prstena veli¢ine 36. Bolesnik je otpusten de-
vetog postoperativnog dana sa neznatnom mitralnom regurgi-
tacijom. Zakljucak. Dekalcifikacija posteriornog anulusa uz
preciznu rekonstrukeiju nastalog atrioventikularnog defekta je
neophodna procedura za bezbednu i funkcionalno trajnu re-
konstrukciju mitralnog zalistka.

Kljucne reci:

sindrom barlow; zalistak, mitralni, stenoza; zalistak,
mitralni, anuloplastika; hirurgija, rekonstruktivne
procedure.

Introduction

Extremely enlarged and thick mixomatous leaflets
along with significant annular dilatation are the main features
of the Barlow mitral valve disease. Excessive leaflet mobility
in these patients results in micro traumas at the leaflet base.
The healing process stimulates fibrous scar formation there-
after and annular calcifications in some patients. The adje-
cent leaflet and myocardial tissue could be affected by the
calcification process as well 2 Therefore, the calcified po-

sterior annulus is not a rare finding in the Barlow patients?
and makes already complex reconstructive surgery more de-
manding. This is a case report of a patient who underwent a
succesful mitral repair surgery in spite of excessive posterior
leaflet and annular calcifications.

Case report

Fifty-five-year-old patient was admitted to hospital for
the chronic severe mitral insufficiency. He was in the New

Cortespondence to: Ivan Stojanovi¢, Cardiovascular Institute ,,Dedinje®, Avalska 3/12, 11000 Belgrade, Setbia.
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York Heart Association (NYHA) functiona class I1l. The
echocardiography exam revealed grade 4 mitral regurgitation
due to the posterior leaflet prolapse at the P2 level. The pro-
lapsed segment was at the same time immobile due to severe
calcifications that were extending down into the posterior
annulus. The heart chambers were moderately enlarged. Left
atrium was 44 mm, while left ventricle end-systolic and end-
dyastolic diameters were 43 mm and 59 mm, respectively.
Left ventricle gjection fraction was 60%. The patient had no
history of rheumatsim or bacterial endocarditis.

Fig. 1 — Intraoperative images.
a) Massive leaflet calcification that extends down into the
posterior annulus; b) Annulus decalcification resulted in
a huge atrioventricular defect (arrow); c) Atrioventricu-
lar defect was reconstructed with autologous pericardial
patch (arrow); d) Preserved anatomy and fully
competent mitral valve as well after the reconstruction;
e) Postoperative echocardiography exam confirms long
coaptation line with f) just a trace of residual mitral
regurgitation.

The surgery was performed through the median sterno-
tomy. The valve anatomy and leaflet thickness confirmed the
diagnosis of Barlow disease. The posterior leaflet P2 scallop
was prolapsing due to elongated and ruptured chordae and
was at same time rigid and immobile due to severe calcifica-
tions. Posterior annulus was severely calcified as well (Figu-
re 1a). The prolapsed segment was excised while the P1 and
P3 scallops were detached from the annulus. Posterior annu-
lus calcification was completely removed, leaving a large
gap between the left ventricle and atrium (Figure 1b). The
most demanding part of the procedure was a reconstruction
of such an important atrioventricular discontinuity. The po-
sterior annulus therefore, was repaired with 4 x 2 cm ova
shape autologous pericardium (Figure 1c). Six separate pled-

Stojanovic 1, et al. Vojnosanit Pregl 2019; 76(5): 552—-554.

geted 4/0 ,U" dtitches, were placed trough the lower rim of
the pericardal patch, left ventricle myocardium, and thereaf-
ter pulled through the left atrial wall and tied on the | eft atrial
side (Figure 2a). The upper rim of the pericardia patch was
then sutured to the left atrial wall with 4/0 runnung
polypropylene suture, making quite a strong posterior annu-
lus reconstruction (Figure 2b). After that, the P1 and P3 scal-
lops were reattached to the reconstructed posterior annulus
by the leaflet dliding technique and sutured with no strain.
Annuloplasty was performed with the N° 36 SIM Saddle
ring, Saint Jude Medical, SAD (Figure 1d). The postoperati-
ve course was uneventful, and the patient was dicharged nine
days after the surgery with amost fully competent mitral
valve just atrace of mitral regurgitation was noticed (Figures
leand 1If).

@ =-— x

Fig. 2 — Posterior atrioventricular defect reconstruction
with autologous pericardium.

a) First suture line is performed with single pledgetet ,,U*
stitches passed through the patch, myocardium and
pulled out high on the atrial side. In that way, the atrial
tissue is slided down to close atrioventricular defect, and
prevent circumflex artery entrapment - atrial sliding
technique (b). Second running suture line reinforces the
repair and covers the first lineknotes.

CSL - continious suture line; SUSL — single ,,U* stitch line;
Pp — pericardial patch; LV — left ventricle myocardium; LA
— left atrial wall; Cx — circumplex artery; PL — pledget on a
single ,,U“ stitch.

