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Summary

Background. The study highlights a method of treatment extracorporeal circuit with «adaptation
composition» (AdC) for the reduction of negative impact on state of erythrocytes.

Aim: to assess the effect of treatment the contact surface extracorporeal circuit with «adaptation
composition» (AdC) on changes in the state of erythrocytes after open-heart surgery with cardio-
pulmonary bypass (CPB).

Material and methods. A total of 90 patients were enrolled, they were divided into two groups.
The group 1 (45 patients, 39/6 male/female) included patients who underwent surgical procedures
without treatment of an extracorporeal circuit with AdC. The group 2 (45 patients, 39/6 male/fe-
male) included patients who underwent surgery with the treatment of an extracorporeal circuit with
AdC. According to the study protocol, patient blood was sampling for complete blood cell count
(CBC) and erythrocyte morphology at 4 stages of surgery: before surgery, at 10 min. CPB-time, at
60 min. CPB-time and after separation from CPB.

Results. The albumin of AdC creates a protective nanolayer on the surface of the oxygenator mem-
brane and tubes. There were no statistically significant differences of parameters in the groups before
CPB. Level of Ht 2 (group 2) at 60 min CPB-time and after CPB, were lower than Ht 1 (group 1) (p=0.021
and p=0.035 correspondingly) because MCV1 was higher (p=0.025 and p<0.0001 correspondingly).
The increase MCHC in groups at 10 min. CPB-time relatives with the decrease in MCV at 10 min CPB-
time. At 60 min, there are changes of RDWa2 76.05 + 5.46 and RDWal 72.35 + 7.26, p<0.000. After
CPB higher content of reticulocytes (p <0.0001), echinocytes (p <0.0001) and spherocytes (p <0.0001)
is observed in group 1. The lowering of mechanical resistance (p = 0.04) and increasing membrane
permeability for urea were in group 1. After CPB the best acid hemolysis resistance was in group 2
(p = 0.05), erythrocytes were more resistant to hypoosmotic factor (p = 0.01) in group 2.

Conclusion. The treatment of oxygenator with AdC reduces the negative influence CPB on state of
RBC. Membranes of erythrocytes were more resistant to traumatic factors in the group with AdC.

Key words: cardiopulmonary bypass, oxygenator, erythrocyte morphology, adaptation composition.

INTRODUCTION

A special biological function is performed by the
erythrocyte membrane as a universal model that reflects the
state of the membranes of the whole organism. Cell mem-
branes are the first target when are influenced by hypoxia,
their changes can serve as an early signal of the patholog-
ical process [1]. During heart surgery, the problem of hy-
poxia and its prevention remains a priority. Membranes
of the oxygenator are the active part of the device, where
blood oxygenation is taken place. Unfortunately, for the

86

patient’s organism, its surface is an exogenous material
that leads to the adsorbtion of erythrocytes and the adhe-
sion of leukocytes, which in turn provokes an inflamma-
tory response [2-6]. All cells of the blood are sensitive to
these factors and can be irreversibly damaged.

On the other hand, in our previous study [7] it was
shown that the adsorbtion of erythrocytes leads to a de-
crease in cell metabolism on the membrane of the oxy-
genator and a decrease in the number of the oxygenated
erythrocytes was associated with it. This phenomenon is
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accompanied by changes in the shape and state of red blood
cells. Changes in the shape of erythrocytes can give some
information about the intensity of the pathological pro-
cess [8]. In normal human blood, the discocytes (eryth-
rocytes of biconcave shape) are the main bulk (80-90%).
In addition, there are planocytes (with a flat surface) and
aging forms of erythrocytes:

— spiny erythrocytes or echinocytes (about 6%)

— domed erythrocytes or stomatocytes (about 1-3%)

— spherical erythrocytes or spherocytes (about 1%).

The process of changing the shape of an erythrocyte

is its transformation from a disk to a spherical shape. This
process is carried out in two ways: 1) echinocytosis when
the surface of the erythrocyte is covered with cone-shaped
spines. This occurs under the action of fatty acids, ATP
deficiency, increased pH. Echinocytes are often formed
when suspending erythrocytes in an isotonic environ-
ment and the addition of albumin can return the cells to
a normal discocyte form and 2) stomatocytosis when the
erythrocyte retains a smooth surface but takes the shape
of a unilaterally concave disc and one has an increased
volume and area of 20-30%. This occurs when the pH
is lowered and under the influence of drugs. Echinocyte
and stomatocyte are the reverse forms of erythrocyte, and
spherocyte is the most rigid structure of erythrocyte, which
is irreversible and precedes cell destruction [8]. Cell death
occurs either through necrosis and apoptosis. These are
opposite forms both in regard to the reasons causing them
and to the mechanism of development. A sign of cell ne-
crosis is more often its swelling (necrotic increase in cell
volume), and a decrease in cell volume prevails in apop-
tosis (apoptotic decrease in cell volume). Echinocytes are
preapoptotic cells and stomatocytes are prenecrotic [16].

