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Prospects for the Use of Donor Blood in a Cardiac Surgery Clinic

Abstract

Investigation of problems of infection among patients with heart disease and blood donors, diagnosis and detection
of serological markers of hepatitis B, C, syphilis, HIV infection and alternative development of free donation.

The aim. To analyze the dynamics of serotypes of infections in patients and donors in recent years, and to
determine the prospects of free donation in a cardiac surgery clinic.

Materials and methods. The study was performed by means of detection of hepatitis B, hepatitis C, syphilis
and HIV infection markers in 19,965 patients with heart diseases and 9,502 donors in 2017-2019, and included
analysis of the development of voluntary blood donation in Ukraine.

Results. In 2017-2019, a 4-fold increase in the total amount of donated blood was noted due to the development
of Voluntary Blood Donation (VBD) program. In patients with heart diseases requiring surgical treatment, the
average rate of infection in this period was 5.76%. Among blood donors in those years, there was a notable
increase in serological markers of syphilis (5.3-fold) and HIV infection (2.3-fold). In the process of examination
and procurement of donated blood, the lack of donor blood from relatives of patients is 27%, and the lack of blood
from voluntary donors is 17%.

Conclusion. Increase in the amount of donated blood thanks to the first-time donors in the VBD program requires
careful laboratory monitoring to detect antibodies to the causative agents of syphilis, hepatitis B, C and HIV, as well

as mandatory post-quarantine laboratory monitoring of donor plasma.
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Introduction. Transfusion of donated blood compo-
nents remains a hot topic in surgical practice, despite the
emergence of new blood saving techniques. In case of a
massive blood loss, there is no way of saving the patient
without blood transfusion. Donation of blood is being ac-
tively supported by the WHO and by government officials
in Ukraine. However, blood banking is associated with
rejection of significant number of donors due to various
infections which can be transmitted by blood transfusion,
and due to non-infectious diseases [1, 2, 3, 4]. Some coun-
tries have managed to establish effective barriers against
infection transmission through blood transfusions. Ac-
cording to the data of the Swedish study, first-time do-
nors do not become active donors without undergoing
an evaluation of the risk of carrying infectious agents. In
the late 20th century the HIV infection rate in Sweden was
1:1000000, the rate of hepatitis C amounted to 1:100000,

and there was no evidence of syphilis infection [5]. Com-
plications of donated blood transfusions can occur in the
form of immediate and delayed allergic reactions [6]. Dari-
usz et al. reported a 0.16% rate of complications in a series
of 58,505 blood transfusions, where the most common
were: fever of non-hemolytic origin (36.8%) and allergic
reactions (30.5%) mainly after the platelets transfusion
[7]- It is worth noting that the incidence of these reactions
increased depending on the number of transfusions rather
than on the amount of a single transfusion [8]. Other prob-
lems of blood donation include the decrease in the num-
ber of donors due to the sporadic attitude of the general
public towards blood donation as a social project. These
problems are substantial for the work of a cardiac surgery
clinic. As of today, the attention of the state authorities is
focused on the collection of blood components, while the
problems of logistics, new diagnostic criteria and safety of



2020 = 4 (41)

IHCbKUI XXypHan cepueBO-CyAUHHOI Xipyprii =

B Ykpa

70 3aranbHi NMTaHHA cepueBo-CyAUHHOI Xipyprii

Table 1 Table 2
The incidence of detecting serological markers in patients Detection of serological markers of infections in donors

ith h ) 2. .
with heart diseases requiring a surgical treatment Year 2017 2018 2019
::Jar;ber - 2017 2018 2019 ggrr]\;tr)ser of 3,160 2,958 3,384
patients 6,232 6,658 7,073 HBsAg 6 (0.18%) 11 (0.37%) 8 (0.23%)
Anti-HCV 234 (3.7%) 216 (3.2%) 245 (3.46%) Anti-HCV 23 (0.72%) 39 (1.3%) 27 (0.79%)

) ) [v)

HBsAg 125 (2.0%) 134 (2.01%) 110 (1.55%) Treponema 3 (0.09%) 6 (0.2%) 16 (047%)
Treponemal 94 h38%)  14(0.21%) 18 (0.25%) antibodies
antibodies s s o2 HIV antibodies 3 (0.09%) 5 (0.16%) 7 (0.21%)
HIV antibodies 10 (0.16%) 8 (0.12%) 11 (0.16%) Total 35(1.1%) 61 (2.06%) 58 (1.7%)
Total 393 (6.3%) 372 (5.58%) 384 (5.42%)

the collected blood are being overlooked. There is a lack
of publications on the cost of the donated blood collection
and on the search for new blood-sparing techniques for
on-pump cardiac surgical procedures.

