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SERUM LIPID PROFILE AND ARTERIAL STIFFNESS IN NON-DIPPERS

*A.B. Bawa-Allah', M.M. Mashao?, T.F. Nyundu?, E.M. Phukubje?,
B.G. Nkosi?, M.V. Ngema?, B.W. Mlambo?, M.J. Maseko?

1 - COLLEGE OF MEDICINE, UNIVERSITY OF LAGOS, LAGOS, NIGERIA

2 - UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, SOUTH AFRICA

Background. A non-dipping blood pressure profile (NDP) is associated with increased arterial stiffness and
other cardiovascular target organ damage. Serum lipid profiles have been shown to be important determinants
of arterial stiffness.

Objective. The aim of the research was to assess serum lipid profiles and arterial stiffness in non-dippers.

Methods. This cross-sectional study was conducted involving 796 (288 males and 508 females) participants
of black African origin. A twenty-four-hour ambulatory BP monitoring was done using a Spacelabs 90207 (Spacelabs
Inc., Redmond, Washington, USA) monitor. Carotid-Femoral pulse wave velocity measurements were performed
using a high fidelity SPC-301 micromanometer (Millar instruments Inc., Houston, TX).

Results. Of the 288 males, 140 were classified as non-dippers. Of the 508 females, 273 were classified as
non-dippers. In the general population, males had higher triglycerides when compared with females 1.46+0.96
vs 1.13+1.02, p<0.0001. Additionally, dipper males had higher serum TRGL when compared with dipper females
1.32+0.98 vs 1.06%0.58, p = 0.0012. Non-dipper males also had higher serum TRGL when compared with non-
dipper females 1.61+2.05 vs 1.19+1.14, p=0.0078. Serum HDLc was lower in the non-dipper male group when
compared to the non-dipper female group (p=0.008). In both male and female groups, non-dippers had higher
CFPWV when compared with dippers; 7.53+3.60 vs 5.74+2.47, p<0.0001 and 6.64+2.52 vs 5.98+2.23, p=0.0021
respectively. However, non-dipper males had significantly higher CFPWV when compared with non-dipper females

(7.53%3.60 vs 6.64+2.52, p=0.0031).

Conclusions. Therapies targeting a reduction of serum triglycerides levels might be beneficial in improving
arterial compliance with or without the presence of non-dipping.
KEYWORDS: Non-dipping; arterial stiffness; lipids.

Introduction

A non-dipping blood pressure profile (NDP)
is defined as failure of the night-time blood
pressure (BP) values to drop by a minimum of
10% of the daytime values [1]. A non-dipping
blood pressure profile (NDP) is associated with
increased arterial stiffness and other cardio-
vascular target organ damage and is also a
stronger predictive index of cardiovascular
morbidity and mortality [2]. Arterial stiffness,
which is one of the complications of non-dip-
ping, is an established marker of arteriosclerosis
and subclinical atherosclerosis and is an inde-
pendent predictor of future adverse cardio-
vascular events [3]. Various techniques are
available to assess arterial stiffness but some
of these are inconvenient. Carotid-femoral
pulse wave velocity (CF-PWV) is a simpler, prac-
tical and more reproducible way of evaluating
arterial stiffness. It is considered the ‘gold stan-
dard’ for the measurement of arterial stiff-
*Corresponding author: Abdulraheem B. Bawa-Allah, Depart-
ment of Physiology, College of Medicine, University of Lagos,

Ishaga Road, Idi-Araba, 01234, Lagos.
E-mail: abbawaallah@gmail.com.

ness [4]. It has been proved that increase in
arterial stiffness is an independent predictor of
all causes of cardiovascular morbidity and
mortality [5]. Cardiovascular risk factors such
as age, diabetes and hypertension have been
established to be positively associated with
arterial stiffness [6]. However, the contribution
of serum lipids to the development of arterial
stiffness is not clear. Studies on the relationship
between serum lipids and arterial stiffness have
been conflicting [7, 8]. Additionally, there is no
data investigating the possible role of serum
lipid profile in non-dipping related increase in
arterial stiffness. Thus, the study was focused
on describing the serum lipid profile in non-
dipping related increase in arterial stiffness
measured by CF-PWV.

Methods

Study Population

This study was approved by the Human
Research Ethics Committee HREC (medical) of
the University of the Witwatersrand Johan-
nesburg South Africa (HREC approval number
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M170213). This study was carried out according
to the Helsinki declaration on ethical principles
for medical research involving human subjects.
The participants gave informed, written con-
sents before the commencement of the study.
Standard questionnaire was given to the par-
ticipants to record data on medical history,
smoking habits, alcohol intake, gender and age.
The participants were randomly recruited from
the SOWETO area of Johannesburg South Africa
and were of black African origin. Of the 1,219
participants enrolled in this study only 796 had
complete 24-hour ambulatory BP monitoring
reports and their data was included in the
statistical analysis. The minimum age of the
participants was 18 years old.

Anthropometric measurements

Height, weight, waist and hip circumference
were measured while the participants were in
the standing position with no shoes on. Height
was expressed in meters (m) while waist and
hip circumferences were expressed in centi-
metres (cm). Body mass index (BMI) was
expressed as kg/m?2.

Ambulatory blood pressure measurements

A twenty-four-hour ambulatory BP moni-
toring was carried out during the participants’
typical working day or a day involving their
usual activities using a Spacelabs 90207 (Spa-
celabs Inc., Redmond, Washington, USA) moni-
tor. The monitor was programmed to measure
BP at 15-minute intervals from 06:00 to 22:00
and then 30-minute intervals from 22:01 to
05:59. Participants were instructed to note the
time they go to bed and the time they wake up
in the morning in an activity diary which was
used to determine ‘awake’ and ‘asleep’ periods.
Upon completion, data was transferred from
the ambulatory BP monitors to a computer for
analysis. A recording was considered as suc-
cessful if at least 90% of valid recordings were
obtained. Participants were classified as dip-
pers if their nocturnal drop in 24-hour systolic
BP was >10% and as non-dippers if they had a
nocturnal drop in 24-hour systolic BP of <10%.

Carotid-Femoral Pulse Wave Velocity
(CFPWV) measurement

Carotid-Femoral PWV measurements were
conducted to determine the level of arterial
stiffness. After resting for about 15 minutes in
the supine position, CF-PWV was measured
using a high fidelity SPC-301 micromanometer
(Millar instruments Inc., Houston, TX) interfaced
with a computer running SphygmoCor software
version 9.0 (AtCor Medical Pty. Ltd., West Ryde,
New South Wales, Australia). Pulse pressure

waveforms were recorded from the right
common carotid artery and the right femoral
artery. Pulse wave velocity was calculated
automatically by the software.

Blood sample collection

Venous blood samples to determine serum
lipid profiles were taken for the participants by
an experienced qualified nurse who is part of
the research group. The participants were
asked to relax, and blood sample was collected
in the sitting position. For plasma analyses,
blood samples were collected into 9 ml EDTA
Vacuette® (Greiner Bio One International
GmbH) blood collection tubes. Blood samples
were collected into 5ml Vacuette® Serum Gel
tubes, gently inverted and allowed to clot for
30 minutes. The sample was then centrifuged
at 2200 g for 15 minutes and the serum was
carefully removed with a fine-bore pipette and
then stored in properly labelled sterile vials and
stored at 8 °C before pick-up by the laboratory.
Samples were then picked up by the staff of CLS
(Clinical Laboratory Services) at the National
Health Laboratory Service (NHLS), South Africa,
for analysis. All samples were taken to the
laboratory within 7 days of blood collection.

Statistical analysis

All data were analysed using STATA
(StataCorp LLC Texas USA) data analysis and
statistical software version 13.0. Data were
expressed as mean + standard deviation (SD)
for continuous variables. Categorical variables
were expressed as absolute or relative fre-
qguencies or as percentages. A test for normality
of continuous variables was assessed using
Shapiro-Wilk's statistic or x?test for categorical
variables. Comparisons between dipper and
non-dipper groups as well as gender groups
were done using independent Student’s t-test
or one-way analysis of variance (ANOVA) (with
post hoc Bonferroni tests). Simple regression
was used to determine the relationship
between carotid femoral pulse wave velocity
and age in both genders. A P-value of <0.05 was
considered as statistically significant.

Results

Demographic and clinical characteristics

The study population consisted of 796
participants and was classified according to
gender and BP dipping status. There were a
total of 288 males and 508 females. Of the 288
males, 148 were classified as dippers while 140
were classified as non-dippers. Of the 508
females, 235 were classified as dippers while
273 were classified as being non-dippers. In
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both gender groups, non-dippers were older
than dippers; 49.79+18.84 vs 39.06+£17.88,
p<0.0001 in the male group and 46.61+17.45 vs
41.25+£17.33, p=0.0003 in the female group.
Body mass index (BMI) was higher in females
when compared to males in the general
population 31.131£7.89 vs 24.96+5.14, p<0.0001.
Additionally, females had higher BMI than
males irrespective of dipping status. Waist
circumference was higher in the female non-
dipper group when compared with the male
dipper group (88.23+15.22 vs 83.42+13.31,
p=0.02) and also higher in the female non-
dipper group when compared with the female
dipper group (94.13+17.38 vs 89.50+15.35,
p=0.0008). Females had higher waist circum-
ference when compared with males irrespective
of dipping status and gender group. There were
more hypertensive participants in the non-
dipper groups when compared with the dipper
groups irrespective of gender. There were also
more diabetic participants in the male non-
dipper group when compared to the male
dipper group. Males in the general population
had higher triglycerides (TRGL) when compared
with femalesin the general population 1.46+0.96
vs 1.13+1.02, p<0.0001. Additionally, dipper
males had higher serum TRGL when compared
with dipper females 1.32+0.98 vs 1.06+0.58
p=0.0012. Non-dipper males also had higher
serum TRGL when compared with non-dipper
females 1.61+2.05vs 1.19+1.14, p=0.0078. Within
the same gender group, serum triglycerides
were not different between dipper and non-
dippers. Serum HDLc was lower in males when
compared with females in the general popu-

lation (p<0.0001). Serum HDLc was also lower
in the non-dipper male group when compared
to the non-dipper female group (p=0.008).
Females had higher serum LDLcwhen compared
tomalesinthe general population 2.72+0.89 vs
2.48+0.62, p<0.0001. Serum LDLc levels did not
differ between dippers and non-dippers within
gender groups; however, LDLc levels were
higher in the female non-dipper group when
compared with the male non-dipper group
(p<0.05). There were no differences in other
clinical and demographic characteristics. These
results are presented in Table 1.

Carotid femoral pulse wave velocity
(CFPWV) by gender and dipping status

In both male and female groups, non-
dippers had higher CFPWV when compared
with dippers; 7.53+3.60 (n=130) vs 5.74+2.47
(n=134), p<0.0001 and 6.64+2.52 (n=232) vs
5.98+2.23 (n=203), p=0.0021 respectively. Non-
dipper males however had significantly higher
CFPWV when compared with non-dipper
females (7.53+3.60 vs 6.64+2.52, p=0.0031).
These results are presented in Figure 1.

Relationship between age and carotid
femoral pulse wave velocity (CFPWV)

Carotid Femoral Pulse Wave Velocity
increased with age amongst males and females
irrespective of dipping status. However, the
age-related increase in CFPWV was steeper in
males when compared to females (p<0.0001)
irrespective of dipping status. The age-related
increase in CFPWV was steeper in both non-
dipper males and females when compared to
dipper males and dipper females (p<0.0001).
These results are presented in Figure 2.

M Dippers
E== Non-dippers

159 p<0.0001 p=0.0031
_ p=0.0021
@ 101
E T [
2 T T Z
L 5 e ke A
ks ! 4|
o .::::::::::::::: -------- ;
Male Female %
Fig. 1. Carotid femoral pulse wave velocity (CFPWV) of the participants according to blood pressure dipping =
status and gender. Results are presented as meanSD. E
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Fig. 2. Age related increase in pulse wave velocity. Panel A represents dippers population while panel B

represents non-dippers. PWV = Pulse Wave Velocity.

Discussion

In this cross-sectional study of black South
Africans, itwas demonstrated that non-dippers
have higher arterial stiffness as measured by
CFPWV when compared with dippers. We also
show that male non-dippers have greater arte-
rial stiffness and greater age-related increase
in arterial stiffness when compared with female
non-dippers. Males had significantly higher
serum triglycerides when compared with
females irrespective of blood pressure dipping
status. To our knowledge, this is the first time
that serum lipid profiles are considered in non-
dipping related arterial stiffness.

The males in our cohort had greater levels
of triglycerides irrespective of dipping status
irrespective of dipping status. We believe that
serum triglycerides might explain the higher
arterial stiffness observed in males. This is
consistent with the findings of Wang and
colleagues where they showed in a community-
based study involving 1, 447 participants, that
lower levels of triglycerides were significantly
associated with decreases in CFPVW even after
adjusting for confounding variables [9]. Zhao
and colleagues also showed similar results [10].
They established that serum triglycerides had
a positive relationship with brachial ankle pulse
wave velocity (baPWV) in 1133 participants aged
from 50 to 90.

The present study shows a significantly
lower serum HDLc in non-dipper males when
compared with non-dipper females. This might
also explain the gender differences in arterial
stiffness between non-dipper males and fe-

males. The role of HDLc in arterial stiffness has
been studied and it has been suggested that
low levels of HDLc is a risk factor for cardio-
vascular and cerebrovascular diseases [11].
Similarly, different studies have shown an
inverse relationship between HDLc and pulse
wave velocity, suggesting that higher levels of
HDLc might be associated with an improved
arterial distensibility [12]. Wang and colleagues
in a cross-sectional study showed that in 15,
302 participants, HDLc had an inverse relation-
ship with CFPWV [13]. Because of the large
population of this study and similarity in tech-
nique used in the assessment of arterial stiff-
ness, we are confident about the validity of our
results. Of interest is also the study by Shen and
colleagues where it is shown that high serum
levels of HDLc are associated with a lower risk
of arterial stiffness specifically in women older
than 50 years of age but not in age matched
men and not in individuals younger than 50
years old [14]. The exact mechanism behind the
relationship between HDLc and CFPWV is not
quite clear but it has been postulated that high
HDLc levels are inversely proportional to advan-
ced glycation end products levels (AGEs) [15]
which stimulate inflammatory pathways and
stress signaling and can damage elastin mole-
cules in the vascular wall leading to arterial
stiffness [16]. It has also been shown that HDLc
has beneficial effects on the vascular wall via
its anti-apoptotic, anti-inflammatory and anti-
thrombotic properties [17].

Additionally, we also show in this study that
female non-dippers had higher LDLc concen-
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trations when compared with non-dipper
males. Although high serum levels of LDLc have
been attributed to higher degrees of arterial
stiffness [18], this might not explain the obser-
ved gender differences in arterial stiffness in
this study. This suggests that LDLc might be
less important at determining arterial stiffness
when compared with HDLc and triglycerides in
this population. This assumption may be sup-
ported by trials that have shown significant
residual cardiovascular risk even when LDLc
levels have reached treatment target levels.
This residual cardiovascular risk has been
attributed to high triglycerides levels despite
normal LDLc levels [19]. It has also been shown
that levels of HDLc have better prognostic capa-
bilities when compared to levels of LDLc [20].

The significantly higher pulse wave velocity
in non-dipper males could have also been
accounted for by higher prevalence of diabetes
in this group. Alecu and colleagues showed in
207 participants a strong correlation between
diabetes and arterial stiffness and a stronger
relationship between pulse wave velocity and
age in diabetic individuals when compared with
non-diabetic individuals [21], although the non-
dipping component was not considered. A
relatively larger study with 1,415 participants
showed higher prevalence of arterial stiffness
amongst diabetic participants. They also
showed a higher risk of increased arterial
stiffness amongst diabetic individuals in a
5-year follow-up study [22].

The present study shows an increase in
CFPWV with age irrespective of gender, with
males having a steeper increase in age related
arterial stiffness when compared to females
irrespective of dipper status. These observations
are consistent with those of Alghathrif and
colleagues where they showed in a population
of 777 individuals with 354 men and 423 women,
that men had a steeper longitudinal increase
in CFPWV with advancing age when compared
with women, which makes the males to have
higher CPFPWV values after their fifth decade
[23]. Our results are also in line with another
study by Wen and colleagues [24] in which
arterial stiffness was assessed by cardio-ankle
vascular index (CAVI) in 18, 336 subjects and it
was observed that aging led to a higher arterial
stiffness in men when compared with women.
Magalhdes and colleagues also showed that
males above 50 years old had a greater pulse
wave velocity when compared to age matched
females [25]. However, in contrast to our
findings there are observations by Nethononda

and colleagues where it was evidenced that
females showed a steeper increase in aortic
stiffness with age when compared with males
[26]. This study consisted of 777 individuals with
408 females and 369 males. The pulse wave
velocity was assessed using cardiovascular
magnetic resonance. Similarly, a study by
Tomiyama and colleagues reported that age
induced arterial stiffness as measured by
brachial ankle pulse wave velocity was higher
in females when compared to males. This study
involved 7,881 subjects with 4,488 males and
3,393 females [27]. The differences in obser-
vations between the latter mentioned studies
are not quite clear, but despite their large
sample sizes, they employed different methods
to assess arterial stiffness. All the studies men-
tioned above have been conducted in general
populations and the nocturnal BP dipping
statuses of the participants were not taken into
consideration. The reports that studied the
non-dipping BP pattern alongside arterial stiff-
ness did not consider age and gender differen-
ces [28]. Our results suggest that non-dipping
related arterial stiffness is more severe in males
when compared to females causing them to
have a higher non-dipping related arterial
stiffness and a steeper increase in age related
arterial stiffness when compared with females.
Aging is associated with increased sympathetic
activation [29] and may lead to inflammation.
Inflammation has been shown to induce arterial
stiffness [30].

Our study population was modest in size
and consisted entirely of black Africans living
in Africa, this might limit the generalizability of
our findings. Also, our study was cross-
sectional, therefore, cause-effect relationships
cannot be established.

Conclusions

The nocturnal non-dipping blood pressure
profile is associated with higher arterial stiff-
ness and a steeper age-related increase in
arterial stiffness irrespective of gender. Non-
dipper males have higher level of arterial
stiffness and age-related increase in arterial
stiffness when compared with non-dipper
females. Therapies targeting a reduction of
serum triglycerides levels might be beneficial
in improving arterial compliance with or
without the presence of non-dipping.
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JIIIITHAN CIIEKTP KPOBI TA APTEPIAJTIBHA JKOPCTKICTH V ITAI[IEHTIB
3 NON-DIPPER-IOBOBHM ITPOPIIIEM APTEPIAJIBHOI'O TUCKY

*A.B. Bawa-Allah', M.M. Mashao?, T.F. Nyundu?, E.M. Phukubje?,
B.G. Nkosi?, M.V. Ngema?, B.W. Mlambo?, M.J. Maseko?

1 - COLLEGE OF MEDICINE, UNIVERSITY OF LAGOS, LAGOS, NIGERIA

2 - UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, SOUTH AFRICA

Bctyn. Jo6osuli npogine apmepiancHo20 mucky (AT) non-dipper, skuli cynpo8ooxyemuscs HeA0CMamHim
3HUXMCeHHAM AT 8HOYI, ACOYIOEMBLCSA 3 NIOBULYEHO HOPCMKICMI0 apmepili ma ypaxceHHAM op2aHis-miweHel.
JlinidHuli npodine - 00HA 3 8AXIUBUX OemepMiHAHM apmepiansLHOI HOPCMKOCMI.

MeTa po6oTn. Mema 00CnidHeHHA - OYiHUMU 830EMO38’A3KU MIiXC NiNIOHUM cCnekmpom Kpoei ma
apmepianbHO0 Hopcmkicmio y nayieHmie 3 dobosum npopinem AT non-dipper.

MeTopwn. bys0 npogedeHe nonepeyHe (00HOMOMeHMHe) docnioxceHHsA 796 (288 yonosikie ma 508 xiHOK)

ocib-appukanyie. 24-200uHHUl do608ull MOHIMOopuH2 AT Npo8odu/U 3 BUKOPUCMAHHAM 06100HAHHA Spacelabs
90207 (Spacelabs Inc.,, Redmond, Washington, USA). LLIsudkicme nowupeHHs nyas6cosoi xeusni no apmepisx
enacmuy4Hozo muny (LUMIX) eusHayanu 3a donomozot mikpomaHomempa SPC-301 (Millar instruments Inc.,
Houston, TX).

PesynbtaTn. Ceped 288 yonosikie y 140 dobosuli npopine AT 6ye muny non-dipper. Ceped 508 xciHok yeli
mun 6ysy 273. ¥ 3a2an6Hill K020pmi piseHb mpuaiyepudie bys 8ULUM ¥ 40/108iKi8 NOPIBHAHO 3 XciHkamu 1,46+0,96
vs 1,13+1,02, p<0,0001. Okpim mozo, y yososikie 3 do6o8um npopinem AT dipper pieeHs mpuzniyepudie bys suwjum
8i0HOCHO MciHOK-dippers 1,32+0,98 vs 1,06+0,58 (p=0,0012) sidnoeidHo. Non-dippers-4oa08iku Manu suwjuli piseHs
mpuzniyepudie makoxc 8i0HOCHO i xciHok-non-dippers: 1,61+2,05 vs 1,19+1,14 (p=0,0078) gionogioHo. PigeHb
ninonpomeidie 8UCOKOI WiAbHOCMI 68 00CMOBIPHO HUXCHYUM Yy H0/108iKig-non-dippers NopisHAHO 3 MiHKAMU 3
2pynu non-dippers (p=0.008). ¥ 060x cmameli i 4onosikie i xiHok non-dippers LLTIMIX 6yna 8UUj00 y NOPIiBHAHHI 3
dippers; 7,53+3,60 vs 5,74+2,47, p<0,0001 ma 6,64+2,52 vs 5,98+2,23 (p=0,0021) 8idnogioHo. OOHaK y 4os08ikie
non-dipper LUTIMX 6yna docmogipHO 8UU4OK NOPIBHAHO 3 AHA/M02IYHO 2PYNOK HHOK (7,53+3,60 vs 6,64+2,52,
p=0,0031).

BUCHOBKW. Bpaxosyrouu ompuMaHi HaMu 0aHi, gapmakomepanisi CnpsiMOBAHA HO 3HUMCEHHSA PIiBHSA

mpuzniyepudie y cuposamuyi Kposi Moxce anaugamu Ha nepebiz apmepianeHoi 2inepmeH3ii ma ii Hacioku %

He3as1exHo 8i0 muny 00608020 NPOYiN0 apmepianbHO20 MUCKY. O

K/THOYOBI C/10OBA: Non-dipping npo¢inb aptepianbHOro TUcKy; apTepiasibHa XXOPCTKICTb; E

niniaHMi npoginb KpoB.i. m
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DISSEMINATED HISTOPLASMOSIS LEADING TO HAEMOPHAGOCYTIC
LYMPHOHISTIOCYTOSIS IN AN IMMUNOCOMPETENT PATIENT

(case report)
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Background: Emerging fungal infections can pose a serious threat in contemporary healthcare due to host
variations, clinical presentation and emerging resistance. Histoplasma capsulatum is a thermally dimorphic
fungus, which acts as a Trojan horse by residing inside macrophages. Histoplasmosis is an emerging infection
and its association with hemophagocytic lymphohistiocytosis (HLH) in immunocompetent patients has been
scantily reported in the literature.

Objective. The aim of the study was to explore disseminated histoplasmosis with the help of case report.

Methods: A case report of histoid leprosy is presented.

Results: A male patient of 47 yearsof age, under treatment for chronic obstructive pulmonary disease for
five years and diabetes mellitus Type-II for two years, presented with fever of unknown origin (FUO) with evidence
of HLH in the bone marrow. Core biopsy of the liver and spleen showed a dense tissue infiltrate with vacuolated

INTERNAL MEDICINE

histiocytes containing Histoplasma capsulatum, eosinophils, some lymphocytes and plasma cells.
Conclusion: Histoid leprosy is a discrete infrequent form of multibacillary leprosy with distinctive clinical,
bacteriological and histomorphological features. Histopathologic examination with modified fite stain remains

the mainstay of diagnosis.

KEY WORDS: histoplasmosis; hemophagocytic lymphohistiocytosis.

Introduction

Histoplasma capsulatum is a thermally
dimorphic fungus, which acts as a Trojan Horse
by residing inside macrophages [1]. Most
individuals with intact cellular immunity are
asymptomatic. A patient presented with fever
of unknown origin (FUO) with evidence of
hemophagocytic lymphohistiocytosis (HLH) in
the bone marrow. Emerging fungal infections
can pose a serious threat in contemporary
healthcare due to host variations, clinical
presentation and emerging resistance [2-8].
There are diagnostic stringencies in resource
limited facilities [9, 10]. Histoplasmosis is an
emerging infection and its association with HLH
in immunocompetent patients has been scan-
tily reported in the literature [11-16].

Case Report

A male patient of 47 years old, under treat-
ment for chronic obstructive pulmonary disease
for five years and diabetes mellitus Type-II for
two years, presented with rashes around knee
*Corresponding author: Dr. Inam Danish Khan, Associate
Professor, Department of Clinical Microbiology and Infectious

Diseases, Army College of Medical Sciences and Base Hospital,
New Delhi 110010, India. E-mail: titan_afmc@yahoo.com

for 6 months, fever for 2 weeks and black stools
for 3 days. Pallor, pedal edema, hepatomegaly
7 cm below right subcostal margin and sple-
nomegaly 9 cm below left subcostal margin
were evidenced. Investigated for FUO, hemo-
globin was 5.5-8.3 gm/dl|, total leucocytes 3600-
4200/cumm with normal differential, serum
ferritin was 306 ng/dl, while other tests were
non-contributory towards diagnosis. CT thorax
and abdomen revealed hepatosplenomegaly,
retroperitoneal lymphadenopathy with mild
ascites and solitary lesionin spleen. Colonoscopy
was non-contributory. Bone marrow aspirate
and biopsy showed evidence of HLH (Fig. 1).

While on treatment, the patient succumbed
to his illness. Consented post-mortem needle
biopsy from liver, spleen, lungs and kidneys was
done. Core biopsy of the liver and spleen
showed a dense tissue infiltrate with vacuolated
histiocytes containing histoplasma capsulatum,
eosinophils, some lymphocytes and plasma
cells.

Discussion
Histoplasmosis is an endemic infection in
most of the USA, Asia and Africa caused by
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Fig. 1. Photomicrograph: HPE 400X; Bone marrow
aspirate with Histoplasma, increased histiocytes and
evidence of hemophagocytosis.

infectious bat and birdexcretions. Disseminated
histoplasmosis, classically described in the
immunocompromised, can occur in immuno-
competent patients. Clinical presentations vary
depending on the size of the inoculum, host’s
immune status and presence of underlying lung
disease. Overt symptoms occur in 5% healthy
individuals after low-level exposure; however
75% may get affected with heavy exposure.
Mostly asymptomatic, mild flu-like illness, fever,
chills, sweating, cough, chest and joint pain may
occur. Acute histoplasmosis may last 1-5 days
whereas chronic histoplasmosis, mostly asso-
ciated with lung infections, can last 10-21 days
and is associated with weight loss, persistent
fatigue and night sweats. Associated acute or
subacute pulmonary disease, progressive dis-
seminated disease, pericarditis, arthritis, me-
diastinitis, hepatomegaly, splenomegaly and
bone marrow suppression may occur [17-19].
The patient presented with fever, fatigue,
polyarthralgia, skin rashes and black stools with
underlying chronic obstructive pulmonary
disease. Along with anemia and hepatospleno-
megaly, the clinical picture fits histoplasmosis
[11-16].

HLH is an overwhelming inflammatory
response, resulting in cytokine storm and
activation of monocyte-macrophage system
resulting in multiorgan dysfunction. It is a
secondary phenomenon to infections, malig-
nancies, autoimmune disorders and drug
reaction. HLH is associated with high mortality
although successful treatment has been re-
gistered [11,14,15].

Diagnosis of histoplasmosis involves stai-
ning, isolation, serology and antigen detection.
Bone marrow gives the highest diagnosticyield.
Antigen detection in urine and serum by radio-
immunoassay is useful in an immunocom-
promised patient when antibody production
may beimpaired. Other laboratory abnormalities
include anemia, leukopenia, pancytopenia,
elevated liver enzymes, increased ferritin and
lactate dehydrogenase. Our diagnosis was
based on clinical presentation and histo-
pathology of liver and spleen [6], when culture
was negative.

A high index of suspicion is required as
100% mortality seenin untreated histoplasmosis,
can fall to 70% when adequately treated with
Amphotericin-B [4, 20-25].

Risk factors for acquiring acute or chronic
histoplasmosis in immunocompetent patients
are for farmers and travelers having prolonged
contact with rural or endemic environment,
speleologists/spelunkers coming in contact
with bat guano, and farmers coming in contact
with soil enriched with bird guano. Heavy
infective inoculum leads to acute presentation
whereas lowinoculum maylead to asymptomatic
or chronic infection. Prolonged exposure to
endemic area in Brazil led to histoplasmosis in
43.9-82.9% of immunocompetent patients [26-
29].

Conclusion

Disseminated histoplasmosis needs to be
differentiated from common diseases like
tuberculosis, lymphoma or metastatic mali-
gnancy. Emerging opportunistic resistant
infections warrant a high degree of clinical
intuition and mental mobility for optimal
management.
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Z[I/ICEMIHOBAHI/Iﬁ TICTOILIA3MO3 K ETIOJIOTTYHHUN YUHHUK
TEMO®ATOIIUTAPHOTO JIMPOI'ICTIOOIHUTO3Y VIMVHOKOMIIETEHTHOI'O
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*1.D. Khan', M. Brijwal? 1. Joshi?, B. Singh', B. Poonia’, G. Gonimadatala’,
S. Mangalesh’, A. Yadav', H. Rajput’, N. Bhuttay'
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BcTyn. 3pocmaHHs Kiekocmi ma yacmomu 2pubkosux iHgekyili Moxce cmaHosumu cepliosHy 3a2po3y
Cy4YacHili cucmemi 0XOpOHU 300p08’A Yepe3 8apiamusHicme KAiHIYHO20 nepebizy, cuMnmomie ma 03HaK
30X80PHOBAHHA, pe3ucmeHmHicms 00 aikysaHHSA. Histoplasma capsulatum - ye dumopHul 2pub, akul
nogoouMbCA AK «MPOSHCLKUL KiHb» NPOHUKArOYU 8cepeduHy Makpogazie. [icmonnazmos - 3aXeopro8aHHS, W0
OCMAHHIM 4acom ece Yacmiuie 0i02HOCMYeMbcs, 00HAK npo (1020 830EMO38'A30K 3 2eMOPa20yUMaApHUM
niM@ozicmioyumo3om y imyHoKoMnemeHMmMHuUX 0ci6 Had3eu4aliHo Mano iHpopmayii.

MeTa po60TU Ha npuknadi kKAiHIYHO20 8UNAOKY docidumu nepebie OUCEMIHOBAOHO20 2iCMONAA3MO3Y.

MeToawn. OnucaHo KaiHiYHUT 8unadok 2icmoidHoi senpu y nayieHma.

