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LOCAL THERAPY WITH IMIQUIMOD AS A POSSIBLE MEDICAL
TREATMENT OF VULVAR INTRAEPITHELIAL NEOPLASMS

Dane Krtini¢:2, Radomir Zivadinovi¢3?, Biljana Zivadinovi¢>$, Zorica Jovié?,

Srdjan Pesic¢!, Voja Pavlovi¢’, Svetlana Pavlovié®°, Milena Trandafilovi¢'°,
Dragana Stokanovié!, Gorana Nedin-Rankovi¢!, Ana Cvetanovic¢? !,
Ilinka Todorovska?, Nikola Zivkovi¢i?13, Masa Golubovi¢i41>

Imiquimod is a local immunomodulator with antiviral effects. Vulvar intraepithelial
neoplasia is a chronic precancerous condition of the skin of the vulva, with different malignant
potential and clinical course. The aim of the paper was to determine therapeutic effects of
Imiquimod in treating different types and grades of vulvar intraepithelial neoplasms. The study
enrolled 17 patients with vulvar pre-cancerous conditions of different grade and histological
type. The patients were treated with combined medical therapy oral systemic immunomo-
dulatory and antiviral drug - inosine acedoben dimepranol and 5% Imiquimod cream locally
applied to the lesion area using cotton swabs. Complete remision (CR) had 41.18% of patients,
partial remission (PR) was seen in 47.06%, and 11.76% of patients had no response (NR). Out
of these patients, response distribution for usual type was: CR 80%, 20% NR, and for diffe-
rentiated type the response distribution was: 8.3% NR, 66.67% PR, while 25% of patients had
CR. The use of imiquimod for conservative treatment of vulvar intraepithelial neoplasia is a
beneficial alternative to surgical treatment. The best results of imiquimod treatment are achiev-
ed in younger patients with usual type of vulvar neoplasia, while the treatment effects are

limited to partial response in older patients with differentiated VIN.
Acta Medica Medianae 2019,58(1):05-10.

Key words: medical treatment, local therapy, vulvar intraepithelial neoplasia
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Introduction

Imiquimod is a local immunomodulator with
antiviral effects. Its application has been approved
for the topical treatment of vulvar skin disorders and
local manifestations of vulvar human papilloma virus
(HPV) infections (condylomas) by the US "Food and
Drug Administration" (FDA). Recommended duration
of the treatment is 12-20 weeks, with colposcopic
examinations at intervals of 4-6 weeks.

Imiquimod effects are demonstrated as an in-
crease in the number of immune cells: CD1+ dend-
ritic cells, CD8+ T cells and CD94+ natural killer cells,
present not only in the area of vulvar intraepithelial
neoplasia (VIN), but also in healthy surrounding
tissue where skip lesions may be present. Therape-
utic response rate is 73%, with complete remission
in 35%, and partial remission in 38% of patients (1).

This drug modifies immune response by activ-
ating Toll-like receptors (TLR)-7 and TLR-8 cascade.
It affects superficial receptors of immature plasma-
cytoid dendritic cells inducing their maturation and
activation. Activated dendritic cells produce cytokin-
es, mediators that activate T-cell immune response
which is believed to be directly responsible for HPV
16 elimination.


mailto:kdane86@gmail.com

Local therapy with imiquimod as a possible medical treatment...

Dane Krtinié et al.

Imiquimod possesses a direct pro-apoptotic
activity against tumour cells and antiviral activity ag-
ainst HPV. Therapeutic efficacy of imiquimod can be
seen not only in the area of VIN, but also in adjacent
areas where skip lesions may be present. Such an
extended immunological reaction and immune-stimu-
mulating effects that are present even after cessa-
tion of Imiquimod application are certainly one of the
reasons for lower rate of recurrence in comparison to
surgical treatment (2, 3).

Vulvar intraepithelial neoplasia is a chronic pre-
cancerous condition of the skin of the vulva, with
different malignant potential and clinical course. VIN
demonstrates a proliferation of abnormal keratino-
cytes of the vulvar epidermis without invasion of the
basement membrane.

In the last 100 years there have been many
changes in the classification of vulvar pathological
conditions due to different etiopathogenic pathways.
In 1967 Richart proposed the term ‘intraepithelial
neoplasia’ for the classification of cervical conditions,
and in 1982 Crum used the term not only for lesions
of the cervix, but also for vulvar lesions. In 1986
International Society for the Study of Vulvovaginal
Disease (ISSVD) introduced the term ‘vulvar intra-
epithelial neoplasia’ which was graded as VIN I, II
and III (4).

The College of American Pathologists (CAP)
and American Society for Colposcopy and Cervical
Pathology (ASCCP) published the Lower Anogenital
Squamous Terminology (LAST) guidelines in 2012,
by which all HPV lesions involving the cervix, vulva,
vagina, anus, perineum and penis are classified into
two groups:

1. low-grade squamous intraepithelial lesion
(LSIL), and

2. high-grade squamous intraepithelial lesion
(HSIL).

LSIL is equivalent to uVIN I, and HSIL involves
uVIN II and III. The World Health Organization
(WHO) and ISSVD in 2014 and 2015 respectively ac-
cepted this classification with addition of differentia-
ted VIN as separate category (5).

Characteristics of VIN, usual type (uVIN), are:

e It occurs in young women in the third and
fourth decades of life, more commonly in female
smokers and immunosuppressive ones with multiple
sexual partners;

e Low malignant potential (3 - 5%);

e 9% of the untreated and 3.3% of treated
uVIN cases progress to vulvar squamous cell carci-
noma cancer (VSCC) (6);

e Asymptomatic or present with itching and
dysuria;

e It is manifested as erythematous macules or
papules, verrucous plaques; about 10% of the lesi-
ons may be pigmented, and approximately 66 % le-
sions are multifocal (7).

Differentiated VIN (dVIN) is less common, ac-
counting for 2 to 10 % of all VIN.

¢ In older patient it may be associated with
chronic dermatoses, lichen, chronic oxidative stress
and ischemia;

¢ Clinical manifestations more commonly in-
volve unifocal grey-white lesion that may be in the
form of rough, vaguely defined, nodular white pla-
ques, or red lesions and ulcerations;

e HPV negativity (only 28.6% of VSCC cases
are HPV positive) — alternative mechanism of etiopa-
thogenesis (8);

e High malignant potential: 32.8% dVIN and
5.7% uVIN progress to VSCC. About 23.7% uVIN
and 85.7% dVIN are present prior or at the time of
VSCC diagnosis (9);

eIn 86.7% of uVIN cases HPV has been found
positive, and HPV type 16 has been detected in
77.2% of cases (10);

*18 - 52% of patients have associated lesions
at other anogenital locations (11).

Aim of the paper

The aim of the paper was to determine thera-
peutic effects of Imiquimod in treating different types
and grades of vulvar intraepithelial neoplasms.

Patients and methods

This paper gives initial results of a larger, pro-
spective study that investigates medical manage-
ment of VIN. The study enrolled 17 patients with vul-
var pre-cancerous conditions of different grade and
histological type.

The patients in our study were treated with
combined medical therapy - oral systemic immuno-
modulatory and antiviral drug - inosine acedoben
dimepranol 50 tablets of 500 mg, 3 x 2 tablets daily
and 5% Imiquimod cream locally applied to the vul-
var lesion site and to healthy skin within 1cm of the
lesion using cotton swabs once daily, late in the eve-
ning, three times a week (every second day) for 12
weeks, with regular vulvoscopic evaluation every 4
weeks.

Side effects of the medical therapy applied in
this study were mild, including mild skin irritation,
itching and burning. These symptoms disappeared
after the completion of the treatment and during the
treatment the intensity of side effects was tolerable,
so the cessation or a decrease in the number of ap-
plication was not required.

All the patients underwent HPV typing prior to
medical treatment. The study was conducted in ac-
cordance with the principles of good clinical practice
and ethical standards of scientific research. All the
patients signed informed consent to participate in the
study.

Statistical data analysis was performed with
SPSS version 15.0 statistics software package.

Results

Therapeutic response was described as com-
plete response (CR), partial response (PR) with mini-
mum reduction of 25%, and no response (NR) cate-
gory for the patients with no improvement and no
therapy response.
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All the patients from the first age group were
HPV positive, and those from the second age group
were HPV negative.

Table 1 illustrates the number of patients ac-
cording to the age groups and therapeutic response.

Statistical significance was tested by x2 test, the re-
sults are shown in the Graph 1 (x2 = 6.335, p = 0.38
(p < 0.05)).

Table 1. Distribution of patients according to age groups and in relation to therapeutic response

Adolescentgirls

Age group of patients Complete response Partial response Non response Total
Adolescent girls 4 0 1 5
Postmenopausal women 3 8 1 12
Total 7 8 2 17
9
8
7
2 6
T
"r; 5
o O Complete response
s 4
5 3 M Partial response
Qo
E - B Non response
=}
" I
0

Postmenopausal women

Age group of patients

x? = 6,335, p = 0,38 (p < 0,05)

Graph 1. Statistical significance of the therapeutic response between the age groups

Graph 2 shows percentage of patients from
the first age group based on the response. The same
data for the second age group of patients are shown
in Graph 3.

The results obtained demonstrate that a total
of 41.18% of patients achieved CR, PR was seen in
47.06%, and 11.76% of patients had no response.
Out of these patients, response distribution for usual
type was: CR 80%, 20% NR, and for differentiated
type the response distribution was: 8.3% NR,
66.67% PR, while 25% of patients had CR.

Discussion

Radical surgical intervention - simplex vulvec-
tomy - was used in treating VIN from early 1960s
until 1970s. Such a surgical treatment resulted in
severe psychological, physiological and sexual impa-
irments. After assessing etiopathogenesis and clini-

cal course of VIN, some less aggressive surgical
treatments became available, such as local excision,
laser ablation, photodynamic treatment, or medical
treatment with “topical imiquimod and cidofovir”.
Conservative non-surgical treatment is performed
only in patients with no evidence of invasive disease
(12).

The excision includes the margins of 0.5 to
1cm of normal skin tissue without visible disease
with scalpel, laser, or electrosurgical excision and is
related to differentiated type of VIN, as well as to all
the patients with VIN with suspected invasive dise-
ase, multifocal changes and immunocompromised
patients. The recurrence rate is higher in these pati-
ents and ranges between 20% and 40%, with psy-
chosexual dysfunction commonly reported (13).

The result of excision margins from the heal-
thy skin is a significant prognostic and therapeutic
parameter important for treatment outcomes.
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Adolescent girls

W Complete response

ONon response

Graph 2. Percentage of patients from the first age group dependent on therapeutic response

Postmenopausal women

B Complete response
M Partial response

ONon response

Graph 3. Percentage of patients from the second age group dependent on therapeutic response

The percentage of positive margins after surgical ex-
cision is high and ranges from 24-68%. The reason
for such a high percentage should be sought in non-
specific clinical manifestation of VIN, undefined mar-
gins of the pathological process of the skin of the vu-
Iva, and subclinical manifestation of HPV infection in
the surrounding tissue. A recurrence rate over 50%
was registered in treated patients with positive sur-
gical margins (14).

Medical treatment is usually reserved for usual
type of HPV positive VIN. Apart from imiquimod,
antiviral drugs such as cidofovir, indole-3-carbinol,
5-fluorouracil, interferon-a/y, podophyllotoxin, ino-
sine acedoben dimepranol are also used. Recurrence
rate of 9% was registered in patients with complete
response to imiquimod, 17% after local excision, 23
- 40% after laser ablation. Generally speaking, the
percentage of recurrences of VIN after imiquimod
cream treatment is lower than after surgical excision
(15% vs 42%). Side effects of the treatment are
fewer with topical immunomodulators and include
local irritation, burning, redness, or rarely systemic
adverse effect such as headache (15).

Conclusion

The use of imiquimod for conservative treat-
ment of vulvar intraepithelial neoplasia is a beneficial
alternative to surgical treatment.

The best results of imiquimod treatment are
achieved in younger patients with usual type of vul-
var neoplasia, while the treatment effects are limited
to partial response in older patients with differen-
tiated VIN.

Further larger investigations are mandatory
for the implementation of the drug into standard ad-
ministration procedure regarding the therapeutic ap-
proach for certain histological types of VIN.

Side effects of imiquimod are mild and with-
draw soon after cessation of treatment.
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Imikvimod je lokalni imunomodulator sa antivirusnim dejstvom. Vulvalna intraepitelna
neoplazija (VIN) predstavlja hroni¢no prekancerozno kozno oboljenje vulve, koje ima razliciti
potencijal maligne progresije i klinicki tok. Cilj rada bio je da se utvrdi terapijski efekat imi-
kvamida u terapiji razliCitih tipova i stadijuma vulvarnih intraepitelnih neoplazija. U istrazi-
vanje je ukljueno 15 bolesnica sa vulvarnim prekancerozama razlicitog stadijuma bolesti i
histoloskog tipa. Ispitanice su uzimale kombinovanu medikamentoznu terapiju, oralno sistem-
ski imunomodulator i antivirotik - inozin acedoben dimepranol i lokalno 5% krema imikvimod
koja se aplikuje Stapi¢em sa vatom na mestu lezije. Kompletnu remisiju (CR) imalo je ukupno
41,18% bolesnica, parcijalnu (PR) ukupno 47,06% i bez odgovora (NR) je bilo 11,76%
bolesnica. Od toga, kod uobic¢ajnog tipa distribucija odgovora bila je sledeca: CR 80%, a 20%
je bilo NR, a kod diferentovanog: 8,3% NR, 66,67% PR, a kod 25% bolesnica CR. Upotreba
imikvamida u konzervativhom tretmanu vulvarnih intraepitelnih neoplazija predstavlja dobru
alternativu hirurskom tretmanu. Najbolji rezultati u le¢enju imikvimodom su dobijeni kod
mladih bolesnica sa uobicajnim tipom vulvarnih neoplazija, dok je kod starijih bolesnica sa
diferentovanim tipom VIN-a efekat bio ograni¢en na parcijalnu remisiju bolesti.

Acta Medica Medianae 2019,;58(1):05-10.

Kljuéne reci: medikamentozni tretman, lokalna terapija, vulvarna intraepitelna
neoplazija
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ASTRAND PROGRESSIVE LOAD TEST IN ASSESSING AEROBIC
CAPACITY OF ATHLETS

Ljubisa M. Lili¢, Sladjana Milosevié, Bozidar Stojiljkovic¢

The most accurate picture of physical preparation is given by aerobic capacity, which is
an important factor in planning and dosage of physical load.

The aim of this research was to determine the value of the aerobic capacity of athletes of
different sport branches, as well as possible differences in relation to non-athletes.

We analyzed 60 respondents in total, divided into three groups of 20 each. The first
group included footballers, the second handball players, and the third- control group were non-

athletes.

The maximum aerobic capacity was determined by Astrand's 6 - minute test.
The highest value of VO2max is recorded with football players 4.26 L/min and this value is
statistically significantly higher p < 0.001 compared to the other two groups.
Somewhat lower VO2max Values were found at handball players 4.01 L/min.
The lowest values of VO2max, both in absolute and relative values, have non-athletes and
these values are statistically significantly lower than in the previous two groups p < 0.001.
Acta Medica Medianae 2019,58(1):11-15.

Key words: physical preparation, aerobic capacity, maximum oxygen consumption,

physical activity, submaximal test

Faculty of Sport and Physical Education in Leposavi¢, University
of PriStina, Pristina, Serbia

Contact: Ljubisa M. Lili¢

Faculty of Sport and Physical Education in Leposavi¢
University of Pristina, Pristina, Serbia

E-mail: ljubisa.lilic@pr.ac.rs

Introduction

Aerobic ability is an important parameter in
the dosage of physical load in health people as well
as in the treatment of cardiovascular patients. At the
same time, this parameter gives us a picture of phy-
sical preparation.

Physical activity of the aerobic type is an inte-
gral part of primary and secondary prevention of car-
diovascular diseases (1-3).

www.medfak.ni.ac.rs/amm

Individual values of maximum oxygen con-
sumption are the most precise parameters for dosing
of physical activity (4).

Aerobic capacity is the main indicator of phy-
sical fitness of athletes, and it is limited by maximum
oxygen intake (VO2max).

Maximum oxygen intake is a factor that limits
metabolic processes that transform chemical energy
into mechanical ones (5-7).

Proper dosage of physical activity for the
purpose of either therapy or training is achieved by
using individual values of maximum oxygen consum-
ption.

The functional ability of the cardiovascular sys-
tem, the respiratory system, and the ability of the
tissue to utilize the delivered oxygen, most accura-
tely determines the maximum consumption of oxy-
gen.

The maximum consumption of oxygen is the
maximum amount of oxygen the organism consu-
mes in the unit of time at load of progressive inten-
sity, which does not change significantly during the
further increase of the intensity of the load (4).

The maximum consumption of oxygen is ex-
pressed in liters or milliliters per minute (liters / min,
ml / min). This expressed value is the absolute value
(8-10).

A more objective and more precise expression
of the maximum oxygen consumption is in relative
values, since the body weight (ml/TM kg/min) signi-
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ficantly influences the maximum oxygen consump-
tion (1, 4).

Aerobic ability is most easily and accurately
determined in laboratory conditions by the tests of
maximum physical load, and can be carried out eith-
er on Thread mill or ergometer bicycle (11).

When the test is to be performed on a large
number of subjects, the bench step is an ergometer
of choice (11).

By determing the aerobic capacity according
to Astrand test our goal is to establish if the type of
sport and training affects this important functional
parameter that determines the energy capacity.

Material and methods

The survey included 40 active male responde-
nts ( age 21.2 + 0.8) who are actively engaged in
sports, 20 football players and 20 handball players.
As a control group, 20 male persons of similar age
(20.9 £ 3) who do not actively engage in sports, are
tested.

The tests were carried out in the specially pre-
pared room of the Sports Center in Leposavi¢, al-
ways at the same time, with the same instruments,
using the same technique according to the standard
procedure.

We determined the body mass - an anthropo-
logical variable with a decimal beam scale. The sub-
jects were barefoot and in sports equipment.

The value of maximum oxygen consumption
was determined by the progressive continuous sub-
maximal test according to Astrand established pro-
tocol.

The test started by measuring the heart rate,
pulse and blood pressure in peaceful seating posi-
tion. Each respondent, after entering the laboratory,
sat on a chair for 5 minutes, then approached the
measurements. The pulse was measured by the
palpable method.

After measuring the pulse and pressure, the
participants sat on an ergometer bike, adjusted the
seats according to their height, and then started the
test with the rhythmic turn of the pedal, at the be-
ginning it was 50 rpm. After 6 minutes the load was
increased by 50 Watts. In each 6 - minute cycle, the
pulse was measured every minute for the last 30
seconds, and the resulting value was multiplied by 2
to calculate the rate of heart frequency. The blood

pressure was measured at half of each 6 - minute
cycle with tensiometer.

The test was interrupted at the moment of the
maximum heart rate when we measured a freque-
ncy that did not differ for more than five beats per
minute in two successive measurements due to the
entry of the heart into the stationary state. The test
was usually interrupted at a frequency of 130-140
beats per minute. The obtained values were used to
read the absolute maximum oxygen consumption
from the normograms.

By dividing absolute oxygen consumption with
body weight in kilograms, we obtained a relative
consumption of oxygen (ml/kg/min).

The statistical processing of all parameters
was done by calculating the mean value and the
standard deviation, and the obtained parameters are
shown in tables and graphics. The statistical signifi-
cance of the differences is determined by Student's
t-test.

Results

The maximum consumption of oxygen repre-
sents the physical capacity of athletes and is often
compared to his physical ability.

The highest value of the maximum oxygen
consumption expressed in absolute units (I/min) was
recorded in the footballers 4.26 I/min and this value
is statistically significantly higher (p < 0.001) com-
pared to the other two groups (Table 1), as demon-
strated by the Student's t-test.

The results of the relative maximum consum-
ption of the oxygen are shown in Table 2. The high-
est value (51.78 ml/kg/min) is determined in foot-
ballers and this value is statistically significantly dif-
ferent from the other two groups (p < 0.001). Such
high values of the absolute and the relative maxi-
mum oxygen consumption of a football players show
that football is a demanding sport with quite a lot of
aerobic periods during the game. Handball players
compared to non-athletes have statistically signifi-
cantly higher values of these two parameters (ab-
solute and relative maximum consumption of oxy-
gen) which shows that quality and controlled daily
training significantly elevates the aerobic power of
the respondents.

Table 1. Mean values of aerobic capacity in tested groups | / min.

Examinees VO2max/l/min SD
Football players 4.26 0.15
Handball players 4.01 0.21
Non-athletes 3.21 0.18
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Table 2. Average values of aerobic capacity in examined groups, relative value per ml/kg/min.

Examinees VO2max/ml/kg/min SD
Football players 51.78 1.22
Handball players 46.12 1.71
Non-athletes 40.93 1.20

Discussion

High values of aerobic capacity (absolute and
relative) are necessary for achieving good results in
sport, so their determination is an important para-
meter of fitness and physical ability (4, 5, 8, 10).

Aerobic capacity is the most important indi-
cator of the functional capabilities of all systems in-
volved in the supply, transport and energy trans-
formation of oxygen (4).

The damage of any of these links will affect
the athletes' aerobic abilities (5, 12). The maximum
values of aerobic capacity in athletes are observed
around the age of 20-22. nevertheless, the system
of training and work of athletes in later years, can
also lead to a slight increase of maximal aerobic abi-
lities of athletes.

Analyzing our experimental groups, we see
that the highest values of the absolute maximum
oxygen consumption (51.78 ml/kg/min) and the re-
lative maximum oxygen consumption are met with
the football players.

Diaz also came to similar results (11) by mea-
suring the maximum consumption of oxygen in Me-
xican footballers (53.8 ml/kg/min).

Vishoff analyzed Norwegian national team
players (60 ml/kg/min), and found significantly higher
average values of maximum oxygen consum-ption.

This great difference between our responde-
nts and the respondents interviewed by the authors
mentioned above can be explained by the ranking of
the participants' competition.

Generally speaking, the high values of the
maximum aerobic capacity of the football players in
relation to the handball players and control group

can be explained by the efforts and reinforced trai-
ning that football requires from the player. In order
to meet these high energy demands that sport re-
quires, athletes must have a more efficient energy
system.

Because of this, handball players have lower
values of maximum oxygen consumption compared
to football players, and statistically significantly high-
er than non-athletes.

All this supports the claim that training is the
most important factor in the development of aerobic
capacity.

Conclusion

The values of maximum oxygen consumption
are important parameters for assessing the physical
fitness of athletes.

By analyzing this parameter, it is possible to
determine the level of fitness with certainty, check
the quality of the training and evaluate the possible
results. The higher values of the maximum oxygen
consumption are a predisposition of greater success.

In our work, the highest value of absolute and
relative maximum oxygen consumption is encounte-
red among the football players, and the reason
should be sought in the type of sport and mode of
training.

The values of absolute and relative maximum
oxygen consumption are significantly higher among
athletes compared to non-athletes, which is a sure
sign that the value of this parameter is strongly
influenced by training.
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ASTRANDOV PROGRESIVNI TEST OPTERECENJA U PROCENI
AEROBNOG KAPACITETA SPORTISTA

Ljubisa M. Lili¢, Sladana MiloSevié, BozZidar Stojiljkovic
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Najprecizniju sliku fizicke pripremljenosti daje aerobni kapacitet. On je vazan faktor u
planiranju i doziranju fizickog opterecenja.

Cilj ovog istrazivanja bio je odredivanje vrednosti areobnog kapaciteta sportista razlici-
tih sportskih grana, kao i eventualnih razlika u odnosu na nesportiste.

Ukupno smo analizirali 60 ispitanika podeljenih u tri grupe od po 20. Prvu grupu saci-
njavali su fudbaleri, drugu rukometasi, a tre¢u kontrolnu grupu nesportisti.

Maksimalni aerobni kapacitet odredivan je Astrandovim Sestominutnim testom.

Najvecu vrednost VOzmax konstantovan je kod fudbalera 4,26 L/min. Ova vrednost je
statisticki znacajno veéa p < 0,001 u odnosu na ostale dve grupe.

Nesto nize vrednosti VO2max su konstatovane kod rukometasa 4,01 L/min.

Najnize vrednosti VO2max, kako u apsolutnim tako i relativnim vrednostima, imaju ne-
sportisti i one su statisticki znacajno manje nego kod prethodne dve grupe p < 0,001.

Acta Medica Medianae 2019;58(1):11-15.

Kljucne reci: fizicka pripremljenost, aerobni kapacitet, maksimalna potrosnja
kiseonika, fizicka aktivnost, submaksimalni test
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A JOINPOINT REGRESSION ANALYSIS OF LONG-TERM TRENDS IN
LEUKEMIA INCIDENCE AND MORTALITY IN CENTRAL SERBIA AND
NISAVA DISTRICT (1999-2014)

Marija Andjelkovi¢-Apostolovié'-?, Aleksandra Ignjatovi¢l?, Miodrag Stojanoviél?,
Zoran MiloSevi¢'?, Branislav Apostolovic3, Marija Topalovi¢!, Dusan Simic*

Leukemia contributes 2.3% to the overall cancer incidence in Serbia and 2.9% in the
total mortality, while the estimated incidence and mortality rate for males and females were 8.7
and 6.3 %o, respectively and occupies 13th place among both sexes in Central Serbia.

The objective of our study was to examine the time trends of leukemia in Central
Serbia, with a focus on NiSava district, from 1999-2014, using a Joinpoint regression analysis
and compare them with the trend in other populations, and identify possible changes.

The standardised incidence and mortality were obtained from the Serbian Cancer
Registry of Central Serbia. Time trends for incidence and mortality of leukemia were assessed
using the annual percent change, estimated through Joinpoint regression analysis (age period
cohort models — APC) using the Joinpoint Regression Software.

Our results demonstrate a stable trend of the age-adjusted leukemia incidence rate
both in males and females in Central Serbia during the observed 1999-2014 period. However,
statistically significant decreasing trend of leukemia incidence rate was found in men from
Nisava district, while non-significant slightly increasing pattern was present in women. Joinpoint
analysis in our research demonstrated favorable mortality declines until the 2002, and than
stabile trend in Central Serbia in both sexes to the end of the observed period. Conversely,
mortality among males in NiSava district shows a positive trend, but not statistically significant.

The results of the study suggest that leukemia profile in Central Serbia was stabile
during the study period. It is particularly interesting that incidence is decreasing among male

population from NiSava district.

Acta Medica Medianae 2019,58(1):16-23.
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analysis
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Introduction

According to the International Agency for Re-
search on Cancer (GLOBOCAN 2012), leukemia con-
tributes 2.3% to the overall cancer incidence in Ser-
bia and 2.9% in the total mortality, while estimated
incidence and mortality rate for males and females
were 8.7 and 6.3 %o, respectively (1). Among all
cancers in Serbia, leukemia occupies 13t% place am-
ong both sexes.
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This evidence is based on research conducted
at Los Alamos National Laboratory, studies of nuclear
workers at other sites, and others exposed to ionis-
ing radiation (2, 3). Occupational exposure to benze-
ne and other solvents is one of the most consistently
observed risk factors for myeloid malignancy usually
used in manufacture of organic chemicals and chemi-
cal intermediates (4, 5). Previous cancer treatment
regimens with known cytotoxic agents that have leu-
kemogenic potential, although other factors, such as
the intensity of treatment and use of growth factors,
also may have played a role in leukemia occurrence
(6). Besides different environmental exposures, ciga-
rette smoking also directly affects the central and
peripheral hematopoietic system and decreases the
number of circulating CD34+ progenitor cells in heal-
thy individuals leding to leukemia (7, 8). Likewise,
other factors as genetic disorders (9) and socio eco-
nomic status (10, 11) are confirmed as risk factors
for leukemia incidence. Encouraging news in recent
decades is that a significant improvement has been
set up in the diagnosis and treatment of leukemia.

www.medfak.ni.ac.rs/amm
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The objective of our study was to examine the
time trends of leukemia in Central Serbia, with a fo-
cus on Nisava district, from 1999-2014, using a Join-
point regression analysis and compare them with
trend in other populations, and identify possible
changes.

Patients and methods
Data sources

Standardised incidence and mortality for the
period 1999-2014 were obtained from the Serbian
Cancer Registry of Central Serbia. The Registry, fo-
unded in 1985, covers the population of Central Ser-
bia (approximately 5.2 million persons according to
the Census of 2011). This Cancer Registry has been
collecting data since 1996 when it was reorganised
by the Agency for Research on Cancer - IACR, and
the European Network of Cancer Registries - ENCR.
According to the International Classification of Disea-
ses Tenth Revision (ICD-10) and the Third Edition of
International Classification of Diseases for Oncology,
leukemia is defined as ICD-10 codes C91-C95 (12).

Time trends for incidence and mortality of leu-
kemia were assessed using the annual percent chan-
ge, estimated through Joinpoint regression analysis
(age period cohort models — APC) using the Joinpoint
Regression Software. This software has been deve-
loped by the United States National Cancer Institute
for the analysis of data from the Surveillance Epide-

miology and End Results Program (SEER). This me-
thod covers changes in data trends by connecting
several different line segments on a log scale at
“joinpoints”. The analysis starts with the minimum
number of joinpoints (i.e., 0 joinpoint, representing a
straight line) and tests for model fit with a maximum
of 4 joinpoints. Monte Carlo permutation method is
used to test the significance. Additionally, an annual
percent change (APC) for each line segment is esti-
mated. The APC is used to determine whether a dif-
ference exists from the null hypothesis of no change
(0%). In the final model, each joinpoint shows a
statistically significant change in trends (increase or
decrease) and each of those patterns is described by
an APC. In the case of non-statistically significant
trends (p > 0.05), we used the term “stable”.

Results

In the period from 1999 to 2014, the total
number of new leukaemia cases in Central Serbia
was 7035, among which 523 (7,4%) cases were in
Nisava district. Leukemia was diagnosed in 4158 ma-
les and 2877 females (male-to-female ratio 1.5:1) in
Central Serbia, while in NiSava district the male:fe-
male ratio was 1.8:1 (337 males, 186 females).

The total number of fatal cases was 5922
(3383 males and 2539 females died of leukemia with
a male to female ratio 1.3:1). In NiSava district the
total number of deaths was 336, of which 218 were
males and 118 were females (ratio 1.8:1).

Table 1. Age-standardized incidence of leukaemia in Serbia and Nisava district
in the period from 1999 to 2014.

Serbia Nisava district
male female male female

vear  Ges  ASR 000 ASR cases  ASR gao  ASR
1999. 222 6 160 4.2 9 3.3 10 2.6
2000. 233 7.1 153 3.2 26 26 12 2.9
2001. 269 7.5 196 4.8 29 10.6 12 3.3
2002. 276 7.7 212 5.5 25 9.7 13 3

2003. 306 14 207 5.5 21 8.1 8 2.6
2004. 258 7 187 2.3 20 9.5 14 5.5
2005. 256 6.7 191 4.8 17 4.3 14 5

2006. 225 6.2 165 4 19 7 15 3.9
2007. 315 7.7 210 4.5 20 6.4 15 3.3
2008. 211 5 117 2.7 30 8.5 8 2.8
2009. 233 6.4 148 3.6 22 9.3 16 9.4
2010. 260 6.9 148 3.7 19 6.1 / /

2011. 322 8.4 239 5.8 18 7.5 12 4.4
2012. 207 5.3 158 4 22 6.1 15 5.6
2013. 280 6.7 182 4.6 25 6.2 14 3.5
2014. 285 7.3 204 4.7 15 4.1 8 3.2

* ASR age-standardised rate per 100 000 (using standard world population)

Table 1 shows the age-standardised incidence
rates (per 100 000 population) of leukemia in male

and female population of Central Serbia and NiSava
district for the period 1999-2014. For the whole
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analysed period the average age-standardised
incidence for men was 7.24 and for females 4.24 in
Central Serbia, and situation with NiSava district is as
follows: 8.29 for men and 4.07 for women. The
highest age-standardised incidence in Central Serbia
in males was in 2003, in females in 2011, and the

lowest values of those rates were in 2008 (1, 2.7
respectively).

The findings from the Joinpoint analysis for
leukemia incidence in Central Serbia and NiSava
district are shown in Graphs 1 and 2.

Multiple Joinpoint Models
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Graph 1. Incidence trend of leukemia in Central Serbia in the period 1999-2014.
Multiple Joinpoint Models
*  male- 0 Joinpoints
2000.0-2014.0 APC =-6.35"
27 *  female - 0 Joinpoints
. — 2000.0-2014.0 APC =217
22
17
@
[5)
c
]
z
E 12
- e F
- “‘-‘—_.,____h - ,
’ . " v *
3 " o - P k.
- R — — — — " .
i n A
2
-3
1999 2001 2003 2005 2007 2009 2011 2013 2015

year

Graph 2. Incidence trend of leukemia in NiSava district in the period 1999-2014.
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Table 2 reports the distribution of age-stan-
dardised mortality leukemia cases by gender in Cen-
tral Serbia and NiSava district from 1999 to 2014.
(per 100 000 population). The average age-stand-
ardised mortality for men was 4.90 and for females
3.38 in Central Serbia, while in NiSava district it was:
4.12 for men and 1.87 for women, twice less com-
pared to the women in Central Serbia. In Central

Serbia, ASR of the mortality rate for both sexes was
the highest in 1999 (6.6, 5.2, respectively). In Nisa-
va district we did not find available data for 1999 and
2000, as well as for females in 2012-2014.

The results from the Joinpoint analysis for leu-
kemia age-standardised mortality in Central Serbia
and Nisava district are presented in Graphs 3 and 4.

Table 2. Age adjusted mortality of leukemia in Serbia and NiSava district in the period from 1999 to 2014.

Serbia Nisava district
male female male female
ecar No of ASR No of ASR No of ASR No of ASR
Y cases cases cases cases
1999. 181 6.6 148 5.2 / 0 / 0
2000. 166 6.1 135 4.8 / 0 / 0
2001. 195 4.7 156 3.2 15 4.3 10 3.5
2002. 167 3.9 144 2.8 13 5.5 14 3.7
2003. 203 4.9 141 3.2 9 2.6 2.5
2004. 167 3.8 140 2.8 6 2.2 8 2.2
2005. 215 5 130 2.6 14 4 6 1.1
2006. 205 4.3 181 3.8 19 5.7 16 3.8
2007. 247 5.6 166 2.9 19 5.8 9 2
2008. 216 4.4 162 2.9 14 5.5 10 2.3
2009. 233 5.2 179 3.1 17 5.3 14 3.3
2010. 252 5.2 189 3.4 19 5.2 14 3.5
2011. 230 4.8 170 3 16 4.5 9 2
2012. 232 4.9 173 4.6 15 3.6 / 0
2013. 241 4.6 162 3.1 22 6.3 / 0
2014. 233 4.5 163 2.7 20 5.4 / 0
** ASR - age-standardised rate per 100 000 (using standard world population)
Multiple Joinpoint Models
7 *  male - 1 Joinpoint
1999.0-2002.0 APC =-13.11
+ —— 2002.0-2014.0 APC = 1.06
6.5 *  female - 1 Joinpoint
— 1393.0-2002.0 APC =-18.56
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Graph 3. Mortality trend of leukemia in Central Serbia in the period 1999-2014.
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Graph 4. Mortality trend of leukemia in NiSava district in the period 1999-2014.
Discussion found in men from NiSava district with APC -6.3% (-

According to our knowledge, this study offers
the first nationwide analysis of leukemia incidence
and mortality trends over time using cancer regis-
tration in Serbia. The use of Joinpoint analysis has
allowed statistical testing of trends in incidence and
mortality rates for leukemia, detecting some signi-
ficant changes. Therefore, Joinpoint analysis provid-
es a much clearer picture of what is happening dur-
ing a particular period in specific terms (identifying
the years in which significant changes in trends oc-
curred) than a single summary trend statistic (13).

According to the GLOBOCAN estimates for the
year 2012, the age-standardised incidence rate of
leukemia in Serbia was 8.6/100 000 in men and
5.7/100 000 in women, which refers Serbia to the
18t place in Europe. The highest incidence was re-
corded in Australia and New Zealand and the lowest
in Middle and Western Africa (1). The standardized
mortality rate in Serbian men is similar to the Euro-
pean average of 8.5/100 000, while the incidence
rate in women is slightly higher than the European
average of 5.4/100 000. The Northern Europe has
the lowest rate in both sexes. The age-standardised
mortality in Serbian men was 2.9/100 000, which is
slightly less than average European mortality rate
(3.1/100 000). The mortality rate in women in Ser-
bia was 2.9/100 000, also marginally less compared
to the European average (3.2/100 000).

Our results demonstrate a stable trend of the
age-adjusted leukemia incidence rate both in males
and females in Central Serbia during the observed
1999-2014 period. However, statistically significant
decreasing trend of leukemia incidence rate was
20

10.3 - -2.2; p=0,005), while non-significant slightly
increasing pattern was present in women. Leukemia
incidence profile in NiSava district is consistent with
The United Kingdom findings (14). Several studies
showed continued declines in incidence trends, simi-
lar to our results (15, 16). In addition to the various
risk factors included in the etiology of leukemias, it is
hard to hypothesise possible reasons for the observ-
ed incidence trends. In addition to specific changes
of incidence, they might be caused by changes of
diagnostic procedures or increased surveillance due
to screening programs, as well as changes of classi-
fication or reassignment of one diagnostic entity to
the other. Generally speaking, the average incidence
rate was higher in men compared to women, both in
Central Serbia and Nisava region. It is observed that
NiSava region has higher average age-standardised
incidence in men in comparison to the rest of Central
Serbia (7.24: 8.29 per 100 000) but without statisti-
cal significance (p = 0.4).

The incidence of childhood leukemia in the
world is increasing. The reason for this should be
sought in ionising radiation to which children are mo-
re prone. Considering Serbia was bombarded and
exposed to ionizing radiation during 1999, from the
given incidence trend we can conclude that radiation,
at least, has not yet been reflected in the incidence
pattern.

Malvezzi and associates review appropriate
leukemia mortality trends in all countries of the EU
as a whole, giving predicted rates for 2016 between
4 (Spain and UK) and 5/100 000 (Poland and Italy)
(17). Joinpoint analysis in our research demonstrat-
ed favorable mortality declines until the 2002, and
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then stabile trend in Central Serbia in both sexes to
the end of the observed period. Conversely, morta-
lity among males in NiSava district shows a positive
trend, but not statistically significant. Mortality trends
represent the reflection of improvements of perfor-
mance status of patients at diagnosis, treatment and
improved supportive care. The results of decreased
mortality rates are coherent with previously publish-
ed data (18, 19). In recent decades we have withes-
sed several major novelties in the treatment of leu-
kemia, such as the initiation of an allogeneic hema-
topoietic stem cell transplantation (usually limited to
patients younger than 65 years) and the recent
introduction of tyrosine kinase imatinib inhibitor (20)
and monoclonal antibodies (rituximab)(21). Leuke-
mia survival is more noticeable in younger patients
in whom improvements are better due to more ade-
quate diagnosis, management and therapy treat-
ment (22).

Limitations of the study
Some possible limitations should be taken into

account. Our research is a registry based study,
therefore, possible incomplete data collection is pro-

bable. The World Health Organization labeled the
quality of data related to the cause of death in Serbia
as moderate (23). Also, GLOBOCAN 2012 catego-
rized data from Serbia as B2 (high quality regional
data for incidence and medium quality for complete
vital registration for the mortality rates) (24). Fu-
thermore, inability to distinguish between age spe-
cific groups of leukemia incidence and mortality, as
well as histological types of leukemia and variations
in leukemia classifications should be considered.

Conclusion

The results of the study suggest that leukemia
profile in Central Serbia was stabile during the study
period. It is particularly interesting that incidence is
decreasing among males from NiSava district. Mor-
tality in the investigated period is declining by 2002
in Central Serbia, followed by mild increase to the
end of the observed period. The only exception pre-
sents the mortality among males from Nisava dis-
trict, which is rising but without statistically signifi-
cance.
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JOINPOINT REGRESIONA ANALIZA TRENDA INCIDENCIJE I
MORTALITETA LEUKEMIJE U CENTRALNOJ SRBIJI I NISAVSKOM
REGIONU U PERIODU 1999-2014. GODINE
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Leukemije su zastupljene sa 2,3% u ukupnoj ucestalosti karcinoma u Srbiji i 2,9% u
ukupnom mortalitetu, dok su incidencija i mortalitet za oba pola iznosili 8,7 i 6,3 %o, na
osnovu Cega ih svrstavamo na 13. mesto medu svim karcinomima registrovanim u Centralnoj
Srbiji.

Cilj rada bio je da se utvrdi vremenski trend leukemija u Centralnoj Srbiji, sa posebnim
osvrtom na NiSavski okrug, u periodu 1999-2014. godine, koriste¢i Joinpoint regresionu ana-
lizu, i uporediti ih sa trendom u drugim populacijama i identifikovati karakteristicne promene.

Standardizovane stope incidencije i mortaliteta uzete su iz Registara za rak Centralne
Srbije. Trend stope incidencije i mortaliteta je odredivan Joinpoint analizom upotrebom Join-
point Regresioni softvera.

Rezultati ukazuju na stabilan trend incidencije prilagodene za godine medu oba pola u
Centralnoj Srbiji za ispitivani period. Medutim, utvrdeno je statisticki zna¢ajno smanjenje inci-
dencije medu muskarcima NiSavskog regiona, dok je medu zenama iz istog regiona uocen
blagi porast trenda, ali bez statisticke znacajnosti. Joinpoint analiza je u nasem istraZivanju
pokazala pad trenda mortaliteta do 2002. godine, a potom stabilan trend za oba pola u Cen-
tralnoj Srbiji do kraja ispitivanog perioda. Suprotno tome, trend mortaliteta medu muskarci
ma iz NiSavskog okruga je rastao, ali bez statisticke znacajnosti.

Rezultati studije ukazuju da je profil leukemije u Centralnoj Srbiji stabilan tokom perio-
da istrazivanja. Posebno je interesantan pad incidencije kod muskaraca iz NiSavskog okruga.

Acta Medica Medianae 2019;58(1):16-23.

Kljucne reci: leukemija, Centralna Srbija, Nisavski region, Joinpoint regresiona
analiza
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DETECTION OF BLOODSTAINS ON COTTON FABRIC AFTER WASHING

Ivan Stojanovic

After a criminal act a perpetrator may try to wash the bloodstains, either by hand wash
in cold water or using a regular washing machine. The washing procedure can alter original
bloodstains on fabric. The current experiment was focused on determining an effect of blood
drying time and various washing conditions (water temperature, detergent use, machine, and
hand wash simulated washing) on presentation of bloodstains on washed cotton fabric. The
result of this experiment suggests that regular hand wash procedure in cold water (30°C),
regardless of drying time lapsed from the deposition of blood on fabric until washing, would not
be sufficient to completely remove or destroy original contour of the bloodstain on cotton fabric.
All tested samples washed at 60 and 95°C suggest that a machine washing procedure with the
usage of detergent should be sufficient for removing visible bloodstains from cotton fabric, but
not for latent bloodstains. As an advice for prosecutors, even in case of no obvious bloodstains,
bloodstain pattern analysts should always examine clothing of the suspects in all criminal cases

connected with bloodshed event.

Acta Medica Medianae 2019;58(1):24-27.

Key words: bloodstain, analysis, presumptive blood test
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Introduction

Criminal act connected with external hemorrh-
age of a victim usually leads to a deposition of blood-
stains on a perpetrator’s clothing. A perpetrator may
try to wash the bloodstains, either by hand wash in
cold water or using a regular washing machine. Wash-
ing procedure can alter original bloodstain on fabric,
so bloodstain can become diluted or hard to see with
the naked eye (1-6).

Washing experiments with bloodstained fab-
rics revealed that detergent brand Ariel Washing Pow-
der (Procter & Gamble) removed bloodstains from
washed fabrics most effectively compared with other
tested detergents (3, 7). Based on literature data,
our research was focused on two extremes: hand
wash in cold water and machine wash with Ariel Wash-
ing Powder as one of the best household bloodstain
removing detergent, also used for other real - life
situations. Bloodstain pattern analysis on different
fabrics must be held out based on a deeper charac-

24

terization of the textile structure, even down to the
yarn level (8, 9).

Deoxyribonucleic acid (DNA) analysis is a very
expensive forensic technique, so it is important to
confirm the presence of the right stain prior to send-
ing it for DNA analysis. Presumptive tests of blood
are performed to identify blood in the stain (1-3,
10). Luminol and Leuco-crystal Violet (LCV) were
commonly used chemicals to develop latent blood-
stains on evidence and at crime scenes (11). Expe-
riments revealed luminol chemical interference with
bleach, but this effect dissipates after 8 hours (12).
In recent years, Hemastix and Bluestar forensic tab-
lets have been considered to be very useful, reliable
and low - cost presumptive blood tests (11, 13).
These two tests were used in this experiment for
detection and visualization of latent bloodstains on
washed fabrics.

Material and methods

Fabric: The white 100% cotton fabric (140
g/m?) cut out into 100 square pieces 5x5 cm in
diameter. The rest of the fabric of 3 kg was used to
simulate a real situation washing procedure.

Stains: Blood was collected from the corpse of
an autopsy conducted at the Institute of Forensic
Medicine in Nis (case data: S-23/18; previously
normal blood test results). Exactly 100 pl of blood
was deposited onto every piece of fabric and 100
samples were obtained. Every sample was made in
five replicates.

www.medfak.ni.ac.rs/amm



Detection of bloodstains on cotton fabric after washing

Ivan Stojanovié

Washing machine: model
WF80F5EQOW2W/AD.

Washing: Three washing temperatures were
used (30°C, 60°C and 95°C) under two main con-
ditions: washing with water or using a standard de-
tergent (Ariel Washing Powder, Procter & Gamble:
composed of 5-15% active ionic and <5% non-ionic
surfactant-detergent, phosphates, water softener
(zeolites and polycarboxylates), enzymes, optical bri-
ghteners and perfumes).