Discussion

Barlow disease is one of the most complex pathologies
in the mitral repair surgery. When present, annular calcifica-
tions makes mitral reconstructive surgery even more deman-
ding. Although there is a quite enough leaflet tissue for the
repair in these patients, leaflet mobility, pliability and overal
repair durability as well, could not be fully achieved without
the posterior annulus decalcification . This is a complex and
risky procedure for two reasons. Firstly, we must take care to
protect circumflex artery in the atrioventicular (AV) groove
(Figure 2b). Secondly, we have to keep in mind that decalci-
fication at this level creates an AV defect > ®, which, if not
repaired properly, results in catastrophic bleedeng after-
wards. We reduced a possibility to entrap the circumflex
artery by placing every single ,U" stitch under direct vision.
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An additional support for such alarge AV defect repair was
achived by the additional runing suture. Therefore, we found
that the double stitch line pericardial patch technique we dec-
ribed, is effective in preventing both adverse events (Figure
2). Furthermore, pliability of the new posterior annulus we
created, provides elastic and solid base for the leaflet sliding
suture as well as annuloplasty ring stitches. Such a solid, but
elastic annular reconstruction allows a surgeon to acheive
full leaflet mobility after the sliding plasty and to reduce the

stress on aleaflet base.

Conclusion

Annulus calcifications in Barlow mitral valve disease
has to be removed in order to obtain the pliable and durable
valve repair. Atrioventricular defect upon decalcification co-
uld be safely reconstructed with autologous pericardium re-
inforeced by the double suture line technique.
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C1-C2 screw fixation in the patient with anomalous course

of vertebral artery — a case report

C1-C2 fiksacija Srafom kod bolesnika sa anomalijom toka vertebralne arterije

Drazen Iveti¢, Goran Pavlicevi¢, Branislav Antié¢

Military Medical Academy, Department of Neurosurgery, Belgrade, Serbia; University
Defence, Faculty of Medicine of the Military Medical Academy, Belgrade, Serbia

Abstract

Introduction. The atlantoaxial complex is a very compli-
cated structure and open reduction of C1-C2 subluxation is
very demanding. Atlantoaxial instability may result from the
traumatic, inflammatory, neoplastic, congenital or degenera-
tive disorders. Anatomy of the vertebral artery is essential
for surgical approach and sometimes the placement of C2
pedicle screw is not possible. In these instances, the trans-
laminar screw placement in C2 can provide an alternative
fixation point in C2, without threatening injury to the verte-
bral artery. Case report. We presented 54- year-old patient
with cervical myelopathy according to traumatic atlantoaxial
subluxation. Computed tomography angiography showed a
bilateral vertebral artery anomaly of “high-riding” type. The
patient was operated and the postetior C1-C2 screws fixa-
tion was used. Due to the vertebral artery anomaly C2
screws were translaminary inserted. Complete reduction of
C1-C2 subluxation and excellent neurological improvement
were achieved. Conclusion. Surgical treatment of C1-C2
subluxation is very challenging. Many techniques of atlan-
toaxial fixation have been developed. The use of C2
translaminar screw is an alternative method of fixation in
the treatment of atlantoaxial instability, especially in cases
with the vertebral artery anomaly.

Key words:
cervical vertebrae; joint dislocation; vertebral artery;
congenital abnormalities; bone screws; neurosurgery.

Apstrakt

Uvod. Atlantoaksijalni kompleks je veoma kompleksna ana-
tomska struktura, a otvorena redukcija C1-C2 luksacije veoma
je zahtevna procedura. Nestabilnost atlantoaksijalnog komplek-
sa moze nastati kao posledica traumatskih, inflamatornih,
neoplasticnih, kongenitalnih ili degenerativnih oboljenja. Po-
znavanje anatomije vertebralne arterije kljucno je za obavljanje
hirurgije u ovoj regjji, a transpedikularno plasiranje C2 srafa
ponekad nije moguce. U ovim situacijama, translaminarno pla-
siranje Srafova u C2 prsljen obezbeduje alternativan nacin fik-
sacije, bez opasnosti od povrede vertebralne arterije. Prikaz
bolesnika. Prikazan je bolesnik, star 54 godine, sa cervikalnom
mijelopatijom kao posledicom traumatske atlantoaksijalne su-
bluksacije. Kompjutetizovana tomografska angiografija pokaza-
la je obostranu anomaliju vertebralne artetije “high-riding” tipa.
Bolesnik je operisan, ucinjena je C1-C2 zadnja stabilizacija
srafovima. Zbog anomalne pozicije vertebralne artetije Srafovi
su plasirani u lamine C2 prsljena. Postignuta je odlicna repozici-
ja subluksacije kao i odlican neuroloski oporavak bolesnika.
Zaklju¢ak. Hirurski tretman C1-C2 luksacije predstavlja veliki
izazov. Opisane su brojne hirurske tehnike u tretmanu atlanto-
aksijalne fiksacije. C2 translaminarno plasiranje $rafova je alter-
nativna metoda stabilizacije u tretmanu atlantoaksijalne nesta-
bilnosti, posebno u slu¢ajevima anomalije vertebralne arterije.

Kljucne reci:
prsljenovi, vratni; iSCaSenje; a.vertebralis; anomalije;
zavrtnji za kost; neurohirurgija.