Objective. To analyze the dynamics of serotypes of
transfusion transmissible infections in patients and do-
nors, to determine problems and perspectives of voluntary
blood donation in a cardiac surgery clinic.

Materials and methods. 19,963 patients with congeni-
tal and acquired heart diseases and 9,502 donors were test-
ed for serological markers of hepatitis B, hepatitis C, syphi-
lis and HIV infections at the Amosov National Institute of
Cardiovascular Surgery of the National Academy of Medical
Sciences of Ukraine from 2017 to 2019. In the pre-operative
period, all the patients had been diagnosed with heart fail-
ure (NYHA class 2 to 4) and reduced exercise tolerance. All
the patients had been examined before the intervention in
accordance with the local protocol: history taking, labora-
tory testing, electrocardiography, echocardiography, chest
X-ray, and heart catheterization. The data was organized
and processed using Microsoft Office Excel 2013.

Results and discussion. According to the results of
statistical analysis, the incidence of detecting serological
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Figure 2. Rejected donated blood from
voluntary donors in 2019

markers for transfusion transmissible infections in 19,963
patients who underwent at least one surgical procedure
between 2017 and 2019 varied from 6.3% to 5.42%
(Table 1).

Meanwhile (Table 2), there has been a notable rise
in these markers in blood donors: from 1.1% in 2017 to
2.06% in 2018 and 1.7% in 2019. The rate of finding anti-
bodies to Treponema pallidum (a pathogen causing syphi-
lis) has risen more than twice in one year: from 0.09% in
2017 to 0.2% in 2018. There was also an upward trend in
the detection of HIV antibodies. In 2017, HIV infection was
discovered in 0.09% of the donors, while in 2019 this rate
reached 0.21%.

The reasons listed above as well as technical issues
contribute to the lack of usable donated blood. According
to the data from the Department of blood collection and
transfusion, 6% of the blood collected from active donors
was rejected in the period mentioned above (Figure 1).

Among the first-time donors from the Voluntary Blood
Donation (VBD) program, the proportion of rejected blood
was 17% (Figure 2).

Among the patients’ relatives, the proportion of reject-
ed blood was even higher; i.e. 27% (Figure 3).
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Figure 3. Rejected donated blood from
relative donors in 2019
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Table 3
Fractions of rejected blood in three categories of donors

Rejected blood Usable blood
Active donors 6% 94%
Relatives 27% 73%
Voluntary donors 17% 83%

The percentages for rejected blood are presented in
Table 3.

Due to explosive development of diagnostic and surgi-
cal techniques, the amount of surgeries lately has been on
the rise. Consequently, the demand for donated blood com-
ponents has risen as well. In recent years, considerable
support was obtained from the development of the VBD
program which contributed significantly to the amount
of blood donations through voluntary donations from the
public and employees of large companies. However, the
rate of rejected blood has been significantly higher among
the sporadic voluntary blood donors (17%) and among
patient’s relatives (27%) who can be considered as spo-
radic donors as well. Undoubtedly, the VBD program in-
creased the amount of collected donor blood; however, the
incidence of detection of hepatitis C, hepatitis B and HIV
serological markers have also increased. These findings
suggest a growing need for targeted diagnostics of these
and other markers of transfusion transmissible diseases,
especially in first-time donors. The growth of the VBD pro-
gram is shown in Figure 4.

In 2018, donors from the VBD program constituted
27% of the total amount of donors (Figure 5). The fraction
of blood components from the active donors was 43%, and
22% of blood components for cardiac surgeries were re-
ceived from the other facilities.

The percentage of donors in 2019 is shown in Figure 6.
Due to the increase in the number of voluntary donors,
there have been no need for requesting blood components
from other facilities.
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Figure 4. Number of donors in the Voluntary Blood Donation
program
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Figure 5. Sources of blood donations in 2018
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Figure 6. Sources of blood donations in 2019

Implementation of the VBD program was achieved by
organizing the off-site events for donor recruitment and
blood collection. Compared to 2017, the number of donors
in 2019 experienced almost 4-fold growth, which, in turn,
have significantly increased the amount of collected blood
components in total and per event (Table 4).