The resistance of erythrocytes to various influenc-
es of internal and external environments is also caused by
a condition of its cell membrane. Normal permeability of
the cytomembrane is the main requirement in cell homeo-
stasis. Decreased resistance of erythrocytes in hypoxia leads
to increased hemolysis. Previously, hemolysis in the pro-
cess of CPB was considered only as mechanical damage of
erythrocytes as a result of cardiotomy suction power, roller
pump capacity, the presence of an arterial filter and turbulent
flows in places of transitional diameters of the extracorpo-
real circuit. The measurement of plasma free hemoglobin
(plfHb) concentration to characterize hemolysis is a routine
method but sublethal trauma of RBC is more difficult to
detect because no simple direct test exists. The concept of
sublethal RBC damage was introduced by Dr. Galletti [17,
18]. The study of erythrocyte membrane resistance allows us
to judge the resistance of erythrocytes to deformation and
RBC mechanical fragility within the conditions of CPB
[9]. One of the main goals to reduce intraoperative hemo-
lysis was to develop the most biocompatible components
of the extracorporeal circuit. In this regard, it is important
to simultaneously conduct a comprehensive assessment of
the resistance of erythrocytes to various hemolytic factors
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and the permeability of their plasma membrane. In clinical
practice, there is a need for an available assessment meth-
od of the functional status of the erythrocyte’s membrane.

An appropriate way to assess the structural and func-
tional state of erythrocytes is to determine the resistance of
blood cells to various factors — mechanical, osmotic and
acidic. We extrapolate to the hemolysis time of red cells.

By contrast with most other cells, erythrocytes placed
in an acidic medium undergo a high-grade hemolytic reac-
tion (necrosis). It is known that the acid resistance of eryth-
rocytes mainly reflects the state of the phospholipid bilayer
and erythrocyte membrane proteins. The main target of
acid hemolysis is membrane proteins and cell destruction
is preceded by the effect of hemolysin on structural ele-
ments of a membrane and the transport of this lysing agent
into the cell, which may be the result of harmful effects
of the agent and pore formation in the lipid bilayer [10].

Osmotic resistance of erythrocytes (ORE) generally
characterizes the state of the cytoskeleton of cells. Osmotic
hemolysis occurs when a cell enters a hypotonic environ-
ment. Hypotonic solutions lead to cell swelling and lysis if
the osmotic movement of water is great enough.

Urea molecules upon the concentration gradient
penetrate through the pores into the cell, capturing water
molecules, creating there an increased osmotic pressure,
which leads to its lysis. Membrane pores have considerably
better permeability to small water molecules than to larger
urea molecules, therefore the erythrocyte membrane per-
meability (EMP) test for urea is more sensitive [9].

The purpose of the study was to assess the effect of
treatment the contact surface extracorporeal circuit with
«adaptation composition» (AdC) on changes in the state
of erythrocytes after open-heart surgery with cardiopul-
monary bypass (CPB).

MATERIALS AND METHOD

On the basis of the surgical center of SIS «KRPC PCM»
SAD adult patients were operated with CPB by the cardi-
ac surgery team. A total of 90 patients were enrolled. This
study complied with the ethic committee approval and
written informed consent was obtained from patients. Pa-
tients were divided into two groups. The group 1 (45 pa-
tients, 39/6 male/female correspondingly) included patients
who underwent surgery without treatment of extracorpo-
real circuit by adaptation composition. Complete analysis
results of group 1 before, during and after CPB is shown
in tab.1. The group 2 (45 patients, 39/6 male/female cor-
respondingly) included patients who underwent surgery
with the treatment of an extracorporeal circuit with ad-
aptation composition. Complete analysis results of group
2 before, during and after CPB is shown in tab.2 The age
of patients in both groups ranged from 68 & 13 years. The
weight of patients ranged from 55 to 115 kg, with an average
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of 86.4 + 5.85 kg. According to the classification system of
the New York Heart Association (NYHA), patients were
distributed: 111 FC n =75 (68.2%), 11 FC n= 35 (31.8%).
Coronary artery bypass grafting (CABG) was performed
with ventricular fibrillation, n = 89 (80,9%), the rest of the
surgeries (cardiac valve surgeries), n = 21 (19.1%), per-
formed using cardioplegic solution «Custodiol». The mean
CPB time was 95.65%12.18 min. In the group with «Cus-
todiol» mean aortic cross-clamp time was 74.3£12.5 min.
The perfusion system used a membrane oxygenator, roller
pump, nonpulsatile flow and the primed circuit 1.3-1.6 1.
to achieve moderate hemodilution (Ht - 25 + 2 /).

Hyperosmolar prime volume with an osmolarity of
510.9 mosmol/l was used [11]. The AdC was prepared
according to the proposed methodology [12]. The mean
blood flow and mean arterial blood pressure were target-
ed at 2.5 L /min/m? and 60-80 mmHg, correspondingly.
CPB was administrated in conditions with moderate sys-
temic hypothermia (32-33°C).

The oxygenator was treated with AdC according to the
pattern: before surgery, 20 ml of subclavian vein patient blood
was collected. The blood was sedimentation for 15 min. to
form a clot, then to obtain the serum it was centrifuged using
a centrifuge NF 200 (Nuve, Turkey) for 7 minutes at 3500 rpm.
The obtained serum of 5-10 ml was taken with a sterile sy-
ringe, adjusted to a volume of 20 ml with saline (0,9% NaCl)
and add into the oxygenator (pre-filled with 0,9% NaCl in
a volume of 1000 ml) through a disposable membrane filter
with pores 0.22 um (Minisart, Sartoriusstedium, Biotech
corp.) Subsequently, the AdC was circulated at idle operating
mode for 5-7 minutes. Then the content of the oxygenator was
completely drained and then carried out the standard proce-
dure of filling the oxygenator with corresponding solutions.

According to the study protocol, patient blood was
sampling for complete blood cell count (CBC) and cy-
tological analysis at 4 stages of surgery: before surgery,
at 10 min. CPB-time, at 60 min. CPB-time (rewarming
stage) and after separation from CPB.