Introduction

The atlantoaxial complex is very complicated structure
and surgery in that region is very demanding. Reduction of
the C1-C2 subluxations results in the increased space for the
spina cord and is a decompressive strategy for spinal cord
compression secondary to the C1-C2 instability *. Atlantoaxial
subluxation may result from the traumatic, inflammatory,

neoplastic, congenital or degenerative disorders. Several tec-
hniques have been described to treat atlantoaxia instability,
ranging from wiring techniques, transarticular screw techni-
que, C1 latera mass with C2 pedicle screw and C1 lateral
mass screw with C2 translaminar screw. The wiring techni-
ques are limited in their ability to achieve and maintain ade-
quate reduction intraoperatively * 2. The transarticular screw
technique is excellent for maintaining alignment, but it does
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not enable reduction * **. This technique confers immediate
stability to atlantoaxial complex and is usually performed in
a combination with awiring technique to provide a substrate
for bony fusion, however, this type of screw fixation is
technically demanding and associated with the risk of the
vertebral artery injury * °. The presence of a high-riding ver-
tebral artery precludes the safe placement of C2 pedicle
screws in C1 lateral mass screw with the C2 pedicle screw
technique. The translaminar screw placement in C2 can pro-
vide an aternative fixation point in C2 in the patients with
anomalous course of the vertebral artery.

Case report

A 54-year-old man was referred to our hospital for cer-
vical myelopathy according to atlantoaxial instability. Three
months before admission to our department, he suffered a
trauma of cervical spine during physical activity. After few
days, he started with myelopathy. On admission, he had se-
vere myelopathy with the Nurick score 4, and 11 according
to the modified Japanese Orthopaedic Association (mJOA)
scale. He had a severe neck pain and his left arm was almost
plaegic. The imaging studies revealed C1-C2 instability, with
atlantodental interval of 5 mm (Figures 1 and 2). Preoperati-
ve multisliced computed tomography (MSCT) angiography
showed that there was a bilaterally anomalous course of ver-
tebral artery, the high-riding type (Figure 3). The operation
was performed in general anesthesia, with the patient in the
prone position and his head secured in a Mayfield head hol-
der. The final positioning was performed using the real-time
fluoroscopy. A standard posterior approach was performed
via a medial skin incision. The C1 arch was dissected and
followed laterally to the lateral mass of C1 with the use of a
subperiostal dissection as described by Goel and Laheri .
The C1-C2 articulation was exposed and decorticated, C2
nerve root was retracted inferiorly, exposing the entry point
in the midportion of the C1 lateral mass. A pilot hole was
made by a diamond burr, and under fluoroscopy control, a
bicortical hole was tapped. Trajectory of the hole was paral-
lel to the base of the C1 lateral mass with 10 degrees of me-
dia angulation. A polyaxia screw was inserted bicorticaly,
and few millimeters unthreaded portion of the Cl screw
stayed above the lateral mass. With the diamond burr, a
small cortical windows were made in the base of the spinous
process of C2, one on either side. A screw tap was made in-
side the lamina without any cortical breakthrough one rostral
to the other, and the polyaxial screw was carefully inserted
along the same trgjectory. The C1 lateral mass screws and bi-
lateral laminar C2 screws were connected with the posterior
rods, the locking screws were placed and the reduction tec-
hnique was performed by distraction. The C1 and C2 poste-
rior elements were then decorticated and the autologous oc-
cipital bone graft was placed over the C1-C2 posterior ele-
ments. The patient, postoperatively, had neurologicad impro-
vement and he started with physical therapy. The postoperative
images showed a good postion of the implants and complete
reduction of C1-C2 subluxation (Figures 4, 5 and 6).
Postoperatively, the patient wore acervical orthosisfor 6 weeks.

Fig. 1 — Preoperative sagittal cervical spine magnetic
resonance image in a 54-year-old man with cervical
myelopathy and atlantoaxial instability.

Fig. 2 — Preoperative axial computed tomography image
revealing atlantoaxial instability with atlantoaxial
distance of 5 mm.

Fig. 3 — Preoperative computed tomography angiography
showing the high-riding vertebral artery at the C2 level
with a very narrow pedicle.

Iveti¢ D, et al. Vojnosanit Pregl 2019; 76(5): 555-558.
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Fig. 4 — Postoperative lateral radiography showing good
position of screws.

Fig. 5 — Postoperative axial computed tomography image
demonstrating a good position of screws in the C1 lateral
masses and complete reduction of the C1-C2 subluxation.

Fig. 6 — Postoperative axial computed tomography image
showing a proper position of the C2 translaminar screws.

Iveti¢ D, et al. Vojnosanit Pregl 2019; 76(5): 555-558.