The groups of patients who were treated by transfusion
of the blood components collected under the VBD program
is presented in Table 5.

Table 4
Results of off-site events of the VBD program
Year 2017 2018 2019
Events 20 20 47
Donors 312 550 1203
Amount of blood 113.0 2210 535.0

collected (liters)
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Table 5

The number of patients who were treated by transfusion of
the blood components collected under the VBD program

Table 7
Costs of blood-sparing post-operative anemia management

Medication Number of units Cost in UAH
2017 (%) 2018 (%) 2019 (%) Erythropoietin i.v. 30,000 units 3,513.0
Children 165 (63.9%) 183 (53.6%) 223 (46.6%) Iron(lll) hydroxide i.v. 1,480 mg 3,558.0
Emergencies 34 (13.1%) 43 (12.6%) 50 (10.4%) Folic acid p/o 1 pack 10.0
Social 59 (22.8%) 115 (33.7%) 205 (42.8%) vit. C p/o 1 pack 10.0
programs Vit.B12 i.v. 1 pack 30.0
Total 258 (100%) 341 (100%) 478  (100%) Total . 71210

This data, as well as the new 2020 Ukrainian legisla-
tive acts (N23648 concerning the safety and quality of the
donated blood, and Ne2239 imposing restrictions on the
export of the donated blood from the country), encour-
ages optimism for the future of blood donation. These
acts should promote the development of blood donation in
Ukraine which in turn should increase the hospital’s capa-
bility of dealing with severe conditions in patients.

The economic cost of preparing the blood components
for transfusion is also worth mentioning. The prices of
each component are listed in Table 6.

It can be seen that treatment of thrombocytopenia is
fairly expensive as 1 unit of the platelet concentrate costs
around $378. The average volume of blood components
used during an on-pump operation about 1,300 ml and
translates into an average of $280 in costs per patient.
The price of preparing the blood components is now al-
most equal to the price of medications for the treatment of
anemia with the blood-sparing technique. For example, a
patient with a weight of 74 kg and hemoglobin at 105 g/1
should receive 1480 mg of intravenous iron supplementa-
tion. The total expenses for drug management of anemia
using the blood-sparing technique are presented in Table 7.

Considering that, cardiac operations with the blood-
sparing technique which has been developed at the Na-

Table 6
Prices of preparing various blood components in 2019
Cost of

Production production Total cost
Blood component per year (UAH) (UAH)
1 liter of plasma, 374 52720  1,971,728.0
machine method
1 Liter of plasma, 543 6,3370  3,440,991.0
manual method
1 Liter of red blood 631 48350  3,050,885.0
cells, manual method
1 unit of platelets 2,161 7276 1,572,343.6
(50 ml)
1 unit of platelets
concentrate (300 ml) 158 10,776.7  1,702,718.6
Total 11,738,666.2

tional Institute of Cardiovascular Surgery is therefore an

economically viable alternative to the blood components

transfusion. The technique of saving the autologous blood
of the patient during an on-pump operation in different
variants can be also considered as an option.

Conclusions

1. According to our single-center study data, the rate of
transfusion transmissible infections in patients with
surgical pathology of the heart was 5.42% and higher
in 2017-2019.

2. From 2017 to 2019 there was a 1.6-fold increase in
the detection of serological markers of transfusion
transmissible infections: there was 5.3-fold increase in
the incidence of syphilis and 2.3-fol increase in that of
HIV.

3. In 2017-2019, there was a 4-fold increase in blood
donation due to the development of the VBD program.

4. In the process of examination and procurement of
donated blood, the lack of donor blood from relatives
of patients is 27%, and the lack of blood from voluntary
donors is 17%.

5. Interventions with the use of donor blood or its
components require additional costs compared to
operations carried out with the use of blood-saving
technologies. This makes the latter a more promising
direction for the future development of cardiac surgery.
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Pesiome. Y cTaTTi npefCcTaB/JeHO aHaJIi3 BJACHOTO JOCBiy 3 BUABJIEHHSA CEPOJIOTIYHUX MapKepiB renatuty B, C, cu-
binicy, BlJI-indgekuil cepes nanieHTiB i3 3aXBOPIOBAaHHAMM Ceplisl Ta JOHOPAMU KPOBI, BU3HaueHi N1po6J1eMu PO3BUTKY

0e30MJIaTHOTO IOHOPCTBA Ta iX aJlbTepHAaTHBHE PillleHHS.

