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EFFECTIVENESS OF TRANSFUSION OF PACKED RED BLOOD CELLS
AND WHOLE BLOOD WITH VARIOUS TERMS OF STORAGE TO DOGS
EFICACITATEA TRANSFUZIEI CU CONCENTRAT ERITROCITAR
ȘI SÂNGE INTEGRAL CU TERMENE DIFERITE DE DEPOZITARE LA CÂINI
I. YAKYMCHUK1),*), A. MAKARIN1),
Olga YAKYMCHUK1), M. MARYNIUK1),
M. TSVILIKHOVSKYI1)

Considering the morphological, biochemical and
biomechanical changes of erythrocytes of whole blood
and packed red blood cells erythrocyte mass during
storage, a standard on the duration of storage of these
blood products is required. The aim of the study was to
determine and compare the efficacy and safety of
transfusion of stored whole blood and packed red
blood cells in dogs with anaemia. The studies were
conducted at the Department of Therapy and Clinical
Diagnostics of the National University of Life and Environmental Sciences of Ukraine and at the “Zoolux” Veterinary Clinic, Kyiv. In total, 37 whole blood bags and
47 packed red blood cells were used in the study. The
recipients received transfusions of whole blood and
erythrocyte mass immediately after collection and after different storage periods (1-7; 7-14; 14-21; 21-28
days). The recipients monitored the dynamics of haematocrit, lactate, and the development of post-transfusion complications. Transfusion of packed red blood
cells and whole blood stored for more than 14 days is
less effective in increasing haematocrit in recipients.
Haematocrit increase with transfusion of canine fresh
whole blood and packed red blood cells is 9.4 ± 0.98%
and 10.2 ± 0.54% respectively. However, haematocrit
with whole blood transfusion and packed red blood
cells stored for 14-21 days increased by 5.2 ± 0.9%
and 6.7 ± 0.98% respectively. The level of lactate in
the blood of recipient dogs tends to decrease in case of
packed red blood cells transfusion stored till 21 days
and canine whole blood stored till 14 days (-1.5 ± 0.29
mmol/L and -0.7 ± 0.20 mmol/L, respectively). After
the 21st day of storage of blood products, there was a
significant increase in the incidence of complications
both in animals that were transfused with whole blood
(60%) and in those that were transfused with packed
red blood cells (42.8%).
Keywords: canine, blood, haematocrit,
lactate, transfusion

Având în vedere modificările morfologice, biochimice și biomecanice ale eritrocitelor din sângele integral și din concentratul eritrocitar în timpul depozitării,
este necesar un standard privind durata de depozitare
a acestor produse din sânge. Scopul studiului a fost de
a determina și compara eficacitatea și siguranța transfuziei cu sânge integral și concentrat eritrocitar la câini
cu anemie. Studiile au fost efectuate la Departamentul
de Terapie și Diagnostic Clinic din cadrul Universității
Naționale de Științe ale Vieții și Mediului din Ucraina și
la Clinica Veterinară „Zoolux” din Kiev. În total, în studiu au fost utilizate 37 de pungi de sânge integral și 47
de pungi de concentrat eritrocitar. Beneficiarii au primit
transfuzii de sânge integral și concentrat eritrocitar
imediat după colectare și după diferite perioade de depozitare (1-7; 7-14; 14-21; 21-28 zile). La beneficiari
au fost monitorizate dinamica hematocritului, lactatului
și complicațiile post-transfuzie. Transfuzia cu sânge integral și concentrat eritrocitar depozitat timp de mai
mult de 14 zile este mai puțin eficientă în creșterea hematocritului beneficiarilor. Creșterea hematocritului în
urma transfuziei cu sânge integral și concentrat eritrocitar proaspăt este de 9,4 ± 0,98%, respectiv 10,2 ±
0,54%. Cu toate acestea, în urma transfuziei cu sânge
integral și concentrat eritrocitar stocate timp de 14-21
de zile, hematocritul a crescut cu 5,2 ± 0,9%, respectiv
6,7±0,98%. Nivelul de lactat din sângele câinilor transfuzați tinde să scadă în cazul transfuziei cu concentrat
eritrocitar depozitat până la 21 zile (-1,5 ± 0,29 mmol/
L) și cu sânge integral depozitat până la 14 zile (-0,7 ±
0,20 mmol/L). O creștere semnificativă a incidenței
complicațiilor atât la animalele care au fost transfuzate
cu sânge integral (60%), cât și la cele care au fost
transfuzate cu concentrat eritrocitar (42,8%) s-a înregistrat la produselor sanguine depozitate mai mult de
21 de zile.
Cuvinte cheie: canin, sânge, hematocrit,
lactat, transfuzie

According to the literature, the first blood transfusion from a dog to a dog was conducted by English scientist Richard Lower in 1665 (8). According to other
sources, the first such experiment was conducted by
Italian physician Girolamo Cardano (1501-1576) (8).
The first blood transfusion from human to human was
carried out only in a long while: in 1819 by physician