Discussion

In 1910, Mixter and Osgood ® provided the first description
of surgical treatment for atlantoaxia ingtability using heavy silk
to tie the spinous process of C1 and C2 together. Since then,
many other surgical techniques have been developed °. These
posterior surgica techniques can be strongly divided into the wi-
ring and screw techniques. The wiring techniques of dorsal
alantoaxia fusion are technicaly smple and do not require
fluoroscopy. However, maintaining the reduction can be diffi-
cult, and it requires a rigid postoperative immobilization for a
successful fusion 2. Because of these disadvantages of the wiring
techniques, newer screw techniques have been developed. Ma-
gerl and Seemann *° described a transarticular screw method,
and that instrumentation had superior stability in comparison to
the wiring techniques . This technique requires a reduction of
C1-C2 luxation before fixation and an overal complication rate
was high, especidly in case of the vertebral artery injury ™.
According to these limitations of transarticular technique, Goel
and Laheri described four screw C1-C2 fixation technique while
other auhors ™ *° and Harms and Melcher * popularized this
technique. If the C2 pedicle screw cannot be placed due to the
vertebral artery anomaly, an aternative techniques like C2 tran-
daminar screw can be implemented. The vertebral artery was
considered high riding if the isthmus thickness was less than 5
mm or theisthmusinternal height was less than 2 mm . Wright
9 and Leonard and Wright ° described new technique which
involved the insertion of polyaxia screwsinto the laminae of C2
in abilateral, crossing fashion, which were then connected to the
C1 lateral mass screws °. The intralaminar screw technique wo-
uld be the safest technique in regard to the vertebrd artery
injury, and aso, there was no need for an acute angle for the
placement of screws and the C2 intralaminar screws can be pla-
ced with visud and tactile feedback without the fluoroscopy or
image guidance * *°. The only drawback of this technique is its
requirement for an intact and adequately sized lamina. The C1
lateral massC2 trandaminar screw  constructs  are
biomechanicaly similar to the transarticular and C1 laterdl mass-
C2 pedicle screws in flexion-extension and axial rotation, atho-
ugh the C2 trandaminar screws were significantly less resistant
to lateral bending * *. Similar technique of fixation, which in-
volves screw insertion into the base of the spinous process of the
axis, was described by Goel and Kulkarni %, aso. Thorough as-
sessment of the vascular anatomy is recommended before an
operative intervention in the upper cervical spine to minimize
the risk of complications. Surgical possibilitiesto trest the atlan-
toaxid instability are numerous, and according to surgical
anatomy, a surgeon’s skills and type of injury, surgeon can cho-
osethe best one.

Conclusion

Surgical treatment of the C1-C2 subluxation is very
challenging. Many techniques of atlantoaxia fixation have
been developed. The use of the C2 translaminar screw is an
alternative method of fixation in the treatment of atlantoaxial
instability, especially in cases with vertebral artery anomaly.
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Improved cytoreductive potential of plateletapheresis in the treatment
of thrombocythemia: a single center study

Poboljsani citoreduktivni potencijal trombocitafereze u leCenju trombocitemije

To the Editor:

Extreme thrombocytosis (ETC; cell-count> 1500 x
10°/L) in the essential thrombocythemia (ET) patients — with
altered platelet (Plt) morphology/aggregability (Plt-dysfunc-
tion) and immature reticulated Plts — increases the risk of
both thromboembolic and/or hemorrhagic events (up to
50%). The evidence-based clinical guideline for therapy of
asymptomatic-ET (e.g., exact cytapheresis-threshold, target
Plt-count, etc.) is not yet established. In the treatment of
symptomatic-ET (when low-dose aspirin or other anti-Plt
and the highest doses of chemotherapy are without rapid re-
sponse or contraindicated, as in pregnancy), cytoreduction by
plateletapheresis is useful or essential '*. The first cy-
tapheresis in our Apheresis Center was performed in 1971
for treatment of pregnant women with hyperleukocyte-leu-
kostasis .

The aim of this study was to evaluate cytoreductive po-
tential of the Spectra-Optia/IDL-System, based upon the ex
vivo Plt-removal and the in vivo Plt-depletion (Plt-re-
moval/depletion) efficacy (using our modifications of manu-
facturer's original protocol). The Plt-removal/depletion effi-
cacy of this study was compared to our earlier results (his-
torical database) and the latest literature data for different
devices. To the best of our knowledge, this is the second
published clinical evaluation of the efficacy and safety of
therapeutic plateletapheresis using the Spectra-Optia.

In the treatment of a 68-year-old female patient suffer-
ing from symptomatic-ET (with headaches, vertigo, visual-
disturbances and paresthesia) the Plt-removal/depletion pro-
cedure was performed by the Spectra-Optia/IDL-System (Te-
rumo BCT; USA). Our modifications of apheresis protocol
included the collection-preference and inlet flow corrections
(altered collection speed) as well as an increase of the target
cell suspension volume to improve the Plt-removal/depletion

efficacy. As previously described, the PIt morphology
(shape-ratio) and ultrastructural properties by the phase-con-
trast microscope (Polyvar, Austria) and electron-microscope
(Philips-201-C; The Netherlands) were examined, respec-
tively > °. The Plt-function by the Multiplate Analyzer (Dy-
nabyte GmbH, Germany) was evaluated. Statistical analysis
was performed by the Student's t-test, using the "Origin-PC-
Program". The results were considered to be significant at
p < 0.05. The apheresis therapy was approved by the Military
Medical Academy (MMA) Ethics Committee.

In the treatment of this patient with ETC associated
clinical emergency, using an intensive '"single-platele-
tapheresis" (by Spectra-Optia/IDL-System) 7.5 x 10'* Plts
were removed from circulation (cell suspension = 1150 mL).
A significant Plt-depletion (from 2330 x 10°/L to 633 x
10°/L; p<0.05) and in vivo Plt-fall = 72.8% (the circulating
Plt ratio before and after plateletapheresis expressed in per-
centage; p < 0.05) was realized and followed by the clinical
advances and prevention of thromboembolic (e.g., stroke)
and/or hemorrhagic events. As replacement fluid, albumin in
saline was used. There were no side effects due to intensive
plateletapheresis.