CBC was carried out on the hemolytic analyzer of
Swelab Alfa Basic (Sweden) which allows us to estimate
the size of erythrocytes.

The electrophoretic analysis of the composition of
AdC was accomplished before and after the treatment of an
oxygenator at the Institute of Biochemistry. O. V. Palladin
NAS of Ukraine in the department of protein structure.

Plasma free hemoglobin (plfHb) concentration was
measured using the hemoglobincyanide method.

Erythrocytes osmotic resistance was carried out by the
method of Gottfried and Robertson to determine the time
up to 50% hemolysis of a blood sample in a buffer hypo-
tonic glycerol-saline mixture in one tube.

Mechanical resistance of erythrocytes. The method
of Y. V. Ganitkevich, L. I. Chernenko in its own modifi-
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cation was applied to determine mechanical resistance of
erythrocytes, recording the concentration of plasma free
hemoglobin in a 2% suspension of erythrocytes (diluent —
Ringer’s solution, buffered HEPES [pH = 7.4] and con-
taining 0,1% glucose), subjected to mechanical impact,
by centrifugation for 30 min at 1500 rpm. The result was
expressed as% of hemolyzed cells after mechanical expo-
sure, taking for 100% hemolysis the content of plfHb in 2%
hemolysate of erythrocytes (diluent was distilled water).

Erythrocyte membrane permeability (EMP) for low mo-
lecular weight hydrophilic substances was determined using the
method of urea hemolysis [13]. The method involves increas-
ing the concentration of urea (osmotically active and does not
penetrate through the intact membrane) in a series of buff-
ered hypotonic solutions. We studied the degree of increase in
hemolysis depending on the concentration of urea and thus
judged the degree of damage to the erythrocyte membrane.

Acid hemolysis. The essence of the method is that
2 ml of 0.004 M HCI solution is added in a cuvette with
20 mm? of blood and 2 ml of saline and than the time at
which 100% hemolysis of erythrocytes occurs is calculated.

Statistical analysis. MedStart software program was used
for the statistical analyses. We checked for normality of data
before further analysis; p-values were calculated for continu-
ous variables using the Student’s test. Group differences were
considered statistically significant with a p-value of < 0.05.

RESULTS AND DISCUSSION

Electrophoresis. Separation of the proteins that are
a part of the AdC before and after oxygenator treatment is
shown in Fig. 1, where changes in albumin concentration
in the original AdC solution and after circulation at idle op-
erating mode for 5 minutes are clearly observed. So, on the
path Ne 1, the molecular mass is marked; path Ne 2 and 4
correspond to AdC at a dilution of 1: 200, that was added
to the oxygenator; path Ne 3 and 5 correspond to AdC after
5 minutes of circulation in an extracorporeal circuit at idle
operating mode. The albumin impoverishment is the indi-
cation of its utilization to create a nanolayer coating on the
surface extracorporeal circuit and there is sufficient quanti-
ties of residual albumin in the AdC to produce the nanolayer.

Cytological research. These researches specify that
the use of CPB influences of erythrocytes and indicate
that there are changes in the shape and size of erythro-
cytes under the affect of CPB (fig. 2B, 3B).

In group 1, the microscopy of blood smear detects the
presence of a significant number of microcytes, spherocytes
and echinocytes after CPB. (fig. 2b). The presence of irregu-
larly shaped erythrocytes and the phenomenon of erythrocyte
agglutination is also detected, which is additional evidence
of their defective state. The change in the shape of erythro-
cytes from a «biconcave lens» to a spherocyte indicates a de-
crease in the effective surface area of erythrocytes (1.7 times).
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Fig. 1 Electrophoregram of separation blood proteins of original AdC and after circulation in an extracorporeal circuit at idle operating mode.
1- molecular mass marker; 2 and 4 the original AdC at a dilution of 1: 200; 3 and 5 — the AdC is later 5 minutes of
circulation at idle operating mode.

A —before CPB b —after CPB
Fig.2 Distinctive blood smear for group 1 at different stages of surgery.

A — before CPB B — after CPB
Fig.3 Distinctive blood smear for group 2 at different stages of surgery.
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It can indicate the presence of certain tissue hy-
poxia. The loss of some erythrocytes on an oxygenator
membrane and tubes due to their irreversible adsorbtion
and restriction of access to the gas exchange membrane
of cells leads to a decrease in oxygen supply to tissues.

The cytological research of blood samples in
group 2 (with use of AdC) before and after CPB
(Fig. 3 A, B) indicates more preservation of erythro-
cytes of their shape, and only individual cells change
their shape.