Groups of samples: Samples were ordered
into four groups: M95 (machine wash at 95°C with
detergent Ariel; 2 hours 35 minutes washing time;
centrifuge: 1200 cycles/minute), M60 (machine wash
at 60°C with detergent Ariel; 2 hours 35 minutes
washing time; centrifuge: 1200 cycles/minute), A
(machine simulated hand wash at 30°C with deter-
gent Ariel; 35 minutes washing time; 200 cycles/
minute simulate drying out fabric by hands) and R
(machine simulated hand wash at 30°C without
detergent Ariel; 35 minutes washing time; 200 cyc-
les/minute simulate drying out fabric by hands).
Within every group, all samples were divided into 5
subgroups: 6h (6 hours from deposition of blood
until washing procedure), 24h (24 hours from depo-
sition of blood until washing procedure), 72h (72
hours from deposition of blood until washing proce-
dure), 10d (10 days from deposition of blood until
washing procedure) and 30d (30 days from deposi-
tion of blood until washing procedure).

Sample storage: Samples were stored in a
dark place, without direct sunlight, at 20°C, relative
humidity at about 35%, almost without air flow.

Examination: After washing procedure, all sam-
ples were left to dry at room temperature and exa-

Samsung, type

mined on the next day. Examinations of samples
were performed in the Biological traces laboratory of
the Institute of Forensic Medicine in Nis. First, sam-
ples were examined visually under high - intensity
white light. Subsequently, samples were treated with
Bluestar forensic tablets solution and with Hemastix
test strips.

Results

In all positive controls, blood was detected with
Hemastix test strips and Bluestar forensic tablets.
None of the negative controls gave positive results
after washing in water or with the detergent.

A single simulated hand wash procedure in
cold water (30°C) was not sufficient to remove the
bloodstain from cotton fabric or completely destroy
original contour of the bloodstain, regardless of dry-
ing time lapsed from the deposition of blood on
fabric until washing. All of these samples had blood-
stains on washed fabric with a partially faded contour
of original stain. Some visible blood transfer from
original bloodstain was noted onto fabric. The most
of transfer staining was noted on the part of the fab-
ric that was in close contact with the fabric contain-
ing original bloodstain, at the moment of extracting
the fabric from the washing machine.

A machine washing procedure in hot water
(60 and 95°C) with Ariel detergent was sufficient to
remove visible bloodstains from cotton fabric, but all
samples gave positive results on presumptive blood
tests. There was no visible blood transfer on pre-
viously clean parts of the fabric, but Bluestar forensic
tablets solution gave a diffuse positive result on the
wide area of tested cotton fabric.

Table 1. Bloodstain examination test results on cotton fabric after washing

Washing Time lapsed from deposition of blood on cotton fabric until washing
procedure 6 hours 24 hours 72 hours 10 days 30 days
M95 0 0 0 0 0

M60 0 0 0 0
A 1 1 1 1 1
R 1 1 1 1 1

0 - no visible bloodstain and positive presumptive tests;

1 - visible bloodstain and positive presumptive tests;
M95 - machine wash at 95°C with detergent Ariel;
M60 - machine wash at 60°C with detergent Ariel;

A - machine simulated hand wash at 30°C with detergent Ariel;
R - machine simulated hand wash at 30°C without detergent Ariel.

Discussion

A washed cotton fabric with bloodstains pre-
sents several challenges for the bloodstain pattern
analyst. First and the most important, the visible
bloodstains and staining fabric with Bluestar reagent
bore a little overall resemblance to the initial blood

staining. Initial bloodstain patterns could be seen in
most of the samples washed in cold water with or
without detergent, but they were often intermingled
with the “background noise” staining. Analysts must
be very careful when interpreting these diffused
stains. In the literature, some authors suggest that
diffused bloodstains on washed fabric must not be
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interpreted as a result of any action other than wash-
ing (14). The result of this experiment suggests that
regular hand wash procedure in cold water (30°C),
regardless of drying time lapsed from the deposition
of blood on fabric until washing, would not be suf-
ficient to completely destroy original contour of the
bloodstain on cotton fabric.

In the current research, Ariel was used as the
most reliable detergent for removing bloodstains
from fabric (3, 7). All tested samples washed at 60
and 95°C suggest that a machine washing procedure
with the usage of detergent should be sufficient for
removing visible bloodstains from cotton fabric. Sub-
sequently, Hemastix strip test and Bluestar forensic
tablets reagent were applied to all of these tested
samples. Clear positive result registered on all tested
samples. This result suggests that s single household
machine washing cycle, regardless of washing prog-
ram and usage of detergent, is not sufficient for com-
pletely removing visible and latent bloodstains from
cotton fabric.

According to the result of this experiment, in
real criminal cases, the analysts could provide very
useful information to prosecutors about bloodshed
event if the data about washing procedure were re-
liable and well known.

Conclusion

Regardless of washing program, a single hou-
sehold machine washing cycle is not sufficient for
removing both visible and latent bloodstains from
cotton fabric. The data revealed after performing the
current study encourage analysts that there is a high
probability of finding bloodstains on cotton fabric af-
ter washing with detergent. As an advice for prose-
cutors, even in case of no obvious bloodstains, blood-
stain pattern analysts should always examine cloth-
ing of the suspects in all criminal cases connected
with bloodshed event. Future systematic research in
this field could provide more reliable data about the
effect of washing procedure on bloodstained fabrics.
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DETEKCIJA KRVNIH MRLJA NA PAMUCNOJ TKANINI NAKON PRANJA

Ivan Stojanovié

Zavod za sudsku medicinu u NiSu, Srbija

Kontakt: Ivan Stojanovic¢
Bulevar dr Zorana Dindi¢a 81, 18000 Ni$, Srbija
E-mail: stojanovic81@gmail.com

Nakon krivicnog dela izvrSilac moze pokusati da opere tragove krvnih mrlja ili ru¢nim
pranjem ili pranjem u ve$ masini. Proces pranja moZe izmeniti prvobitni izgled krvnih mrlja na
tkanini. Aktuelno istraZivanje je bilo usredsredeno na utvrdivanje efekta protoka vremena od
nanosenja krvne mrlje do pranja i efekta razli¢itih modaliteta pranja (temperatura vode,
upotreba deterdzenta, masinsko pranje i masinski simulirano ru¢no pranje) na izgled krvnih
mrlja na opranoj pamucnoj tkanini. Rezultat ovog eksperimenta ukazuje da obi¢no rucno
pranje u hladnoj vodi (30°C), nezavisno od protoka vremena od nanosenja krvi na tkaninu do
pranja, ne bi bilo dovoljno za kompletno uklanjanje ili narusenje prvobitne konture krvne
mrlje na pamucnoj tkanini. Svi uzorci prani na 60 i 95°C ukazuju da bi masinsko pranje sa
primenom deterdZenta trebalo biti dovoljno za uklanjanje vidljivih krvnih mrlja sa pamucne
tkanine, ali ne i onih nevidljivih. Savet tuzilastvima je da bi, u svim slu¢ajevima izvrSenja kri-
vi¢nih dela povezanih sa krvoproli¢em, ¢ak i ako nema ociglednih tragova krvi, analitiar obra-
zaca krvnih mrlja trebalo da uvek izvrsi pregled ode¢e osumnji¢enog.

Acta Medica Medianae 2019,58(1):24-27.

Kljucne reci: krvna mrija, analiza, prezumptivni test krvi
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IN VITRO COMPARISON OF THE ACCURACY OF TWO APEX LOCATORS
OF DIFFERENT GENERATIONS

Tamara Karuntanovié!, Stefan Daci¢'?, Nikola Miljkovi¢!, Dragica Daci¢-Simonovic?

The accuracy of apex locators is very important for the correct working length deter-
mination of the root canal, and thus for successful endodontic treatment.

The aim of this study was to compare in vitro the accuracy of iPex II (the fourth gene-
ration) and Adaptive (the sixth generation) apex locators.

The material consisted of 28 root canals (16 premolars). The working length of all root
canals was determined first by entering K-file #15 up to the apical foramen, what was checked
by visual tracking of the top of the file. The fixed working length was then measured with a
digital caliper and the obtained values were used to control measured canal lengths in two
experimental groups. The teeth were immersed in the alginate before electronic measurements
in order to simulate the clinical situation. In the first experimental group, the working length of
the root canals was measured with iPex II, and in the second with Adaptive apex locator. All
measurements were performed up to the apical foramen in the dry canal.

The results of One-way ANOVA showed that there was not statistically significant differ-
ence between examined experimental groups (p > 0.05). The biggest difference existed in
comparison the values of Adaptive apex locator and the control group, and the lowest in com-

parison iPex II and Adaptive apex locators.

It can be concluded that both apex locators are accurate enough for clinical practice

although they belong to different generations.

Acta Medica Medianae 2019;58(1):28-32.

Key words: Adaptive, apex locator, iPex II, working length
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Introduction

The accuracy of apex locators is very impor-
tant for the correct working length determination of
the root canal, and thus for successful endodontic
treatment (1, 2). It is generally accepted that the
endodontic treatment should be limited within the
root canal (3, 4). The distance from a coronal refe-
rence point to the apical point at which canal prepa-
ration and obturation should terminate represents
the working length of the root canal (5, 6).

There are six generations of apex locators and
each generation has its working principle (7-9). The

28

common characteristic of apex locators from the
third to the sixth generation is a determination of the
working length by using two or more frequencies. It
enables the precise measurements in the presence
of the electrolytes in the canal (10). The electric cir-
cuit must be established regardless of the principle
used and it is achieved by the electrodes that are
connected to the oral mucosa and to the endodontic
instrument (8, 11).

iPex II apex locator (NSK Nakanishi inc., To-
kyo, Japan) belongs to the fourth generation of apex
locators, and Adaptive apex locator (Optica Laser,
405-10A, Sofia, Bulgaria) is a representative of the
sixth generation. The difference between these two
apex locators is that iPex II apex locator measures
working length in the conditions of the dry canal
(eventually in moist one), while Adaptive works in a
wet canal as well as in the dry one (12-14). Both
apex locators have been recently introduced, so there
are not many data in the literature about them. This
prompted us to investigate in vitro their accuracy in
working length determination of the root canal, to
see if they are reliable for clinical use.

The aim of this study was to compare in vitro
the accuracy of iPex II (the fourth generation) and
Adaptive (the sixth generation) apex locators. The
working hypothesis was that there is a statistically

www.medfak.ni.ac.rs/amm
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significant difference in the precision of these two
apex locators since they belong to the different gene-
rations of apex locators.

Material and methods

The research was conducted at the Dental Cli-
nic in Nis, at the Department of Restorative Dentistry
and Endodontics. The material consisted of 28 root
canals of 16 human premolars that were extracted
for orthodontic reasons. The teeth had completed root
growth and they were without visible fractures and
resorptions. The width of the apical foramen was ne-
vertheless sufficient to easily see the position of the
top of the canal instrument at the visual working
length determination. Teeth were stored in formalin
from the extraction to the research start.

The access cavities were prepared on the oc-
clusal tooth surface with a round diamond drill, in
diameter 107-126 uym ( Mesinger, Germany) using
turbine with a water-air cooling. Trepanation of tooth
and the removal of coronal pulp were done after
that, by round steel drill (Mesinger, Germany). The
root canals entrances were then found.

Pulp extirpation was done using the barbed
broach #25 and #30, depending on the diameter of
the canal. The root canals then were irrigated with 2
ml of 0.5% NaOCl and their patency was checked
using a K-file #15. All teeth were used in research as
there were no obstructions in the canals and were
marked with numbers from one to 16. A total of 28
canals were included in the study. Out of 16 premo-
lars, six were with one canal, eight with two and two
with three root canals. The tops of the buccal and
oral cusps were marked with felt pen and there the
stopper of endodontic instrument leaned during the
measurements of working length of the canal. The
working length of the root canal was measured up to
the apical foramen in the dry canal.

The research included three measurements of
the working lengths of all 28 root canals. The first
measurement was a control group, while the second
and the third measurements represented experimen-
tal groups.

In the control group, the working length of the
root canal was determined visually by using K-file
#15. The file was placed in the canal up to the apical

Table 1. The working lengths values of the

foramen, and position of the top of the instrument
was checked by observation under a magnifying glass
with 5 x magnification (Hunan, China). The fixed
working length was then measured with a digital ca-
liper (Asimeto 307-06-1, Canada) with an accuracy
of 0.01 mm and thus the control value was obtained.

Measurements in experimental groups were
done after immersion of teeth in alginate since the
alginate had the role to simulate the clinical situati-
on. Alginate (Tropicalgin, Zhermack, Italy) was mix-
ed according to the manufacturer’s instruction and
thus was inserted in a plastic bowl. The two-thirds of
teeth roots were immersed in alginate, before its
binding. All measurements were performed within
two hours after mixing of alginate, while it still pos-
sessed humidity. The circuit was in vitro closed du-
ring the electronic measurements by labial and ca-
nal electrodes of corresponding apex locator which
were connected with the alginate. The root canals
were dried with paper points before measuring since
the study was conducted under conditions of the dry
canal.

In the first experimental group working lengths
of the root canals up to the apical foramen were
measured with iPex II apex locator (NSK Nakanishi
inc., Tokyo, Japan), and in the second experimental
group with Adaptive apex locator (Optica Laser, 405-
10A, Sofia, Bulgaria). K-file #20 was used for mea-
suring the working length of the root canal with apex
locators. One value was measured for each sample
and both devices, in a dry canal, up to the apical
foramen. iPex II apex locator signaled the apical
foramen with mark 0.0 on the screen, and Adaptive
apex locator visually and by a beep. Measurements
were first performed on all samples by one locator,
and then with the other, so it was a total of 28 mea-
surements for each group.

Statistical analysis was performed using the
software package SPSS version 16.0 (SPSS Inc.,
Chicago, Illinois). Data were presented as the mean
and standard deviation, and also as median, mini-
mum and maximum value. Data normality was test-
ed by Shapiro-Wilk test. Comparison of working
lengths of the root canals of control and experiment-
al groups was performed by One-way ANOVA (Ana-
lysis of variance).

root canals of experimental and control groups

Groups |Pe|>(<)CI;t2[:ex Adalyz)t(l:\;i:oarpex Control group F value p value
n =28 n =28 n =28
Working lengths 19.19 + 1.88 18.94 + 1.54 19.34 + 2.12+% 0.32t p > 0.05*
(mm) 18.89 19.41 19.06
(16.77-23.65) (15.92-21.47) (16.29-23.81)I

*no statistically significant difference

TOne-way ANOVA, ¥mean =+ standard deviation, |[median (min-max value)
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Results

Shapiro-Wilk test showed normal distribution
of data in all examined groups. The values of the
working lengths of the root canals of iPex II apex lo-
cator (19.19 £ 1.88 mm) were closer to the values
of the control group (19.34 £ 2.12 mm) than the va-
lues of Adaptive apex locator (18.94 = 1.54 mm).

The One-way ANOVA showed that there was
not statistically significant difference in working leng-
ths of the root canals between examined groups (p
> 0.05)(Table 1).

Discussion

Precise determination of the working length of
the root canal is a key factor that affects the out-
come of endodontic treatment (2, 15, 16). Treat-
ment of root canal up to the apical constriction rep-
resents a risk that part of the diseased pulp tissue
might remain in the apical region and lead to treat-
ment failure (17, 18). Therefore, treatment up to api-
cal foramen is recommended (17).

The use of electronic devices for working length
determination of the root canal has gained great po-
pularity, especially in recent years with the intro-
duction of the latest apex locators, which allow the
measurements and in a humid environment (6, 17).

In our study, we applied alginate as a material
to simulate the clinical situation because of its good
electrical conductivity. The other good properties of
alginate are that is inexpensive, easy to prepare,
stable for hours and relative stiffness of alginate
model that prevents fluid movement within the canal
and premature readings (19, 20). It has been ap-
plied in a number of in vitro studies (6, 10, 17, 21).
In the research of Lipski et al. alginate has proven to
be a reliable medium for replacement of in vivo con-
ditions during the electronic working length measu-
rement. There was no statistically significant diffe-
rence between the in vitro and in vivo measure-
ments (21).

Previous in vitro studies examined the accur-
acy of apex locators in working length determination
up to the apical foramen or apical constriction.
However, apical foramen proved to be better for this
type of research because it can locate consistently
(22). We compared the accuracy of the apex locators
up to the apical foramen for this reason. In the con-
trol group, apical foramen was visible and working
length measurement was performed under the con-
trol of the eye. This indicates that apical foramen is a
reliable point not only for examination of apex
locator accuracy but also for comparison the apex lo-
cators measurements with the actual length of the
root canal, which was visually determined.

30

The results of our research confirmed the null
hypothesis as there was no statistically significant
difference in working length determination of the
root canal between the examined apex locators as
well as between them and the control group. We
compared the working length values of the three
groups using One-way ANOVA, which is a better op-
tion than to apply Student’s t-test three times be-
cause the possibility of errors is reduced. Some au-
thors applied the same statistical test for comparing
the values of more than two groups like us, while
others applied the Student's t-test (6, 10, 12, 23).

The reason for the absence of statistically sig-
nificant difference in the accuracy of iPex II and Ada-
ptive apex locators can be the same physical prin-
ciple of operation (two or more frequencies) (10).
iPex II apex locator showed greater accuracy since
its working lengths values of the root canals were
closer to the values of the control group than the
values of Adaptive apex locator. Higher precision of
iPex II apex locator can be explained by the fact that
the study was conducted in the dry canal because
the fourth generation of apex locators to which it be-
longs is generally more accurate in the dry canal
than in the moist one. On the other hand, Adaptive
apex locator belongs to the sixth generation of apex
locators that adapts to the conditions in the canal, so
that the research was done and in the conditions of
wet canal results would probably be different (14).

There are some studies that examined the
accuracy of iPex II apex locator, while the precision
of Adaptive apex locator was not examined. In the
study of Kocak et al. iPex II apex locator showed
accuracy in working length determination in a dry
canal as well as in the presence of different irrigants
(23). However, the aim of our study was different.
The accuracy of iPex II apex locator was also exa-
mined in the study of Gurel et al. In that in vitro
study iPex II apex locator showed accuracy in 50%
of specimens and there was not a statistically signi-
ficant difference between examined apex locators
(Raypex 5, Raypex 6, iPex and iPex II) (12).

Conclusion

Our research showed that Ipex II apex locator
is more precise since its values were closer to the
control group compared to the Adaptive apex loca-
tor. However, it can be concluded that both devices
are accurate enough due to the fact that this diffe-
rence in precision was not statistically significant, so
their use in clinical practice is recommended. It may
also be concluded that representatives of the new
generation of apex locators are not always more
accurate in comparison to older generations, as it
was demonstrated in this paper.
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IN VITRO POREDENJE PRECIZNOSTI DVA APEKS LOKATORA
RAZLICITIH GENERACIJA

Tamara Karuntanovié!, Stefan Daci¢'?, Nikola Miljkovi¢!, Dragica Daci¢-Simonovic?

tUniverzitet u NiSu, Medicinski fakultet, Ni$, Srbija
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Kontakt: Tamara Karuntanovic
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Preciznost apeks lokatora je veoma vazna za tac¢no odredivanje radne duzine kanala
korena, a time i za uspesan endodontski tretman.

Cilj ove studije bio je da se in vitro uporedi preciznost iPex II (Cetvrta generacija) i
Adaptive (Sesta generacija) apeks lokatora.

Materijal je Cinilo 28 kanala korena (16 premolara). Najpre je radna duzina svih kanala
korena odredivana unosenjem K-turpije #15 do apeksnog otvora, Sto je proveravano vizuel-
nim pracenjem vrha turpije. Fiksirana radna duzina je zatim merena digitalnim nonijusom, a
dobijene vrednosti su sluZile za kontrolu merenih duzina kanala u dve eksperimentalne grupe.
Zubi su uranjani u alginat pre elektronskih merenja, radi simulacije klinicke situacije. U prvoj
eksperimentalnoj grupi radna duzina kanala korena je merena iPex II apeks lokatorom, a u
drugoj, sa Adaptive apeks lokatorom. Sva merenja su izvrSena do apeksnog otvora u suvom
kanalu.

Rezultati jednostrane ANOVA su pokazali da nije bilo statisticki znaCajne razlike izmedu
ispitivanih eksperimentalnih grupa (p > 0,05). Najveca razlika je postojala u poredenju vre-
dnosti Adaptive apeks lokatora i kontrolne grupe, a najmanja u poredenju iPex II i Adaptive
apeks lokatora.

Moze se zakljuciti da su oba apeks lokatora dovoljno precizna za klinicku praksu, iako
pripadaju razli¢itim generacijama.

Acta Medica Medianae 2019;58(1):28-32.
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DURATION OF THE MONITORING OF INTRACRANIAL PRESSURE
CONCERNING THE PRESENCE OF INTRACRANIAL HYPERTENSION

Aleksandar Kosti¢'-?, Ivan Stefanovi¢'?, Radisav Miti¢'?, Misa Radisavljevicl?,
Luka Berilazi¢l, Slavko Zivkovié?

Duration of intracranial pressure (ICP) monitoring depends on the clinician’s necessity
for the data that influence type and length of the management of intracranial hypertension
(ICHT). On the other hand, it is also affected by the possibility of the development of the
infection, which is very often fatal when it occurrs in the central nervous system.

A prospective study of the 32 patients with severe brain trauma (SBT) that had intra-
cranial pressure (ICP) monitoring is presented in here. There were 22 patients with intracranial
hypertension (ICHT) and 10 without it. In the ICHT group, the monitoring lasted 5.81 + 2.70
and 4.45 = 1.81 in the control group. We have not found a significant difference in the duration
of the ICP monitoring between two groups (t = 1.71, p > 0.05). Patients with ICHT had signifi-
cantly shorter survival than the control group (p = 0.04).

It seems that need for prolonged monitoring of the patients with ICHT is suppressed by
their shorter survival, comparing to brain-injured patients with normal intracranial pressure.

Acta Medica Medianae 2019;58(1):33-38.

Key words: monitoring, intracranial pressure, brain injuries
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Introduction

The essential purpose of the ICP monitoring is
the adequate therapy of the patients. Data obtained
by the method are of some interest when deciding
the type and length of the treatment. Today, clinici-
ans are capable of performing specific or ultimate
therapy options after obtaining the information from
the ICP monitor. Specific therapy options include deep
sedation, drainage of some amount of CSF from the
ventricle, hyperventilation up to pCO,; = 30-35 mmHg
and intensifying antiedematous therapy. Ultimate
therapies are high dose barbiturate treatment, hyper-
ventilation up to pCO; = 25-30 mmHg, hypothermia,
and decompressive treatment (1). Numerous treat-
ment options suggest that neither of them is highly
effective and that only their successive application or
combination could be of some benefit for the patient
with severe brain injury (SBI). The longer ICP moni-

www.medfak.ni.ac.rs/amm

toring usually means a bigger chance of successful
treatment of the SBI patients.

The aim of this study was to show duration of
ICP monitoring in both traumatized patients with
ICHT and traumatized patients without it, and to find
if there is a significant difference between them.

Patients and methods

In this prospective study, 32 patients under-
went intracranial pressure monitoring after suffering
SBI. It is defined as a brain injury resulting in an
altered consciousness represented in the Glasgow
Coma Scale from 3 to 8. Three stands for deep coma
and 8 for state of motor, verbal and eye response
when patients are aroused. Twenty -two of them had
intracranial hypertension and 10 did not have it.
They were divided into two groups: the group with
intracranial hypertension (ICHT) and the control
group. All of the patients had GCS < 8 or abnormal
CT scan of the brain in terms of present mass le-
sions. Mass effects that had been shown in the CT
with midline shifting bigger than 5 mm were surgi-
cally explored (external or internal decompression).
Patients with CT findings of no mass effect large eno-
ugh and with ICHT were treated conservatively, in
the Intensive care Unit.

ICHT was defined as a state of permanently
elevated values of ICP, higher than 20 mmHg, for a
period of time longer than 2 hours. We made conti-
nuous monitoring of the ICP by recording the data
on an hourly basis and readings were performed from
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the display device (Codman ICP Express). Seventeen
patients had ICP monitor implanted subdural, 11 int-
raparenchymal and 4 intraventricular.

In all of the patients specific therapy options
were administered in order to restore and\or preser-
ve normal ICP, but in fifteen of them surgery had to
be performed. Duration of the ICP monitoring lasted
until its normalization, and then for 48 to 72 hours
more, or, in some cases until the death occurs. In the
patients where there was no intracranial hyperten-
sion initially, patients were monitored for another 48
to 72 hours, preemptively.

Besides general treatment measures, we pro-
vide specific and ultimate types of measures. The
specific measures included: 1. deep sedation and/or
relaxation (fentanyl, vecuronium), 2. Drainage 3 to 5
ml of CSF (in cases of intraventricular placed sys-
tems), 3. mannitol bolus at first and then application
intravenously for 6 hours, 4. Hyperventilation to
pCO; = 30-35 mmHg. Ultimate treatments that we
have used were: 1. treatment with high doses of
barbiturates (barbituric coma) 2. Hyperventilation to
pCO; = 25-30 mmHg, 3. operation: internal or exter-
ternal decompression. Appropriate nutritional sup-
port, glycemic control, and peptic ulcer prophylaxis
were provided to all of the patients in the study. In-
ternal decompression of traumatic mass lesions was
done in 22 patients according to general neurosur-
gical indications.

For the quantitative statistical analysis Excel
program from Microsoft Office, a software package

was used for the tabular and graphical presentation
of data. The calculations were performed using the
SPSS program version 10.0. In all analysis the limits
of statistical significance as the default error estima-
tes of 0.05 or 5%. For a comparison of numerical
values between the two groups, we used the Stu-
dent t-test for independent samples. Comparison of
representation of certain modes of attribute charac-
teristics between the two groups was performed by
Fisher test.

Results

There were 29 (90.62%) male patients and
only 3 female (9.38%) in the study group. The aver-
age age of the patients was 40.97 £ 21.70. Average
GCS in the study patients was 6.29 + 2.11. We have
determined ICHT in 22 (68.75%) of the monitored
patients, 10 (31.25%) of them did not meet the
criteria of intracranial hypertension, and that was the
control group. In 13 (59.10%) patients ICHT was
recorded in first 24 hours after trauma and in 9
(40.90%) it was recorded afterwards. The average
period of time from injury until insertion of the ICP
probe was 0.68 days.

In the ICHT group of the patients, ICP moni-
toring lasted 5.81 £ 2.70 days, minimal 2 days, and
maximum 10 days (Graph 1). In the control group
duration of the monitoring was 4.45 = 1.81 days,
minimum 3 days and maximal 9 days (Graph 2).

Duration of the ICP monitoring in the ICHNT group

12

10

days
)
\

15 20 25

patients

Graph 1. Distribution of duration (days) of the ICP monitoring in patients with ICHTN

Duration of the ICP monitoring in the control group

10

days

6 8 10 12

patients

Graph 2 Distribution of the duration of the ICP monitoring in the control group
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There was no significant difference in duration
of the monitoring between ICHT and control group
(t =1.71 and p > 0.05) (Graph 3).

Percentage of the survived patients was signi-
ficantly lower in patients with ICHT (Fisher test. p =
0,04; p < 0,05) (Table 1).

There were 20 registered complications during
treatment of the study group. The most frequently
pulmonary complications occurred, in 11 out of 32
patients (34.37%), while all others were very rare.
In nine patients pneumonia occurred and in two me-
chanical pneumothorax occurred. No CNS infections
were noted (Table 2).

with TCHTN

without TCHTN

Graph 3. Comparison of duration of the ICP monitoring between ICHTN and control group (Xsr£+SD)

Table 1. Deceased vs survived ratio in study group considering the ICHTN

Monitoring ICP | N deceased % deceased survived % survived
with ICHTN 22 13 59.10 9 40.90
without ICHTN | 10 2 20.00 8 80.00
by 32 15 18 56.25

Table 2. General complication during treatment of SBI and ICP monitored patients

Complication

ICP monitored patients

Pneumonia

9

Mechanical pneumothorax

Thrombophlebitis

Osteomyelitis

CSF leaking

Infection of the digestive tract

Seizures

H AR [N|N

CNS infections

2

20

Discussion

A headache, nausea, and vomiting, symptoms
of the elevated ICP, are impossible to elicit in coma-

tose patients. Papilledema, a clinical sign of intracra-
nial hypertension is uncommon after the head injury,
even in patients with documented elevated ICP (2).
Brain edema CT scan signs, such as midline shift and
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compressed basal cisterns, are associated with incre-
ased ICP, nevertheless, intracranial hypertension can
occur without those findings.

Several noninvasive ICP monitoring techniqu-
es have been proposed with the hope to replace the
invasive techniques. Ocular sonography has been
used to measure the changes in optic nerve sheath
diameter to detect raised ICP, and it has been clini-
cally shown that millimetric increases of the diameter
correspond to increased ICP (3). Another method,
pupillometry cannot be suggested for continuous ICP
monitoring although it is a very useful method for
screening patients with possibly increased ICP (4).
Even today, invasive ICP monitoring is of the grea-
test significance in precise estimating both ICP and
indirectly cerebral perfusion pressure (CPP). This gold
standard, however, in most of the cases consists of
the placement of an intraventricular catheter.

Duration of the ICP monitoring depends firstly
on the severity of the injuries as they affect initial
survival, then on the dynamics of normalization of
the ICP, and at last but not the least, on the dedi-
cation of the clinician to struggle with the very fre-
quent impregnable enemy (5). On the other hand, a
patient’s death or the occurrence of the complication
of this intervention implies aborting the procedure.

The most common complication of ventriculo-
stomy catheter placement is infection with an inci-
dence of 5% to 14% (6). More than three decades
ago, duration of ICP monitoring was shown to be as-
sociated with higher incidence of the infections, when
Narayan found out that placement of an intraventri-
cular catheter for a period of time longer than 5 days
was accompanied with CNS infections in 85% (7).

The use of antibiotic-coated ventriculostomy
catheters has been shown to reduce the risk of in-
fection from 9.4% to 1.3% (8). In our study, we did
not use catheters coated with antibiotics, but in the
majority of the cases, we used subdural emplace-
ment of the catheter, not intraventricular. Our pati-
ents had no case of infection. It seems that subdural
location of the catheter’s tip is less associated with
infection than intraventricular. However, reviewing the
literature showed us no paper dealing with this issue.
Another reason for the absence of the infection could
be that we never prolonged ICP monitoring more than
10 days. In his study of 595 patients, Park et al.
found out that relationship between duration of ca-
theterization and infection is a fact. Nevertheless, in
a group of 213 patients with prolonged ventricular
drainage of 10 days or more, a non-linear increase in
daily infection rate was observed over the initial 4
days but remained constant despite prolonged ca-
theter use (9). Prophylactic antibiotic therapy seems
to be of some benefit as some studies have shown
(10) and we have implemented it in our therapy
during all the time of the monitoring of the patients.
Factors that are not associated with infection are the
insertion of the catheter in the neurologic ICU, drain-
age of CSF, and the use of steroids. No reduction of
the infection rate was achieved when prophylactic
replacement of the catheters was practiced during
ICP monitoring comparing to the group where they
were in place all the time (11). Neither did we re-
place monitor catheters, during the period of ICP
monitoring.
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Secondly, the frequent complication of ventri-
culostomy catheters is hemorrhage in 1.4 % cases
(12). However, such hemorrhages are unusually lar-
ge, rarely the cause of neurological deterioration, and
almost never require surgical removal. On the other
hand, malfunction, obstruction, and malposition al-
ways require replacement or removal of the device's
catheter.

Other complications that occurred during the
treatment of the ICP monitored patients were not
implied in the process of the monitoring, as they had
not been caused by this diagnostic procedure. The
exception was if they directly influenced mortality of
the patients. At the first place, pulmonary complica-
tions were noticed, pneumonia and pneumothorax,
while other types of complications were rare. Preva-
lence of the pulmonary complications in critically ill
neurological patients is well known (13). Besides
polytraumas that often include direct chest trauma
and consequently rib fractures, lung contusions, and
pneumo or hemothorax, the most commonly noted
respiratory complications are pneumonia, acute respi-
ratory distress syndrome, pulmonary embolism, and
mechanical pneumothorax. The main cause of these
complications is the inability to protect the airway,
low mobility of the patients, disruption of natural de-
fense barriers in the patients with a depressed level
of consciousness (13).

Our prime expectation was that patients with
SBI that had ICHTN would have a significantly longer
period of time ICP monitored, but results showed
that duration was only 1.5 days longer (p > 0.05).
This could be due to the fact that patients with ICH-
TN lived shorter than the control group (p = 0.04),
despite all the efforts of the clinicians and staff at the
ICU to prolong the survival of the patients. ICHTN is
well known negative survival factor in SBI patients,
no matter if they are in the deepest coma (14) or
not (15). This fact also shows that the level of
control of the ICP in SBI patients is not satisfactory
despite all therapy options implemented during this
study or elsewhere (15).

Conclusion

Invasive ICP monitoring remains the golden
standard in the management of the severe brain in-
jured patients despite attempts to be replaced by
noninvasive monitoring methods. Longer monitoring,
intraventricular placement of the catheter and omis-
sion of the antibiotic application are likely to enhance
the chance for infection. It seems that need for pro-
longed monitoring of the patients with ICHT is sup-
pressed by their shorter survival, comparing to brain
-injured patients with normal intracranial pressure.
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TRAJANJE PRACENJA INTRAKRANIJALNOG PRITISKA UZIMAJUCI U
OBZIR PRISUTVO INTRAKRANIJALNE HIPERTENZIJE

Aleksandar Kosti¢l-?, Ivan Stefanovi¢!?, Radisav Miti¢'-?, MiSa Radisavljevicl?,
Luka Berilazi¢l, Slavko Zivkovié?
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Kontakt: Aleksandar Kosti¢
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Trajanje pracenja intrakranijalnog pritiska (IKP) zavisi od potrebe klini¢ara da, pot-
pomognut odgovaraju¢im podacima, modifikuje tip i duZinu terapije intrakranijalne hiper-
tenzije. Sa druge strane, na monitoring IKP utice mogucnost razvoja infekcije, koja je Cesto
fatalna kada zahvati centralni nervni sistem.

Prospektivna studija obuhvatila je 32 bolesnika sa teSkom povredom mozga (TPM)
kojima je pracen IKP. Bilo je 22 bolesnika sa intrakranijalnom hipertenzijom (IKHTN), a 10
bez. U grupi bolesnika sa IKHTN, monitoring je trajao 5,81 £ 2,70 dana, a 4,45 + 1,81 u
kontrolnoj grupi. Nismo nasli znacajnu razliku u trajanju pracenja IKP izmedu ove dve grupe
(t = 1,71, p > 0,05). Bolesnici sa IKHTN su znacajo krace prezivljavali povrede mozga od
kontrolne grupe (p = 0,04).

Cini se da je potreba duzeg pracenja bolesnika sa IKHTN kompromitovana njihovim
krac¢im prezivljavanjem u odnosu na kontrolnu grupu.

Acta Medica Medianae 2019;58(1):33-38.
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ESTIMATION OF POSTOPERATIVE CARDIAC COMPLICATIONS WITH
V-POSSUM MODEL IN PATIENTS PREPARED FOR MAJOR ELECTIVE
VASCULAR SURGERY

Mladjan Golubovié'?, Velimir Peri¢3, Milan Lazarevi¢*, Nenad Jovanovicl?,

Vesna Marjanovicl-3, Biljana StosSi¢'-3, Dragan Mili¢>#

The Vascular Physiological and Operative Severity Score for the enUmeration of Morta-
lity and Morbidity (V-POSSUM) is a vascular surgical modification of POSSUM. The aim of the
study is to investigate role of V-POSSUM in estimation of major adverse cardiac events (MACE)
in patents after major elective vascular surgery. We also wanted to examine relationship of va-
rious clinical and demographic data with postoperative cardiac complications. We prospectively
enrolled all 122 patients prepared for major open elective vascular surgery (abdominal aortic
aneurysm repair, inferior inguinal arterial reconstruction, or carotid endarterectomy). The ana-
lysis of the Kaplan-Meier curve showed that patients with a morbidity assessment of V-POSSUM
score > 27 had a statistically significantly shorter time to develop cardiac complications in the
first month compared to other patients (p = 0.026). Neither of clinical and demographic charac-
teristics was not associated with postoperative cardiovascular events. V-POSSUM represents a
way to improve the stratification for postoperative cardiac complications in patients prepared

for major elective vascular surgery.
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Introduction

The Vascular Physiological and Operative Se-
verity Score for the enumeration of Mortality and
Morbidity (V-POSSUM), is a vascular surgical modifi-
cation of POSSUM in which the original developers
examined 62 physiological parameters and used mu-
Iti-variate analysis to identify the most powerful pre-
dictors of mortality. This eventually reduced the 62
to 12 physiological and 6 operative parameters. In
the preoperative period only the 12 physiological pa-
rameters can be collected. The 12 physiological pa-
rameters required include age, evidence of cardiac
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failure (categorised based on current cardiac medica-
tion and on clinical evidence of heart failure), eviden-
ce of pulmonary disease (categorised based on seve-
rity of dyspnoea or evidence of consolidation), pre-
operative ECG changes (based on rate, ectopics, Q-
waves and ST changes), systolic BP, resting pulse
rate, Glasgow Coma Scale scoring, and serum levels
of haemoglobin, white cell count, urea, sodium and
potassium (1). These were placed into the online V-
POSSUM calculator at www.riskprediction.org.uk to
calculate individual scores. The aim of the study is to
investigate role of V-POSSUM in estimation of major
adverse cardiac events (MACE) in patents after ma-
jor elective vascular surgery. We also wanted to exa-
mine relationship of various clinical and demographic
data with postoperative cardiac complications.

Material and methods

The study was approved by the Ethics Com-
mittee of Medical Faculty University of Nis, Serbia.
During 2017, we prospectively enrolled all 122 pa-
tients prepared for major open elective vascular sur-
gery (abdominal aortic aneurysm repair, infraingui-
nal arterial reconstruction, or carotid endarterecto-
my) in Clinic for Cardiovascular and Transplantation
Surgery, Clinical Center Nis, NiS, Serbia. Exclusion
criteria were: 1) patients younger than 21 years, 2)
unstable coronary disease and 3) decompensated
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heart failure. All procedures were performed during
general anesthesia. All patients initially underwent
detail evaluation of medical history, physical exami-
nation, routine hematologic and biochemical blood
analysis, 12-lead electrocardiogram, and chest radio-
graphy. We used online risk calculator software for
V-POSSUM  (http://www.riskprediction.org.uk/vasc-
index.php). During the 30-days after the procedure,
major adverse cardiac events such as: myocardial
infarction, ventricular arrhythmias, decompensating
heart failure, and new onset atrial fibrillation were
recorded.

Statistical analysis

The obtained data are entered into the data-
base, arranged by tables and shown graphically. As
part of descriptive statistics, data are presented in
the form of arithmetic mean and standard deviation,
median and interquartile differences, minimum and
maximum values, or in the form of absolute or rela-
tive numbers. Testing of the normality of data is car-
ried out by Kolmogorov-Smirnov test. For the com-

parison of two groups of data, if a normal distribution
was satisfied, a t-test was used, if the data distri-
bution was not normal, Mann-Whitney's U test was
used. For the comparison of three or more data sets,
if the normal distribution was satisfied, ANOVA was
used, and the Tukey test was used as a post hoc
analysis. If the normal distribution was not satisfied
when comparing three or more data sets, a Kruskal-
Wallis test was used, in which case Mann-Whitney's
U test was used as a post hoc analysis. To compare
the attributes, a Hi-square test, or Fisher's Exact
Probability Test, was used. Statistical data proces-
sing was carried out in the SPSS 16.0 program pack-
age (SPSS Inc., Chicago, Ill., USA). Statistical signifi-
cance was determined for a p value of less than
0.05.

Results
The study included 122 patients (94 men -

77.0%, 28 women - 23.0%), average age 67.03 +
4.50 years (Min 48, Max 84 years) (Table 1).

Table 1. Clinical characteristics

Characteristics Number %
Atrial fibrillation 6 4.9
Earlier stroke 32 26.2
Coronary disease 26 21.3
Cardiomyopathy 12 9.8
Prior PCI 7 5.7
Earlier myocardial infarction 21 17.2
Earlier CABG 2 1.6
Hypertension 104 85.2
DM 38 31.1
DMID 19 15.6
Hyperlipidemia 31 25.4
Smoking 49 40.2
Family history of cardiac diseases 49 40.2
6.56%

[l BY PASS AO
25.41% bifemoralis

H BY PASS F-P

49.18%

[ Endarcteromia

[ Resectio aneurisme

Graph 1. Representation of operative procedures
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In the investigated population 8 patients un-
derwent open aortic (by-pass aorto - bifemoralis
(6.56%)), 23 patients underwent open reconstruc-
tion of inferior inguinal (BY-PASS F-P (18.85%)), 60
patients underwent open reconstruction of carotid ar-
tery (49.18%), and 31 patients underwent resection
of infrarenal aortic resection (By pass aorto-biiliacalis
(25.41%)) (Graph 1).

In the first 30 days after procedure 13 pati-
ents (10,7%) had 17 cardiovascular complications
(Table 2). The most common complication was the
new onset of atrial fibrilation (35,3%). Ten patients
had one complication (76,9%), two patients had two
complications (15,4%), and only one patient had
three complications (7,7%). Only one patient died as

a consequence of myocardial infarction. We did not
have patients with pulmonary artery thromboembo-
lism.

The occurrence of cardiac complications (Table
3) in the first month is equal regardless of the age (p
= 0,182), gender (p = 0,736), atrial fibrillation (p =
1,000), stroke (p = 0,544), coronary artery disease
(p = 0,601), cardiomyopathy (p = 0,229), prior PCI
(p = 1,000), earlier myocardial infarction (p = 1,000),
earlier CABG (p = 0,797), hypertension (p = 0,946),
diabetes mellitus (p = 0,775), insulin dependent dia-
betes mellitus (p = 0,700), hyperlipidemia (p =
0,895), smoking (p = 0,868), family history of car-
diac disease (p = 0,895).

Table 2. Cardiac complications during first month

Postoperative cardiac events

Number %

Ventricular arrhytmias
CPR

Total

Fatal myocardial infarction 1

Decompensation of heart failure
New onset of atrial fibrilation

5.9
4 23.5
1 5.9

5 29.4
6 35.3
100.0

1

N

Table 3. Relation of cardiac and demographic characteristics with postoperative cardiac complications
in first postoperative month

Cardiac events Others
Parametar p-value
Number % Number %
Age 69.08 £ 5.47 66.79 £+ 6.59 0.182
Gender
Male 11 84.6 83 76.1 0.736
Female 2 15.4 26 23.9
Atrial fibrillation 1 7.7 5 4.6 1.000
Stroke 2 15.4 30 27.5 0.544
Coronary disease 4 30.8 22 20.2 0.601
Cardiomyopathy 3 23.1 9 8.3 0.229
Prior PCI 1 7.7 6 5.5 1.000
Earlier MI 2 15.4 19 17.4 1.000
Earlier CABG 0 0 2 1.8 0.797
Hypertension 11 84.6 93 85.3 0.946
DM 5 38.5 33 30.3 0.775
DMID 3 23.1 16 14.7 0.700
Hyperlipidemia 4 30.8 27 24.8 0.895
Smoking 6 46.2 43 39.4 0.868
Family history of cardiac diseases 5 38.5 44 40.4 0.895

The distribution of various interventions is uni-
form in relation to the occurrence of cardiac com-
plications (Table 4) in the first month (p = 0.607). In
both examined groups, open surgical reconstructions
of carotid artery (endarterectomy) (38.5% and
50.5%) were most performed.

The analysis of the Kaplan-Meier curve show-
ed that patients with a morbidity assessment of V-
POSSUM score > 27 had a statistically significantly
shorter time to develop cardiac complications in the
first month compared to other patients (p = 0.026)
(Table 5).
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Table 4. Impact of type of the surgery

T £ th Cardiac events Others L
ypeo @ surgery Number % Number % P

By pass Ao- bifemoralis 2 15.4 6 5.5 0,607

By pass F-P 3 23.1 20 18.3

Endarcteromia 5 38.5 55 50.5

By pass Ao-biiliacalis 3 23.1 28 25.7

Table 5. Kaplan-Meier's curve of survival after cardiac complications
in the first month compared to V-POSSUM values > 27

Characteristic Average survival SE p-valuet
V-POSSUM
= 27 27.38 0.94 0.026
>27 24.32 2.03

T - log rank test, SE - standard error

Discussion

V-POSSUM is a more reliable model then ori-
ginal POSSUM in the stratification of patients in vas-
cular surgery (1). Its importance is known in the
prediction of short-term mortality in elective and
urgent major vascular surgery (2, 3). In this study,
we wished to examine the role of V-POSSUM in the
estimation of MACE. However, there is no unique de-
finition of MACE. We define MACE as a large group of
cardiovascular morbidities unlike in other definitions.
Earlier our concern was to describe geographic varia-
tions in the accuracy of this model (4). We assumed
that such good model characteristics in the predic-
tion of mortality would have to be reflected in the as-
sessment of postoperative cardiac complications. Nei-
ther of clinical and demographic characteristics was
associated with postoperative cardiovascular events.
A part of this group is independent predictors of ma-
jor cardiac events, except renal failure, which is in-
corporated in Revised Cardiac Risk Index (RCRI). In

this study, we could not determine the statistical sig-
nificance of these factors. We consider it due to the
fact that: 1) RCRI had a lower discriminatory poten-
tial for adverse cardiac events estimation; 2) narrow
definition of MACE; 3) there was less than a quarter
major vascular surgery patients (5). In this study,
the patients with V-POSSUM > 27 had significantly
shorter time to cardiovascular complications during
the first month. A study that included a similar num-
ber of respondents as ours, in open elective abdo-
minal aortic aneurysm repair, showed V-POSSUM as
a valuable tool in stratification for MACE defined as a
non-fatal myocardial infarction and cardiac death

(6).
Conclusion

V-POSSUM represents a way to improve the
stratification for postoperative cardiac complications
in patients prepared for major elective vascular sur-

gery.
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PROCENA POSTOPERATIVNIH SRCANIH KOMPLIKACIJA POMOCU
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VASKULARNE HIRURSKE ZAHVATE
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Vaskularna fizioloSka i operativna ocena tezine za raCunanje mortaliteta i morbiditeta
(V-POSSUM) je vaskularna hirurska modifikacija POSSUM-a. Cilj studije bio je istrazivanje
uloge V-POSSUM-a u proceni glavnih nezeljenih sréanih manifestacija kod pacijenata nakon
velikih elektivnih vaskularnih operacija. Takode, Zeleli smo da ispitamo odnos razliCitih klini-
¢kih i demografskih podataka sa postoperativnim sréanim komplikacijama. Prospektivho smo
ukljucili 122 bolesnika, koji su pripremani za veliku vaskularnu hirurgiju (aneurizma abdomi-
nalne aorte, inferiorna ingvinalna arterijska rekonstrukcija ili karotidna endarterektomija).
Analiza Kaplan-Majerove krivulje pokazala je da su bolesnici sa procenom morbiditeta skor V-
POSSUM > 27, imali statisticki znaCajno krace vreme za razvoj sréanih komplikacija u prvom
mesecu u poredenju sa drugim bolesnicima (p = 0,026). Nijedna klinicka i demografska kara-
kteristika nije bila povezana sa postoperativnim kardiovaskularnim dogadajima. V-POSSUM
predstavlja nacin da se poboljSa stratifikacija postoperativnih sréanih komplikacija kod bole-
snika pripremljenih za veliku elektivnu vaskularnu operaciju.