The baseline aggregability of Plts in the patient’s ve-
nous blood sample was 918 aggregation units (AU)*min
(normal = 923-1509 AU*min) by the Thrombin Receptor
Activating Peptide (TRAP)-test [10 AU*min is equal to one
Area Under the Curve (AUC) value]. The ultrastructural fea-
tures of various Plt-shapes are visualized in Figure 1.

As shown, the discoid Plt-shapes had the typical ultra-
structural properties without the membrane integrity destruc-
tions, intact microtubules and open canalicular system. There
were also several dendritic Plt-shapes with the extensive cell
membrane damages and pseudopods, reduced electron den-
sity, peripheral dislocation of granules and/or cytoplasm or-
ganelles with the resultant Plt-dysfunction.
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Fig. 1 — Platelet (PIt) functional and ultrastructural analysis:
(A) Reduced PIt-aggregability — TRAP-test = 918 AU*min);
(B) Discoid Plt-shape (prevalent incidence); (C) Dendritic Plt-shape (sporadic occurence).

As previously described %, in the treatment of our com-
parable ET-patients (n = 20; procedures = 126; historical da-
tabase), using the Cobe-Spectra by "single-plateletapheresis"
2.842.1 x 10"%/L, Plts (cell suspension = 8001300 mL; p <
0.05) were removed. The in vivo Plt-depletion was ap-
proximately threefold smaller/lower. Only the use of whole
"plateletapheresis-cure" (typically 5 "single-plateletaphere-
sis"; range = 3—11) resulted with a comparable in vivo Plt-
fall (68 + 14%) °.

The Plt-removal/depletion efficacy in our current study
was significantly (p < 0.05) superior when compared to the
most recent literature data * 7. Precisely, after a "single-
plateletapheresis" by the CS-3000-Plus (Baxter, USA) or
Cobe-Spectra (Terumo BCT, USA) in the therapy of six he-
mato-oncological patients * and the treatment of one ET-pa-
tient by the Spectra-Optia/Apheresis-System (Terumo BCT,
USA,; version 11.3; manufacturer's protocol used), 7 the lev-
els of in vivo Plt-depletions were only 38% and 56%, re-
spectively.

In conclusion, intensive therapeutic plateletapheresis by
the Spectra Optia/IDL-System is a safe and effective treat-
ment for the patients with life-threatening ETC. The use of a
"single-plateletapheresis” — with some protocol modifica-
tions — resulted in the undoubtedly superior Plt-re-

moval/depletion efficacy (for both normal and altered cells)
when compared to our earlier study (Cobe-Spectra) and lit-
erature data for the CS-3000-Plus or Cobe-Spectra, even for
the Spectra-Optia setting (using original protocol).
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The book “Diagnostic of heart diseases with computeri-
zed tomography method” is a new monograph which provi-
des up-to-date and in-depth discussion about cardiac multi-
slice computerized tomography (MSCT) method. It gives the
comprehensive information and review about diagnostics of
cardiovascular diseases on this advanced imaging procedure.
This monograph is a result of a significant and years-long
scientific research of Dr. Dragana Ili¢ in the field of
cardioradiology. The book is based on her doctoral thesis,
defended on July 8, 2016, at the Faculty of Medicine,
University of Ni§. The book has 135 pages and represents a
bilingual monograph, written in the Serbian and English lan-
guage. There are no previous books in this field in the Ser-
bian language. The book has masterfully edited following
chapters: Abstract, Introduction, Clinical anatomy of the he-
art, Cardiac MSCT in clinical practice, Review of pathologi-
cal changes of heart structures on MSCT, Importance of car-
diac MSCT based on studies and meta-analyses, Conclusion,
References, Index and Summary.

The book represents a great resource for those who are
new to this field and a trustworthy reference for those nee-
ding answers to specific questions or looking to update their
knowledge. In this monograph, some basic information about
the cardiac MSCT examination is provided as well as the
pathway of heart examination procedures through history up
to the contemporary methods of examination. This book gi-
ves major technological advances in cardiac MSCT. A spe-
cial attention is given to the anatomical presentation of
coronary circulation and modified clinical approach, which
enables a precise determination of the localization of patho-
logical changes. All anatomical structures are observed, di-
scussed and illustrated the way they are visualized on MSCT
from the anatomical and pathological point of view. Some of
the most important information, as well as indications and
contraindications for the cardiac MSCT examination, are
precisely defined and listed with the special focus on techni-
cal performance methods for some particular conditions and
diseases according to the clinical indication.

Vojnosanit Pregl 2019; 76(5): 561-562.
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The special chapter in this monograph is dedicated to
some basic principles of CT physics and procedures and cha-
racteristics of the technical examination itself. A special at-
tention is devoted to patient preparation and pretreatment be-
fore this procedure. Advantages and disadvantages as well as
perspectives of cardiac MSCT are discussed in one of the
chapters. Author of this book gives the comparative overvi-
ew of multiple heart examination procedures which indicates
the practical importance that this book can have in everyday
clinical practice in decision-making, depending on the clini-
cal condition of the patient.