Tab.1
Parameters of red blood cells at different stages of surgery. Group 1 (M = m)
10 min. 0 mi.n.
Parameter | Before CPB CPB-time P CPB-time p* After CPB p** pEE*
(rewarming)
RBC 4.57 £0.43 3.08+£0.31 | <0.0001 | 2.94+0.42 0.096 3.69+0.32 | <0.0001 | <0.0001
Hb 133.18 + 11.31 | 83.14 £ 19.02 | <0.0001 | 85.33+9.98 0.360 | 109.25+22.69 [ 0.0002 | < 0.0001
Ht 40.44 +£4.01 | 24494332 |<0.0001 | 2544+3.9 0.073 33.01+£1.70 | <0.0001 | <0.0001
Hemolysis | 0.16 £ 0.08 0.18 = 0.08 0.126 0.39£0.17 | <0.0001 [ 0.51%£0.19 |<0.0001 | <0.0001
MCV 86.78 £3.49 | 8234+493 | 0,0068 | 84.88*4.37 0.01 88.29 +4.25 | <0.0001 | 0.002
MCH 28.76 +1.32 | 29.50 +2.71 0.121 28.76 + 1.77 0.400 2948 +1.17 | 0.061 0.450
MCHC | 332.57£14.22 | 348.61 £23.21 | 0.008 | 330.38+16.38 | 0.611 | 325.14+21.16| 0.013 | <0.0001
RDW% 13.08+0.83 | 13.11£1.03 | 0.559 12.46 £ 0.70 0.025 13.75+1.09 | <0.0001 | 0.001
RDWa 7491 +7.32 74.40 £6.80 0.134 72.35+7.26 0.010 | 77.56+7.13 | <0.0001 | <0.0001

p — significance level in comparison parameters before CPB and at 10 min. CPB-time; p*- significance level in comparison pa-
rameters at 10 min. CPB-time and 60 min. CPB-time (rewarming); p**- significance level in comparison parameters at 60 min.

CPB-time (rewarming) and after CPB; p*** — significance level in comparison parameters before CPB and after CPB.

Tab.2
Parameters of red blood cell at different stages of surgery. Group 2 (M + m)
10 min. 60 min.
Parameter| Before CPB CPB-time P CPB-time p* After CPB p** P
(rewarming)
RBC 4.63+0.54 3.04+0.50 | <0.0001 | 3.13+0.72 0.148 3.74 +0.45 0.002 | <0.0001
Hb 130.38 + 12.91 | 84.41 £15.35 [ <0.0001 | 89.85+14.72 | 0.096 |105.65+29.57 [ <0.0001 | <0.0001
Ht 39.54+4.11 | 24.92+4.55 [<0.0001 | 26.05+4.26 | 0.161 | 32.45+4.89 | <0.0001 | <0.0001
Hemolysis | 0.13 +0.06 0.15+ 0.06 0.170 0.33+0.13 | <0.0001 | 0.42+0.11 | 0.0002 | <0.0001
MCV 85.40 £3.81 | 81.19+4.00 | <0.0001 | 82.32+3.40 | 0.174 | 86.79+2.54 | <0.0001 | 0.331
MCH 29.39+1.24 | 28.68+1.56 | 0.288 29.89+1.72 | 0.334 | 29.10+1,59 | 0.088 0.658
MCHC | 333.52+10.32 | 342.07 £ 11.32 | 0.013 |[338.23+12.33| 0.215 |332.14+12.49| 0.038 0.189
RDW% 13.30+£0.90 | 13.09£0.95 | 0471 13.37+£0.93 | 0.789 | 13.57+0.85 | 0.478 0.816
RDWa 7761 £584 | 76.10+4.83 | 0.189 | 76.05+546 | 0400 | 75.66+5.12 | 0.709 0.256

p — significance level in comparison parameters before CPB and at 10 min. CPB-time; p*- significance level in comparison pa-
rameters at 10 min. CPB-time and 60 min. CPB-time (rewarming); p**- significance level in comparison parameters at 60 min.

CPB-time (rewarming) and after CPB; p*** — significance level in comparison parameters before CPB and after CPB.

The complete blood cells. A comparison of the stud-
ied results of hematological indexes, showed that at 10
min. cardiopulmonary bypass time (CPB-time) there is
a statistically significant decrease in HB, Ht and eryth-
rocytes both group 1 and group 2 (p <0.0001) due to
hemodilution. After surgery in 1 and 2 groups the in-
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crease in Hb is noted, in comparing two groups, pa-
rameters were statistically not significant (p=0,907)
in spite of the fact that in 1 group hemolysis was high-
er (p <0.0001). Possibly it is because of more periph-
eralization of reticulocytes in group 1 compared with
group 2 (p <0.0001).
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Tab.3

Comparisons of parameters of a red blood cell and dynamics of change of erythrocytes shape between
group 1 and group 2 (M = m)

Before | Before st | O oot el 60 mi.n. 60 m%n. After | After
Parametr GrCol;B , GCPB | flll;i flll:i p* (rCevPv fr'::i':l; é&iﬁﬁ; e GCPB , GCPB 1 pro
P roup Group 2 |[Group 1 Group 2 Group 1 roup roup
RBC 466.g4i 40513i 0.071 36(?‘5‘01 3692? 0.532 3(’)1,:;5 2,94+0,42| 0,051 367,:5i 3(’)6’2; 0,648
o [ o [ [ Lo sy | W [Loom | 125 [ oo
w || P o] % | e o [ [50 [os
Hemolysis 061_35 0(.)1.(6)8i 0.061 061'(5); Obllggi 0.092 Ob?ff 0.39 £ 0.17 | <0.0001 ngli Obﬂgi <0.0001
v [y [ o [ [ 2 o | 237 | 7 | o | %2 [ [conm
Lide 291..3294i 281-.7362i 0.113 28l-.6586i 292..5701i et 29l..8792i 28l..7767i el 29l..1509i 291-‘4187i 0114
e [ T - | - [ - | - | - || [em
e [ o Lo~ | - [ | - | | - e [ [am
e [z T o] — | - || - | - |- [ |5 [om

p — significance level in comparison parameters before CPB and at 10 min. CPB-time; p*- significance level in comparison pa-
rameters at 10 min. CPB-time and 60 min. CPB-time (rewarming); p**- significance level in comparison parameters at 60 min.
CPB-time (rewarming) and after CPB; p*** — significance level in comparison parameters before CPB and after CPB.