Acta Medica Medianae 2019,;58(1):39-43.

Kljucne reci: V-POSSUM, sréane komplikacije, vaskularna hirurgija
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A STRATEGY FOR THE TREATMENT OF PATIENTS WITH CORONARY
ARTERY DISEASE AND THE PRESENCE OF SIGNIFICANT CAROTID

ARTERY STENOSIS: ANALYSIS OF THE "STAGED" AND
"CONCOMITANT" APPROACHES

Sasa S. Zivi¢!, Dragan J. Mili¢*2, Mile Vranes?, Milos Velinovié3,
Dragan C. Bogdanovic¢*

Today, there is no unequivocal overview of how to treat patients undergoing myocar-
dial revascularization and have associated significant carotid artery stenosis. In this group of
patients, there are several ways to treat, and our study analyzed patients who were exposed to
a "Staged" and "Concomitant" approach.

During 2016 in three cardiac surgery centers of Serbia, the perioperative results of the
patients subjected to a "Staged" and "Concomitant" approach were analyzed. Group 1 including
patients with cardiac revascularization and endarterectomy was made at least 30 days earlier,
and group 2 consisted of patients who underwent endarterectomy with cardiac revasculariza-
tion simultaneously. In both groups, CVI appearance was observed 7 days after the revasculari-
zation of the heart. We followed the risk factors for the occurrence of CVI.

The conducted study included a total of 49 patients, divided into two groups. In 28
patients (group 1) Eversion Carotid endarterectomy was performed 30 days to 26 months prior
to coronary revascularization. The average age of patients was 64 and 65 years, with the pre-
valence of male sex (86%: 14%). The only parameters that showed a significant difference
between the groups were "left main syndrome" and unstable angina pectoris, both in Group 2.
In the ensuing period, in both groups, there were no postoperative major neurological events
(CVI). In one patient, clinical signs of neurological deficits occurred in the form of weakness of

one side of the body, but CVI was not proven by CTom and MRA.
It can be concluded that the "Staged" and "Concomitant" approaches are safe and

effective.
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Introduction

Cardiovascular disease is the leading cause of
morbidity and mortality in the world, responsible for
17.3 million deaths a year and is expected to rise to
23.6 million by 2030.y. About 80% of these deaths
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occur in low and medium-developed countries (1),
which includes our country. Ischemic heart disease,
caused predominantly by arteriosclerosis, is the most
common form of heart disease. Arteriosclerosis is a
diffuse process involving various vascular systems
with significant overlap between coronary, cerebro-
vascular and peripheral arterial systems (2).

This condition is associated with similar predi-
sposing risk factors and genetic predisposition. In the
population of patients with coronary artery disease,
the presence of 11.1-25.4% of cerebrovascular dise-
ase was observed (3, 4). One of the main risk fac-
tors for the development of arteriosclerotic disease,
which equally affects the development of CAD and
CVD, is age. All clinical studies show an increasing
average age of patients undergoing CABG, so the
risk of a significant CVD is increasing. The average
age of 56 years old in 1980 jumped to 68 in 2001.y.
In 1980, only 6% of patients were older than 70
years old, while according to data from 2001, even
45% were older than 70 and 13% older than 80
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years (5). Stroke is a devastating complication that
occurs in myocardial revascularization, not only be-
cause of the devastating consequences for the pati-
ent but also because of the increased costs of hospi-
talization and post-hospital care.

The rate of mortality among those who have
experienced CVI is very high, close to 25%, with an
average stay in hospital 28 days (6, 7). The risk of
stroke in patients undergoing CABG is well defined.
In 1986, Gardner et al. (8) found that the risk of
stroke was in direct proportion to the age of the pa-
tient. Patients under 45 years of age have a statis-
tically defined risk of 0.2%, and it rises to 3% for pa-
tients in sixties and 8% for patients over 79 years of
age. Other risk factors associated with stroke in the
perioperative period are previous neurological events
(CVI, TIA), arteriosclerosis of the ascendant aorta,
duration of cardiopulmonary bypass, and periopera-
tive hypotension. The effectiveness of surgical treat-
ment of significant carotid artery stenosis at the dis-
tant stroke is clear in all studies and has the highest
possible level of recommendation today (9-15).

In many clinical studies, it has been shown
that more than 50% of patients who come because
of a significant carotid artery stenosis have coronary
artery disease. Even 25% of them have a significant
coronary disease, 7% have a severe inoperable co-
ronary disease, and only about 7% have normal co-
ronary blood vessels (16, 17).

The only question that becomes apparent when
there is coronary artery disease with an indication for
operative care and significant carotid stenosis is the
choice of approach to the management of both dise-
ases.

One approach is the performance of carotid
endarterectomy and CABG as a stepwise procedure,
carotid endarterectomy, and CABG ("staged" proce-
dure), with endarterectomy being performed prior to
the establishment of extracorporeal circulation (18-
21). Most surgeons recommend this type of opera-
tive approach, especially for patients who have sta-
ble angina pectoris and who are hemodynamically
stable (5). The introduction of everzione method and
regional anesthesia (block) significantly improved the
results in relation to the perioperative occurrence of
stroke, death, and myocardial infarction.

The second approach is simultaneous, syn-
chronous approach ("Concomitant"). Bernhard was
the first one to report it in 1972. in 15 patients, in
whom he performed endarterectomy of significant
carotid artery stenosis and coronary revascularizati-
on in general anesthesia (5).

Daily in his analysis, he said that this appro-
ach does not lose efficiency and saves in the course
of treatment (22).

Material and methods

The patients were treated with CABG in the
Clinical Center of Serbia Clinic for cardiac surgery,
KBC Dedinje and KC Nis Clinic for cardiovascular with
transplant surgery, in the period from 1t January to
31t December 2016, with significant carotid artery
stenosis. The significance of carotid artery stenosis is

defined with > 70% with the help of color duplex
scans. Patients were divided into two groups:

Group 1. - Everzione endarterectomy of the
carotid artery was performed at least 30 days prior
to coronary revascularization

Group 2 - everzional endarterectomy of the
carotid artery was performed synchronously with
myocardial revascularization.

After myocardial revascularisation, CVI was
confirmed by CT or MR in 7 days.

We analyzed the parameters that were em-
phasized in the literature as predictors of intra and
perioperative CVI - perfusion pressure on EKK, len-
gth of occlusal clamp, duration of EKK, body tempe-
rature during EKK, representation of LM, perioperati-
ve arterial pressure.

The exclusion parameters were endovascular
treatment of significant carotid artery stenosis, the
presence of significant carotid artery stenosis on both
sides, and the presence of atheromatous plaques on
the ascending aorta.

Results

The conducted study included a total of 49 pa-
tients in 3 cardiovascular institutions (Clinic for Car-
diac Surgery of the Clinical Center C of Serbia, IKVB
Dedinje, Clinic for Cardiovascular with Transplanta-
tion Surgery KC Ni$), divided into two groups.

In 28 patients (Group 1), endarterectomy of
the carotid artery was performed for 30 days to 26
months, and on average 9.61 £ 6.97 months before
coronary revascularization. In 21 patients (Group 2),
endarterectomy of the carotid artery was performed
synchronously with myocardial revascularization. In
Group 1 age ranged from 54 to 73 years, and on
average it was 63.86 *+ 4.84 years. In Group 2, the
average age was somewhat higher and amounted to
65.19 = 3.98 years, and ranged from 58 to 72 years
without significant difference compared to Group 1
(p = 0.310).

In Group 1 there were 25 (89.3%) men and 3
(10.7%) women. In Group 2 (80.9%) there were 17
men and 4 (19.0%) women.

There was no significant difference in the pre-
sence of significant localized carotid artery stenosis
in relation to the side in both groups.

In the group of patients in whom the endarte-
rectomy was performed prior to the CABG, the per-
fusion pressure value ranged from 55 to 70 mmHg,
and on average it was 63.75 £ 2.93 mmHg.

In the group of patients in whom the endar-
terectomy was performed synchronously with CABG,
the average perfusion pressure was slightly higher
and amounted to 64.05 £ 2.56 mmHg. It ranged
from 60 to 70 mmHg. There was no significant diffe-
rence between the perfusion pressure value in the
two groups of patients compared (p = 0.712).

In Group 1, the duration of the occlusion clamp
ranged from 30 to 103 minutes, and on average it
was 43.43 £ 13.42 minutes. In Group 2, the aver-
age duration of the occlusion clamp was somewhat
shorter and amounted to 38.83 £ 12.12 minutes
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and ranged from 24 to 64 minutes, without signifi-
cant difference between groups (p = 0.246).

In the group of patients in whom endarte-
rectomy was performed prior to CABG, the duration
of EKK ranged from 55 to 158 minutes, and on
average it was 79.57 £ 9.08 minutes. In the group
of patients in whom the endarterectomy was per-
formed synchronously with CABG, the average dura-
tion of EKK was slightly longer and amounted to
80.56 £ 19.97 minutes and ranged from 50 to 114
minutes. In the group of patients in whom the enda-
rterectomy was performed prior to CABG the tempe-
rature was on average 33.04 £ 1.07 °C, and in the
group of patients in whom the endarterectomy was
performed synchronously with CABG the average
temperature was somewhat higher and amounted to
33.71 £ 2.00 °C.

In the group of patients in whom the endarte-
rectomy was performed before the revascularization
of myocardial HTA was observed in 18 (64.3%) ca-
ses, and in the group of patients in whom the enda-
rterectomy was performed synchronously with reva-
scularization of myocardium HTA was recorded in a
significantly higher percentage of HTA in two com-
pared groups p = 0.014).

In the group of patients in whom endartere-
ctomy was performed prior to myocardial revascula-
rization, LM stenosis was observed in 2 (7.1%) ca-
ses, and in the group where the endarterectomy was
performed synchronously with myocardial revascula-
rization, LM was recorded in a significantly higher
percentage, in 8 (38 , 1%) of cases (p = 0.012).
(Table 1.)

Table 1. The presence of stenosis of the left main coronary artery

Group
In total
LM* 1 2
(n = 49)
(n = 28) (n=21)
No 26 (92.9%) | 13 (61.9%) 39 (79.6%)
Yes 2(7.1%) | 8(38.1%) 10 (20.4%)
*Left main
Unstable angina pectoris was recorded in 8 Discussion

(38.1%) patients in whom endarterectomy was per-
formed synchronously with myocardial revasculari-
zation.

In a group of patients in whom endarterec-
tomy was performed synchronously with myocardial
revascularisation, there was one death outcome
(4.8%).

Postoperative agitation was reported in one
patient (4.8%) from the group of those in whom
endarterectomy was performed synchronously with
myocardial revascularization. Other postoperative
complications have not been recorded. The patient
who died during the operation had significant com-
orbidities left ventricular aneurysm and HOB. The
cause of death was the inability to separate from
cardiopulmonary by pass. The presence of HBI was
recorded in one patient in the group of those in
whom endarterectomy was performed synchronou-
sly with myocardial revascularization. Significant co-
morbidities were not observed in the group of pa-
tients in whom endarterectomy was performed prior
to myocardial revascularisation. In the presence of
comorbidity there were no significant differences be-
tween the groups compared (p = 0.179).

Multivariate logistic regression analysis was
the only significant factor that separated subjects
from the two comparing groups confirming the pre-
sence of LM stenosis (p = 0.016).
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Our study included a total of 49 patients divi-
ded into two groups. Group 1 (28 patients) who per-
formed endarterectomy of the carotid artery at least
a month before coronary surgery and Group 2 (21
patients) who had carotid endarterectomy were syn-
chronized with coronary surgery.

In our study, the average age of patients was
64 and 65 years with the youngest patient aged 54
years and the oldest patient for 73 years. There was
no significant difference in the age of patients in
both groups.

The prevalence of male sex in our results is in
line with world statistics (86%: 14%).

In the literature and in our results, no pre-
valence of involvement of some of the sides of the
carotid artery stenosis was found.

The average value of the stenosis lesion in
our study was 86%, linking to the average age and
according to the literature data indicates a severe
degree of stenosis and a high potential for neuro-
logical events.

The average perfusion pressure value during
cardiopulmonary bypass was approximately 64
mmHg, not significantly higher in Group 2, and ran-
ged between 55 and 70 mmHg. References cited as
one of the main factors for the emergence of an
intraoperative or perioperative stroke are just low
perfusion pressure during cardiopulmonary bypass.
Our data suggest that although patients were with
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high-grade stenoses of the carotid arteries (86% on
average), even with contralateral stenosis at the
significance limit or occlusion of the contralateral ca-
rotid artery, this pressure represents the safety for
performing surgery regardless of the approach.

The average occlusion of the aorta lasted for
42 minutes (30-103 minutes) and there was no sig-
nificant difference in the duration of aortic occlusion
in two groups.

Aorta also represents one of the main sources
of embolism, but in our results, there were no sig-
nificant neurological events, which may indicate ca-
reful handling of an ascendant aorta.

The average length of cardiopulmonary by-
pass was 80 minutes without significant differences
in the average duration per group.

One of the parameters that contributed to
such good operative results was moderate hypothe-
rmia in patients because the average temperature at
EKK was 33 ° C. There was no significant difference
in the groups.

There was no significant difference in the pre-
sence of risk factors for the development of arterio-
sclerotic disease in both groups. However, as the
literature suggests, diabetes mellitus, hypertension,
and hyperlipidemia have been seen as a risk factor
for our patients as there was a significant presence
in both groups.

Parameters that showed a significant differ-
ence between the groups were significant stenosis of
the left coronary artery and unstable angina pec-
toris. However this discrepancy was a consequence
of a different approach in patient care. Namely, sur-
geons more often opted for synchronous surgery in
patients with unstable angina and high-risk patients
due to the presence of stenosis of the left coronary
artery, which is the recommendation of most sur-
geons in the world. In the literature, it is emphasized
that in these patients the risk of myocardial infar-
ction or CVI is increased in the "staged" procedure
or "reverse staged" procedure, and the majority of
authors recommend synchronous surgery.

There were no postoperative major neurolo-
gical events (CVI) in the follow-up period, with one
patient reporting clinical signs of neurological deficits
in the form of weakness on one side of the body, but
CT and MRA were not confirmed CVI.

One operation in group 2 was fatal due to
haemodynamic instability and inability to separate
from cardiopulmonary bypass, and the patient was
with significant comorbidities (chronic obstructive
pulmonary disease and left ventricular aneurysm
with low ejection fraction).

Conclusion

Based on the conducted study, it can be con-
cluded that the "Staged" procedure in the treatment
of a group of patients with significant carotid artery
stenosis and ischemic coronary disease represents a
safe and effective procedure for patients who do not
have unstable angina pectoris and who do not have
a significant stenosis of the main tree of the left co-
ronary artery.

The synchronous procedure is a safe and effe-
ctive method for the group of patients who have a
significant stenosis of the main tree of the left coro-
nary artery with unstable angina pectoris with the
presence of a significant carotid artery stenosis.

Perfusion pressure greater than 60 mmHg du-
ring cardiopulmonary bypass, during coronary sur-
gery in patients in a “Synchronous” or "Staged" pro-
cedure, represents the prevention of neurological
events.

Moderate hypothermia during cardiopulmona-
ry bypass, in the case of coronary surgery in pati-
ents in a “Synchronous” or "Staged" procedure, pre-
vents neurological events.

One of the conclusions that arise is the requi-
rement to examine the carotid artery system and in
neurologically asymptomatic patients who are pre-
paring for coronary revascularization.
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STRATEGIJA ZBRINJAVANJA BOLESNIKA SA KORONARNOM BOLESCU I
PRISUTNOM SIGNIFIKANTNOM STENOZOM KAROTIDNE ARTERIJE:
ANALIZA "STAGED" I "CONCOMITANT" PRISTUPA
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I danas ne postoji nedvosmislena, jasna prepopruka o za tretman bolesnika koji se
podvrgavaju revaskularizaciji miokarda, u uslovima vantelesnog krvotoka, a imaju pridru-
zenu signifikantnu stenozu karotidne arterije. Kod ove grupe bolesnika postoji nekoliko nacina
u tretmanu, a nasom studijom analizirali smo one koji su bili podvrgnuti "Staged" i "Con-
comitant" pristupu.

Tokom 2016.godine u tri kardiohirurSska centra Srbije, Klinika za kardiohirurgiju KCS,
IKVB Dedinje i Klinika za kardiovaskularnu sa transplantacionom hirurgijom KC Nis, analizirani
su perioperativni rezultati bolesnika, podeljenih u dve grupe: podvrgnuti "faznim" i "simulta-
nim" pristupom. Signifikantnost stenoze karotidne arterije definisana je sa = 70% uz pomo¢
kolor dupleks skena. Grupa 1- bolesnika kojima je radena revaskularizacija miokarda, a
everziona endarterektomija karotidne arterije uradena najmanje 30 dana ranije, i Grupa 2 -
bolesnici kojima je istovremeno radena everziona endarterektomija karotidne arterije sa reva-
skularizacijom miokarda. Nakon revaskularizacije miokarda pracena je pojava CVI verifiko-
vanog CT-om ili MR-om u periodu od 7 dana. Praceni su parametri koji su u ranijim klinickim
studijama isticani kao prediktori pojave intra i perioperativhog CVIa - perfuzioni pritisak na
EKK, duzina trajanja okluzione kleme, vreme trajanja EKK, telesna temperatura tokom EKK,
zastupljenost LM, perioperativni arterijski pritisak.

Sprovedeno ispitivanje obuhvatilo je ukupno 49 bolesnika koji su razvrstani u dve
grupe. Kod 28 (Grupa 1) je everziona endarterektomija karotidne arterije uradena 30 dana do
26 meseci, a u proseku 9,61 £ 6,97 meseci pre koronarne revaskularizacije. Kod 21 bolesnika
(Grupa 2), je everziona endarterektomija karotidne arterije uradena je sinhrono sa revasku-
larizacijom miokarda. Prosecna starost bolesnika bila je 64 i 65 godina, sa predominacijom
muskog pola (86%:14%). Jedini parametri koji su pokazivali signifikantnu razliku medu gru-
pama bili su "left main syndrome" i nestabilna angina pektoris u Grupi 2. U pracenom periodu,
u obe grupe, nije bilo postoperativnih velikih neuroloskih dogadaja (CVI). Kod jednog boles-
nika javili su se klinicki znaci neuroloskog deficita u vidu slabosti jedne strane tela, ali CTom i
MRAom nije dijagnostifikovan CVI.

Na osnovu sprovedene analize, moze se zakljuciti da "Staged" procedura predstavlja
sigurnu i efikasnu proceduru za bolesnike koji nemaju nestabilnu anginu pektoris i koji nemaju
signifikantnu stenozu glavnog stabla leve koronarne arterije. Sinhrona procedura, za bolesnike
koji imaju nestabilnu anginu pektoris i imaju stenozu glavnog stabla leve koronarne arteriije,
predstavlja siguran i efikasan pristup. Perfuzioni pritisak = 60 mmHg, kao i umerena hipo-
termija tokom kardiopulmonalnog by pass-a, u sinhronoj ili "Staged" proceduri, predstavlja
prevenciju neuroloskih dogadaja.

Acta Medica Medianae 2019,58(1):44-49.

Kljucéne reci: revaskularizacija miokarda, stenoza karotidne arterije, "staged"
procedura, "simultana" procedura

49



Review article

UDC: 615.252.349.7
do0i:10.5633/amm.2019.0109

POTENTIAL DUAL MECHANISM OF HYPOURICEMIC ACTIVITY
OF DPP-4 INHIBITORS WITH PURINE-BASED SCAFFOLD

Katarina Tomovic¢!, Gordana Kocic?, Andrija Smelcerovic3

Dipeptidyl peptidase-4 (DPP-4) binds to adenosine deaminase (ADA) and form a com-
plex which catalyzes an irreversible deamination of extracellular adenosine to inosine, what
leads to the generation of hypoxanthine, xanthine and finally uric acid by xanthine oxidase (XO)
in purine catabolism with the production of reactive oxygen species. Xanthine-based DPP-4
inhibitor linagliptin showed inhibitory potential on XO. It exerts a hypouricemic effect by inhibi-
ting DPP-4 activity and its binding to ADA, what causes the increase of adenosine and decrease
of XO substrates levels, as well as by inhibiting XO activity. Based on the evidenced dual
mechanism of hypouricemic activity of linagliptin, the possibility of other DPP-4 inhibitors with
the purine-based scaffold to act in the same manner exists.

Acta Medica Medianae 2019,58(1):50-63.

Key words: dipeptidyl peptidase-4, xanthine oxidase, adenosine deaminase

tUniversity of Ni$, Faculty of Medicine, Department of
Pharmacy, Nis, Serbia

2University of Ni$, Faculty of Medicine, Institute of
Biochemistry, Ni$, Serbia

3University of Ni$, Faculty of Medicine, Department of
Chemistry, Ni$, Serbia

Contact: Andrija Smelcerovié
Bulevard dr Zoran Djindji¢ 81, 18000, Ni$, Serbia
E-mail: a.smelcerovic@yahoo.com

Introduction

Chronic hyperuricemia represents a risk factor
for metabolic syndrome, cardiovascular and renal
disorders (1-6). Although the elevation of uric acid
levels acts as a risk factor and contributes to the
development of mentioned disorders, it also repre-
sents a marker and consequence in cardiovascular
and renal pathology (7). Hyperuricemia and oxida-
tive stress generated via xanthine oxidase (XO) acti-
vity promote endothelial dysfunction. Uric acid sti-
mulates proliferation of vascular smooth muscle
cells, elevates levels of inflammatory markers inclu-
ding C-reactive protein and tumor necrosis factor-a,
nuclear factor kappa B, monocyte chemoattractant
protein-1, interleukin-1f and -6. Improvement might
be associated with the administration of urate-low-
ering agents such as XO inhibitors (1, 3-6).

It has been shown in isolated postischemic rat
heart that XO mediated generation of free radicals
upon reperfusion is triggered by enhancement of for-
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mation of its substrates, hypoxanthine, and xanthi-
ne, during ischemia, while alterations in the enzyme
activity are not sufficient as major limiting factor.
During ischemia, the accumulation of hypoxanthine
and xanthine occurs via degradation of adenosine tri-
phosphate (ATP) to adenosine monophosphate (AMP),
adenosine and inosine. Since substrates availability
is significant in the production of free radicals and
consequently in the determination of severity in po-
stischemic injury, the decrease of their formation
might offer novel therapeutic approach besides the
inhibition of XO activity, with beneficial effect in
terms of the increase of adenosine levels as well as
the preservation of high energy phosphates (8).
Moreover, it has been shown in postischemic rat
heart that reduction of XO substrate generation by
inhibition of adenosine deaminase (ADA) activity can
prevent the production of free radicals and contrac-
tile dysfunction (9).

Dipeptidyl peptidase-4 (DPP-4) is ADA binding
protein, with which in complex it contributes to T-cell
stimulation and proliferation (10, 11). Bimolecular
complex of DPP-4 and ADA catalyzes irreversible dea-
mination of extracellular adenosine to inosine, than
to hypoxanthine and xanthine finally oxidized to uric
acid by xanthine oxidase (XO) in purine catabolic
pathway, with generation of superoxide anions
(Figure 1). If deamination is absent adenosine is
rephosphorylated to 5'-AMP and ATP by adenosine
kinase (12).

Therefore, compounds with XO and DPP-4 in-
hibitory potential will at the same time reduce XO
activity, as well as its substrates generation by sup-
pressing formation of the complex between DPP-4
and ADA.

www.medfak.ni.ac.rs/amm
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Figure 1. Schematic diagram of the irreversible deamination of adenosine to inosine,
hypoxanthine and xanthine oxidized to uric acid (adapted from Lee et al. (12) and Xia et al. (9))
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Figure 2. Chemical structure of linagliptin

Linagliptin, dipeptidyl peptidase-4 and

xanthine oxidase inhibitor

It has been shown that linagliptin, DPP-4 inhi-
bitor with xanthine-based structure (Figure 2) and
reported ICsp value of ~ 1 nM (13-16), at the oral
dose of 5 mg/kg for 7 days normalized increased
serum XO activity in septic rats (17). Additionally,

linagliptin exerted an inhibitory effect on the activity
of XO in vitro and in human serum derived from the
healthy volunteer in a concentration-dependent ma-
nner up to 1 mM, as well as lowered uric acid levels
in plasma of diabetic patients at the oral dose of 5
mg once daily for 24 weeks (18).

Generally, based on linagliptin as representa-
tive, DPP-4 inhibitors with purine-based scaffold may
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be hypothesized to exert hypouricemic effect via Overview of purine-based DPP-4 inhibitors
dual mechanism, inhibiting the activity of DPP-4 and
its binding to ADA with subsequent increase of ade- Some DPP-4 inhibitors (13-16, 19-28) have

nosine levels and decrease of availability of substra- been derived from a xanthine scaffold, similar to the
tes for XO, as well as inhibiting XO activity, with  structure of linagliptin (Table 1, Figure 3).
finally reduced production of uric acid.

Table 1. DPP-4 inhibitors derived from purine scaffold with determined ICso values
from 0.05 nM to > 24.50 pM (13-16, 19-23, 25-27)
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Figure 3. DPP-4 inhibitors with purine scaffold structurally little different from the above listed
representatives with reported ICso values of 10 nM, 89 nM and 6 pM, respectively (21, 24, 28)

Conclusion

Besides XO activity, the availability of its sub-
strates, affected by modulation of ADA activity, de-
termine production of uric acid, and potential mul-
titarget hypouricemic agents might offer a beneficial
therapeutic approach. Based on evidenced linagliptin
inhibitory potential on DPP-4 and XO, the possibility
of DPP-4 inhibitors with the purine-based scaffold to
exert hypouricemic effect via the same dual mecha-
nism like linagliptin exists. Although structures pos-
sess the same scaffold, position and type of sub-
stituents affect and determine the structure-activity
relationship, and inhibitory potential of other purine-

based DPP-4 inhibitors on XO remains to be expe-
rimentally assayed.
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Dipeptidil peptidaza-4 vezuje adenozin deaminazu, pri ¢emu nastaje kompleks koji
katalizuje ireverzibilnu deaminaciju ekstracelularnog adenozina u inozin, sto vodi generisanju
hipoksantina i ksantina do mokracne kiseline ksantin-oksidazom u katabolizmu purina uz pro-
dukciju reaktivnih kiseonicnih vrsta. Inhibitor dipeptidil peptidaze-4 ksantinske strukturne os-
nove, linagliptin, pokazao je inhibitorni potencijal na ksantin-oksidazi. Linagliptin pokazuje
hipourikemijski efekat inhibiranjem aktivnosti dipeptidil peptidaze-4 i formiranja kompleksa
ove proteaze i adenozin deaminaze, Sto uzrokuje porast sadrzaja adenozina i smanjenu ras-
poloZivosti supstrata ksantin-oksidaze, kao i inhibiranjem aktivnosti ksantin-oksidaze. Usled
dokaza o dualnom mehanizmu hipourikemijske aktivnosti linagliptina, postoji mogucnost da
drugi inhibitori dipeptidil peptidaze-4 purinske strukture pokazuju istu aktivnost.
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DISORDERS OF COAGULATION STATUS AND HAEMOSTASIS AS

PROGNOSTIC PARAMETERS OF IMMEDIATE AND EARLY RESULTS

AFTER SURGICAL MYOCARDIAL REVASCULARISATION
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Surgical myocardial revascularization is one of the most commonly performed surgical
procedures in the world. Over time, with the development of technology and modern diagnostic
procedures, as well as the advancement of surgical techniques, the mortality rate for elective
uncomplicated cases has fallen to below 2%. Nevertheless, despite the exceptional develop-
ment of the surgical techiniques, the rate of postoperative complications, that can compromise
the patients, is over 10%. The aim of this study was to define a group of patients with an
increased risk of postoperative complications depending on the disorders of coagulation status
and haemostasis.

Twenty eight patients who underwent surgical revascularization of the myocardium
were included in this prospective, non-randomized study. The study was conducted at the Clinic
for Cardiac Surgery, Clinical Center Nis, from January to April 2017. Preoperatively as well as 3
hours, 24 hours, 48 hours, 3 days, and 5 days postoperatively, the following parameters were
determined: blood count, inflammation parameters (C reactive protein, presepsin); coagulation
status (prothrombin time (PT), International Normalized Ratio (INR), activated partial thrombo-
plastin time (APTT), fibrinogen, anti-thrombin III, D dimer).

The only preoperative independent prognostic parameter for increased postoperative
drainage was INR. Activated clothing time (ACT) was an independent postoperative prognostic
parameter of increased postoperative drainage, probably due to delayed or prolonged heparin
activity. Inflammation parameters showed no association with the onset of postoperative com-
plications. In relation to patients without bleeding, in patients with bleeding, significantly higher
values of urea and the difference in APTT values, preoperatively and at the end of the moni-
toring period, were detected. Multivariate logistic regression analysis, confirmed the difference
in APTT values preoperatively and at the end of the monitoring period, as the only factor, sig-
nificantly associated with the risk of bleeding. Multivariate linear regression analysis, confirmed
the value of the urea, as the only factor significantly associated with the change in total allo-
geneic transfusion value. Increase in urea levels is associated with an increase in the total
amount of allogeneic transfusion. Correlation analysis showed that the increased number of
days in the intensive care was significantly associated with female gender, number of grafts,
prolonged ECC, clamping time, hematocrit (HCT), PT, INR preoperatively and at the end of the
follow-up period.

Surgical myocardial revascularization is a safe method with a minimal morbidity rate.
Using of modern methods for the preoperative monitoring of haemostasis may significantly
reduce the risk of postoperative bleeding and the need for transfusion of red blood cells and
other blood derivatives.

Acta Medica Medianae 2019,;58(1):64-81.

Key words: cardiosurgery, coagulation status, inflammation parameters, risk
factors
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ases in the world, which is a third of the population
dying (1, 2).

Cardiovascular diseases include: ischemic heart
disease (stable angina pectoris, acute coronary syn-
drome, sudden cardiac death, cardiac insufficiency),
acute stroke (ischemic stroke and haemorrhagic st-
roke), and peripheral arterial occlusive disease.

According to World Health Organization (WHO)
estimation, the dying structure from cardiovascular
diseases is as follows: ischemic heart disease is on
average 41%, stroke with 32% and other heart di-
sease with 27% (3). In our country the situation is
significantly different: slightly more than half of
those who died of CV disease had a diagnosis of one
of the heart diseases, while the participation of the
stroke was 29% (4).

Coronary artery disease (coronary or ischemic
heart disease) is the most common cause of death,
leading to death, disability and economic losses more
than any other iliness, despite a significant reduction
in mortality over the past three decades. The fre-
quency of may be been seen from the results of
large studies, according to which, the risk of the on-
set of coronary artery disease during life, for a man
at the age of 40, is almost 40% (3).

The role of the surgeon in the process of CV
disease treatment, finds its significant place from the
moment when it came to the knowledge that obs-
tructive atherosclerotic lesions on the coronary arte-
ries are directly responsible for the onset of coronary
disease. Aortocoronary bypass is a procedure that is
carried out at the heart in order to overcome nar-
rowing of blood vessels that nourish the heart. The
results of the conducted research show that in the
United States alone, 1 500 000 patients suffer from
coronary heart disease annually, while surgical myo-
cardial revascularization is performed in almost every
fourth patient. A similar trend was observed in the
countries of Western Europe (1,000 revascularization
per million inhabitants), while in our country this
number is significantly lower (600 revascularization
per million inhabitants) (5).

Although surgical revascularization of the myo-
cardium is now the most commonly performed sur-
gical procedure in general, with mortality of about
1% in elective cases, there is still a high risk of
emergency surdery in patients with acute coronary
syndrome (6). Previous studies suggest that surgical
revascularization of the myocardium has been a
method of choice for the treatment of most patients
with coronary heart disease for more than 50 years.
The results of surgical treatment are superior in
comparison with empirical medication therapy, in al-
most all investigated subgroups of patients. After
performing this surgical procedure, a longer survival,
longer period without new myocardial infarction, and
significant improvement in the quality of life is achi-
eved, while the incidence of the new chest pain on-
set is lower and the working capacity of the majority
of operatives is excellent. It is therefore important to
note that there are many benefits of early surgical
revascularization, including limiting of infarction ex-
pansion, avoiding left ventricular dysfunction and
cardiac insufficiency. The underlying risk lies in the

ischemic-reperfusion myocardial damage, which can
lead to the appearance of a hemorrhagic infarction,
with all of its complications (5, 7, 8).

Material and methods

The aim of this study was to examine the cor-
relation between mortality, bleeding and the need
for transfusion, the length of hospitalization and the
presence of postoperative complications (respiratory,
renal and hepatic) in relation to parameters of coa-
gulation and fibrinolysis activation, platelet function
disorders and inflammatory parameters, in patients
who underwent surgical myocardial revasculariza-
tion.

According to the statistical tests and calcu-
lations in the G-Power software package, this study
included 28 patients who underwent surgical myo-
cardial revascularization at the Clinic for Cardiovas-
cular with Transplantation Surgery KC Nis, in the
period from January to April 2017, which is reduced
the probability of a error to a level of significance r <
0.05 with a defined power of study of 80%.

Preoperatively as well as 3 hours, 24 hours,
48 hours, 3 days, and 5 days postoperatively, the
following parameters were determined:

1. blood count (erythrocyte count, hemoglo-
bin, hematocrit, leukocyte count, platelet count);

2. Inflammation parameters (C reactive pro-
tein, presepsin);

3. coagulation status (prothrombin time, In-
ternational Normalized Ratio, activated partial thro-
mboplastin time, fibrinogen, anti-thrombin III, D
dimer);

4. parameters of thrombocyte function (pla-
telet activation adenosine di-phosphate (ADP HS),
platelet activation with arachidonic acid (ASPI));

5. Rotational thrombelastometry parameters
(direct activation of the thrombin peptide receptor
(TRAP), internal and external coagulation pathway
(clotting time, maximal clotting firmness, clot ampli-
tude after 10 minutes, alpha angle, maximum lysis,
functional fibrinogen).

The correlation of the above parameters with
comparison to the duration of the extracorporeal
circulation and the duration of the aortic cross clamp
is determined.

Statistical analysis

Quantitative statistical analysis was carried
out on a computer. Excel program from the Microsoft
Office 2010 software package was used for typing,
ranking, grouping, table and graphical data presen-
tation. The calculations were made using the SPSS
program in version 18.0.

The following statistical parameters were dis-
played: arithmetic mean (AS), standard deviation
(SD) and structure index (%).

Comparison of mean values of numerical fea-
tures between groups of patients with and without
bleeding was performed by Student's T test or Man-
Whitney U test, in cases where the distribution of
values did not meet the requirements of normal
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schedule. Comparison of mean values of numerical
features in the same patients between two measu-
rements was done by the Paired-samples t test.

A comparison of the frequency of attributes
between groups was performed by Mantel-Hensel's
Quadratic Test (Mantel-Haenszel Chi square test) or
Fisher exact test of the exact probability of a zero
hypothesis (Fisher exact test) when one of the ex-
pected frequency of the mark was less than five.
Changes in the value of the mark during the follow-
up period were examined by Repeated measures
ANOVA.

The study of the relationship between the
amount of allogeneic transfusion, the number of
days of total hospitalization, the number of days of
hospitalization in intensive care, total drainage and
all other investigated features was carried out by
Spearman's rank correlation.

Determination of significant bleeding predict-
ors was performed by multivariate logistic regression
analysis. The odds ratio (OR) and the 95% confide-
nce interval (CI) were calculated. By using the Wald
method step-by-step (Backward: Wald) from a mul-

tivariate model, all factors, the statistical significance
of which, was not confirmed were excluded.

Multivariate linear regression analysis was us-
ed to determine factors significantly related to the
values of allogeneic transfusion, the number of days
of hospitalization overall, the number of days in in-
tensive care and total drainage. The values of reg-
ression coefficients (B) and the limits of their 95%
confidence interval were calculated. Using stepwise
methods in final models, only those factors that are
significantly related to dependent variables are reta-
ined. As a threshold of statistical significance in the
conclusion, the estimation error was less than 5% (p
< 0.05). The statistical analysis results were showed
as tables and graphically.

Results

The study included 28 patients, 22 men (79%)
and 6 women (21%), the average age of 64 years.
The basic characteristics of the respondents are
shown in Table 1.

Table 1. The basic characteristics of the respondents

ACT at admittance
ACT afterAH

ACT after AP
Autotransfusion

unit

Total hospitalization
Allogenic transfusion total
Drainage total

Diuresis total

Characteristic Value
Age 64.14 + 6.85
Gender
Male 22 (78.6)
Female 6 (21.4)
Smoking 6 (21.4)
Diabetes 13 (46.4)
Regulation of diabetes
Without regulation 1 (3.6)
Oral 6 (21.4)
Insulin 6 (21.4)
BMI 29.94 £ 4.4
Triglycerides 1.86 £ 0.85
Cholesterol 4.36 £ 2.12
Urea 6.38 + 1.46
Kreatinin 95.67 £ 18.34
EF percentage 53.86 £ 10.7
Surgery type (number of grafts) 2.57 £ 0.79
Duration extra corporal ECC 102.36 = 22.22
Time of clamping 45.79 + 11.63
The amount of given 1158.93 £ 278.57
Surgery type (number of grafts)
CABG I 1 (3.6)
CABG II 13 (46.4)
CABG III 12 (42.9)
CABG 1V 1 (3.6)
CABG V 1 (3.6)
Defibrilation 26 (92.9)
Diuresis 1346.43 £ 569.26

Hospitalization in intensive care unit
Hospitalization in semi-intensive care

138.96 = 13.33
584.46 + 104.5
125.79 = 12.19
569.11 £ 124.27
4.54 £ 1.29

243 £ 1.4

6.96 + 0.51
583.33 £ 224.11
975.75 + 387.97

11577.14 £+ 3638.94

NOTE: values are displayed as arithmetic mean + SD or as number (percentage)
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Table 2. Application of allogeneic transfusion, blood derivatives, voluven and crystalloids,
drainage and diuresis per follow-up days

I day II day III day IV day Vday VIday VIIday Total
Allogenic (9333 + (35020 + (70010 + (355‘0 + - (35020 + (35020 + 2
Transfusion  5756) 0.0) 0.0) 0.0) 0.0) 0.0) (983 %224)
Application of _ _ _ _ _ _ _
plasma
Application _ _ _ _ _ _ _ _
of cryo
Application of (6.;5 " _ _ _ _ _ 4
thrombocytes 2.87) (6.25 £ 2.87)
Crystaloids - - - - - - - -
28 28 18 3 28
Drainage (414.3 £ (416.9 £ (190.8+ (203.3 - - (976 + 388)
207) 141.9) 140.6) 131.3)
28 28 28 17 9 2 1 28
Diuresis (2779 = (3004 = (2795 = (2852 + (3105 £+ (2850 = (1800 + (11577 + 3639)
764) 1406) 1263) 1205) 686) 0.0) 0.0)

NOTE: values are displayed as number of patients (arithmetic mean + SD)

Allogeneic transfusion was administered in 3
patients on the first postoperative day, and the aver-
age blood amount was 933.3 ml (Table 2). On the
second day it was applied in two patients, 350 ml
each, the third day in one patient, 700 ml, the fourth
day in 4 patients, 350 ml each.

On the fifth postoperative day allogeneic tra-
nsfusion was not applied to any patient. On the sixth
and seventh day, allogeneic transfusion was admi-
nistered in 2 patients, in 350 ml each. In total, allo-
geneic transfusion was received by 12 patients, and
the approximate amount of blood was 583 ml.

The drainage was measured for the first two
days in all 28 patients, and the average value was
414.3 ml during the first day and 416.9 ml during
the second day. On the third day, the drainage was
measured in 18 patients, on average 190.8 ml, and
on the fourth day in 3 patients on average 203.3 ml.
After the fourth day, the drainage was not measured
in any patient.

The diuresis was measured for the first three
days in all 28 patients, and the average value was
2779 ml, 3004 ml and 2795 ml, by day. On the
fourth day, the diuresis was measured in 17 pati-
ents, on average 2852 ml, on the fifth day in 9 pati-
ents on average 3105 ml, the six in 2 patients at
2850 ml, and on the seventh day in one patient,
1800 ml.

Platelets were administered only on the first
day, in 4 patients with an average of 6.25 units,
plasma, cryoprecipitate, volume and crystalloids were
not applied.

The analysis of variance for repeated measu-
rements showed that changes in the values of most

of the features during monitoring were statistically
significant (Table 3).

In almost all features, difference between pre-
operative values, values 2 hours after surgery and at
the end of the follow-up period, was significant. In
the period between 2 hours after the operation and
at the end of the follow up period, the values of
WBC, RBC, HGB and ACT decreased significantly,
while the HCT and PLT values increased significantly.
Compared to preoperative values, the values of MPV
and INTEM CT were significantly lower than the pre-
operative values, until the values of CRP, P SEP, INR,
fibrinogen, D dimer, ADP HS, ASPI, TRAP, EXTEM
CT, EXTEM MCF , EXTEM A10, EXTEM ALPHA ANGLE,
INTEM MCF, INTEM A10, INTEM ALPHA ANGLE,
FIBTEM CT, FIBTEM MCF, FIBTEM A10, FIBTEM
ALPHA ANGLE and troponin, were singnificantly
higher.

Comparison of values in patients with and
without bleeding, within the examined groups is
shown in Table 4.