PesynbTaTwn. Yos108iK, 47 pokie, Kompuli 0CmaHHix n‘ame pokie sikyeascs 8id XO3J1 ma yykposozo diabemy
dpy2020 muny, 3eepHyscsi 00 Aikaps 3i CKaOp2aMU HA AUXOMAHKY HegidoMo20 2eHe3y. byno diazHocmosaHo
2emopazoyumapHull nimgpozicmioyumo3s Kicmkogozo Mo3Ky. Ha npenapamax neyviHku ma cenesiHku NocMepmHoi
6ioncii opaaHie 3HalideHo WinbHUll MKaHUHHUU iHYinempam 3 8aKyoni308aHUMU 2icmioyumamu, AKi micmuau
Histoplasma capsulatum, eo3uHo@inu, Hesenuky Kinekicme AiMpoyumie ma naasmoyumis.

BUCHOBKMW. [icmoidHa nenpa - pidkicHa popma MyaemubayuasapHOI 1enpu 3 XapaKmepHUMU KAIHIYHUMU,
6aKkmepioNo2iYHUMU Ma 2icMoMop0102iYHUMU 03HOKAMU. [1po8edeHHS 2iCmos102iYH020 00CAiIOHeHHS 003805€
diazHoCmy8amu 30X80PHOBAHHS.

K/TKOYOBI C/TOBA: rictonnasmos; remogaroyutapHuii niméoricriounTos.
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IMPACT OF MOLECULAR METHOD FOR THE DIAGNOSIS OF ACUTE
BACTERIAL MENINGITIS IN A TERTIARY HEALTH CARE CENTRE
IN NORTH INDIA

M.S. Raza', *B.K. Das', V. Goyal’, R. Lodha’, R. Chaudhry’, S. Sood’,
V. Sreenivas’, D. Nair?, S. Mohapatra’, H. Gautam’, A. Kapil'
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2 - VMC, SAFDARJUNG HOSPITAL, INDIA

Background. Acute bacterial meningitis is one of the significant infectious diseases that add an immense
burden to the health system. Proper management of meningitis is an invincible need to overcome the severe
consequences.

Objectives. The aim of the study is detection of the etiological agents of acute bacterial meningitis by PCR.

Methods. Total 267 CSF samples collected from suspected bacterial meningitis cases were processed for the
detection of S. pneumoniae, H. influenzae, N. meningitidis, E. coli and Group B streptococci by conventional and
molecular diagnosis method. CSF was inoculated on Blood, chocolate and MacConkey agar plates and incubated
at 37 °C for 24-48 hrs. Bacteria grown were identified by Matrix assisted laser desorption/ionization time of flight
(MALDI-TOF). Multiplex PCR of the enlisted bacteria was performed using DNA extracted from CSF by DNA extraction
kit (Qiagen, USA).

Results. 5 (1.87%) out of the total 267 CSF samples were culture positive (3 S. pneumoniae and 2 E. coli) and
28(10.49%) had detectable DNA by conventional PCR. Out of these 28 samples, 20 (71.43%) were S. pneumoniae
and 8 (28.57%) were E. coli. 15 (53.57%) out of total S. pneumoniae were present in children below 5 years of age.
Similarly, E. coli was predominant in neonates. Sensitivity and specificity of the PCR was 100% and 95-98%

respectively.

Conclusions. Streptococcus pneumoniae is the commonest cause of community acquired bacterial meningitis
in children below five years of age. Hence, for the promising outcome, PCR should be implemented for the diagnosis

of acute bacterial meningitis.

KEY WORDS: cerebrospinal fluid (CSF); acute bacterial meningitis; PCR; MALDI-TOF.

Introduction

Bacterial meningitis is one of the dangerous
infectious diseases of central nervous system
(CNS). Meningitis is an inflammation of delicate
membrane known as meninges covering brain
and spinal cord and marked by intense
headache, fever and nuchal rigidity. Despite
advances in treatment, acute bacterial menin-
gitis (ABM) is the major cause of mortality and
morbidity in developed countries as well as in
developing ones [1]. In India and other de-
veloping countries mortality rate varies 16-32%
[2-5]. Individuals with suspected meningitis
require prompt diagnosis and treatment. Delay
in management can result in poor outcome of
the disease [6].

The most common bacteria causing ABM
are Streptococcus pneumoniae, Haemophilus
influenzae, Neisseria meningitidis, Listeria
*Corresponding author: Dr. Bimal Kumar Das, Department of
Microbiology, All India Institute of Medical Sciences, New

Delhi, India.
Email: tezpur.bimal@gmail.com

monocytogenes, Group B Streptococci and E. coli
[7]. Etiological agents of ABM vary globally de-
pending on age, geographical area and immu-
ne status [8, 9]. Hence, there is need for requ-
larly reviewing of bacterial meningitis.

Culture is considered as the ‘Gold standard’
for the diagnosis of acute bacterial meningitis
as well as equally important for antibiotic
susceptibility testing of the causative agents
that account for treatment [10]. However, it
takes longer for identification of the pathogens
and its outcome is influenced by intake of anti-
biotics prior to lumber puncture and number
of bacteria (CFU/ml) present in the CSF. To
overcome this diagnostic glitch, polymerase
chain reaction (PCR) is gaining momentum for
a rapid diagnosis of ABM [11-17]. Hence, this
experiment have been designed and performed
to detect the etiological agents of community
acquired bacterial meningitis by molecular
method as PCR does not rely on viability of the
organism.
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Methods

A perspective study was designed and
carried out at the Department of Microbiology,
All India Institute of Medical Sciences, New
Delhi, India. Total 267 cerebrospinal fluids (CSF)
samples from suspected acute bacterial me-
ningitis cases were collected in March, 2015 -
April, 2018. All samples were processed for
cytological, biochemical, Microbiological (Gram
stain, Latex agglutination and culture) and
molecular examination. CSF was centrifuged at
10,000 rpm for 10 minutes. Sediment was used
for Gram stain and culture. Blood, chocolate
and Mac-conkey agar plates were used for
growth of the bacteria. After inoculation, the
plates were incubated at 37 °C for 24-48 hrs
with 5% CO,. Isolates grown on the culture
plates were identified by MALDI-TOF (Vitek MS
Biomerieux, France). The isolates were further
processed for antibiotic susceptibility tests.
Nosocomial infection was defined as a positive
bacterial infection that was not present at the
time of hospital admission or clinical evidence
of an infection no sooner than 48 hours after
admission. Remaining patients were considered
to have community acquired infection.

Identification of isolates by MALDI-TOF.
For identification of the bacteria, a single bac-
terial colony was taken, and the smear was
made on the MALDI-TOF slide with the help of
wooden stick and 0.5 pl matrix (a-cyano-4-
hydroxycinnamic acid) was added. The slide
was kept in air at a room temperature for 5
minutes to dry and finally slide was kept in the
MALDI-TOF machine (VITEK MS Biomerieux,
France) for acquisition and identification. The
isolates identified were further processed for
antibiotic susceptibility test.

Antibiotics susceptibility test. Mueller
Hinton Agar was used to perform an antibiotic

susceptibility test. The isolate was inoculated
in 0.5% peptone water and incubated at 37 °C
for 2 hrs. Turbidity was compared with 0.5
McFarland solutions so that bacterial count to
be >105CFU/ml. Antibiotics used were amikacin
(10 pg), co-trimoxazole (25 pg), cephotaxime
(30 pg), ceftazidime (30 pg), ceftriaxone (30 ug),
ciprofloxacin (30 pg), erythromycin (30 pg),
penicillin G (10units), piperacillin + tazobactam
(100/10 pg), imipenem (10 pg), Netilmicin
(30 pg), chloramphenicol (30 ug) and vancomy-
cin (30 pg). The antibiotic discs were obtained
from Hi Media Laboratories, Mumbai, India.
Antibiotic susceptibility results were interpreted
as per CLSI guideline. The Escherichia coli
ATCC25922 and Staphylococcus aureus ATCC25923
strains were used for quality control.

Latex agglutination test (LAT). A
supernatant of the centrifuged CSF was used
for detection of soluble bacterial antigen of
Streptococcus pneumoniae, Neisseria meningitidis
A, B, C, and W135, Streptococcus agalactiae,
Escherichia coli, and Haemophilus influenzae type
B by latex agglutination test (LAT) following
manufacturer’s instructions. The Directigen™
Meningitis combo Kit (BD, USA) was used for
the LAT.

Extraction of DNA. Extraction of DNA from
CSF samples was carried out using the Mini DNA
extraction Kit (Qiagen, USA) following manu-
facturer’s instructions. DNA was eluted in 100 pl
elution buffer and stored at -20 °C for future
use in the experiment.

Primer design and PCR conditions. For
detection of S. pneumoniae, H. influenzae and
N. meningitidis semi-nested multiplex PCR was
designed. However, for E. coli & Group B strep-
tococcus the Multiplex PCR was done. Primers
were designed accordingly that is presented in
Table 1.

Table1. Sequence of primers used in this study

Organisms Target Gene Primer |:r:2frl:c(g:) Reference
Seminested Multiplex PCR
Universal U3 (16S rRNA) 5'-GTG CCT GCA GCC GCG GTA AT-3' 1000 Chakrabarti P
Primer U8 (16S rRNA) 5'-AAG GAG GGG TGT GTAC-3' etal, 2009
S. pneumoniae ply 5'-GTA CAA CGA GTC GCA AGC-3' 293 [18]
H. influenzae bex 5'-CCT AAG AAG AGA TCG AG-3' 543
N. meningitidis ctr 5'-TGT TGC GCA ACCTGATTG-3' 710
Multiplex PCR
E. coli 16S rRNA 5'-TGC CTG ATG GAG GGG GAT AA-3' 776 This study
5'-TTT AAC CTT GCG GCC GTA CT-3'
S. agalactiae sip 5'-ACA ACG GAA GGC GCT ACT GTT C-3' 255 Bergh K et al,
5'-ACC TGG TGT TTG ACC TGA ACT A-3' 2004 [19]

o
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Amplification of DNA extracted from the
CSF. The PCR mixture (25 pl) contained 1xPCR
buffer 2.5 pl with 2.5 mM Mgcl,, 0.5 pl dNTPs
(10mM each), 0.25 pl Tag polymerase (Promega,
500U) & Primer 0.2 pl (10 uM each) for semi-
nested multiplex PCR. However, for multiplex
PCR, primer concentration used was 1 pl (10 pM
each) and 2.5 pl of the target DNA. Finally, the
volume of the PCR mixture was adjusted by
adding milli Q water. PCR was performed in the
Thermocycler (Agilent Technologies, Surecycler
8800, USA) with the following cycling condition
for multiplex PCR, i.e. initial denaturation at
95°C for 5 min, denaturation at 95 °C for 1 min,
Annealing 55 °C for 30 sec, extension 72 °C for
30 sec and final extension at 72 °C for 10 min
with 4 °C holding temperature, the number of
cycles was 35. After amplification of the bacte-
rial DNA, gel electrophoresis of the PCR product
was run for 30 minutes in 1.5% agarose with
ethidium bromide and visualize under UV fluo-
rescence to check the product size. Represen-
tative Image of the Gel electrophoresis is
presented in Fig. 1.

Statistical analysis. of the tests was
performed by the Wilcoxon Singed-rank test.
Sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) were
evaluated.

Ethical Approval. The study was approved
by the Institute Ethics Committee of All India
Institute of Medical Sciences, New Delhi (No:
IESC/T-20)

Results

The finding of the study was interpreted
and correlated with the etiological agents of
ABM in all age group (0 days-84 years) with
conventional and molecular techniques. Out of
total 267 cases of suspected meningitis pa-
tients, 194 (72.60%) were male and 73 (27.34%)
were female. The main clinical feature shown
by the patients were fever 258 (96.63%),
headache 210 (78.65%) and altered sensorium
181 (67.79%) details are given in Table 2.

3000
1000

200
293

100

Fig.1. A gel image of PCR product of S. pneumoniae
in 1.5% agar.

L,=Ladder, L,= Positive control, L,= Negative control
&L,..,=CSFsample.

4,5,6,7

The CSF glucose and protein level of the
majority of the patients were <45 mg/dl and
>55 mg/dl respectively. Out of 267 CSF samples,
5(1.87%) were proved to be positive by culture.
Among these 5 isolates, 3 (60%) were S. pneu-
moniae and 2 (40%) were E. coli. Similarly, total
28 (10.49%) bacteria were detected by con-
ventional PCR (CPCR) as the culture positive
bacteria were also positive by PCR; out of 23
bacteria detected by PCR only, 6 (26.09%) were
E coliand 17 (73.91%) were S. pneumoniae. Main
cases of the organisms revealed were of the
age group of 0-5 yearsold. Likewise, 4 (50%)
cases of E coli were revealed in neonates. In
case of S. pneumoniae, 15 (53.57%) isolates were
revealed in children below 5 years of age. The
details of distribution of bacteria revealed are
presented in Table 3.

Latex agglutination test (LAT) was used to
detect the bacterial soluble antigen of the com-
mon etiological agents of acute bacterial menin-
gitis: Streptococcus pneumoniae, Neisseria menin-
gitidis A, B, C & W135, Streptococcus agalactiae,
Escherichia coli, and Haemophilus influenzae type
B. However, only S. pneumoniae and E. coli was
detected by the LAT in this study. The LAT has
detected more organisms than the culture. Total
15 isolates were detected by the LAT. Out of
15 LAT positive isolates 10 (5 S. pneumoniae and
5 E coli) were positive by the LAT only. However,

Table 2. Demographic details of the meningitis patients %

b

Clinical Features Number of patients S

Fever 258 (96.63%) a

Headache 210 (78.65%) =

Nuchal rigidity 57 (21.34%) —J

Altered sensorium 181 (67.79%) <Z[:

Nausea/Vomiting 54 (20.24%) ~

Kernig's and Brudzinski's sign 51(19.10%) E

Bulging anterior fontanelle 32(11.98%) E
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Table 3. Age wise distribution of the isolates detected from CSF

Isolates MEthOd.s 1-3 32?1e s
of detection | Neonates months | months | 2-3Yrs | 5-50yrs | >50yrs Total
E. coli Culture 01 - - - - 01 02
CPCR 03 02 - - - 01 06
S. pneumoniae Culture - - 01 01 01 - 03
CPCR - 02 07 04 02 02 17
Total 04 04 08 05 03 04 28

3 S. pneumoniae and 2 E. coli that were culture
positive were also positive by the LAT.

Taking culture as gold standard, the sen-
sitivity, specificity, positive predictive value and
negative predictive value were evaluated. Sen-
sitivity and specificity of CPCR for S. pneumoniae
and E coli were found in 100% and 95-98%
cases, respectively, with 95% Cl that is presented
in Table 4.

The antibiotic susceptibility test was per-
formed for E. coli and S. pneumoniae detected
from CSF by culture. Most of the antibiotics
tested were susceptible to S. pneumoniae
(100%). One (33.36%) S. pneumoniae showed
resistance to co-trimoxazole. For E. coli, the
most susceptible antibiotic was amikacin
(100%) followed by colistin (100%) and imipenem
(100%).

Table 4. Sensitivity, specificity, PPV, NPV of CPCR comparing with culture

Conventional PCR
Statistics E. coli (N=6) S. pneumoniae (N=17)
Value with 95% CI Value with 95% CI
Sensitivity 100% 15.81% - 100% 100% 28.24% - 100%
Specificity 98.28% 96.29% - 99.36% 95.26% 95.53% - 97.22%
PPV 25% 13.10% - 42.42% 15% 9.99% - 21.92%
NPV 100% - - 95.30%
Accuracy 98.29% 96.31% - 99.37% 95.30% 92.59% - 97.24%
Discussion but less than the finding by Zahra B. H. et al.

Community acquired acute bacterial menin-
gitis is an urgent health issue as most of the
infection occurs in children below 5 years of
age. In this study, total 267 CSF samples were
included irrespective of the age limit. Of the
total number of CSF, only 5 (1.87%) were found
positive by culture for different etiological agents
of community acquired bacterial meningitis. A
study conducted by Zahra B. H et al. has shown
culture positivity 2.5% [20]. Positivity of culture
decreases 60-70% in case of CSF collected after
administration of antibiotics [21]. In our study,
low culture positivity may be due to intake of
antibiotics prior to lumber puncture as our
hospital is a referral center where majority of
the patients admitted had already been admi-
nistered with various antibiotics before getting
admitted.

We detected 28 (10.14%) positive CSF by
CPCR which were almost 10% more than the
culture positives. Our finding is concurrent with
the finding (11.76%) shown by Nour M et al. [22]

and Chokrabarty P. et al. who have reported
15% and 19.8% positivity by mPCR respectively
[18, 20]. Low positivity may be due to difference
in sample size and organisms detected. Sen-
sitivity and specificity of convention PCR was
found 100% and 95-98% respectively for E coli
and S. pneumoniae with 95% CI. Finding was
concurrent with the findings of Wu et al. [23].
In children below 1-24 months of age
S. pneumoniae 10 (50%) was the main organism.
However, E coli 4 (50%) were found in neonates
that was also a significant finding as E. coli and
S. agalactiae are the major pathogens of the
neonates [24, 25]. We have detected total 20
S. pneumoniae, 15 (75%) of which were in those
less than 5 years of age. Likewise, out of these
15 cases, 8 (53.3%) were detected in those 3-24
months of age. More number of S. pneumoniae
in children below 5 years of age was reported
from India [26, 27]. However, 1 previous study
conducted in 1999 by ISIB has reported H. in-
fluenzae as the main cause of bacterial menin-
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gitis prior to the introduction of pentavalent
vaccines [28].

In our study, only E coli and S. pneumoniae
were detected among the etiological agents of
community acquired acute bacterial meningitis
that may be a result of implementation of the
Hib vaccination in national immunization pro-
gram in India. H. influenzae detection rate has
decreased drastically in recent times. Similarly,
in India, incidence of N. meningitidis increased
greatly during the epidemics and the epidemic
cycle of N. meningitidis is at an interval of 15-20
years. Last episode of N. meningitidis epidemics
was in 2005 [29].

Antibiotic susceptibility test result showed
that most of the antibiotics used were suscep-
tible to S. pneumoniae. One (33.3%) S. pneumo-
niae out of 3 was resistance to co-trimoxazole.
However, no penicillin resistance S. pneumoniae
was found. Similarly, amikacin, colistin and
imipenem were the most susceptible (100%)
antibiotics for E coli though ciprofloxacin has
shown (50%) resistance followed by cefo +
salbactam (50%).

Conclusions

Acute bacterial meningitis is a severe medi-
cal emergency and S. pneumoniae is still the a
major cause of community acquired bacterial

meningitis in children. Molecular diagnosis is
gaining momentum for a rapid detection of
etiological agents with high sensitivity and
specificity since it is unaffected by viability of
the organisms. Hence, PCR should be imple-
mented in the diagnosis to overcome the de-
pendency on conventional method.
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MOJIEKVJIIPHI METOU AIATHOCTHUKH I'OCTPOT'O BAKTEPIAJIBHOTO
MEHIHIITY HA TPETHHHOMY PIBHI HAZJAHHSI MEJUYHOI JOIIOMOI'1

V JIIKAPHSAX HNIBHIYHOI IHAII

M. S. Raza’', B. K. Das', V. Goyal’, R. Lodha’, R. Chaudhry’, S. Sood",
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1 - ALL INDIA INSTITUTE OF MEDICAL SCIENCES, NEW DELHI, INDIA
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Bctyn. focmpuli 6akmepiansHuli MeHiHeim - 00He 3 Halibinbw Hebe3neyHUxX iHYeKYiliHUX 30X80PHBAHS,
wo cny2ye 000amKo8UM msazapem 045 CUCmeMU 0XOpOHU 300po8’s. BidnosioHe /iKy8aHHS - HeobXxiOHa ymosa
0411 nohepeodxceHHsA Ma NiKy8AHHA MAXCKUX HACAIOKi8 X80poobU.

MeTa aocnif>keHHSA - 8CMaHOB/eHHA emios102i4HUX YUHHUKI8 20Cmp0o20 6aKmepianbHo20 MeHiHaimy 3d

donomozoro [1/1P.

MeToaw. 3azas10M 6yn0 8idibpaHo 276 3paskie cnuHHOMo3Kosoi piduHu (CMP) eid nayieHmieg 3 nidosporo

Ha 6akmepianbHUli MeHiH2im 0415 8u3Ha4YeHHs (1020 OCHOBHUX 30y0HUKi8 S. pneumoniae, H. influenzae,
N. meningitidis, E. coli ma cmpenmokokie 2pynu B munosum cnoco6om ma 30 d0nomo20ot0 Memooie MoaekyAspHOi
diazHocmuku. /8 npogedeHHs KyabmypasnbHo20 00cnidxieHHS 3paskie CMP sukopucmosyeanu HususbHi
cepedosuuya: kpos'aHuli azap, wokonadHul azap, cepedosuuje MakKoHki. 3pasku iHkybysanu npu 37°C npo-
mszom 24-48 200uH. Picm 6akmepili 0ocaidxysanu memoooM Mac-cnekmpomempii 3 1a3epHoro decopbyiero/
ioHizayieto MALDI-TOF. MyasmunnekcHa [1JIP 3pa3kie CMP npogoduaacs 3 eUKOpUCMaHHAM Habopie 0414
ekcmpakyii AHK Qiagen (USA).

PesynbTaTtwn. I3 276 docnidxceHux 3paskie CMP, n‘ame (1.87%) 6yau Kynemypo-no3umusHUMU (mpu -
S. pneumoniae ma 0ea 3pasku - E. coli). 3a donomozoro munosoi /1P AHK 36y0HuKa 6yn0 3HalideHo y 28 3paskax
(10.49%). 3 yux 28 3paskie y 20 (71.43%) - 6ynu ideHmu@ikosaHi S. pneumoniae, a y 8 3paskax (28.57%) - E. coli.
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Ceped 3pas3kis, Oe 6y/10 suaeneHo S. pneumoniae, 15 (53.57%) Hanexcanu 0imsam 0o 5 pokis. E. coli nepesaxcana
¥ HOBOHApPOOXeHUX. Yymausicmb ma cneyugiyHicme [1/1P 6yna 100% ma 95-98% eidnoeioHo.

BUCHOBKMW. Streptococcus pneumoniae - Halibinbw nowupeHuli 36yOHUK 6aKmMepianbHO20 MeHiHaimy y
dimeli gikom do 5 pokie. Bpaxosy4u pe3yssmamu Hauwux 00caioxceHs, MJIP-diazHOCMuUKa No8UHHA

INTERNAL MEDICINE

8NpoBAOHYBAMUCSH ¥ KOMN/AEKC Memodie 0iazHOCMUKU 20CMpPo20 6aKmepianbHo20 MeHiH2imy.
K/TKOYOBI C/IOBA: cnuHHOMoO3KoBa pignHa (CMP); rocTpuii 6akTepianibHWiIA MeHiHriT; MJIP;

MALDI-TOF.
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SYSTEMIC OXIDATIVE STRESS AS A SURROGATE OF CORONARY
ATHEROSCLEROTIC PLAQUE INSTABILITY AND RUPTURE PREDICTOR

Z. Lominadze’', *K. Chelidze? L. Chelidze? E. Lominadze?
1 -LTD CLINIC-LJ, KUTAISI, GEORGIA
2 - TBILISI STATE MEDICAL UNIVERSITY, TBILISI, GEORGIA

Background. Oxidative stress is crucial in developing broad spectrum of diseases, including atherosclerosis
and related life-threatening conditions, such as acute coronary syndrome (ACS) mainly caused by atherosclerotic
plaque vulnerability.

Objective. To clarify the relation between oxidative stress and plaque instability we decided to compare
oxidative profiles of patients with acute coronary syndrome (ACS) and with chronic coronary syndrome (CCS),
evaluated at admission to the coronary care unit (CCU) of LTD Clinic-LJ (Kutaisi, Georgia) in April 2018 - June 2019,
who underwent successful primary percutaneous coronary intervention (PCI).

Methods. 797 patients were enrolled (100 patients with ACS in Group 1 and 91 patients with CCS in Group 2)
into the study. Using the CR3000 FORM PLUS (Callegari Srl, Catellani Group, Italy) - Callegari Point of Care
instrument we evaluated free oxygen radical test (FORT), free oxygen radicals defense (FORD), calculated REDOX
Index and the overall Profile of oxidative stress.

Results. The mean/median concentration of Free Oxygen Radicals was significantly higher in the patients
with ACS (404.37+9.83 Fort units/2.36 mmol/| H202 eq. vs 282.34+9.83 Fort units/2.36 mmol/I H202 eq., p<0.0001).
Significant correlation was found between advanced oxidative stress and acute coronary syndrome (OR 14.42
95% CI(7.08-29.4), RR 3.26 95% (I (2.31-4.60) with high diagnostic characteristics (sensitivity of 82% and specificity

INTERNAL MEDICINE

of 92.3%; positive predictive value of 92% and positive likelihood ratio of 11).

Conclusion. Oxidative stress is crucial in life-threatening acute coronary events. Measurement of overall
oxidative stress profile, as a surrogate of plaque instability and rupture predictor, could help the clinicians in risk
stratification and prevention of acute coronary syndrome (ACS).

KEY WORDS: acute coronary syndrome (ACS); chronic coronary syndrome (CCS); oxidative stress;
free oxygen radical test (FORT); free oxygen radicals defense test (FORD); REDOX index; oxidative

stress profile; vulnerable plaque; plaque rupture.

Introduction

Coronary heart disease (CHD) has remained
the leading cause of death globally in the last
two decades. According to the World Health
Organization Global Health Observatory (GHO)
dataIHD is the world’s biggest killer, accounting
for 9.33 million deaths in 2016 [1].

Acute coronary syndrome (ACS) is a clinical
manifestation of CHD with variable consequen-
ces range from unstable angina (UA) to non-ST
elevation myocardial infarction (NSTEMI), ST-
elevation myocardial infarction (STEMI), and
sudden cardiac death. Acute coronary syndrome
(ACS) mainly as a result of plaque disruption in
coronary arteries is responsible for one-third
of total deaths in people older than 35 [2].

The main therapeutic approach to ACS is
focused on interventional techniques designed
to restore blood flow in hemodynamically

*Corresponding author: Kakhaber Chelidze, The First Univer-
sity Clinic of Thilisi State Medical University (TSMU), 4 Guda-
makari str. Tbilisi. 0141.

E-mail: k.chelidze@tsmu.edu

compromised coronary arteries. However, this
reactive strategy has a weak preventive effect
on future coronary events. Although pharma-
cotherapy with antiplatelet agents and statins
does not have a dramatic risk-lowering effect
as well [3,4].

In the last 10 years, a major improvement
has been made in an effort to understand one
of the main mechanisms of ACS: the concept of
vulnerable plaque as a cause of major ischemic
events [5].

The term “vulnerable plaque” was originally
used to define a plaque prone to rupture.
However, apart from rupture the term “vulne-
rability” includes other types of lesion, such as
plague erosion, and plaque calcification [6].

The vulnerable plaque is made of a large
lipid core (foam cells, apoptotic/necrotic cells,
and debris) [7] which is separated from the
lumen by a fibrous cap (mainly comprising col-
lagen, proteoglycans, and smooth muscle cells)
[8, 9]. Weakening of the fibrous cup under
different stressors and a lack of healing results
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in plaque fissuring, thrombus formation and,
therefore, in acute coronary syndrome [10, 11].

Many clinical studies support a crucial role
for oxidative stress in cardiovascular diseases
[12,13]. Oxidative stress (imbalance between
enhanced production of reactive oxygen spe-
cies (ROS) and enzymatic/nonenzymatic anti-
oxidative potential accountable for oxidative
modification of low-density lipoprotein chole-
sterol (LDLc) and cell damage (including endo-
thelial cells of vessels) initiate fatty streak for-
mation, lesion progression, and plaque rupture
[14, 15].

It is very important to identify reliable sur-
rogates of plaque instability and predict the
highest risk of rupture. The present study inten-
ded to determine the oxidative status in pa-
tients with acute coronary syndrome (ACS) and
to compare with oxidative/antioxidative para-
meters in patients with stable ischemic heart
disease (SIHD). These findings could help
assess the risk of stratification and prevent
acute coronary syndrome (ACS).

Materials and methods

Study patients

The study sample consisted of 191 patients
who were divided into two groups: Group 1 -
100 patients with acute coronary syndrome
(ASC) and Group 2 - 91 patients with chronic
coronary syndrome (CCS) admitted to the coro-
nary care unit (CCU) of LTD Clinic-L) (Kutaisi,
Georgia) in April 2018 - June 2019, who under_
went successful primary percutaneous coronary
intervention (PCI). In the patients with chronic
coronary syndrome (CCS) invasive coronary
angiography with revascularization was per-
formed in case of high clinical likelihood of
obstructive coronary artery disease (OCAD) and
severe symptoms refractory to optimal medical
treatment, or typical angina at a low level of
exercise and clinical prediction of high-risk of
events, or left ventricular dysfunction suggestive
of CAD.

Patients with a history of coronary revas-
cularization, or with hemodynamically com-
promised severe myocardial infarction; those
recovering cardiopulmonary arrest, decom-
pensated heart failure; and those with valvular
heart disease, cardiomyopathy, severe sup-
raventricular/ventricular arrhythmias (including
atrial fibrillation) and conductivity disturbances,
end-stage renal disease (ESRD), chronic inflam-
matory conditions, active cancer, type 1 dia-
betes mellitus (DM) or decompensated type 2
diabetes mellitus (DM); pregnancy; those on

hormone replacement therapy (HRT) or oral
contraceptive assumption were excluded from
the study. No corrections or changes had been
made in the ongoing pharmacotherapy of the
patients. All essential laboratory tests and
FORT/FORD assays were performed during the
first hour of admission.

The study was approved by the Ethics Com-
mittee (EC) of Thbilisi State Medical University
(TSMU) and local EC of LTD Clinic-LJ and a
written informed consent was provided by each
study participants.

Assay of oxidative stress

The enrolled patients’ oxidative status was
assessed by measuring ROS damage index
(FORT test) and antioxidant capacity (FORD
test), and REDOX index calculation using the
CR3000 FORM PLUS (Callegarisrl, Catellani
Group, Italy) - Callegari Point of Care instrument
with following technical characteristics:

Parameters measured and specificity: (i)
free oxygen radical test (FORT): overall organic
radicals, e.g. Hydroperoxides, (ROOHs)/reactive
oxygen species (ROS); (ii) free oxygen radicals
defense (FORD): plasmatic antioxidant com-
pounds including vitamin C; proteins (e.g. albu-
min and ceruloplasmin); bilirubin; thiol groups
(e.g. glutathione); polyphenolic compounds
(e.g. flavonoids and tannins); (iii) Oxidative-
reductive balance (REDOX index): overall score
of the oxidation-reduction state. The index was
expressed as a number (from 0 to 100) iden-
tifying 5 specific profiles (A-E).

Assay principle: (i) free oxygen radical test
(FORT): colorimetric method based on the Fen-
ton reaction; (ii) free oxygen radicals defense
(FORD): colorimetric method based on the
qguenching of the color.