Level of Ht 1 (group 1) and Ht 2 (in group 2) being
compared at 60 min CPB-time and after CPB, it is shown
that Ht 2 was statistically lower than Ht 1 at these stages
(p=0.021 and p=0.035 respectively). Simultaneously, at
60 min CPB-time and after CPB there was no statistical
differences between Hb1 and Hb 2 (p=0.062 and p=0.907
respectively). We suggest that it is possible by significantly
increasing the MCV 1 compared to MCV 2 (group 2) at
these stages (p=0.025 and p<0.0001 respectively).

Decline of mean corpuscular volume (MCV) at
10 minutes CPB-time as in group 1 (MCV 1) 82.34 £ 4.93;
p=0.0068 and in group 2 (MCV 2) 81.19 £ 4.00; p<0.0001
attracts attention. It is possible due to the use of the hyper-
osmolar primary solution, and this MCV remain within
the physiologically normal state. There is no significant
difference in MCV at 10 min. CPB-time between group
1 and group 2 (p=0.381). It demonstrates that the prime
composition of equal influences of erythrocytes in two
groups. There are differences p=0.025 between MCV 1 and
MCYV 2 at 60 min. CPB-time (rewarming) and p<0.0001
between MCV 1 and MCV 2 after CPB. Also there are
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an increase in the mean corpuscular hemoglobin con-
centration (MCHC2) (p=0.013) in group 2 and in group
1 (MCHCI1) (p=0.008) at 10 min. CPB-time. Possibly,
this relative increase in parameters due to decrease MCV
at 10 min CPB-time in group 1 (p=0.0068) and group 2
(p<0.0001). Again, the two groups being compared with
each other and changes in MCV, MCH, MCHC at 10 min-
utes are statistically insignificant (tab. 3) that is indicative
of an equal change in parameters from the beginning CPB
in the two groups. MCHCI1 being compared at 60 min.
CPB-time and after CPB, there is a difference p = 0.013.
There is a significance difference between MCHCI before
CPB and MCHCI after perfusion (p < 0.0001). MCHC1
and MCHC2 being compared after CPB, causes there
a significant decrease in the MCHCI1 (p<0.0001).

Studying parameters of MCYV after CPB by compar-
ison before initiation of CPB suggested that an increase
MCV was caused in group 1 (p =0.002) but this value does
not differ (p = 0.331) in group 2 and decrease in MCV at
10 min. CPB-time (81.19 £ 4.00) returns to the basal value.
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At 10 min. CPB-time in group 1 the red blood
cell distribution width parameter (RDWal) was caused
74.40 = 6.80 and there was no significant difference be-
tween average values in comparison with basal value
(p=0.134). The same situation was in group 2. RDWa2
was 76.10 £ 4.83 (p=0.189). Group 1 and group 2 being
compared at 10 min. CPB-time, there was no significant
difference between average values (p=0.078) but there were
significant differences between RDWa 1 and RDWa 2 at
60 min. CPB-time (p<0.0001) and RDWa 1 and RDWa
2 after CPB (p=0.021).

At 60 min. CPB-time (rewarming stage), when com-
paring there is a change of RDW% 13.37 = 0.93 (group
2) and 12.46 = 0.70 (group 1); p <0.0001 and RDWa
76.05 £ 5.46 (group 2), 72.35 £ 7.26 (groupl); p<0.0001,
at the same time in group 1 the tendency to decrease in
RDWa is observed up to 60 min CPB-time (p=0.010),

it is possible due to more destruction macro — and mi-
crocytes on oxygenator membranes. This is consistent
with higher hemolysis in group 1 compared with group 2
(p <0.0001) at 60 min. In group 1 there are a statistically
significant increase in RDWal after CPB in comparison with
60 min CPB-time (p <0.0001). Probably this is due to an
increase in the pool of reticulocytes in the peripheral blood
(5.19 £ 1.46), as a reaction to more pronounced hemolysis
and tissue hypoxia. CPB-time. There are significant differ-
ences p<0.0001 between RDWa 1 before and after CPB.

In the study of the morphology of erythrocytes, it was
found that the initial% content of reticulocytes, echino-
cytes and spherocytes of the two groups was not statistically
significant (Tab. 3). After CPB in group 1 the higher con-
tent of reticulocytes (p <0.0001), echinocytes (p <0.0001)
and spherocytes (p<0.0001) is observed in the peripheral
blood in comparison with group 2.