Meta gociaigxeHHs. [[poaHanizyBaTu AMHaMiKy cepoTuniB iH}eKIill y nanieHTiB i JOHOPIB 32 OCcTaHHI pOKHU Ta BU-
3HAYUTHU NEPCINEeKTHBYU 6e30MJIaTHOTO JOHOPCTBA B KapAioxXipypridHii KiiHini.

Martepia/mm Ta MeToau. [IpoBoAu/IM aHa/i3 AiarHOCTUYHOTO BU3HAY€HHA HAsABHOCTI CEPOJIOTIYHUX MapKepiB re-
natuty B, C, cudinicy Ta BlJI-indekuii y BigineHHi nepesuBaHHs KpoBi cepes 19 965 xBopuX i3 ceplieBO-CyJMHHUMU
3axBOploBaHHAMHU Ta cepef, 9502 gonopis 3 01.01.2017 no 30.12.2019 pik. Po3arisaHyTo npo6semu npodisakTUKHU iHOI-
KyBaHHs KOMIIOHEHTIB IOHOPCHKOI KPOBi ¥ pOAMYiB NAliEHTIB Ta Y NEPBUHHUX JOHOPIB 3a NPOrpaMor0 6e30I1aTHOrO
JLOHOPCTBA, II0JJaHO eKOHOMIYHY OLIIHKY 6€3KPOBHHUX TEXHOJIOTIH SIK aJIbTepHATUBHU JOHOPCTBA.

Pe3y/sbTaTH Ta 06roBOPEeHHs. 3aB/sKH po3po06Iii mporpamMu Jo6poBisibHOrO0 AoHOPCcTBay 2017-2019 pp. Bigoys10-
cs1 36iJIbIIeHHS 3araJibHOI KiJIbKOCTi 3aroToBJieHOI KpOBi B 4 pa3u. Y malieHTiB i3 3aXBOPIOBAaHHSAMHU ceplis, 110 NOTpe-
OyI0TB XipypriqyHoro JiiKyBaHHS, cepe/iHil piBeHb 3apakeHHS B 1jeH nepiof ctaHoBUB 5,76 %. Cepen J0HOPIB KPOBi B Ti
POKH NMOMITHO 3poc/iv cepoJioriyHi Mapkepu cudinicy (y 5,3 pasa) ta BlJI-indexkuii (v 2,3 pasa). Y npoueci o6cTexeHHs
Ta 3aroTiBJli JOHOPCBKOI KPOBI I HecTaya y poguyiB nauieHTiB fgocsarana 27 %, a BiICyTHICTb BiJIbHUX AOHODIB - 17 %.
ExOHOMIYHUN NiApaxyHOK BapTOCTi B3STTS KOMIIOHEHTIB JOHOPCHKOI KPOBi HAGJIMKAETHCSA A0 BAPTOCTI Mpemnaparis,
sIKi BAKOPHUCTOBYIOThCA IIifl 4ac Kopeklii aHeMii 3a 6e3KpOBHOI0 TEXHOJIOTIEND, 1[0 MOXKe OYTH OJIHUM 3 aJIbTEPHATUBHUX

LJIAXIB PO3BUTKY B KapAioxipypril.

BHUCHOBOK. 36i/IbLIIEHHS KiJIBKOCTi JOHOPCHKOI KPOBi 32 paXyHOK NepPBUHHUX JOHOPIB 3a MporpamMor 6e3KOLITOB-
HOTO JJOHOPCTBA BMMarae peTeJIbHOr'0 J1abopaTOPHOIO MOHITOPUHTIY /J1S1 BUSIBJIEHHS aHTUTI A0 36yAHUKa cudiicy,
renatuty B, C i BlJI-indekuii Ta 060B’s13K0BOr0 Mic/ASKapaHTHHHOTO MOHITOPUHTIY JJOHOPCHKOI I1a3Mu. Po3BUTOK Ipo-
rpamMu 6e30MJaTHOTO JOHOPCTBA SIK B EKOHOMIYHOMY, TaK i B COLliaJIbHOMY IJIaHi, BIAKpHUBAE TAKOXK GIJIbLI IUPOKI MOXK-
JIMBOCTI JIJ1s1 3aCTOCYBaHHS KPOB0O36epirarouux TeXHOJIOTIN Y KapAioXipyprii.

Kamwuosi cnosa: kapdioxipypeis, doHopcbka kpos, zenamum B, ezenamum C, cugpinic, BL/I-ingekyis.
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