Diabetes was significantly more commonly
reported in patients without bleeding (Table 4). In
patients without bleeding., significantly higher BMI,
triglycerides, cholesterol, ACT before surgery, PLT
count preoperatively and INTEM ALPHA ANGLE were
seen preoperativly, compare to patients with bleed-
ing. In patients with bleeding, significantly higher
values of the urea and difference in APTT preope-
ratively and at the end of the follow-up period, were
detected compared to patients without bleeding. The
values of all other features did not differ significantly
in patients with and without bleeding.
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Table 3. Values of the blood count, inflammation parameters, coagulation status, platlets,

rotational thrombelastometry, internal and external coagulation pathway

2 hours after

24 hours after

48 hours after

72 hours after

5 days after

7 days after

Effect

Parameter Preoperatively -
Surgery surgery surgery surgery surgery surgery time
WBC 7.2+1.6 9.6 £4.1 9.2 £ 3.0 8.8+ 2.6 7619 6.5+2.9 7.1£27 <0.001
RBC 4.6 +£0.4 4.2 £ 0.5 4.1 +0.5 3.6 £ 0.4 3.6 £ 0.4 3.7+ 0.4 3.8+ 0.6 <0.001
HGB 140.3 = 10.1 121.0 £ 10.7 115.7 + 10.0 103.5 + 10.5 103.9 + 10.6 105.1 + 11.0 103.5 + 22.4 <0.001
HCT 39.4 + 8.2 34.7 £ 6.9 34.1 + 3.6 30.6 + 3.5 30.9 + 3.1 41.0 £ 50.5 35.3 + 14.0 0.272
PLT 241.6 £ 70.2 175.0 £ 50.0 191.9 +42.1 160.7 + 50.5 172.2 + 45.6 236.6 £ 59.1 271.1 £97.1 <0.001
MPV 8.7 £ 0.8 7.8 £0.7 8.2 £ 0.6 11.2 £ 15.1 8.3+ 0.7 7.7 £ 0.7 7.7 £0.7 0.209
CRP 3.7 £ 3.9 4.6 £4.2 79.6 = 39.8 188.9 + 61.9 192.9 £ 79.3 125.6 + 73.4 106.1 + 134.2 <0.001
P SEP 177.6 £ 59 413.4 £ 196.2 461.6 £ 207.6 443.9 * 254.7 496.1 + 353.3  469.4 + 284.2 504.1 + 296.9 <0.001
PT 11.4 £1.3 18.8 + 30.8 12.6 £ 1.6 122+ 1.4 11.3 £ 1.5 16.3 £ 23.3 12.8 £ 4.1 0.444
INR 1.1 £0.1 1.8+ 2.4 1.2 +£0.2 1.2 +£0.2 1.1 +£0.1 1.2 £ 0.1 1.2 £ 0.4 0.228
APTT 26.4 + 3.3 30.1 + 3.3 38.1 = 52.0 30.4 + 3.2 30.9 £ 5.9 27.2 £3.9 27.5 £ 4.0 0.364
Fibrinogen 4.1+2.0 3.7+1.5 5.1 +£0.9 7.7 £1.8 18.9 + 24.0 11.2 £ 10.8 9.2 £2.2 0.005
AT III 100.6 = 14.1 77.4 £ 14.2 75.0+ 13.6 75.5+ 7.4 77.5 £ 11.6 89.3 + 15.7 96.2 £ 17.0 <0.001
D dimer 282 £ 166.9 431.2 £ 852.6 279.9 + 241.6 426.5 * 856.7 447.3 £ 676.3  788.8 + 982.3 1450.9 + 1376.9 <0.001
ADP HS 435.4 = 179.5 424.0 £ 199.0 629.3 + 148.4 582.7 £ 125.2 605.1 £ 168.6  645.4 £ 169.3 804.1 + 308.2 <0.001
ASPI 579.5 + 238.6 958.4 + 351.0 1055.9 + 334.3 793.8 £ 209.2 775.1 £239.2 667.8 £287.1 918.2 £ 383.3 <0.001
TRAP 1021.7 £211.9 1142.8 + 201.7 1123.6 £ 192.5 1033.1 £ 201.4 1074.6 £ 254.2 1131.3 £ 288.5 1230.5 + 358.9 0.022
EXTEM CT 62.4 £ 6.1 70.5 + 15.2 61.1 + 18.7 61.4 £7.0 67.2 = 16.0 66.6 £ 9.6 65.6 + 11.1 0.074
EXTEM MCF 63.7 £ 4.5 57.2 £ 5.2 60.3 = 5.8 65.3 £ 4.3 66.5 + 3.7 70.5 £ 4.3 70.6 £ 3.5 <0.001
EXTEM A10 60.0 = 4.6 51.4 £ 5.1 58.9 £ 4.8 60.7 £ 4.8 61.8 £ 3.7 66.4 + 4.1 67.1 £4.2 <0.001
EXTEM
ALPHA 77.7 £2.2 72.3 £ 3.7 76.8 £2.3 78.3 £ 2.1 73.0 + 18.5 79.0 £ 4.4 80.1 £ 2.3 0.048
ANGLE
INTEM CT 200.3 £ 44.7 216.1 £ 57.1 172.7 + 38.0 191.7 £ 43.9 197.4 + 68.1 176.6 + 33.4 162.3 + 33.6 0.001
INTEM MCF 59.0 £ 4.5 54.4 £ 5.4 58.9 £ 4.3 61.3 £ 5.2 63.2 £ 5.7 68.2 £ 4.5 68.9 £ 4.2 <0.001
INTEM A10 57.8 £ 4.6 50.5 £ 5.2 57.9 £ 3.8 59.5 £ 4.2 59.5 + 10.2 65.8 = 4.0 66.4 £ 4.7 <0.001
INTEM
ALPHA 74.5 £ 5.2 71.4 £5.1 76.0 £ 4.5 76.8 £ 3.5 76.6 £ 5.3 79.3+£1.8 79.5 £ 3.1 <0.001
ANGLE
FIBTEM CT 54.3 + 12.2 60.0 £ 6.0 53.6 £ 6.0 55.8 + 18.7 57.8+ 7.1 71.0 + 38.2 61.7 £9.4 0.049
FIBTEM MCF 21.0 £ 5.1 14.6 = 3.8 222 £ 4.4 29.4 £ 4.5 30.1 £ 3.7 31.3+6.8 32.5 £ 6.1 <0.001
FIBTEM A10 20.8 £ 5.0 14.0 = 3.8 21.6 £4.3 28.8 £ 4.6 28.9 £ 3.4 30.3 £ 6.4 31.4 £5.9 <0.001
FIBTEM
ALPHA 76.0 £ 5.6 69.8 + 11.9 77.2 £3.4 76.9 £ 5.1 78.6 £ 3.4 79.6 £ 2.9 80.4 + 2.0 <0.001
ANGLE
Troponini 0.1 £0.2 3.4+24 5.8 £6.1 3.9 £ 4.8 2.3+2.8 1.2+1.7 0.7 £ 1.0 <0.001
CK MB 21.7 £9.4 54.0 + 19.9 54.5 + 37.8 43.4 + 40.1 34.4 + 28.6 26.2 + 27.9 22.7 £ 24.6 <0.001
ACT - 130.0 £ 15.0 128.0 £9.2 127.7 £7.3 127.1 £8.1 125.2 £ 8.3 1259+ 7.8 0.044

NOTE: values are displayed as arithmetic mean £ SD

Table 4. Comparison of values in patients with and without bleeding

Parameter Without bleeding With bleeding p
(n=16) (n=12)
Age 63.25 £ 6.71 65.33 + 7.14 0.441
Gender
Male 13 (81.3%) 9 (75%) 0.690
Female 3 (18.8%) 3 (25%)
Smoking 3 (18.8%) 3 (25%) 0.690
Diabetes 10 (62.5%) 3 (25%) 0.049
Regulation of DM
Without regulation 0 (0%) 1 (8.3%) 0.053
Oral 5 (31.3%) 1 (8.3%)
Insulin 5 (31.3%) 1 (8.3%)
BMI 31.43 £ 4.44 27.97 + 3.64 0.032
Trigliceridi 2.18 £ 0.89 1.44 £ 0.57 0.012
Cholesterol 5.16 £ 1.91 3.29 + 1.96 0.019
Urea 5.75+1.14 7.21 £ 1.45 0.009
Creatinine 91.85 £ 15.64 100.76 £ 21.05 0.232
EF percents 54.56 £ 12.91 52.92 + 7.22 0.672
Type of surgery (number of grafts) 2.56 £ 0.51 2.58 £ 1.08 0.952
Duration of EKK 100.75 + 15.62 104.5 + 29.51 0.694
Clamping time 43.56 *+ 8.66 48.75 + 14.59 0.289
The amount of given cardioplegia 1196.88 + 315.95 1108.33 + 222.42 0.392
Defibrilation 14 (87.5%) 12 (100%) 0.204
Diuresis 1400 + 476.1 1275 +£690.36 0.597
ACT at admittance 144.44 + 11.84 131.67 + 11.97 0.010
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ACT after AH 599.56 + 95.68 564.33 + 116.39 0.403
ACT after AP 125.63 + 14.8 126 + 8.14 0.933
Autotransfusion 578.44 £ 121.2 556.67 + 132.59 0.660
Hospitalization in intensive unit 4.5+1.32 4.58 £ 1.31 0.869
Hospitalization in semi- intensive unit 2.44 £ 1.46 2.42 + 1.38 0.970
Hospitalization total 6.94 + 0.57 7 £ 0.43 0.744
WBC preoperatively 7.3 +1.39 7.11 £1.94 0.775
RBC preoperatively 4.58 +£ 0.39 4.61 £ 0.36 0.841
HGB preoperatively 141.75 + 8.92 138.42 £ 11.62 0.418
HCT preoperatively 38.59 £ 10.49 40.48 £ 3.62 0.512
PLT preoperatively 269.31 + 74.43 204.67 + 43.9 0.008
MPV preoperatively 8.61 £ 0.71 8.89 + 0.82 0.357
CRP preoperatively 4.38 £ 3.51 2.87 £4.34 0.334
P SEP preoperatively 172.07 £ 65.86 184.92 + 50.38 0.564
PT preoperatively 11.46 £ 1.22 11.38 £ 1.49 0.892
INR preoperatively 1.07 £ 0.1 1.07 £ 0.13 0.903
APTT preoperatively 27.23 £ 3.06 25.25 £ 3.31 0.120
Fibrinogen preoperatively 3.99 £ 2.35 4.23 £1.32 0.739
AT I1I preoperatively 99.18 +£ 11.49 102.41 £ 17.36 0.583
D dimer preoperatively 244.38 +£ 122.48 332.17 £ 207.52 0.210
ADP HS preoperatively 449.75 + 199.9 416.33 + 154.6 0.622
ASPI preoperatively 587.19 + 220.69 569.25 + 270.47 0.853
TRAP preoperatively 962.38 + 216.98 1100.83 + 184.52 0.080
EXTEM CT preoperatively 62.81 £ 5.55 61.83 £ 6.95 0.692
EXTEM MCF preoperatively 64.25 £ 5.27 63 £ 3.22 0.446
EXTEM A10 preoperatively 60.94 + 5.35 58.83 + 3.16 0.205
EXTEM ALPHA ANGLE preoperatively 78.25 + 2.02 76.92 + 2.28 0.121
INTEM CT preoperatively 187.25 + 39.77 217.75 £ 46.45 0.081
INTEM MCF preoperatively 59.88 + 4.52 57.75 £ 4.31 0.218
INTEM A10 preoperatively 58.75 £ 4.7 56.42 £ 4.19 0.178
INTEM ALPHA ANGLE preoperatively 76.44 + 2.78 71.92 + 6.59 0.042
FIBTEM CT preoperatively 57.56 £ 5.53 50 + 16.94 0.161
FIBTEM MCF preoperatively 22.38 £ 5.57 19.25 + 3.77 0.089
FIBTEM A10 preoperatively 21.81 £ 5.62 19.33 + 3.7 0.172
FIBTEM ALPHA ANGLE preoperatively 77.31£54 74.33 £ 5.69 0.175
Troponines preoperatively 0.01 £ 0.03 0.11 £ 0.33 0.350
CK MB preoperatively 20.06 + 5.23 23.87 £ 13.14 0.359
Drainage total 875.06 + 313.4 1110 + 448.46 0.137
Diuresis total 11718.13 + 4002.87 11389.17 + 3253.59 0.812
WBC diffrence preoperatively and 2 h after 2.07 + 3.31 2.9+ 4.36 0.587
surgery

RBC difference preoperatively and 2 h after -0.35 + 0.47 -0.39 + 0.39 0.819
surgery

HGB difference preoperatively and 2 h after -19.69 + 13.39 -18.75 + 10.64 0.838
surgery

HCT difference preoperatively and 2h after -2.41 + 10.84 -7.65 + 8.99 0.175
surgery

PLT difference preoperatively and 2h after -75.25 + 44.28 -55.08 + 42.29 0.233
surgery

WBC difference 2h after surgery and at the -2.93 + 3.84 -2.02 + 5.36 0.624
end of follow-up

RBC difference 2h after surgery and at the -0.33 £ 0.92 -0.58 + 0.52 0.371
end of follow-up

HGB difference 2h after surgery and at the -13.44 + 16.65 14.67 + 15.16 0.840

end of a follow-up

69



Acta Medica Medianae 2019, Vol.58(1)

Disorders of coagulation status and haemostasis as prognostic...

HCT difference 2h after surgery and at the _

end of follow-up 2.14 £ 18.35 1.47 £ 10.49 0.518
PLT difference 2h after surgery and at the

end of follow-up 105.26 + 119.96 83.83 + 32.21 0.504
MPV difference preoperatively and at the ) )

end of follow-up 1.14 £ 0.71 0.93 £ 0.95 0.511
CRP difference preoperatively and at the 113.78 + 168.61 87.08 + 68.8 0.573
end of follow up

P SEP difference preoperatively and at the 299.62 + 289.07 362.42 + 307.98 0.589
end of follow-up

PT difference preoperatively and at the end 0.51 + 1.87 254 + 5.31 0.226
of follow-up

INR difference preoperatively and at the 0.1 40 .14 0.26 + 0.51 0.321
end of follow-up ) ) ) ) )
APTT difference preoperatively and at the -0.56 + 3.22 3.3 £4.35 0.018
end of follow-up ) ) ) ) '
Fibrinogen difference preoperatively and at 4.94 + 3.26 527 + 2.57 0.762
the end of follow-up

AT III difference preoperatively and at the 1.01 + 23.4 -8.83 + 22.11 0.375
end of follow-up ) ) ) ) )

D dimer difference preoperatively and at 843.38 + 1076.16  1602.92 + 1658.62 0.184
the end of follow-up

ADP HS difference preoperatively and at 403.88 + 349.86 321.67 + 356.48 0.549
the end of follow-up

ASPI difference preoperatively and at the 378.94 + 394.24 285 + 496.68 0.595
end of follow-up

TRAP difference preoperatively and at the

end of follow-up 256.31 + 497.59 145.42 + 338.83 0.490
EXTEM CT difference preoperatively and at

the end of follow-up 1.63 £ 12.96 5.33 £ 15.65 0.512
EXTEM MCF difference preoperatively and 6.5 + 4.82 75+ 516 0.607
at the end of follow-up ) ) ) ) )
EXTEM A10 difference preoperatively and 6.31 + 5.1 8.08 + 5.65 0.401
at the end of follow-up ) ) ) ) )
EXTEM ALPHA ANGLE difference

preoperatively and at the end of follow-up 2.31 +2.75 2.67 % 3.7 0.783
INTEM CT difference preoperativelyand at -20.69 + 46.07 -61.08 % 63.53 0.078
the end of follow-up

INTEM MCF difference preoperatively and 8.75 + 4.93 11.42 + 7.37 0.292
at the end of follow-up ) ' ) ) )
INTEM A10 difference preoperatively and 738 + 5.2 10.25 + 7.47 0.268
at the end of follow-up ) ) ) ) )
INTEM ALPHA ANGLE difference 3.06 + 2.59 767 + 8.42 0.091
preoperatively and at the end of follow-up ) ) ) ) )
FIBTEM CT difference preoperatively and at

the end of follow-up 3.19 £9.93 12.92 £ 24.93 0.223
FIBTEM MCF difference preoperatively and

at the end of follow-up 9.63 + 6.63 13.83 £ 6.9 0.118
FIBTEM A10 difference preoperatively and

at the end of follow up 9.19 £ 6.12 12.67 £ 7.02 0.185
FIBTEM ALPHA ANGLE difference

preoperatively and at the end of follow-up 3.19 £5.96 6 %556 0.211
Troponines- difference preoperatively and 0.64 + 0.87 0.68 + 1.2 0.910
at the end of follow-up ) ) ) ) )

CK MB difference preoperatively and at the -4.38 + 12.89 8.06 + 22.02 0.100
end of follow-up

ACT difference 2h after surgery and at the 6 +12.12 167 +47 0.206
end of follow up ) ) ) )

Multivariate logistic regression analysis, con-
firmed that the only factor significantly associated
with the risk of bleeding, is a difference in APTT
values preoperatively and at the end of the follow-up
period (Table 5). An increase in this difference is
associated with an increased risk of bleeding.
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Variance analysis for repeated measurements
showed that significant differences between the
group of patients with and without bleeding existed
at the PLT and ACT values over the entire period of
follow-up (Table 6, Graph 1).
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Table 5. Association of the investigated parametres and risk for bleeding, results of multivariate logistic regression analysis

959% confidence
Parameter OR interval P
Lower Upper
APTT difference preoperatively and at he end of 2.87 1.141 722 0.025
follow-up
Constant 1421.1 0.023

Table 6. Evaluation of the effects of the group (bleeding) and interaction between time and group on the values of

individual parameters during the entire monitoring period,
results of variance analysis for repeated measurements (RM ANOVA)

Parameter Bleeding Time*bleeding
WBC 0.345 0.225
RBC 0.381 0.540
HGB 0.299 0.771
HCT 0.746 0.263
PLT 0.001 0.780
MPV 0.117 0.270
CRP 0.435 0.705
PSEP 0.332 0.227
PT 0.341 0.552
INR 0.514 0.404
APTT 0.479 0.439
Fibrinogen 0.210 0.051
ATIII 0.603 0.616
Ddimer 0.118 0.288
ADPHS 0.898 0.301
ASPI 0.152 0.112
TRAP 0.293 0.478
EXTEMCT 0.240 0.181
EXTEMMCF 0.170 0.160
EXTEMA10 0.080 0.682
EXTEMALPHAANGLE 0.567 0.234
INTEMCT 0.439 0.218
INTEMMCF 0.120 0.299
INTEMA10 0.118 0.153
INTEMALPHAANGLE 0.143 0.212
FIBTEMCT 0.269 0.519
FIBTEMMCF 0.834 0.227
FIBTEMA10 0.838 0.315
FIBTEMALPHAANGLE 0.975 0.540
Troponines 0.774 0.652
CKMB 0.136 0.139
ACT <0.001 0.296
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There were no significant effects of the group
(bleeding) and the interaction between time and
group in the overall monitoring period regarding the
value of other parameters.

Measurement

Changes in ASPI values occurred in a signi-
ficantly different way throughout the entire monitor-

T T
3 4

Measurement

Bleeding
— no

— vyes

Graph 1. PLT, ACT, and ASPI values in patients with and without bleeding
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Multivariate linear regression analysis showed
that the only factor significantly associated with the

change in the total allogeneic transfusion value was

95% confidence interval

Parameter B
Lower Upper P
(Constant) | -887.191 | -1541.135 | -233.246 | 0.010
Urea 178.383 78.292 278.474 | 0.001

Table 7. Connection betweenl total allogeneic transfusion and values of other investigated features,
results of multivariate linear regression analysis

the value of urea (Table 7). Increase in urea levels is
associated with an increase in total allogeneic blood
transfusion values (Graph 2).
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Graph 2. The relationship between the value of total allogeneic transfusion amount and urea values

Multivariate linear regression analysis confirm-
ed: the type of surgery (number of grafts), diuresis,
ACT after AP, and an increase in HCT from preopera-
tive period to period 2h after surgery, as factors sig-
nificantly associated with changes in the number of
days in intensive care (Table 8).

An increase in the number of grafts and diu-
resis is associated with an increase in the number of
days in intensive care, while the rise in ACT after AP
and HCT difference preoperatively and 2h after sur-
gery, are associated with a decrease in the number
of days in intensive care (Graph 3).

Multivariate linear regression analysis, confirm-
ed the amount of cardioplegia, the difference in RBC
values in the period of 2 hours after the operation to
the end of the monitoring period, and the difference
in values of PT and EXTEM CT in the period before
surgery to the end monitoring period as factors sig-

nificantly associated with changes in the number of
days of total hospitalization (Table 9).

An increase in the amount of cardioplegia has
been associated with a reduction in the number of
days of total hospitalization, while an increase in RBC
values in the period from 2 hours after operation to
the end of the follow-up period, as well as an in-
crease in the values of PT and EXTEM CT from the
period before surgery to the end of the monitoring
period, has been associated to increased number of
days of total hospitalization.

Multivariate linear regression analysis, confirm-
ed the preoperative value of INR as the only factor
significantly associated with changes in total drain-
age value (Table 10). The increase in preoperative
INR value is associated with an increase in the total
drainage value (Graph 4).

Table 8. The relationship between the number of days in intensive care and the value of all other investigated features,
the results of the multivariate linear regression analysis

959% confidence interval
Parameters B

Lower Upper p
(Constant) 6.722 3.410 10.034 <0.001
Type of surgery (number of grafts) 0.674 0.310 1.038 0.001
ACT after AP -0.042 -0.065 -0.019 0.001
HCT difference preoperatively and 2h after surgery | -0.059 -0.087 -0.031 <0.001
Diuresis 0.001 | <0.001 0.001 0.004
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Graph 3. The relationship between the number of days in intensive care and the number of grafts, ACT after AP, HCT
difference preoperatively and 2h after surgery and diuresis

Table 9. The relationship between the number of days of total hospitalization and the value of all
other investigated features, the results of multivariate linear regression analysis

95% confidence interval
Parameter B

Lower Upper p
(Constant) 7.786 | 7.302 8.270 <0.001
The amount of given cardioplegia -0.001 | -0.0012 -0.0008 0.002
RBC diffrence 2h after surgery and at the end of follow-up 0.260 | 0.106 0.413 0.002
EXTEM CT difference preoperatively and at the end of follow-up | 0.016 | 0.008 0.024 0.001
PT difference preoperatively and at the end of follow-up 0.035 0.004 0.067 0.030

Table 10. The relationship between the total drainage value and the value of all other investigated features,

the results of the multivariate linear regression analysis

959% confidence interval

Parameter B
Lower Upper p
(Constant) 3052.12 | 1817.42 4286.82 <0.001
INR preoperatively | -1942.87 | -3092.06 -793.67 0.002
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Graph 4. The relationship between total drainage and preoperative value of INR

Discussion

Cardiosurgical interventions carry a certain
risk with them. This risk depends on age, gender,
heart function, condition of the whole organism, ur-
gency of the intervention, etc. Statistical analysis of
a large number of cardio-surgical patients has de-
termined the factors that influence the operational
risk.

According to the National Blood Collection &
Utilization Survey (NBCUS), blood transfusions and
blood derivatives, with the exception of platelet
transfusions, declined between 2008. and 2011. in
the United States (9). In this period, a reduction rate
of 8.2% of red blood cell transfusions (RBC) was
recorded, as well as a reduction in plasma trans-
fusion by 13.4%. In the United States, contrary to
the general trend, there has been an increase in
blood transfusions and blood derivatives during car-
diovascular surgery during 2010, when a total of
34% of patients undergoing transfusion received red
blood cells or other blood derivatives (10). Moreover,
cardiac surgery was a branch of surgery that con-
sumed the largest amounts of blood, just before
orthopedic surgery (11, 12). Transfusion is often ne-
cessary during cardiovascular surgery to cure coa-
gulopathy, blood loss, and hemodilution due to pri-
ming (13). Very often, patients who undergo cardiac
surgery have numerous comorbidities such as ane-
mia or myocardial infarction, which increase the risk
of complications, and therefore the need for blood
transfusion is higher (10, 11, 14).

This study included a total of 28 patients who
underwent surgical revascularization of the myocar-
dium at the Clinic for Cardiovascular with Transplan-
tation Surgery, Clinical Centre of NiS, 22 men (79%)
and 6 women (21%), with average age of 64. The
most common risk factor for these patients was dia-
betes mellitus, which was present in 46.4% of pati-
ents. In our study, there was 21.4% smokers fewer
than in other published studies (13-14). This study
also showed that BMI was a significant indicator of
the incidence of coronary disease, so the average
BMI for examiners in our study was 29.94.

The most commonly performed procedure for
these patients was double and triple aorto-coronary
bypass, with 46.4% of patients having a double ao-
rto-coronary bypass, and 42.9% of patients with tri-
ple aorto-coronary bypass. The average number of
grafts that patients received was 2.57.

The average ECC time was 102 minutes and
the time for the aortic cross clamp was 45 minutes,
on average, 1158 ml of cardioplegia was given.

Allogeneic transfusion was administered in 3
patients on the first postoperative day, and the aver-
age blood amount was 933.3 ml. On the second day
it was applied in two patients, 350 ml each, the third
day in one patient, 700 ml, the fourth day in 4 pati-
ents, 350 ml each.

On the fifth postoperative day allogeneic trans-
fusion was not applied to all patients. On the sixth
and seventh day, allogeneic transfusion was admini-
stered in 2 patients, in 350 ml each. In total, allo-
geneic transfusion was received by 12 patients, and
the approximate amount of blood delivered to them
was 583 ml.

The diuresis was measured for the first three
days in all 28 patients, and the average value was
2779 ml, 3004 ml and 2795 ml, by day. On the
fourth day the diuresis was measured in 17 patients,
on average 2852 ml, on the fifth day in 9 patients on
average 3105 ml, the six in 2 patients at 2850 ml,
and on the seventh day in one patient 1800 ml.

Platelets were administered only on the first
day, in 4 patients with an average of 6.25 units,
plasma, cryoprecipitate, volume, and crystalloids were
not applied.

Several studies published the results and ef-
fects of blood transfusion in anemic and non-anemic,
haemodynamically stable patients. (15-26). A retro-
spective study carried out in Cleveland Clinic showed
that patients undergoing cardio-pulmonary bypass
and who did not have anemia during the ECC pro-
cedure (hematocrit > 25%), but who received an
intraoperative blood, had a need for longer use of
mechanical ventilation and they had reduced long-
term survival compared to a non-anemic group of
patients or with patients who had anemia but did not
receive blood (27). Blood transfusions in patients un-
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dergoing surgical myocardial revascularization, who
were preoperatively classified in a group with a low
or moderate risk according to EuroSCORE (< 8) and
who had a postoperative hemoglobin greater than
10 g / dL and a minimum postoperative blood loss
and without postoperative complications in the first
24 hours of surgery, caused an increased risk of
postoperative events and infections in relation to
those patients who did not receive blood replace-
ment (17, 21-23, 28).

Shaw et al. compared the effects of blood
transfusion in a group of patients who were stratified
by the value of hematocrit. Preoperative hematocrit
values were compared in patients undergoing car-
diac surgery depending on whether they received
blood transfusion or not (29). This study showed a
statistically significantly higher rate of mortality after
30 days, for that group of patients who received
blood transfusion compared to a group of patients
who did not receive blood. These results are in agre-
ement with previously published studies that confirm
that there is a higher mortality rate in patients re-
ceiving blood transfusion (28, 30-33).

A retrospective study published by Schwann
et al. investigated the correlation between blood
transfusion and mortality in 6,947 patients who un-
derwent surgical myocardial revascularization (34).
The overall rate of the red blood cells transfusions
was 33.9%. Postoperative complications were pre-
sent in 35.2% of patients, and this was statistically
significantly higher in comparison to a group of pati-
ents who did not receive blood transfusion. The most
common complications of this type were present in
older women with comorbidities. Early mortality (30
days after surgery) and five-year survival were high-
er among the group of patients receiving blood
transfusion, compared to those who did not receive
red blood cells. The authors concluded that red blood
cell transfusion increased the risk of cardiac and non-
cardiac mortality in patients who underwent surgical
myocardial revascularization (34-36).

The initial decline after the operation, with a
subsequent increase at the end of the monitoring
period, was recorded for values of RBC, HGB, PLT,
AT III, EXTEM MCF, EXTEM A10, EXTEM ALPHA
ANGLE, INTEM MCF, INTEM A10, INTEM ALPHA
ANGLE, FIBTEM MCF, FIBTEM A10 , FIBTEM ALPHA
ANGLE and ACT.

The initial increase after surgery, with sub-
sequent decline at the end of the monitoring period,
was recorded for the values of WBC, CRP, fibrinogen,
INTEM CT, troponins and CK MB.

The increasing trend during the entire moni-
toring period was recorded for values of P SEP, D
dimer, ADP HS, ASPI, TRAP and FIBTEM CT.

In relation to preoperative values, the number
of WBC significantly increased 2 hours after surgery,
while the values of RBC, HGB, HCT, and PLT signi-
ficantly dropped in the same period.

Diabetes was significantly more common in
patients without bleeding. In patients without bleed-
ing, significantly more BMI, triglyceride, cholesterol,
preoperative ACT, PLT and INTEM ALPHA ANGLE
were preoperatively detected, compare to patients
with bleeding.
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In patients with bleeding, significantly higher
values of the urea and APTT difference preope-
ratively and at the end of the follow-up period were
detected compared to patients without bleeding. The
values of all other parameters did not differ signi-
ficantly in patients with and without bleeding.

The multivariate logistic regression analysis,
confirmed that the only factor significantly associated
with the risk of bleeding, is a difference in APTT va-
lues preoperatively and at the end of the follow-up
period. An increase in this difference is associated
with an increased risk of bleeding.

The variance analysis for repeated measu-
rements showed that significant differences between
the group of patients with and without bleeding
existed at the PLT and ACT values.

The changes in ASPI values occurred in a
significantly different way throughout the entire mo-
nitoring period in patients with and without bleeding.

There were no significant effects of the group
(bleeding) and the interaction between time and
group in the overall monitoring period, in the value
of other features.

The correlation analysis showed that the in-
creased values of total allogeneic transfusion were
significantly associated with elevated urea values and
increased differences in APTT and CK MB values pre-
operatively and at the end of the follow-up period.

The multivariate linear regression analysis
confirmed the value of urea as the only factor sig-
nificantly associated with the change in the total
allogeneic transfusion value. The increase in urea le-
vels is associated with an increase in the total amo-
unt of allogeneic transfusion.

The correlation analysis showed that the in-
creased number of days in intensive care was sig-
nificantly associated with female gender, higher
number of grafts, prolonged ECC time, aortic cross
clamp time, diuresis, AT III preoperative, EXTEM CT
preoperatively, increased differences in HCT, PT, INR
preoperatively and at the end of the monitoring
period.

An increased number of total hospitalization
days was significantly associated with lowered values
of given cardioplegia and PLT preoperative values
with declines in WBC and HGB values in the period
before surgery to 2 hours after surgery, as well as
with the decline in troponine levels in the period
before surgery to the end of the follow-up period.

The multivariate linear regression analysis
confirmed the amount of cardioplegia, the difference
in RBC values in the period of 2 hours after the
operation to the end of the monitoring period, and
the difference in values of PT and EXTEM CT in the
period before surgery to the end of monitoring pe-
riod as factors significantly associated with changes
in the number of days of total hospitalization.

An increase in the amount of cardioplegia has
been associated with a reduction in the number of
days of the hospitalization, while an increase in RBC
values in the period of 2 hours after operation to the
end of the follow-up period, as well as an increase in
the values of PT and EXTEM CT in the period before
surgery to the end of the monitoring period, has
been associated with increased number of hospitali-
zation days overall.
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The correlation analysis showed that an in-
crease in the total drainage value was significantly
associated with an increase in triglyceride and pre-
operative HCT values, while the increase in total
drainage value was significantly associated with a fall
in preoperative INR. The multivariate linear regres-
sion analysis confirmed the preoperative value of
INR as the only factor significantly associated with
changes in total drainage value. The increase in pre-
operative INR value is associated with an increase in
the total drainage value. A major dilemma in bleed-
ing patients is whether coagulopathy or mechanical
bleeding is the cause of the increase drainage and
whether it is necessary to continue with the admini-
stration of hemostasic therapy and blood products or
perform revision in the operating room. In less than
ten minutes, ROTEM test guide doctors in which
direction they should work.

The number of transfused allogeneic blood
products is declining year after year, which points to
the importance of modern monitoring in the indi-
cation of blood transfusions by the doctors. Trans-
fusion of fresh plasma is also reduced. Transfusion of
concentrated platelets remained at the same level,
but percentage of cryoprecipitate transfusions incre-
ased year after year (37).

Despite improvements made with existing
new techniques, most surgeons tend to accept a
significant amount of blood loss as a feature of
cardiac surgery (38). It is important to ensure ade-
quate drainage and removal of blood from pericar-
dium and pleura (it has high fibrinolytic activity and
tissue factor of coagulation). Removing this blood
and clot probably not only reduces the chance of
excessive blood loss by preventing systemic coagu-
lopathy, but it is likely to have beneficial effects on
several other factors associated with surgery such
as, for example, inflammation, atrial fibrillation, peri-
cardial effusion (tamponade), and development of the
adhesions (39). After careful evaluation, hemodilu-
tion appears to be the most pronounced factor asso-
ciated with the development of coagulopathy after
cardiac surgery, and probably plays an important
role in the occurrence of blood loss after heart sur-
gery (40). Fibrinogen is one of the most important
factors in coagulation and it is possible that the
clotting process falls below the critical level during
hemodilution and therefore care should be taken
and, if necessary administration of fibrinogen con-
centrate initiated (41).

Fibrinogen is an acute phase protein the level
of which gradually increases during and after surgery
in response to a surgical trauma and the use of ECC.
The increased concentration of D-dimer and pro-
thrombin fragment 1 + 2 together with increased
thrombin production indicate that the hypercoagu-
lable state develops up to 5 days after cardiac sur-
gery. The combination of these two factors (hyper-
coagulable state and the use of fibrinogen concen-
trates) can increase the risk of thromboembolic com-
plications in the postoperative period. Therefore,
adequate anticoagulant and (or) antiaggregation
therapy to prevent the occurrence of thromboem-
bolic complications in the postoperative course is ne-
cessary, especially in patients who do not receive
vitamin K antagonists, even in patients without prior

bleeding. A delicate balance between bleeding and
hypercoagulable states must be maintained. The use
of POC evaluation can provide a quicker and more
complete insight into this delicate balance, creating
more individualized treatment oriented to each pa-
tient in particular. A large variation in the patient's
sensitivity to the use of clopidogrel often results in
very different individual results before surgery, which
requires further use and determination of the POC
before, during and after cardiac surgery. An indivi-
dual approach oriented to each patient can contri-
bute to the reduction of perioperative and postope-
rative blood loss and minimizes the need for trans-
fusion to a minimum (42).

Transfusion of red blood cells is common in
cardiac surgery. The percentage of patients receiving
blood transfusion during the perioperative period
varies in literature: from 95%, up to 10 years ago,
to 49% of CABG patients over the past few years.
Blood transfusion can improve systemic transport
and distribution of oxygen, relieve regulation of va-
somotor response, improve delivery of oxygen to the
myocardium. On the other hand, there are data in
the literature that indicate that transfusion damage
is probably more serious than it has been valued so
far and that blood transfusions are used more often
than necessary (43). Even transfusion of one blood
unit is associated with a significant risk of serious
postoperative morbidity, the immediate goal should
be to avoid transfusion whenever possible and not to
apply it just to treat low hemoglobin levels, which is
a common practice in over 50% of all patients re-
ceiving transfusion. Traditional concern over transfu-
sion of blood and blood derivatives is reduced to the
possibility of transmitting viral and bacterial infecti-
ons or the occurrence of haemolytic reactions, which
is rarely occurring. However, immunosuppression,
lung damage, or dysfunction of the organs can occur
with each recipient. Recently, Cleveland Clinic inves-
tigators have found that the administration of ery-
throcytes that have been stored for a longer period
(> 14 days) is independently associated with an
increased risk of complications and increases the
estimated risk of death (30). This happens because
the erythrocytes over time develop lesions and rele-
ase cytokines, cell membranes fragment and release
hemoglobin and free oxygen radicals. Obviously,
there is a challenge to determine the circumstances
in which transfusion is used. Unfortunately, the exi-
sting evidence is scarce, and the existing guidelines
and recommendations are based on a low level of
evidence. Assuring doctors to change their practice is
not an easy task and an appropriate clinical assess-
ment is used as a justification for transfusion.

Numerous strategies exist to minimize the
need for a transfusion of blood and blood products in
the perioperative period.

Some of the existing guidelines recommend:
discontinuation of preoperative application of antith-
rombotic drugs, applying a restrictive attitude about
the level of hemoglobin requiring red blood cell tra-
nsfusion, the application of intraoperative blood sav-
age techniques, and offpump CABG as one of the of
surgical techniques that can reduce bleeding in the
postoperative course. The study we conducted show-
ed that using the POC and Rotem methods in the
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preoperative and postoperative period, can reduce
postoperative bleeding to an acceptable level that in
most patients does not require the use of blood and
blood derivative transfusion. Antiagregation therapy
was stopped before surgery and was re-administered
after taking drains out. Reinfusion of the remaining
blood at the end of the CPB and the use of the Cell
Saver system were applied to all patients involved in
our study. But perhaps most importantly, doctors
should be encouraged to use a restrictive hemoglo-
bin compensation model, which is also recommend-
ed in special guidelines: patients should be given
blood transfusions when hemoglobin is less than 7 g
/ dL, where transfusion is not indicated for improving
oxygen transport and when the hemoglobin concen-
tration was higher than 10 g / dL. About 20% of all
CABG operations are in off-pump technique. The use
of CPB during CABG is associated with more harmful
effects, including hemodilution, activation of coagula-
tion factors, and a decrease in the number and func-
tion of platelets, leading to coagulopathy that can
lead to extensive bleeding and the need for massive
blood transfusions. Because of this, off-pump proce-
dures would be expected to lead to a reduction in
the incidence of postoperative complications, and are
also recommended to reduce the need for trans-
fusion. However, in our study, we did not notice the
significant differences between individual patient
groups in whom increased bleeding could be expect-
ed in the intra and postoperative period. The humber
of platelets and their function was tracked at 8 dif-
ferent time points. Our study did not show that there
was statistically significant correlation between indi-
vidual groups of patients compared to basic bioche-
mical and inflammatory parameters with the number
and function of platelets. There has been a decrease
in platelet counts intraoperatively, and a gradual in-
crease in their number in the immediate postope-
rative period. Increased perioperative bleeding was
associated only with a reduced number and platelet
function as well as elevated ACT rates.

The only parameter in our study that was as-
sociated with increased postoperative drainage was
increased preoperative value of INR. In our study,
only 4 patients (14.28%) received platelets while 12
patients received a blood supply (42%), an average
of 583 ml. We didn't have any reintervention be-
cause of bleeding. Our study could not show inde-
pendent prognostic factors of greater postoperative
drainage compared to the classic operational para-
meters that are being monitored (aortic cross-clamp
and ECC time...), nor in relation to the parameters of
inflammation.
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Conclusion

Based on the conducted research and the ob-
tained results, it can be concluded:

- Surgical myocardial revascularization is a
safe technique with a minimum morbidity rate.

- By using of modern methods for preope-
rative hemostasis monitoring (Multiplate, Rotem),
the risk of postoperative bleeding can be significantly
reduced, as well as the need for transfusion of red
blood cells and other blood derivatives.

- The only preoperative independent prognos-
tic parameter for increased postoperative drainage
was INR.

- ACT was an independent postoperative pro-
gnostic parameter of increased postoperative drain-
age, probably due to delayed or prolonged heparin
activity

- Inflammation parameters did not show asso-
ciation with the occurrence of postoperative compli-
cations.

- Diabetes was significantly more common in
patients without bleeding. The same conclusion was
for patients with higher BMI.

- In patients with bleeding significantly higher
values of urea and the difference in APTT preope-
ratively and at the end of the follow-up period were
detected compared to patients without bleeding.

- Multivariate logistic regression analysis con-
firmed the difference in APTT values preoperatively
and at the end of the monitoring period, as the only
factor significantly associated with the risk of bleed-
ing.

- Correlation analysis showed that the incre-
ased values of total allogeneic transfusion were sig-
nificantly associated with the elevated values of urea
and increased differences in APTT and CK MB values
preoperatively and at the end of the follow-up pe-
riod.

- Multivariate linear regression analysis con-
firmed the urea value as the only factor significantly
associated with the change in the total transfusion
value. The increase in urea levels is associated with
the increase in the total amount of allogeneic trans-
fusion.

- The correlation analysis showed that the in-
creased number of days in the intensive care was
significantly associated with female gender, high
number of grafts and prolonged ECC and aortic cross
-clamp time, HCT, PT, and INR values preoperatively
and at the end of the follow-up period.
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Hirurska revaskularizacija miokarda predstavlja jednu od najcesce izvodenih hirurskih
procedura u svetu. Vremenom, razvojem tehnologije i savremenih dijagnostickih postupaka
kao i unapredenjem hirurske tehnike, stopa smrtnosti kod elektivnin nekomplikovanih slu-
Cajeva pala je na ispod 2%. Ipak, i pored izuzetnog razvoja hirurSke metode, stopa post-
operativnih komplikacija koje mogu ugroziti bolesnike krece se i preko 10%. Cilj ovog istra-
Zivanja bio je da se definiSe grupa bolesnika sa povecanim rizikom od postoperativnih kom-
plikacija u zavisnosti od poremecaja koagulacionog statusa i hemostaze.

Sprovedeno je prospektivno, nerandomizovano istrazivanje koje je obuhvatilo 28 bole-
snika koji su podvrgnuti hirurskoj revaskularizaciji miokarda u Klinici za kardiohirurgiju KC Nis
od januara do aprila meseca 2017. godine. Preoperativno, kao i tri sata, 24 sata, 48 sati, tri
dana i pet dana postoperativno, odredivani su slede¢i parametri: krvna slika, parametri infla-
macije (C reaktivni protein, presepsin); koagulacioni status (protrombinsko vreme, Interna-
tional Normalized Ratio, aktivisano parcijalno tromboplastinsko vreme, fibrinogen, anti-trom-
bin III, D dimer).

Jedini preoperativni nezavisni prognosticki parametar povecane postoperativne drenaze
bio je INR. ACT je bio nezavisni postoperativni prognosticki parametar povecane postopera-
tivne drenaZe verovatno zbog odloZenog ili protrahovanog dejstva heparina. Parametri infla-
macije nisu pokazali povezanost sa nastankom postoperativnih komplikacija. U odnosu na
bolesnike bez krvarenja, kod onih sa krvarenjem evidentirane su znac¢ajno vise vrednosti uree
i razlike vrednosti APTT preoperativno i na kraju perioda pracenja. Multivarijantna logisticka
regresiona analiza je kao jedini faktor znacajno povezan sa rizikom za nastanak krvarenja
potvrdila razliku vrednosti APTT preoperativno i na kraju perioda pracenja. Multi-varijantna
linearna regresiona analiza je kao jedini faktor znacajno povezan sa promenom vrednosti
ukupno date alogene transfuzije potvrdila vrednost uree. Povecanje nivoa uree povezano je sa
porastom vrednosti ukupno date alogene transfuzije. Korelaciona analiza je pokazala da je
povecan broj dana boravka u intenzivnoj nezi bio znacajno povezan sa zenskim polom, pove-
¢anjem broja graftova i povisenim vrednostima trajanja EKK, vremena klemovanja, vrednosti
HCT, PT, INR preoperativno i na kraju perioda pracenja.

Hirurska revaskularizacija miokarda je bezbedna i sigurna metoda sa minimalnom
stopom morbiditeta. Primenom savremenih metoda za preoperativhi monitoring hemostaze
moze se znacajno smanijiti rizik postoperativhog krvarenja i smanijiti potreba za transfuzijom
crvenih krvnih zrnaca i drugih derivata krvi.

Acta Medica Medianae 2019,58(1):64-81.
Kljucne reci: kardiohirurgija, koagulacioni status, parametri inflamacije, faktori
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SEVERE KETOACIDOSIS IN A NEWLY DIAGNOSED PATIENT WITH

TYPE 2 DIABETES AND METABOLIC SYNDROME
Vojislav Ciri¢i2

Diabetic ketoacidosis (DKA) is well-known complication of type 1 diabetes, however, its
presence is increasingly recognized in type 2 diabetes patients, even as initial presentation.
Case report Male patient, 54 years old, was hospitalized due to newly diagnosed type 2 dia-
betes (BG 21,3 mmol/l, HbAlc 10.5%) accompanied with severe diabetic ketoacidosis (pH
7.00, base excess -24,6, serum bicarbonate 6,7 mEg/l). The patient was obese (BMI 35),
hypertensive (160/90 mmHg), with extreme dyslipidaemia (TC 25,22 mmol/l, HDL 2,45
mmol/I, TG 31,21 mmol/l). During hospitalization, the patient was diagnosed with acute pan-
creatitis, cholelithiasis, GERD, and hepatic steatosis. The patient was treated with rehydration,
intravenous insulin infusion, antibiotic therapy, proton pump inhibitor, antihypertensive therapy
(ACE inhibitor and beta blocker), and dietary restriction. The patient was discharged with NPH
insulin once daily, metformin, PPI, ACEi, BB and statin. Six months later BMI was 30,2, FBG 6,2
mmol/l, HbAlc 5.6%, TC 3,91 mmol/l, HDL 1,19 mmol/I, LDL 2.27 mmol/l, TG 0.99 mmol/I,
amylase 78, CRP 6,9 mg/I, BP 130/80 mmHG. Seven months later laparoscopic cholecystec-
tomy was done, and nine months later insulin therapy was discontinued. The weight, glycaemic
control, lipid status and blood pressure remained stable during follow up of 24 months. The
patient continues with metformin, statin, ACEi, and BB. Conclusion In newly diagnosed type 2
diabetes DKA could be from constant hyperglycaemia (glucose toxicity) and the presence of
stressors that cause increase lipolysis due to counterregulatory hormones. Majority of patients

are able to discontinue insulin after the resolution of DKA.
Acta Medica Medianae 2019,58(1):82-86.
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Introduction

Diabetic ketoacidosis (DKA) is a well known
complication of type 1 diabetes mellitus, however, its
presence is increasingly recognized in type 2 diabe-
tes patients, even as the initial presentation of type 2
diabetes. DKA is characterized by hyperglycaemia,
ketosis and metabolic acidosis (increased anion gap)
along with a number of secondary metabolic deran-
gements (1). DKA results from absolute or relative
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insulin deficiency which is inadequate to prevent ke-
tosis combined with counteregulatory hormone ex-
cess (2). Hyperglycaemia results from three proces-
ses: increased glyconeogenesis, accelerated glycoge-
noliysis and impared glucose utilization in peripheral
tissues (3). This is magnified by transient insulin re-
sistance due to hormone imbalance itself as well as
the elevated free fatty acids (4). The combination of
insulin deficiency and increased counterregulatory
hormones in DKA leads to release of free fatty acids
from adipose tissue (lipolysis) and to unrestrained
hepatic fatty acid oxidation in the liver to ketone
bodies (5). The most common precipitating factors
are infections, inadequate insulin therapy, pancrea-
titis, myocardial infarction and illicit drug use (6).

The rate of hospitalization due to DKA among
adults in USA in 2014 is 7,7 per 1000 persons with
diabetes (168,000 discharges) (7). DKA is the most
common cause of death in children and adolescents
with type 1 diabetes (8). The mortality rate in adults
is < 1%, however, a mortality rate >5% is reported
in elderly and in patients with concomitant life-threa-
tening diseases (9).

Diagnostic criteria for DKA are shown in Table 1.

www.medfak.ni.ac.rs/amm



Severe ketoacidosis in a newly diagnosed patient with type 2...

Vojislav Ciri¢

Table 1. Diagnostic criteria for DKA (2)

Mild DKA Moderate DKA Severe DKA
(plasma glucose > (plasma glucose > (plasma glucose >
13,9 mmol/l) 13,9 mmol/I) 13,9 mmol/l)
Arterial pH 7.25-7.30 7.00 to <7.24 < 7.00
Serum bicarbonate (mEg/I) 15-18 10 to < 15 <10
Urine ketone Positive Positive Ppositive
Serum ketone Positive Positive Positive
Serum osmolality Variable Variable Variable
Anion gap > 10 > 12 > 12
Mental status Alert Alert/drowsy Stupor/coma

Treatment of DKA includes replacement of flu-
ids, administration of short-acting insulin IV, repla-
cement of K+, bicarbonate or phosphate supplemen-
tation. Frequent assessment of the serum electroly-
tes (K, Na, Mg, ClI, bicarbonates, phosphates), acid-
base status, renal function is necessary, as well as
monitoring of blood pressure, pulse, respirations,
mental status, fluid intake and output (2).