Reference range: (i) free oxygen radical test
(FORT): Up to 310 Fort units/2.36 mmol/I H,0,
eq; (ii) free oxygen radicals defense (FORD):
1.07-1.53 mmol/I trolox eq.;

Sample type: whole blood;

Technique: Point of care analysis via ready
to use, wet, disposable reagents;

Wavelength: 505 nm.

The five profiles of oxidative stress were
determined by basal FORT and FORD values
and REDOX index calculation: (i) Profile A (Ideal/
normal values): redox index: 0-25; FORT <300
units/2.36 mmol/IH202 eq.; FORD >1.08 mmol/I
trolox eq; (ii) Profile B (latent oxidative stress):
redox index: 25-50; FORT <300 units/2.36
mmol/IH202 eq; FORD <1.07 mmol/l trolox eq_;
(iii) Profile C (compensated oxidative stress):
redox index: 50-58.3; 300 < FORT <330 units/2.36
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mmol/IH202 eq; FORD >1.08 mmol/l trolox eq_;
(iv) Profile D (at risk of oxidative stress): redox
index: 58.3-66.6; 300< FORT <330 units/2.36
mmol/IH202 eq; FORD <1.07 mmol/l trolox eq_;
(v) Profile E (oxidative stress in progress): redox
index: 66.6-100; FORT =331 units/2.36 mmol/|
H202 eq; 0.25< FORD <3.00 mmol/I trolox eq.

Statistical analysis

The data were analyzed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY,
USA). To identify oxidative status differences
between two groups with abnormal distribution
nonparametric tests were used: (i) Mann-
Whitney U test for 2 samples; (ii) Median Test
for K samples to compare medians across the
groups, and (iii) Moses extreme reaction for 2
samples to compare ranges across the groups.
Odds ratio (OR) and relative risk (RR) assessment
was used to quantify the strength of the asso-
ciation between oxidative stress and acute
coronary syndrome (ACS). For assessment of
sensitivity/specificity, positive predictive value
(PPV), negative predictive value (NPV), likelihood
ratio, Youden’s ] statistic, and prevalence cross-
tabulation analysis were used. The 95% con-
fidence interval (CI) was used to estimate the
precision of the OR. The p value of 0.05 was
considered significant.

Results

Study population characteristics

Clinical characteristics of the overall study
population are shown in Table 1.

There was no statistically significant diffe-
rence between the study population characte-
ristics, such as age, male gender, BMI, hyper-

tension, dyslipidemia, ongoing smoking, type
2 DM, and medications, such as beta-blockers,
calcium channel blockers, ACEIs or ARBs, and
statins. Nitrates consumption was much higher
in the patients with chronic coronary syndrome
(p<0.0001).

Admission oxidative stress parameters

Fig. 1 depicts the level of baseline oxidative
stress parameters evaluated in whole blood of
Group 1 of the patients with acute coronary
syndrome (ACS) and Group 2 of the patients
with chronic coronary syndrome (CCS). The
concentration of free oxygen radicals (FORT,
Fort units/2.36 mmol/l H,0, eq) evaluated in
two groups was as follows: in the patients with
ACS, 404.37+9.83 Fort units/2.36 mmol/l H,O,
eq, and in the patients with CCS, 282.34+9.83
Fort units/2.36 mmol/I H,0, eq (p<0.0001). Free
oxygen radicals defense capacity evaluated by
the FORD testin the Group 1 and Group 2 were
1.37+0.035 mmol/I Trolox eq. and 1.5+0.045
mmol/l Trolox eq., respectively (p=0.03). The
distribution analysis of the calculated REDOX
index in the patients with ACS was 69.2+1.47,
and in the patients with CCS was 1.5£0.45
(p<0.0001). A nominal equivalent of stress
profile in both groups distributed as follows:
4.56+0.1 and 1.92%0.13, respectively in the
Group 1 and Group 2 (p<0.0001).

There are reported results of nonparametric
analysis of ROS and antioxidative potential
across the groups of patients with ACS and CCS
(Fig. 2). Th difference between all oxidative
parameters was statistically significant
(p<0.0001), except free oxygen radicals defense
FORD test (p=0.1).

Table 1. Characteristics of study population

Group 1 Group 2
(Patients with ACS) (Patients with CCS) P value
n=100 n=91

Age (years) 51.840.78 49.1£1.02 0.236
Male gender, n (%) 74 (74) 52 (57) 0.874
BMI 27.76£0.35 27.811£0.36 0.924
Hypertension, n (%) 51 (51) 41 (45) 0.413
Dyslipidemia, n (%) 62 (62) 56 (61.5) 0.948
Smoking, n (%) 52 (52) 45 (49.5) 0.726
Type 2 DM, n (%) 44 (44) 38 (41.8) 0.755
BB, n (%) 31(31) 27 (29.7) 0.842
CCB, n (%) 36 (36) 28(30.8) 0.446
ACEIS/ARBs, n (%) 42 (42) 38 (41.8) 0.973
Statins, n (%) 42 (42) 45 (49.5) 0.238
Nitrates, n (%) 22 (22) 42 (46.2) <0.0001*

Notes. * Statistically significant difference; BMI body mass index, BB beta-blockers, CCB calcium channel blockers, ACSEIs an-
giotensin converting enzyme inhibitors, ARBs angiotensin receptor blockers.
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Fig. 1. Distribution of baseline oxidative stress parameters across the groups by the Independent-Samples
Mann-Whitney U test.

Notes. Group 1, the patients with acute coronary syndrome (ASC). Group 2, the patients with chronic coronary syndrome (CCS).
(A) Distribution of FORT, free oxygen radical test results across the groups (Mann-Whitney U=919, Wilcoxon W=5105, Test
statistic=919, Standard error=381.448, Standardized test statistic=-9.519, Asymptotic Sig. (2-sided test) =.000); (B) Distribution
of FORD, free oxygen radicals defense test result across the groups (Mann-Whitney U=5376, Wilcoxon W=9562, Test statis-
tic=5376, Standard error=381.480, Standardized test statistic=2.165, Asymptotic Sig. (2-sided test) =.030); (C) Distribution of
calculated RI, REDOX index across the groups (Mann-Whitney U=751.5, Wilcoxon W=4937.5, Test statistic=751.5, Standard
error=381.173, Standardized test statistic=-9.965, Asymptotic Sig. (2-sided test) =.000); (D) Profile distribution across the groups
(Mann-Whitney U=821, Wilcoxon W=5007, Test statistic=821, Standard error=355.1, Standardized test statistic=-10.501, As-
ymptotic Sig. (2-sided test) =.000).

The evaluation results of association bet-
ween an exposure (oxidative stress) and an
outcome (acute coronary syndrome) are shown
in Table 2.

Fig. 3 depicts the stratification of patients
in the two groups in line with systemic oxidative
stress profile.

A cross-tabulation analysis was performed
to assess the sensitivity and specificity, positive
and negative predictive values (PPV and NPV,
respectively), and positive and negative like-

lihood ratios (LR+ and LR-, respectively) for
systemic oxidative stress in the patients with
acute coronary syndrome (Fig. 4). An informed-
ness of sensitivity and specificity data was
represented by positive Youden'sindex (J). There
were following diagnostic characteristics of
systemic oxidative stress for ACS: sensitivity of
82%, and specificity of 92.3%; positive predictive
value (PPV) of 92% versus negative predictive
value (NPV) of 82%; positive likelihood ratio (LR+)
of 11 versus negative likelihood ratio (LR-) of 0.2.
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Fig. 2. Independent-Samples Median Test of baseline oxidative stress parameters across the groups.
Notes. Group 1, patients with acute coronary syndrome (ASC). Group 2, patients with chronic coronary syndrome (CCS).

(A) FORT, free oxygen radical test results across the groups (Median=325, Test statistic=99.317, Degree of freedom=1, Asymp-
totic Sig. (2-sided test) =.000; Yates’s Continuity correction Chi-Square=96.447, Degree of freedom=1, Asymptotic Sig. (2-sided
test) =.000); (B) FORD, free oxygen radicals defense test result across the groups (Median=1.470, Test statistic=3.198, Degree
of freedom=1, Asymptotic Sig. (2-sided test) =.074; Yates's Continuity correction Chi-Square=2.7, Degree of freedom=1, Asymp-
totic Sig. (2-sided test) =.1); (C) R, REDOX index across the groups (Median=56, Test statistic=104.393, Degree of freedom=1,
Asymptotic Sig. (2-sided test) =.000; Yates's Continuity correction Chi-Square=101.454, Degree of freedom=1, Asymptotic Sig.
(2-sided test) =.000); (D) Profile across the groups (Median=3.0, Test statistic=105.183, Degree of freedom=1, Asymptotic Sig.
(2-sided test) =.000; Yates’s Continuity correction Chi-Square=102.229, Degree of freedom=1, Asymptotic Sig. (2-sided test)
=.000).

Table 2. The strength of association between oxidative stress and acute coronary syndrome

Odds ratio (OR) Relative risk (RR)
14.42 3.26
Standard Error (SR) 0.36 0.18
Lower 95% confidence Interval (CI) 7.08 2.31
Upper 95% confidence Interval (CI) 29.4 4.60
Discussion coronary syndrome (ACS) [16] mainly caused
Oxidative stress is one of the key patho- by atherosclerotic plaque instability [14,15].
genetic factors for various diseases, including Available scientific data extend our under-

life-threatening conditions, such as acute standing of the biology of plaque vulnerability
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Fig. 3. Doughnut chart of systemic oxidative stress profile frequency in the two groups.

Notes. A. Group 1, patients with acute coronary syndrome (ACS);

B. Group 2, patients with chronic coronary syndrome (CCS);

Profile A, (Ideal/normal values): redox index: 0-25; FORT <300 units/2.36 mmol/l H,0, eq; FORD 21.08 mmol/l trolox eq. Profile
B, (latent oxidative stress): redox index: 25-50; FORT <300 units/2.36 mmol/l H,0,eq; FORD <1.07 mmol/l trolox eq.

Profile C, (compensated oxidative stress): redox index: 50-58.3; 300 < FORT <330 units/2.36 mmol/I H,0,eq; FORD >1.08 mmol/I
trolox eq. Profile D, (at risk of oxidative stress): redox index: 58.3-66.6; 300< FORT <330 units/2.36 mmol/l H,0, eq; FORD <1.07
mmol/l trolox eq. Profile E, (oxidative stress in progress): redox index: 66.6-100; FORT =331 units/2.36 mmol/| H,0, eq; 0.25<
FORD <3.00 mmol/I trolox eq. p value <.0001.

0.1 53 and suggest the important role of ROS as a
0.3 plaque stability requlator and mediator of acute
) coronary events [17]. It appears that ROS
.--. production might be considered as a marker of
0.0 93 atherosclerotic plaque instability.
1 The main goal of the present study was to
compare the oxidative stress profile between
2 two groups of patients with acute coronary
syndrome (ACS) and chronic coronary syndrome
5 (CCS). These findings could help assess risk of
stratification and prevent acute coronary
10 syndrome (ACS).
Recent studies have shown the usefulness
20 of the free oxygen radical test (FORT)/free
0 oxygen radicals defense (FORD) novel colo-
40 rimetric assay for evaluating oxidative stress
50 [18-22].
(]
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Using the CR3000 FORM PLUS (CallegariSrl,
Catellani Group, Italy) - Callegari Point of Care
instrument we have assessed oxidative stress
profilein 191 patients divided into Group 1 and
Group 2 with 100 patients with acute coronary
syndrome (ACS), and 91 patients with chronic
coronary syndrome (CCS), respectively. The
characteristics of the study population were
well matched between groups (Table 1), except
nitrates consumption - it was much higher in
the Group 2 in a cohort of patients with chronic
coronary syndrome (p<0.0001).

The blood concentration of free oxygen
radicals (FORT) at admission in the coronary
care unit (CCU) of LTD Clinic-LJ (Kutaisi, Georgia)
was much higher in the patients with acute
coronary syndrome in comparison of the
patients with chronic coronary syndrome:
404.37+9.83 Fort units/2.36 mmol/l H202 eq,
and 282.34+9.83 Fort units/2.36 mmol/l H202
eq., respectively (p<0.0001).

The analysis of an antioxidant defense
potential (measured by the FORD test) across
the groups have shown higher concentration
of free oxygen radicals in cases of acute
coronary syndrome (mean value of FORD
1.37£0.035 mmol/l Trolox eq. for ACS versus
1.5+0.045 mmol/I Trolox eq. for CCS).

The calculated REDOX index in the patients
with ACS (Group 1) was significantly higher than
in the patients with CCS (69.2+1.47 vs 1.5+0.45,
p<0.0001).

The analysis of overall oxidative status
(derived from FORT/FORD values and calculated
REDOX index) across groups has indicated to
significant correlation of uncontrolled systemic
oxidative stress (Profile E, oxidative stress in
progress) with acute coronary syndrome
(4.56%0.1 for Group 1 vs 1.92+0.13 for Group 2,
p<0.0001). The incidence of Profile E (oxidative
stress in progress) in the patients with acute
coronary syndrome was 82/100 (82%) versus
7/91 (8%) in the patients with chronic coronary
syndrome.

A cross-tabulation analysis has shown high
diagnostic characteristics of systemic oxidative

stress measurement test in cases of acute coro-
nary syndrome (sensitivity of 82%, and specificity
of 92.3%; positive predictive value (PPV); po-
sitive likelihood ratio (LR+) of 11).

Finally, we have recognized three main
limitations to the presents study. First, this was
case-control design study. Second, this was not
a multi-center study. Third, the sample size was
small. Therefore, we are not able to extrapolate
the findings of the present study to the general
population.

Conclusions

An extremely strong association between
absolute oxidative stress and Acute Coronary
Syndrome (OR 14.42 95% CI(7.08-29.4), RR 3.26
95% CI(2.31-4.60), high sensitivity and specificity
(82% and 92.3%, respectively), and strong
positive prediction and likelihood (positive
predictive value of 92% and positive likelihood
ratio of 11) indicate to pivotal role of oxidative
stress in the development of life-threatening
acute coronary events. It seems to be areliable
surrogate of plaque instability and rupture
predictor.

The findings of our study could help in risk
stratification and prevention of acute coronary
syndrome (ACS) in clinical setting.
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OKCHUJIATHBHUA CTPEC - SIK CYPOI'AT HECTABLJIBHOCTI KOPOHAPHOI
ATEPOCK/IEPOTHYHOI B/IAIIKHA TA IIPEAUKTOP 11 PO3PUBY

Z. Lominadze', K. Chelidze?, L. Chelidze? E. Lominadze?
1 -LTD CLINIC-LJ, KUTAISI, GEORGIA
2 - TBILISI STATE MEDICAL UNIVERSITY, TBILISI, GEORGIA

Bctyn. OkcudamusHuli cmpec gidizpae 8axiusy posb y namozeHesi 6a2amb0ox 30X80pHBAHb, 8 MOMy
yuci amepocknepo3y ma oo yckaadHeHs, AK 20cmpuli KopoHapHUll cuHopom (TKC), ujo nepesaxcHo 3ymoaneHull
HecmabinbHICMI amepockIepoOMUYHOI 6AAWKU.

Merta - 3'acysamu 830€M036'930K CmyneHeM OKCUOAMUBHO20 CmMpecy ma HecmabineHICMIo 6A9WKU WASAXOM
NnopieHAHHA oKcudamueHo20 npodinto nayieHmie 3 TKC ma XpoHiYHUM KOpOHApHUM cuHopomom (XKC).
JocnioxceHHs nposodunu y kapdionoziuHomy eiddineHi LTD KniHiku-LJ (Kymaici, py3is) 8 nepiod 3 keimHs 2018
poky do yepsHs 2019 poky ceped nayieHmis, KOMPUM ycniuIHo 6y/10 NPoeedeHO NeP8UHHI NePKYMAHHI KOPOHAPHI
empy4aHHs ([TKB).

MeToawm. Jo docnidxceHHs byno 3aay4eHo 191 nayieHma (100 nayienmis 3 TKC (Tpyna 1) ma 91 nayieHm
3 XKC (Tpyna 2). ocnioxysanu maki NOKA3HUKU: mecm 041 8U3HQYEHHS iHMeHCUBHOCMI 8i/1bHOPAOUKANbHUX
peakyili (Free Oxygen Radical Test, FORT); mecm 0514 8U3Ha4eHHA AHMUOKcUOaHmMHoi 30amHocmi (Free Oxygen
Radicals Defense Test, FORD); su3Ha4anu REDOX iHOekc ma [1pogine okcudamugHo20 cmpecy 3a 00NoMO20H
CR3000 FORM PLUS (Callegari Srl, Catellani Group, Italy).

PesynbTaTtn. KoHyeHmpayis 8inbHUX padukanie KUCH0 bysna 0ocmosipHo suujoro y nayieHmie 3 MKC
(404,37+9,83 vs 282,34+9,83 Fort 00/2.36 mmoas/n H202 exa., p<0,0001). Mixc iHmeHCcU8HicmMio 0KCudamueHo20
cmpecy ma po38UmKoM 20CMpPo20 KOPOHAPHO20 CUHOPOMY 8CMAHOB/eHO 8ip02ioHi KopenayiliHi 38’a3ku (OR
14,42 95% (I (7.08-29.4), RR 3,26 95% CI (2,31-4,60) 3 sucokumMu 0ia2HOCMUYHUMU XapaKmepucmukamu
(4ymaugicme 82,0% ma cneyugiyHicms 92,3%, no3umusHa nPo2HOCMUYHA poas 92,0% ma noumusHuli
KoegiyieHm sipoz2ioHocmi 11).

BucHoBKW. OkcudamusHuli cmpec gidiepa€e supilanbHy poab Npu 20CMPUX KOPOHAPHUX nodisx, wjo
302poxyroms Xummi. BumiprogaHHA okcudamueHo2o npodinto, AK cypozamy HecmabinbHocmi
amepockaepomu4HoI 6AAWKU ma npedukmopa ii pospusy, Moxce 00NoMo2mu Aikapro y cmpamu@ikayii pusuky
KOPOHApPHUX nodili 015 honepedieHHA 20CMpPo20 KOPOHAPHO20 cuHopomy (TKC).

KMHOYOBI C/TIOBA: FocTpuii KOPOHAPHUIA CUHAPOM; XPOHIYHMNI KOPOHApPHUIA CUHApPOM;
OKCUAATUBHWIA CTpec; TecT AN BUSHAUEHHS iIHTEHCMBHOCTI BilbHOpagnKanbHUX peakuiid (Free
Oxygen Radical Test, FORT); TecT A1 BUSHaueHHS aHTMOKCUAAHTHOI 3aaTHocTi (Free Oxygen Radicals
Defense Test, FORD); REDOX iHAeKC; Npodifib OKCUAATUBHOIO CTpecy; HecTabinbHa 6a1siLLKa; po3puB
6énawkn.
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NONSPECIFIC DYSPLASIA OF THE CONNECTIVE TISSUE -
A FACTOR OF VENOUS THROMBOEMBOLIC COMPLICATIONS
IN ENDOPROSTHETICS OF HIP JOINTS

LK. Venher, *N.I. Herasymiuk, S.Ya. Kostiv, L.I. Loyko, D.V. Khvalyboha
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Important part of orthopedic surgery is endoprosthetics of hip joints, which eliminates pain
syndrome, restores the amplitude of movement and the support ability of lower limbs. But some complications
usually take place; venous thromboembolism is leading among them.

Objective. The aim of the study was to investigate endothelial dysfunction and activity of the hemocoagulation
system at different levels of VTEC risks and thus to work out the strategy of thromboprophylaxis in patients with
osteoarthrosis of the hip joint and femoral neck fracture combined with non-specific dysplasia of the connective
tissue.

Methods. 279 patients of a mean age of 64.7+3.8 years old underwent surgery. In 137 (62.1%) cases, a total
cement hip replacement was performed for osteoarthritis. 82 (37.4%) patients underwent total and unipolar
cement hip replacement for cervical femoral neck fractures.

Results. Clinical manifestations of non-specific connective tissue dysplasia were detected in 83 (37.9%)
patients that was confirmed by the laboratory determination of the level of general, bound and free oxyproline.
In the postoperative period, the thrombotic process in the venous system of the inferior vena cava was diagnosed
in 23 (10.5%) cases. The level of indicators of endothelium status dysfunction was much more significant in the
patients in cases of nonspecific dysplasia of connective tissue. Operative intervention on the hip joint in the patients
with nonspecific dysplasia of connective tissue in 11 (13.3%) cases was complicated by development of venous
thrombosis. In the patients without non-specific connective tissue dysplasia, postoperative thrombosis in the

system of the inferior vena cava was diagnosed in 12 (8.8%) cases.
Conclusions. Patients with osteoarthrosis of the hip joint and the femoral neck fracture accompanied by
the non-specific dysplasia of the connective tissue are characterized by high levels of endothelial dysfunction and

increased activity of the blood-coagulation system.

KEYWORDS: endoprosthetics; thromboembolism; endothelial dysfunction; dysplasia.

Abbreviations

ATIII antithrombin III

CTD  non-specific connective tissue dysplasia

DVT  deep vein thrombosis

FBA  fibrinolytic blood activity

FDP  fibrin degradation product

FPA  fibrinopeptide A

IvC inferior vena cava

LMWH low molecular weight heparins

NCTD non-specific connective tissue
dysplasia

PRT  plasma recalcification time

SCFM soluble complexes of fibrin-monomers

TFA  total fibrinolytic activity

TPA  thromboembolism of the pulmonary artery

VEGF vascular endothelial growth factor

IvC inferior vena cava

VTEC venous thromboembolic complications

Introduction

Significant occurrence of diseases of the
lower extremities joints leads to the search for
*Corresponding author: Nazar I. Herasymiuk, M.D., PhD, As-
sociate Professor of the Department of Surgery No 2, I. Hor-

bachevsky Ternopil National Medical University, Ternopil,
Ukraine. E-mail: herasymiuknazar@gmail.com.

effective methods of treatment. Among them
endoprosthetics of the joints is foremost. It
allows eliminating pain syndrome, restoring the
amplitude of movement and the support ability
of the lower limb [1]. During endoprosthetics,
a number of complications often occur; VTEC
is leading among them [2]. Without VTE pro-
phylaxis, the overall VTE incidence in medical
and general surgery of the hospitalized patients
is in the range of 10- 40%, while it ranges up to
40-60% in major orthopaedic surgery. With
routine VTE prophylaxis, fatal pulmonary em-
bolism is uncommon in orthopaedic patients
and the rates of symptomatic VTE within three
months are in the range of 1.3-10% [3]. VTE
preventive treatment methods are divided into
mechanical and pharmacological. The mecha-
nical include mobilization, graduated compres-
sion stockings, intermittent pneumatic com-
pression device and venous foot pumps; the
pharmacological include aspirin, unfractionated
heparin, low molecular weight heparin (LMWH),
adjusted dose vitamin K antagonists, synthetic
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pentasaccharide factor Xa inhibitor and newer
oral anticoagulants. LMWH seems to be more
efficient overall compared with the other
available agents. We are still sceptical about the
use of aspirin as a sole method of prophylaxis
in total hip and knee replacement and hip
fracture surgery, while controversy still exists
regarding the use of VTE prophylaxis in knee
arthroscopy, lower leg injuries and upper
extremity surgery [3]. The factors that pre-
dispose a high risk of venous thromboembolism
in the patients undergoing endoprosthetics of
the joints are taken into account [4]. But there
is no significant decrease of frequency of VTEC
development [5].

The aim of the study was to investigate
endothelial dysfunction and activity of the
hemocoagulation system at different levels of
VTEC risks and thus to work out the strategy of
thromboprophylaxis in patients with osteo-
arthrosis of the hip joint and femoral neck
fracture combined with non-specific dysplasia
of the connective tissue.

Methods

219 patients of a mean age of 64.7+3.8 years
old underwent surgery. In 137 (62.1%) cases,
total cement hip replacement for osteoarthritis
was performed. 82 (37.4%) patients underwent
total and unipolar cement hip replacement for
cervical femoral neck fractures. Operative
intervention was carried out under subdural
anaesthesia with bupivacaine.

Clinical manifestations of non-specific con-
nective tissue dysplasia (NCTD) were detected
in 83 (37.9%) patients. This was confirmed by
laboratory determination of the level of general,
bound and free oxyproline. The method of
P.N. Sharaev for a calibrated curve was used.

Mechanical prophylaxis of VTEC by elastic
compression of the lower extremities was used
in all cases. Pharmacological prevention of VTEC
was performed using LMWH (enoxaparin).

The study included 136 patients (group I)
with hip joint osteoarthrosis and femoral neck
fracture and 83 patients (group II) with osteo-
arthrosis of the hip joint and femoral neck frac-
ture and associated NCTD.

In the postoperative period, the thrombotic
process in the venous system of the inferior
vena cava (IVC) was diagnosed in 23 (10.5%)
cases. Operative intervention on the hip joint
in the patients with NCTD in 11 (13.3%) cases
was complicated by the development of venous
thrombosis. In the patients without NCTD, post-
operative thrombosis in the venous system of

IVC was diagnosed in 12 (8.8%) cases. In 21
patients, postoperative thrombosis was detec-
ted in the deep venous system of IVC and only
in two cases in the superficial venous system.

Monitoring of the thrombotic process in the
venous system of the inferior vena cava was
performed by duplex ultrasound scans of the
vessels of the lower extremities by Sono-
scape S8Exp with a frequency of 5-12 MHz and
2.5-4 MHz from the first day of the postoperative
period. In the first day of the postoperative
period, in two patients the thrombotic processes
in the deep veins of the IVC system was diag-
nosed, on the 2" day - in 5 cases, on the 3™
day - in one patient, on the 6", 7t and 8™ days -
in 3, 5and 2 cases, respectively, and on the 11t
and 12% day - in one and two patients, respec-
tively. In the superficial venous system of the
lower limb, the thrombotic process was detec-
ted in two cases on the 6" and 10" day of the
postoperative period.

8 (34.9%) cases of the venous thrombotic
processes were diagnosed within the first three
days of the early postoperative period in the
patients with NCTD.

To choose the treatment tactics for venous
thrombosis of the IVC system, the determination
of thrombogenicity of thrombotic masses was
performed. The elastographic properties of the
venous thrombus were studied by the ultrasonic
system Siemens Acuson 52000 (Germany). At
the shear wave expansion speed of 2.5-2.6 m/s
there is a high risk of embologenity of the
thrombi, at the shear wave expansion speed of
2.7-2.9 m/s there is a moderate risk of embo-
logenity of the thrombi, at the shear wave
expansion speed of 3.0 m/s and more there is
no threat of embolism.

In two cases on the second day of the
postoperative period the propagation of the
shear wave at 2.5-2.6 m/s in the thrombotic
mass of the vein was established using the
ultrasonic system Siemens Acuson S2000 (Ger-
many), which is a significant threat to the
development of pulmonary embolism. This was
an indication for urgent surgical intervention
to eliminate the threat of TPA. In all other cases
anticoagulant therapy was performed.

The rate of coagulation and fibrinolytic
system functioning was determined: fibrinogen
was determined by gravimetric method accor-
ding to R.A. Rutberg; activity of the fibrin sta-
bilizing factor (F XIII) - by means of the “set for
determination of FBA-XIII" of the scientific and
production firm SIMKO Ltd (Lviv); thromboplastic
activity of blood - by B.A. Kudryashov and
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P.D. Ulytina method; Plasma recalcification
time - by Bergerhof and Rock method; plasmin,
plasminogen, total fibrinolytic activity (TFA) - by
V.A. Monastyrska et al. method (1988); time of
lysis of euglobin clots - using the “Set for the
determination of fibrinolytic blood plasma
activity” by the scientific and production firm
SIMKO Ltd (Lviv). D-dimer was determined by
immunoanalytical method using a coagulo-
meter. The soluble fibrin-monomer complexes
were determined using the Tablet method.

The state of the endothelial system was
evaluated by determining the level of endothelial
dysfunction markers: the concentration of
P-selectin, E-selectin, tissue plasminogen
activator (t-PA), type 1 vascular endothelium
adhesion molecule (sVCA M-1) was determined
using the Bender MedSystems (Austria) for
immune-enzyme analysis. Endothelin-1 con-
centration was determined using the Biomedica
(Canada) kits for immune-enzyme analysis. The
reaction was evaluated on a SUNRISE microplate
semimetric photometer (Tecan, Austria) using
the Hydroflex washing station (Tecan, Austria).
To determine circulating endothelial cells (CEC)
the J. Hiadovec and N.N. Pertishchev et al.
method (2001) was used. The level of nitrogen
oxide (NO) metabolites, vascular endothelial
growth factor (VEGF) was determined by the
immune enzyme method using the KHGO111-
VTGF analyser and the Griess reagent.

Results

The state of the endothelial system reflects
the pathology of the organism. In the patients
with osteoarthrosis of the hip joint and femoral
neck fracture anincreased level of all endothelial
system markers was noted. At the same time,
the level of indicators of endothelium status
was more significant in the patients (group II)
with pathology of hip joint in the presence of
NCDT (Table 1). Thus, at the preoperative stage
of treatment, the blood level of circulating en-
dothelial cells was higher in 1.8 times (p<0.001),
endothelin-1 level was increased in 2.2 times
(p<0.001), P-selectin and E-selectin levels
increased in 1.5 times (p<0.001) and 1.2 times
(p<0.05) respectively, compare to indicators of
healthy persons. There was a 1.8 fold (p<0.001)
increase of blood NO levels and a slight 1.2 fold
(p<0.05) increase of the VEGF blood contents.

Operative intervention in the patients of
group II contributed to development of severe
endothelial dysfunction. This was especially
noticeable at the twelfth hour of the post-
operative period. The latter occurred due to a

1.5 fold increase (p<0.05) in the contents of
circulating endothelial cells in blood and a 1.5
fold increase (p<0.05) in endothelin-1,a 1.2 fold
decrease (p<0.05) and a 1.5 fold decrease
(p<0.05) of P-selective and E-selectin levels
respectively, to compare with the preoperative
period. There was also a slight increase of NO
contents in blood and a 1.3 fold (p<0.05)
increase of VEGF contents in blood.

At the stage of preoperative preparation of
patients, activation of the hemostasis system
was observed (Table 2). This was more signi-
ficant among the patients of the group II. The
indicators that characterize the condition of the
coagulation system of patients with NCTD were
in 1.2 times higher than those of the patients
without NCTD. In the patients with NCTD in the
preoperative period the content of fibrino-
gen was 5.07+0.35 g/, (in healthy patients -
3.52+0.34 g/l (p<0.05). At the same time, an
increase of the contents of SCFM in blood was
determined as of 0.57+0.11 extr. units (p<0.05).
Monomers that were formed as a result of se-
paration of fibrinopeptides A and B from
fibrinogen under the influence of thrombin,
form macromolecular degradation products of
fibrin with it. Trombinemia was confirmed by
the increase up to 2.61+0.23 ng/l (p<0.05) of
FPA content. At the same time, anincreased up
to 6.92+2.09 pg/l (norm 4.71+1.58 pug/ml)
content of the FDP was detected. It took place
on the background of minimal changes of the
FBA and in the absence of any changes in the
level of AT III and PRT.