Tab. 4
Parameters of erythrocyte resistance before and after CPB (M = m)
Parameter Group 1 Group 2 p
) ) Before surgery 59.90 + 18.21 45.28 £20.48 0.234
Mechanical resistance of erythrocytes, %
After surgery 89.93 + 19.87 61.38 £16.33 0.040
) . . Before surgery 230.39 £ 36.91 243.35 £ 38.92 0.104
Time of acid hemolysis 50% of erythrocytes, sec.
After surgery 134.48 £ 35.3 146.37 £ 22.82 0,05
Before surgery 448.2 £218.4 520.7 £ 319.05 0.206
Osmotic resistance of erythrocytes, sec.
After surgery 263.9 + 140.41 345.1 £ 173.56 0.01
p — significance level in comparison parameters before CPB and after CPB.
Tab. 5
Parameters of erythrocyte membrane permeability (TEM) for urea solution before and after CPB (M = m)
Ne TEM%, before CPB TEM%, after CPB
tube Group 1 Group 2 p Group 1 Group 2 p*
1 (40:60) * 43.87 £4.32 4291 £ 3.18 0.583 42.44 +3.84 43.46 +4.53 0.749
2 (45:55) 47.45+5.26 46.09 £ 6.07 0.656 46.82 +4.75 47.74 £ 3,91 0.818
3 (50:50) 73.10 £ 6.15 60.38 +7.98 0.097 69.44 + 9.84 65.85 + 8.88 0.05
4 (55:45) 86.43 + 6.97 79.17 £8.32 0.076 81.78 £ 7.18 78.58 £ 9,66 0.041
5(60:40) 91.43 +4.35 87.23 £ 5.06 0.209 90.47 = 5.59 86.79 = 4.72 0.003
6 (65:35) 95.08 £ 2.24 88.99 + 3.87 0.077 95.76 *+ 3.64 94.89 + 3.89 0.343
7 (etalon)** 1.0000 1.0000 1.0000 1.0000

* The ratio of hypotonic solutions of urea and sodium chloride.
** Etalon is the content of the tube is 100% urea solution.

p — significance level before CPB.

p* — significance level after CPB.

Hemolysis during extracorporeal circulation is the
result of the destruction of the RBC membrane with break-
down and release of plasma free hemoglobin. There are
no significant differences in the level of hemolysis between
the basal value of hemolysis and at 10 min. CPB-time in
groups, beginning with 60 min. CPB-time and after CPB
hemolysis was higher in group 1 (p <0.0001).
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The study of erythrocyte resistance in both groups
the following was revealed. Parameters of mechanical re-
sistance of red blood cells before surgery were not statis-
tically significant between the two groups (p = 0.234). In
group 1 after separation from CPB, there was a decrease
in the mechanical resistance of erythrocytes compared
with group 2 (p = 0.04).
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The analysis of erythrocyte membrane permeability
for urea solution revealed that the level of 50% erythrocytes
hemolysis in urea solution after CPB starting from dilu-
tion of hypotonic solutions of urea and sodium chloride in
a ratio of 50:50 was higher in group 1, the same tendency
remained in dilution 55:45, 60:40 (tab. 5). It may be ex-
plained both more damage of erythrocyte membranes in
the extracorporeal circuit and more release of reticulocytes
(young cell forms), which contain less cholesterol, which
determines the density of location lipids in the membrane,
viscosity and permeability of the lipid layer.

Assessment of acid erythrocyte resistance in group
1 demonstrates the reduction in acid erythrocyte hemoly-
sis time of 50% after surgery compared to initial parame-
ters (p<0.0001), this may be due to the lytic action of the
membrane-attacking complex when the complement system
is activated under conditions of blood contact with a foreign
surface extracorporeal circuit. After weaning from bypass, the
tendency to more resistance of erythrocytes to acid hemolysis
in group 2, in comparison with group 1 was observed (p = 0.05).

The study of osmotic resistance of erythrocytes (ORE)
showed that in the first and second groups before surgery,
ORE parameters were not statistically significant (p=0.206),
and after CPB erythrocytes in group 2 were more resistant
to hypoosmotic factor (p = 0.01). Decreased ORE is pos-
sible with glucose-6-phosphate dehydrogenase deficiency
in erythrocytes and activation of lipid peroxidation [14].
The study in this direction continues.

CONCLUSIONS

In the research, it is confirmed that the use of the of-
fered method (the treatment of the extracorporeal circuit
by AdC) leads to the reduction of negative CPB impact
on the condition of erythrocytes.

1. Electrophoresis showed that the treatment of the
extracorporeal circuit with AdC leads to irreversible mul-
ticenter adsorbtion of the patient’s autoalbumin on the
working surface of the oxygenator (membranes and tubes)
from a solution of low albumin concentration.

2. Tissue hypoxia and changes in the structure
and function of erythrocytes are a leading pathogenetic
factor in the development of critical conditions of pa-
tients who underwent open-heart surgery. Fewer echi-
nocytes and spherocytes in blood samples after surgery
in the group with the treatment of oxygenator surface
with AdC indicates the more adequate oxygen supply to
erythrocytes.

3. Hemolysis level in blood plasma after surgery was
higher in the group without treatment of extracorporeal
circuit with adaptation composition.

4. The intensity of hemolysis depends not only on
mechanical damage of erythrocytes but also on a state of
erythrocytes membrane after CPB. In the group where
the extracorporeal circuit was treatment with AdC, mem-
branes of erythrocytes were more resistant to the action of
damaged factors.
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Pestome

BMJIMB OBPOBKU EKCTPAKOPMOPAJIbHOIO KOHTYPY OKCUTEHATOPA ADANTYO4YO0I0 KOMMNO3ULLIEIO
(ADC) HA MOP®O0J10OTYHI 3MIHU EPUTPOLIUTIB
B.l. YepHiit', J1.0. Cobancbka', 0.M. Jlazapenko', I'.0. Jlasapenko', T.A. AnekceeBa?