Case report

In January 2016, male patient, aged 54, was
admitted to the Clinic for Endocrinology, Diabetes
and Metabolic Diseases of Clinical Center NiS, due to
newly diagnosed type 2 diabetes mellitus accompa-
nied with severe diabetic ketoacidosis. The patient
complains of symptoms that last for about ten days,
including thirst, dry mouth, frequent urination, fa-
tigue, nausea, vomitus, loss of appetite. The patient
reported that he was being treated for hypertension
for 25 years (ACE inhibitor, beta blocker), also re-
ported that he was overweight for about 15 years.
There was a positive family history of diabetes (the
mother suffered from type 2 diabetes). The patient is
a former smoker (he had smoked 30 years ago) and
uses no alcohol.

Physical examination showed signs of dehyd-
ration, tachycardia (122/min), hypertension (160/90

mmHg), dyspnea, diffusely painfully sensitive abdo-
men, obesity (weight 124kg, height 188cm, BMI
35.1).

Laboratory report revealed diabetes mellitus
with highly elevated glycaemic parameters (blood
glycose 21.3 mmol/l, HbAlc 10.5%) and metabolic
acidosis (pH 7,00, serum bicarbonates 6.7 mEq/|,
anion gap -24.6). Other clinically significant results
included extreme dyslipidaemia (total cholesterol
25.22 mmol/l, HDL cholesterol 2.45 mmol/I, triglyce-
rides 31.21 mmol/l), elevated amylases (459 IU/I),
elevated lypases (903 IU/I), elevated inflammation
parameters (CRP 106.7 mg/l, WBC 14,0). Electrolytic
status was normal.

Additional diagnostic methods have been ap-
plied. Esophagogastroduodenoscopy showed esopha-
phagitis grade B of the distal part of esophagus. Ab-
dominal ultrasound showed hepatic steatosis, chole-
lythiasis (gallblader calculi up to 13 mm) and incre-
ased echogenicity of the pancreatic head.

The patient was treated with rehydration, in-
travenous insulin infusion, antibiotic therapy, proton
pump inhibitor and antihypertensive therapy (ACE
inhibitor and beta blocker) and dietary restriction.
After the resolution of DKA, NPH insulin was intro-
duced.

Table 2. Regular control six monts later

Parameters Six months later Baseline
BMI (kg/m?) 30.2 (}) 35.1
FBG (mmol/I) 6.2 (1) 21.3
HbA1lc (%) 5.6 (}) 10.5
Total cholesterol (mmol/I) 3.91 (}) 25.22
LDL cholesterol (mmol/I) 2.27 -
HDL cholesterol (mmol/I) 1.19 () 2.45
Triglycerides (mmol/I) 0.99 (1) 31.21
Amilases (IU/I) 78 (1) 459
CRP (mg/I) 6.9 (1) 106.9
BP (mmHg) 130/80 (}) 160/90
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Table 3. Regular controls up to 24 months

Parameters 12 months 18 months 24 months
BMI (kg/m?) 29.1 28.5 29.5
FBG (mmol/I) 5.5 5.9 5.9
HbA1lc (%) 5.2 5.6 5.8
Total cholesterol (mmol/I) 3.56 3.95 3.93
LDL cholesterol (mmol/I) 1.58 1.87 1.89
HDL cholesterol (mmol/l) 1.37 1.32 1.35
Triglycerides (mmol/I) 1.35 1.68 1.52
BP (mmHg) 120/80 130/70 120/70

The patient was discharged 11 days later with
significant improvement in glycaemic control and
without any subjective symptoms. The patient was
discharged with NPH insulin once daily, metformin,
PPI (pantoprazole), ACEi (ramipril), BB (bisoprolol)
and statin (atorvastatin).

The patient came to regular check-ups and
was compliant with dietary requirements and perfor-
med the moderate-intensity physical activity. The
patient performed regular SMBG (self -monitoring of
blood glucose). At control after 6 months a weight
loss was obvious, parameters of glycaemic control
were much better, hyperlipidaemia and hypertension
were satisfactorily controlled, there were no elevated
inflammation markers. Relevant parameters are pre-
sented in Table 2.

Seven months later laparoscopic cholecystec-
tomy was done, and nine months later insulin the-
rapy was discontinued. The patient continued with
metformin, atorvastatin, ACEi and BB. The weight,
glycemic control, lipid status, and blood pressure re-
mained stable up to 24 months, as shown in Table 3.

Discussion

Insulin is known to inhibit glyconeogenesis
and glycogenolysis and to enhance glucose uptake in
peripheral tissues. However, in insulin-resistant sta-
tes glucose output from the liver is increased (10).
In insulin-resistant states the body still remains sen-
sitive to antilypolytic effect of insulin. There are data
suggesting that the amount of insulin required to
prevent lipolysis is one-tenth of that required for glu-
cose utilization (11). This is the reason why it had
been thought that patients with type 2 diabetes did
not develop ketoacidosis (type 2 diabetes is a predo-
minantly a disease of increased insulin resistance, so
residual beta cell function in these patients could
produce enough insulin to prevent ketogenesis but
not to satisfy glucose metabolism requirements).

The occurrence of DKA in type 2 diabetes is
thought to be due to coexisting stressors, predo-
minantly infections. Other reported causes include
myocardial infarction, cerebrovascular accidents, an-
tipsychotic usage, malignancy, poor compliance with
medication etc (2, 12). Sometimes no stressors can
be found and it can be the initial presentation of type
2 diabetes (13).

The occurrence of DKA in type 1 diabetes is
due to the presence of insulinopaenia. A similar me-
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chanism can occur in long-standing type 2 diabetes
due to complete loss of beta cell function. However,
this is not always the case as same patients present
within a few years from diagnosis or at the time of
diagnosis, when complete beta cell dysfunction is un-
likely (12). The cause could be relative insulin defi-
ciency that comes from constant hyperglycaemia as
the result of poor control and the presence of stres-
sors that cause increased lypolysis due to counter
regulatory hormones (glucagon, cortisol, growth hor-
mone) (14). Hyperglycaemia itself reduces insulin
secretion and glucose removal by down-regulating
glycose transporter systems and even reducing insu-
lin gene transcription (mechanisms known as gluco-
se toxicity) (15).

DKA in type 2 diabetes tends to be less severe
and potassium level is more likely to be normal (12).
Type 2 diabetes patients with DKA tend to have ty-
pical insulin resistance features (large body habitus,
acantosis nigricans), positive family history, no auto-
immune markers, and may require larger insulin do-
ses to correct hyperglycaemia (15). The majority of
patients with DKA and newly diagnosed type 2 dia-
betes are able to discontinue insulin after the acute
episode and to continue with oral antidiabetic the-
rapy (up to 66% in some studies) (16). This may be
related with beta cell recovery after the resolution of
the acute hyperglycemic episode (17). The import-
ance of recognizing DKA as the feature of type 2
diabetes lies in this finding, ensuring that patients
are not unnecessarily continued with insulin and pro-
viding significant cost, economic and emotional bene-
fit to patients (17).

Some aspects of our case are in accordance
with literature data. The patient had features of in-
sulin resistance (obesity, metabolic syndrome, hepa-
tic steatosis). Hyperglycemia was long and uncontro-
lled (HbAlc 10.5%), most likely leading to further
beta cell dysfunction (glucose toxicity). Coexisting
stressor was identified (cholecystitis, pancreatitis).
After the resolution of DKA, the patient experienced
satisfactory glycaemic control with NPH insulin and
metformin, being compliant with the dietary regimen
and performing regular physical activity. The insulin
could be discontinued earlier, but this therapeutic
approach was continued probably due to expected
surgical intervention. After the surgery insulin was
discontinued and the patient remained off insulin for
more than a year without any worsening of glycemic
control, enabling him to lose some more weight.
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TESKA DIJABETICKA KETOACIDOZA KOD BOLESNIKA SA
NOVOOTKRIVENIM DIJABETESOM TIPA 2 I
METABOLICKIM SINDROMOM
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Dijabeticka ketoacidoza (DKA) je dobro poznata komplikacija dijabetesa tipa 1, ali nje-
no postojanje se sve vise prepoznaje kod bolesnika sa dijabetesom tipa 2, ¢ak i kao inicijalna
prezentacija. Bolesnik muskog pola, star 54 godine, hospitalizovan je zbog novootkrivenog
dijabetesa tipa 2 (glikemija 21,3 mmol |, HbAlc 10,5%) pracenog teskom dijabetickom
ketoacidozom (pH 7,00, bazni eksces -24,6, serumski bikarbonat 6,7 mEg/I). Bolesnik je bio
gojazan (BMI 35), hipertenzivan (160/90 mmHg), sa ekstremnom dislipidemijom (TC 25,22
mmol/l, HDL 2,45 mmol/l, TG 31,21 mmol/l). Tokom hospitalizacije mu je dijagnostikovan
akutni pankreatitis, holelitijaza, GERB i hepati¢na steatoza. LeCen je rehidratacijom, intra-
venskom infuzijom insulina, antibiotskom terapijom, inhibitorom protonske pumpe, anti-
hipertenzivhom terapijom (ACE inhibitor i beta blokator), kao i restriktivhom dijetom. Bolesnik
je otpuévten sa propisanom terapijom: NPH insulin jednom dnevno, metformin, PPI, ACEi, BB i
statin. Sest meseci kasnije, BMI je bio 30,2, glikemija naste 6,2 mmol/l, HbAlc 5,6%, TC
3,91 mmol/l, HDL 1,19 mmol/l, LDL 2,27 mmol/l, TG 0,99 mmol/l, amilaza 78, CRP 6,9 mg/|,
TA 130/80 mmHg. Sedam meseci kasnije obavljena je laparoskopska holecistektomija, a de-
vet meseci kasnije prekinuta insulinska terapija. Glikoregulacija, telesna tezina, krvni pritisak i
lipidni status ostali su stabilni tokom pracenja od 24 meseca. Bolesnik nastavlja sa metformi-
nom, atorvastatinom, ACEi i BB. Zaklju¢ak je da novodijagnostikovani dijabetes tipa 2 DKA
moZe nastati usled konstantne hiperglikemije (glukotoksicnost) i prisustva stresora koji uzro-
kuju ubrzanu lipolizu usled povecanja kontraregulatornih hormona. Vecina bolesnika mogu da
prekinu insulinsku terapiju nakon korekcije DKA.

Acta Medica Medianae 2019;58(1):82-86.
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COMPARATIVE RESONANCE FREQUENCY ANALYSIS OF THE PRIMARY

STABILITY AT DIFFERENT DENTAL IMPLANT DESIGNS

Mirko Miki¢!, Branko Mihailovi¢?, Dejan Dubovina?, Milan Miladinovié?,
Aleksandar Miti¢3, Zoran Vlahovié?

Primary implant stability appears to be a prerequisite for successful osseointegration of
dental implants. Different factors may contribute to initial implant stability, and these include
implant design, surgical technique and bone quality.

The aim of this study was to determine the effect of different macro design on primary
stability, and the evaluation of primary stability relative to the percentage contact surface of the
implant and bone.

The research was conducted in vitro, with pig ribs as analogue of human bone (cortical
thickness 2 mm, non-self taping implants Nobel Biocare Replace 3.5x10 mm and self-tapping
implants Bredent 3.5x10 mm. The primary stability was measured with Osstell mentor instru-
ment and Student’s t-test was used for statistical data processing.

The average value of primary stability after three measurements with 5mm contact of
bone and non-self tapping for Nobel Biocare is 30 ISQ. In self-tapping Bredent implants, the
ISQ values were 42 ISQ. When the contact with the bone was on 10 mm, the following average
values of primary stability were recorded: Nobel Biocare 70 ISQ, and Bredent 72 1SQ. Chi-
square test (p < 0.05) showed that there is a statistically significant difference in the values of
primary stability in implants with different designs.

Implant design plays an important role in achieving adequate primary stability. In this
study, there were statistically significant higher values of primary stability recorded in self-
tapping compared to non-self-tapping implants at the 5mm depth, thus recommending it for

immediate placement.

Acta Medica Medianae 2019;58(1):87-92.

Key words: primary stability, resonance frequency analysis, implants
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Introduction

Osseointegration is a prerequisite for achiev-
ing success in implant therapy, while the primary
stability of the implant is marked as a precondition
for achieving osseointegration (1). Also, some au-
thors state that the primary stability can be used to
evaluate and predict the osseointegration success (2,
3). Numerous factors affect the primary stability of
the implant, but the following three are the most
important: implant design, surgical implantation te-
chnique, and the quality and quantity of bone (4).
Macro design of implants plays an essential role in

www.medfak.ni.ac.rs/amm

achieving adequate primary stability (5). Macro de-
sign entails the implant shape and thread design, as
well as the depth, width, density, angle and shape of
the thread. The difference between macro-design of
self-tapping and non-self-tapping implants is parti-
cularly noteworthy. Some studies show that in lower
bone density, type 3 and type 4 of bone types, ac-
cording to the classification of Lekholma and Zarb
(6), use of an example of self-tapping implants in
combination with different preparation of site prepa-
ration can achieve better primary stability compared
to standard surgical technique with non-taping im-
plants (7). Under certain conditions, implants placed
by immediate method can be regarded as an attrac-
tive substitute compared to classic single-phase or
two-phase delayed application techniques (8), and
achieving adequate primary stability is stated as a
basic parameter for evaluation of success (9).

Aim

The aim of the study was to compare reso-
nance frequency analysis differences in the primary
stability of different implant designs with type 3 and
type 4 bone, as well as to assess the difference in
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primary stability in comparison to the percentage
contact between the implant and bone.

Materials and methods
Bone

The research was conducted under in vitro
conditions, pig ribs with equal cortical thickness of 2
mm (10, 11) were used as a skeletal model of the
human upper jaw (bone density types 3 and 4 ac-
cording to the classification of Lekholma and Zarb).

All samples were obtained from experimental
animals - males (due to higher bone density analo-
gue to human density), six month old and weighing
120 kg. The samples were taken from a local slaugh-
terhouse. In order to preserve and cause minimal
changes in the physical properties of bones, samples
were prepared according to the protocol published
by Sedline and Hirsch, which means that bone was
kept moist, whilst being kept in the saline solution
frozen at -10°C, and it was used in the period of 3 to
4 weeks (12, 13).

Twenty samples were used for the purpose of
this study.

Implants

In this research, we used 10 cylindrical non-
self-tapping Nobel Biocare Replace implants with
dimensions 3.5x10 mm, and 10 self-tapping im-
plants Bredent diameter 3.5x10 mm.

Measurement of primary stability

Primary implant stability is measured by reso-
nance frequency Osstell mentor instrument.

The method of resonant frequency analysis
(RFA - Resonance Frequency Analysis) represents a
non-invasive diagnostic method that enables the
measurement of clinical implant stability and moni-
toring biological response of tissues, as well as os-
seointegration in the function of time. The method
that analyses the resonance frequency uses sophi-
sticated technology with computer-based measure-
ment of the resonant frequency, which is determined
by two parameters: the degree of bone density at
the intermediate implant - bone, and the level of
marginal alveolar bone around the transducer (14).

The measured amplitude of the resonance
frequency is displayed numerically and graphically on
the analyser, and its maximum value represents the
stability of the implant quantified through ISQ units
(implant stability quotient units) which is the stability
coefficient of the implant. The resulting value in the
ISQ units reflects the rigidity of the system trans-
ducer - implant - bone and calibration parameters of
the transducer. Its measures scale from 0 ISQ (3500
Hz) to 100 ISQ units (8500 Hz), where the higher
value of ISQ indicates stronger implant stability. The
method is non-invasive and comfortable for patients
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since it does not cause painful sensations and takes
1 to 2 seconds (13, 14).

Osstell is representative of the RFA technique,
which was first tested in 1997. Instruments include
an Osstell transducer and Osstell analyzer connected
to a PC, or standalone. The transducer is either S-
shaped or L shaped screw (SmartPeg) and screwing
firmly positioned on the implant or its superstructure
(a force from 4 to 5 N/cm?), and it is composed of
two piezo ceramic transducers. High energy pulse
like sinusoidal pulse oscillation continuously excites
the implant to record the mechanical vibrations of
the intermediate zone of the implant and bone (13,
14).

The research was conducted in two phases
Phase I

The first phase included the preparation of im-
plants sites in bone with standard surgical technique
using the drill as recommended by the manufactu-
rer's protocol. After that, the implants are embodied
in the bones at the 5mm depth, which provides con-
ditional percentage contact of implants and bone of
50% (Figure 1). All implants are set to prepared be-
aring mechanic by using the force of 35 N/cm? fixed
on phisiodispenser Bien Air Chiropo 980.

SmartPegs are placed on the implants and,
according to the recommendation from the manufac-
turer, primary stability is measured from four diffe-
rent directions with the help of an Osstel mentor in-
struments, with mean value being the reference va-
lue. (Figure 2)

In this way, we simulated immediate placing
of implants in cases when surface of implants has no
full contact with bone wall side of post-extraction al-
veoli.

Phase II

The second phase of the study included the
preparation of the implant site and their placing at its
full length of 10 mm, which provides conditional con-
tact between the implant and the bone of 100%.

SmartPeg is placed on the implants and acco-
rding to the recommendation from the manufactu-
rer, primary stability is measured from four different
directions with the help of an Osstel mentor instru-
ments, with mean value as the reference value.
(Figure 2)

SmartPegs are placed on the implants and pri-
mary stability is measured from four different direc-
tions with the help of an Osstell mentor instruments,
with mean value as the reference value.

Statistical analysis

The Student’s t-test was used for statistical
data analysis and comparative analysis of the aver-
age value of the primary stability between self-tap-
ping and non self-tapping implants.
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Figure 1.

Results

In the first phase of the study, the average
value of primary stability in non-self-tapping imp-
lants was 30 ISQ (Graph 1). On the other hand, the
average value obtained in the self-tapping implants
varied significantly compared to non-self-tapping im-
plants, and its value was 42 ISQ. Comparative ana-
lysis by Student's t-test showed a statistically signi-

45
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35

ficant difference in stability between primary stability
between self-tapping and non-self-tapping implants.

In the second phase of the study, approxima-
tely the same values have been recorded: i.e. 70
ISQ, on average. The comparative analysis made by
Student's t-test showed that there was no statisti-
cally significant difference in primary stability be-
tween different implantation systems and macro de-
sign of implants (Graph 2).
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Graph 1. Values of primary stability at a depth of 5 mm
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Graph 2. Values of primary stability at a depth of 10 mm

Discussion

Numerous studies have shown that the design
of the implant plays an important role in achieving
good primary stability. Also, the primary stability de-
pends on the quantity and quality of available bone
tissue, depending on the localization and individual
dispositions (11, 13, 15, 16). Studies on human ca-
davers showed that the value of the primary stability
of 12 mm length implant into the region of the ex-
tracted lower premolars and immediate implants
amounted to an average of 69 ISQ (ranging between
64 and 73) (15).

However, a particular problem was to achieve
adequate primary stability in the region of the upper
lateral sector where is the bone type 3 and type 4
according to the classification of Leksholma and Zarb,
bone dominated by spongiosa with a thin cortical
layer of compact (11). The researches show that
better primary stability can be achieved with the use
of self-tapping implants in combination with lateral
and apical bone condensation in low bone quality
cases (6). In our study, the values of primary sta-
bility do not significantly differ compared to macro
design of implants when the percentage contact of
the implant and the bone was 100%, and when im-
plants were built to their full 10 mm length using
standard surgical installation techniques.
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Regarding the immediate implant placement,
the problem is to achieve adequate primary stability
due to the difference in the shape of implants and
alveolus of the extracted tooth during, where it is
impossible to achieve full contact between the im-
plant and the bone. In self-tapping implants, there
are vertical cuts in the apical third that enable the
implant without taps. Also, bone splinters, occurring
during twisting, were used for greater implant-bone
contact (8, 9).

In our study, due to percentage contact be-
tween the bone and the implant of 50%, when the
implants were built to a 5 mm depth, the obtained
values of primary stability are statistically signifi-
cantly different in self-tapping compared to non self-
tapping implants.

Conclusion

Macro design plays an important role in achi-
eving adequate primary stability. This study recorded
statistically significant higher values of primary sta-
bility in self-tapping compared to non-self-tapping
implants in the contact between the implant with the
bone of 50% in percentage terms, which in turn re-
commends this macro design during instalment of
immediate implants when the contact of the implant
with bone tissue is not complete.
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Primarna stabilnost implantata oznacena je kao preduslov i jedan od faktora procjene
postizanja uspjeSne oseointegracije. Vise faktora utice na primarnu stabilnost od kojih su tri
najznacajnija: dizajn implantata, hirurska tehnika ugradnje i kvalitet koStanog tkiva.

Cilj ovog rada bio je odrediti uticaj razlicitog makrodizajna na primarnu stabilnost
implantata, kao i procjenu primarne stabilnosti u odnosu na procentualni kontakt povrsine
implantata i kosti.

Studija je sprovedena u in vitro uslovima, a kao analog humane kosti u istraZivanju su
koriS¢ena svinjska rebra kortikalnog sloja debljine 2 mm, cilindri¢ni neurezujuéi implantati
marke Nobel Biocare Replace 3,5x10 mm i samourezujuci implantati marke Bredent dimenzija
3,5x10 mm. Primarna stabilnost implantata mjerena je metodom rezonantne frekvencije
Osstell mentor aparatom, a za statisticku obradu podataka primijenjen je Studentov t-test.

Prosjecne vrijednosti primarne stabilnosti nakon tri mjerenja na dubini od 5 mm kod
neurezujuéih Nobel Biocare iznosila je 30 ISQ. Kod samourezujucih Bredent implantata vre-
dnosti su bile 42 ISQ. Na dubini od 10mm izmjerene su sledeée prosjecne vrijednosti primar-
ne stabilnosti: Nobel Biocare 70 ISQ i Bredent 72 ISQ. Studentovim t-testom (p < 0,05) utvr-
deno je da postoji medusobno statisticki znacajna razlika u vrijednostima primarne stabilnosti
kod razli¢itog dizajna implantata.

Dizajn implantata igra bitnu ulogu u postizanju adekvatne primarne stabilnosti. U ovoj
studiji izmjerene su statisticki znacajne vise vrijednosti primarne stabilnosti kod samourezu-
jucih u odnosu na neurezujuce implantate na dubini od 5 mm, sto ih preporucuje kod imedi-
jantne ugradnje.

Acta Medica Medianae 2019;58(1):87-92.

Kljucne reci: primarna stabilnost, rezonantna frekvencija, implantati
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INTERINDIVIDUAL AND INTRAINDIVIDUAL PHARMACOKINETIC
VARIABILITY OF TACROLIMUS WITHIN THE FIRST YEAR AFTER RENAL
TRANSPLANTATION: EFFECT OF CYP3A5 GENE POLYMORPHISM
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The aim of this study was to evaluate potential influence of cytochrome P450 3A5
(CYP3A5) 6986A>G gene polymorphisms on inter- and intravariability (IPV) in tacrolimus (Tac)
exposure within the first year after renal transplantation. Secondary, we aimed to analyze the
change in distribution of patients regarding IPV between early (<6 months) and late post-
transplant period (>6 months). The study enrolled 91 renal transplant recipients, who were on
Tac-based immunosuppressive protocol. Dose-adjusted concentration (CO/D) of Tac was used
as a measure of Tac exposure, while coefficient of variation (CV%) and mean absolute
deviation (MAD%) of CO/D as IPV parameters. Individuals carrying CYP3A5*1/*3 genotype had
lower CO/D than CYP3A5*3/*3 carriers within the entire observation period (p < 0.01). The
study reported higher IPV in a period of 1-6 months compared to a period of 7-12 months post-
transplant, for CV% and MAD% (p < 0.05). The results showed that there was no difference in
IPV regarding CYP3A5 genotype. Considering CV%, 32% and 24% of the patients had high IPV
(above 30%) in the first and second half of the first post-transplant year, respectively.
Analyzing the MAD%, 13% and 7% of the patients had high variability of Tac exposure in the
first and second half of the first year, respectively. This study confirms that the CYP3A5 gene
polymorphism contributes to the interindividual, but not in intraindividual, variability in Tac

exposure within the first post-transplant year.

Acta Medica Medianae 2019;58(1):93-101.

Key words: CYP3A5, renal transplantation, tacrolimus, interindividual
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Introduction

Tacrolimus (Tac) is widely used as part of the
most immunosuppressive protocols after renal trans-
plantation (Tx). Its clinical use is complicated by la-
rge interindividual pharmacokinetic variability and
chronic nephrotoxicity, which may lead to graft loss

www.medfak.ni.ac.rs/amm

in the late post-transplant period (1). The attempts
to replace Tac with other, equally effective but less
toxic immunosuppressive drugs, have had limited
success. Therefore, Tac will remain the first choice
immunosuppressive agent for the next decade or so,
and optimization of Tac-based immunosuppressive
therapy is of utmost importance (2). Hence, thera-
peutic drug monitoring of Tac is a necessary tool
with a view to reduce the toxicity and improve effi-
cacy. Still, there are patients who will experience ad-
verse effects or lack in efficacy with the Tac concen-
tration in the optimal range, which suggests that ad-
ditional investigation of the factors that may contri-
bute to these effects is needed (3, 4). It is showed
that genetics was one of the main determinants,
along with demographic factors and drug—-drug inter-
actions that affects interindividual variability in Tac
pharmacokinetics (4, 5). Gene polymorphism (6986 A
> G) present within cytochrome P450 3A5 (CYP3A5)
is assumed to be the major determinant of the Tac
pharmacokinetic variability. The presence of A allele
at the polymorphic site in the CYP3A5 gene suggests
that an individual has a functionally active enzyme
(expresser) and carries one of the two genotypes
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(CYP3A5*1/*1 or CYP3A5*1/*3). Non - expressers
carry CYP3A5*3/*3 genotype and do not have active
enzyme (4, 6). The role of CYP3A5 gene polymor-
phism is well documented for the early post-trans-
plant period (up to 3 months post-transplant), while
its role in the late post-transplant period (after 6
months post-transplant) is not elucidated in its enti-
rety (4, 7, 8).

Besides interpatient pharmacokinetic variabi-
lity, tacrolimus exerts considerable intraindividual or
intrapatient variability (IPV) in its pharmacokinetics.
Intrapatient variability represents fluctuation in Tac
concentrations within an individual patient over a
certain period of time during which the Tac dose is
unchanged (2). Patients with highly fluctuated Tac
concentrations are at risk either for underexposure
and rejection or to overexposure and Tac toxicity.
Recently, it is demonstrated that high IPV in Tac ex-
posure may be a predictor for long-term adverse
outcome after Tx (9). Still, whether CYP3A5 geno-
type also affects Tac IPV or not, is not completely
understood.

The aim of this study was to evaluate the
potential influence of CYP3A5 (6986A > G) gene po-
lymorphisms on inter- and intraindividual variability
in Tac exposure within the first year after Tx. Secon-
dary, we aimed to analyze the change in the distri-
bution of patients regarding Tac IPV between early
(< 6 months) and late post-transplant period (> 6
months).

Patients and methods

Patients

The pharmacokinetic-pharmacogenetic study
was conducted at the Clinic of Nephrology, Clinical
Centre NiS, Serbia and at the Research Centre for
Biomedicine, Faculty of Medicine, University of Nis,
Serbia between 2008-2016. The genotyping analysis
included 91 patients who had transplantation surge-
ry at Clinical Centre NiS and were monitored at the
Clinic of Nephrology during the study period. The
study involved a period from 1 up to 12 months after
Tx, with 1564 routine controls at the Clinic and in
1515 cases Tac concentration was measured, which
was valid for the analysis. Of all patients enrolled into
pharmacokinetic study, 56 were men and 35 were
women, mean age 40.57 + 10.74 at the beginning
of the study, 66 out of 91 patients had living donor
transplantation and 25 out of 91 got their organ from
deceased donors. Besides standard immunosuppre-
ssive therapy, patients also received antihyperten-
sive drugs (beta-blockers, bisoprolol, metoprolol or
carvedilol and calcium channel blockers, amlodipine
in monotherapy, as well as in the combination) and
omeprazole, pantoprazole or ranitidine as gastropro-
tective. The study was approved by the Ethics Com-
mittee of Medical Faculty Nis and fully informed writ-
ten consent was obtained from each patient (01-
10204-13 from 2012. and 12-2307-2/5 from 2016.).
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Immunosupressive protocol

All patients started with a quaternary immuno-
suppressive protocol that besides Tac included intra-
venous methylprednisolone (MP), with an initial dose
of 0.5 g/day and 2 or 3 days later it was switched to
prednisone (Pre), initial dose of 1 mg/kg/day, myco-
phenolate mofetil (MMF), 2 g/day or mycophenolic
acid (MPA), 1440 mg/day orally and 20 mg monoclo-
nal antibody basiliximab (Bas) which was administer-
ed at the first and the fourth day after transplanta-
tion. The first oral Tac dose was administered on day
5 post-transplant at 8.00 hr before breakfast 0.05
mg/kg. Furthermore, Tac was administered twice
daily (08.00 h and 20.00 h) for twice-daily Tac for-
mulation or once daily (08.00h) for once-daily Tac
formulation and the dose was adjusted according to
the trough concentration of a drug in the blood, in
order to maintain drug trough concen-tration (CO0) in
the appropriate range (5 - 15 ng/mL). Tacrolimus
blood trough concentration was measured by immu-
noassay method according to the manufacturer's
instructions (Architect, Abbott, Ab-bott Park, IL,
USA).

Pharmacokinetic data

For the purpose of the analysis we used a
daily dose, trough concentration (CO) and dose-ad-
justed concentration (C0/D) of Tac from routine con-
trols at the Clinic (1515) during the first year after
Tx. As not all patients received a constant drug dose
in the observed period, we calculated CO/D (ng mL!
/mg day?) of Tac as CO (ng/mL) divided by the cor-
responding dose of Tac (mg/day).

Intrapatient variability

The IPV in Tac exposure were calculated in a
period of 1-6 months, in a period of 7-12 months
and in a period of 1-12 months post-transplant. In
the conducted study we used two parameters of Tac
IPV: coefficient of variation (CV%), calculated as the
mean of CO/D divided by standard deviation of CO/D
for the concrete observation period and mean ab-
solute deviation (MAD%), calculated as:

N —
o 1 abs(xn —x)
MADY% = ——=X 100
N X

n=1

where X is the mean CO/D of all available

samples in the period of 1-12 months after Tx; X, is
an individual value of CO/D measured in the period
mentioned, and N is the number of all available
values for an individual patient.

Biochemical data

A fasting blood sample was taken from each
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patient during routine control at the Clinic. Of the
whole blood sample, 200 pL was taken for DNA
isolation. DNA was extracted from the whole blood
with EDTA as an anticoagulant using Genomic DNA
Purification Kit (Fermentas, Thermo Scientific, Lithu-
ania) according to the manufacturer's instructions.
Serum level of albumin (ALB), urea (URE), creatinine
(CRE) and the activities of aspartate aminotransfe-

rase (AST) and alanine aminotransferase (ALT) were
measured by standard methods in the Biochemical
laboratory at Clinic of Nephrology. Analyses were
performed on the Automated random access clinical
chemistry analyzer (ERBA XL - 600, ERBA Diagno-
stics Mannheim GmbH, Mannheim, Germany). Glo-
merular filtration rate was estimated (eGFR) by
MDRD formula for creatinine clearance.

Table 1. Clinical and demographic characteristics of the renal transplant recipients in
different post-transplant periods

Period 1-6 months Period 7-12 months Period 1-12 months
LS after Tx after Tx after Tx
Number of check-ups at
the Clinic 877 638 1515
Check-ub ber patient 8.91 + 4.42 8.69 + 2.08 16.65 £ 6.12
pperp 8 (6-10) 8 (7-10) 16 (13-21)
Sex (male/ female) 56/35
Age (years) 40.57 + 10.74
40 (32-49)
Donor type
(living/deceased) 66/25
. 72.00 £ 13.97 74.06 + 12.95 73.10 £ 13.36
ey vt ((<9) 70 (64-80) 72 (66-80) 71 (65-80)
R (i 4 U 146.55 + 43.87 136.04 + 40.79 141.65 + 42.12
H 139 (116-177) 130 (111-149) 135 (113-163)
. R 50.06 + 16.67 53.82 + 17.88 51.74 + 17.07
eGFR (mL/min / 1.73m%) 49 (38-58) 53 (42.50-61) 51 (41-60)
9.22 + 4.34 8.15 + 3.28 8.49 £ 3.72
U= (et L) 9 (7-11) 8 (6-10) 8 (6-10)
40.31 % 4.15 41.23 + 4.35 40.42 + 4.28
ACBUG/E) 41 (38-43) 41 (39-44) 41 (38-43)
41.37 + 38.42 38.44 + 32.08 39.87 + 35.00
AET D) 28 (20-44) 28 (20-44.50) 28 (20-45)
22.93 £ 15.07 22.93 + 15.07 24.18 + 15.25
HE (L) 20 (16-25) 21 (16.50-26) 20.50 (16-26)
oD/TD
Tac formulation 13/78
6.81 + 3.76 4.66 £ 2.77 5.71 + 3.49
Do e e (g EE) 6.00 (4.00-9.00) 4.00 (3.00-6.00) 5.00 (3.00-7.00)
8.82 + 2.93 7.26 + 2.41 7.95 + 2.89
S i rEe () 8.00 (7.00-10.00) 7.00 (6.00-9.00) 8.00 (6.00-10.00)
CO/D of Tac 1.60 % 0.84 1.98  1.18 177 £ 1.02
(hg mL! / mg kg'! day™) 1.47 (0.97-2.03) 1.67 (1.20-2.40) 1.55 (1.08-2.15)
S 6 S (G 14.94 + 8.20 10.05 + 2.23 12.92 £ 6.85
9/day 10 (10-20) 10 (10-10) 10 (10-12)
MPA+Tac / mTOR+Tac 84/7
1059.32 + 327.65 1095.61 + 318.33 1119.32 + 324.75
*
Dose of MPA (mg/day) 1080 (720-1440) 1080 (720-1440) 1080 (720-1440)

CYP3A5 genotype
(*¥1*3 / *3*3)

13/78

Data are expressed as median (interquartile range) or number; eGFR was calculated by MDRD formula.

*MMF dose was calculated on MPA dose

Cre — serum creatinine level; Ure — serum urea level; Tac — tacrolimus; OD/TD - once daily/twice daily; Pre — prednisone;
MMF - mycophenolate mofetil ; MPA - mycophenolic acid; CO - tacrolimus trough concentration; CO/D - tacrolimus dose -
adjusted trough concentration; CRE- serum creatinne; URE-serum urea; ALB-serum albumin; ALT- alanine
aminotransferase; AST- aspartate aminotransferase;
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Genotyping CYP3A5 polymorphism

Genotyping was performed using TagMan®
Drug Metabolism Genotyping Assays for CYP3A5*3
(C_26201809_30) (Applied Biosystems, Carlsbad,
CA, USA) on the Mx3005P Real-Time PCR System
(Agilent Technologies), according to the manufactu-
rer's instructions.

Statistical analysis

The characteristics of the study group were
expressed as mean * standard deviation and medi-
an (interquartile range) or number. We used Student
t-test for normally distributed data and Mann Whit-
ney U test for data that were not normally distribu-
ted to compare pharmacokinetic data and IPV be-
tween the groups of patients based on the CYP3A5

genotypes within same period after Tx. All analyses
were performed with SPSS statistical analysis soft-
ware, version 16.0 (SPSS, Chicago, IL, United Sta-
tes) at the significance level set at p < 0.05.

Results

The characteristics of the study population are
given in Table 1. Of all routine controls at the Clinic
(1564), 1515 was valid for the pharmacokinetic
study (CO was measured), 877 took place in a period
of 1-6 months, whereas 638 took place in a period of
7-12 months post-transplant. Considering routine
control per patient, approximately every patient
went to the Clinic 16 times during the first year, 8
times per six months.

Table 2. Dose, trough concentration and dose-adjusted trough concentration of Tac in relation
to CYP3AS5 genotype up to 12 months after transplantation

et e Period 1-6 months Period 7-12 months Period 1-12 months
yp after Tx after Tx after Tx
CYP3A5 Dose (mg/day)
x1/%3 9.23 + 4.36 6.09 = 3.65 7.94 £ 4.36
9.00 (6.00-11.00) 6.00 (4.00-8.00) 8.00 (5.00-10.00)
x3/%3 6.19 + 3.22 4.56 + 2.77 5.50 + 2.77
6.00 (4.00-8.00) 4.00 (3.00-6.00) 5.00 (3.00-7.00)
P value 0.000 0.000 0.000
CYP3A5 CO (ng/mL)
x1/%3 8.56 + 2.97 6.89 + 2.78 7.87 £ 3.01
9.00 (7.00-11.00) 7.00 (5.00-9.00) 8.00 (6.00-10.00)
x3/%3 8.28 + 2.84 7.18 + 2.38 7.81 £2.71
8.00 (6.00-10.00) 7.00 (6.00-9.00) 8.00 (6.00-9.00)
P value 0.052 0.492 0.254
Cco/D
S (ng mL? / mg day™?)
x1/%3 1.03 + 0.40 1.36 + 0.64 1.17 £ 0.54
0.97 (0.74-1.20) 1.18 (0.90-1.68) 1.05 (0.81-1.40)
x3/%3 1.62 + 0.86 2.06 £ 1.31 1.81 £ 1.09
1.46 (1.03-2.03) 1.67 (1.21-2.47) 1.54 (1.11-2.15)
P value 0.000 0.000 0.000

Data are expressed as meanzstandrad deviation and median (interquratile range)
CO - tacrolimus trough concentration; C0O/D - tacrolimus dose - adjusted trough concentration

Table 2. demonstrates comparison of Tac
dose, CO and CO/D among patients with different
CYP3AS5 genotype in the different periods after renal
transplantation. Individuals carrying CYP3A5*1/*3
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genotype had higher dose requirements and lower
C0/D than CYP3A5*3/*3 carriers within the entire
study period (p = 0.000). Alternatively, there was no
difference in CO in relation to CYP3A5 genotype.
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Therefore, carriers of the active form of the CYP3A5
enzyme required higher daily dose of Tac to maintain
optimal CO (5-15ng/mL), not only in the early period
(<6 months post-transplant), but as well in the late
period after Tx (>6 months post-transplant).

Considering, Tac IPV, Graph 1. demonstrates
higher IPV in a period of 1-6 months compared to a
period of 7-12 months post-transplant, for both para-
meters, CV% (27.10 £ 11.23 vs. 23.62 * 10.07)
and MAD% (20.97 + 9.13 vs. 18.33 + 8.12). The
IPV during the entire study period (29.76 + 10.84
for CV% and 23.41 £ 8.67 for MAD%) was higher
than in the first and second six months (for MAD%),
but values were more close to the IPV in the first six
months. Furthermore, there was no difference in
CV% between IPV in the first six months and IPV
during the entire follow-up period, suggesting that
early period significantly contributes to the 12 months
post-transplant Tac IPV.

*:1-6 vs. 7-12, p=0.025
**:7-12 vs. 1-12, p=0.000

IPV (%)

20

10

The obtained results showed that there was
no difference in Tac IPV regarding CYP3A5 genotype
(Graph 2).

Graph 3. shows the change in distribution of
patients regarding Tac IPV between the observed
periods after Tx. The results of the present research
demonstrated that slightly above 50% of patients
had medium IPV (between 15 and 30%) in both
observed periods. Considering CV%, 32% had high
IPV and 12% of the patients had low IPV in the first
six months post-transplant. Furthermore, in the se-
cond half of the first post-transplant year, fewer pa-
tients had high IPV (24%), while 20% of the patients
were low variable regarding Tac exposure. Analyzing
the MAD%, above 50% of renal transplant recipients
had medium IPV, while 13% in the first and 7% in
second half of the first year had high variability.

#:1-6 vs. 7-12, p=0.036
#:1-6 vs. 1-12, p=0.040
##:7-12 vs. 1-12, p=0.000

i

CVep
M Period 1-6 months after Tx

B Period 7-12 months after Tx

MAD?%
@ Period 1-12 months after Tx

Graph 1. Intrapatient variability in Tac exposure following 12 months after Tx
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Graph 2. Intrapatient variability in Tac exposure with respect to CYP3A5 genotype
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Graph 3. Distribution of Tac IPV among renal transplant recipients
Discussion gene, encoding P-glycoprotein (PGP), have been ex-

Tacrolimus is considered to be the gold stan-
dard in solid organ transplantation, but the narrow
therapeutic index, genetic variations and the wide
range of inter- and intraindividual pharmacokinetic
variability limit its application. Considering this, there
is a constant aspiration to identify the factors which
contribute to this variability. Cytochrome P450 3A5
gene has 11 different polymorphisms identified to
date, but 6986A>G polymorphism was the most ex-
tensively studied and indicated as the main deter-
minant of Tac interindividual pharmacokinetic varia-
bility. It is characterized by adenine (A) to guanine
(G) transition at position 6986 within intron 3 of the
CYP3A5 gene and consequently the absence of the
active enzyme form (4). The findings of the conduct-
ed study reported that the carriers of CYP3A5 *1/*3
genotype compared to CYP3A5 *3/*3 carriers req-
uired higher Tac daily dose to maintain drug concen-
tration in the optimal range within one year after Tx
(Table 2). The obtained reuslts were in accordance
with the previous studies, which pointed genetic fac-
tor as a major predictor of Tac dose requirements (4,
10, 11). still, the majority of the previous studies
emphasized the role of CYP3A5 polymorphism in the
early period after renal transplantation and have
been trying to connect this polymorphism with out-
comes in the early post-transplant period (12, 13,
14). This study showed that CYP3A5 polymorphism
might have been a significant predictor of Tac expo-
sure in late post-transplant periods (after 6 months),
and suggested its consideration as an important con-
tributor of Tac chronic nephrotoxiciy (15). Besides
variability in CYP3A5 gene, CYP3A4*22 gene poly-
morphism is associated with lower CYP3A4 activity
and seems to be important determinant of Tac clear-
ance and dose requirements, especially in CYP3A5
non-expressers. Also, gene polymorphisms in ABCB1
98

tensively studied, but results remained inconsistent
(10, 16). still, the later research indicated that donor
CYP3A5*1 and ABCB1 TT genotype (ABCB1 3435 TT
associated with lower PGP activity) may contribute to
local Tac transport in transplanted kidney and there-
fore have a potential role in chronic nephrotoxicity of
Tac (16, 17).

In addition to interindividual variability, there
is a growing number of clinical studies which support
the fact that intraindividual (i.e. intrapatient) vari-
ability in Tac exposure correlates with inferior long-
term renal transplantation outcomes (9). The previ-
ous studies showed a wide range of Tac IPV, with
some individuals having a Tac IPV of < 5%, and ot-
hers having a variability of > 50%, but with an aver-
age Tac IPV between 15 and 30% (2). This is in ac-
cordance with the results of our study, which demon-
strated that an average IPV was between 20 and
30%. Borra et al. showed that high IPV is closely
associated with a composite end point consisting of
graft loss, biopsy-proven chronic allograft nephropa-
thy and doubling of plasma creatinine concentration
(18). Different factors were assumed to affect Tac
IPV, such as concomitant diet, diarrhoeal illnes, drug
-drug interactions, genetic factors, substitution of dif-
ferent Tac formulations and non-adherence (2). The
present study did not show an association between
CV% or MDA% and CYP3A5 genotype, which is in
accordance with the study of Spierings et al (19).
and Pashaee et al. (20). Nearly all authors empha-
size non-adherence as one of the dominant causes
of Tac IPV, and therefore they suggested that IPV
may be considered as an objective measure of adhe-
rence to immunosuppresive regimen. Some scient-
ists have reported an improved adherence and de-
crease of IPV after switching from twice-daily to
once-daily Tac formulation (2). Kurnatowska et al.
demonstrated that conversion from twice-daily form
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to once-daily form resulted in slightly lower and mo-
re stable Tac blood concentration, with a significant
decrease in CV of Tac blood levels (44% versus
22%) (21). Additionally, Stifft et al. demonstrated
reduced IPV after conversion from twice-daily to
once-daily Tac formulation, especially in patients
with the CYP3A5*1 allele. In addition, Stifft et al.
suggested that decreased variability in Tac exposure
is not only a consequence of improved adherence,
but also intrinsic pharmacokinetic properties of pro-
longed-release Tac formulation (22).

Our study showed that 30% of the patients
had high IPV (over 30%, expressed as CV%) within
the first six months post-transplant and almost 24%
of patients in the other half of the year. Rodrigo et
al. used CV% as a measure of IPV, and demon-
strated that more than one third of patients had a
blood level CV above 30% estimated between 4 and
12 month post-transplantation. They showed that
acute rejection, re-transplant and CV greater than
30% were the only variables related to de novo do-
nor-specific antibodies, which can lead to antibody-
mediated rejection and graft loss (23). Conversely,
patients with high TAC IPV, expressed by MAD%,
were less than 15%. Still, most of the studies which
showed the association between adverse outcomes
and Tac IPV used CV% as the parameter of IPV. The
advantage of the MAD% over CV% is that it is less
susceptible to outliers, because MAD% uses the ab-
solute deviations from the mean, whereas CV% uses
the squared deviations from the mean. The further
researches should provide the appropriate and mu-
tual parameter of Tac IPV in order to compare dif-
ferent studies and investigate potential determinants
of Tac IPV.