The book is very easy to read and well- illustrated with
over 300 tables, figures, illustrations and original pictures of
outstanding and long work of Dr. Dragana Ili¢. The illustra-
tions are of a high quality and the clinical information is bro-
ught up-to-date in this rapidly evolving field. The 215 refe-

Vojnosanit Pregl 2019; 76(5): 561-562.

rences have been carefully selected to blend both historically
essential references and recent journal publications making
the monograph seamless.

It would be an invaluable aid to both radiologists and
cardiologists with an interest in non-invasive imaging as well
as for other specialty doctors, researchers, radiology resi-
dents, trainees, students, radiology technicians and everyone
who has an interest in this field. I would recommend this
monograph as it will help other researchers in future to up-
grade current technical achievements and possibilities of mo-
re precise diagnostics of pathological changes of the cardio-
vascular system.

Dr. Sonja Jankovié
Clinical Center Ni§, Center for Radiology, NiS, Serbia
E-mail: sonjasgirl@gmail.com
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ERRATUM

In the article by Nemanja V. Majstorovi¢, Srdjan P. Zivkovi¢, Branislav R. Glisic.

Dental arch monitoring by splines fitting error during orthodontic treatment using 3D digital models. Vojnosanit Pregle 2019;
76(3):233-240 (https://doi.org/10.2298/VSP161212067M), the two first authors (Nemanja V. Majstorovi¢ and Srdjan P.
Zivkovi¢) have equal value.

The list of the authors should have read:
'Nemanja V. Majstorovié, 'Srdjan P. Zivkovi¢, Branislav R. Glisi¢.

"equal value
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INSTRUCTIONS TO THE AUTHORS

The Vojnosanitetski pregled (VSP) is an Open Access Journal
All articles can be downloaded free from the web-site
(http://www.vma.mod.gov.rs/sr/vojnosanitetski-pregled) with the use of li-
cense: the Creative Commons — Attribution-ShareAlike (CC BY-SA)
(http://creativecommons.org/licenses/by-as/4.0/).

The VSP publishes only papers not published before, nor submitted to any
other journals, in the order determined by the Editorial Board. Any attempted
plagiarism or self-plagiarism will be punished. When submitting a paper to
the VSP electronic editing system (http:/aseestant.ceon.rs/index.php), the
following should be enclosed: a statement on meeting any technical require-
ments, a statement signed by all the authors that the paper on the whole
and/or partly has not been submitted nor accepted for publication elsewhere,
a statement specifying the actual contribution of each author, no conflict of
interest statement that make them responsible for meeting any requirements
set. What follows subsequently is the acceptance of a paper for further editing
procedure. The manuscripts submitted to the VSP pass in-house and external
peer review. All authors pay “Article Processing Charge” for coverage all ed-
iting and publishing expenses. Domestic authors pay 5,000 RSD, and those
from aboard 150 euros. The editing and publishing fee is required for sub-
stantive editing, facts and references validations, copy editing, and publishing
online and in print by editorial staff of the Journal. No additional fees, other
than stated above, are required even if an author who already paid the fee
would have more articles accepted for publishing in the year when fee was
paid. All authors who pay this fee may, if want, receive printed version of the
Journal in year when fee is payed. Please note that the payment of this charge
does not guarantee acceptance of the manuscript for publication and does not
influence the outcome of the review procedure. The requirement about pay-
ing “Article Processing Charge” does not apply to reviewers, members of the
Editorial Board and the Publisher’s Council of the Journal, young researchers
and students, as well as any of the subscribers of the Journal.

The VSP publishes: editorials, original articles, short communica-
tions, reviews/meta-analyses, case reports, medical history (general or
mlhtary) personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, and ‘other. Original articles, short
communications, meta-analyses and case reports are published with ab-
stracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if
the authors prove themselves as the experts in the fields they write on by
citing not less than 5 self-citations.

Papers should be written on IBM-compatible PC, using 12 pt font, and
double spacing, with at least 4 cm left margin. Bold and italic letters should
be avoided as reserved for subtitles. Original articles, reviews, meta-analyses
and articles from medical history shoul(% not exceed 16 pages; current topics
10; case reports 6; short communications 5; letters to the editor and com-
ments 3,and repons on scientific meetings and book reviews 2.

All measurements should be reported in the metric system of the
International System of Units (SI), and the standard internationally
accepted terms (except for mmHg and °C).

MS Word for Windows (97, 2000, XP, 2003) is recommended for
word processing; other programs are to be used only exceptionally. 1l-
lustrations should be made using standard Windows programs, Micro-
soft Office (Excel, Word Graph). The use of colors and shading in
graphs should be avoided.

Papers should be prepared in accordance with the Vancouver Convention.

Papers are reviewed anonymously by at least two editors and/or in-
vited reviewers. Remarks and suggestions are sent to the author for final
composition. Galley proofs are sent to the corresponding author for final
agreement.

Preparation of manuscript

Parts of the manuscript are: Title page; Abstract with Key words; Text;
Acknowledgements (to the authors’ desire), References, Enclosures.