Significant changes of coagulation system
occurred during the intraoperative period of
surgical treatment of the patient. At the trauma-
tic stage of surgical intervention, a hypercoagu-
lative condition of blood developed. During that
period, the fibrinogen level in the blood ex-
ceeded the preoperative level by only 10.2%,
then the blood contents of SCFM was increased
in 1.4 times (p<0.05), the contents of FPA was
increased in 1.7 times (p<0.001), the contents
of FDP was increased in 1.9 times (p<0.001). It
took place on the background of reduced
fibrinolytic activity of blood, reduced contents
of AT III in blood, decrease of PRT (Table 3).

The maximum level of hypercoagulation
reached at 6 h. of early postoperative period.
At that time, the blood fibrinogen level excee-
ded the preoperative rate in 1.3 times (p<0.05),
and the contents of SCFM in blood was increa-
sed in 2.1 (p<0.001) times, the content of FPA
and FDP -in 2.7 and 2.8 (p<0.001) times, respec-
tively. It took place at a 1.3 fold decrease
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Table 3. The intraoperative state of hemostasis in the patients with hip arthritis and NCTD

Traumatic

Index Preoperative stage 3hr. p/o éhr. p/o 12 hr. p/o
Fibrinogen, g/I 5.07+0.35 5.59+0.46 5.82+0.49 6.54+0.48* 6.43+0.47*
SCFM, units.extr. 0.57+0.11 0.81+0.11* 1.23+0.19** 1.24+0.18** 0.97+0.21**
FPA, ng/ml 2.6110.23 4.51+0.36* 7.05+0.35* 6.94+0.43* 6.39+0.48*
FDP, mcg/ml 6.92+2.09 13.47+3.56* 18.25+4.41%* 19.12+4.38* 14.89+4.78*
FBA, % 54.49+3.53 43.75+4.13 42.19+4.16* 43.4144.23* 45.72+4.27*
AT III, % 89.77+6.09 84.12+6.55 81.24+5.49 84.54+5.75 85.56+5.68
PRT, sec 91.67+7.31 80.57+7.33 82.65+7.72 84.59+7.37 89.28+8.19

Notes: * - p<0.05 in comparison with preoperative indices;
** - p<0.001 in comparison with preoperative indices.

(p<0.05) of fibrinolytic activity of blood, a
decrease of the contents of AT III, and a slight
decrease of PRT.

Operative intervention significantly influ-
enced the aggregation state of patients’ blood.
So, atthe traumatic stage of surgical intervention
and up to 6 hours of the early postoperative
period, the platelet aggregation rate significantly
increased with a slight decrease in platelet
aggregation time. In the same period, there
was a decrease in the activity of the fibrinolytic
blood system. This level of anticoagulant
system with a tendency to exacerbation was
maintained until the 3 h. of early postoperative
period. From the 6" hour of early postoperative
period a gradual increase in the activity of the
fibrinolytic blood system was evidenced.

The results of the study of hemostasis in
the patients with NCTD at the intraoperative
stage of surgical intervention at the increase of
hypercoagulative properties of blood, streng-
thening its aggregation ability with a depressed
state of the fibrinolytic blood system indicated
development of conditions for thrombotic pro-
cess formation in the venous system. It could
be promoted by a high level of endothelial
dysfunction, which increased in the conditions
of surgical intervention.

Discussion

A number of complications often occurs in
cases of endoproathetics. VTEC among them is
still urgent [1]. Patients with surgical inter-
ventions on the large joints of the lower extre-
mities require anticoagulant prophylaxis [2].
Both the classical factors of the Virchow’s triad,
and the specific factors, which are specific for
the endoprosthetics of the hip joint [5], as well
as individual factors of the patients risk and
pathology of large joints are taken into account
[5]. However, in thromboprophylaxis the
incidence of thrombosis of deep veins after the

hip replacement is 0.8-9.0%, pulmonary embo-
lism - from 1.4 to 6.0% [6]. The latter gives the
right to suppose that during the thrombopro-
phylaxis the factors with different etiopatho-
genetic origin are not taken into account, but
there is a direct or indirect activation of pro-
coagulant FBAs in their presence. Thus, much
attention should be paid to nonspecific dys-
plasia of the connective tissue [7].

The patients with hip osteoarthrosis, fe-
moral neck fracture with NCTD are characterized
by increased degree of endothelial dysfunction,
a greater activity of the haemocoagulation
system compared to the patients without NCTD.
Thus, in the preoperative stage, the blood level
of markers of endothelial dysfunction in the
patients with NCTD is in 1.5-2.2 times (P <0.001)
higher compare to the patients without NCTD.
It causes a 1.2 fold higher activity of the blood
hemocoagulation system of these patients.

The patients with pathology of the hip joint
with NCTD experience an increased degree of
endothelial dysfunction at the intraoperative
stage which leads to hypercoagulation. These
changes of the endothelial system and the
hemocoagulation system create favourable
conditions for VTEC.

Endoprosthetics of the hip joint is a high-
risk group of VTEC and requires anticoagulation
prophylaxis. A number of present recommen-
dations offer pharmacological prophylaxis for
prevention of VTEC in cases of endoprosthetics
of large joints. The use of low molecular he-
parins, synthetic inhibitors of Xa and Ila factors
of blood coagulation or antagonists of vitamin
K is recommended for this [8]. However, the
rate of VTEC development in the postoperative
period is trill at the previous level.

In order to reduce the postoperative DVT,
attention should be paid to intraoperative
changes in the haemocoagulation state of the
operated patients. [9] There are reports [10]
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about the diagnosis of the thrombotic process
in the IVC system after the end of the surgical
intervention.

During the surgical intervention for the
pathology of the hip joint from the second half
of the traumatic phase and during the first 2-3
hours of the early postoperative period, an
increase of the level of hypercoagulation due
to fibrin-monomeric complexes is observed. It
is the unfractionated heparin that has a pre-
dominantinfluence on the Ila factor (thrombin -
fibrinogen) of the hemocoagulation cascade.
And thromboprophylaxis should be started
straight after the end of the surgical intervention
with the prescription of non-fractional heparin
and should be continued until the first injection
of LMWH, which has a predominant influence
on the Xa factor of the blood coagulation
system [11].

The use of oral form of unfractionated he-
parin is promising [12]. This has become pos-
sible due to the combination of unfractionated
heparin and the molecule N [8 (2-hydroxyben-
zene) amine] carrier - sodium caprylate. The
third phase of coagulation cascade study
showed that oral heparin reduces the incidence
of postoperative thrombotic formation.

Conclusions

The patients with osteoarthrosis of the hip
jointand femoral neck fracture and non-specific
dysplasia of the connective tissue are charac-
terized by expressed levels of endothelial dys-

function and increased activity of the hemo-
coagulation system.

In the postoperative period after endopro-
sthetics of hip joints, in the patients with
osteoarthrosis of the hip joint and femoral neck
fracture and non-specific dysplasia of the con-
nective tissue, VTEC was diagnosed in 13.3% of
cases, in the patients with osteoarthrosis of the
hip joint and femoral neck fracture in the ab-
sence of nonspecific dysplasia of the connective
tissue VTEC was revealed in 8.8% of cases.

The thromboprophylaxis of VTEC in the
patients with endoprosthetics of hip joints
should be started straight after the start of
surgical intervention with the prescription of
non-fractional heparin, which has a predominant
effect on the Ila FBA of the hemocoagulation
cascade and should be continued until the first
injection of LMWH, which has a dominant
influence on Ha factor of the hemocoagulation
system.
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HECITETUPIYHA JUCILIA3LA CIIOJIVUHOI TKAHUHHU - ®AKTOP PU3UKY
BEHO3HUX TPOMBOEMBOJIIH ITPU EHAOITPOTE3YBAHHI KVJIBIIIOBOI'O

CVI'IOBA

LK. Berrep, H.I. lepacumtiok, C.1. Koctis, LI Jloiiko, 1.B. XBanu6ora
TEPHOIL/IbCbKUN HALIOHATTBHUN MEANYHUN YHIBEPCUTET IMEHI 1.5. FTOPBAYEBCHKOIO,

TEPHOIL/Ib, YKPAIHA

BcTyn. Baxciugoro cknadogoro opmoneduyHoi Xipypaii € eH0onpome3syeaHHA ma30cmezHo8uUX cyanobis,
ujo ycysae 601b08uli CUHOPOM, 8iIOHO8/HOE aMNAiIMydy pyxie ma niompumyrody 30amMHiICMb HUXCHLOI KIHYi8KU.
Ane yi empy4aHHs cynpoeoodxcytomscsi p0OM yCKAAOHeHb, ceped AKUX npoeidHe Mmicye 3aliMa€E 8eHO3HA

mpomboem60is.

MeTa. Jocridumu eHoomenianeHy OUCHYHKYiH0 Ma aKmuUeHiCmb CUCMeMU 2eMOKOG2YAAYiT HO PI3HUX PiHAX
pU3UKi8 86HO3H020 MpPOoM6emb01i3My ma, MakuM YUHOM, pO3pobumu cmpamezito mpombonpoginaKmuku y
nayieHmie 3 0cmeoapmpo30M 3 nepesoMoM WUlKU Ma30Cme2H08020 Cy2/106a ma cmez2HO80i KICMKU y NOEOHAHHI

3 Hecneyu®iyHO OUCNAA3i€r0 CNOMYYHOI MKAHUHU.

MeTtopwn. OnepoeaHo 219 nayieHmis i3 cepedHim sikom 64,7+3,8. Y 137 (62,1%) cnocmepexceHHsX npogedeHo
momasneHe yeMeHmMHe eHOoONpome3y8aHHs cmez2Ha 3 ocmeoapmpumom. 82 (37,4%) nayieHmis ompumanu
momasneHy ma 00HONO/APHY 3AMiHy CMez2Ha hpu nepeaoMax Wuliku Cme2HO80I KiCMKuU.
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PesynbTaTu. KiiHiYHi nposigu Hecneyu®iuHoi 0ucnaasii cnoay4Hoi mKaHUHU 6yau euseneHi y 83 (37,9%)
nayieHmis, ujo 6ys10 niomeepoxceHo 1060pAMOPHUM BU3HAYEHHSM PiBHSA 3020/16HO20, 38’ A30H020 MA 8ifILHO20
okcunposniHy. Y nicasonepayiliHomy nepiodi e 23 (10,5%) cnocmepexceHHsAx diazHocmysanu mpomé6omuvHul
npoyec y 8eHO3Hil cucmemi HUXCHbOI NOPOXCHUCMOI 8eHU. PigeHb NOKa3HUKI8 eHOomenianbHoi OUCPyHKYii bys
Cymmeso supaxceHiwuli y nayieHmie 3a HAA8HOCMI HecneyugivyHoi ducnaasii cnoay4Hoi mkaHuHU. OnepamusHe
8Mpy4aHHS HO MA30CMez2HOBOMY Cy2/106i y nayieHmig 3 HecneyugiyHor OUCNAA3iEr CNONyYHOI MKaHUHU y 11

(13,3%) sunadkax ycknao0HUAOCL PO3BUMKOM 8eHO3HO20 MPoM603y. ¥ nayieHmie 6e3 Hecheyu@iyHoi ducnaasii

CNoAYYHOI MKAHUHU nicasgonepayiliHuli mpom603 y cucmemi HUXCHbOI NOPOXCHUCMOI 8eHU by diazHocmosaHull
y 12 (8,8%) cnocmepexceHHsX.

BUCHOBKW. TayieHmu 3 0CMeoapmpo30M ma3ocmezHo8020 Cy2n06a ma nepeaoMom wuliku cmezHogoi

KiCmKu, w0 cynpogsooxyromeca HecheyudiyHow OuCnAa3i€r0 CnoayYHOI MKAHUHU, Xapakmepu3symscs
gupaxiceHUM pieHem eHAomenianbHoI OUCPYHKYiT ma nid8ULWeHO aKMUBHICMIO CUCMeMU 320PpMAHHS KPO8i.

K/TKOUOBI C/IOBA: eHgonpoTe3yBaHHA; TpoM6eM6onif; eHaoTenianbHa ANCPYHKLiA; aucnnasis.
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NECROTIZING PANCREATITIS: THE WAYS OF IMPROVEMENT
OF SURGICAL TREATMENT

0.V. Rozenko
DONETSK NATIONAL MEDICAL UNIVERSITY, MARIUPOL, UKRAINE

Background. In connection with a steady increase of patients with destructive forms of acute pancreatitis,
the proportion of which takes from 10-15 to 20-30%, despite of the wide range of treatments for non-biliary
necrotizing pancreatitis, the rate of mortality reaches 80-90% in case of infected forms and needs further
improvement of therapies.

Objective. The purpose of this study is to improve the results of treatment of patients with nonbiliary
necrotizing pancreatitis, by optimizing surgical tactics.

Methods. The study examined the cases of 120 patients, whose age ranged from 22 to 83 years, including
patients under the age of 50 years old who accounted for 60.0%. There were 80 males (66.7%) and 40 females
(33.3%). Disease duration up to 24 hours was found in 36 (30.0%) patients, from 25 to 72 hours - in 25 (20.8%)
individuals, more than 72 hours - in 49 (49.2%) patients.

Results. The research claims in non-necrotizing pancreatitis, left-sided retroperitoneal phlegmon often
develops in 64.2% (mortality rate 26.0%) of patients, right-sided in 24.2% (mortality rate 6.8%) of patients, and
bilateral - in 11, 6% (mortality rate 64.2%) individuals. Moreover, the highest mortality was observed with a
combination of retroperitoneal phlegmon cellulose and abscess of the pancreas and/or omental bursa - 39.1%.

Conclusions. The use of various surgical interventions depending on the involvement in the pathological
process of various sections of the abdominal cavity/ retroperitoneal space, which made it possible to reduce

mortality and hospitalization time of patients in the hospital by 1.5-2 times is proposed.
KEY WORDS: necrotizing pancreatitis; lumbotomy; parapancreatic fiber; phlegmon of the
retroperitoneal tissue; laparotomy; omentobursostomy.

Introduction

During the last decade, a steady increase
in patients with destructive forms of acute
pancreatitis has been observed, the proportion
of which takes from 10-15 to 20-30% at the
pathology of the abdominal organs. According
to many authors, the main causes of high
mortality rate are the duration of the disease,
the prevalence of pancreatic necrosis and
parapancreatic fiber, inadequate selection of
the method of surgical and anesthesia, and
drug therapy [1, 2, 3]. The variety of surgical
treatment (from traditional laparotomy,
lumbotomy to puncture-draining operations
under the ultrasound control, using various
methods of drainage of the abdominal cavity
and retroperitoneal tissue) is determined by
the clinical form of infected pancreatitis
(abscess of the pancreas and/or the lesser sac,
the abscess of the abdominal pancreatitis and/
or the lesser sac, the abscess of the abdominal
*Corresponding author: Oleg V. Rozenko, MD, Ph.D., Associate
Professor, Department of Surgery, Endoscopy, Otorhinolaryn-

gology and Reconstructive Surgery, Donetsk National Medical
University, e-mail: oleg.rozenko@gmail.com.

pancreatitis and/or the omental purulent pe-
ritonitis). Extraperitoneal access to infected
foci of pancreatic necrosis is one of the options
for surgical treatment of necrotizing pan-
creatitis, the advantages of which are less
trauma, the absence of infection of the abdo-
minal cavity, a reduction in the number of
complications (intestinal fistula, bleeding), the
possibility of epidural anesthesia, faster re-
covery of intestinal function and early enteral
nutrition [4, 5, 6].

The peak of surgical activity occurs during
2-3 weeks of illness when necrosis of the
pancreas and parapancreatic fiber has already
developed certain limits (the prevalence of
pancreatic necrosis), the process of biological
sequestration is completed and the possibility
of removal of sequestered and necrotized tis-
sues has appeared. During the primary opera-
tion, it is not always possible to visualize the
boundaries of healthy and necrotic modified
pancreatic tissue and parapancreatic fiber
which limits necral and sequestrectomy due to
possible damage to the parenchyma of the

SURGICAL DISEASES

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 1

0.V. Rozenko

>

3



SURGICAL DISEASES

gland and the threat of bleeding that makes it
impossible for one-time sanitation and ade-
quate drainage of all purulent-necrotic cavities.
Therefore, a number of authors propose to
leave non-invested tissues, to drain the affected
section of the retroperitoneal tissue, suggesting
further programmatic step-by-step revisions
and sequestrectomy. The clinical meaning of
the division of sanations into stages is also due
to the non-simultaneous maturation of se-
questers, the secondary progression of the
purulent process according to the type of leaka-
ges, the danger of septic shock with the simul-
taneous opening of extensive retroperitoneal
ulcers [7, 8, 9].

Despite the wide range of treatments for
infected necrotizing pancreatitis, the rate of
mortality remains quite high. When analyzing
the causes of deaths, inadequate drainage of
the pancreatic area with necrosis of parapan-
creatic fiber, the formation of phlegmon or
multiple abscesses in the retroperitoneal space
is almost always established [10, 11, 12].

The objectives of this study are to improve
the results of treatment of patients with non-
biliary necrotizing pancreatitis, by optimizing
surgical tactics (use of lumbotomy), depending
on the prevalence of necrosis in the pancreas
and retroperitoneal tissue.

Methods

The study examined the cases of 120 pa-
tients who were hospitalized at the Mariupol
City Pancreatic Center at the Department of
Surgery, Endoscopy and Reconstructive Surgery
at Donetsk National Medical University from
2014-2018. The age of patients ranged from 22
to 83 years, including patients under the age of
50 years old who accounted for 60.0%. There
were 80 males (66.7%) and 40 females (33.3%).
Disease duration up to 24 hours was found in
36 (30.0%) patients, from 25 to 72 hours - in 25
(20.8%) individuals, more than 72 hours - in 49
(49.2%) patients.

The study was conducted in accordance
with the principles of bioethics, patients had
given informed consent.

The causes of acute non-biliary necrotizing
pancreatitis were the following ones: unilateral
feeding (excessive intake of predominantly fatty
foods) - in 62 (51.7%) patients and intake of
alcohol (alcoholic excess) or its surrogates - in
58 (48.3%) individuals.

Limited pancreatic necrosis (less than 30%
necrosis of pancreatic parenchyma) was found
in 10 (8.3%) patients, the spread one (from 30

to 50% necrosis of pancreatic parenchyma) - in
68 (56.7%) individuals, and subtotal-total (more
than 50% of necrosis of the pancreatic paren-
chyma) - in 42 (35.0%) patients.

Retroperitoneal cellulose phlegmon with
diffuse purulent peritonitis due to involvement
in the inflammatory process of the peritoneum
was detected in 9(7.5%) patients, retroperitoneal
cellulitis without peritonitis - in 90 (75.0%) in-
dividuals, and a combination of retroperitoneal
phlegmon and pancreatic abscess and/or
omental patient bag - in 21 (17.5%) cases.

Left-side retroperitoneal phlegmon was
detected in 77 (64.2%) patients, right-side retro-
peritoneal phlegmon in 29 (24.2%), and bilateral
retroperitoneal phlegmon -in 14 (11.6%). Veri-
fication of phlegmon of the retroperitoneal
tissue was carried out on the basis of data ob-
tained during the ultrasound examination,
computer tomography, and surgery (macro-
scopic evaluation of retroperitoneal tissue -
sequestration, detritus), as well as bacterio-
logically.

All patients received intensive therapy, in-
cluding hunger, gastric drainage, catheteri-
zation of the central vein and bladder, infusion-
transfusion therapy in a volume of not less than
40 ml / kg body weight with a ratio of colloidal
and crystalloid solutions of 1:4; analgesia:
epidural blockade at the level of Th7-9 (method
of choice: continuous infusion of 0.2% lidocaine
solution with a speed of 6-12 ml/hour), non-
steroidal anti-inflammatory drugs (ketoprofen
100 mg 3 times a day); antisecretory therapy
(the optimal period is the first three days of the
disease): the drugs of choice are sandostatin
(octreotide) 100 mg 3 times a day subcutaneously
and omeprazole 40 mg 2 times a day IV; reserve
drugs 5 - fluorouracil (5% - 5mli.v.) and quamel
40 mg 2 times a day i.v. antienzyme therapy
(optimal duration - the first 5 days of the dise-
ase): contraction of at least 50,000 units/day,
pride at least 500,000 units/day; prevention of
purulent complications: pefloxacin, 400 mg
2 times a day, i.v. + metronidazole, 500 mg,
3 times a day, i.v., with signs of secondary
infection: cefoperazone / sulbactam, cefepime,
imipenem, meropenem. With the ineffectiveness
ofthe above activities, resorted to extracorporeal
detoxification methods (lympho-sorption,
plasmapheresis, etc.). However, the effect was
temporary and unstable, which required the
need for rehabilitation of extensive purulent-
necrotic foci with laparotomy followed by closed
drainage of the abdominal cavity and retro-
peritoneal space.
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Results

A total of 31 (25.8%) patients died after
surgery. The causes of death in 29 patients were
sepsis and multiple organ failure, in 1 case -
sepsis and multiple intestinal fistulas, in 1 case -
erosive bleeding from the splenic artery.

The severity of necrotizing pancreatitis
during the first 24 hours was assessed according
to the criteria of systemic inflammatory respon-
se syndrome (2 or more signs) and additional
risk factors: patient age, body mass index (over
30), hematocrit, APACHE II score (more than 8
points), C-reactive protein indicator (more than
120 mg/L). And after 24 hours - on the scales
of assessment of Marshall's multi-organ dys-
function (MODS) or SOFA.

Lumbotomy was performed under general
anesthesia or epidural anesthesia. The lumbo-
tomy of the left mini-access was performed as
follows: below the arc of the XII rib, the skin and
subcutaneous tissue is dissected 2-3 cm from
the middle axillary to the back axillary line,
pushing the muscle mass apart, the parietal
peritoneum is exposed. Paracolous fiber is
reached with the fingers, exfoliating the peri-
toneum medially, focusing on the lower pole of
the spleen and the left kidney. The abscess was
opened by means of an electric suction, the pus
was removed, the retroperitoneal fiber affected
by enzymatic aggression (free-lying sequesters).
Necrectomy is not performed due to the risk of
damage to the “healthy” parenchyma of the
pancreas, parapancreatic fiber and large vessels.
The purulent necrotic cavity was sanitized and
drained by elastic silicone drains. The lumbotomy
of the right mini-approach is similar to the
method described above, but the guidelines for
advancing in the retroperitoneal space are the
lower edge of the right lobe of the liver (its
posterior surface), the right kidney, the head of
the pancreas, the hepatoduodenal ligament.

When the purulent-necrotic lesion spreads
to the paracolous tissue, the dissection and
drainage of the abscesses was performed
through the front mini-accesses in the left or
right iliac regions, respectively, using the Vol-
kovich incision up to 4-5 cm long. The iliac re-
gions were moved apart. The parietal perito-
neum with the mesentery of the sigmoid
(cecum) intestine inwardly exfoliated by stupid
fingers and wet tupffers. Next, the surgeon with
his fingers penetrates into the paracollate
tissue of the retroperitoneal regions. Tissue
separation should occur easily and almost
bloodless. Flow-through drainage of phlegmon
on the left was performed by two approaches:

lumbotomy with a mini-access to the left and
anterior mini-access in the iliac region. Sepa-
ration of retroperitoneal tissue from the
anterior approach on the right should be made
to the level of the pancreatic head.

The purpose of surgical intervention (lum-
botomy) in case of infected parapancreatitis is
adequate opening and drainage (by elastic
silicone drains) of the abscess with destruction
of cell bridges, leakages, removal of purulent
exudate, loosely sequestered, creating a single
well-drained cavity for the next year. In an
emergency procedure, about retroperitoneal
phlegmon and diffuse purulent peritonitis,
caused by the involvement of the parietal peri-
toneum in the inflammatory process, 9 (7.5%)
patients were operated on. All of them per-
formed laparotomy, dissection of phlegmon,
sanitation and drainage of the stuffing box and
abdominal cavity. In 6 patients, the operation
was completed by imposing a laparostomy and
in the postoperative period, programmed reha-
bilitation of the abdominal cavity was performed,
and in 1 patient the left lumbotomy was also
performed. 3 patients died with left-sided loca-
lization of the abscess; postoperative mortality
was 22.2%. The cause of death was sepsis and
multiple organ failure.

Discussions

Retroperitoneal cellulose phlegmon without
peritonitis was an indication for performing
surgical interventions in 88 (73.3%) patients. 20
patients died; the mortality rate was 22.7%. The
cause of death was sepsis and multiple organ
failure.

In 40 (45.4%) patients, laparotomy, dissec-
tion and drainage of retroperitoneal phlegmon,
sanitation and drainage of the abdominal cavity
were used as a surgical aid. In 3 (7.9%) patients,
surgery was supplemented with lumbotomy.
14 patients died, including 8 patients with left-
sided retroperitoneal cellulitis, 2 individuals
with right-sided and 4 patients with bilateral
ones. Mortality rate was 32.5%. The cause of
death was sepsis and multiple organ failure.

In 24 (27.3%) patients, puncture-draining
surgical interventions under the control of
ultrasound (POD-UZ) were applied. In addition,
9 patients underwent lumbotomy and 1 - lapa-
rotomy, sequestrectomy, omentobursostomy
due to the localization of sequesters in the
pancreatic head region. 4 (16.6%) patients died,
sepsis and PON were the causes of death, and
in 1 patient was with bleeding from acute
gastric and duodenal ulcers.
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In 24 (27.3%) patients with phlegmon of the
retroperitoneal tissue in the form of “purulent
cells”, lumbotomy, sequestrectomy, and drain-
age of the retroperitoneal tissue were perfor-
med. 3 patients underwent laparotomy, se-
guestrectomy, omentobursostomy in con-
nection with the localization of sequestrum in
the pancreatic head region; 2 patients died. The
rate of mortality was 8.3%. In 1 case, there was
a left-sided lesion of retroperitoneal fat, in 1
patient - bilateral one.

Approximately 23 (19.2%) patients were
operated on the combination of retroperitoneal
phlegmon with abscess of the pancreas and/
or omental bursa. After surgery, 9 patients died,
the mortality rate was 39.1%. In 8 (30.4%)
patients, laparotomy, necropsy and drainage
of abscesses, sanitation and drainage of the
abdominal cavity were used as surgical aids. 5
patients died, mortality was 62.5%. All the dead
individuals had a left-sided lesion of retro-
peritoneal fat. The cause of death in 4 patients
was sepsis and multiple organ failure, in 1 -
sepsis and multiple intestinal fistulas.

A combination of various surgical proce-
dures was used in 15 (65.2%) patients with
retroperitoneal phlegmon cellulose. In 13 pa-
tients, a pancreas abscess and/or omental bursa
was performed with PDO-UZ, and about
retroperitoneal phlegmon - lumbotomy, se-
guestrectomy, drainage of retroperitoneal fat.
Including 2 patients, a laparotomy and an omen-
tobursostomy were performed by the third stage
in order to remove large sequesters located in
the region of the head and body of the pancreas.

In 2 patients at the first stage, PDO-UZ
about the retroperitoneal phlegmon in the form
of fluid accumulation were performed, followed
by laparotomy, omentobursostomy, opening
of the stuffing box abscess, sequestrectomy. In
total, 4 patients died in this subgroup, the
mortality rate was 26.7%. In 2 patients, left-
sided localization of retroperitoneal phlegmon
cellulose was detected, in 2 patients, bilateral.
The causes of death were sepsis and multiple
organ failure - in 3 patients, bleeding from the
arrosive splenic artery - in 1 patient.

The analysis of the data suggests that left-
sided retroperitoneal phlegmon often develops
in 64.4% of patients with infected non-biliary
necrotizing pancreatitis. Right-sided retroperi-
toneal phlegmon was found in 25% of patients,
and bilateral - in 10.6%. At the same time, the
highest mortality rate is observed with bilateral
phlegmon of retroperitoneal tissue - 63.6%,
with the left-sided it was - 26.9%, and with the

right-sided - 7.7%. Moreover, the highest mor-
tality is observed with a combination of retro-
peritoneal phlegmon cellulose and abscess of
the pancreas and/or omental bursa - 41.2%.
With phlegmon of the retroperitoneal fiber and
diffuse purulent peritonitis caused by the invol-
vement of the parietal peritoneum in the in-
flammatory process, it was 28.6%, and with the
abscess of the retroperitoneal fat without peri-
tonitis - 22.5%.

The analysis of the results of the use of va-
rious surgical interventions in the case of phleg-
mon of the retroperitoneal tissue suggests that
the use of laparotomy in the case of the
phlegmon of the retroperitoneal tissue is
accompanied by the highest mortality rate -
34.9%. In this regard, this operation should not
be used to treat retroperitoneal phlegmon with
the exception of patients with retroperitoneal
cellulitis and diffuse purulent peritonitis, due
to the involvement of the parietal peritoneum
in the inflammatory process. Somewhat better
results were obtained from the use of puncture -
draining operations under the control of ultra-
sound - 16.7%. However, according to our data,
they were effective in 28.6% of patients with
retroperitoneal phlegmon cellulose in the form
of free fluid accumulation. Mortality after lum-
botomy was 13.3%. This operation was perfor-
med in 71.4% of patients with retroperitoneal
phlegmon cellulose in the form of “purulent
cells”,incl.in 21.4% of patients in whom the use
of PDO-Ultrasound was ineffective. Thus, the
opening of the retroperitoneal tissue from the
mini-accesses (lumbotomy, sequestrectomy,
drainage of the retroperitoneal tissue) is the
most popular surgery for retroperitoneal phleg-
mon. However, as our experience has shown
one opening of retroperitoneal phlegmon
cellulose is not enough. In the absolute majority
of patients, there was a need to perform step-
by-step rehabilitation of retroperitoneal fat
(step-down sequestrectomy).

Comparing the results of our patients’ treat-
ment with similar indicators of other medical
institutions, similar methods of surgical inter-
ventions were used, we established certain
features (Table 1).

In the most severe category of patients,
where diffuse purulent peritonitis and retrope-
ritoneal phlegmon were combined, the rates of
postoperative mortality did not differ signifi-
cantly among themselves, they also did not have
significant differences in patients with isolated
phlegmon of retroperitoneal tissue without
peritonitis.

(=p]

0.V. Rozenko

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 1



Table 1. Comparative results of treatment of patients with the traditional method and with the
use of puncture-draining operations

Indicators of treatment

Repeated surgical
interventions
(progressive diseases)

Postoperative
mortality

Average length
of hospital stay

Types of surgical interventions

Patient
categories Puncture- | o gitional | PUNCtUre" | raditional | PUNCtUre" | oditional
draining . draining . draining .
- interven- . interven- . interven-
operations tions operations tions operations tions
and/or | and/or and/or
aparotomy laparotomy laparotomy
lumbotomy lumbotomy lumbotomy
N and/or . and/or . and/or
with with with
- lumbotomy | . . lumbotomy | . . lumbotomy
mini-access mini-access mini-access
Isolated abscess 33% 6,5% 39,1% 48,2-62,5% 32,5+2,5 48+3,6
and/or phleg-
mon-retroperito-
neal tissue
(purulent-
necrotic phase)
Phlegmon-retro- 2,8% 5,4% 26,7% 36,5-42,2% 28,7+2,5 46+2,8
peritoneal tissue
in the form of an
accumulation of
free fluid and/or
an abscess of the
pancreas of the
omental bursa

But when using puncture-draining opera-
tions of the pancreas abscesses and opening
the phlegmon of retroperitoneal tissue from a
mini-access of our patients, it made it possible
to reduce slightly the mortality rates in compa-
rison with other clinical hospitals. This figure of
our patients was 39.1% as in other clinics
reached 62.5-48.2% [1, 3]. Also, significant diffe-
rences in the results of treatment of our pa-
tients were obtained with the early use of
puncture-draining operations for fluid accumu-
lation in the retroperitoneal tissue and isolated
abscess of the pancreas and/or omental bursa -
27.6% in our clinic and 36,6-42.2 in other
medical institutions [11, 6].