Additionally, since renal transplant recipients
are not on a stable Tac dose in the early post-trans-
plant period and they often use interacting drugs

[such as antibiotics and (pulse) glucocorticoids] in
this period, majority of the researchers used only
data on Tac exposure measured in the period of 6-
12 months post-transplantation. Therefore, in this
particular study, both periods were used to evaluate
Tac IPV. Still, almost one quarter of the patients was
high variable in period of 7-12 months post-trans-
plant. Shuker et al. emphasize that risk of develop-
ing long-term adverse outcomes decreases with ti-
me, so patients with high IPV between 6-12 months
post-transplant certainly are at a higher risk of ad-
verse outcomes, but this risk is reduced with the
time (9).

In conclusion, this study confirms that the
CYP3A5 gene polymorphism contributes to the inter-
individual, but not in intraindividual variability in Tac
dose requirements and exposure within the first post
-transplant year. Still, renal transplant recipients ex-
press high Tac IPV, with one third of the patients in
the first and one quarter of the patients in the se-
cond half of the first post-transplant year with CV%
above 30%. Conversely, distribution of the patients
considering MAD% as a measure of Tac IPV signi-
ficantly differed between early and late post-trans-
plant period, but with less highly variable patients.
Therefore, appropriate measure of Tac IPV should be
established. Further studies should be focused on the
factors which may contribute high Tac IPV, such as
non-adherence or drug formulation.
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INTERINDIVIDUALNA I INTRAINDIVIDUALNA FARMAKOKINETICKA
VARIJABILNOST TAKROLIMUSA TOKOM PRVE GODINE NAKON
TRANSPLANTACIJE BUBREGA: EFEKAT CYP3A5 GENSKOG
POLIMORFIZMA
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Cilj ovog istrazivanja bila je procena potencijalnog uticaja citohroma P450 3A5
(CYP3A5) 6986A>G genskog polimorfizma na interindividualnu i intraindividualnu varijabilnost
(IPV) u izlozenosti takrolimusa (Tac) tokom prve godine nakon transplantacije bubrega (Tx).
Takode, mi smo imali za cilj analizu promene u distribuciji bolesnika u pogledu IPV izmedu
ranog (<6 meseci) i kasnog perioda (>6 meseci) nakon transplantacije bubrega (Tx). U
istrazivanje je uklju¢en 91 bolesnik sa transplantiranim bubregom. Ovi bolesnici su bili na Tac-
baziranom imunosupresivnom protokolu. Koncentracija korigovana dozom (C0/D) je korisce-
na kao parametar izlozenosti Tac, dok su koeficijent varijacije (CV%) i srednja apsolutna devi-
jacija (MAD%) vrednosti CO/D koriséeni kao parametri IPV-a. Transplantirani bolesnici sa
CYP3A5*1/*3 genotipom su imali nize vrednosti CO/D u poredenju sa nosiocima CYP3A5*3/*3
genotipa tokom sveukupnog perioda istrazivanja (p < 0,01). IstraZivanje je pokazalo visu IPV
u periodu 1-6 meseci u poredenju sa periodom 7-12 meseci nakon Tx, za CV% i MAD% (p <
0,05). Rezultati istrazivanja su pokazali da nije bilo razlike u IPV u odnosu na CYP3A5 genotip.
Razmatrajuéi CV%, 32% i 24% bolesnika imalo je visoku IPV (iznad 30%) u prvoj i drugoj
polovini prve godine nakon Tx, redom. Analiziraju¢i, MAD%, 13% i 7% bolesnika su imali
visoku varijabilnost izlozenosti Tac u prvoj i drugoj polovini prve godine, redom. IstraZivanje
je potvrdilo da CYP3A5 genski polimorfizam doprinosi interindividualnoj, ne intraindividualnoj,
varijabilnosti u izloZenosti Tac u toku prve godine nakon Tx.

Acta Medica Medianae 2019;58(1):93-101.

Kljucne reci: CYP3A5, transplantacija bubrega, takrolimus, interindividualna
farmakokineticka varijabilnost, intraindividualna farmakokinetic¢ka varijabilnost
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DICHLOROACETATE-INDUCED NEUROPATHY IN HIGH GRADE
FOLLICULAR LYMPHOMA PATIENT

Mladen Djordjevi¢!, Ivan Petkovic?

Curative therapy for follicular lymphomas (FLs) has not been established yet. FLs
respond well to chemotherapy and radiation. A large number of current studies confirmed an
improved overall response if rituximab was added to chemotherapy. Dichloroacetate (DCA) can
be used to inhibit tumor growth. There have been reports that DCA leads to neuropathy. In
non-Hodgkin's lymphoma (NHL), DCA leads to antineoplastic action against cell lines and
apoptosis of tumor cells, which reduces the metabolism and the number of tumor cells. We
present a patient with NHL-FL Grade 3a who took alternatively DCA therapy. In our case report,
DCA did not show any treatment benefit but only serious sensorimotor neuropathy as a result

of DCA therapy.

Acta Medica Medianae 2019;58(1):102-105.
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Introduction

Follicular lymphomas (FLs) are the second most
frequent subtype of nodal lymphoid malignancies in
Western Europe. The annual incidence of this disease
has rapidly increased during recent decades and has
risen from 2-3/100,000 during the 1950s to 5/
100,000 recently (1).

Curative therapy for FLs has not been esta-
blished yet. The choice of therapy is based on clinical
risk factors, symptoms and prognostic disease fac-
tors. Systemic therapy has not given results in asy-
mptomatic patients and is appropriate for use only
with the occurrence of symptomatic disease. Early
initiation of rituximab (R) resulted in improved prog-
ression-free survival, but without survival benefit.
FLs respond well to chemotherapy and radiation. A
large number of current studies confirmed an imp-
roved overall response if rituximab was added to
chemotherapy. The choice of chemotherapy is based
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on patient comorbidity indexes, mostly in the light of
anthracycline introduction (2).

Dichloroacetate (DCA) has been used for the
genetic mitochondrial diseases and treatment of can-
cer. There have been reports that DCA leads to ne-
uropathy (3). DCA can be used to inhibit tumor
growth. This is done by transferring the cell into oxi-
dation and phosphorylation into mitochondria, which
lead to apoptosis and the formation of oxygen radi-
cals, superoxide, that also lead to a decrease in tu-
mor volume (4).The mechanism of DCA action inclu-
des the inhibition of pyruvate dehydrogenase kinase
(PDK), which deactivates the PDK complex. This com-
plex blocks the activity of mitochondria, and there-
fore there is no mitochondrial oxidative phosphory-
lation, so that glycolysis is switched into cytoplasm,
which leads to lactic acidosis (5). Lactic acidosis faci-
litates tumor growth by the degradation of an extra-
cellular matrix that allows expansion of tumor cells
and initiates their mobility, increasing their metasta-
tic potential and activation of angiogenesis. DCA re-
duces lactic acidosis and indirectly reduces tumor
growth (6). When the mitochondria in the tumor cell
are active, it means that they are having the Krebs
cycle or glucose oxidation. Being hyperpolarized, they
open the mitochondrial pores from which exit cyto-
chrome C and other pro-apoptotic factors that caus-
ed tumor cell apoptosis (7).

In non-Hodgkin's lymphoma (NHL), DCA caus-
es antineoplastic action against cell lines and apopto-
sis of tumor cells, which reduces the metabolism and
the number of tumor cells. A decrease in lactic acido-
sis in lymphoma cells leads to anti-proliferative, anti-
metastatic and anti-angiogenic effects on the tumor.
DCA causes a significant dose-dependent decline in
tumor cell survival. DCA induces dose-dependent
apoptosis in Dalton’s lymphoma (DL) cells (8, 9).

www.medfak.ni.ac.rs/amm



Dichloroacetate-induced neuropathy in high grade follicular...

Mladen Dordevié et al.

Case report

We present a case of a 44-year-old Caucasion
male with asymptomatic swollen lymph nodes of the
neck and under the jaw. In June 2014, he noticed
enlarged tonsils and vegetative-infiltrative tumor of
the right tonsils was verified by examination. Bilate-
ral tonsillectomy was performed in June 2014 with
the right lateral lymph node biopsy. Histopathology
indicated NHL-FL Grade 3a. Immunohistochemistry
was typical: CD20+, CD79a+, BSAP (PAX5)+,
CD10+, bcl2+, bcl6+, CD43+/-, MUM1-, CD3-, CD5-
, CD15-, CD23-, CD30-, CD138-, CyclinD1-, EMA-,
CK AE1/AE3-, EBV -, Ki67+ in range of 20% - 25 %.
The patient did not have B symptoms. During the
staging procedures, the following was verified: ECOG
0 KI 100. Multi-sliced computed tomography (MSCT)
of the whole body was performed and it revealed:
microlimphadenopathy of the right axillary lymph
nodes up to 12 mm. Laboratory analysis: erythro-
cyte sedimentation - 15, Hct 38.1% (low), Hb 124g/
L, RBC 4.17X 10*?/L, WBC 4.7 X 10%/L, Neu 2.9 X
10%/L, Ly 1.3 X 10%/L, PLT 283 X 10°/L. Biochemistry
findings: glucose 5.4 mmol/L, urea 3.5 mmol/L,
creatinine 102 pmol/L, uric acid 330.3 pmol /L, total
proteins 73.9 g/L, albumine 42.9 g/L, AST 18 U/L,
ALT 21 U/L, ALP 104.8 U/L, LDH 322 U/L, GGT 17.7
U/L, CRP 1.5 mg/L, total bilirubin 10 umol/L, Fe 12.7
pmol/L, Ca 2.72 mmol/L, Na 141 mmol/L, K 4.8
mmol/L. He was HIV, HCV, HBsAg negative. Plasma
immunoglobulins: IgG 10.50 g/L, IgM 0.97 g/L, IgA
2.32 g/L, B2 microglobuline 2.15 mg/L. In electro-
phoresis, alpha 2 fraction was elevated without pa-
thological defects, no M component was found in pla-
sma. The bone marrow biopsy showed no infiltration
of lymphoma cells. The disease was staged as mini-
mum II CS A, with Follicular Lymphoma Internatio
nal Prognostic Index (FLIPI) -0, FLIPI 2-1. Because
of asymptomatic FLs, low Ki67 fraction and good pro-
gnosis index, chemoimmunotherapy was not imple-
mented. Positron emission tomography combined
with CT (PET/CT) found no pathological uptake of 18
Fluoro-deoxy-glucose (18FDG). He underwent “watch
and wait” strategy and follow-up. The patient started
to take DCA on his own initiative. He was taking DCA
for 9 months in the dose range of 750mg with thia-
mine. There were no effects on lymph node size;
moreover, they were enlarged during the follow-up
visits. The patient was still in an asymptomatic phase
and deserved no treatment initiation. However, to-
xic neuropathic effects on his ex-tremities occurred
over time and became more and more serious. This
finding was confirmed by electro-neurography and
staged as grade 3 neuropathy of sensorimotor con-
duction. The patient ceased further DCA intake after
obtaining medical advice. He is now recovering from
the negative side effects of DCA and is still under the
strict neurologic observation.

Discussion

Nowadays, DCA in NHL therapy is especially
used in experimental preclinical studies and as an

alternative therapy based on the DCA mechanism
effect on NHL tumor cells. We already know that
nerve toxicity is more frequent in adulthood than in
children. DCA has been used only as an alternative
to official oncology therapy.

There have been reports on the level of case
reports only, which demonstrated a successful treat-
ment of NHL with DCA. Flavin D published a report
on a patient with NHL treated successfully with R-cy-
clophosphamide, doxorubicin, vincristine and predni-
sone (CHOP) over 3 months with PET/CT, showing a
complete remission of the disease. However, relapse
occurred almost a year after treatment. The patient
was obtaining 10 mg/kg daily of DCA, with the ad-
dition of 750 mg of thiamine daily as a neuroprotec-
tive agent from DCA toxicity. After four months of
DCA intake, PET/CT showed complete remission of
NHL. However, this single observation was not asso-
ciated with any follow-up period (10).

Other case report published by Strum SB et
al. presented a patient with NHL who received R-
CHOP therapy as well, which led to complete remi-
ssion. A year after, the symptoms returned and PET/
CT showed a disease relapse. The patient took DCA
therapy: 1,000 mg per day in one daily dose, 55 mg
of caffeine and vitamin B1 500 mg/d. One month
after the initiation of the DCA protocol, the neck
lymph nodes were noticeably smaller and after 2
months no nodes were palpable. Complete resolu-
tion of all systemic symptoms disappeared after 71
days of DCA protocol. The patient had reversible ne-
uropathy and encephalopathy during DCA course
which did not reverse entirely in spite of taking a ne-
uroprotective agent. This report highlighted the low
cost and minimal toxicity of DCA (11).

There were many studies where treatment
with DCA has been discontinued despite the fact that
thiamine was used as a prevention of nerve toxicity.
DCA leads to encephalopathy and peripheral neuro-
pathy. In Brandsma D et al.’s case report it was no-
ticed that DCA encephalopathy and peripheral ne-
uropathy were reversible but not entirely because
small consequences remained, although the patient
took the recommended dose range of thiamine. Due
to the apparent toxicity of DCA, it is recommended
to use it only in clinical trials. Peripheral neuropathy
was more common in adults (86%) than in children
(10%) (12). DCA damage the Schwann cells (SCs)
and dorsal root ganglia (DRG) neurons by inhibiting
the synthesis of myelin. As a consequence of DCA's
direct action on the morphology of SC cells, there is
an evidence-based and dose-dependent change in
morphology. The partial recovery of myelination was
noticed when exposed to 5 mM of DCA under the
same conditions. Also, myelination was completely
reversible in SC and neurons of DRG (13).

Our patient had DCA intake in the dose range
of 750mg with thiamine neuroprotection. However,
his lymph nodes have enlarged slightly. During the
follow-up, the patient remained still asymptomatic.
We assume this asymptomatic phase is the consequ-
ence of natural biological flow of FL and is not influ-
enced by DCA. We have only found serious sensor-
imotor neuropathy as a result of DCA therapy.
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In conclusion, our case presented here did not

show any treatment benefit with DCA, but only seri-
ous adverse event in the sense of neuropathy. There-
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NEUROPATIJA IZAZVANA DIHLOROACETATOM KOD BOLESNIKA SA
FOLIKULARNIM LIMFOMOM VISOKOG GRADUSA

Mladen bordevié!, Ivan Petkovié?
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Kontakt: Mladen Dordevic¢
Branka Krsmanovica 4/74, 18000 Ni$, Srbija
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Kurativna terapija folikularnog limfoma (FLs) jo$ uvek nije uspostavljena. Fls odli¢no
reaguje na hemoterapiju i radioterapiju. Veliki broj sadasnjih studija potvrdio je bolji ukupni
odgovor ako se rituximab koristi uz hemoterapiju. Dihloracetat (DCA) moze biti koriS¢en zbog
inhibicije tumorskog rasta. Postoje izvestaji da DCA dovodi do neuropatije. U ne-Hockinskom
limfomu (NHL) DCA dovodi do antineoplastickog efekta celijskih linija i apoptoze tumorskih
Celija, Sto smanjuje metabolizam i broj tumorskih celija. Mi predstavljamo bolesnika sa NHL-
FL gradusa za koji je uzimao DCA kao alternativnu terapiju. U nasem prikazu slucaja DCA nije
pokazao terapijski benefit, ve¢ samo ozbiljnu senzo-motornu neuropatiju kao rezultat DCA
terapije.
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IN SILICO EVALUATION OF SELECTED BENZIMIDAZOLE DERIVATIVES
IN THE DISCOVERY OF NEW POTENT ANTIMICROBIAL AGENTS

Jelena V. Zivkovié, Sandra G. Kalauzovié¢, Maja R. Milosavljevié, Kristina G. Kalauzovi¢

Benzimidazoles are heterocyclic compounds that represent pharmacophores of many
drugs. Apart from antimicrobial (antibacterial and antifungal) activities, benzimidazole derivati-
ves are remarkably effective compounds possessing a wide spectrum of biological activities.
Pharmacokinetic and toxicological properties of forty-two benzimidazole derivatives were cal-
culated using Molinspiration, SwissADME and OSIRIS Data Warrior. The properties of benzimi-
dazoles were compared to those of doxycycline, chloramphenicol and ketoconazole. The com-
pounds met all criteria for satisfying oral bioavailability. The majority of tested benzimidazoles is
considered non-toxic, and the irritating behaviour was not observed in any of the cases. Finally,
the most promising nine derivatives were selected on the basis of favourable pharmacokinetic
parameters and toxicological characteristics. The ability to pass through the hematoencephalic
barrier is expected for all components except one, and none of the selected components is a
substrate for P-glycoprotein. In addition, metabolic properties are favourable since all the
selected components are expected to inhibit not more than three Cytochrome P450 isoenzymes

and to be non-toxic.

Acta Medica Medianae 2019,;58(1):106-115.
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Introduction

Antimicrobial drugs are nowadays widely used.
Antimicrobial resistance compromises successful pre-
vention and treatment of an increasing number of in-
fections (1). To overcome these challenges, novel
agents should have different chemical characteristics
in relation to existing agents. Therefore, the synthe-
sis of new compounds which have structural similari-
ties with already known biologically active molecules
is done.

Benzimidazoles are organic, heterocyclic com-
pounds that represent pharmacophores of many
drugs (2). Due to their therapeutic significance, these
compounds attract the attention of many resear-
chers. 5,6-Dimethylbenzimidazole is an integral part
of the chemical structure of vitamin B12, and it has
been found that other derivatives of benzimidazole
have the activity similar to that of vitamin B12 (3).
106

Benzimidazole and its derivatives can serve as model
components for purine because of the similarities in
chemical structure (4). It is considered that antibac-
terial ability of these compounds is, among every-
thing else, precisely the result of competition with
purine bases which results in the inhibition of nucleic
acid and cell wall protein synthesis (4, 5). Fungicidal
mechanisms of this component are facilitated by in-
hibition the synthesis of estrogen, which is a com-
ponent of the cell membrane of fungi (6, 7). Apart
from antimicrobial properties, various substituted de-
rivatives of benzimidazole nucleus induce anthelmin-
tic (2), antihypertensive (8), anti-inflammatory (9),
antiviral (10), antioxidative (11), anticancerogenic
(12), anticoagulative effects (13), as well as many
other downstream activities.

Methods of a computer - based (in silico) ana-
lysis can considerably accelerate the rate of disco-
very of new drug candidates because such methods
are extremely fast, thereby reducing the need for
expensive lab work and clinical trials. In the present
study, in silico drug likeliness assessment, as well as
evaluation of bioavailability and toxicological charac-
teristics of benzimidazole derivatives, were pursued
in the quest to discover new potent antimicrobial
agents.

Aim

The aim of this research is to present in silico
evaluation of physicochemical properties, pharma-

www.medfak.ni.ac.rs/amm
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cokinetic parameters and toxicity potential of benzi-
midazole derivatives.

Material and methods

Data sources for in silico assessment

The structures of benzimidazole derivatives (n
= 42) included in the study were selected from the
literature. Compounds bearing 2-aminobenzimidazo-
le (1-3) and hydrazone moieties (4-17) were present-
ed in the study by Ozkay et al. 2011 (14). They re-
ported that synthesized novel benzimidazole-hydra-
zone exhibited low antibacterial activity, while in
contrast the compound showed significant antifungal
activity against Candida yeasts. 1,3-Disubstituted-
benzimidazol-2-imines (18-22) and 2-substituted-
1,3-thiazolo [3,2-a] benzimidazolones (23-28) were
studied with respect to their antibacterial activity
against Gram-positive and Gram-negative bacteria
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(15). 1,3-Diphenylpropyl-5-methyl-1,3-dihydro-2H-
benzimidazol-2-imine (22) possessed significant acti-
vity against B. subtilis, S. aureus, S. abony and E.
coli. The group of thiazolobenzimidazolones did not
express their antibacterial activity against tested
strains. 2-Methylbenzimidazole (29), 1-substituted-
2-methylbenzimidazoles (30-35), 2-aminobenzimi-
dazole (36) and 1-substituted-2-aminobenzimidazo-
les (37-42) were previously reported to express ef-
fective antifungal activity against Saccharomyces
cerevisiae (6).

The properties of benzimidazoles were com-
pared to antibacterial drugs doxycycline and chloram-
phenicol, as well as an antifungal agent - ketocona-
zole. The chemical structure of the compounds was
drawn using ChemDraw (16) (Figure 1), and their
Simplified Molecular Input Line Entry System
(SMILES) notations were generated.
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Figure 1. Chemical structure of benzoimidazoles derivatives and standards

108



In silico evaluation of selected benzimidazole derivatives in...

Jelena V. Zivkovié et al.

In silico evaluation of drug-likeness, pharma-
cokinetic parameters and toxicological characteristics

SMILES notations of the selected compounds
were fed in the Molinspiration software version 2011.
06 (17) for calculating drug-likeness properties (loga-
rithm of the partition coefficient between n-octanol
and water, total polar surface area, number of hy-
drogen bond donors and acceptors, molecular weight,
etc.) and the prediction of bioactivity score for drug

targets (G protein-coupled receptor (GPCR) and nuc-
lear receptor ligands, ion channel modulators, as well
as protease, kinase and enzyme inhibitors). A mole-
cule having bioactivity score more than 0.00 is most
likely to exhibit considerable biological activities, while
values -0.50 to 0.00 are expected to be moderately
active. If the score is less than -0.50, the molecule is
presumed to be inactive (13).

Table 1. Drug likeness score for compounds predicted by Molinspiration (17)

b d i

Compound | miLogP? T(P/fz? natoms¢ (gl\/4r‘l,1vol) NON® | nOHNHf | nviolations? | nrotb" VO(IK?;E
1 1.78 56.40 11 147.13 3 0 0 2 127.80
3.18 67.02 21 281.31 5 2 0 5 254.01

3 1.39 95.83 21 281.32 6 5 0 4 252.15
4 4.17 82.17 28 369.43 6 3 0 6 335.53
5 4.27 85.41 31 412.50 7 3 0 7 381.44
6 5.02 85.41 33 440.55 7 3 1 9 415.04
7 3.69 102.40 29 385.43 7 4 0 6 343.55
8 4.62 82.17 29 383.45 6 3 0 6 352.09
9 4.22 91.41 30 399.45 7 3 0 7 361.08
10 4.60 91.41 31 413.48 7 3 0 8 377.88
11 4.84 82.17 29 403.87 6 3 0 6 349.07
12 4.98 82.17 29 448.32 6 3 0 6 353.42
13 4.33 82.17 29 387.42 6 3 0 6 340.46
14 4.13 128.00 31 414.43 9 3 0 7 358.87
15 5.06 82.17 32 437.43 6 3 1 7 366.83
16 3.92 105.96 30 394.44 7 3 0 6 352.39
17 4.08 119.47 31 413.44 8 4 0 7 362.53
18 2.83 67.86 29 383.45 5 1 0 6 352.02
19 2.34 113.69 31 414.42 8 1 0 7 358.79
20 2.02 103.40 30 409.44 8 1 0 10 367.73
21 1.01 86.33 23 319.36 7 1 0 8 293.89
22 5.18 33.72 29 383.54 3 1 1 8 381.26
23 3.02 83.05 22 312.35 5 2 0 5 261.19
24 3.59 51.97 21 294.33 4 0 0 2 242.71
25 5.30 51.45 29 400.43 4 0 1 3 329.67
26 5.25 51.45 29 400.43 4 0 1 3 329.67
27 5.15 60.68 30 412.47 5 0 1 4 350.28
28 5.03 69.92 31 426.45 6 0 1 3 348.66
29 1.52 28.68 10 132.117 2 1 0 0 125.42
30 3.18 17.83 17 222.29 2 0 0 2 214.02
31 3.63 17.83 18 236.32 2 0 0 2 230.58
32 3.86 17.83 18 256.74 2 0 0 2 227.55
33 3.06 34.90 18 236.27 3 0 0 1 216.20
34 3.51 34.90 19 250.30 3 0 0 1 232.76
35 3.73 34.90 19 270.72 3 0 0 1 229.74
36 1.23 54.71 10 133.15 3 3 0 0 120.15
37 2.90 43.85 17 223.28 3 2 0 2 208.75
38 3.34 43.85 18 237.31 3 2 0 2 225.31
39 3.57 43.85 18 257.72 3 2 0 2 222.28
40 2.77 60.92 18 237.26 4 2 0 1 210.93
41 3.22 60.92 19 251.29 4 2 0 1 227.49
42 3.45 60.92 19 271.71 4 2 0 1 224.46
KTC 3.77 69.08 36 531.44 8 0 1 7 452.47
DOX -0.43 181.61 32 446.44 10 7 1 2 377.79
CHL 0.73 115.38 20 323.13 7 3 0 6 249.16

a Logarithm of the partition coefficient between n-octanol and water (miLogP); b Topological polar surface area (TPSA);
¢ Number of nonhydrogen atoms; d Molecular weight; e Number of hydrogen bond acceptors (O and N atoms);

f Number of hydrogen bond donors (OH and NH groups); g Number of Rule of 5 violations;

h Number of rotatable bonds (n-rotb); i Molecular volume; j KTC — ketoconazole; k DOX — doxycycline

| CHL - chloramphenicol.
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The list of SMILES was then entered in Swiss-
ADME (18) for generating the prediction of gastroin-
testinal absorption, brain penetration and substrates
for P-glycoprotein. In addition, the analysis of ADMET
absorption properties was done to check whether
those compounds were inhibitors of five isoforms of
Cytochrome P450 (CYP) family. Further, OSIRIS Data
Warrior was used for the prediction of the com-
ounds’ mutagenic and tumorigenic risks, reproduc-
tive and irritant effects (19).

Results and discussion

Calculated physicochemical properties of the
studied molecules using Molinspiration (17) are pre-
sented in Table 1.

Based on the obtained results, all examined
compounds are likely to have good biological avail-
ability given the fact that they do not violate more
than one of Lipinski’s rules (Table 1) (20, 21). Lipin-
ski’s ‘Rule of Five’ (RO5) is a rule of thumb used to
evaluate drug-likeness. RO5 is commonly used by
medicinal chemists in drug design as a simple set of
physicochemical parameter ranges associated with
90% of orally active drugs that achieved Phase II
status (22). Lipinski specifically states that RO5 only
holds for compounds that are absorbed by passive
mechanisms (23). All examined benzimidazole deri-
vatives are lipophilic drugs (log P > 1) (Table 1).

Compounds 6, 15, 22, 25-28 have (log P > 5) and
consequently show one violation of RO5. Ketocona-
zole and chloramphenicol are lipophilic, whereas do-
xycyline (log P = -0.43) is a hydrophilic compound
which affects its bioavailability and way of admini-
stration.

Topological polar surface area (TPSA) is very
much correlated with hydrogen bonding of a mole-
cule and is a very good indicator of the bioavailability
of a drug molecule. Veber et al. 2002. (21) defined a
rule for drug-likeness on strains as nrotb < 10 and
TPSA < 140 A2, In addition, a drug can be absorbed
over 90% if the TPSA value is < 60 A2 (24).

The number of rotatable bonds (nrotb) higher
than 10 was not determined in neither of the com-
ponents, which is considered another sign of expec-
ted good oral bioavailability (Table 1). TPSA of benzi-
midazole derivatives was observed in the range of
17.83-128.00 A2 and is well below the limit of 140
A2, The TPSA value for antifungal drug doxycycline is
181.61 A2, while the other two antibacterial agents
have values below 140 A2,

The molecular weight of forty-two benzimi-
dazole derivatives was found to be less than 500
g/mol and thus these molecules are expected to be
easily transported, diffused and absorbed in compa-
rison to large molecules. Among standard antimicro-
bial drugs, only ketoconazole had a higher Mw
(531.44 g/mol).

Table 2. Bioactivity score of compounds according to Molinspiration (17)

Drug targets Activity Compound
a

GPCR ligand csT 6 (22, 35, 39-42) and KTC

active

b

GPCR ligand gllcot?v.e 30 (1-21, 23, 24, 30-34, 37, 38) and DOX, CHL
GPCR ligand Inactive 6 (25-29, 36)

CSsT

C

ICM active 5 (6,9, 36, 37, 39)
ICM Mod. 28 (1-5,7,8,10, 11, 13-17, 20, 22, 23, 29-35, 38, 40-42) and KTC,

active DOX, CHL
ICM Inactive 9 (12,18, 19, 21, 24-28)
Kinase inhibitor | ST 7(2,3,5,7, 13, 15, 16)

active
Kinase inhibitor :Icci(ijv.e 30 (1, 4,6,8-12, 14, 17-28, 30-38) and KTC, CHL
Kinase inhibitor | Inactive 5 (29, 39-42) and DOX

CSsT

d

NRL active 1)
NRL g&?\l‘e 16 (2, 15, 17, 20, 22-24, 30-35, 40-42) and KTC, DOX, CHL
NRL Inactive 25 (3-14, 16, 18, 19, 21, 25-29, 36-39)
Protease CST /
inhibitor active
Protease Mod. 30 (2-7,9-11, 13, 15-17, 18-20, 22, 23, 30-35, 37-42) and KTC,
inhibitor active DOX, CHL
Protease Inactive | 12 (1,8, 12, 14, 21, 24-29, 36)
inhibitor
Enzyme CsT 12 (3, 4, 23, 33-35, 37-42) and KTC
inhibitor active
Enzyme Mod. 29 (1, 2, 5-22, 24-28, 30-32, 36) and CHL
inhibitor active
Enzyme .
inhibitor Inactive 1 (29) and DOX

a CST - Considerable; b Mod. - moderate; c ICM - Ion channel modulator; d NRL- Nuclear receptor ligand
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Table 3. Absorption properties of compounds predicted by SwissADME (18)

Absorption properties

Compound

High HIA®

40 (1-7,9-13, 15-42) and KTC, CHL

Low HIA

2 (8,14) and DOX

BBB® permeant

19 (1, 2, 18, 22, 24, 29-42) and KTC

Non-BBB permeant

23 (3-17, 19-21, 23, 25-28) and DOX, CHL

Substrates for P-gp°

6 (3,8,22,37-39) and DOX

Non-Substrates for P-gp

36 (1, 2, 4-7, 9-21, 23-36, 40-42) and KTC, CHL

a HIA - human intestinal absorption; b BBB - blood brain barrier; ¢ P-gp — P-glycoprotein

Table 4. Metabolic properties of compounds according to SwissADME (18)

Metabolic properties Compound

CYP1A2 inhibitor

34 (1-5,7,9-13, 15-17, 22-27, 29-42)

CYP2C19 inhibitor

36 (1,2,4-7,9-20, 22, 24-28, 30-35, 37-42) and KTC

CYP2C9 inhibitor

27 (1, 4-7, 9-20, 22-28, 34, 35, 42) and KTC

CYP2D6 inhibitor

18 (2,4-7,9-13, 16, 22, 30-32, 37-39) and KTC

CYP3A4 inhibitor

19 (4-6, 9-16, 18, 22, 27, 30, 31, 37-39) and KTC

The hydrogen bonding capacity of benzimida-
zoles, described by the number of hydrogen bond
donors and acceptors, differs significantly. They show
2 to 9 hydrogen bond acceptors and 0 to 5 hydrogen
bond donors. In the group of standard drugs, keto-
conazole shows 10 hydrogen bond acceptors and 7
hydrogen bond donors and consequently manifests
one RO5 violation.

The volume of molecules determines the tran-
sport of molecules through the intestinal and hema-
toencephalic barrier. By increasing the volume of
molecules, which can be considered a valid parame-
ter of the assessment of oral bioavailability, the
number of rotatable bonds also increases, as well as
the number of hydrogen bonds (17).

None of the molecules show volume of more
than 500 A3. The presented results of physicoche-
mical properties indicate that good intestinal absorp-
tion is predicted for all investigated compounds.

The bioactivity scores of listed compounds for
drug targets were also predicted by Molinspiration
(17) (Table 2).

The obtained results (Table 2) clearly demon-
strate that the physiological actions of benzimidazole
derivatives might involve multiple mechanisms and,
which could be the result of interactions with GPCR
ligands, nuclear receptor ligands, inhibit protease, ki-
nase and other enzymes. The bioactivity score of com-
pounds is suggestive of most components of mainly
moderate interactions with all drug targets. How-
ever, the compounds are assumed to exhibit the
weakest biological activities with nuclear receptor li-
gands, because twenty-five benzimidazoles are pre-
dicted to be inactive. The most promising twenty-
nine compounds which are predicted to act by more
than four mechanisms are identified as 1-7, 9-13,
15-17, 20, 22, 23, 30-35, 37-39, 41, 42. Ketoco-
nazole and chloramphenicol may have effects on all
proposed drug targets, while doxycycline is a little
less active due to the lack of kinase and enzyme
inhibitors” activity.

Absorption and metabolic properties of the
compounds were predicted by SwissADME (18)
(Table 3 and Table 4).

SwissADME enables predictions for passive hu-
man gastrointestinal absorption (HIA) and blood-brain
barrier (BBB) permeation of compounds, as well as
the assessment of whether a compound is a substrate
of P-gp and an inhibitor of CYP isoenzyme family (18,
23). The knowledge about compounds being sub-
strates or non-substrates of P-gp is essential for the
evaluation of active efflux through biological membra-
nes. A crucial role of P-gp is to prevent intracellular
accumulation of toxic compounds and to protect the
central nervous system (CNS) from xenobiotics (25,
26).

The analysis of benzimidazole derivatives using
SwissADME shows that all compounds, except for 8
and 14, are expected to have good gastrointestinal
(GIT) absorption. The ability to pass through the he-
matoen-cephalic barrier is predicted for nineteen com-
pounds. Furthermore, it was determined that only six
compounds can be substrates for P-glycoprotein. Ke-
toconazole and chloramphenicol are predicted to have
high HIA, permeant BBB is expected for ketoconazole,
and doxycycline is expected to be a substrate for P-gp
(Table 3).

The superfamily of CYP isoenzymes is crucial
for drug elimination through phase I of metabolic bio-
transformation. CYP and P-gp are likely to metabo-
lize small molecules synergistically to improve protec-
tion of tissues and organisms. Therapeutic molecules
are substrates of five major isoforms of CYP enzyme
family: CYP1A2, CYP2C19, CYP2C9, CYP2D6 and
CYP3A4. The inhibition of these isoenzymes is cer-
tainly a major cause of pharmacokinetics-related
drug-drug interactions, which could induce toxic or
other undesirable adverse effects (26).

Seven compounds, 4, 9-13 and 22, are pre-
dicted to inhibit all the listed CYP isoenzymes. The
least numbers of compounds, eighteen, will probably
inhibit isoenzymes CYP2D6. Ketoconazole is predict-
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ed to inhibit 4 enzyme subfamilies, whereas doxycy-
cline and chloramphenicol are not predicted to have
an inhibitory effect on CYP enzymes (Table 4).

Toxicological properties of the compounds
predicted by OSIRIS Data Warrior (19) are shown in
Table 5.

Table 5. Predicted toxicological properties of compounds by OSIRIS Data Warrior (19)

Toxicological properties | Level Compound
Mutagenic risk High 14 (6, 14, 18-22, 24-29, 36) and CHL
Tumorigenic risk High 5 (3,5, 14, 18, 20) and CHL
9 Low | 8 (6, 21, 22, 24-28)
. High 3 (28, 29, 36) and CHL
Reproductive Effect Low 5 (18, 24-27)
. Low /
Irritant Effect High CHL

The majority of tested benzimidazole deriva-
tives is considered non-toxic, and the irritating beha-
viour was not observed in any of the cases (Table 5).
Compounds 14, 18 and 20 are predicted to have
high mutagenic and tumorigenic risks, whereas com-
pounds 28, 29 and 36 are predicted to have a high
mutagenic risk and a high reproductive effect. Com-
pounds 6, 19, 21, 22, 24-27 are predicted to have a
high mutagenic risk, whereas compounds 3 and 5
are predicted to have a high tumorigenic risk.
Chloram-phenicol is likely to exhibit all four toxic
effects, where as ketoconazole and doxycycline are
consider-ed safe to use.

Based on in silico evaluation of physicoche-
mical properties, pharmacokinetic parameters and
toxicity potential of benzimidazole derivatives, it was
determined that the following nine compounds out of
forty-two benzimidazole derivatives showed the best
characteristics: 1, 2, 17, 32-35, 41, 42. The selected
compounds, as well as all benzimidazole derivatives,
met Lipinski’s RO5 (Table 1); therefore, they express
good oral availability. Their bioactivity score indicates
high activity since they are predicted to react with
more than four drug targets (Table 2). The absorp-
tion properties of compounds are satisfactory given
the fact that all the mentioned components are
expected to have good GIT absorption. The ability to
pass through the hematoencephalic barrier is ex-
pected for all components except component 17, and
none of the selected components is a substrate for
P-gp (Table 3). Furthermore, metabolic properties
are favourable since all the selected components are
expected to inhibit not more than three CYP enzy-
mes (Table 4), and to be non-toxic (Table 5). These
are benzimidazoles that have high antifungal acti-
vity, proven by previous tests of antimicrobial acti-
vities (6, 14). Carboxy substituted (17) benzimida-
zole-hydrazone (Figure 1) exhibits two-fold better
potency (MIC = 25 ug/mL) than the reference drug
ketoconazole (MIC = 50 pg/mL) against all analysed
Candida fungal strains. On the other hand, their
antibacterial activity is low (14). 1-Substituted-2-
methylbenzimidazoles (32, 33, 34, 35) and 1-sub-
stituted-2-aminobenzimidazoles (41, 42) show com-
parable antifungal activity to that of ketoconazole
and amphotericin against S. cerevisiae (6). More-
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over, authors conclude that antifungal activity ex-
hibited by the tested compounds is governed by the
partition coefficient, log P.

Fundamental physiochemical properties of the
central nervous system (CNS) drugs are evaluated
on the basis of their ability to penetrate the blood-
brain barrier and to exhibit CNS activity. Lipophilicity
and TPSA of drugs significantly influence their ability
to penetrate the blood-brain barrier.

A drug targeting the CNS should ideally have
a log P value around 2. Benzimidazoles with log P
values between 2 and 3, i.e. molecules which are
considered to be able to pass through the hemato-
encephalic barrier due to their optimal lipophilicity,
are compounds 18-20, 37 and 40 (Table 1). Among
these compounds, 1-benzylbenzimidazol-2-amine (37)
and 2-amino-3H-benzimidazol-1-yl)-phenylmethano
ne (40) (Figure 1) can be considered non-toxic
(Table 5). Compounds 37 and 40 are expected to
show high activity because they are predicted to
react with more than four drug targets (Table 2).
Also, both components are expected to have good
GIT absorption and to be able to pass through the
hematoencephalic barrier, whereas only compound
37 is predicted to be a prospective substrate for P-gp
(Table 3). Compound 37 is expected to potentially
inhibit four CYP enzymes, whereas compound 40
was expected to inhibit only CYP1A2 and CYP2C19
isoenzyme subfamilies. (Table 4). Those compounds
were previously reported to express good antifungal
activity against S. cerevisiae (6).

The drugs can be targeted to the CNS with a
PSA less than 60 A2 (24). Sixteen compounds, 1, 22,
24-26, 29-39, have slightly lower TPSA values below
60 A2, which indicates that they could pass through
the hematoencephalic barrier (Table 1). Among ben-
zimidazoles with lower TPSA values, ten compounds,
1, 30-35 and 37-39, can be considered non-toxic
(Table 5). The properties of compounds 1 and 32-35
have already been discussed because they belong to
the group of nine benzimidazoles with the best in
silico analysis results. In addition to having high GIT,
the rest of the selected compounds, 30, 31, 37-39,
are predicted to pass through the BBB, whereas the
components 37-39 are P-gp substrates as well
(Table 3). The selected CNS-permeable compounds
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are expected to inhibit four CYP isoenzymes, there-
fore, side effects are likely to appear (Table 4).

Conclusion

Based on the calculated physicochemical pro-
perties, we can conclude all of the benzimidazole
derivatives have good oral bioavailability since they
do not violate more than one RO5. Also, most of
them (40 out of 42) have good intestinal absorption.
Less than half of the compounds are expected to
pass through the BBB, and a limited number of them
is predicted to be P-gp substrates. The obtained re-
sults clearly reveal that the physiological actions of
the analysed derivatives might involve multiple me-
chanisms, possibly the result of interactions with
GPCR ligands, nuclear receptor ligands, inhibit pro-
tease, kinase and other enzymes. The most pro-
mising twenty-nine benzimidazoles are predicted to
act by more than four mechanisms. Ketoconazole
and chloramphenicol could influence on all tested

drug targets, while doxycycline is a little less active
due to the lack of kinase and enzyme inhibitors’
activity. Seven compounds are predicted to inhibit all
the listed CYP isoenzymes. The majority of tested
benzimidazole derivatives is considered safe to use,
and the irritating behaviour was not observed in any
of the cases. Chloramphenicol is likely to exhibit all
four toxic effects, whereas ketoconazole and doxy-
cycline are considered non-toxic. Methods of a com-
puter based (in silico) analysis could be very useful
in the discovery of new drug candidates.
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IN SILICO ISPITIVANJE ODABRANIH DERIVATA BENZIMIDAZOLA U
POTRAZI ZA NOVIM POTENTNIM ANTIMIKROBNIM AGENSIMA
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Benzimidazoli su heterocikli¢na jedinjenja koja predstavljaju farmakofore mnogih leko-
va. Pored antimikrobne (antibakterijske i antifungalne) aktivnosti, derivati benzimidazola su
izuzetno efikasna jedinjenja koja pokazuju Sirok spektar bioloskih aktivnosti. Koris¢enjem
kompjuterskih programa Molinspiration, SwissADME i OSIRIS Data Warrior, ispitivane su
farmakokineticke i toksikoloske osobine Cetrdeset dva derivata benzimidazola. Jedinjenja su
ispunila sve kriterijume za zadovoljavajucu oralnu bioraspolozivost. Za vecinu je predvideno
da su netoksi¢na, a potencijalno iritantno delovanje nije utvrdeno ni u jednom slucaju. Na
kraju, na osnovu povoljnih farmakokinetickih parametara i toksikoloskih karakteristika selek-
tovano je devet najobecavajucih derivata. Sposobnost prolaska kroz hematoencefalnu bari-
jeru se ofekuje za sve komponente osim jedne, a nijedna od odabranih nije supstrat za P-
glikoprotein. Metabolicke karakteristike selektovanih jedinjenja su takode povoljne, jer se
predvida inhibicija ne viSe od tri citohrom P450 izoenzima i odsustvo toksi¢nosti.

Acta Medica Medianae 2019,;58(1):106-115.

Kljucne reci: antimikrobni agensi, benzimidazoli, bioraspoloZivost, in silico ispitivanje,
toksikoloske osobine
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THE ROLE OF VITAMIN D IN TREATING PATIENTS WITH TYPE 2

DIABETES MELLITUS

Milena M. Coji¢

Vitamin D is a steroid hormone the primary role of which is to maintain adequate blood
levels of calcium and phosphorus needed for the normal bone mineralization process. Receptors
for vitamin D active form and enzymes involved in its activation have been found in many other
body tissues, leading to a conclusion that vitamin D deficiency is connected with the deve-
lopment of many chronic diseases such as hypertension, multiple sclerosis, certain malignant
tumors and type 2 diabetes mellitus (T2 DM). Numerous observational studies have shown that
patients with T2 DM have lower blood levels of vitamin D compared to healthy subjects. This
indicates that vitamin D could play an important role in the pathogenesis of this chronic non-
communicable disease. By monitoring parameters related to glycemic status, insulin secretion
and insulin resistance, many researchers tried to answer the question whether vitamin D
supplementation could help patients with diabetes better control their disease and prevent the
complications. The results were contradictory and failed to provide enough solid evidence for
recommending vitamin D supplementation as a therapeutic measure for these patients. How-
ever, patients who might benefit from supplementation are those with the increased T2 DM risk
or those at the beginning of the disease. In order to assess which group of patients could
benefit from such a supplementation, it is necessary to provide well-designed, long-term expe-
rimental studies with precisely defined groups of patients (e.g. prediabetes, early T2 DM, etc.),

supplemented with sufficiently high vitamin D doses in relevant monitoring periods.
Acta Medica Medianae 2019;58(1):116-124.
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Introduction

Vitamin D is a steroid hormone the primary
role of which in bone metabolism is widely acknow-
ledged. Owing to this hormone, optimal concentra-
tion of calcium and phosphate necessary for bone
mineralization process is maintained in blood. In ad-
dition to its “classical” role, more attention is being
paid to its possible “non-classical” effects in preven-
tion and treatment of numerous chronic non-com-
municable diseases (1, 2). The reason is in the fact
that the receptors for active D vitamin metabolite
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(1,25-dihydroxy vitamin D), as well as the enzyme
involved in its activation, are found not only in tis-
sues related to bone metabolism, but also in 38
other tissues (brain, prostate, breasts, etc.) in which
the hormone regulates the processes of cell prolife-
ration, differentiation, apoptosis and angiogenesis (3,
4). Vitamin D deficiency is therefore connected with
the increased risk of hypertension, multiple sclerosis,
significant number of malignant tumors, type 2 dia-
betes mellitus (T2 DM) (4-6). Essential role of vita-
min D in the emergence of T2 DM is proven by re-
sults of numerous prospective studies which have
shown that low vitamin D blood level is linked to the
increased risk of this disease and a disturbed glucose
metabolism. However, the nature of this link is still
not completely clear (6-9). If vitamin D was one of
the causal factors, instead of being a consequence of
specific pathophysiologic processes responsible for
the disease, we would have a natural, cheap and
easily available means, which could be compensated
for taking an important step towards prevention and
treatment of this chronic non-communicable dise-
ases and its complications (10).