! lepxaBHa HaykoBa ycTaHoBa «HaykoBO-NpakTuyHIUd LEHTP NPodinakTUyHOI Ta KNiHIYHOT MEANLMHW» [lepXaBHOr0 ynpasiHHs
cnpasamu, KviB, YkpaiHa
2lHcTuTyT Ximii noBepxHi iMeHi 0.0. Yyiika HavjioHanbHoi akapemil Hayk YkpaiHu, Kuig, YkpaiHa

B pob60Ti BUCBITAIOETHCSI METOA 0OPOOKI SKCTPAKOPIIOPAABHOIO KOHTYPa OKCUI'€HaTOpa «aAATyI0U0I0 KOMIIO-
suttiero» (adaptation composition — AdC) AAsI 3MeHIIIeHHsT HeraTUBHOT'O BIIAMBY IITyYHOTO KPOBOOOITy Ha CTaH
€PUTPOIIUTIB.

MeTa AOCAiAKEHHSI: BCTAHOBUATY BIIAMB OOPOOKM KOHTAKTHOI IIOBEPXHi OKCUI€HATOpa «aAalTyIOY0I0 KOM-
nosuiiero» (adaptation composition — AdC) Ha 3MiHM cTaHY epUTPOIUTIB PV BUKOHAHHI OIIepaTUBHIX BTPY-
4JaHb Ha BIAKPUTOMY CepIli 3 BUKOPMCTaHHAM INTYy9HOro Kposoobiry (ILK).

Marepiaau i MeToau. B AocriakeHH: 6yA0o BKAlodeHO 90 IaiieHTiB, ki OyAM pO3IOAiAeHI Ha ABi IPYIINL.
[TanienTam nepmoi rpymnm (45 xBopux, 39/6 90A./XiH.) orlepaTvBHI BTpYYaHHs BUKOHYBaAU 6€3 00pobKI KOH-
TYpy OKCUTeHaTOpy apanTyiodoro komrosutieio (AdC). OnepaTuBHi BTpy4YaHHs y Halli€eHTiB Apyroi rpymm (45
narfieHTiB — 36/9 90A./XiH.) IPOBOAMAUCE 3 06pobxoio Ad C. 3riAHO IPOTOKOAY AOCAIAXKEHHS, Y IaLi€HTiB
HabupaAlu KpOB AASI 3aTaABHOIO aHAAiI3y KpOBi Ta MOPQOAOTIYHOTO AOCAIAXKEHHSI epUTPOLUTIB Ha 4 eTarax
OIlepaTMBHOTO BTPYYaHH:: A0 IIodaTKy onepariii, Ha 10 xs. IIIK, Ha 60 xs. [IIK Ta B KiHIi onepariii.
PesyapTaTu Ta ix o6roBopeHHs. AApOyMiH B ckraal AdC cTBOpIOe HaHOIIAp Ha IIOBEPXHI MaricTpaien
Ta MeMbpaHm oxkcureHaropa. Mix rpymamu Ao I1IK He 6yA0 cTaTMCTUYHO 3HAUYIIOl Pi3HUIN Y ITOKa3HMKAX.
Pisenp Ht 2 (rpymna 2) ma 60 x8. I1IK T micast K 6ys Hyoxue, Hixk Ht 1 (rpyma 1) (p=0,021 i p=0,035 BianoBiA-
HO) uepes 3ibabienHss MCV 1 (p=0,025 i p <0,0001 Biamosiauo). Ha 10 xs. [IIK miasuirerns MCHC B rpymax
roB’s13aHO 31 sHYDKeHHAM MCV Ha 10 x8. IITK. Ha 60 x8. Bia movarky II1K BiaGyBaeTbest 3Mina B RDWa2 76,05 +
5,461 RDWal 72,35 + 7,26, p <0,0001. ITicas IIIK B rpymi 1 Br3HaYaeThCsI OiABIIT BICOKIMIL BMICT PETUKYAOIIUTIB
(p <0,0001), eximormris (p <0,0001) i cpeponuTis (p <0,0001). B rpymi 1 micas IIIK BiAGyBaeTbcs 3HVKEHHS Me-
xaHiuHOI cTirikocti eputporuTis (p = 0,04) Ta miABMIIIeHA IIPOHMKHICTH MEMOPAHM €PUTPOLINATIB AASI CEHOBUHI.
ITicast [IIK 6iAbIIa pesmCTEeHTHICTh epUTPOLUTIB AO KMCAOTHOTO TeMOAi3y 6yaa B rpymi 2 (p = 0,05), Takox
B IpyIi 2 epUTpOINTY OYAM GIABII CTIIKMMU AO IiIIOOCMOTHYIHOMY daxTopy (p = 0,01).

BucHoBku. O6pobka oxcureHaropa apalTyIOUO0 KOMIIO3MIIIEIO IIPU3BOAUTH AO 3MEHIIIEHHS HEraTUBHOIO
BramBy 1K Ha ctan epurpounTiB. MeMbpaH epUTPOIUTIB Oy AU GiABII PE3UCTEHTHI A0 Ail paKTOpPiB MO yII-
KOAXYIOTh B Ipymi 3 BukopucTanHsam Ad C.

Kntouoei cnoea: mTyaHMiT KpOoBOO6ir, OKCUTreHaTOP, MOPOAOTisI epUTPOLNTIB, aAaNITyI0Ya KOMIIO3MILi 51
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Pestome

BJIMSHUE OBPABOTKN 3KCTPAKOPMOPAJIbHOIO KOHTYPA OKCUIEHATOPA ABANTUPYIOLLEN
KOMMO3ULIUEN (ADC) HA MOP®OJTIOMMYECKWUE UBMEHEHUS 3PUTPOLIMTOB
B.WU. YepHuuit', J1.0. Cobanckaa', O.H. Jlasapenko', I'.0. JlazapeHko', T.A. AnekceeBa?