1. Title page

a) The title should be concise but informative, while subheadings
should be avoided;

b) Full names of the authors signed as follows: *, 1, £, §, [l, I, **, Tt o -

c¢) Exact names and places of department(s) and institution(s) of af-
filiation where the studies were performed, city and the state for any au-
thors, clearly marked by standard footnote signs;

d) Conclusion could be a separate chapter or the last paragraph of the
discussion;

e) Data on the corresponding author.
2. Abstract and key words

The second page should carry a structured abstract (250-300 words for
original articles and meta-analyses) with the title of the article. In short,
clear sentences the authors should write the Background/Aim, major
procedures — Methods (choice of subjects or laboratory animals; meth-
ods for observation and analysis), the obtained findings — Results (con-
crete data and their statistical significance), and the Conclusion.
It should emphasize new and important aspects of the study or observa-
tions. A structured abstract for case reports (up to 250 words) should
contain subtitles Introduction, Case report, Conclusion). Below the

abstract Key words should provide 3—10 key words or short phrases that
indicate the topic of the article.

3. Text

The text of the articles includes: Introduction, Methods, Results, and
Discussion. Long articles may need subheadmgs within some sections to
clarify their content.

Introduction. After the introductory notes, the aim of the article should be
stated in brief (the reasons for the study or observation), only significant data
from the literature, but not extensive, detailed consideratuion of the subject,
nor data or conclusions from the work being reported.

Methods. The selection of study or experimental subjects (patients or
experimental animals, including controls) should be clearly described.
The methods, apparatus (manufacturer's name and address in parenthe-
ses), and procedures should be identified in sufficient detail to allow
other workers to reproduce the results. Also, give references to estab-
lished methods, including statistical methods. Identlfy precisely all drugs
and chemicals used with generic name(s), dose(s), and route(s) of ad-
ministration. State the approval of the Ethnics Committee for the tests in
humans and animals.

Results should be presented in logical sequence in the text, tables and
illustrations. Emphasize or summarize only important observations.

Discussion is to emphasize the new and significant aspects of the
study and the conclusions that result from them. Relate the observations
to other relevant studies. Link the conclusions with the goals of the
study, but avoid unqualified statements and conclusions not completely
supported by your data.

References

References should be superscripted and numerated consecutively in the
order of their first mentioning within the text. All the authors should be
listed, but if there are more than 6 authors, give the first 6 followed by et
al. Do not use abstracts, secondary publications, oral communications, un-
published papers, official and classified documents. References to papers
accepted but not yet published should be cited as ”in press“. Information
from manuscripts not yet accepted should be cited as “unpublished data“.
Data from the Internet are cited with the date of citation.

Examples of references:

Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O,
Arsov T, Strezova A, et al. Influence of the elevated ambient temperature
on immunoglobulin G and immunoglobulin G subclasses in sera of Wis-
tar rats. Vojnosanit Pregl 2003; 60(6): 657-612.

DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001.

Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K,
Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th
edition. Boston: Lippincot, Williams and Wilkins; 2001. p. 413-28.

Christensen S, Oppacher F. An analysis of Koza's computational effort
statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the Sth 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

Tables

Each table should be typed double-spaced 1,5 on a separate sheet,
numbered in the order of their first citation in the text in the upper right
corner and supplied with a brief title each. Explanatory notes are printed
under a table. Each table should be mentioned in the text. If data from
another source are used, acknowledge fully.

Illustrations

Any forms of graphic enclosures are considered to bi figures and
should be submitted as additional databases in the System of Assistent.
Letters, numbers, and symbols should be clear and uniform, of sufficient
size that when reduced for publication, each item will still be legible.
Each figure should have a label on its back indicating the number of the
figure, author's name, and top of the figure (Figure 1, Figure 2 and so
on). If a figure has been published, state the original source.

Legends for illustrations are typed on a separate page, with Arabic
numbers corresponding to the illustrations. If used to identify parts of
the illustrations, the symbols, arrows, numbers, or letters should be iden-
tified and explamed clearly in the legend Explam the method of staining
in photomicrographs.

Abbreviations and acronyms

Authors are encouraged to use abbreviations and acronyms in the
manuscript in the following manner: abbreviations and acronyms must
be defined the first time they are used in the text consistently throughout
the whole manuscript, tables, and graphics; abbreviations should be used
only for terms that appear more than three times in text; abbreviations
should be sparingly used.

An alphabetical list of all abbreviations used in the paper, followed by
their full definitions, should be provided on submission.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp
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UPUTSTVO AUTORIMA
Vojnosanitetski pregled (VSP) je dostupan u reZimu otvorenog pris- bolesnika i Zaklju€ak). Ispod apstrakta, ,Kljucne reci“ sadrze 3-10

tupa. Clanci objavljeni u ¢asopisu mogu se besplatno preuzeti sa sajta
Casopisa http://www.vma.mod.gov.rs/sr/ uz primenu licence Creative
Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)
(http://creativecommons.org/licenses/by-sa/4.0).