Atthe sametime, itis recommended to use
PDO-Ultrasound for abscesses of the pancreas
and/or omental bursa, and laparotomy,
sequestrectomy and otobursostomy to remove
sufficiently large sequesters located in the head
and body of the pancreas.

Conclusions

In cases of retroperitoneal fat phlegmon
and diffuse purulent peritonitis caused by invol-
vement of parietal peritoneum in the inflam-

matory process, the preferred treatment is
laparotomy, sanitation, and drainage of ab-
dominal, extraperitoneal phlegmon dissection,
and retroperitoneal fiber drainage draining
followed by with the subsequent programmed
sanitation of the abdominal cavity and retro-
peritoneal tissue.

In cases of postnecrotic infected pancreatic
and/or parapancreatic fluid accumulations in
the retroperitoneal tissue (abscess of the ret-
roperitoneal tissue) in the form of purulent
soaking of cellulose spaces of the “honeycomb”
type, the operation of choice is the direct sur-
gical intervention on the pancreas and retro-
peritoneal tissue from the mini-access (extra-
peritoneal access - lumbotomy), followed by
staged sequestrectomy.

Puncture-draining surgical interventions
under the ultrasound control can only be used
with retroperitoneal phlegmon cellulose in the
form of free fluid accumulation.

In the presence of sequesters of large
size, which are located in the head and body
of the pancreas, the operation of choice is a
laparotomy, sequestrectomy, omentobur-
sostomy.

SURGICAL DISEASES

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 1

0.V. Rozenko

>

7



SURGICAL DISEASES

Acknowledgements Funding

The author is gratefully acknowledged to This research received no external funding.
Olena Sydorenko (PhD in Philology, Associate Conflict of Interests
Professor) with the help in translation of this The author declares no conflict of interests.
article.

HEKPOTHYHHI MAHKPEATHUT: IIUIAXHW VIOCKOHAJIEHHSA
XIPYVITYHOTI'O JIIKYBAHHA

. . . 0.B. Po3e|-!‘|<o
AOHELbKNN HAUIOHAJTEHUN MEANYHNN YHIBEPCUTET, YKPAIHA

BcTyn. Y 383Ky 3 Heyxu/bHUM 3p0CMAHHAM KislbKocmi nayieHmie i3 0ecmpykmugHUMU ¢popMamu 20Cmpo20
naHkpeamumy, NUMomMa 8a2a ko0 cknadae gid 10-15 do 20-30%, He38axarYU HA WUPOKUL cnekmp cnocobie
NiKyBAHHSA Heb6iNiapHO20 HEKPOMUYHO20 NAHKpeamumy, 1emanbHicmes 00CsA20€ y 8UNAOKY iHpiKosaHUX popm
80-90% i nompebye nodanbuio20 A0CNIOHEeHHA MA NOAINWEHHA MeMOo0i8 NiKY8AHHS.

MeTa. Memoro docnidxeHHS € noinweHHs pe3ybmamie iKy8aHHS X80pUX HA HebiniapHUl Hekpomu4yHUl
naHKpeamum WAAXoM onmumizayii Xipyp2idyHoi makmuku.

MeToaw. Jo docnioxceHHa 3aay4eHo 120 nayieHmis gikom 8id 22 do 83 pokie, npu4oMy nayieHmMu 8ikom
0o 50 pokie cknanu 60,0%. Yonosikie 6yno 80 (66,7%), xciHok - 40 (33,3%). Tpusanicme 3ax80pH08AHHSA 00 24
200UH 8U3Ha4YeHo y 36 (30,0%) xeopux, 8id 25 0o 72 200uH - y 25 (20,8%), binbuie Hid 72 200uHU - y 49 (49,2%).

Pe3synbTaTn. YcmaHoeneHo, wo y eunadky HebifiapHO020 HEKPOMUYHO20 NAHKpeamumy yacmiwe
p038UBAEMbCSA N1iBOBIYHA 3004epeBUHHA ¢aeaMoHa - y 64,2% (nemansHicme 26,0%) nayieHmis, npagobiyHa
gusie/neHa y 24,2% (nemaneHicme 6,8%) nayieHmis, a 0806i4Ha -y 11, 6% (nemansHicme 64,2%). Takox Halibinew
8UCOKY /1ema/ibHiCMb 3acg8id4eHO 8 NOEOHAHHI /1e2MOHU 3004epe8UHHOI KAimKogUHU U abcyecy niowanyHKoeoi
3a/103u i/a60o caneHUKOBOI cyMKu ~ 39,19%.

BUCHOBKW. ABMOopu 00CNi0HeHHSA 3aNnPONOHy8aaU Pi3Hi 8aPIGHMU Xipyp2iYHO20 8MPYYAHHS 30/1eH#CHO 8id
3a/1y4eHHA 00 NAMO0/102{4H020 Npoyecy Pi3HUX 8i00inie YepesHOIi NOPOHCHUHU/3a04YepesUHHO20 NPOCMOpY, U0
00380/1U/10 3HU3UMU /1emanbHICMb i Yac nepebysaHHSA nayieHmia y cmayioHapi e 1,5-2 pasu.

K/THOYOBI C/1IOBA: He6iniapHMiA naHKpeaTUT; NIOM60TOMIAI; NapanaHKpeasibHa KNiTKOBUNHaA;
¢dnermoHa 3ao0uepeBMHHOI KNiITKOBUHN; NanapaToMisi; OMEHTOGYypcocToMis.

IHdopmauis npo aBTOpa

Po3eHKko Oner BonoagumupoBu4d - KaHA. Med. Hayk, foueHT kadpeapwn xipyprii, eHgockonmii,
OTOPWHONAPUHIONOTIi Ta PEKOHCTPYKTUBHO-BIZHOBAOBaNbHOI Xipyprii, JoHeLbKN HauioHanbHWA
MeANYHWI yHiBEepCUTeT.
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Background. Chromosomal diseases are the cause of 45-50 % of multiple birth defects. Basic research on
mutations is performed using genomic technologies to identify a correlation between genotype and phenotype
in aneuploidies and to understand its pathogenesis.

Objective. The aim of the research is to study the etiology, pathogenesis of symptoms and diagnostics for
patients with Down, Klinefelter, Turner syndromes and double aneuploidies by 21 and sex chromosomes.

Methods. A literature review by the keywords “Down syndrome”, “Klinefelter syndrome”, “Turner syndrome”,
“double aneuploidy” for the period of 2000-2020 was carried out.

Results. Down, Klinefelter and Turner syndromes are the most common aneuploidy among viable newborns.
Frequency of meiotic non-disjunction events causing these aneuploidies increases with the age of a woman.
Identified genes are responsible for pathogenesis of symptoms in trisomy 21, Turner and Klinefelter syndromes.
Diagnostics of chromosomal diseases includes prenatal screening programs and postnatal testing.

Conclusions. Cytogenetic variants of Down syndrome are simple complete trisomy 21, translocation form
and mosaicism. Trisomy 21 is associated with advanced maternal age. Phenotypic manifestations of Down
syndrome are associated with the locus 21q22. The maternal and parental nondisjunction of X-chromosomes in
meiosis causes Klinefelter and Turner syndromes. These chromosomal diseases are variants of intersexualism
with intermediate chromosomal sex. Down-Klinefelter and Down-Turner syndromes are double aneuploidies.
Patients have a Down syndrome phenotype at birth, and signs of Klinefelter and Turner syndromes occur during
puberty. Diagnosis of aneuploidy is based on the cytogenetic investigation (karyotyping), DNA analysis,
ultrasonography and biochemical markers of chromosomal pathology.

KEY WORDS: Down syndrome; Klinefelter syndrome; Turner syndrome; double aneuploidy.
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Introduction

Changes in the number and structure of
chromosomes take place in 1% of newborns.
They are the cause of 45-50% of multiple birth
defects, about 36% of cases of mental retarda-
tion, 50% of primary amenorrhea in women,
and 10% of sterility in men [1]. Among all cases
of birth defects in the life of stillbirths in Ukraine
for 2002-2015, almost every 2™ case referred to
chromosomal pathology. The main clinical chro-
mosomal syndromes include: Down syndrome
(DS) - trisomy 21 - prevalence 1:400-1:1,500
newborns, Klinefelter syndrome (KS) - karyotype
47, XXY with a frequency of 1:500-1,000 newborn
boys, Turner syndrome (TS) - karyotype 45,X
with a frequency of 1:2,000-5,000 newborn girls
[2-6]. Among the viable newborns, 1 of 400 boys
and 1 of 650 girls have different forms of
aneuploidy by sex chromosomes. KSand TS are
most common among them [7].

Double aneuploidy is a rare chromosomal
abnormality detected after birth since most
*Corresponding author: Bihunyak T.V., MD, Ph.D., Associate
Professor, Department of Pathophysiology, I. Horbachevsky

Ternopil National Medical University, Ternopil, Ukraine.
E-mail: bihunyak@tdmu.edu.ua.

reported cases are presented in the form of one
lethal aneuploidy and end in early miscarriage.
Itis extremely rare to find living newborn cases
with double autosomal trisomy or autosomal
trisomy with sex chromosome monosomy or
trisomy [8]. The most frequent co-occurrence
is that of DS and KS (coincidence 0.098%),
because they are common and relatively well
tolerated chromosome abnormalities in hu-
mans [9].

The frequency of mutations that causes
chromosomal diseases does not depend on
race or country. The dynamics of the spread of
chromosomal diseases over the past two
decades in the world has changed due to the
discovery of new cases of double aneuploidy in
viable newborns. Early prenatal diagnosis of
trisomy 21 as well as postnatal aneuploidy by
sex chromosomes is urgent.

Basic research on aneuploidy is conducted
using genomic technologies to identify a cor-
relation between genotype and phenotype in
chromosomal diseases and to understand its
pathogenesis. For diagnosis of hereditary dise-
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ases, the medical genetics methods are used,
in particular cytogenetic, genealogical, derma-
toglyphics, biochemical, and DNA molecular
analysis. The cytogenetic method (karyotyping)
is widely used for diagnosis of human chromo-
somal diseases. It is important to be aware of
diagnostic possibilities of prenatal testing for
early detection of fetal chromosomal pathology
such as screening programs for women at early
pregnancy. The more deeply the nature of
human heredity is analyzed, the more it is
realized regarding the methods of diagnostics,
treatment and prevention of diseases.

The aim of the research is to study the cyto-
genetic mechanisms of occurrence, pathoge-
nesis of changes in the phenotype and medical
genetic counseling for patients with DS, KS
and TS.

Methods

A literature review by the keywords “Down
syndrome”, “Klinefelter syndrome”, “Turner
syndrome”, “double aneuploidy” for the period
of 2000-2020 was carried out.

Review

According to the literature, in 1866 English
physician John Landon Down identified a group
of patients with dementia and peculiar somatic
abnormalities and called the disease “Mongoloid
idiopathy"”. The hypothesis of hereditary origin
of the syndrome was considered questionable,
although in 1932 the ophthalmologist and
geneticist Waardenburg suggested that the
basis of the pathology may have been “chro-
mosomal insufficiency” [2-3]. Despite this, the
cause of this syndrome was clarified only in 1959
by a French scientist Lejeune. He stated that in
the karyotype of those patients there were 47
chromosomes, and a small acrocentric chromo-
some in the group G (21 or 22) was superfluous.
As a result of development of the fluorescence
chromosome identification method in 1971, it
was possible to differentiate 21 of 22 chromo-
somes and establish the true karyotype in DS.

simple complete trisomy 21 as a consequence
of the nondisjunction of chromosomes to the
opposite poles of the cell in the anaphase I or
anaphase II of the meiosis. The contribution of
maternal nondisjunction is 95 %, and the fa-
ther's only 5 %. No dependence on father's age
was found in cases of DS where the additional
chromosome originated from father. About
75% of maternal nondisjunction occur during
meiosis I, and 25% - during meiosis II, but about
25% of paternal nondisjunction occur during
meiosis I, and 75% - during meiosis II [14]. As
a result, gametes (oocyte or sperm) have 22
chromosomes (-21) or 24 chromosomes (+21).
When a normal gamete that has 23 chromoso-
mes fuses with gametes with 24 (+21) chromo-
somes, then a zygote 47,+21 is formed, and a
child with DS may be born. The karyotype of
patients with this will be 47,XX,+21 or 47,XY,+21
[11]. About 2-5% of patients with DS have mo-
saic forms due to the mitotic nondisjunction of
the chromosomes after fertilization (post zygo-
tically), in which one part of the cells has a
normal amount of chromosomes (46), and the
other is aneuploid (47). The karyotypes of pa-
tients with 47,XX,+21/46 or 47,XY,+21/46 [11,
13]. The frequency of gonadal mosaicism in
trisomy 21, according to some researchers, is
actually larger. Available for tissue analysis
(blood lymphocytes, skin fibroblasts) have a low
mosaic level, while an abnormal line is present
in gonads. Study of QRQ polymorphism of
chromosomesin 151 families of Down children
showed that in 8 families there is gonadal
mosaicism in trisomy 21, with all cases of mo-
thers younger than 35 years old. The frequency
of carriage of mosaicism in young families was
6.5% (8/123). Approximately 4% of patients with
DS have a translocation form. The patients have
adiploid chromosome set, but their morphology
is disturbed. This form occurs, as a rule, as a
result of the Robertson translocation of surplus

Table 1. The risk of childbirth with Down

o . - ; X syndrome in women of different age groups wn
The incidence of patients’ birth with trisomy 21 w
is not affected by sexual, racial, geographical or Age of awoman | Empirical risk of having %
population differences. The incidence of children at the time of a baby with Down 75
with DS depends on the age of the mother childbirth, years syndrome O
(Table 1) [1]. More than 80% of children with till 19 1:1640 o
trisomy 21 are born to women under 35 years of 20-24 1:1986 é
age [3]. Hence, prenatal screening and diagno- 25-29 1:1319 &)
sis of trisomy 21 for a fetus are important for 30-34 1:603 A
pregnant women aged 35 years and older [10]. 35-39 1217 )

Cytogenetic variants of DS are diverse. Ho- 40-44 1:84 %
wever, the main part (94-95%) is the cases of 5 131 =
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21 chromosomes between the acrocentric cells
(D/21 and G/21). 25% of translocation forms
are inherited from native carriers, and 75% of
the translocations are formed de novo [14-15].
The translocation form of the DS is not phe-
notypically different from the classic trisomy
21. The occurrence of this pathology does not
depend on the age of parents, while the parents
can be phenotypically healthy carriers of
translocation (45,-21,t(15g21q)). Consequently,
people with a well-balanced translocation have
a high risk of having a child with translocation
form of DS (1:3). At normal karyotype of pa-
rents, the risk of having a baby with trisomy 21
corresponds to a simple trisomy. If a patient
has a translocation variant of DS, then the
parent’s karyotype must be explored. In young
parents, who have children with DS, balanced
chromosomal aberrations (1.95 %) are found
in 8 times more often than in the other popula-
tion. When translocation type 13/21 is revealed
in the father, the risk of birth of a sick child is
2.4%, and in the mother - about 10%. If one of
the parents has a translocation type 21/21, the
risk of having a baby with Down syndrome is
100%. About 10% of mothers of the children
with DS have mosaicism. In the case of parents’
mosaicism, genetic risk should be considered
about 30% [1]. Other forms of trisomy 21 are
1% of DS. They can be caused by: a) a terminal
rearrangement of chromosome 21 around the
telomeric region, the final chromosome having
two centromeres and satellites on both ends;
b) as a component of a double aneuploidy (for
example, 48,XYY,+21 or 46,X,+21) [14, 16].
Chromosome 21 is the smallest human
chromosome and contains 200 to 300 genes.
Analysis of the chromosome revealed 127 esta-
blished genes, 98 predicted genes and 59
pseudogenes [14]. The most acceptable theory
for the pathogenesis of trisomy 21 is the gene-
dosage hypothesis, which declares that all
changes are due to the presence of an extra
copy of chromosome 21 within region 27q22.
Molecular studies are aimed at determining the
region of 21 chromosomes, which would code
for phenotypic manifestations of DS. These
gene products include morphogens, cell ad-
hesion molecules, components of multi-subunit
proteins, ligands and their receptors, transcrip-
tion regulators and transporters. In particular,
it has been found that the DYRK gene (271¢g22.13)
is responsible for mental retardation. Surplus
of this gene in mice causes defects in learning
and memory. The third copy of the other APP
gene(21¢21.2|21921.3) encoding the B-amyloid

synthesis causes Alzheimer’s syndrome in the
patients with trisomy 21 of over 40 years of age.
If as a result of mutation this gene in the pa-
tients with DS is absent, the signs of Alzheimer's
syndrome are not manifested [1, 3]. Gart-gene
is also detected in the 21 chromosome which
in trisomy causes an increased level of purines
in the blood of patients that is one of the causes
of mental retardation [17]. By the results of
expression of this gene you can control the
occurrence of DS even in the embryonic period.

The complex of congenital abnormalities
specific for DS causes the clinical picture “all
children from one family”. Pregnancy, from
which patients are born, often is accompanied
by toxicosis, the risk of miscarriage. In sick
mothers there is an unfavorable obstetric
anamnesis (miscarriages, stillborn). The ave-
rage length of pregnancy is slightly lower than
normal. Children with DS are born with mo-
derate pronounced hypoplasia (mass 8-10%
below average values) [18]. Craniofacial dys-
morphia is manifested by brachycephaly (81%),
flat occiput (78%), flattened face, flat bridge of
nose (52%), small short nose (40%), large fissu-
redtongue (50%), open mouth (65%), hypoplasia
of the upper jaw, high palate (58%), small lowly
placed deformed ears, mongolism, epicanthus
(80%). Incorrect growth of the teeth, diastema,
transverse striae on the lips are typical. In 68%
of patients, there are spots of Brushwild (light
spots on the iris), 32.2% - cataract. In many
patients with trisomy 21, there is a short neck
(45%), newborn neck folds, broad fingers and
palms, broad toes (70%) [1]. Approximately 40-
50% of the affected children have congenital
heart diseases (CHD), one of the major causes
of morbidity and mortality [19-20]. In Western
European countries and the USA, endocardial
cushion defect (43%), which results in ventricular
septal defect (VSD) (32%), secundum atrial
septal defect (ASD) (10%), tetralogy of Fallot
(6%) and isolated patent ductus arteriosus (4%)
are present in this group of patients [14]. In
Asia, isolated VSD has been reported to be the
most common cardiac defect (40%) [21]. A study
from Korea showed that ASD was the most
common defect accounting for 30.5 % of DS,
followed by VSD (19.3%), patent duct arteriosus
(17.5%) and atrioventricular septal defect (9.4%)
[22]. The second type of ASD was the most
common cardiac lesion in Latin America [23-24].
In Libya, the most common isolated cardiac
lesion was the ASD, found in 23% of the patients
[25]. Molecular studies of rare individuals with
CHD and partial duplications of chromosome
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21 established candidate gene DSCAM, which
was manifested in the heart during cardiac de-
velopment [26]. About half of the atrioventricular
septal defects AVSDs occur in the patients with
DS [27]. In the patients with DS and complete
AVSD potentially damaging variants in six
genes: COL6AT, COL6A2, CRELD1, FBLN, FRZB,
GATA5 were identified [28].

Immune problems are also typical in the
form of immunodeficiency. Laboratory abnor-
malities can be revealed in both humoral and
cellular immunity. DS is manifested by high
incidence of leukemia. However, the children
with DS have a 20-fold greater risk for acute
lymphoid leukemia and a 50-fold higher risk for
myeloid leukemia compare to the children
without DS [29]. Development of DS brain is
associated with reduction in the neuronal num-
ber and abnormal neuronal differentiation. It
has been previously reported that DS neuron
degenerate subsequently and undergoes apop-
tosis [4]. The mental retardation with full tri-
somy 21 is found in almost all patients, and it
is basically oligophrenia at the stage of imbe-
cility (65-90%). The average IQ of children 10
years old and over is only 24. In a mosaic variant
of DS, moderate mental retardation is much
more common, and normal intelligence is also
possible. In the United States DS is 10% of all
cases of mental retardation. DS is associated
with epilepsy in 10% of cases. Hearing loss and
anomalies of the vision organs is often observed
in child patients, in particular, cataracts in 66%
of the children over 8 years of age [1]. The
patients with DS gain more weight compare to
other population, and most adults with DS are
overweight. Antithyroid antibodies predispose
to disturbance of gametogenesis and non-
disjunction of the 21 pair of chromosomes. The
hypofunction of the thyroid gland in parents is
a risk factor. Nowadays, cardiac surgery,
vaccinations, antibiotics, thyroid hormones,
leukemia therapies, and anticonvulsive drugs
(e.g, vigabatrin) have significantly improved
the quality of life of individuals with DS.
Actually, life expectancy that was hardly 30
years in the 1960s is now increasing - more
than 60 years of age [11, 30]. Oral care by
dentists for the children with DS from the first
months of life involve palatal plates that aim
atactivating and stimulating different functions,
mainly for the orofacial motor function and
expression, including language. This is comp-
lementary for that of speech therapists, phy-
siotherapists, psycho-motor therapists, and
pediatricians [31-32].

Reproductive capacity in DS is described in
women, with 40% being ovulatory disorders.
Men with this syndrome are sterile. Women
with DS produce half normal eggs and half with
24 chromosomes. Consequently, the probability
of zygote with trisomy 21 in women with DS is
50%. As about 75% of these pregnancies are
completed with spontaneous abortion, the risk
to birth of a sick child is less than 50%. Trisomy
21 among aborted embryos is found at a
frequency of 1:40. The cytogenetic examination
in children with DS is indicated with suspicious
of trisomy 21 and with clinically established
diagnosis, as the patient’s cytogenetic cha-
racteristics from parents and their relatives are
needed to predict the health of future children [1].

Diagnostics of DS includes prenatal and
postnatal testing. For pregnancies, the high risk
of DS is evaluated by fetal sample analysis after
invasive chorionic villus sampling (CVS) and
amniocentesis, and by laboratory techniques
such as conventional karyotype analysis, Fluo-
rescence in Situ Hybridization, Quantitative
Fluorescence-Polymerase Chain Reaction, Mul-
tiplex Ligation Probe Assay and Array Com-
parative Genomic Hybridization, which are
common techniques used for prenatal diagnosis
of DS and each of them presenting with
advantages and disadvantages. There is also a
noninvasive technique for detection of trisomy
21 by analysis of extracted cell-free fetal DNA
screening from maternal plasma samples [14].
The most common screening method contains
the measurement of a combination of factors:
advanced maternal age, multiple second
trimester serum markers and second trimester
ultrasonography. The first reported marker
associated with DS was the thickening of the
neck area. 40-50% of the affected fetuses have
a thickened nuchal fold measuring 26 mm in
the second trimester. When screening by
nuchal translucency (NT), about 83% of trisomy
21 pregnancies were identified in the first
trimester. Later, it was revealed that screening
by a combination of maternal age, NT and bi-
test (PAPP-A with second trimester B-hCG) or
tri-test [alpha-fetoprotein (AFP), estriol and free
B-hCG] has a potential sensitivity of 94% for a
5% false positive rate [4, 33]. However, Ruei-Yu
Lan et al, reported about multicenter study of
29,137 cases that enrolled the chromosomal
abnormality screening from Taipei city. The
mean maternal age of screen-positive group
was 34+4.2 years old. The first trimester had
891 cases screening positive with a detection
rate of 97.5% for fetal trisomy 21 and false
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positive rate of 3.5%. Second-trimester had 334
cases screening positive, the detection rate and
false positive rate were 33.3% and 6.4% res-
pectively for trisomy 21 [10].

More recent advances in genomics and re-
lated technologies have resulted in development
of a noninvasive prenatal screening (NIPS) test
using cell-free fetal DNA sequences isolated
from a maternal blood sample. Almost 5-10%
of DNA in maternal serum are of fetal origin.
Fetal trisomy detection by DNA-analysis from
maternal blood has been done using massively
parallel shotgun sequencing (MPSS). By next
generation sequencing platforms, millions of
amplified genetic fragments can be sequenced
in parallel. MPSS detects higher relative
amounts of DNA in maternal plasma from the
fetal trisomy chromosome compare with refe-
rence chromosomes. Platforms differ according
to whether amplified regions throughout the
genome, chromosome-specific regions, or
single nucleotide polymorphisms (SNPs) are
the targets for sequencing [34]. Although
studies are hopeful and exhibit high sensitivity
and specificity with low false-positive rates,
there are drawbacks to NIPS. Specificity and
sensitivity are not consistent for all chromoso-
mes; this is due to different content of cytosine
and guanine nucleotide pairs. False-positive
screening results take place because the
sequences derived from NIPS are derived from
the placenta, like in CVS they may not reflect
the true fetal karyotype. Therefore, currently
invasive testing is recommended for confir-
mation of a positive screening test and should
remain as option for patients seeking a defi-
nitive diagnosis. NIPS began as a screen for
only trisomy 21 (T21) and rapidly developed to
include other common aneuploidies for chro-
mosomes 13 (T13), 18 (T18), X, and Y [35, 36].
Amniocentesis is the most conventional inva-
sive prenatal diagnostic method accepted in
the world. It is mostly performed to acquire
amniotic fluid for karyotyping from 15 weeks
onwards. Actually, amniocentesis performed
before 15 weeks of pregnancy is referred to as
early amniocentesis. CVS is usually performed
between 11 and 13 weeks of gestation and
includes aspiration or biopsy of placental villi.
Amniocentesis and CVS are quite reliable but
increase the risk of miscarriage up to 0.5to 1%
compare with the background risk [33].

A number of European countries have es-
tablished a network of OSCAR clinics (One Step
Clinic for Evaluation of Risk for Fetal Abnor-
malities). Clinics of “one visit” allow calculating

the individual risk of a child’s birth with chro-
mosomal pathology regarding of the age of
pregnancy, ultrasound and biochemical mar-
kers of chromosomal pathology. In particular,
among the biochemical markers in the first
trimester, the content of plasma protein-asso-
ciated protein (PAPP-A) and B-chorionic gona-
dotropin (B-hCG) levels are determined [18].
For non-invasive prenatal diagnosis, studies of
fetal trophoblastic cells from the cervical canal
of women in the first trimester of pregnancy
are also used [37]. Constantly conventional
karyotype from peripheral blood in postnatal
period is performed to confirm diagnosis for
all patients suspected with DS [14].

Polysomy by sex chromosomes has less
significant pathological manifestations than
aneuploidy by autosomes. It may be explained
by the fact that the Y chromosome contains
little genes, and additional X chromosomes may
be heterochromatic. Genetic intersexualism is
the result of sex chromosome aneuploidies. TS
and KS are variants of intersexualism with an
intermediate sex [7].

TS (45,X) is a single form of monosomy in
the liveborns. Monosomy X was discovered by
Henry Turner in 1938 (earlier, in 1930, the de-
scription was made by Otto Ullrich). Cytogenetic
syndrome 45,X was discovered by SE Ford in
1959 [5]. Clinically TS manifests itself in three
directions: 1) hypogonadism, underdeveloped
genital organs and secondary sexual charac-
teristics; 2) congenital defects; 3) short stature.
TS is one of the clinical forms of sexual differen-
tiation disorders - agenesis with somatic mal-
formations. In the reproductive system there
is a lack of sexual glands (agenesis of gonads),
hypoplasia of the uterus and fallopian tubes,
primary amenorrhea, inadequate hair follicles
inthe pubicandaxillaryareas, underdevelopment
of the mammary glands, deficiency of estrogens,
and excess of pituitary gonadotropins. In
children with TS, congenital malformations of
the heart, vessels and the kidneys make up to
25%. In newborns, the neck is short with excess
skin and wing-like folds, with low neck hair
growth. These patients have lymphatic edema
of the feet, legs, hands and forearms. At school
age, especially at the puberty period, thereis a
lag in the growth and development of secondary
sexual characteristics. In 16-50% of cases the
patients with TS are mentally retarded, prone
to the lymphedema and Hashimoto's thyroiditis.
It is established that if a TS patient received an
X-chromosome from their father, they would
have a higher IQ and better adaptation in so-
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ciety than that received from the mother’s sex
chromosome. Chromosomal anomalies in
women with TS are quite different: 50% of these
patients have 45,X karyotype in blood lympho-
cytes, 30-40% are mosaics in most cases with a
karyotype 45,X/46,XX, less than 45,X/46,XY;
45,X/47 XXX. Among liveborn limited placental
mosaicism is often observed. The more normal
cells a fetus has the greater chance of its
survival. About 10-20% of patients with TS have
structural changes in the X-chromosome,
which include deletion of short or long arms
(46,X,Xp-; 46,X,Xg-), isochromosomes [46,X,i(Xq);
46,X,i(Xp)], ring chromosomes [46,X,R(X)].
These varieties of chromosomal aberrations
stipulate for the phenotype of patients. Mole-
cular studies have shown that 60-80% of
monosomies X are due to the disappearance
of the paternal sex chromosome that occur
either in early mitosis during embryogenesis
or in the process of meiosis. A repeated risk of
birth of a sick child with TS in a family with
normal parents karyotype does not exceed 1%
[7]. Molecular analysis also allowed precise
determining of specific genes responsible for
the phenotype of TS. For example, the mutation
in the SHOX gene causes low growth. This gene
is localized in the distal segment of the X
chromosome (Xp22.33) and in the short arm of
the Y chromosome. Consequently, this gene
undergoes normal transcription being in two
copies of a man and a woman. So, as the
patients with TS have only one copy of this gene,
they have a high probability of short stature
development. According to Linglart et al. [38],
hormone reposition in the patients with TS may
reduce likelihood of short stature development.
Webbed neck, lymphedema or coarctation of
the aortain infancy should prompt a peripheral
blood karyotype to rule out TS [39]. The stan-
dard 30-cell karyotype is recommended and
can detect 10% mosaicism with 95% confidence
[5]. Multiple sequences adjacent to the Y-cent-
romere should be amplified using polymerase
chain reaction techniques to detect cryptic
Y-material. When Y-chromosome material is
present in the standard karyotype or on such
additional testing (incidence of 5-12%), pro-
phylactic gonadectomy is still recommended
by expert consensus, albeit at a lower quality
of evidence, due to an increased risk (around
10%) of gonadoblastoma [39-40]. In TS fetal
ovaries develop normally in the early stages of
embryogenesis, but the absence of a second
X-chromosome leads to an accelerated loss of
oocytes within 2 years. Spontaneous puberty

has been reported in 14% of TS patients with
monosomy X and up to in one third of patients
with mosaicism [5]. Young TS women with
normal ovarian function should be counseled
about fertility preservation options. Gonado-
tropins (especially follicle-stimulating hormone)
should be monitored annually starting at about
11 years of age to confirm hypergonadotrophic
hypogonadism prior to pubertal induction [6].
Anti-Mdullerian hormone (AMH) and inhibin B
measurements have also been shown to predict
ovarian insufficiency when found to be low, and
AMH is perhaps the best indicator of ovarian
reserve [41]. However, the majority of the girls
with TS require induction of puberty and
estrogen/progestin replacement therapy to
achieve adequate breast development, uterine
maturation and peak bone mass. Transdermal
17-B estradiol (TDE) is now the preferred
treatment starting at age around 11-12 years
old. Compared with oral estrogens, TDE is
thought to be more physiologically delivery
since it will avoid the first-pass effect in the liver
with improved bioavailability. A recent meta-
analysis showed improved whole-body bone
mineral density, fasting glucose and total
cholesterol with TDE therapy compare with oral
estrogens [42].