The goal of this paper is to summarize the
existing knowledge on the possible role and effects
of vitamin D supplementation in treating patients
with T2 DM.

www.medfak.ni.ac.rs/amm



The role of vitamin d in treating patients With type 2 diabetes mellitus

Milena M. Coji¢

Vitamin D

Vitamin D implies two forms: vitamin D2 (er-
gosterol) and vitamin D3 (cholecalciferol) (11, 12).
Vitamin D2 is converted from sterols by ultraviolet
(UV) radiation in mushrooms exposed to sunlight
and enters the body solely through food. Although it
can be found in food, the greatest source of vitamin
D for people is its endogenous production during skin
exposure to sunlight. Namely, the cells of epidermis
and dermis contain 7-dehydrocholesterol, a choleste-
rol derivative which absorbs UVB rays during sun ex-
posure (at wavelengths between 290-320 nm) and
transforms into provitamin D3, which then isome-
rizes into a thermally more stable form of vitamin D3
(cholecalciferol) (13, 14). Upon synthesis in the skin,
or absorption from the digestive system if taken
through food, vitamin D (D2, D3 or both) is biolo-
gically inactive. Two enzyme-mediated reactions of
hydroxylation have to take place to activate inactive
cholecalciferol. The first hydroxylation occurs in the
liver catalyzed by the enzyme 25-hydroxyvitamin D
hydroxylase and produces 25-hydroxyvitamin D3
(calcidiol). The second reaction of hydroxylation ta-
kes place in the kidneys, catalyzed by enzyme 25-
hydroxyvitamin D-1a-hydroxylase, producing the ac-
tive form of vitamin D, i.e. 1,25-dihydroxyvitamin D3
(calcitriol). This active form goes to target tissues
where it binds to vitamin D-specific receptor. In the
intestinal tissue it is responsible for the increased
intestinal absorption of calcium and phosphorus and
increased reabsorption of calcium in the kidneys re-
spectively. As soon as blood calcium level becomes
low, parathyroid glands secrete parathyroid hormone
(PTH) which stimulates the production of vitamin D’s
active form in the kidneys, which further increases
the calcium level presumably via increased intestinal
resorbtion. If this is insufficient, vitamin D stimulates
the osteoclasts function and consequent bone resor-
ption process in coordination with PTH (15-17).
Lowered calcium intake may lead to bone damaging,
but this is rarely the case. A considerably more fre-
quent reason for inadequate bone metabolism is the
vitamin D deficiency. The metabolite generated after
the first hydroxylation in the liver, 25-hydroxyvita-
min D3 (25(0H)D3), is used for estimating blood vi-
tamin D concentration, since its half-life in circulation
is longer (around 2-3 weeks) in comparison to the
active metabolite 1,25(0OH)2 D3 generated in the
kidneys, with the half-life of around 4 hours. Additi-
onally, circulating concentrations of vitamin D’s acti-
ve form are 1000 times lower than 25(OH)D3 and
are mostly normal or moderately elevated, even in
vitamin D deficiency due to secondary hyperparathy-
roidism (3, 4).

Recommendations regarding the optimal blood
level of vitamin D metabolite are still not completely
harmonized. This is due to a great number of factors
influencing the vitamin D production in skin and its
food intake, as well as due to a great number of
clinical tests for determining 25(OH)D3 levels, whose
values are very variable. Moreover, optimal levels for
maintaining an adequate bone metabolism and he-
alth in general could be different (18, 19).

According to the guidelines for treatment and
prevention of vitamin D deficiency published by The

Endocrine Society, the optimal level of circulating
vitamin D should be above 30 ng/ml (75 nmol/L),
because PTH values in blood are minimal above that
level (4, 5). Level of 20-30 ng/ml (50-75 nmol/L)
implies vitamin D insufficiency, since PTH levels are
elevated; however, vitamin D level is sufficient for an
increased intestinal absorption of calcium and pho-
sphorus. Vitamin D deficiency occurs when its blood
level is below 20 ng/ml (50 nmol/L) and this con-
dition is connected with malabsorption of Ca and
phosphorus, as well as with a disturbed mineraliza-
tion, i.e. bone resorption, in order to provide suffi-
cient quantity of Ca and P in blood. This leads to
rickets in children and osteomalacia in adults (3, 4).
Therefore, many experts suggest that normal bone
metabolism requires maintaining the blood level of
25(0OH)D3 above 20 ng/ml (50 nmol/L), whereas its
optimal value should be above 75 nmol/L so that it
could contribute to general health improvement. On
the other hand, lower values may lead to immunity
impairment, myopathy, DM and increased risk of
some types of carcinoma (20).

These recommendations are not fulfilled with
most people. It is estimated that around 1 billion of
world population has vitamin D insufficiency or defi-
ciency (21). The primary reasons are seldom and in-
adequate sun exposure, as well as a diet lacking in
vitamin D (5, 13, 22). Its quantity in the body is in-
fluenced by other factors as well, e.g. birth year,
race, season, latitude, use of sun protection creams
and use of some medications (anticonvulsants, corti-
costeroids etc.) (4, 13, 22, 23).

Vitamin D and type 2 diabetes mellitus

Numerous observation studies have shown
that decreased levels of 25(0OH)D3 in blood may
have a role in pathogenesis of this disease (24-27).

Meta-analysis, which included 21 prospective
studies with 4996 patients suffering from T2 DM and
76 220 subjects without this diagnosis, has shown
inverse correlation between vitamin D blood level
and the risk of developing T2 DM (RR 0,62 [95% CI
0.54-0.70]) (7). However, the mechanisms and the
causes of this relationship are still incompletely
clarified. It is not yet established whether these low
levels are the cause of diabetes, or they are only a
reflection of impaired health (28-30). The three pro-
cesses which play an important role in T2 DM pa-
thogenesis and could be influenced by vitamin D are
the following: insulin secretion (IS), insulin resist-
ance (IR) and inflammation (31).

Vitamin D and insulin secretion

Pancreatic beta-cells responsible for insulin se-
cretion, contain not only receptors for vitamin D
active form, but also the 25-hydroxyvitamin D-1a-
hydroxylase enzyme, which is responsible for its acti-
vation. In addition to the direct influence, vitamin D
could also have an indirect influence on IS by in-
creasing the concentration of intracellular calcium in
beta-cells, bearing in mind that insulin secretion is a
process dependant on calcium. This means that suf-
ficient quantity of vitamin D in blood would facilitate
an adequate response of beta-cells to glucose stimu-
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lation, whereas its deficiency would decrease IS. Vi-
tamin D has no impact on other pancreatic hormo-
nes, or on basal insulinemia (32, 33).

Vitamin D and insulin resistance

Modified cell response to insulin action is an
important factor which contributes to T2 DM patho-
genesis and which can also be under the direct or
indirect influence of vitamin D. Directly, vitamin D
influences the expression of insulin receptors on tar-
get organs’ cells, which improves the cell response to
insulin, whereas indirectly it can contribute to the in-
creased concentration of intracellular calcium, which
can raise the glucose transport in insulin-dependent
tissues. Taking these facts into account, it is clear
that the lack of vitamin D could lead to an increased
cell resistance to insulin (34, 35).

Vitamin D and inflammation

Inflammation per se, through the activation of
inflammatory network factors (fibrinogen, interleu-
kin-6, C-reactive protein) can raise the risk for deve-
loping T2 DM (36). These factors can also have an
impact on IR and can contribute to damage to beta-
cells, causing their apoptosis. Vitamin D could mani-
fest its favorable effect by reducing the production of
these cytokines and by modulating their effects (37).

On that account, by examining the effect of
vitamin D supplementation with or without calcium,
some trials have shown that the intake of this
vitamin could be useful in prevention and even delay
the onset of T2 DM (38-40). However, the question
remains what happens to patients who are already
suffering from this disease.

Effects of vitamin D supplementation in patients
with T2 DM

Studies conducted in order to explore the role
of vitamin D in treating patients with diabetes have
shown opposing results (41). Most of them moni-
tored the glycemic status, IS and IR as the final
outcome of disease control.

One of the meta-analyses conducted by Pittas
et al. tried to provide an answer to that question by
summing up the results of intervention studies which
had investigated supplementation effects on glucose
metabolism. Among the the analyzed studies four of
them were short-term and included a small humber
of patients, whereas the two other were long-term,
primarily designed to explore the effect of supple-
mentation on bones. Some studies incorporated only
patients with T2 DM, while others included patients
with prediabetes, as well as healthy patients. Consi-
dering that these studies were distinctively designed
and that various forms and doses of vitamin D were
used with different patient groups, this meta-ana-
lysis could not provide concrete answers on the ef-
fect of vitamin D supplementation in patients with T2
DM, but in conclusion, it indicated that a combi-
nation of vitamin D and Ca supplements could pro-
vide favorable results in regulating glucose metabo-
lism, especially in patients at risk. Conclusion pre-
sented by Pittas et al. is mostly based on results of a
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randomized, double-blind, placebo-controlled study
which included a group of 314 patients older than
65, who had been administered with a combination
of 700 international units (IU) of vitamin D3 and 500
mg of calcium or a placebo over the period of 3
years. The study was primarily designed to investi-
gate the effects of supplementation on bones. How-
ever, post hoc analysis of morning glycemia and
HOMA-IR index (Homeostasis model assessment of
insulin resistance index) revealed that patients with
primarily irregular values of fasting glycemia had a
significant improvement in controlling glucose meta-
bolism after 3 years of vitamin D supplementation
(0,4 vs. 6,1 p = 0,04). In patients with normal va-
lues of fasting glycemia no effect was documented
(37).

Several years later, a systematic review and
meta-analysis encompassing a much larger number
of studies were conducted for the purpose of pro-
viding an answer whether vitamin D supplemen-
tation with or without Ca could favorably affect the
IR, C-peptide level, morning glycemia and glycosy-
lated hemoglobin (HbAlc), as well as the develop-
ment of microvascular (retinopathy, nephropathy,
neuropathy) and macrovascular (heart attack, stroke,
peripheral vascular disease) complications. Inclusion
criteria were fulfilled by 15 studies of different qua-
lity; some of them included patients with T2 DM, or
patients with impaired glucose tolerance, or even
healthy subjects. Various forms of vitamin D in doses
less than 2000 IU per day were used for supple-
mentation. Some studies combined calcium with vi-
tamin D, but also with placebo. Majority of studies
were conducted on a small sample with an average
duration of several months.

Out of 15 analyzed studies, 8 explored the in-
fluence of vitamin on fasting glycemia level, whereas
4 out of those 8 included subjects with normal fast-
ing blood glucose levels. The analysis revealed a
small, but significant decline of fasting glycemia in
patients with T2 DM or with impaired glucose tole-
rance who were administered with some form of vi-
tamin D in comparison to those who were admini-
stered with placebo (mean value of difference -0.32
mmol/l, 95% confidence interval, -0.57 to -0.07, p =
0,01).

Vitamin D supplementation also led to IR imp-
rovement (measured by using HOMA-IR model or
the relation between morning insulinemia and C-
peptide values) in patients with impaired glucose to-
lerance (mean value of difference -0.25, 95% con-
fidence interval, -0.48 to -0.03, p = 0,03).

The impact of vitamin D on the level of HbAlc
was explored in 4 studies in which vitamin D supple-
mentation in patients with diabetes or impaired glu-
cose tolerance did not cause decrease in the level of
HbAlc compared to placebo (0,03%, 95% confi-
dence interval, -0,18% to 0,23%). In patients with
normal glycemic values there was no significant dif-
ference in values of these parameters. Moreover,
there was no sufficient data to make a conclusion on
the effect of supplementation on micro- and macro-
vascular complications (42).

Nigil Haroon et al. conducted a systematic
review encompassing 17 randomized and controlled
studies and 7 longitudinal surveys. Tracking period
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for all studies was longer than a month; therefore,
studies with tracking period of up to 3 months were
considered short-term (total of 16 studies), while
other studies were long-term ones with tracking pe-
riod between 4-18 months. As opposed to previous
studies, this systematic review comprised studies in
which more than 70% of subjects were T2 DM pati-
ents. In most cases, cholecalciferol was administered
as supplement in the dose of 400 IU to 5700 IU per
day. A single-dose intramuscular injection of vitamin
D3 was given in 5 studies. The number of patients
varied from 10 to 204. Parameters investigated were
the following: HbAlc, HOMA-IR, HOMA-B for glyce-
mia control estimate, IR and IS (function of pancre-
atic beta-cells).

Majority of short-term studies (total of 10) re-
vealed improvement in HbAlc, HOMA-IR and HOMA-
B, whereas most of long-term studies did not docu-
ment any significant effects (43).

Despite great expectations, numerous studies
provided different results; hence, the role of vitamin
D in treating this chronic non-communicable disease
cannot be precisely determined (Table 1). Before
proceeding with further research of the matter, one
should bear in mind the reasons why surveys con-
ducted so far produced different and inconsistent re-
sults. First of all, some studies included heterogene-
ous patient groups with regard to gender, age, BMI,
ethnic affiliation and the existence of an impaired

glucose metabolism, considering that some of them
were conducted simultaneously among healthy sub-
jects, those at risk, as well as among those who are
already T2 DM patients (37). There are also great
discrepancies in the form and method of supplement
dosage. Different vitamin D forms were used (inac-
tive and active), different doses and routes of admi-
nistration (oral, intramuscular). Additionally, various
effects in elevating the blood level of 250HD occur-
red. Most patients in many studies reported 250HD3
levels lower than 75 nmol/L, which was probably in-
sufficient to demonstrate favorable effects on gluco-
se metabolism, since some studies showed favorable
effects on IR only after the 25 OHD3 blood levels had
reached values between 80 and 119 nmol/l (34,58),
or even between 100 and 150 nmol/L (59). There-
fore, overall effect might have failed to produce re-
sults with regard to IR, but the patients who cor-
rected the vitamin D deficiency the most were the
only ones who demonstrated a decrease in IR, des-
pite the fact that there was no significant impro-
vement of this parameter in the entire group (45).
All of the above mentioned implies the need to de-
fine the optimal 25 OH vitamin D blood level, which
would have a favorable influence on health in gene-
ral, and not solely on the bones, as well as to define
the necessary dosage and length of supplementation
period which would suffice to achieve and maintain
the optimal level reached.

Table 1 Randomized clinical research (N > 30) during which vitamin D supplementation effect was tested
with or without calcium on glucose metabolism in patients with T2 DM

Study | p_tients and Vitamin D level®
allﬁﬁgr, samg)ll\‘e) size I‘S’Ie/)l: y’:gresl . of u;e\:jpiﬁsslinent Time period Result and comment (<, 1, 4) ®
ear Before After
Y intervent. intervention
<> HbA1c ¢ (values before and after
intervention (%):6,46-5,90 vs 6,28-
Ljunghall Prediabetes 1(OH)D3 0,75 mcg/day 5,70, P<0,01)
and (N=33); 12 25(0H)D3 d < IR " after IVGTT ** (I/G ™" values
et al. T2DM¢ M 61-65 Control group: weeks 38 ng/ml NF before and after intervention: 0
1987 (44) : i :
(N=65) placebo (N=32) min. 1,84-1,98 vs. 2,35-1,98,
p<0,05; 60. min. 3,56-2,58 vs.
3,90-3,56, p<0,01)
<> HbA1c (change compared to
Ergocalciferol 100 000 25(0H)D3 basal value (%): 0,01 vs. -0,05
Sugden U # 61 nmol/l in p=0,74)
et a(l. ) ("I'\‘2=224) M and F 64 in a single dlose (N=17); 8 weeks %Z(S:L?/? group agmin. (T IS)H0MA|Mt V\llith patienc}:sbwithI
2008 (45 Control group: wit 25(0OH)D3 level increased by value
placebo (N=17) ergocalciferol which is = 11 nmol/l, HOMA +15
vs. -98 p=0,003
<> HbA1c (change compared to
D3 40 000 IU/week basal value (%):-0,2 vs.-0,2,
Jorde, T2 DM (N=16); 25(0H)D3 | 25(0H)D3 p=0,90)
Figenschau (N=32) Mand F 56 Control gro'up' 6 months 59 nmol/L 57 nmol/L <> IRHoma ### (change compared to
2009 (46) i basal value: 0,3 vs.-0,2, p=0,58)
placebo (N=16)
<> ISHoma (change compared to
basal value: 10 vs.63, p=0,99)
<> HbA1c (change compared to
basal value (%):0,1(100 000 1) vs. 0,3
D3 100000 IU in a (200 0001U) VS. -0, 1(placebo),
Witham single dose (N=_19); p=0,65(placebo vs. 100 000 1U);
et al. T2 DM M and F 66 I_)3 200 000 IU in a 16 weeks 25(0H)D3 25(0H)D3 p=0,87 (placebo vs. 200 000 1U))
2010 (47) (N=61) single dose (N=17); 45 nmol/L 65 nmol/L <> IRHomMa (change compared to
Control group: basal value: 2,4(100 000 1v) vs. -1,4(200
placebo (N=22) 0001U)) VS. -8,1(placebo), p=0,95(placebo
vs. 100 000 10); P=0,11(placebo vs. 200 000
v))
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Nikooyeh

D3 1000 IU/day+Ca 300
mg/day (N=30);

T2 DM D3 1000IU/day+ 25(0OH)D3 25(0OH)D3 {HbA1c (%):-0.4 % (p < 0.001)
2o§t1a(|48) (N=90) |MandF| 51 1500 mg/day (N=30);| 12WeeKS |43 5 nmol/L| 63 nmol/L | < IRwoma 3.3 vs. 2.7 (p=0,001)
Control group:
Ca 300 mg/day (N=30)
1 HbA1c (change compared to basal
Shab-Bidar D3 1000 IU/day+ ‘ value in vitamin D group (%):-0,9,
et al T2 DM M and F 525 Ca 240 mg/day (N=50); 12 weeks 25(0OH)D3 25(0H)D3 p=0,001)
2011 (49) (N=100) ! Control group: 38 nmol/L 53 nmol/L 1 QUICKI * (change compared to
Ca 240 mg/day (N=50) basal value in vitamin D
group:0,01, p=0,001)
1 HbA1lc (change compared to basal
| | val;gs (°/o)(:0,|82 vst.) 1,56, sz,;)OS)
. Calcitriol 1 ISHoma (values before and after
Ef:kar:arl T2 DM M and F 54 0,25 pg/day (N=35); 12 weeks 25(0OH)D3 25(0OH)D3 intervention in vitamin D group:3.4
2011 (éO) (N=70) Control group: 40,5 ng/ml 32,5 ng/ml vs. 4.8, p<0,005)
placebo (N=35) 1 IRHoma (values before and after
intervention in vitamin D group: 3.6
vs. 4.8, p=0,02)
HbA1lc (change compared to
D3 300 000 IU <
Heshmat . " _ . basal value (%):-0,01 vs. -0,2,
et al. T2_DM M and F 56 in a single dose (N.—21), 3 months NF 25(0H)D3 p=0,495
(N=42) Control group: 78 ng/ml
2012 (51) lacebo (N=21) <> IRHomMa (change compared to
P basal value:0,2 vs. -0,9, p=0,017)
Soric et al D3 2000 IU/day I HbA1c (change compared to basal
. T2 DM (N=16); value (%):-1,4 vs. 0,2, p=0,013),
2012 (52) (N=31) Mand F 54 Control group: 12 weeks NF NF statistically significantly decreased
vitamin C (N=15) value in patients with HbA1c>9,0 %
D3 5000 IU/day
Yiuetal. | T2DM |y o qFl 65 (N=50); 12 weeks NF 25(0H)D3 ;;:a%/gfug?g/nﬁi cz»osmvps,ar;dzgo
2013 (53) (N=100) Control group: 87 nmol/L _8 C.)Oé) Lo
placebo (N=50) p=0,
<> HbA1c (values before&after
intervention in vit. D group (%):
7,0 vs. 7,3, p=0,212
Breslavsky T2 DM D3 %EO_OZ‘I:)J./day <> IRHoma (values beforeafter
et al. (N=47) M and F 67 Contrc:l ro'u i 12 months NF NF intervention in vit. D group: 4,2 vs.
2013 (54) = Iotebo (gN_zp3‘) 6,1, p=0,243)
P - < ISHoma (values before&after
intervention in vit. D group: 84,7
vs. 42,5, p=0,184)
D3 50 000 IU/week
(N=29); I HbA1c (change compared to basal
D3 50 000 IU/week + 25(0H)D3 value in vitamin D + Ca grou
T:tb:fh T20M [l o 100(?; c/adr:mzatfw)_ 6 weeks | 25(0H)D3 | 35,1 ng/miin |  (%):0,70 £ 0,19, p = g,oz)p
2014 (55) (N=118) Contgrol yrou _S. ’ 16 ng/ml vitamin D I IRHoma (change compared to basal
groups: group value in vitamin D + Ca
Ca carbonate 1000 roup:—0.46 % 0,20 - 0,001)
ma/day (N=29); group: -0, 20, p =0,
Placebo (N=30)
D3 300 000 IU
Jehle in a single dose 25(0H)D3. 1 HbA1c (ch.ange compared_to basal
T2 DM _ . 25(0OH)D3 |84,9 nmol/Lin| value (%): 2,9 vs. 6,9, p=0,041)
et al M and F 67 (N=29) 6 months
2014 (56) (N=55) Control ro'u X 32 nmol/L vitamin D I IRHoma (change compared to basal
placebo (gN=2Fg) group value:-12,8 vs. 10, p=0,032
No effect on the values of metabolic
parameters.
Patients with the level of
25(0H)D3>20 ng/ml had
Strobel T2 DM D3 1902 IU/day N=39; 25(0H)D3 3255|€10;|n)1tl)i3n significantly lower value of HbAlc at
et al. (N=86, Mand F| 30-78 Control group: 6 months 11,9 ng/ml vita?nin D the beginning and at the end of the
2014 (57) (14 given up) placebo (N=33) 2 N9 group survey compared to group with the

level of 25(0H)D3<20 ng/ml.
(HbA1c (mmol/mol Hb):48 vs. 52,
p=0,008;
54 vs. 50, p=0,009)

2 data presented as a mean value or a range; ° < no statistically significant difference; ¢ T2 DM - type 2 diabetes mellitus;
4 NF - not familiar; ¢ HbA1c - glycolized hemoglobin;
1 statistically significantly increased values;
{ statistically significantly decreased values;
* IR - insulin resistance;
** IVGTT - intravenous glucose tolerance test;

*** 1/G - relation between values of basal insulinemia and glycemia;

# IU-international unit;

## ISHOMA- homeostasis model assessment of basal insulin secretion;

### IRHOMA- homeostasis model assessment of insulin resistance index;
T QUICKI-quantitative insuline sensitivity check index
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Many studies failed to take into account vari-
ous therapeutic regimes, physical activity, diet, sea-
son and other relevant factors which may influence
the rise of vitamin D blood level (60). For example,
obese patients require larger doses, due to vitamin
D’s ability to store in adipose tissue (61). Diet and
physical activity can influence both the glycemia con-
trol and the level of 25(0OH)D3 (35). During physical
activity, the time spent outdoors and UV rays can
cause the increase in vitamin D level, both in patient
group and in control group (40). It is, therefore, es-
sential to consider all relevant factors which might
have an impact on the lack of manifestation of diffe-
rences in supplementation effects in various groups
of patients. Additionally, it should be noted that not
all studies in which the subjects demonstrated high
levels of 25(0OH)D3 showed benefits in the case of
glycemia control, IS and inflammation (62). The qu-
estion is to what extent vitamin D can help patients
with advanced disease when beta-cells have already
been exhausted (35). Some studies reported that the
major benefit from vitamin D supplementation would

be for patients with an increased risk for T2 DM, and
for those patients in early stages of the disease (35,
37, 40). Finally, all studies comprised a small sample
and mostly had a short tracking period (shorter than
a year).

Conclusion

At the present moment, there is no sufficient
evidence to recommend vitamin D to patients with
T2 DM as a therapeutic tool for better metabolic con-
trol. Therefore, it is necessary to conduct well-de-
signed research which would include a sufficient
number of precisely defined patient target groups
(who are at risk or already affected in the same dise-
ase period), with clearly determined doses of the
relevant vitamin D form and a sufficiently long fol-
low-up period, in order to clarify to what extent and
at which stage of the disease the patients may have
benefit from vitamin D supplementation.
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ULOGA VITAMINA D U LECENJU BOLESNIKA OBOLELIH OD
DIJABETESA MELITUSA TIPA 2
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Dom zdravlja Podgorica, Podgorica, Crna Gora

Kontakt: Milena M. Coji¢
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Vitamin D je steroidni hormon dCija je osnovna uloga da odrZzava adekvatnu
koncentraciju kalcijuma i fosfora u serumu potrebnu za proces mineralizacije kostiju. Otkri¢e
receptora za aktivni oblik ovog vitamina, kao i enzima koji uestvuje u njegovoj aktivaciji u
mnogim drugim tkivima u organizmu, dovelo je do toga da se njegov nedostatak povezuje sa
nastankom mnogih hroni¢nih bolesti kao Sto su hipertenzija, multipla skleroza, neke vrste
malignih tumora i dijabetes melitus tip 2. Mnogobrojne opservacione studije su pokazale da
oboleli od dijabetesa melitusa tipa 2 imaju niZze vrednosti vitamina D u krvi u odnosu na
zdrave ispitanike. To je navelo na pomisao da bi vitamin D mogao igrati bitnu ulogu u pato-
genezi ove hroniCne nezarazne bolesti. Istrazivanja koja su pokusala da odgovore na pitanje
da li bi suplementacija vitaminom D mogla pomoci ovim bolesnicima da bolje kontroliSu svoju
bolest i sprece nastanak komplikacija, kao krajnji ishod pratila je parametre vezane za
glikemijski status, sekreciju insulina i insulinsku rezistenciju. Dobijeni rezultati su oprecni i nisu
dali dovoljno Cvrstih dokaza na osnovu kojih bi mogli preporuciti vitamin D kao terapijsko
sredstvo. Medutim, benefit od suplementacije bi mogli imati bolesnici koji su u riziku ili oni na
pocetku bolesti. Da bi procenili koja grupa bolesnika moZe imati dobiti od suplementacije ovim
vitaminom, potrebne su dobro dizajnirane eksperimentalne studije sa precizno definisanim
grupama ispitanika (onih koji su u riziku ili ve¢ oboleli sa jednakim stazom bolesti), dovoljno
visokim dozama vitamina D i dovoljno dugim periodom pracenja.

Acta Medica Medianae 2019,;58(1):116-124.
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From the history of medicine
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BENCE JONES PROTEIN - THE FIRST TUMOUR MARKER IN
HISTORY OF MEDICINE

Nenad Govedarovié

Bence Jones protein is generally accepted term for protein described in urine of my-
eloma patients. Today, qualitative, as well as quantitative determination of Bence Jones protein
serve as routine analyses for diagnosis and screening of myeloma and skeletal affections.
Although Bence Jones is not the first to recognize the characteristics of the urine of the dise-
ased, his merit is that he recognized the importance of this protein in patients with myeloma.
He is considered as the pioneer in medical chemistry and is one of the first doctors who em-
phasized the importance of chemical analysis for the diagnosis of the disease. His discovery of
proteinuria in multiple myeloma has long been the only biochemical test for cancer until the
seventies of the twentieth century, with the discovery of carcinoembrion antigen (CEA) and
alpha-fetoprotein (alpha-FP) It can rightly be said that a protein named after him is the first

tumor marker in the history of medicine.

Acta Medica Medianae 2019,58(1):125-130.
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Uvod

Termin Bens DzZonsov protein (Bence Jones)
je danas opsteprihvacen naziv za belanéevinu opisa-
nu u mokraci bolesnika sa multiplim mijelomom. Za-
nimljivo je da Bens DZons nije prvi dao opis ovog
proteina, ali je prepoznao njegov znacaj u dijagnos-
tici mijeloma.

Prica o ovom epohalnom otkri¢u odigrala se u
prvoj polovini devetnaestog veka. Glavni akteri bili
su doktor Vilijem Mek Intajer, doktor Henri Bens
Dzons (Henry Bence Jones) i doktor Dzon Delrajm-
pli (John Dalrymple), bas kao i Tomas Aleksander
Mek Bin (Thomas Alexander McBean), prvi jasno do-
kumentovani bolesnik sa multiplim mijelomom.

Tajanstvena bolest gospodina Mek Bina
Tokom 1843. godine, Aleksander Tomas Mek

Bin, ugledni Cetrdesetletvorogodisnji trgovac iz Lon-
dona, poceo je da se pojacano zamara Sto ga je pri-

www.medfak.ni.ac.rs/amm

moravalo da zastaje pri duzem hodu. Primetio je da
ima i ¢eS¢i nagon za mokrenjem, kao i da mu je ,ves
stalno natopljen mokra¢om iako nije mokrio™ (1).

Dinamic¢ne prirode, Mek Bin septembra 1844.
godine odlazi na visednevni boravak u Skotsku, u
prirodu. Pri pokusaju izlaska iz jedne podzemne pe-
¢ine zadobija ostar bol, ,.kao da mu je nesto prsnulo
unutar grudi®, Sto ga je nateralo da legne na tlo i
neko vreme ostane lezeéi nepokretan. Nakon pre-
spavane noci u obliznjem odmaralistu, bol se sma-
njio. Po dolasku, Mek Bin se javlja svom ordiniraju-
¢em lekaru, Tomasu Votsonu, lekaru opste prakse,
koji je radio u jednoj drzavnoj bolnici u Londonu.
Doktor Votson zakljucuje da se radi o upali plu¢ne
maramice, te bolesniku aplikuje gipsani zavoj oko
grudnog kosa, donekle mu olaksavajuci bolove koji
su se javljali pri disanju i pri najmanjem pokretu ru-
ku (2). Ovo je Mek Binu omogucilo da se koliko to-
liko, vrati svom svakodnevhom poslu. Mesec dana
kasnije bolovi su se ponovo javili te je, od strane
mesnog hirurga lecen ,pijavicama i flebotomijom ra-
di preciséavanja krvi* (3).

U prolece 1845, Mek Bin je usled viSekratnog
Jterapijskog ispustanja krvi* postao adinamican, bled,
a uskoro su mu se pojavili i otoci lica i gleznjeva.
Ponovo je posetio svog lekara, dr Votsona, koji mu
je prepisao terapiju sa smeSom gvozda citrata i kini-
na i opijumom. Nakon ovoga, opste stanje i apetit
Mek Bina su se znacajno popravili, te ponovo odlazi
u Skotsku gde provodi leto.

Septembra 1845, Mek Bin se ponovo vraéa u
London, sada vec jako iscrpljen, sa oslabljenim ape-
titom, nadutoséu i epizodama dijareje, kao i otocima
nogu i bolovima u grudima i krsno-slabinskom poja-
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su kime. Ponovo biva sagledan od strane doktora
Votsona, koji ukljucuje terapiju toplim kupkama,
amonijakom i kamforom. Bududi da stanje bolesnika
postaje sve losije, 30. oktobra 1845. godine, konsul-
tovan je doktor Vilijem Mek Intajer, u to vreme pede-
settrogodisnji lekar — konsultant iz lecilista Metropo-
liten i Zapadne opste bolnice (Metropolitan Convales-
cent Institution , Western General Dispensary) u de-
lu Londona Sveti Meriliboun (St. Marylebone) (4).

Doktor Mek Intajer je sasluzao zalbe obolelog
na malaksalost i bolove u kostima i konstantovao iz-
razene periferne edeme. Razmatra mogucnost da se
radi o moguéem oboljenju bubrega, uzeo je uzorak
urina za analizu. Analizom urina nije dokazao Secer,
ali je primetio da je urin zamucen, kiseo i velike
specificne tezine (1035). Zatim je ispitivao prisustvo
albumina. U to vreme, standardni test za dokazi-
vanje albumina bio je zagrevanje urina do tempe-
rature nesto nize nego Sto je tacka kljucanja, a zatim
rashladivanje istog uzorka. Zagrevajudi urin, prime-
tio je da pri tremperaturi nesto visoj od 50C stepeni
dolazi do stvaranja precipitata. Ovo je bila tempera-
tura niza nego Sto je potrebno za talozenje albumi-
na. Daljim zagrevanjem, ovaj precipitat se rastvarao.
Mek Intajer nije imao ideju o ¢emu se radi, ali je
zapazio da nije re¢ o albuminu (4, 5).

Izgleda da doktor Votson pri svojim prethod-
nim pregledima nije ispitivao urin gospodina Mek Bi-
na, vec¢ je bio prisutan kad je doktor Mek Intajer
analizirao urin ili mu je to bilo saopsteno. Sli¢no da-
nasnjim cestim dupliranjem laboratorijskih analiza, i
doktor Votson je nezavisno poslao jedan uzorak uri-
na na analizu, tada tridesetjednogodisnjem doktoru
Bensu Dzonsu, tada veé poznatom ,lekaru i hemi-
caru“, u bolnicu Sent Dzordz. U propratnom pismu
napisanom u subotu, 1. novembra 1845. godine, do-
ktor Votson kaze:

»Dragi doktore Dzons,

(...) U epruveti se nalazi urin jako visoke spe-
cificne tezine. Zagrevanjem postaje lako zamuden.
Dodavanjem azotne kiseline postaje penusav i pop-
rima crvenkasti odsjaj i razbistri se, ali daljim hlade-
njem opet postaje zamucen. Novim zagrevanjem se
ponovno rastvara. Sta jeto 7" (1, 3, 4, 6, 7).

Henri Bens DZons je ponovio test sa uzorkom
urina i dobio identi¢an rezultat. Primetio je jos da
dodavanjem azotne kiseline nastaje precipitat koji se
zagrevanjem rastvara, a zatim ponovnim hladenjem
stvara fenomen koji su opisali doktor Votson i Mek
Intajer. DZons je obavio opseZzne analize i naposle-
tku zakljucio da je re¢ o specificnom oksidu albumi-
na, tj. ,hidratisanom dioksidu albumina®. Procenio je
da na 1000 zapreminskih delova urina dolazi 66,97
delova dioksida albumina i da je ovaj odnos ekviva-
lentan udelu albumina u normalnoj krvi. U skladu sa
ovakvom procenom, izvesna koli¢ina ove ,albumin-
ske materije se prelivala u urin®, pri ¢emu je njegova
koncentracija i u krvi i u mokradéi ostajala neprome-
njena. Doktor Bens Dzons je izraCunao da je boles-
nik gubio oko 60 grama belancevina dnevno putem
urina, Sto predstavlja koli¢inu koja se ne moze kom-
penzovati nikakvim unosom putem hrane. O ovome

126

je sacinio izvestaj i prosledio ga doktoru Mek Inta-
jeru, navodedi da bolesnik ima ,,albumozuriju® (5, 7).
Nekoliko dana nakon ovih dogadaja, oboleli Mek Bin
je preminuo.

o
4

Y

Slika 1. Henry Bence Jones (1813-1873)

Neobjasnjiv nalaz na obdukciji

Osim saznanja o bolovima u kostima, na zah-
vacenost skeleta se nije sumnjalo tokom trajanja
bolesti. Trideset i Sest ¢asova nakon smrti Mek Bina,
izvrSena je obdukcija. Obdukcija je sprovedena od
strane doktor Soa (Shaw) u prisustvu njegovih ko-
lega, Votsona, Ben Dzonsa i Mek Intajera. ,Rebra su
se ugibala pod osticom skalpela. Toliko su bila meka
i krhka da su se lako mogla seéi nozem. Unutra-
Snjost rebara bila je ispunjena glatkom Zelatinoz-
nom supstancom krvavo crvene boje. Sternum je bio
mekan, krhke grade i pucketao je pri pomeranju.
Grudni i slabinski kicmeni prsljenovi su bili slicne gra-
de kao i rebra. StaviSe, bubrezi su makroskopski i
mikroskopski izgledali normalni® (8, 9).

Na mogucnost sekundarne amiloidoze u sklo-
pu mijeloma ukazivala je dijareja, slabost, uveéanje
jetre, gasovi, gubitak apetita, otoci gleznjeva, nadu-
tost lica i masivna proteinurija u urinu. Ipak, obdu-
kcijski nalaz normalne grade srca i bubrega i ,uve-
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¢ane jetre koja je uredne strukture“, cinila je dija-
gnozu amiloidoze neizvesnom. Izgleda neverovatno
da je amiloidoza previdena, bududi da su u to vreme
vostane promene karakteristicne za amiloidozu jetre
redovno bile sagledavane.

Doktor Mek Intajer je skromno zakljucio ,da
njegov udeo u trazenju prave istine ovde postaje
nedovoljan®, predlazuc¢i da se slucaj prikaze drugim
istrazivaCima ,koji imaju dar i kvalifikacije da sprove-
du istrazivanje na visem nivou, kako bi se identifi-
kovalo ocigledno do sada nezabelezeno patolosko
stanje mokrace" (10).

Tredi covek, Dzon Delrajmpli

Doktor Dzon Delrajmpli, tada hirurg u Kraljev-
skoj o¢noj bolnici (Royal Ophthalmic Hospital) i ¢lan
Udruzenja mikroskopista, dobio je zadatak da ispita
dva lumbalna prsljena i rebro, koji su pripadali pre-
minulom Mek Binu.

Utvrdio je da bolest nastaje u Supljikavom de-
lu kosti, stvarajuci crvenkaste formacije ovalnog ili
nepravilnog oblika koje su se providile kroz periost.

Supljine ovih kostiju bile su ispunjene Zelatinoznom
masom c¢iji su najveci udeo Cinile krupne ovalne ce-
lije, dva puta vece od prosecnog eritrocita. Ove Celije
su Cesto imale po dva jedra u kojima se jasno raza-
znavalo jedarce. Postojale su i pojedinacne krupne
Celije sli¢nih karakteristika koje su imale po tri jedra.
Delrajmpli je zakljudio da su opisane celije ,,odgovor-
ne za razmeksanje kostiju (mollities osssium), da su
kratkog Zivota i da se nakon razgradivanja izbacuju
putem bubrezne cirkulacije". Kako Delrajmpli, tako
je i Mek Intajer, verovao da je re¢ o malignoj bolesti
kostiju (9).

Neposredno nakon ovoga, u toku 1846. godi-
ne, Delrajmpli objavljuje rad sa opisom postmortem
nalaza u jednom patohistoloSkom casopisu. Henri
Bens DZouns 1847. godine objavljuje svoja zapaza-
nja u vidu kratkog pisma u Lancetu. Godinu dana
kasnije on objavljuje i definitivni rad sa detaljnim opi-
som laboratorijskog nalaza i tehnike koju je koristio
za analiziranje urina. Konacno, 1850. godine, Mek
Intajer objavljuje svoj izvestaj, sagledan iz klinickog
ugla gledanja.

Slika 2. Crtez Dzona Delrajmplija na kome je skicirao plazma Celije videne na mikroskopskom uzorku

Gledano sa strane, nije poznato Sta je sprecilo
tri eminentna lekara da objave jedinstveni koautorski
izvestaj. U istoriji medicine nije poznat nijedan slucaj
izvestavanja o istom bolesniku sacinjen od troje ljudi
razli¢itih specijalnosti (patolog, hemicar i klinicar),
objavljen u tri razli¢ita Casopisa, u periodu od Cetiri
godine (9). Ipak, stalna kooperativhost i intenzivna
razmena misljenja ovih lekara umnogome podseca
na preteCu danasnjih konferencija u istrazivackoj
medicini.

Prva otkrica iz histologije mijeloma
Termin ,plazma celija" prvi put je upotrebio

Valdejer (Waldeyer) 1875. godine. On je opisao kru-
pne celije sa granuliranom citoplazmom, ali nije po-

menuo njihovo ekscentricno postavljeno jedro, niti
perinuklearno rasvetljenje koje je sadrzalo Goldzijev
aparat (Golgi apparatus). Vrlo verovatno je da je
Valdejer opisao mast ¢eliju tkiva. Detaljan opis pla-
zma Celije sreemo u izvestajima Ramona Kahala
(RamoAn y Cajal) iz 1890. godine koji se bavio stu-
dijom sifilisticnog kondiloma. Kahal je bio uverenja
da su plazma celije bile normalni konstituenti veziv-
nog tkiva (3).

Rajt (Wright) 1900. godine objavljuje izvestaj
0 pedesetcetvorogodisnjem bolesniku sa tumorom
grudnog kosa i bolovima u kostima. Radiografija
(rendgenski zraci su otkriveni svega tri godine rani-
je) je pokazala rasvetljenja na 5. i 8. rebru sa leve
strane i 7. i 8. rebru sa desne strane grudnog kosa.
Ujedno je postojala ,albumosurija® i anemija. Pri ob-
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dukciji opisan je tumor koji se sastojao od celija sa
ekscentri¢no polozenim jedrom i jako bojivim hroma-
tinom, pri ¢emu su neke od Celija sadrzale i po dva
jedra. Zakljucuje da je re¢ o plazma celijama ili nji-
hovim neposrednim potomcima. Rajt je takode opi-
sao i plazma ¢elije u normalnoj kostanoj srzi i nagla-
sio da je multipni mijelom ,neoplazma koja potice iz
crvene kostne srzi i vodi poreklo iskljucivo od plazma
celija" (11).

Prepoznata je nova bolest

Multipli mijelom je verovatno u ljudskoj vrsti
prisutan vekovima. Morze (Morse) je sa saradnicima
1974. godine objavio izvestaj o Cetiri moguca slucaja
mijeloma, opisujuc¢i promene na skeletima americkih
Indijanaca koji datiraju iz 200 godine posle n.e. Morze
je opisao jasno ogranicene liticke lezije na kostima
bez okolne skleroze niti znakova stvaranja nove kosti
(12).

Prvi publikovani opis mijeloma u Americi poti-
¢e od Vebera (Weber) i saradnika iz 1898. godine.
Izvestaj opisuje bolesnicu sa progresivnim bolovima
u kostima i kifozom, koja je umrla od mijeloma, a
par godina kasnije (1903) izvesStava o bolesniku sa
sli¢nim tegobama i proteinurijom od 15 grama dnev-
no. Autori su pretpostavili da je mesto produkcije
Bens DZonsovog proteina kostana srz, da nastaje iz
rezidua citoplazme nakon lize ¢elija, te da je njegovo
prisustvo od ,fatalnog znacaja" ukazujuci skoro uvek,
ako ne i uvek, da bolesnik boluje od multipnog mije-
loma. U svom zakljucku, Veber navodi vaznost upo-
trebe rendgenovih zraka pri sumnji na zahvacenost
skeleta.

Dijagnoza mijeloma je umnogome olakSana
uvodenjem aspiracione punkcije kostane srzi. U svo-
jim izvestajima, Arinkin (Arinkin, 1929) i Rozental i
Vogel (Rozenthal et Vogel, 1938) naglasili su vaznost
sternalne punkcije kod bolesnika sa anemijom neja-
snog uzroka i poremecajima skeleta (3).

Dalja saznanja o Bens Dzonsovom proteinu

Brojni istrazivaci ostali su zapisani u pri¢i o
Bens Dzonsovom proteinu. BredSo (Bradshaw) je
1898. godine utvrdio da hrana nema uticaj na koli-
¢inu ovog proteina izlu¢enog u dnevnom urinu. Vo-
ters (Walters) 1921. godine daje izvestaj o studiji na
tri bolesnika sa mijelomom, da dnevni proteinski
unos nema uticaja na koli¢inu proteinurije, da ne po-
stoji diurnalna varijacija, odnosno da je stepen eks-
krecije ovog proteina prilicno ujednacen tokom dana.
Voters zakljuCuje da je Ben Dzonsov protein endo-
genog porekla i da verovatno nastaje u krvi koja
sekretuje abnormalne ¢elije kostne srzi (3, 8).

Bejn DZons i Vilson (Bayne-Jones et Wilson)
1922. godine dokazuju da se Bens Dzonsov protein
sastoji od dve grupe sli¢nih, ali ne identi¢nih protei-
na, oznacivsi ih kao grupa I i grupa II. Tek 1956.
godine, sa napretkom laboratorijske tehnike, Korn-
gold & Lipari pokazuju da antiserum na Bens Dzon-
sov protein reaguje i sa ovim mijelomskim proteini-
ma. U cast ovih istrazivaca, dve klase Bens Dzonso-
vih proteina oznacene su kao kappa i lambda.

Sto sedamnaest godina od prvog opisa prote-
ina, Edelma i Gouli (Edelmman et Gally, 1962) po-
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kazuju da laki lanci dobijeni iz monoklonskog pro-
teina IgG i Bens Dzonsovog proteina iz urina istog
bolesnika poseduju identi¢ni redosled aminokiselina,
identi¢nu molekulsku masu, sli¢cno ponasanje pri spe-
ktroflourometriji i identiCan prikaz pri hromatografiji
na celuloznoj traci i elektroforezi na gelu. Ovim je
utvrdeno da Bens DzZonsov protein vodi poreklo od
lakih lanaca imunoglobulina.

Vilson (Wilson) 1964. godine daje opis meto-
de imunofiksacije ili direktne imunoelektroforeze, ka-
da aplikuje antiserum na povrsinu agara neposre-
dno po zavrSetku elektroforeze. Imunofiksacija je
korisna u prepoznavanju malih monoklonskih lakih
lanaca koji se ne mogu dokazati standardnom imu-
noelektroforezom.

Napretkom nauke i usavrSavanjem laborato-
rijskih tehnika, omoguceno je precizno kvantitativno
i kvalitativno detektovanje monoklonske belancevi-
ne i podtipa lakih lanaca, ¢ime je zaokruzena dija-
gnostika mijeloma.

Zakljucak

Identitet bolesnika u ovom prvom dokume-
ntovanom opisu mijeloma ostao je nepoznat skoro
Citav vek. Doktor Mek Intajer je u svojim prepiskama
sa kolegama bolesnika uvek oslovljavao kao , gospo-
din M.", a u svojim izvestajima doktor Bens DZons ga
nije identifikovao po imenu. Tek 1967. godine, pazlji-
vom i mukotrpnom pretragom Registra umrlih lica za
podrudje Londona, za prvi kvartal 1846. godine, kao
i eliminacijom zasnovanom na podacima o prvom
slovu imena, starosti, zanimanju i uzroku smrti, pro-
naden je posmrtni list i utvrden identitet bolesnika.
Bio je to gospodin Tomas Aleksander Mek Bin, pre-
minuo 1. januara 1846. godine, dok je kao uzrok
smrti navedena ,atrofija zbog albuminurije® (10).