! TocynapCTBEHHOE HayyHOe yupexaeHmne «HayyHo-NpakTUYeCcKUiA LEHTP NPOGUNAKTUYECKOI U KITMHNYECKON MELULIHBI»
l'ocypapcTeeHHoro ynpasneHus nenamu, Kues, YkpanHa
2 YIHCTUTYT XMUN NOBEPXHOCTU MMeHM A.A. Yyitko HaumoHanbHoit akanemum Hayk YkpauHbl, Knes, YkpauHa

B pabore ocBerraeTcst METOA 0OPabOTKI SKCTPAKOPIIOPAABHOIO KOHTYpa OKCUI€HaTOpa «aAATHUPYIONIeii KOM-
nosymmeri» (adaptation composition — AdC) AAsl cHVDKeHMsI HeTaTMBHOTO BAMSHMS MCKYCCTBEHHOTO KPOBOO-
OpallleHNs Ha COCTOSIHIIE SPUTPOLIATOB.

ITeAb MccAeAOBaHUST: YCTAHOBUTD BAVITHIE OOPabOTKM KOHTAKTHOI IIOBEPXHOCTY OKCUTeHaTOpa
«apanrTupyomen xommnosumnein» (AdC) Ha M3MeHeHNS COCTOSHIS SPUTPOLINUTOB IIPY BHIIIOAHEHUN OIlepaTyiB-
HBIX BMeIIIaTEABCTB Ha OTKPBITOM CEPALle C IIPYMeHeHNeM JICKYyCCTBEHHOTO Kposoobparenns (V1K).
Martepuaabl 1 MeTOABL B riccaeaoBanme 66110 BKAIOUeHO 90 MAIEeHTOB, KOTOPbIe OBIAY paclpeAeA€HbI Ha ABe
rpymsl. IlarenTam mepsoii rpymisl (45 60ABHBIX, 39/6 MyX. />KeH.) ollepaTUBHBIE BMEIIIaTeAbCTBA BBITIOA-
HSIAY 6e3 00paboTKy KOHTypa OKcUreHatopa aaanrtupytoiieit kommosumnyeit (AdC). CoraacHO IPOTOKOAY MC-
CA€AOBaHIsI, Y IIAIVIEHTOB HabupaAu KPOBb AASL OOIIIEro aHAAM3a KPOBU M MOP(POAOIMYECKOTO MCCAEAOBAHIS
SPUTPOLIUTOB Ha 4 dTalax OIepaTUBHOIO BMeIlaTeAbCTBa: AO Hadaaa onepaumy, Ha 10 mun. VIK, Ha 60 MuH.
VK 1 B KOHIIe oIleparum.

PesyapTaThl 1 ux 06cyxaenne. AapoymuH B coctaBe AdC co3paeT HAHOCAONM Ha MTOBEPXHOCTY MeMOpaHBI
oxcureHaTopa. Mexay rpymnmnamu Ao VK He OBIAO CTaTHCTIYECKN 3HAYMMOYE Pa3HUIIEI MEXKAY ITOKa3aTeASIMA.
Yposens Ht 2 (rpymna 2) Ha 60 Mua. VIK 1 ocae VK 651 mHyKe, yem Ht 1 (rpymma 1) (p=0,021 n p=0,035 co-
OTBETCTBEHHO) 3a cueT yseandenyss MCV1 (p=0,025 n p <0,0001 coorsetcrBerHo). Ha 10 MyH. VIK nosbireHne
MCHC B rpynmax casa3aso co cHvokeHreM MCV Ha 10 mua VIK. Ha 60 MyH. ot Hagaara VIK mponcxoant n3meHe-
Hre RDWa2 76,05 + 5,46 m RDWal 72,35 = 7,26, p <0,0001. ITocae VK B rpymze 1 orMedaeTcst 60Aee BBICOKOE CO-
AepxkaHne petukyaountos (p <0,0001), exurormros (p <0,0001) 1 cdpepormros (p <0,0001). B rpymire 1 mocae
VK IpomcXOAUT CHUXKeHe MeXaHMIeCKol CTOMKOCTI SpUTpouToB (p = 0,04), 1 TIOBbIIIIeHNe IPOHMIIAeMOCTH
MeMOpaHBl SpUTPOLUUTOB AAST MoueBMHBL. [Tocae VK 6oAbIIIas pe3syCTEHTHOCTh SPUTPOLIUTOB K KIUCAOTHOMY
reMoAmsy 6s1ra B rpymrte 2 (p = 0,05), TakXe B rpyIiie 2 SpUTPOLATHL OBIAY 60A€€e YCTOMYMBBIMU K TUIIOOCMO-
Tideckomy daxropy (p = 0,01).

BriBoabl. O6paboTka oKcUreHaTOpa aAalTUPYIONIeli KOMIIO3UIIVEN IPUBOAUT K YMEHBIIIEHIIO HEIaTBHOIO
BavstHs VIK Ha cocTostHMEe SpUTponnToB. MeMbpaHbl SpUTPOINMTOB 6BIAY 60A€e PE3UCTEHTHBIMM K AeICTBIIO
MoBpeXAaonux dpaxropos B rpymiie ¢ Ad C.

Kntouesvie crosa: MCKYCCTBEHHO€ Kp08006pameﬂme, OKCHUIreHaTop, MOquOAOFI/Iﬂ SpUTPOINTOB, aAalI TN~
pyromasi KOMIIO3UIIN L.

Inghopmauis npo asmopie 3naxodumucs Ha caimi http.//www.cp-medical.com.
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