KS is the most extensive major anomaly of
sexual differentiation in men. The disease is
described in 1942 by Harry Klinefelter in males
with sexual retardation. In 1959, Jacobs and
Strang showed the presence in these patients
of a pathological karyotype. The most common
cause of KS is nondisjunction of XX homologues
for meiosis. Meiotic non-disjunction events
causing KS are inherited maternally in 50-56%
of cases (36% occur in 1st and 20% in 2" meio-
sis), and paternally in 44-50% (100% 15t meiosis)
[43, 44]. With the age of the mother, as with DS,
the probability of birth of a baby with this
syndrome increases [1]. In 40-year-old mothers,
ill children are born by 2-3 times more often
thanin 30-year-olds. Preliminary, itis established
that half of cases with a karyotype 47, XXY end
with spontaneous abortions. Mosaic among
liveborn is observed in 15% of cases [7]. The
presence of the Y chromosome determines the
formation of a male phenotype. Genetic im-
balance due to excess X-chromosome is mani-
fested clinically during puberty as underde-
velopment of the testicles and secondary male
sexual characteristics. The presence of an extra
chromosome can cause higher levels of gene
expression and gene products in amounts
affected by regulation at different levels, pro-
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tein degradation and modification [45]. Also,
the interaction pattern of the proteins encoded
by the additional chromosome can influence
the severity of a trisomy. In the case of KS, X
chromosome inactivation (XCI) counterweights
the extra amount of X chromosome genes
(about 2000). Still, roughly 15 % of X-linked
genes escape XCI, including genes in the two
pseudoautosomal regions (PARs). A total of 22
X chromosome genes were deregulated in KS
compare to the controls: 16 were upregulated
(AKAP17A, ASMTL, CSF2RA, EIF1AX, EIF253, GPR82,
GTPBP6, IL3RA, PLCXD1, PPP2R3B, PRKX, RP11-
EPO6015.3, SEPT6, SLC25A6, TMSB4X and XIST)
and six were down-regulated (BEND2, BEX1,
COX7B, FOX04, NHS and TFE3). Some of these
genes were expressed from PAR1: AKAP17A,
ASMTL, CSF2RA, GTPBP6, IL3RA and PLCXD1, but
no differentially expressed genes were observed
encoded from PAR2. XCI compensates ex-
tensively for the extra X chromosome gene
dosage in KS males and probably increases
their chances of survival compare to other
aneuploidies [17].

Thus, in the patients with KS have a high
stature, eunuchoidism, narrow arms and wide
pelvis, subcutaneous fat development by fe-
male type, absent hair growth on the face, in
the axillary areas and in the area of the pubis,
sparse hair, underdeveloped testicles and their
endocrine function (production of androgens)
is reduced. The prevalence of androgen defi-
ciency in the patients with KS is 79%. The pa-
tients in most cases are sterile (due to azoosper-
mia, oligospermia). Among men, who have
infertility, more than 10% have an additional
X-chromosome. Approximately one in three
patients with this syndrome has gynecomastia
and anincreased risk of breast cancer develop-
ment. This risk can be reduced by having a mas-
tectomy. Gynecomastia and obesity with fat
deposits for the female type are a result of rela-
tive hyperestrogenemia [7]. In the KS patients
this may lead to an increased incidence of female
predominant autoimmune disorders [46].

The system biology approaches together
pointed to novel aspects of KS phenotypes
including perturbed JAK-STAT pathway, dysre-
gulated genes important for disturbed immune
system (IL4), energy balance (POMC and LEP)
and erythropoietin signaling in KS. Sex chro-
matin is detected in 80% of the patients with
KS. Modified laboratory parameters: decreased
testosterone in the blood and urinary excretion
of 17-ketosteroids; an increase in the amount
of estrogen in the plasma, as well as their

excretion with urine; high levels of gonado-
tropins in plasma, especially follitropin, are
observed. Biopsy of testicles should be used
dueto theinaccuracy of laboratory parameters
(hyalinosis of the walls of seminal tubules,
aplasia of the generative epithelium, aspermia).
Usually KS males present a normal growth
hormone - insulin-like growth factor IGF-I axis
and increased luteinizing hormone and follicle-
stimulating hormone levels due to their andro-
gen deficiency [17]. However, early diagnosis
of sex chromosome syndromes may provide
better development and quality of life for pa-
tients with these disorders. Samango-Sprouse
et al. [47] observed significant advantages in
the cognition, language, intellectual, and psy-
chomotor functions of the patients with KS
treated with hormone therapy at 3-6 years of
age compare to a group of untreated patients.

The double aneuploidy 48,XXY,+21 was first
described in 1959, and the incidence is reported
to be 0.4 to 0.9 per 10,000 male births [9, 47,
48]. Most commonly, double aneuploidy occurs
when two meiotic nondisjunction events hap-
pen from the same or different parental origins.
The coincidence rate of DS and KS in the same
patient is 0.098 % in newborns, and it has been
found to dependent on parental age. Advanced
maternal age is one of the main risk factors for
double aneuploidy, as it is for single chromo-
somal aneuploidies caused by parental non-
disjunction during gametogenesis [49-51]. The
nonrandom aspect of double aneuploidy provi-
des evidence that a hereditary predisposition
to nondisjunction exists, with one chromosomal
imbalance increasing the risk of another to
occur [52]. The phenotype of 48, XXY,+21 double
aneuploidy is characterized by classical DS
features in children, who then develop addi-
tional KS symptoms from the age of puberty [9,
52]. Since the sexual development primarily
depends on the presence of the Y chromosome,
the 48,XXY,+21 individuals have male phenotype.
KS is a form of primary testicular failure with
testicular hypotrophy and elevated gonado-
tropin plasma levels, and it is the most common
form of male hypogonadism [53]. In addition,
the spectrum of different mental problems
could be wider, and their risk could be higher
in this group of patients. In cases of combined
DS and KS the incidence of congenital heart
disease could be higher compare to the isolated
forms of these aneuploidies. Sevcan Tug
Bozdogan and Atil Bisgin reported of Down-
Klinefelter syndrome with accompanying both
heart defects and hypothyroidism [49].
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The combination of DS and TS is very rare
(1in 2,000,000) [15, 54]. Evren Gumus observed
a two-year old girl with karyotype from the
peripheral lymphocytes using G-bandings
“mos45,X[41]/47,XX,+21[59]". She had stigma-
ta's such as up slant palpebral fissures, brachy-
cephaly and epicanthus, renal hypoplasia and
hepatomegaly. In this case, at early ages, the
clinical picture is completely compatible with
the autosomal chromosome aneuploidy, but
the phenotypic effects of TS will become domi-
nant in post pubertal period [15].

Therefore, Down-Klinefelter and Down-Tur-
ner syndromes are rare chromosomal abnor-
malities. A patient present with physical charac-
teristics of DS at birth but KS or TS features
during puberty. Itis important to counsel fami-
liesaboutrecurrence risk for future pregnancies.
A clinical geneticist evaluation is also recom-
mended.

Conclusions

Cytogenetic variants of Down syndrome are
simple complete trisomy 21, translocation form
and mosaicism. Trisomy 21 is associated with

advanced maternal age. Phenotypic mani-
festations of Down syndrome are associated
with the locus 27g22. The maternal and parental
nondisjunction of X-chromosomes in meiosis
causes Klinefelter and Turner syndromes. These
chromosomal diseases are variants of inter-
sexualism with intermediate chromosomal sex.
Down-Klinefelter and Down-Turner syndromes
are double aneuploidies. Patients at birth have
a Down syndrome phenotype, and signs of
Klinefelter and Turner syndromes appear du-
ring puberty. Diagnosis of aneuploidy is based
on the cytogenetic investigation (karyotyping),
DNA analysis, ultrasonography and biochemical
markers of chromosomal pathology.
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XPOMOCOMHI 3AXBOPIOBAHHS B ITATOJIOT'TL JIFOAWUHH (orisi jliTepaTypH)

*T.B. biryHsk, H0.I. BoHaapeHko, 0.0. KynsHaa,
C.M. YapHouwu, A.C. CepcTioK, K.O.BiryHsaK

TEPHOIMI/IbChbKUI HAUIOHAIbHNV MEANYHNIA YHIBEPCUTET IMEHI LS. TOPEAYEBCHKOIO,

TEPHOIL/Ib, YKPAIHA

BcTyn. XpoMOCOMHI 30X80pHOBAHHS € NPUYUHOH 45-50 % MHOMCUHHUX 8p00#eHUX 800. OCHOBHI 00C/iOHEeHHS
Mymayili - Yye 8UKOPUCMAHHA 2eHOMHUX MexXHO/102ili 07151 8UAB/EHHS Cnig8IOHOWEHHS 2eHOMuny ma ¢eHomuny

npu aHeynao0idisx ma po3yMiHHA iX namozeHesy.

MeTa. Memor 30cnidxieHHs € sug4YeHHs emionozii, namozeHe3y cuMnmomie ma Mmemodie diazHoOCMuKU
nayieHmie i3 cuHopomamu JayHa, KnaliHpeabsmepa, TepHepa ma nodsiliHumu aHeynaoidismu 21 ma cmamesux

XpOMOCoM.

MeToaw. bye nposedeHuli nowyk 3a K1H0Y0BUMU C108aMU "cCUHOpoMm JayHa",

"non

"cuHopom TepHepa",

"on

cuHOpom KnaliHpensmepa”,

nodeiliHa aHeyna0idia" nybaikayili 3a nepiod 2000-2020 pockie.

PesynbtaTtun. CuHdpomu fayHa, KnaliHpensmepa ma TepHepa € HalinowupeHiwumMu aHeynaoidismu ceped

3pocmac 3 8ikoMm *ciHKU. I0eHMuU@ikosaHi 2eHu, AKi 8i0N0.idarMb 30 namozaeHe3 CUMNMOMiI8 NPU CUHOPOMAX
mpucowmii 21, TepHepa ma KnaliHpenbmepa. [ia2zHOCMUKO XPOMOCOMHUX 30X80PIOBAHb 8K/AOYAE NPOPAMU
npeHamansLHo20 CKPUHIH2Y Ma NOCMHAMaasHe mecmy8aHHS.

BUCHOBKMW. L{umozeHemuyYHi eapiaHmu cuHopomy ayHa - ye npocma nogHa mpucomis 21, mpaHcaokayiliHa
ma mo3aiyHa ¢popmu. Tpucomia 21 acoyiroemecs i3 36inbuieHHM 8iky Mamepi. eHomunoei nposisu CUHOPOMY
JayHa noe's3aHi 3 nokycom 21q22. MamepuHcske ma 6amekiecbke HepO3X00XeHHS X-XpoMOocoM npu Melio3i
cnpuyvuHsie cuHopomu KnaliHpensmepa ma TepHepa. Lli XxpOMOCOMHI 30X80pIOBAHHSA € 8apiaHMamMu iHmep-
CeKkcyaniamy 3 NPOMIXCHOK XpOMOCcoMHoo cmammio. CuHopomu JayHa-KnaliHpenemepa ma fayHa-TepHepa €
nodeiliHumu aHeynaoidiamu. layieHmu npu HapoOxeHHi Maromes geHomun cuHopomy JayHa, a 03HaKU
cuHOpomie KnaliHpenbmepa ma TepHepa 3'A847810MbCs ¥y nepiod cmamego2o 003pieaHHsA. JiazHocmuka
aHeynn0idili 2pyHmMyemsCa Ha yumozeHemu4yHoMy 00CAiIOHCeHHI (kapiomunyeaHHi), aHanizi AHK, yaempa-
COHO2padii ma 6ioxiMiYHUX MAPKepax XpOMOCOMHOI namoozii.

K/TFOYOBI C/10BA: cnHapom flayHa; cuHapom KnaviHgenbTepa; cuHAapom TepHepa; noaBiiHa
aHeynnoigis.
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IHdopmaluis npo aBTOpiB
BiryHsak TeTaHa BonognMupiBHa - KaHANAAT MeANYHUX HayK, AOLEHT Kadeapu naTonoriyHoi isionorii
TepHOMiNbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcmTeTy iMeHi LA. TopbaueBcbkoro MO3 YkpaiHu
BoHpapeHKo HOpivi IBaHOBUY - JOKTOP MeANYHMX HayK, Npodecop kadeapu natonorivuHoi disionorii
TepHOMIiNBbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LA. TopbaueBcbkoro MO3 YkpaiHu
KynaHpaa OneHa OneriBHa - KaHAMAAT MeANYHUX Hayk, JOLEeHT kabeapu naTonoriyHoi disionorii
TepHOMIiNbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LA. TopbaueBcbkoro MO3 YkpaiHu
YapHow Co¢ia MmnxalniBHa - kaHAMAAT MeANYHUX HayK, AoueHT kadeapwn natonorivHoi disionorii
TepHOMIiNbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LA. TopbaueBcbkoro MO3 YkpaiHu
CeepcTioK AHAPI CTenaHOBUY - KaHANAAT TEXHIUHWX HayK, AOLEeHT kadeapy MeanYHOI iHGopMaTLKLA
TepHOMiNbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LA. TopbaueBcbkoro MO3 YkpaiHu
biryHak KaTepuHa OneriBHa - cTygeHTKa 6 Kypcy megnyHoro ¢akynbteTy TepHOMNiNbCbLKOrO
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HauioHaNbHOro MeAnYHOro yHiBepcuteTy imeHi 1.5. TopbaueBcbkoro MO3 YkpaiHu
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STAPHYLOCOCCUS WARNERI CLINICAL ISOLATE SUSCEPTIBILITY
TO ANTIBIOTICS AND ITS MODIFICATION BY EMOXYPINE

*N.A. Bobrova, G.A. Loban, E.M. Vazhnichaya, M.O. Faustova, M.M. Ananieva
UKRAINIAN MEDICAL STOMATOLOGICAL ACADEMY, POLTAVA, UKRAINE

Background. S. warneri is a common commensal organism, but it can cause serious infections. One of the
ways to increase a susceptibility of this microorganism to antibiotics is their combining with adjuvant remedies.

Objectives. The aim of the research is to study the susceptibility of S. warneri clinical isolate to antibiotics
and its modification by emoxypine - 2-ethyl-6-methyl-3-hydroxypyridine hydrochloride.

Methods. Samples of purulent wound exudation were obtained from a patient with infective complications
after a bone fracture and osteosynthesis by metal plates. Susceptibility of S. warneri clinical isolate to antibiotics
and their combinations with emoxypine (1000 ug/disk) was studied by a standard disc diffusion technique. In the
case of microbial resistance, the susceptibility of the investigated isolate to such antibiotic was determined by a
serial broth dilutions method without or with emoxypine and evaluated according to the minimum inhibitory
concentration (MIC).

Results. By the disk diffusion method, S. warneri isolate was susceptible to all tested antibiotics, except
chloramphenicol. The growth inhibition zones also were formed around disks containing emoxypine, but the
susceptibility of S. warneri to this agent was low. Applying of emoxypine on the disks with antibiotics resulted in
the increase of S. warneri growth inhibition in all cases, except using the amikacin, gentamicin, and fusidic acid.
The most significant changes were evidenced for a composition chloramphenicol / emoxypine. Using
chloramphenicol alone in the liquid medium, the MIC was over a cut-off point. Adding of emoxypine (209 pg/mi)

decreased the MIC of the antibiotic and restored the susceptibility S. warneri to chloramphenicol.
Conclusions. The susceptibility of S. warneri clinical isolate to antibiotics can be increased by combining

with emoxypine, which among other overcomes the resistance of the studied microorganism to chloramphenicol.
KEY WORDS: S. warneri, susceptibility, antibiotics, 2-ethyl-6-methyl-3-hydroxypyridine (emoxypine).

Introduction

Coagulase-negative staphylococci (CoNS)
were taken as insignificant contaminant earlier,
but now they are regarded as a cause of many
multidrug resistant infections. The significant
change in the patients profile, that is an in-
creased number of premature newborns,
elderly patients, chronically ill patients, and
immunocompromised patients along with
greater use of indwelling or implanted foreign
bodies has made CoNS a predominant noso-
comial pathogen [1]. S. warneri is a catalase-
positive, oxidase-negative, and CoNS, and is a
common commensal organism found as part
of the skin flora in humans and animals [2]. This
pathogen can cause abortion in domestic
animals and humans [3]. In humans, it causes
discitis, urinary tract infections, and meningitis
[4, 5, 6]. Orthopedic infections due to S. warneri
also have been reported [7, 8]. Over the last two
decades, similarly to other CoNS species, S. war-
*Corresponding author: Nellya O. Bobrova, Ukrainian Medical
Stomatological Academy, 23 Shevchenko Street., Poltava

36011, Ukraine.
E-mail: nelbobrova52@gmail.com.

neri has been reported as a new emerging
pathogen, capable of causing serious infections
usually in association with the presence of
implant materials [9, 10]. Very often S. warneri
strains isolated from clinical material are re-
sistant to one-two antibiotics or even all tested
antimicrobials (to 18% of clinical isolates) [11].

One of the ways to increase a susceptibility
of the microorganism to antibiotics is their use
in a combination with adjuvant remedies. Syn-
thetic antioxidant 2-ethyl-6-methyl-3-hydro-
xypyridine hydrochloride (emoxypine) is used
in clinic, has its own antimicrobial activity and
is able to enhance microbial susceptibility to
antibiotics in the experiments with etalon
strains of microorganisms [12, 13, 14]. For im-
plementation of these experimental data into
the anti-infective therapy, it is interesting to
evaluate the influence of 2-ethyl-6-methyl-3-
hydroxypyridine hydrochloride on the clinical
isolate of S. warneri as a representative of CONS.

The aim of the research is to study the sus-
ceptibility of S. warneri clinical isolate to anti-
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biotics and its modification by 2-ethyl-6-methyl-
3-hydroxypyridine hydrochloride (emoxypine).

Methods

Some samples of purulent wound exudation
were obtained from a 57-year old female
patient with infective complications developed
on the 7" day after the bone fracture and osteo-
synthesis by metal plates without subsequent
antibiotic therapy. Itwas used for microbiological
assessments and diagnosis. The patient has
given an informed consent for sampling of
wound exudation and the use of these samples
for investigation. After collection, the sample
was transferred to a microbiological laboratory
in less than 1 hour. Bacteriological culture was
collected in sterile ball vials. Gram staining was
made on the first day. Cultivation was carried
out in thioglycolic medium manufactured by
the Mechnikov Ilya Institute of Vaccines and
Serums. 1.5% of agar “Dyfko”, 5% of blood and
0.5-1% of yeast hydrolysate was added to
promote growth of microorganisms, followed
by isolation of pure cultures of facultative
anaerobic bacteria in presence of 5-10% CO,.
The medium was observed daily for microbial
growth. Final identification was performed by
the automatic bacteriological analyzer Vitek 2
Staphylococcus cards (Biomérieux®, France).
The research was performed in the Medical
Laboratory BRight-Bio (License AB No. 526132,
dated February 4, 2010) and partly in the Re-
search Laboratory of the Department of Micro-
biology, Virology and Immunology of Ukrainian
Medical Stomatologcal Academy. The expe-
riments were approved by the Commission on
Bioethics of Ukrainian Medical Stomatologcal
Academy.

Susceptibility of the tested isolate to anti-
biotics was determined using disk diffusion
method [15]. The following disks with antibiotics
were used: penicillin G (10 pg), oxacillin (30 ug),
ampicillin (30 pg), cefoxitin (30 pg), norfloxacin
(10 pg) erythromycin (15 pg), tetracycline
(30 pg), amikacin (30 pg), gentamicin (10 pg),
co-trimoxazole (1.25/23.75 pg), chloramphenicol
(30 pg), and fusidic acid (10 pg). All the antibiotic
disks were procured by HiMedia Laboratories
Pvt Ltd., India. Substance of 2-ethyl-6-methyl-
3-hydroxypyridine hydrochloride (emoxypine)
was produced by the PLC Lubnyfarm (Ukraine).
It was dissolved in water for injections and
applied on clean sterile paper disks (HiMedia
Laboratories Pvt Ltd., India) or disks with anti-
biotics to the amount of 1000 pg/disk. These
disks were introduced into the disk by diffusion

method in the same way as the standard disks
with antibiotics. In 18 hours of incubation at
37 °C the Petri plates were examined, and the
diameters of inhibition zones were assessed.
The results were classified as susceptible or
resistant according to the approved guidelines
[16]

In the case of microbial resistance, the sus-
ceptibility of the investigated clinical isolate to
such antibiotic also was determined in a liquid
medium without and with emoxypine as ad-
juvant. Standard macromethod of serial broth
dilutions was used [15]. Substance of such
antibiotic (chloramphenicol) was produced by
the Biopharma Company (Ukraine). Mother
solutions contained 312 pg/ml of the antibiotic
(0,031% solution), 10000 pg/ml of emoxypine
(1% solution), or 312 ug of the antibiotic and
10000 ug of the potential adjuvant per 1 ml.
Twofold serial dilutions of the antibiotic, ad-
juvant and their combination were prepared
and dispensed into the laboratory tubes. A
growth control tube and a sterility (uninoculated)
tube also were prepared. The inoculum was
prepared using the direct colony suspension
method. An 18-hour old culture of S. warneri
was grown on blood agar. For inoculation
microbial suspension equivalent to 1.0 by
McFarland Equivalence Standards, diluted
1/100 in saline, was used, and then the con-
centration of microorganisms in this suspension
was 3 x 10 CFU/cm3. Laboratory tubes with
macrodilutions were incubated for 24 hours at
37 °C. The amount of growth in the tubes con-
taining the antimicrobial agent was compared
with the amount of growth in the growth cont-
rol tubes. The results were registered visually.
The susceptibility of the tested microorganism
was evaluated according to the minimum in-
hibitory concentration (MIC).

Every determination was repeated five
times and digital data was processed by the
computer programs Statistica for Windows 6.0.
The average mean (M) and its standard error
(m, SE) were calculated. The lines of variants
were checked for normal values. Since in all the
cases there was a normal distribution of data,
the difference between the groups was eva-
luated by the Student’s t-test.

Results

Gram positive cocci were found in the
samples of purulent exudation at the first stage
of bacteriological investigation. They were
identified as S. warneri by automatic micro-
biological analysis.
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Routine disk diffusion method has demons-
trated that this clinical isolate is susceptible to
majority of antibiotics (Table 1). Zones of
growth inhibition around the disks with all
antimicrobials, except chloramphenicol, ranged
between 24-32 mm that was characteristic to
the susceptible strain of CONS [16]. At the same
time, a diameter of growth inhibition zone
around a disk with chloramphenicol was less
than 18 mm, a cut-off value of susceptibility that
testified the resistance to this antibiotic. The
growth inhibition zones also were formed
around disks containing emoxypine, but their
diameters confirmed low susceptibility of S.
warneri culture to this synthetic antioxidant. For
all antibiotics, except chloramphenicol, zones
of growth inhibition were more than the same
for emoxypine with a credibility from t=11.18
p<0.001 to t=6.47 p<0.005. Diameter of the test
culture growth inhibition around disks with
chloramphenicol did not differ from this
parameter around disks with emoxypine.

Applying of emoxypine on the standard
disks with antibiotics resulted in the increase
of growth inhibition zones of S. warneri test
culture as compared to appropriate antibiotic
in all cases, except the use of amikacin, gen-
tamicin, and fusidic acid (Table 1). Diameter of
the growth inhibition zone for a combination
of emoxypine with benzylpenicillin was greater
by 9.2 mm (t=4.03, p<0.02), oxacillin - by 9.6 mm

(t=7.0, p<0.005), ampicillin - by 6.8 mm (t=2.92,
p<0.05), cefoxitin - by 7.0 mm (t=4.43, p<0.02),
norfloxacin - by 5.2 mm (t=2.83, p<0.05),
erythromycin - by 4.5 mm (t=2.95, p<0.05),
tetracycline - by 6.8 mm (t=3.03, p<0.05), co-
trimoxazole - by 4.2 mm (t=3.88, p<0.02),
chloramphenicol - by 15.4 mm (t=11.32,
p<0.001), rifampicin - by 5.5 mm (t=2.78, p<0.05)
compare to antibiotic itself. The most significant
changes of growth inhibition were observed for
a composition of chloramphenicol/emoxypine.
Distinguishes between the growth inhibition of
the S. warneri isolate caused by a combination
of amikacin, gentamicin, and fusidic acid with
an adjuvant were not significant as compared
to the control administered with the standard
antibiotic. At the same time, all zones of growth
inhibition by combinations of antibiotics with
emoxypine were more than the same of the
adjuvant drug alone (a credibility from t=22.03,
p<0.001, to t=8.10, p<0.002).

Chloramphenicol was only one antibiotic
from the tested antimicrobials for which
S. warneri isolate was resistant in cases of the
disk diffusion method and for which effect of
emoxypine was the most as compared to other
compositions. Thatiswhyitalsowasinvestigated
by a serial broth dilutions method. Results of
MIC determination are represented in Fig.1.

MIC was over the cut-off point for CoNS
susceptibility, when chloramphenicol was used

Table 1. Zones of growth inhibition of S. warneri test culture under the influence of antibiotics and
their combinations with emoxypine, Mtm (n=5)

Diameter of growth inhibition zone, mm
Antimicrobial agent Antibiotic or adjuvant Combination of antibiotic
(emoxypine) and adjuvant (emoxypine)

Emoxypine (1000 ug) 10.6 £1.1 -

Benzylpenicillin (10 pg) 27.442.0% 36.6+1.1%*

Oxacillin (30 pg) 28.8+1.2* 38.2+0.6**

Ampicillin (30 pg) 26.6+2.0* 33.4+41.2%*

Cefoxitine (30 pg) 26.8+1.5* 33.840.5%#

Norfloxacine (10 pg) 20.8+1.6* 26.0+£0.9* *

Erythromycin (15 pg) 23.5£1.3% 28.0£0.8% # 0
Tetracycline (30 pg) 23.2+1.2* 30.0+£1.9%# %
Amikacin (30 pg) 25.0+1.8* 28.0+1.6* B
Gentamicin (10 pg) 25.4+1.0% 27.241.3% v
Co-trimoxazole (1.25/23.75 ug) 19.8+0.9* 24.0+0.6%* # I
Chloramphenicol (30ug) 7.8+0.8* 23.2+1.1%# 5
Fusidic acid (10 pg) 25.2+1.0* 29.0+1.2* A
Rifampicin (5 pg) 28.0+1.4* 33.441.9%# E
Notes: * - p<0.05 compare to growth inhibition zone for emoxypine; *- p<0.05 compare growth inhibition zone for this anti- 9
biotic without emoxypine. M
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Fig. 1. Minimum inhibitory concentration of chloramphenicol (A) and emoxypine (B) alone and in a combi-

nation against S. warneri clinical isolate.

Note. * - p<0.05 as compared with antimicrobial or adjuvant themselves.

alone [16] (Fig. 1A). With adding of emoxypine
MIC of the antibiotic decreased from average
52 pg/ml to 6.5 pg/ml (t=3.47, p<0.05) and the
susceptibility of S. warneri clinical strain to
chloramphenicol restored. At the same time,
MIC of emoxypine alone was 416 pg/ml
(average); it proved low susceptibility of the
studied isolate to this agent (Fig. 1B). A
concentration of emoxypine complied with MIC
of a composition chloramphenicol/emoxypine
was 209 pg/ml, that was 2 times less as
compared to MIC of emoxypine (t=3.0, p<0.05).

Discussion

The investigated S. warneri clinical isolate
was susceptible to the antibiotics of the peni-
cillins, cephalosporins, fluoroquinolones,
aminoglycosides, macrolides, tetracyclines,
rifampicin groups and steroids, which are re-
commended for screening of CoNS susceptibility
to antimicrobial agents [16]. A high susceptibility
of this isolate could be explained by the short
history of the hospital treatment and the
absence of previous antibiotic therapy in a
patient. At the same time, the clinical isolate
was resistant to chloramphenicol that was
evidenced by a small growth inhibition in cases
of disk diffusion method and high MICin a serial
broth dilutions method as compared to cut-off
values susceptibility / resistance for CoNS [16].
This can be explained by the nature of chlor-
amphenicol. As it is an ancient microbial meta-
bolite, genetic elements conferring resistance
against this drug are retained by and are frequ-
ently dispersed in microbial communities [17].

Response of the tested microorganism to
emoxypine as a potential adjuvant of anti-
microbials was similar to the results of our
previous investigations [14, 18]. It was also
consistent with other experimental results
concerning etalon strains of gram negative rods
[12, 13], as well as the retrospective computer
prognosis of the biological activity for ethyl-
mettylhydroxypyridine structure that showed
a possible antimicrobial activity [19]. Emo-
xypine’s MIC in S. warneri test culture was less
than this parameter of other CoNS (an etalon
strain S. epidermidis ATCC 14990) [14]. There are
no reference for susceptibility or resistance of
bacteria to emoxypine, so we cannot conclude
is clinical isolate susceptible to this agent or
not, but it is possible to think that S. warneri
isolates susceptibility to emoxypine is low and
the use of this preparation as an adjuvant of
antimicrobial therapy will be more perspective.
The mechanism of emoxypine antibacterial
action is still unclear and the most likely it is
due to modification of the bacterial cell memb-
rane typical to antioxidants. Other mechanisms,
e.g. protein synthesis inhibition, may also play
a part in the antimicrobial action of this
3-hydroxypyridne derivative [19].

Combining of antibiotics with emoxypine
led to anincrease of growth inhibition zones of
S. warneri test culture that proved enhance of
the clinical isolate susceptibility to these agents.
The effect observed was similar to the changes
of susceptibility of the etalon strains of S. aureus
and E coli under the influence of combinations
of antibiotics of different classes and relative

g
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preparation: 2-ethyl-6-methyl-3-hydroxipy-
rydine succinate (mexidol) [14].

In the case of the resistance of S. warneri
isolate to chloramphenicol, adding of emoxypine
restored the susceptibility of the tested micro-
organism that was registered both in the disk
diffusion and serial broth dilutions methods. It
is established that resistance to chloramphenicol
is mainly present due to the production of a
specific inactivating chloramphenicol acetyl-
transferase, reduced drug uptake or increased
drug efflux [17, 20]. That is why it is reasonably
that emoxypine effect is caused by its influence
on all or some of the mentioned mechanisms,
especially on the membrane permeability and
efflux pumps because membrane modification
is a fundamental property of 2-ethyl-6-methyl-
3-hydroxypyridine structure [19].