Postojala su misljenja nekih autora da bi, gle-
dano sa istorijske distance, prikladniji naziv za mije-
lom bio ,,Mek Binova bolest sa Mek Intajerovom pro-
teinurijom™ (McBean's disease with Macintyre's pro-
teinuria) (5). Termin ,,multipni mijelom"®, prvi put je
upotrebio von Rustizky 1873. godine u svom opisu
multipnih zona tumora koji je zahvatio koStanu srz.
Ipak, trebalo je da prode citavih 16 godina pa da Oto
Kaler (Otto Kahler) u svojim radovima o mijelomu iz
1889. godine uvede termin ,H. B. Jones" proteinu-
rija (7).

Danas kvalitativno i kvantitativno odredivanje
Bens DzZonsovog proteina prakti¢no predstavilja deo
rutinskih analiza za dijagnostiku i skrining bolesnika
sa mijelomom i bolestima skeleta. Iako Henri Bens
Dzons nije taj koji je prvi prepoznao svojstva urina
obolelog, njegova zasluga je u tome da je prepoznao
vaznost ovog proteina kod bolesnika sa mijelomom.
Smatra se pionirom u medicinskoj hemiji i jedan je
od prvih lekara koji je naglasavao vaznost hemijskih
analiza za dijagnozu bolesti. Njegovo otkrice protei-
nurije u multipnom mijelomu dugo je vazilo za jedini
biohemijski test za kancer, sve do sedamdesetih go-
dina dvadesetog veka, sa otkricem karcinoembrio-
nskog antigena (CEA) i alfa fetoproteina (alfa-FP)
(9). S pravom se moze reci da protein nazvan po
njegovom imenu predstavlja prvi tumorski marker u
istoriji medicine.
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Kratke crtice iz biografije
Vilijem Mek Intajer (William Maclntyre; 1791-1857)

Vilijem Mek Intajer je radio kao lekar u ordi-
niciji smestenoj u podruc¢ju Merliboun (84 Harley
Street, Marylebone) u sredisnjem delu Londona. Da-
nas, ovaj urbani deo odiSe elegancijom i nosi tradi-
ciju najbolje britanske konsultativhe medicine.

Interesantno je da je Mek Intajer podjednako
bio posvecen humanitarnom radu, bududi da je kao
lekar radio u dvema ustanovama za ,nemocne i bo-
lesne®™ (Metropolitan Convalescent Institution i West-
ern General Dispensary). Uslovi rada u ovakvim bo-
Ipicama podrobno su opisani u delu ,Oliver Tvist"
Carlsa Dikensa, objavljenog 1838. godine (1).

Dzon Delrajmpli (John Dalrymple; 1804-1852)

Roden u Norvicu, u Engleskoj, (Norwich), zavr-
Sio medicinu na Univerzitetu u Edinburgu, Skotska
(Edinburgh), a kasnije postaje oftalmolog, odnosno
Lhirurg za oko" u Kraljevskoj ocnoj bolnici (Royal
Ophthalmic Hospital) u Londonu. U medicini ostaje
zapamcen po svom opisu histopatoloskog nalaza kod
obolelih od mijeloma, u ¢lanku naslovljenom kao ,,0
mikroskopskim odlikama razmeksanja i krhkosti ko-
stiju™ (On microscopic characteristics of mollitas and
fragilitas ossium) (5).

Henri Bens DZons (Henry Bence Jones; 1813-1873)

Henri Bens DZons je roden u Safoku, u En-
gleskoj (Suffolk), 31. decembra 1813. godine. Nakon

zavrsenog crkvenog koledza u Kembridzu (Cambri-
dge), odlucuje da se ne pridruzi crkvi, ve¢ 1837.
godine odlazi u bolnicu Sveti DZordz (Saint George)
kako bi ucio za apotekarskog pomocnika. Kasnije ¢e
za ovaj period Zivota Bens Dzons tvrditi da mu je
podario najdragocenije iskustvo za sav njegov radni
vek (1).

Godinu dana kasnije, podstaknut saznanjima i
novinama koje se primenjuju u svetu medicine, Bens
DZons se upisuje u novoosnovanu medicinsku Skolu
pri bolnici. Sa Sirokim interesovanjima pristupa uce-
nju, od Faradejevih lekcija o elektricitetu, do toga
kako koristiti u to vreme tek uveden u praksu, ali jos
uvek kontraverzan, stetoskop.

Nakon zavrsenog koledza, odlazi na Sestome-
seCne studije u Gesen (Giessen), u Nemacku, na Se-
stomesecno usavrsavanje u hemijskoj laboratoriji Li-
big (Liebig). U to vreme, u medicinskim skolama se
malo paznje poklanjalo hemizmu tkiva, vec se drzalo
teorije da se dijagnoza postavlja na osnovu simpto-
matologije i nalaza na pojedinom organu. Iskustvo
steceno u radu u ovoj laboratoriji stvorilo je u njemu
doZivotnu Zelju za proucavanjem ljudskog hemizma i
primenom hemije u medicini. Nije preterano reci da,
zajedno sa drugim ucenicima laboratorijske Skole u
Libigu, Bens DZouns postaje okosnica necega iz ¢ega
¢e se, kao posebna specijalnost, izroditi klinicka
hemija (7).
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BENS DZONSOV PROTEIN - PRVI TUMORSKI MARKER U
ISTORIJI MEDICINE

Nenad Govedarovié
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Kontakt: Nenad Govedarovié¢
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Termin Bens Dzonsov protein (Bence Jones) danas je opsteprihvaéen naziv za be-
lancevinu opisanu u mokraci bolesnika sa multiplim mijelomom. Danas, kvalitativno i kva-
ntitativno odredivanje Bens DZonsovog proteina prakti¢no predstavlja deo rutinskih analiza za
dijagnostiku i skrining bolesnika sa mijelomom i bolestima skeleta. Iako Henri Bens DZons nije
bio taj koji je prvi prepoznao svojstva urina obolelog, njegova zasluga je u tome da je
prepoznao vaznost ovog proteina kod bolesnika sa mijelomom. Smatra se pionirom u medi-
cinskoj hemiji i jedan je od prvih lekara koji je naglasavao vaznost hemijskih analiza za dija-
gnozu bolesti. Njegovo otkri¢e proteinurije u multipnom mijelomu dugo je vazilo za jedini
biohemijski test za kancer, sve do sedamdesetih godina dvadesetog veka i otkri¢a karcino-
embrionskog antigena (CEA) i alfa fetoproteina (alfa-FP). S pravom se moze reci da protein
nazvan po njegovom imenu predstavlja prvi tumorski marker u istoriji medicine.

Acta Medica Medianae 2019,;58(1):125-130.

Kljucne reci: Bens DZonsov protein, multipni mijelom, istorija medicine
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THE EFFECT OF TEMPERATURE TREATMENT OF XENOGENEIC BONE
SUBSTITUTE ON THE TISSUE RESPONSE - A MINI REVIEW

Mike Barbeck?, Zeljka Peri¢-Kacarevic?, Faraz Kavehei?, Patrick Rider*, Stevo Najman>,
Sanja Stojanovié®, Denis Rimashevskiy®, Sabine Wenisch’, Reinhard Schnettler?

In general, it has been revealed that interaction of bone substitute material with the
host immune system is dependent upon their physico-chemical properties. In the case of xeno-
grafts, different purification methods are applied to process the precursor tissue. One puri-
fication method that differs the most is the applied temperature. Materials treated with low and
high temperatures are available. In this context, the question remains as to the influence of the
different temperature treatments on the physical and chemical material properties and, thus,
on the tissue reactions during the healing processes. It has been hypothesized that materials
that induce mononuclear cells induce physiological healing processes, while a pathological re-
action is accompanied with the induction of multinucleated giant cells (MNGCs). In this mini-
review, the focus is on the comparison of preclinical research into tissue reactions to sintered
and non-sintered bovine-derived xenograft. Interpretation of this data showed that an induction
of higher numbers of MNGCs by sintered xenograft also induced a higher implant bed vascu-
larization. Finally, the higher number of MNGCs and increased vascularization presumably
resulted in a higher expression of anti-inflammatory molecules that may support the process of

bone remodeling.

Acta Medica Medianae 2019,;58(1):131-137.

Key words: bone substitute, xenograft, multinucleated giant cells, implant bed

vascularization, inflammation
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Introduction

Bone tissue is a hard tissue and a type of den-
se connective tissue which has the ability to grow
and heal itself in the case of minor defects. However,
more pronounced bone defects and bone augmen-
tation sites require a scaffold as a platform for bone
regeneration. Bone substitution means the implanta-
tion of substitute materials into bone defects with
the aim of allowing defect regeneration, ideally up to
the condition of restitution ad integrum, i.e., the
complete bone defect healing. A large variety of bone
substitute materials are nowadays available on the
market. Bone grafts can generally be classified based
on their origin. Bone substitute materials can origi-
nate from autografts, allografts, xenografts and syn-
thetic grafting materials. An autogenic graft is harv-
ested from the patient itself, i.e., most often from
the iliac crest bone. However, its harvesting is often
accompanied with the effects of a surgical interven-
tion, such as pain or infections at the donor side (1,
2). Furthermore, an allograft is derived from the
individuals of same species, i.e., most often living
human donors. Xenografts are derived from non-
human species, i.e., mostly animal sources such as
bovines. In contrast, synthetic grafting materials are
manufactured mostly based on calcium phos-phates
such as hydroxyapatite (HA) or beta-trical-cium pho-
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sphate (B-TCP) as these compounds are parts of the
natural mineral component of bone tissue (3).

In general, an optimal bone graft should be
easy to handle and should become incorporated, re-
vascularized and integrated (4). Additionally, it should
be biocompatible, non-immunogenic, physiologically
stable and in simple words, it should be acceptable
by patient and without the risk of disease transmis-
sion (4).

Interestingly, it has already been revealed
that both “natural” bone substitute materials such as
bovine-based xenografts and synthetic grafting ma-
terials induce an immune response within the im-
plantation bed of the recipient, called a “foreign body
reaction to biomaterials” (5, 6). In this cascade, ma-
crophages and their fused relative cell type, the so-
called multinucleated giant cell (MNGC), have mani-

foldly shown to be involved (5). It has been revealed
that both these cell types are regulatory elements of
the tissue reaction cascade as they express pro- and
anti-inflammatory molecules that guide the cascade
and, thus, the bone healing process (Figure 1.) (5,
7). In this context, it has been shown in more detail
that the severity and the inflammatory alignment of
the material-associated tissue reaction cascade is
mainly influenced by different physical and chemical
properties of bone substitute materials, such as their
chemical composition, the granule size or the gra-
nule porosity, amongst others (8-10). Interestingly,
these physicochemical properties of a bone substi-
tute have also shown to have importance for the
clinic as these factors have influence on the bony
regeneration process (5, 11).

r
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Figure 1. Schematic illustration of the correlation between cellular and inflammatory processes caused by bone materials,
the process of implant bed vascularisation and the process of bone tissue regeneration

In case of both allo- and xenografts, the do-
nor tissue has to be purified from immunologically
effectual components such as cells or different pro-
teins prior to their application as a bone graft mate-
rial. Xenografts based on bovine donor tissue or bo-
vine hydroxyapatite (BHA) are widely used and rese-
arched bone substitute materials due to their similar
physiochemical properties compared to human bone,
their osteoconductivity potential and availability (12).
Two of the most popular and commonly used bo-
vine-derived xenografts are Bio-Oss™ (Geistlich Bio-
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materials, Wolhusen, Switzer-land) and cerabone®
(botiss biomaterials, Berlin, Germany). Although it
has been shown that both these bovine-derived bone
substitutes provide acceptable regenerative poten-
tial, there are still essential differences in their purifi-
cation processes (13, 14). The most prominent vari-
ation in these processes is the treatment of the pre-
cursor bone tissue at different temperatures. While
Bio-Oss™ undergoes a low heat treatment with tem-
peratures around 300 °C, cerabone® becomes treat-
ed at temperatures of up to 1250 °C (so-called
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“sintering”) (15, 16). Based on the different tempe-
rature treatments, it is presumable that there are
differences in the material structure, subsequent tis-
sue reactions and maybe in the healing capacity of
both materials. The present mini-review aims to com-
pare the tissue reactions to these two xenogeneic
bone substitute materials and gives an overview of
preclinical results.

The preparation processes of the xenogeneic
bone substitute materials

In order to have a successful bone substitute
produced from natural sources, it is extremely crucial
to carry out physical and/or chemical treatments in
order to remove all organic material and immuno-
logically active contents, such as pathogens and
cells. Most often, only the mineral content of the for-
mer bone tissue remains and should function as a
bone substitute. Interestingly, different purification
methods are applied for manufacturing of the availa-
ble xenogeneic bone substitute materials.

In case of Bio-Oss™, an initial purification step
that includes a heat treatment with temperatures up
to 300 °C and a further cleansing step by means of a
strongly alkaline agent, sodium hydroxide (NaOH)
are applied (17). In this context, it has been stated
that the treatment of the bovine bone matrix at
lower temperatures, as in case of Bio-Oss™, leads to
the preservation of the mineral crystals of the bone
matrix (18). However, it has been revealed that the
crystallinity changes during the heat treatment, al-
though the bone substitute material consists of pha-
se-pure hydroxyapatite (HA) (19). In contrast to hu-
man bone, the heat-treated HA causes an in-crease
of the crystal size by 200 - 300%, quantified via
transmission electron microscopy (TEM) and X-ray
diffraction (XRD) measurement (19).

For the synthesis of cerabone®,a two-stage
heat-based process, including an initial oxidative
combustion at temperatures around 800 °C and a
second heat treatment at higher temperatures of up
to 1,250 °C (sintering), is applied (20). Although ce-
rabone® also consists of 100% HA, further differ-
ences in the crystallinity have been revealed (19). A
larger increase of the crystal size by 500-1000% and
a higher crystal density in comparison to human
bone have been measured, which leads to the con-
clusion that cerabone® is comparable to a ceramic-
based material (21).

Results of preclinical in vivo studies

The inflammatory tissue reactions to both xe-
nogeneic materials have comparatively been analyz-
ed using the subcutaneous implantation model and
established histomorphometrical methods (7-10, 13,
14, 16, 21-26). Different numbers of multinu-cleated
giant cells (MNGCs), which showed partial expres-
sion of the lytic enzyme tartrate-resistant acid phos-
phatase (TRAP), have been found besides a large
number of mononucleated cells such as macropha-
ges (26). The comparative measurements showed
initially that larger numbers of (TRAP-positive)
MNGCs were found in the case of Bio-Oss™, which
was related to the smaller material particles trig-

gering the tissue reaction even at early study time
points, while their numbers significantly decreased at
later time points. In contrast, comparatively high
numbers of MNGCs were found within the implant-
ation beds of cerabone® starting after 10 days post
implantationem. However, the MNGC numbers did
not decrease with time and remained at a compa-
rable level up to 60 days post implantationem. Inte-
restingly, implant bed vascula-rization also differed:
while a fast and continuously high implantation bed
vascularization was measured for Bio-Oss™, vascu-
larization was initially low and increased over time to
a high level in case of cerabone®,

Moreover, it has been shown that the MNGCs
in the implant bed of Bio-Oss™ seem to be foreign
body giant cells (FBGCs), as also found in case of a
synthetic hydroxyapatite-based bone substitute, which
indicates that the different treatments based on dif-
ferent physical and chemical methods lead to a con-
version of the former bone matrix in the direction of
a foreign material (7). In this context, it is possible
that the MNGCs found in the implant beds of cera-
bone® are also FBGCs. However, it has been shown
that this cell type is not restricted to express only
pro-inflammatory molecules but also anti-inflamma-
tory mediators such as the vascular endo-thelial gr-
owth factor (VEGF) or the mannose receptor (MR,
CD206), which leads to a related increased implant
bed vascularization (22). Thus, it is pres-umable that
a higher induction of MNGCs also might also cause a
better bone regeneration, as implant bed vasculari-
zation is a key component for (bone) tissue regene-
ration (27, 28). Interestingly, the first results of a
new study also confirm this theory, as it could be
shown that a higher severity of a material-related
inflammatory process, including MNGCs, supports di-
rectly and indirectly the bony regene-ration process
(unpublished data by Barbeck et al.).

Different preclinical implantation studies have
been conducted to evaluate the material-related bone
growth by means of Bio-Oss™ and cerabone® (Table
1) (29-39). In the case of cerabone®, only a few pre-
clinical in vivo studies quantitatively analyzing bone
regeneration have been conducted (Table 1) (29,
30). Interestingly, these studies report very diverse
results. The studies give the range of newly built bone
using cerabone® at different time points to be; 0 and
40% for between 21-28 days, 14-78% between 42-
84 days and finally 21-30% for up to 168 days
(Table 2) (29, 31, 39). In contrast, a variety of in
vivo studies have been carried out to analyze the
bone regeneration capacities of Bio-Oss™ (Table 1)
(32-38, 39). A comparable variety of histomorpho-
metrical results have been presented as in case of
Bio-Oss™ (Table 1). Altogether, percent values of
newly built bone tissue are between 8 and 34% for a
time frame between 14-30 days, 4-57% for a time
frame between 42-84 days and finally 39-47% for
the time frame between 112-168 days have been
found (Table 2) (32-38, 39). Altogether, the compa-
rison of these preclinical data shows comparable
bone healing capacities for both bone substi-tute
materials (Table 2). However, even in case of cera-
bone®, more studies are necessary to evaluate the
healing properties of this xenograft treated at high
temperatures.
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Table 1. Overview of preclinical in vivo studies analyzing the bone healing capacities of both xenogeneic bone substitutes

Implantation model

Time point(s)

Bone growth

Authors

Cerabone

Calvarian critical size defect model,
rat

Calvarian critical size defect model,
rabbit

Periapical implantation model, cat

28 and 56 days

60 days

84 and 168 days

28 days (42.10%)
56 days (77.60 %)

55%

30.2% 5.7% at the grafted
membrane-protected sites

Shakir et al. (31)

Huber et al. (29)

Artzi et al. (30)

Bio-Oss, Cerabone

Calvarian critical size defect model,
rabbit

21 and 42 days

cerabone® 60.6% new bone

growth for

BioOss® 52.1% new bone
growth for

Institute of Bone
Scienc, Seoul, Korea

Bio-Oss

Calvarian critical size defect model,
rabbit

Calvarian critical size defect model,
rabbit

Calvarian critical size defect model,
rabbit

Calvarian critical size defect, rat

Calvarian critical size defect, rat

Calvarian critical size defect model,
sheep

Calvarian critical size defect, rat

Calvarian critical size defect model,
rabbit

14 and 28 days

28 days

28 and 56 days

30 and 60 days

42 and 84 days

84 and 168 days

112 days

8 weeks

14 days (8.6 3.1%)
28 days (15.7 5.4%)

11.7 24 %

28 days (12.9 5.8%)
56 days (14 7.2%)

30 days (54.05% 5.78)
60 days (63.58% 5.78)

42 days (6.4 4.3%)
84 days (8.2 3.9%)

84 days (21 £ 1.2 %)
168 days (39 £ 3.3 %)

47.4 7.1 %

57.76 £ 7.75 %

Park et al. (c) (34)

Rokn, Khodadoostan
(35)

Park et al. (b) (33)

Oliviera et al. (36)

Park et al. (a) (32)

Scarano et al. (38)

Mah et al. (39)

Takauti et al. (37)

Table 2. Comparison of the preclinical in vivo data

Bio-Oss cerabone
14 - 30 days 8 - 34% (18.69%) 0 - 40% (20%)
42 - 84 days 4 - 57% (23.76%) 14 - 78 % (46,56%)

112 - 168 days

39 - 47% (43.2%)

21 - 30% (25,9)
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Conclusion

The sintering temperature of bone substitutes
including bovine hydroxyapatite based materials has
shown to be an important parameter that can affect
the properties of HA. In this context, the sintering
temperature has influence on phase stability, densifi-
cation behavior, crystallinity and porosity of HA. The
data outlined in the present mini-review show that
the heat treatment at different temperatures influ-
ence the tissue response to the bone matrix based
bone substitute materials. Although it has been shown
that both Bio-Oss™, which is purified at tempera-
tures of 300 °C, and cerabone® with a treat-ment at
1250 °C, allow for comparable outcomes of bone
healing, the number of the MNGCs and the related

implant bed vascularization seem to be influenced by
the material differences, induced by the different
temperature treatments. Thus, it is also conceivable
that variations in the expression of pro- and anti-in-
flammatory molecules by both macrophages and
MNGCs are induced by these material differences.
Thus, the question arises as to how the temperature
treatment affects material properties to be more
favorable for optimal bone tissue regeneration.
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EFEKAT TERMICKOG TRETMANA KSENOGENIH KOSTANIH ZAMENIKA
NA TKIVNI ODGOVOR - MINI PREGLED
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Uopsteno govoreci, otkriveno je da materijali za zamenu kosti izazivaju interakcije sa
imunskim sistemom domacina zavisno od njihovih fizicko-hemijskih osobina. U slu¢aju kseno-
grafta, primenjuju se razli¢ite metode preciS¢avanja za obradu izvornog tkiva. Jedna od naj-
zastupljenijih metoda koja se primenjuje za njihovo preciS¢avanje je termicka, posto se do-
stupni materijali tretiraju zagrevanjem na razliitim temperaturama. U ovom kontekstu ostaje
pitanje kako razli¢ite temperature tretmana mogu da utiCu na fizicka i hemijska svojstva
materijala, a time i na reakcije tkiva na njih i procese leCenja. Pretpostavljeno je da materijali
¢iju tkivnu reakciju karakteriSu mononuklearne celije izazivaju fizioloSke procese zarastanja,
dok uz patolosku reakciju ide indukcija multinuklearnih gigantskih éelija (MNGC). U ovom mini
pregledu fokus je na komparaciji tkivnih reakcija na sinterovane i nesinterovane govede
ksenografte u pretklinickim ispitivanjima. U tumacenju ovih podataka pokazalo se da indukcija
veceg broja MNGC pomocu sinterovanog ksenografta indukuje i ve¢u vaskularizaciju lezista
implanta. Konacno, veéi broj MNGC i vec¢a vaskularizacija, zajedno sa verovatno vecom eks-
presijom antiinflamatornih molekula mogu podrzati proces remodelovanja kostiju.

Acta Medica Medianae 2019,;58(1):131-137.

Kljucne reci: kostani zamenik, ksenograf, multinuklearne gigantske Celije,
vaskularizacija leZista implantata, inflamacija
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EFEKTI KAROTIDNOG STENTINGA NA KOGNITIVNE FUNKCIJE
KOD BOLESNIKA SA STENOZOM KAROTIDNE ARTERIJE

Marijana Stosic, Marija Andjelkovic-Apostolovic, Natasa Dindic, Dusica Ilic,
Sasa Risti¢, Miroslava Zivkovié, Dragan Stojanov

(Vol 57, No 3, Oktobar, 2018)

U radu " EFEKTI KAROTIDNOG STENTINGA NA KOGNITIVNE FUNKCIJE KOD BOLESNIKA SA
STENOZOM KAROTIDNE ARTERIJE” autora Marijana Stosi¢, Marija Andjelkovi¢-Apostolovic, Natasa
bindi¢, Dusica Ili¢, Sasa Risti¢, Miroslava Zivkovi¢, Dragan Stojanov, objavljenom u ¢asopisu AMM
za 2018. godinu broj 57 (3) na stranama od 23-32, doslo je do tehnicke greske, pri kojoj je
odstampan pogresan saZetak na srpskom za ovaj rad. Ovom prilikom se izvinjavamo autorima i
¢itaocima. Uz saglasnost autora, u ovom broju objavljujemo ispravan spisak referenci.

Acta Medica Medianae 2019;58(1):138-139.

Stenting karotidne arterije (CAS) je znacajan terapijski modalitet kod pacijenata sa
stenozom karotidne arterije. Stenoza unutrasnje karotidne arterije visokog stepena dovodi
do poremecaja i deficita kognitivnih funkcija, cak i kod asimptomatskih bolesnika.
Potencijalni uticaj stentiranja karotidne arterije na kognitivhe funkcije bolesnika sa
stenozom karotidne arterije nije dovoljno istrazen. Cilj ovog istrazivanja bio je da se ispita
uticaj karotidnog stentinga na kognitivhe funkcije kod bolesnika sa stenozom karotidne
arterije visokog stepena, na razli¢ite kognitivnhe domene, kao i na potencijalne faktore koji
mogu uticati na kognitivne funkcije kod ovih bolesnika.

U studiju je uklju¢eno 25 bolesnika sa simptomatskom i asimptomatskom stenozom
karotidne arterije i 25 zdravih ispitanika. Kognitivne funkcije su evaluirane jedan dan pre
procedure i tri meseca nakon procedure. Za evaluaciju kognitivnih funkcija koris¢en je
Montreal cognitive assessment (MoCA)-test.

Ukupan MoCA skor kod bolesnika pre intervencije bio je znacajno niZi u odnosu na
kontrolnu grupu. Ovaj skor je znacajno poviSen tri meseca nakon intervencije. Znacajano
su se popravili rezultati za paznju, egzekutivne funkcije i pamcenje.

Karotidni stenting moZe poboljsati ukupne kognitivhe funkcije kao i paznju,
egzekutivne funkcije i pamcenje kod simptomatskih i asimptomatskih bolesnika sa
stenozom karotidne arterije visokog stepena. Visok nivo holesterola predstavlja nezavisni
faktor rizika za deficit  kognitivnih funkcije pre revaskularizacije, dok nizak nivo
obrazovanja predstavlja nezavistan faktor za nizak nivo kognitivhih funkcija nakon
revaskularizacije.

Linked article is avaliable here.
https://publisher.medfak.ni.ac.rs/AMM _1/2018/2018-3-broj/celi_radovi/o3Marijana%20Stosic.pdf
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EFFECT OF CAROTID ARTERY STENTING ON COGNITIVE FUNCTION IN
PATIENTS WITH INTERNAL CAROTID ARTERY STENOSIS

Marijana Stosi¢, Marija Andjelkovi¢-Apostolovic, Natasa Djindji¢, Dusica Ilic,
Sasa Risti¢, Miroslava Zivkovié, Dragan Stojanov

(Vol 57, No 3, October, 2018)

In the paper titled * EFFECT OF CAROTID ARTERY STENTING ON COGNITIVE FUNCTION IN
PATIENTS WITH INTERNAL CAROTID ARTERY STENOSIS” by Marijana StosSi¢, Marija Andjelkovic-
Apostolovi¢, Natasa Djindji¢, Dusica Ili¢, Sasa Risti¢, Miroslava Zivkovi¢, Dragan Stojanov,
published in AMM journal in 2018, number 57 (3), there occurred a technical error on the page 32,
with published wrong summary on Serbian for the paper. We hereby apologize to the authors and
readers. With authors’ approval, we are now publishing the correct summary.

Acta Medica Medianae 2018,57(3):23-32.
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UREDNISTVO

JEDINSTVENI KRITERIJUMI ZA OBJAVLIIVANJE NAUCNIH RADOVA U
BIOMEDICINSKIM CASOPISIMA

Ideja o postavljanju jedinstvenih kriterijuma za
objavljivanje radova u casopisima za biomedicinske
nauke iskristalisana je 1978. godine u Vankuveru. Ovi
kriterijumi za rukopise, ukljuCujuéi pravila za pisanje
bibliografije, prvi put su objavljeni 1979. godine.
Vankuverska grupa je vremenom prerasla u
Medunarodni komitet urednika medicinskih Casopisa —
International Committee of Medical Journal Editors
(ICMJE). Trenutno je na snazi peta revizija kriterijuma
za objavljivanje radova u biomedicinskim Casopisima,
doneta 1997. godine.

Kriterijumi za citiranje i navodenje
referenci

Reference se obelezavaju arapskim brojevima u
zagradama, pri ¢emu se reference obele-zavaju
brojevima onim redosledom kojim se pojavljuju u
tekstu. Reference citirane jedino u tabelama ili legen-di
moraju se obeleziti brojem u skladu sa redosledom
pojavljivanja u tekstu.

Naslove medicinskih casopisa treba pisati u
skrac¢enom obliku onako kako su navedeni u poglavlju
List of Journals Indexed in Index Medicus. Lista
skra¢enih naziva medicinskih Casopisa objavljuje se
svake godine u januarskom broju Index Medicusa.
Ova lista se takode moze nadi na adresi www.nlm.nih.gov

Izbegavati upotrebu apstrakata kao referenci,
vec koristiti samo izvorne tekstove (in extenso Clanci).
Reference koje se odnose na radove koji su prihvaceni,
ali jo$ nisu odStampani, treba oznaciti sa “u Stampi”, pri
¢emu autor mora imati pismeno odobrenje da citira
takve radove i da prilozi pismeni dokaz da je citirani rad
prihvaéen za Stampu. Informacije iz rukopisa koji nisu
prihvaéeni za Stampanje mogu se citirati u tekstu kao
“neobjavljeni rezultati”, ali sa pismenom dozvolom
autora.

Izbegavati citiranje  prethodnih  saopstenja
(personal communication) ukoliko ona ne obezbeduju
esencijalne rezultate koji jos nigde nisu objavljeni. U
ovom slucaju, neophodno je u zagradi navesti ime
osobe i datum usmenog saopstenja rezultata. Za
objavljivanje ovih podataka neophodno je pismeno
odobrenje autora.

Kriterijumi za pisanje referenci
koris¢enih u radu

U ovom pregledu bi¢e obradena pravila za pi-
sanje literaturnih referenci samo za najcesce koris¢ene
tipove publikacija.

Clanci u éasopisima

1. Standardni &lanak u Casopisu
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Navesti prvih Sest autora, ukoliko ih je viSe iza
Sestog dodati et al. ukoliko je referenca na engleskom
jeziku ili i sar. ukoliko je referenca na srpskom jeziku.

Vega KJ, Pina I, Krevsky B. Heart transplantation
is associated with an increased risk for pancreatobiliary
disease. Ann Intern Med 1996; 124(11):980-3.

Parkin DM, Clayton D, Black RJ], Masuyer E,
Friedl HP, Ivanov E, et al. Childhood-leukaemia in
Europe after Chernobyl: 5 year follow-up. Br J Cancer
1996;73:1006-12.

2. Organizacija kao autor

The Cardiac Society of Australia and New
Zealand. Clinical exercise stress testing. Safety and
performance guidelines. Med J Aust 1996;164:282-4.

3. Clanak bez poznatih autora

Cancer in South Africa (editorial). S Afr Med ]
1994;84:15.

4. Volumen sa suplementom

Shen HM, Zhang QF. Risk assessment of nickel
carcinogenicity and occupational lung cancer. Environ
Health Perspect 1994; 102 Suppl 1:275-82.

5. Broj sa suplementom

Payne DK, Sullivan MD, Massie M]. Women's
psychological reactions to breast cancer. Semin Oncol
1996;23(1 Suppl 2):89-97.

6. Volumen sa vise delova

Ozben T, Nacitarhan S, Tuncer N. Plasma and
urine sialic acid in non-insulin dependent diabetes
mellitus. Ann Clin Biochem 1995;32(Pt 3):303-6.

7. Broj sa vise delova

Poole GH, Mills SM. One hundred consecutive

cases of flap lacerations of the leg in ageing patients. N
Z Med J 1994;107(986 Pt 1):377-8.

8. Casopisi sa brojem bez volumena
Turan I, Wredmark T, Fellander-Tsai L. Arthros-
copic ankle arthrodesis in rheumatoid arthritis. Clin

Orthop 1995;(320):110-4.

9. Casopisi bez volumena i broja

www.medfak.ni.ac.rs/famm



Jedinstveni kriterijumi za objavljivanje naucnih radova u biomedicinskim ¢asopisima

Browell DA, Lennard TW. Immunologic status of
the cancer patient and the effects of blood transfusion on
antitumor responses. Curr Opin Gen Surg 1993:325-33.

10. Reference u obliku apstrakta ili
prethodnih saopstenja

Enzensberger W, Fischer PA. Metronome in
Parkinson's disease (letter) Lancet 1996;347:1337.

Clement J, De Bock R. Hematological complica-
tions of hantavirus nephropathy (HVN) (abstract).
Kidney Int 1992; 42:1285.

Udzbenici i monografije
11. Monografija
Ringsven MK,

leadership skills for nurses.
Delmar Publishers; 1996.

Bond D. Gerontology and
2nd ed. Albany (NY):

12. Autori kao urednici

Norman 1], Redfern SJ], editors. Mental health
care for elderly people. New York: Churchill Livingstone;
1996.

13. Organizacija kao autor i izdavac

Institute of Medicine (US). Looking at the future
of the Medicaid program. Washington: The Institute;
1992.

14. Poglavlje u knjizi

Phillips SJ, Whisnant JP. Hypertension and
stroke. In: Laragh JH, Brenner BM, editors. Hypertension:
pathophysiology, diagnosis, and management. 2nd ed.
New York: Raven Press; 1995. p. 465-78.

15. Conference proceedings

Kimura ], Shibasaki H, editors. Recent advances
in clinical neurophysiology. Proceedings of the 10th
International Congress of EMG and Clinical Neurophysiology;
1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier;
1996.

16. Conference paper

Bengtsson S, Solheim BG. Enforcement of data
protection, privacy and security in medical informatics.
In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors.

MEDINFO 92. Proceedings of the 7th World Congress
on Medical Informatics; 1992 Sep 6-10; Geneva,
Switzerland. Amsterdam: North-Holland; 1992. p. 1561-
5.

17. Istrazivacki ili tehnicki izvestaji

Sluzbeni izvestaji (Issued by funding /
sponsoring agency):

Smith P, Golladay K. Payment for durable medical
equipment billed during skilled nursing facility stays. Final
report. Dallas (TX): Dept. of Health and Human Services
(US), Office of Evaluation and Inspections; 1994 Oct.
Report No.: HHSIGOEI69200860.

Sponzorisani izvestaji (Issued by
performing agency)

Field MJ], Tranquada RE, Feasley J]C, editors.
Health services research: work force and educational
issues. Washington: National Academy Press; 1995.
Contract No.: AHCPR282942008. Sponsored by the
Agency for Health Care Policy and Research.

18. Magistarske i doktorske disertacije

Kaplan SJ. Post-hospital home health care: the
elderly's access and utilization [dissertation]. St. Louis
(MO): Washington Univ.; 1995.

Druge vrste publikovanog materijala

Neobjavljeni materijal

19. U Stampi (In press)

Leshner AI. Molecular mechanisms of cocaine
addiction. N Engl J Med. In press 1996.

Elektronski zapisi

20. Internet ¢lanak u elektronskom formatu

Morse SS. Factors in the emergence of infectious
diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar
“cited 1996 Jun 5”; 1(1)(24 screens). Available from:
URL: http://www.cdc.gov/ncidod/EID/eid.htm

21. Monografija u elektronskom formatu

CDI, clinical dermatology illustrated (monograph
on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia
Group, producers. 2nd ed. Version 2.0. San Diego:
CMEA; 1995.

22. Kompjuterski podaci

Hemodynamics III: the ups and downs of

hemodynamics (computer program). Version 2.2.
Orlando (FL): Computerized Educational Systems; 1993.
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PROPOZICIJE ZA PISANJE RADOVA U ACTA MEDICA MEDIANAE

Acta Medica Medianae (AMM) je tematski Casopis
iz oblasti medicinskih nauka. Casopis objavljuje origi-
nalne radove koji nisu prethodno publikovani.

U AMM se objavljuju: uvodnici, naucni i strucni
¢lanci, prethodna ili kratka saopStenja, revijski radovi
tipa opsteg pregleda, aktuelne teme, meta-analize,
prikazi slu¢ajeva, prikazi knjiga i drugi prilozi. Radovi
se Stampaju na srpskom ili engleskom jeziku sa
apstrak-tom na srpskom i engleskom jeziku. Radovi na
engles-kom jeziku se prezentuju u elektronskom
formatu na sajtu Medicinskog fakulteta u NiSu, kao i na
medu-narodnim sajtovima iz oblasti medicinskih nauka.
Acta Medica Medianae izlazi cetiri puta godisnje, od
1962 godine.

Svi radovi koji se objavljuju u AMM podlezu
anonimnoj recenziji, a Uredivacki odbor odreduje
redosled njihovog Stampanja. Primedbe i sugestije
urednika i recenzenata dostavljaju se autoru radi
konacnog oblikovanja. Radovi se predaju u pisanom ili
elektronskom obliku na srpskom i engleskom jeziku.
Rukopisi radova prihvacenih za Stampu ne vracaju se
autoru.

Rukopis treba predati sa jednostrukim
proredom, formata A4, sa levom marginom od 3 cm.

Prva strana rada treba da sadrzi: a) naslov
rada b) puna imena i prezimena autora c) puni nazivi
ustanova i organizacijskih jedinica u kojima je rad
realizovan i mesta u kojima se ustanove nalaze, d)
znacima ¥, ¥* ockkx g gy #4#  oznaCavaju se
redom autori i njihove institucije e) puna adresa, broj
telefona i e-mail osobe zaduZene za korespondenciju u
vezi predatog rukopisa.

Druga strana treba da sadrzi samo naslov
rada, rezime i klju¢ne reci, bez imena autora i
institucija. Veli¢ina rezimea za naucne i stru¢ne ¢lanke,
revijske radove tipa opsSteg pregleda i meta-analize
moze da bude do 250 reci. Ispod rezimea sa
podnaslovom “Klu¢ne reci” navesti 3-5 klju¢nih redi ili
izraza. Pozeljno je da autori za klju¢ne reci koriste
odgovarajuce deskriptore, tj. definisane termine iz
Medical Subject Heading (MeSH) liste Index Medicus-a.
Prva i druga strana se predaju na srpskom i engleskom
jeziku i ne obelezavaju se brojevima.

Tekst ¢lanka: Naucni i strucni ¢lanci, kao i opsti
pregledi i meta-analize ne smeju prelaziti 11 stranica
sa prilozima; aktuelne teme- 6 stranica; kazuistika 6-
stranica; prethodna saopstenja— 5 stranica, a izvestaji
sa skupova i prikazi knjiga 2 stranice. Naucni i strucni
¢lanci obavezno treba da sadrze poglavlja: uvod, cilj,
materijal i metode, rezultati, diskusija i zakljucak.
Zahvalnost ili komentar povodom sponzorstva rada dati
na kraju teksta Clanka iza poglavlja “zakljucak”.
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U tekstu naznaciti mesta priloga i obeleziti ih
onako kako su obelezeni u prilogu.

Literatura se daje u posebnom poglavlju, pri
¢emu se navodi onim redosledom kojim se citati pojav-
ljuju u tekstu. Broj literaturne reference se u tekstu
oznacava arapskim brojem u zagradi. Za navodenje li-
terature koristiti pravila Vankuverske konvencije.
Strane se numerisu arapskim brojevima u donjem des-
nom uglu

Priloge u vidu teksta, tabela i ilustracija (gra-
fikoni, crtezi i dr.) ne unositi u tekst ¢lanka, ve¢ na
kraju teksta, na posebnim stranicama obeleZzenim u
gor-njem levom uglu sa “Tabela, Grafikon, Ilustracija” i
arapskim brojem redosledom pojavljivanja u tekstu
(npr. Tabela 1, Grafikon 1 i dr.) i svakoj se daje kratak
naslov. Kratka objasnjenja i skradenice daju se u
fusnoti. Za fusnotu koristiti slede¢e simbole: *, **,
*Xx O #, ##, ##4#, ..itd. Tabele, grafikone i ilustracije
treba praviti koris¢enjem nekog od programa iz
Microsoft Office paketa. Izbegavati upotrebu boja kod
izrade grafika.

Za izradu grafickih priloga moze se koristiti bilo
koji graficki program, pri ¢emu slike moraju biti
snimljene u jpg formatu rezolucije 300 dpi (u
originalnoj velicini). Graficki prilozi se ne unose u Word
dokument vec¢ se predaju kao posebni JPG fajlovi.

Ukoliko je tabela ili ilustracija ve¢ negde
objavljena, citirati izvor i priloziti pismeno odo-brenje,
ukoliko se radi o zasticenom materijalu. Ukoliko je na
fotografiji prikazan bolesnik tako da se moze
prepoznati, potrebno je njegovo pismeno odobrenje, u
suprotnom, delovi fotografije se moraju izbrisati da
bolesnik ne mozZe biti identifikovan.

Uz rad, na posebnom listu, treba dostaviti: a)
izjavu da rad do sada nije objavljivan, b) potpise svih
autora, c) ime, prezime, taCnu adresu i broj telefona
prvog autora.

Rad je preporucljivo predati u elektronskom obliku
na e-mail adresu urednistva: acta@medfak.ni.ac.rs ili
poslati postom na CD ili DVD disku sa materijalom u
celini na srpskom i engleskom jeziku.

Rad treba otkucati u programu ms office Word
verzija 2003. ili novija. Za verziju na engleskom jeziku
koristiti font Verdana, velicine 9 pt, kodna stranica
(English). Za verziju na srpskom jeziku koristiti font
Verdana, veli¢ine 9 pt, kodna stranica (Serbian lat ili
Croatian).

U radu je obavezno koris¢enje medunarodnog
sistema mera (SI) i standardnih medunarodno prihva-
¢enih termina.

AMM zadrzava pravo dalje distribucije i Stam-
panja radova.



SECRETARIAT

GUIDELINES FOR PAPER SUBMISSION TO ACTA MEDICA MEDIANAE

Acta Medica Medianae (AMM) is a thematic
journal for medical sciences. The Journal publishes
original reasearch articles that have not been published
before.

AMM also publishes editorials, observational and
experimental articles, procedings or short communicati-
ons, review articles, meta-analyses, case reports,
current topics, articles from the history of medicine as
well as other contributions related to medical sciences.
All articles are printed in Serbian or English with short
abstracts in both Serbian and English. Articles in
English are published in electronic form on the
University of Nis Medical Faculty website as well as
international sites related to medical sciences. Acta
Medica Medianae is published four times a year. The
first issue appeared as early as 1962.

General Guidelines

Paper Submission

All research articles published in this journal
undergo rigorous peer review, based on initial editor
screening and anonymized refereeing by at least two
anonymous referees. Remarks and suggestions made
by the editors and reviewers are sent to the author for
final revision. The papers in English are to be submitted
by e-mail: acta@medfak.ni.ac.rs. Manuscripts accepted
for publication are not returned to authors.

The first page of a research article must
contain: a) article title b) full name of author(s) c) full
name(s) of institutions and/or address(es) of department(s)
where either reasearch was conducted or research
article written d) following signs *, ** *¥x # g3
##+# signifying author(s) and institutions e) full
address, phone number and e-mail of a corresponding
author.

The second page should contain only research
article title, abstract and key words without names of
author(s) and institution(s). Abstract for research and
professional articles, review articles and meta-analyses
should have up to 350 words while abstract for all
other types of publications should consist of 250 words.
Key Words section should have up to 5 key words or
phrases related to a submitted article. It is desirable
that authors wuse corresponding descriptors from
Medical Subject Heading (MeSH) that can be found on
Index Medicus list for key words. The first and the
second page should not be humbered.

Body of a Research Article - Research and
professional articles, as well as general surveys and
meta-analyses should not exceed 11 pages altogether;
current topics - 6 pages, casuistics - 6 pages and
proceding statements - 5 pages, history of medicine
articles - 3 pages while conference reports and book
reviews - 2 pages. Research and professional articles
should comprise the following mandatory chapters:
introduction, aim(s), material and method(s), result(s),
discussion and conclusion(s). Result(s) and discussion

can be comprized into one chapter. Acknowledgments
of any kind in a submitted article should be written at
the end of the paper after "Conclusion(s)". It is necessary
to clearly mark a place for additions in the text.
References should be written in a separate
chapter in the same order of appearance as in a
research article. Reference numbers that appear in the
text should be written in Arabic numerals and put in
brackets. All authors should be listed. If there are more
than six authors this should be indicated with et al. Use
the rules of the Vancouver convention when quoting

literature. Pages should be enumerated in Arabic
numerals in the bottom right corner.
Additions in form of texts, tables and

illustrations (photos, drawings, diagrams, etc) should
not be inserted in the reasearch article body but at the
end of the text on separate pages which should be
marked in the wupper left corner as "Table(s),
Graphic(s), Illustration(s) etc) with Arabic numeral in
the same order of appearance as in the text (for
instance, Table 1, Graph 1, etc) with a short title. Short
explanations and abbreviations should be stated in
footnotes where the following symbols should be used:
Rk kxx 4 H ¥, #4#4#, etc. Table(s), graph(s) and
ilustration(s) should be drawn in a Microsoft Office
Program. Color should be avoided.

Any graphic program can be used for making
graphic addition(s) while picture(s) should be saved in
.jpg format with 300 dpi resolution (original size).
Graphic addition(s) should be sent as separate jpg
file(s), and not inserted in the body of a research or
any other article submitted to AMM.

If some additions, included in a submitted
reasearch article, have already been published, source
of publication should be clearly stated, alongside
written approval in case the material is copyright
protected. Patients on photographs have privacy rights
that should not be infringed without their consent.
Namely, if a photograph shows a patient who can be
recognized, his/her written approval should also be
submitted; otherwise, visible and recognisable facial or
bodily parts should be blackened so that the patient
cannot be identified by readership.

On a separate sheet the author should also
enclose: a) his/her statement that a submitted article
has not been published before, b) signatures of all
authors, c) full name, address, e-mail and phone
number of the first author.

Submitted article should be typed in Word
Version 2003 for Windows (or more recent ones), font
Verdana 9 pt size; code page (English) should be used.

The authors are required to use international
measurement standards (SI) and internationally accepted
standard terms.

Acta Medica Medianae reserves the right for further
distribution and printing of published reasearch articles.
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