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti preda-
ti za objavljivanje redosledom koji odreduje uredivacki odbor. Svaki
pokusSaj plagijarizma ili autoplagijarizma kaznjava se. Prilikom prijave
rada u sistem elektronskog uredivanja ,,Vojnosanitetskog pregle-
da“(http://aseestant.ceon.rs/index.php) neophodno je priloziti izjavu da su
ispunjeni svi postavljeni tehnicki zahtevi ukljucujuci i izjavu koju potpisuju
svi autori da rad nije ranije ni u celini, niti delimiCno objavljen niti prihvacen
za Stampanje u drugom casopisu. Izjavu o pojedinaénom doprinosu svakog
od autora rada potpisanu od svih autora, treba skenirati i poslati uz rad kao
dopunsku datoteku. Takode, autori su obavezni 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 po-
stupak. Rukopisi pristigli u Redakciju ¢asopisa podlezu internoj i eksternoj
recenziji. Svi autori duzni su da plate “Article Processing Charge” za pokrice
troSkova jeziCke, strune i tehnicke obrade rukopisa, kao i njegovog objavlji-
vanja. Domaci autori placaju iznos od 5 000 dinara, a inostrani 150 eura.
Dodatna placanja nisu predvidena ¢ak i u slucaju da autor koji je veé pret-
hodno platio traZeni iznos, ima vi$e prihvacenih radova za objavljivanje u
godini u kojoj je izvrsio uplatu Svi autori koji su platili “Article Processing
Charge” mogu, ukoliko Zele, dobijati Stampanu verziju ¢asopisa tokom godi-
ne u kojoj je izvrSena uplata. Placanje ovog iznosa ne garantuje prihvatanje
rukopisa za objavljivanje i ne utice na ishod recenzije.

Od obaveze placanja pokri¢a navedenih troSkova oslobodeni su recenzenti,
¢lanovi Uredivackog odbora i Izdavackog saveta VSP, studenti i mladi istra-
zivaci, kao i pretplatnici Casopisa.

U VSP-u se objavljuju uvednici, 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
prakticnog lekara, Clanci iz 1st0r1]e medlclne li¢ni stavovi, naruceni
komentari, pisma urednitvu, izveStaji sa nauénih i struénih skupova,
prikazi kn]lgal drugi prilozi. Radovi tipa originalnih ¢lanaka, prethodnih
ili kratkih saopStenja, metaanalize i kazuistike ob]avlju]u se uz ap-
strakte na srpskom i engleskom jeziku.

Rukopis se piSe sa proredom 1,5 sa levom marginom od 4 em. Koristi-
ti font veli€ine 12, a naelno izbegavati upotrebu bold i italic slova, koja
su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i metaanali-
ze i ¢lanci iz istorije medicine ne smeju prelazm 16 stranica (bez priloga);
aktuelne teme — deset, seminar prakticnog lekara — osam, kazuistika — Sest,
prethodna saopstenja — pet, a komentari 1 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 prihvacenih 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
graﬁcke programe za Windows, pozeljno iz programskog paketa Mic-
rosoft Office (Excel, Word Graph). Kod kompjuterske izrade grafika
izbegavati upotrebu boja i sen¢enja 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 konacnog 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: *, f,
LS 51

¢) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je
rad obavljen mesta i drzave za svakog autora, koristeci standardne znake
za fusnote.

d) Zaklju¢ak moZze 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 clanke i meta-analize) sa naslovom rada. Kratkim
reCenicama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada,
osnovne 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 re¢i), sadrzi podnaslove Uvod, Prikaz

kljuénih re¢i ili kratkih izraza koje ukazuju na sadrzinu ¢lanka.
3. Tekst clanka

Tekst sadrzi sledeca poglavlja: uved, 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 pO({)atke ili zakljucke iz rada
o kome se izveStava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne zivotinje, ukljuéujuéi 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,
ukljuCujuéi i statisticke. Ta¢no identifikovati sve primenjene lekove i
hemikalije, ukljucujuéi genericko ime, doze i naCine davanja. Za ispiti-
vanja na ljudima i zivotinjama navesti saglasnost nadleZnog etickog ko-
miteta.

. Rezultate prikazati logi¢kim redosledom u tekstu, tabelama i ilustra-
cijama. U tekstu naglasiti 1li sumirati samo znacajna zapazanja.

U diskusiji naglasiti nove i znacajne aspekte studije i izvedene
zakljucke. Posmatranja dovesti u vezu sa drugim relevantnim studijama,
u nacelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati
zakljucke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one
zakljucke 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,
neobjavljenih radova, sluzbenih i poverljivih dokumenata. Radovi koji
su prihvaceni za stampu 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 pOJavl_uvan]a 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 1 ujednaceni,
a dovoljne veli¢ine da pr111k0m umanjivanja budu Citljivi. Sﬂke treba da budu
Jasne i obeleZene brojevima, onim redom kojim se navode u tekstu (S 1; SI. 2
1td.). Ukoliko je slika ve¢ negde objavljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koriste¢i arapske brojeve.
Ukoliko se koriste simboli, strelice, brojevi ili slova za objasnjavanje pojedi-
nog dela ilustracije, svaki po]edlnacno treba objasniti u legendi. Za fotomi-
krogratfije navesti metod bojenja i podatak o uvecanju.

Skracenice i akronimi

Skracenice i akronimi u rukopisu treba da budu koris¢eni na slede¢i nacin;
definisati skracenice i akronime pri njihovom Frvom pojavljivanju u tekstu i
koristiti ih konzistentno kroz Citav tekst, tabele i slike; koristiti ih samo za
termine koji se pominju vise od tri puta u tekstu; da bi se olaksalo itaocu,
skracenice 1 aktinome treba Stedljivo koristiti.

_ Abecedni p: nﬁ(ls svih skracenica i akronima sa objaSnjenjima treba dosta-
viti pri predaji rukopisa.

Detaljno uputstvo moZe se dobiti u redakeiji ili na sajtu:
www.via.mod.gov.rs/vsp
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