Overcoming resistance of the clinical isolate
S.warneri to chloramphenicol occurred with
significant MIC of emoxypine in the medium,
which is much higher than the maximum con-
centration of this substance or its salt with
succinic acid in the blood plasma after the
intravenous administration [21]. Therefore,
despite the fact that the description of this
phenomenon opens up new possibilities in
controlling the susceptibility of CoONS, a matter
of the ratio of the concentration of emoxypine
in the in vitro experiments with a dose of this
potential antimicrobial adjuvant in clinic is still
unclear. The prospects of the research presented
should cover the research of dose/concentration
range of emoxypine adjuvant activity.

Conclusions

S. warneriisolate, susceptible to penicillin G,
oxacillin, ampicillin, cefoxitin, norfloxacin, eryth-
romycin, tetracycline, amikacin, gentamicin,
cotrimoxazole, and fusidic acid, but resistant to
chloramphenicol, was isolated from the clinical
material. The susceptibility of this clinical isolate
to all antibiotics listed, except amikacin, gen-
tamicin, and fusidic acid, can be increased sig-
nificantly when combined with 2-ethyl-6-me-
thyl-3-hydroxypyridine hydrochloride (emoxy-
pine), which, among other things, restores the
susceptibility of the studied microorganism to
conventional rates at its concentration of
209 pg/ml.
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YVTIHUBICTD KIIHIYHOT'O IITAMY STAPHYLOCOCCUS WARNERI /10
AHTUBIOTHKIB TA II MOAUPIKALNIIA EMOKCHIIIHOM

H. O. bo6poBa, r, A. NNo6aHb, 0. M. BaxxHunua, M. O. ®ayctosa, M.M. AHaHbgBa
YKPAIHCbKA MEANYHA CTOMATOJ/IOTNTYHA AKALEMIA, [MOJITABA YKPAIHA

Betyn. S. warneri - 38u4aliHuli KOMeHcaAbHUL 0p2aHi3M, as1e 8iH Moxe cnpuduHUMU ceplio3Hi iHpekyii.
OO0HUM i3 cnocobie nidsuWeHHA Yymau8oCcmi yb020 MiKpOOp2aHi3My A0 aHmubiomukie € ix NOEOHAHHA 3

00't08aHMHUMU 3aC06aMU.

MeTa. Memoro pobomu € 8uB4YeHHS YymAU8OCMi KAIHIYHO20 i30aamy S. warneri 0o aHmubiomukie ma ii
mModugikayii emunamemunziopokcunipuduHy 2i0poxa0pudoM (eMOKCUNIHOM).
MeToawm. 3pasku 2HiliHo20 paHegoz2o excyoamy byu 00epxCaHi 8i0 X80poi 3 3 iHpekYiliHUMU yCKAOOHEHHAMU

nicas nepesomMy Kicmku i onepayii ocmeocuHme3sy Memasiesumu naacmuHamu. Yymausicme KaiHi4HO20 i301amy
S. warneri 0o aHmubiomukie ma ix kombiHayili 3 emokcuniHom (1000 mk2/0uck) sug4anu Ouck-ouPy3itiHum
Memodom. Y pa3i peaucmeHmHoOCmi Mikpoop2aHi3My yymaugicme A0CAiONy8aHO20 Wmamy 00 Makozo
aHmMubiomuka 8U3HaA4aAU MemodoM cepiliHux po3eedeHb 6e3 a60 3 eMOKCUNIHOM ma OyiHK8aAU 8i0N08idHO
00 MiHiManbHOI npuzHidytouoi koHyeHmpayii (MIIK).

PesynbtaTn. Y duck-dugysiliHomy memodi i3onam S. warneri 6y yymausum 00 8Cix 8unpobysaHuXx
aHmMubiomukis, KpimMm X10pamM@eHikoay. 30HU NPU2HIYeHHS POCMy MAKOXC ymeOopr8asUCs HABK0/0 OUCKI8, WO
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Micmame eMOKCUNiH, asne Yyymauesicme S. warneri 00 Yb020 3acoby 6y/n1a HU3bKOK. HaHeCeHHs eMOKCUNiHy Ha
OUCKU 3 aHMUbiomuKamu npu3eeso Ao NOCUNEeHHS NPU2HIYEeHHS pocmy S. warneriy 8cix 8UNAOKAX, 30 BUHSAMKOM
30CMOCY8AHHSA AMIKAYUHY, 2eHmMamiyuHy ma ¢y3udosoi kucnomu. Halibinbw supaxceHi 3mMiHU cnocmepizanucs
04151 KOMOBIHAYiT X10pam@eHikon / eMokcuniH. [pu 8UKOPUCMAHHI CaMO20 XA10pampeHikon y piokomy cepedosuLyi,
MIIK 6yna suwje moyku giociyeHHs. [Jo0asaHHs emokcuniHy (209 mka2/mMn) 3ameHwua0 MITK aHmubiomuka ma
8i0HOBUM0 Yymausicme S. warneri 00 xao0pampeHikony.

BUCHOBKW. Yymausicmeo kniHiYHO20 i3015my S.warneri 00 aHMUBGioMUKi8 MOXHQ 36i16WUMU, NOEOHYHU
ix 3 emokcuniHom, akud, Kpim iHW020, 30amHuli N0doAaMU pe3ucmeHmHicme 00C1i0H/8AHO20 MIKPOOP2AHI3MY

BIOMEDICAL SCIENCES

0o xnopampeHikony.

K/TKOYOBI C/IOBA: S. warneri; YyTNnNBiCTb; aHTN6IOTUKMW; 2-eTUN-6-MeTUN-3-TigpoKcnnipnauH

(emoKcmniH).
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MORPHOMETRIC EVALUATION OF SPERMATOGENIC EPITHELIOCYTES
STRUCTURE UNDER THE RUBOMYCIN INFLUENCE IN RATS

M.S. Hnatiuk, *S.0. Konovalenko, L.V. Tatarchuk, O.B. Yasinovsky
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Over the last 20 years, the quality of men’s sperm around the world has deteriorated twice.
The causes are poor environment, stress, sedentary lifestyle, prevalence of sexually transmitted infections, obesity,
alcohol abuse and various stimulants. The structure and function of the testes, when exposed to various drugs
and chemicals, attracts the attention of present researchers.

Objectives. The aim of the research was to study the structural changes of the spermatogenic epithelium
in testicular damage caused by rubomycin hydrochloride.

Methods. The spermatogenic epithelium of the testes of 30 white adult white male rats, which were divided
into 2 groups, was morphometrically examined. The 15t group comprised 15 experimental intact animals, the 2™
- 15 rats, in which testicular damage with rubomycin hydrochloride was simulated. Euthanasia of rats was
performed by bloodletting under thiopental anesthesia one month after the experiment beginning. Quantitative
morphological parameters were statistically processed. In spermatocytes of the 1t P-order, spermatogonia and
spermatids of testes, their height, diameter of nuclei, nuclear-cytoplasmic ratio and relative volumes of damaged
cells of spermatogenic epithelium were evaluated.

Results. It was established that spermatogenic epithelial cells were damaged in the simulated experimental
conditions, which was morphometrically confirmed by changes in nuclear-cytoplasmic relations in the 1, 2
order spermatocytes, spermatogonia and spermatids. The relative volumes of damaged spermatogenic epithelial
cells also increased significantly. The most significant morphometric parameters were altered in spermatids.
Thus, the nuclear-cytoplasmic ratio in the studied cells was statistically significantly (p <0.001) increased by 7.4%
compared with the similar control morphometric parameter. The relative volume of damaged spermatids in these
experimental conditions reached (32.50+0.18) %, which with a high statistically significant difference (p<0.001)
exceeded the same control value in almost 15.8 times. Optically, histological preparations of the testes showed
severe vascular disorders, characterized by dilation and plethora mostly of venous vessels, which pointed to
violation of venous drainage of the studied organs.

Conclusions. According to the attained research results it has been established that nuclear-cytoplasmic
relations are an objective and valuable informative indicator of a functional condition of cells and their structural
changes in pathological conditions. When rubomycin hydrochloride is exposed to experimental animals, the most
significant changes in nuclear-cytoplasmic relations are found in spermatic spermatozoa.

KEY WORDS: rubomycin hydrochloride, testes, spermatogenic epithelium, white rats,
morphometry.
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Introduction

It is established that in the structure of
infertile marriages, the male factor is 20% [2, 4,
8, 12, 17]. The reason for this is a decrease in
spermatogenic and hormonal function of the
testes. Often the reason for this is the effect of
various toxic factors on the body [2, 13, 14, 19].
Inrecentyears, many researchers are interested
in changes in the structure and function of the
testes in different physiological and pathological
conditions [10, 11, 15, 19].

Rubomycin is an antitumor antibiotic of the
anthracycline series with a significant cytostatic
*Corresponding author: S.0. Konovalenko, MD, Ph.D., Associate
Professor, Department of Operative Surgery and Clinical
Anatomy, 1. Horbachevsky Ternopil National Medical Univer-
sity, Ternopil, Ukraine; e-mail: konovalenko @tdmu.edu.ua

effect, which when administered to men can
lead to azoospermia (absence of sperm in the
ejaculate) [5]. The effect of rubomycin on the
structure of the spermatogenic epithelium has
been studied insufficiently.

The aim of our study was to investigate the
features of structural changes in the sperma-
togenic epithelium in cases of testicular da-
mage by rubomycin hydrochloride.

Methods

The testicular structures of 30 laboratory
adult white male rats, which were divided into
2 groups, were studied by morphometric me-
thods. The 1stgroup comprised 15 expermental
intact animals, the 2" - 15 rats with simulated
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testicular damage by rubomycin hydrochloride
[18]. One month after the beginning of the
experiment, euthanasia of experimental ani-
mals was performed by bloodletting under
conditions of thiopental-sodium anesthesia.
Pieces were cut from the testes, which were
fixed in 10 % neutral formalin solution, passed
through ethyl alcohols of increasing concent-
ration and placed in paraffin. Microtome sec-
tions 5-6 mcr thick after dewaxing were stained
with hematoxylin-eosin, according to van Gizon,
Mallory, Weigert, toluidine blue [7]. Histological
micropreparations determined the height of
spermatogenic cells, the diameter of their
nuclei, nuclear-cytoplasmic ratios, the relative
volume of damaged epitheliocytes (VODE) [1,
6, 16]. Morphometry of these structures was
performed using a light microscope “Olimpus
BX-2" with a digital video camera and application
package “Video Test 5.0” and “Video size 5.0".
Quantitative values were processed statistically
by STATISTIKA software package. The diffe-
rences between the comparative values were
determined by the Mann-Whitney and Student'’s
tests [9]. The studies were performed according
to national and international regulations on
carrying out experimental tests (“European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scien-
tific Purposes” (Strasbourg, 1986), “General
Ethical Principles of Animal Experiments”,
adopted by the First National Congress on Bio-
ethics (Kiev, 2001)) [8], as well as the Law of

Ukraine “On Protection of Animals from Cruel-
ty”, dated February 21, 2006.

Results

The attained morphometric parameters are
presented in Table 1. Acomprehensive analysis
of the data showed that most of the studied
morphometric parameters of the spermatogenic
epithelium changed significantly. Thus, the
height of spermatocytes of the 1%t order de-
creased slightly by only 0.65% (p<0.05). The
diameters of the nuclei of these cells with a high
statistically significant difference (p<0.001)
increased from (5.25+0.03) ym to (5.76+0.04)
pm, i.e. by 9.7%. Uneven changes in the spatial
characteristics of the nucleus and cytoplasm of
spermatocytes of the 15t order led to violations
of nuclear-cytoplasmic relations in them. This
morphometricindex increased by 3.2% (p<0.05),
which pointed to violation of the studied ele-
ments of structural cellular homeostasis [1].
The relative volume of damaged first-order
spermatocytes under these experimental con-
ditions with a high statistically significant diffe-
rence (p<0.001) increased almost in 9.7 times.

The morphometric parameters of P-order
spermatocytes changed almost similarly under
the influence of rubomycin hydrochloride. The
height of these cells was almost the same as in
the control, the diameters of the nuclei were
statistically significantly (p<0.05) increased by
2.4%, and the nuclear-cytoplasmic ratio - by
4.9% (p<0.01). The relative volume of damaged

Table 1. Morphometric characteristics of cells of spermatogenic epithelium of testes of the
experimental animals (Mtm)

Morphometric parameter

Cells Height, microns Diameter of the | Nuclear-cytoplas- VODE, %
core, microns mic relations
Control group
Spermatocytes of the first 7.65+0.05 5.25+0.03 0.556+0.003 2.20+0.01
order
Spermatocytes of the 5.88+0.04 3.76+0.03 0.410+0.002 2.26+0.02
second order o
Spermatogonia 6.12+0.04 4.80£0.03 0.615+0.004 2.15+0.02 E)J
Spermatids 4.98+0.03 3.07+0.03 0.389+0.002 2.06+0.02 e
Experimental group =
Spermatocytes of the first 7.60+0.05 5.76+0.04*** 0.57410.004* 21.3040.15*** 8
order =
Spermatocytes of the 5.85+0.04 3.85+0.03* 0.430+0.003** 25.60£0,15*** 5
second order —
Spermatogonia 6.05+0.04 4.7940.03 0.628+0.004* 29.8040.15*%** a
Spermatids 4.92+0.03 3.18+0.02* 0.418+0.002*%** | 32.50£0.18*** %
Notes. * - p<0.05; ** - p<0.01; *** - p<0.001. VODE - volume of damaged epitheliocytes. E
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P-order spermatocytes under these experi-
mental conditions was equal to (25.60+0.15)%.
This morphometric parameter with a high
statistically significant (p<0.001) difference
exceeded the similar quantitative morphological
index in 11.3 times.

The height of spermatogonia of the testes
in the experimental animals affected by the
studied drug medium decreased by only 1.1%
(p<0.05), the diameters of their nuclei did not
change significantly, and nuclear-cytoplasmic
ratios increased by 2.1% (p<0.05). The relative
volume of damaged spermatogonia in these
experimental conditions statistically signifi-
cantly (p<0.001) increased in 13.8 times and
reached (29.80+0.15)%.

Analysis of the obtained data revealed that
under the influence of rubomycin hydrochloride
the height of testicular spermatids decreased
by only 1.2% (p<0.05), the diameters of their
nuclei increased by 3.6% (p<0.05). Nuclear-
cytoplasmicratios in the studied cells statistically
significantly (p<0.001) increased by 7.4% com-
pared with the similar control morphometric
parameter. The relative volume of damaged
spermatids under these experimental condi-
tions reached (32.50+0.18) %. This morphometric
parameter with a high statistically significant
difference (p<0.001) exceeded the similar
control value in almost 15.8 times.

Discussion

Analysis of the above morphometric para-
meters proved that the introduction of rubo-
mycin hydrochloride into the body of experi-
mental animals led to structural rearrangement
and damage to cells of spermatogenic epithe-
lium of the testes. The most pronounced
changes were found in spermatids in com-
parison with other studied cells.

According to present researchers, nuclear-
cytoplasmic relations are a valuable morpho-
metric indicator that adequately reflects the
peculiarities of cell function and metabolism,
degree of disturbances of cellular structural
homeostasis [1, 6, 16]. The nucleus and cyto-
plasm of cells are separated from each other,
but at the same time they are closely inter-
connected and integrated and form a single
structural and functional system. It follows that
the isolated study of quantitative morphological
parameters of only the cytoplasm of the cell or
only its nucleus allows getting a one-sided idea
of these structural components of the cell. The
study of nuclear-cytoplasmic relationships
makes it possible to obtain more adequate,

objective and in-depth information on the
relationship between the nucleus and cytoplasm
of cellsand their changes in various physiological
and pathological conditions. Nuclear-cyto-
plasmic relations can change at hyperfunction
of bodies as well as hypofunction, and also in
cases of their damage. It is established that
nuclear-cytoplasmic ratios depend on cell diffe-
rentiation. The specified morphometric para-
meter decreases in case of maturation of cells
and their differentiation that is caused to some
extent by increase in cytoplasm and its hyper-
plasia of specific functioning organelles. The
relationship between the spatial characteristics
of the nucleus and cytoplasm of the cell can
also change with cell division, growth, diploidy
[6, 16].

In the optical examination of testicular
micro preparations, significant vascular disor-
ders were evidenced, which were characterized
by dilation and plethora of mainly venous
vessels, which pointed to violation of venous
drainage from the studied organs (Fig. 1) [3].

A severe edema of the stroma, foci of
dystrophically, necrobiotically altered sperma-
togenic epitheliocytes, stromal structures, local
cellular infiltrates, sclerotic processes, desqua-
mation and proliferation of vascular endothelial
cells was present (Pic. 2). The latter pointed to
the presence of hypoxia. Foci of vascular endo-
thelial cell edema, permeation of their memb-
rane with plasma proteins were also present.
Foci of fibrinoid swelling and necrosis in some
vessels were evidenced that indicated their
severe damage. Among spermatogenic epithe-
liocytes in the studied conditions of the expe-
riment, spermatids were the most morpholo-
gically altered, in which the degree of disorders

Fig. 1. Stromal edema, partial reduction of layers and
damage of spermatogenic epithelial cells, their des-
guamation, thickening of the membranes of the
tortuous seminal tubules of the testis of a white rat
under the influence of rubomycin hydrochloride.
Hematoxylin-eosin staining. x140.
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Fig. 2. Structural changes in the vessel wall, perivasal
sclerosis, dystrophy, edema, desquamation of sper-
matogenic epitheliocytes in the tortuous seminal
tubules of the testis of experimental animals under

the influence of rubomycin hydrochloride. Hematox-
ylin-eosin staining. x140.

of nuclear-cytoplasmic relations and the rela-
tive volume of damaged cells were the largest.
It points to the fact that the studied mor-
phometric parameter also reflects the severity
and depth of cell damage.

Conclusions

Nuclear-cytoplasmic relations are an objec-
tive and significant informative indicator of
functional state of the cells and their structural
changes in pathological conditions. When rubo-
mycin hydrochloride is exposed to experimental
animals, the most significant changes in nu-
clear-cytoplasmic relations are found in sper-
matic spermatozoa.
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MOP®OMETPHUYHA OITHKA CTPYKTYPHOI ITEPERY/IOBH KJIITUH
CIIEPMATOI'EHHHUX EIIITEJIIONUTIB CIM'SSHHUKIB EKCIIEPUMEHTAJIBHHUX
TBAPHH IIIJA BINDIMBOM PYBOMIIINHY I'TIPOX/IOPUAY

M.C. F'HaTioK, C.O. KoHoBasneHko, J1.B. TaTapuyk, O.B. AiciHoBCbKUiA
TEPHOITLIbCbKNV HAUIOHANIbHUN MEAVNYHUN YHIBEPCUTET IMEHI 1.A.MOPBAYEBCHKOIO,
TEPHOI1/1b, YKPAIHA

Betyn. 3a ocmaHHi 20 pokie AKicme cnepmu 40/108iKig y 8cboMy ceimi nozipwiuaacs y 2 pasu. [IpuduHu:
nozaHa ekos0z2isi, cmpecu, Maaopyxausull cnoci6 Xumms, nowupeHicms cmamegux iHPekyil, oXupiHHS,
3/108XCUBAHHS A/KO20/1eM | Pi3HUMU cmuMyasmopamu. Cmpykmypa ma QyHKyis cim'ssHuKie npu ii Ha op2aHi3m
Pi3HUX MEOUKOMEHMO3HUX CepedHUKI8 ma XiMiYHUX pe408UH NPUBEPMAE y8a2y Cy4aCHUX 00CAIOHUKIB.

MeTa. Bugyumu 0cobueocmi cmpyKmypHUX 3MiH CnepMamo2eHH020 enimeito NPpu yUwKoOXCeHHi CiM’aHUKI8
pybomiyuHomM 2i0poxnopudy.

MeToaun. MopgpomempuyHo docnidxeHo cnepmamozeHHuUl enimenili cim'aHukie 30 6inux cmamegospinux
6inux wypie-camyie, AKi 6ynu 6yau nodineHi Ha 2-i 2pynu. 1-a 2pyna ekaroyana 15 0oCiOHUX IHMAKMHUX MBAPUH,
2-a - 15 wypis, y AKUX MOOeH08ANU YWKOONEHHS CiM'IHUKIg py6oMiyuHoM 2idpoxnopudom. EemaHasito wypis
30ilicH08A/IU KPOBONYCKOHHAM 8 yMOBAX MiONeHMa/108020 HAPKO3y Yepe3 MicAyb 8i0 noyamky docnidy. KinekicHi
MOpP®0/102iYHIi NOKA3HUKU 06p06151U Cmamucmu4Ho. ¥ cnepmamoyumax 1-20. [1-20 nopsAdkis, cnepmMamo2oHisx
ma cnepmMamudax cim'aHuKie suMiproganu ix aucomy, diamemp adep, A0epHO-4umonaa3MamuYHi 8iOHOWEHHS
ma 8i0HOCHI 06'eMU NOWKOOHEHUX KAIMUH CNepMamo2eHHO20 enimenito.

Pe3ynbTaTn. BcmaH08/1€eHO, W0 y 3M00e/1b08AHUX eKCNepUMEHMAAbHUX YMOBAX NOWKOONCY8AAUCH KAIMUHU
cnepMamo2eHHO020 enimenitro, Ujo MopPoMempuYHO NidmMeepo*y8anoCs 3MiHaMU S0ePHO-YUMONAG3MaMUYHUX
gidHOWeHb y cnepmamoyumax 1-20, 2-20 nopAdKie, CnepMamo2oHisix ma cnepmamudax. BupaxceHo 3pocmanu
MAKOXC 8IOHOCHI 06'€EMU NOWKOOXEeHUX 8KA3AHUX KAIMUH CnepMamozeHH020 enimesito. Halibinew supaxceHo
MopdomempuYHi napamempu 8USBUAUCS 3MiHeHUMU y cnepmamudax. Tak, 0epHO-yumonaa3smMamuyHi
8iOHOWeHHS y 00CNIOHYBAHUX KAIMUHAX CMamMucmMu4Ho 00CmosipHo (p<0,001) 36inbwiunucs Ha 7,4 % nopieHAHO
3 GHA/102{YHUM KOHMPOA6HUM MOPGHOMEMPUYHUM napamempom. BidHocHuUl 06'em nowkooxceHUx cnepmamud
Yy 0aHux ymoeax ekcnepumeHmy docsizae (32,50+0,18) %, wjo 3 8UPAHEHO CMAMUCMUYHO O0CMOBIPHO
pizHuyero (p<0,001) nepesuujysas aHaA02i4Hy KOHMPOALHY 8eauyuHy maiixce y 15,8 pasu. C8imaoonmuyHo
HQ 2iCMo/102iYHUX npenapamax CiM'aHUKI8 Cnocmepi2anucs 8UpaxceHi CyOUHHI po3/a1a0u, U0 XapaKkmepu3syeanucs
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PO3WUPEHHAM MA NOBHOKPOB'SM NEPEBUHCHO 8EHO3HUX CYOUH, UjO C8I0YU0 NPO NOPYUIEHHS 8eHO3HO20 OPeHaXy
8i0 00CNiOHCYBAHUX Op2aHiB.

BucHoBKW. Ha ocHosi npogedeHuUx 00C/1idxeHb Ma 0mpUMaHUX pe3ya6Lmamis 8CMaHO8/1EHO, U0 A0epHO-
yumonaaIMamu4Hi 8i0HOWeHHs € 06'€EKMUBHUM MA YiHHUM iHYOPMAMUBHUM NOKA3HUKOM QYHKUiIOHANbHO20
CMaHy KAIMUH ma ix cmpykmypHUX 3MiH 8 namMos102iYHUX ymosax. Mpu dii Ha op2aHi3m 0CNIOHUX MEAPUH
py6omiyuHy 2idopoxnopudy HaleupaxceHiwi 3MiHU A0epHO-4uMonaa3MamuyHUX 8i0HOWeHb BUSBAEHI y

BIOMEDICAL SCIENCES

cnepmamudax cim'siHUKi8.

K/TKOYOBI C/IOBA: py6omiuuH rigpoxnopup, CiMm'AHNKK, cnepMmaToreHHUA enitenii, 6ini wypi,

mMopdomeTpis.
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INFLAMMATION AND IMPACT OF VINCRISTINE AND ENTEROSORPTION
USE IN CHEMICALLY INDUCED COLON CARCER IN RATS

O.I. Kachur, *L.S. Fira, P.H. Lykhatskyi
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The increasing incidence of colon malignant tumors is one of the most urgent matters of
contemporary medicine. In the study of carcinogenesis of the colon the attention is paid to the state of the body’s
immune system and activation of inflammatory processes in experimental animals.

Objective. The aim of the study was to estimate the level of markers of inflammation in the serum of
experimental animals with chemically induced carcinogenesis and their dynamics in case of administration of
the cytostatic Vincristine secondary to AUT-M carbon enterosorbent.

Methods. The study was performed on white male rats. Animals were modeled for colon cancer by
administration of 1.2-dimethylhydrazine hydrochloride at a dose of 7.2 mg/kg body weight for 30 weeks. AUT-M
enterosorbent was administered intragastrically daily during 7 and 21 days after modeling of carcinogenesis at
a dose of 1 ml of suspension (corresponding to 0.2 g of drug weight) per 100 g of animal body weight. The
antitumor drug was administered to the animals with induced carcinogenesis intragastrically daily during 14
days at a dose of 0.23 mg/kg of body weight after a 21-day detoxification therapy. The activity of inflammatory
processes was evaluated by the content of pro-inflammatory interleukin 6 and anti-inflammatory interleukin 4,
C-reactive protein in the serum of experimental animals.

Results. It was established that introduction of 1.2-dimethylhydrazine hydrochloride in the rats caused
changes in the cytokine profile and the content of C-reactive protein. In the affected animals an increase in the
content of pro-inflammatory interleukin 6, C-reactive protein, as well as a decrease in the content of anti-
inflammatory interleukin 4 was evidenced in all periods of the study. AUT-M enterosorbent contributed to
normalization of these parameters. The cytostatic Vincristine had a negligible effect on development of
inflammatory processes in the studied animals.

Conclusions. In cases of induced carcinogenesis, an imbalance in the content of pro- and anti-inflammatory
cytokines, an increase in the content of acute-phase C-reactive protein was established. The positive effect of the
cytostatic Vincristine secondary to a previous detoxification therapy with AUT-M sorbent during a progressive
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development of inflammatory processes in the presence of modeled carcinogenesis was evidenced.
KEY WORDS: inflammatory processes; proinflammatory interleukins; anti-inflammatory
interleukins; AUT-M sorbent; cytostatic Vincristine.

Introduction

Malignant neoplasms of the colon are still
one of the urgent matters of contemporary
medicine. Recently the incidence of colorectal
cancer among young and middle-aged people
has been increasing constantly [1].

It is established that the transformation of a
normal cell into a malignant one is accompanied
by a homeostasis disorders and changes in all
types of metabolism. In the body of the tumour
carrier, free radical processes activate, the integrity
of plasma membranes is disturbed in cases of
destructive changes. As the cancer develops,
excessive toxins accumulate and endogenous in-
toxication intensifies. All these factors cause evo-
lution of inflammatory reaction of the body [2, 3].
*Corresponding author: L.S. Fira, PhD, DSc, Professor, Head
of the Department of Pharmacy of the Academic and Research
Institute of Postgraduate Education, 1. Horbachevsky Ternopil

National Medical University, Ternopil, Ukraine; e-mail: fira@
tdmu.edu.ua

Markers of the systemic inflammatory res-
ponse in the evolution of carcinogenesis are
the acute proteins: ceruloplasmin (CP), hap-
toglobin and especially C-reactive protein (CRP),
cytokines.

C-reactive protein (CRP) is one of the most
sensitive and early markers of the acute phase
of the inflammatory process. Anincrease in the
concentration of CRP in the serum evidences
development of a pathological process and
destructive changes in the body [4]. The syn-
thesis of CRP of the acute phase of inflammation
is triggered and regulated primarily by cyto-
kines, namely IL-6, which is formed directly in
the inflammatory focus and acts as a primary
activator of genes involved in it and tumor
transformation [5].

Due to the increasing frequency and pre-
valence of colorectal cancer in modern society,
the issue of finding and researching effective
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and low-toxic cytostatics of plant origin is still
topical.

Vincristine is a herbal cytostatic, it is an
important component of the combined treat-
ment regimen for malignant neoplasms. Ho-
wever, in the present literature there are some
publications on the use of periwinkle alkaloids
in the chemotherapeutic treatment of colorectal
cancer [6].

Enterosorption therapy is one of the pro-
mising methods for control of inflammation.
AUT-M carbon sorbent with a large specific pore
area exhibits physicochemical properties of a
sorbent substance capable of binding and
excreting toxins of exogenous and endogenous
origin [7, 8].

The research is aimed to evaluate the level
of inflammation markers in the serum of experi-
mental animals with chemically induced car-
cinogenesis and their dynamics with intro-
duction of the cytostatic Vincristine secondary
to AUT-M carbon enterosorbent.

Methods

The study was performed on 76 white male
rats. The initial body weight of animals was
200-250 g. Simulation of carcinogenesis of the
colon was carried out by subcutaneous weekly
injection into the interscapular area of asym-
metric 1.2-dimethylhydrazine (1.2-DMG, made
by SIGMA-ALDRICH CHEMIE company, Japan)
for 30 weeks. The carcinogen 1.2-DMG was
previously diluted with isotonic sodium chloride
solution, dose 7.2 mg/kg [9].

After modeling of the cancer process for 30
weeks, the affected animals underwent ente-
rosorption therapy for 21 days. AUT-M carbon
sorbent was administered intragastrally daily,
daily dose 1 ml of suspension (corresponding
to 0.2 g of net weight of the drug) per 100 g of
body weight of the animal [10].

The anticancer drug Vincristine was ad-
ministered intragastrically daily at a dose of
0.23 mg/kg of animal body weight for 14 days,
starting immediately after 7-month modeling
ofthe cancer process and 21-day enterosorption
therapy. The dose of cytostatics was chosen
according to the instructions for use of the drug
and taking into account sensitivity of the ani-
mals (recalculation was carried out according
to Yu. R. Rybolovlev, 1979) [11].

The experimental animals were divided into
4 groups: group 1 - the control involved the
animals administered with isotonic sodium
chloride solution, group 2 - the animals affected
by 1.2-DMG, group 3 - the animals affected by

1.2-DMG, managed by AUT-M enterosorbent
for 21 days after a 30-week carcinogen admi-
nistration, group 4 - the animals administered
with the cytostatic Vincristine for 14 days after
enterosorption therapy.

Euthanasia of animals was performed by
bloodletting under thiopental-sodium anes-
thesia monthly for 7 months and on the 14®
and 21t days of administration of the AUT-M
enterosorbent after carcinogenesis modeling,
as well as on the 14t day after administration
of the cytostatic Vincristine. The serum was
used for studies.

All manipulations with experimental rats
were performed following the rules in accor-
dance with the European Convention for the
Protection of Vertebrate Animals Used for Re-
search and Other Scientific Purposes [12].

To study the development of inflammatory
processes in cases of induced carcinogenesis
of the colon the concentration of proinflamma-
tory and anti-inflammatory interleukins in the
serum of rats was determined by the ELISA test
[13]. The content of C-reactive proteins was de-
termined by immunoturbidimetric method [14].

The obtained experimental results were
statistically processed by the method of va-
riation statistics using a standard package of
Statistica 6.0 statistical program [15]. The stan-
dard deviations, variance and other statistical
parameters were determined, and the statis-
tically significant differences were determined
using Student’s t-test. The differences were
statistically significant at p<0.05.

Results

Inflammatory reactions of the body are a
non-specific part of the defense, the formation
of which prevents the spread of the pathogen
and is realized by attracting granulocytes,
macrophages and lymphocytes to the site of
inflammation. The first stage of such reactions
is associated with the activation of pro-inflam-
matory cytokines. They provide chemotraction
of the inflammatory cell [16].

In the dynamics of 1.2-DMG administration,
the content of pro-inflammatory cytokine IL-6
in the serum of affected animals probably (p <
0.05) increased during the 1t month of 1.2-DMG
administration (by 62% compare to the control
group). Intermediate results point to similar
changes: in 5 months of DMG affection (in-
creased by 182%) and in 7 months (by 251%) of
adenocarcinoma modeling (Fig. 1).

The corrective dose of the AUT-M sorbent
helped to reduce the content of IL-6 in the
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Fig. 1. The level of IL-6 in the serum of rats in the dynamics of the affection by 1.2-DMG and after adminis-
tration of AUT-M sorbent and cytostatic Vincristine, %.

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by
1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin-
istered with enterosorbent; *** - statistically significant difference between the parameters of carcinogenic animals after
enterosorption therapy (for 21 days) and the animals administered with cytostatics (for 14 days); * - statistically significant
difference between the parameters of carcinogenic animals (in 7 months) and the animals administered with cytostatic (for 14

days) secondary to enterosorption therapy (for 21 days).

serum of the affected animals. It was established
that IL-6 probably decreased in the serum by
138% (p<0.05) after a 14-day sorbent therapy,
the maximal changes were evidenced in 21 days
of sorbent management (decreased by 168%)
compare to the same group of the affected
animals.

Cytostatic correction performed for 14 days
leads to a slight decrease in IL-6 in the serum
of rats. The studied parameter decreased by
186% in comparison with the affected animals.

Toxic affection of the animals during 30
weeks causes an imbalance of the cytokine
profile in their body. The functional antagonists
of pro-inflammatory IL-6 include anti-inflam-
matory IL-4. This cytokine has an antitumor
effect; itis a strong growth factor for B-lympho-
cytes, which promotes their differentiation,
activation and reproduction [17].

Statistically significant differences in the
content of IL-4 were found later after beginning
of 1.2-DMG administration. The rate decreased
by 29% in 5 months of carcinogenesis modeling.
After a 30-week DMG affection, the content of
IL-4 in the serum of the rats decreased by 45%
compare to the control (Fig. 2).

After a 21-day detoxification therapy, the
level of IL-4 increased by 30% compare to the
group of animals with no detoxification therapy.

In the group of animals undergoing cyto-
static therapy, an increase in the content of
anti-inflammatory IL-4 by 35% was evidenced
compare to the animals with carcinogenesis.

With administration of 1.2-DMG into the
experimental animals, changes of acute phase
proteins activity were evidenced. Thus, the
content of CRP was likely to increase starting
the third month of carcinogenesis modeling
and exceeded the level of control in 1.5 times.
A similar trend was proved in the subsequent
affections, in 5 months after the beginning of
the experiment, the content of CRP increased
in 1.73times, in 7 months -in 2.1 times compare
to the control rats (Table 1).

The obtained results may indicate an
intensification of the inflammatory process in
the body of experimental animals affected by
1.2 DMG.

The detoxification therapy (for 21 days with
the AUT-M sorbent) contributes to the probable
decrease on this parameter in the serum of the
affected animals. In 21 days of administration
of this sorbent, the content of CRP decreased
in 1.6 times compare to the group of affected
animals.

During the chemotherapy treatment of the
affected animals (with previous sorbent cor-
rection), a slight increase in the CRP content
was evidenced. In 14 days of Vincristine admi-
nistration, the parameterincreased in 1.3 times
compare to the animals modeled for colon
carcinogenesis for 30 weeks.

Thus, a 30-week DMG affection of the rats
caused an imbalance in the content of pro-
inflammatory and anti-inflammatory cytokines
with further development of inflammatory
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a 7 months + 21 days of AUT-M
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Fig. 2. The content of IL-4 in the serum of rats in the dynamics of the affection by 1.2-DMG and after ad-
ministration of AUT-M sorbent and cytostatic Vincristine, %

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by
1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin-
istered with enterosorbent; *** - statistically significant difference between the parameters of the carcinogenic animals after
enterosorption therapy (for 21 days) and the animals administered with cytostatics (for 14 days); # - statistically significant
difference between the parameters of the carcinogenic animals (in 7 months) and the animals administered with cytostatics
(for 14 days) secondary to enterosorption therapy (for 21 days).

processes that was confirmed by an increase
in early marker of inflammation in the serum:
C-reactive protein and interleukin 6. The use of
sorption therapy had a positive effect on
inflammation in the body of rats throughout
the experiment. No significant side effects after
administration of the cytostatic Vincristine were
evidenced.

Discussion

The search for effective methods of correc-
tion of oncological pathologies is topical issue
of contemporary medicine. The use of low-toxic
and affordable drugs is important. Our research
on the efficacy of cytostatic Vincristine secon-
dary to enterosorption therapy in cases of
simulated carcinogenesis is proved by reduced

Table 1. The content of C-reactive protein in the serum of rats (mg/l) with induced oncogenesis
and after administration of cytostatic Vincristine secondary to detoxification therapy, (M+m)

Animal group/duration of dimethylhydrazine affection Serum

Control, (n=6) 2.45+0.18

1 month, (n=7) 2.78+0.21

2 months, (n=7) 3.15+0.29

3 months, (n=7) 3.66+0.34*

4 months, (n=7) 4.12+0.38%*

5 months, (n=7) 4.25+0.39%

6 months, (n=7) 5.10+0.49*

7 months, (n=7) 5.25+0.50* a

7 months of DMG + AUT-M (for 14 days), (n=7) 4.55+0.40 %

7 months of DMG + AUT-M (for 21 days), (n=7) 3.80+0.36** B

7 months of DMG + AUT-M (for 21 days) + 4.01£0.16* 8

Vincristine (for 14 days), (n=7) I
<

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by H

1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin- A

istered with enterosorbent; *** - statistically significant difference between the parameters of the carcinogenic animals after M

enterosorption therapy (for 21 days) and the animals administered with cytostatic (for 14 days); * - statistically significant E

difference between the parameters of the carcinogenic animals (in 7 months) and the animals administered with cytostatic (for 9

14 days) secondary to enterosorption therapy (for 21 days). m
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inflammatory manifestations and control of the
studied parameters.

In cases of induced pathological process, a
violation of the cytokine profile is observed, as
the content of the pro-inflammatory cytokine
IL-6 increases, the content of the anti-inflam-
matory cytokine IL-4 decreases.

The obtained results point to an imbalance
of the cytokine profile with an advantage
towards IL-6. It is established that IL-6 is one of
the main inducers of the acute phase response
in inflammatory process. Obviously, these
changes may evidence of development of chro-
nic inflammation and tumor progression [18].

The system of immunoregulation in the
body of the tumor carrier along with the cyto-
kine cascade is followed by changes in the
content of CRP. In cases of cytokine profile
imbalance in the affected animals, an increase
in the CRP content was evidenced. It is estab-
lished that CRP is an acute marker of inflam-
mation, so the results point towards develop-
ment and progression of inflammatory pro-
cesses [19].

Therefore, it has been established that the
affection of the experimental animals with 1.2-
DMG for 7 months leads to an imbalance of the
cytokine profile, an increase in the content of
acute phase CRP proteins. No significant side
effects of the cytostatic Vincristine are evidenced
that proves a positive effect of detoxification
therapy with the AUR sorbent during the pro-
gressive inflammatory process in cases of
modeled oncological process.

Conclusions

Along-term increase in the content of pro-
inflammatory interleukin 6 in addition to re-
duced production of anti-inflammatory inter-
leukin 4, as well as an increase in C-reactive
protein in the rats affected with 1.2-dime-
thylhydrazine hydrochloride for 30 weeks that
evidences development of inflammatory
processes in the carcinogenesis body.

After detoxification therapy with AUT-M
carbon sorbent a decrease in inflammatory
processes activity in the animals with expe-
rimental carcinogenesis was present. This is
proved by a decrease in the content of pro-
inflammatory interleukin 6, C-reactive protein
and an increase in the content of anti-inflam-
matory interleukin 4.

The positive effect of Vincristine, a cytostatic
drug of plant origin, on the activity of inflam-
matory processes in the rats in cases of experi-
mental carcinogenesis has been established. It
has been experimentally proved that this
cytostatic has no side effects obviously as a
result of previous enterosorption therapy.
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PO3BHTOK 3AITAJIBHUX ITPOLECIB V IITVPIB 13 IHAVKOBAHHUM
KAHIEPOTEHE3OM TOBCTOI KUIIKH ITIC/I1 3BACTOCYBAHHSA
OUTOCTATHKY BIHKPUCTHUH HA TJII EHTEPOCOPBIII

0.1. Kauyp, N.C.®ipa, N.r.Jinxaubkuii

TEPHOIMLIbCbKMA HALIOHAIbHNIA MEAVMYHWIA YHIBEPCUTET IMEHI I. . TOPEAYEBCHKOIO,

TEPHOIML/Ib, YKPAIHA

BcTyn. [Ipo6emMa 3p0CMaHHA 4acmomu po38umKy 3/08KICHUX NYX/AUH MO8CcmMoi KUWKU - 00HA 3 Halibinbw
aKmyansHux y meduyuHu. O6’eKmoM yeazau npu 8UBYeHHI KOHYepo2eHe3y moecmoi KUWKU € CMAH iMyHHOI
cucmemu Op2aHI3My ma aKkmueayis 3ananbHUX npoyecie 8 ekcnepuMeHmanbHUX MeapuH. llepcnekmuesHuM €
npoeedeHHsA Ximiomepanii pOCAUHHUMU npenapamamu Ha mai eHmepocopyiliHoi Kopekyii.

MeTa pgocnif>keHHs - oyiHUMU pigeHb MapKepie 3anaseHHs 8 cuposamyi Kposi ekcnepumMeHmanbHuUX
MBAPUH i3 XiMIYHO iHOYKOBAHUM KOHYepo2eHe30M ma ix OUHAOMIKY hpu 88edeHHIi yumocmamuka BiHKpucmuH

Ha mai 8y2neyeso2o eHmepocopbeHmy AYT-M.

MeToan pocnipkeHHs. JocnidxeHHs npogodunu Ha binux wypaxcamysx. TeapuHam modenosanu pak
moecmoi KUWKU wasxom eeedeHHs 1,20umemunziopasuH 2i0poxnopudy 8 003i 7,2 M2/kK2 MOCU Mifa NPOMsA20M
30mu muicHis. EHmepocopbeHm AYT-M egodunu iHmpaz2acmpanbHo wjodeHHo 8npodosxc 21i 0obu nicas

o)
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MOOeN8aHHS KaHYepozeHe3y 8 003i 1 M 3asucy (ujo gionosidae 0,2 2 yucmoi macu npenapamy) Ha 100 2 macu
mina meapuHu. lMpomunyxauHHUL npenapam egoousu MeAPUHAM 3 iHOYKOBAHUM KOHUepO02eHe30M 8Hympill-
HbOWMYHKOBO W00eHHO npomsaz2oM 14-mu OHig y 003i 0,23 M2/k2 Macu mina nicas 21-0eHHoi demokcukayitiHoi
mepanii. AKmugHiCMb 30NaALHUX npoyecie oyiHeanu 3a 8MiCMOM npPo3anaabHO20 iHmepaelkiHy 6 ma
npomusanansHoz20 iHmepelikiHy 4, CheakmugH020 npomeiHy 8 cuposamuyi Kposi ekcnepumeHmManbHUX MeapuUH.

Pe3ynbTaTn. BcmaHosneHo, ujo 88edeHHs wypam 1,20umemusn2iopasuH 2i0poxa0pudy Cynpo8ooHyeMecs
3MIHOK YUMOKiH08020 npodinto ma emicmy CpeakmugHo20 npomeiHy. B ypaxceHUx meapuH cnocmepizanu
36in16WeHHA 8MiCMy NPo3anane6HO20 iHMepAelikiHy 6, CpeakmueH020 NpomeiHy, 0 MAaKOX 3MeHWeHHS eMicmy
npomu3ananeHo20 iHmepnelKiHy 4 8 yci mepmiHuU 00cnidxHeHHSA. 3acmocysaHHA eHmepocopbeHmy AYT cnpusno
HopMani3ayii Yux nokasHukie. BeedeHHs yumocmamuka BiHKpUCMUH He3HAYHO 8N/AUHY/0 HA PO38UMOK
3ananbHUX npoyecia y 00C1idHY8AHUX MBAPUH.

BUCHOBKW. 30 ym08 iHOYyKOBOHO020 KOHUepo2eHe3y 8CMaH08/1eHo JucbanaHc y emicmi npo- ma
npomu3sananbHUX YUMOKkiHig, 36ins6WeHHs eMicmy 20cmpopa3oeo2o C-peakmugHo20 npomeiHy. BiomidyeHo

no3umuesHul enaug yUMOCMAMUKQa BiHKpucmuH Ha mai nonepedHsL0 NposedeHoi demokcukayiliHoi mepanii

copbeHmom AYT nid Yac npozpecyroyo20 po38UMKY 30NAALHUX NPOYECi8 30 yMO8 3M00e/1080HO20 KaHYepo2eHe3y.
K/TKOYOBI C/10BA: 3ananbHi npouecy; npo3sanasbHi iHTepnekiHu; NnpoTusananbHi iHTepnenkiHm;
cop6eHT AYT-M; umtoctaTuk BiHKpUCTUH.
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WEB-BASED 5-DIMENSIONAL ELECTRONIC PORTFOLIO (5DEP)
AS A COMPETENCY-BASED ASSESSMENT TOOL IN POST-GRADUATE
MEDICAL TRAINING

*Z. Bokhua', K. Chelidze'?, K. Ebralidze’
1 - TBILISI STATE MEDICAL UNIVERSITY (TSMU), TBILISI, GEORGIA
2 - THE FIRST UNIVERSITY CLINIC OF TSMU, TBILISI, GEORGIA

Background. New challenges of permanently changing context of healthcare system requires new methods
of medical education and new assessment tools, as well. Competency-based Medical Education (CBME), framework
which has been adopted as a new approach in medical education, needs appropriate assessment tool such as
portfolio. Portfolio is learner-centered assessment instrument which evaluates learner’s progression towards
outcomes and enables both residents and teachers to engage in a process of learning through assessment.

Objective. In this paper we aim to share our successful experience of an effective use of web-based
5-Dimensional Electronic Portfolio (5DeP) as an assessment tool in the Pilot Group.

Methods. Pilot Group of sixteen residents (six first year residents of Obstetrics/Gynecology and ten first year
residents of Internal Medicine. Tbilisi State Medical University Institute of Postgraduate Medical Education and
Continuous Professional Development) and twelve mentors (four Obstetrics/Gynecology mentor and eight Internal
Medicine mentors) reported some feedback about 5-Dimensional Electronic Portfolio (5DeP) as a new assessment
tool.

Results. Feedback about 5-Dimensional Electronic Portfolio (5DeP) as a new assessment tool from mentors
and students demonstrated efficiency of the program. It enables assessment within a framework of transparent
and declared criteria and learning objectives; provides a model for lifelong learning and continuing professional
development; increases competence in a wider context with benefits to both professional and personal roles;

improves organizing skills.

Conclusions. 5DeP have been recognized as an extremely effective assessment tool.
KEY WORDS: Competency-based Medical Education (CBME); postgraduate education; electronic

portfolio; feedback.

Introduction

The fundamental changes in health care
and the complexity of health problems have
radically changed the role of Physicians in the
health care system and mounted different
challenges in terms of their under- and post-
graduate education, and continuous profes-
sional development.

Over the last two decades, Competency-
Based Medical Education (CBME) frameworks
have been internationally adopted as the pri-
mary educational approach in medicine. CBME
is a learner-centered, active, and lifelong ex-
perience that incorporates feedback between
the teacher and the learner to fulfill the desired
competency outcomes [1].

Despite standardized core competencies of
medical education, there are no standardized
*Corresponding author: Zaza Bokhua MD. Ph.D., Associate
Professor of Reproductive Health Department, Director of In-
stitute of Postgraduate Medical Education and Continuous

Professional Development, Thilisi State Medical University,
Tbilisi, Georgia. E-mail: z.bokhua@tsmu.edu

assessment methods to determine learner's
achievementin all the core competencies prior
to completion of residency training [1]. Com-
petency-based education needs continuous,
comprehensive feedback and assessment
systems [2]. The use of one of most popular
assessment instruments, portfolio can facilitate
the above-mentioned goals of assessment by
collecting information about the learner’s
progression towards outcomes [3]. Portfolio-
based assessment tool is at the apex of Miller’s
pyramid, because it provides performance-
based assessment in real context by analysis of
actions [4, 5].

Smith and Tillema made four different types
of portfolios [6]:

1. The dossier portfolio, containing man-
dated records of achievement.

2. The training portfolio, containing a man-
dated collection of acquired skills and compe-
tencies, in a fixed format, with some reflective
comments on selected evidence.
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3. The reflective portfolio, containing a pur-
poseful collection of evidence for personal
growth and development, and

4. The personal development portfolio, con-
taining reflective and personal evaluations of
progress in time, enabling discussion and va-
luing of these activities.

In this paper, we aim to provide guidance
to program directors for implementation of an
electronic portfolio (e-portfolio) by reporting
our successful experience of an effective use of
web-based e-portfolio system in Internal Me-
dicine and Obstetrics/Gynecology residency
programs of Thilisi State Medical University,
where the 5-Dimensional Electronic Portfolio
(5DeP) was introduced with support of United
Nations Population Fund (UNFPA) in 2015.

Methods

The Pilot Group of sixteen residents (six first
year residents of Obstetrics/Gynecology and
ten first year residents of Internal Medicine.
Thilisi State Medical University Institute of
Postgraduate Medical Education and Conti-
nuous Professional Development) and twelve
mentors (four Obstetrics/Gynecology mentor
and eight Internal Medicine mentors) reported
some feedback about 5-Dimensional Electronic
Portfolio (5DeP) as a new assessment tool.

Design and structure of 5-Dimensional
Electronic Portfolio (5DeP)

The new web-based 5-Dimensional Elec-
tronic Portfolio (5DeP) is designed in simple
and intuitive manner for users with minimal
experience and skills with information tech-
nologies. The three modules with different
levels of access by individual username and
password are designed for (Fig.1):

» Resident (Module 1, access level A), to:

- upload/confirm evidences of performance/
achievements during training course, approved
by the Mentors

-view of Training Course Assessment Form
(TCAF) and

- view of Final Portfolio Assessment Form
(FPAF) and narratives

+ Mentor (Module 2, access level B), for
resident training place assessment (TPAF);

« Program Director/Experts Panel (Module
3, access level C), for monitor of training process
and final assessment of portfolio (IPAF/FPAF).

Module 1 - Collected Evidences (CE)

This module covers all the four types of
Smith’s & Tillema's stratification [6] and is
intended for residents to:

+ upload evidences collected during all
training courses:

- achievement of learning outcomes;

- clinical (inpatients/outpatients) cases,
write-ups and shift records;

- acquired essential skills;

- self-evaluation of progress in time.

+ view Training Course Assessment Form
(see below) after completion each training
course;

+ self-monitor of dynamics on each dimen-
sion during the residency training process.

Module 2 - Training Course Assessment
Form (TCAF)

This module is intended for mentors
(clinical trainers) to assess resident on following
five dimensions at the end of each training
course:

*» Communication - by evaluation of a
resident’s interpersonal communication skills,
ability to work as integral part of a multidis-
ciplinary medical team, to prevent and manage
of communication barriers. This dimension also
looks at the strengths of resident’s medical
record keeping skills;

» Self-development - by evaluation of
resident’s attitude and responsibility for his/
her own personal development, ability to take
active partin learning opportunities, and effec-
tive use of reflection; This dimension also looks
at the resident’s ability to follow patient/staff/
self-safety and security policy;

* Professionalism - by evaluation of resi-
dent's attitude to work, professional appearan-
ce, timekeeping, professional boundaries,
quality assurance; ability to maintain patient
confidentiality, and recognize and respect
people’s diversity, preferences, choices and
beliefs;

* Assessment and planning - by evaluation
resident’s ability to use basic knowledge and
analytical skills in patient assessment and
clinical reasoning, collaborate with patient in
decision making process and elaborate appro-
priate management plan;

* Intervention and treatment - by eva-
luation resident’s ability to identify specific
precautions/contraindications to the interven-
tion/treatment, deliver intervention/treatment
with skill and care, and take appropriate actions
in case of complications.

Each dimension contains marking guide
table with detailed graded descriptors. Choo-
sing specific descriptor that mostly accurately
describes the resident’s performance (Excellent:
5 points; Very good: 4 points; Good: 3 points;

N
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Training Course 1

Training Course 2

m

Resident

Training Course X

M - m

Mentor 1 Mentor 2 Mentor X
H Wit ) 'l
=) (— = ) =)
=l1: =// =11: _=,// ——1 | HN =//
CE-1 TCAF-1 CE-2 TCAF-2 CE-X TCAF-X
A A 4 4 4 4

Program Director/Assigned Expert

IPAF/FPAF&N

Figure 1. 5-Dimensional Electronic Portfolio (5DeP). Design and structure.

CE: Collected evidences (form training courses 1, 2 and X). TCAF: Training Course Assessment Form (made
by the Tutor 1, 2 and X of training courses 1,2 and X, respectively); FPAF&N: Final Portfolio Assessment Form
and Narratives. Solid line: to upload/edit/confirm; Dotted line: to view; Long dashed line: to approve/

confirm.

Average: 2 points; Below average: 1 point) the
module calculates final score for specific
dimension and turns the score into an appro-
priate grade with percentage mark (A -Excel-
lent: 91-100% of the maximum grade; B - Very
good: 81-90% of the maximum grade; C - Good:
71-80% of the maximum grade; D - Satisfactory:
61-70% of the maximum grade; E - Sufficient:

51-60% of the maximum grade; Fx - Fail: 41-50%
of the maximum grade and F - Fail: >50% of the
maximum grade).

Atthe end of the training course the mentor
should complete and approve (without further
permission of editing) the Training Course
Assessment Form (TCAF) with the Net Diagram
(D-Net) for marks and grades visualization
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(Fig. 2). After completion of the training course
mentor will meet with the resident to discuss
his/her overall performance. During the
meeting should be discussed in which areas the
resident has been deficient and why.

Module 3 - Interim Portfolio Assessment
Form/Final Portfolio Assessment Form (IPAF/
FPAF)

This module is designed for the Program
Director to perform consistent monitoring of
training process and provide:

* interim portfolio assessment at the end of
each residency year

« final portfolio assessment at the end of
residency course chairing the Experts Panel

* report with analysis of resident’s perfor-
mance and progression towards outcomes
during the training courses and final D-Net.

Results

The Pilot Group of sixteen residents (six first
year residents of Obstetrics/Gynecology and
ten first year residents of Internal Medicine.
Thilisi State Medical University Institute of
Postgraduate Medical Education and Conti-
nuous Professional Development) and twelve

90 py
Interventions & Treatment /
(

mentors (four Obstetrics/Gynecology mentor
and eight Internal Medicine mentors) reported
some feedback about 5-Dimensional Electronic
Portfolio (5DeP) as a new assessment tool. The
mentors found that 5DeP:

* is customized to meet the needs of the
residency programs;

+ is easy to understand and efficient to use;

+ deals with the inherent deficiencies of
traditional system of evaluation;

+ enables assessment within a framework
of transparent and declared criteria and
learning objectives;

* evaluates and stimulates progress towards
educational and professional outcomes;

* evaluates learning outcomes not easily
assessed by other methods;

* provides summative assessment of pro-
gress and formative evaluation;

* improves mentor awareness of student’s
need and support required for students;

« enhances of interactions between resi-
dents and mentors;

« focusses on resident’s personal attributes;

* motivates mentors to focus on the training
objectives;

D-Net
Communication
95
T\
\
\
‘:\.‘v
h‘a
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Figure 2. Example of D-Net.

Professionalism

The Resident’s excellent performance in all dimensions is visualized by D-Net, except “Self-development”.
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+ can accommodate evidence of learning
from a range of different contexts;

« allows a range of learning styles to be used
according to the preferences of the student;

* provides a model for lifelong learning and
continuing professional development.

The students found that 5DeP:

+ allows to understand learning objectives,
using specific targets;

+ enables the consolidation of the connection
between theory and practice, and apply
abstract principles to practical contexts;

* recognizes and encourages the autono-
mous and reflective learning thatis an integral
partof professional education and development;

* enhances self-learning and self-develop-
ment;

* enables to correct errors and remedies
deficiencies;

« focusses on resident’s personal attributes;

* evaluates and stimulates progress towards
educational and professional outcomes;

» enhances of interactions between resi-
dents and mentors;

* motivates both residents to focus on the
training objectives;

* helps to update of knowledge and skills in
existing and new areas of practice;

* increases competence in a wider context
with benefits to both professional and personal
roles;

* improves organizing skills;

* helps to estimate potential to progress to
other levels or courses.

Discussion

The use of portfolio as an assessment
instrument enables residents and teachers to
engage in a process of learning through
assessment. The use of portfolio broadens the
scope of assessment and introduces several
educational benefits [7, 8, 9, 10]:

* Contribution to:

- the assessment of learning outcomes

- the provision of evidence of performance

- the representation of evidence collected
over a period

- resident progression towards the learning
outcomes

- summative and formative assessment

* Focus on personal attributes

« Enhancement of interactions between
residents and teachers

« Stimulation of the use of reflective stra-
tegies

* Encouragement of a holisticand integrative
approach to medical practice.

The portfolio assessment remains relatively
unknown among clinical teachers and residents
[11,12,13, 14, 15].

Conclusions

5-Dimensional Electronic Portfolio (5DeP)
have been recognized as an extremely effective
assessment too that could provide motivation
to study, can assist students in forming positive
attitudes toward learning, to enable students
to individualize and personalize their learning
by supporting and encouraging active parti-
cipation.
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IPITUBUMIPHE EJJTEKTPOHHE IIOPT®O0JIIO (SDEP) SIK IHCTPYMEHT OLITHKH
KOMIIETEHTHOCTEH YV IIICIAAUIIIOMHOMY MEANYHOMY HABYAHHI

*Z. Bokhua', K. Chelidze'? K. Ebralidze’

1 - TBILISI STATE MEDICAL UNIVERSITY (TSMU), TBILISI, GEORGIA
2 - THE FIRST UNIVERSITY CLINIC OF TSMU, TBILISI, GEORGIA

Betyn. Cy4acHi BUKAUKU y cucmemi 0XOpOHU 300p08'A, 3yMoeseHi hocmiliHumu ii SMiHaMu, suMazarome
Ho8IMHix Memodie HaBYAHHA Ma iHCMpPyMeHmig ix oyiHKU. KomnemeHmMHicHuUl nioxid 0o Ha84YaHHSA, kKompul
6y/10 834MO0 30 0CHOBY Cy4aCHUX cmaHOapmis npogeciliHoi Medu4Hoi oceimu, nompebye 8ionogioHUX Memodie
OYiHKU, makux aK nopmgoanio. [Tlopmeonio - ye iHcmpymeHm, CKOHYeHmMpPo8aHUU HA NPOCMeEXCY8AHHI npozpecy
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Habymux 3HAHb 0C06010, WO HABYAEMbCSA, AKUU 00380/4€ 3ayikasumu i 3aay4umu 00 npoyecy He aAuwe
pe3udeHma, a U 8ukn1adaya.

MeTa - nodinumucsa ycniwuHUM 00C8i00M 3aCMOCY8AHHSA 5-8UMIPHO20 enekKmpoHH020 nopmeosio (5DeP)
¥ AKoCcmi iHCmpymeHmy oyiHKu Habymms npogeciliHux KoMmnemeHmHocmed y ninomHit 2pyni.

MeToaw. llinomHy 2pyny ckaanu 16 peaudeHmia (wicmo 3 HUX - pe3udeHmMuU Nepuio2o PoKy Ha8YAHHS 3i
cneyianbHoCcMi AKywepcmeo/ziHeko102is, uje 0ecsims - Nepuwo20 PoKy Ha84YAaHHS 3i cneyiansHocmi BHympiwHs
MeduyuHa IHcmumymy nicnadunsoMHoi Medu4YHoi oceimu ma 6e3nepep8H020 NpoPeciliHo2o po3sumky,
Téinicokul depxcasHuli meduyHuli yHigepcumem) ma 08aHAOYAMb MeHMopie-HaCmMasHuUKie (Homupu 3
akywepcmea/2iHekonozii ma giciM - 3 BHympiwHb0i MeduyuHu). Y4acHUKU nifomHo20 npoekmy Qinuaucs
8i02ykamu ujodo OyiHKU 30CMOCY8AHHA 5-8UMipHO20 enekmpoHHO20 nopmeosio (5DeP)y akocmi iHcmpymeHmy
OYiHKU Habymms npogeciliHux KoMnemeHmHocmel

PesynbTtaTn. OmpumaHiy npoyeci 3acmocy8aHHA 5-8umipH020 enekmpoHHo20 nopmeoanio (5DeP) sidzyku
ma 380pomHili 38'A30K 8i0 y4aCHUKI8 nifOMHOI 2pynu (MeHmopie ma pe3udeHmis) npodeMoHCMpys8anu
egekmusHicme Npo2pamu AK iHcmpymeHmy oyiHku Habymms npogeciliHux komnemeHmHocmeli. [lopmeonio
3a6e3neyye npo3opi ma Yimki Kpumepii oyiHKU 3HaGHb Ma KoMnemeHmMHocmed, 3a6e3ne4ye modesnb be3nepepsHo2o
npogeciliHo2o po38uUMKy HA “HABYAHHA NPOMSA20M YCb020 Xummas", nidsuUye piseHb K NpoPeciliHux mak i
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ocobucmicHux komnemeHmHocmed, NOKPAUYE Op2aHi3aYiliHi HABUKU.
BucHOBKW. 5DeP - Had3suyaliHo epekmueHuUl iHCMpPyMeHmM OYiHKU Habymux 3HaHbL ma KoMnemeHmHocmed.
K/TFOUOBI C/IOBA: KoMneTeHTHiICHO OpieHTOBaHa MeanyHa ocsiTa (CBME); nicnagunaomMmHa
0CBiTa; eNleKTpoHHe NopT¢onio; 3BOPOTHI 3B'A30K.
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