James Blundell. With the discovery of the first anticoagulant, heparin, in 1916 by Jay McLean, a medical student at Johns Hopkins University, opportunities for the
development of methods for preserving blood products opened up (4). According to WHO, 100 million
blood units per year are collected from donor people
for blood transfusions (32).
In spite of the fact that blood transfusion for animals began much earlier than for humans, for the day
blood transfusion in veterinary medicine lags far
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behind the humane one. Today, in humane medicine,
packed red blood cells and platelet concentrate, plasma, cryoprecipitate, cryosupernatant and albumin are
used as blood components. However, in veterinary
medicine in most countries of the world veterinarians
still use exclusively whole blood for transfusion to animals without its separation in separate components
(14, 15). Blood separation has not only economic advantages but also allows to significantly reduce the
risks of development of immune and non-immune responses. Thus, when transfusing packed red blood cells
to a patient, their volume is almost half that of whole
blood. Therefore, the risk of volume overload (TACO
syndrome, transfusion-associated circulatory overload) of the organism of patient is also reduced (10).
This is especially important for patients with renal and
heart failures. According to the literature, transfusion
of blood plasma can result in the development of lung
injury, the so-called transfusion-related acute lung injury (TRALI) syndrome (3). Taking into consideration
the lack of necessity for transfusion of blood plasma to
patients with anaemia, there is no reason for transfusion of whole blood with the risk of developing lung injury in them. In this event, it is more expedient to use
packed red blood cells as a method of symptomatic
treatment of patients with anaemia.
With regard to the timing of storage of blood products, according to the recommendations of humane
medicine, packed red blood cells can be stored for 21 42 days depending on the type of additive. For dogs,
there is practically no research on this subject, therefore, a storage period of 35 days for whole blood (when
CPDA-1 is used as an additive) and 42 days for packed
red blood cells were empirically chosen (13). It should
be noted that the storage period for red blood cells of
42 days as both for humans and dogs is based on the
use of special nutrient media such as Adsol, Nutricel,
Optisol, etc. (5). However, in a lot of countries these
nutrient media are inaccessible, as a result of which
the international protocols for the storage of packed
red blood cells are not at the front burner for us. It is
also worth noting that studies to define the survival of
erythrocytes were carried out on healthy volunteers
(19). Taking into account the large number of systemic
complications in the patients of intensive care units,
such as uraemia, endotoxemia, thrombosis, it is not
known whether this will additionally affect the survival
of red blood cells in the recipients of this group.
According to the results of our previous studies,
during the storage of packed red blood cells and whole
blood,significant morphological and biochemical shifts
are observed (34). The main morphological shifts included a change in the shape of erythrocytes and their
transformation into echinocytes, and then into spherocytes and an increase in the haematocrit index,
which may reflect the oedema of the cells. Expressed
morphological shifts in packed red blood cells were observed after 21 days of storage, and in the blood after
14 days of storage. The main biochemical shifts were
an increase in the level of potassium and lactate in
packed red blood cells during storage. However, to de-
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termine the clinical significance of the above changes,
it is necessary to conduct clinical studies to establish
the efficacy of transfusion of packed red blood cells
and blood of various storage times to patients.
The aim of this study was to determine and compare the efficacy and safety of transfusion of packed
red blood cells and stored whole blood to dogs with the
syndrome of anaemia.
MATERIALS AND METHODS
The research was performed at the Department of
Therapy and Clinical Diagnostics, National University
of Life and Environmental Sciences of Ukraine, and in
“Zoolux” Veterinarian Clinic, Kyiv.
Blood for donation was received from dogs which
are included to the donor blood bank programme of
“Zoolux” Clinic. Before the blood collection, the dogs
underwent a clinical examination.
The donor programme allowed animals aged 1-8
years, with a body weight of 25 kg and above and clinically healthy. All donors have been vaccinated over the
past year with combined vaccines against distemper,
adenovirus Type 2, parvovirus, parainfluenza and rabies viruses as well as against leptospirosis. All selected donors underwent regular treatments from ectotrophic and endotrophic parasites. The dogs, which
have been already recipients, were excluded from the
donor programme. Satisfactory results of clinical examinations of dogs were the basis for the collection of
blood from them to conduct haematological (the number of erythrocytes and haematocrit) and biochemical
(creatinine and urea in plasma) studies. In addition,
only dogs with negative results of tests for babesiosis
and microfilaraemia were allowed to donate.
The collection of blood from donor dogs was executed without the use of sedatives. The animals were
laid down in the lateral position, wool around the jugular vein was shaved. Before taking blood from animals, the site of extraction was carefully treated with a
2% chlorhexidine solution on a 70% solution of isopropyl alcohol. Blood was taken into special closed systems with containers containing preservative CPDA-1,
which includes citric acid, dextrose monohydrate, sodium citrate, sodium dihydrogen phosphate and adenine. According to the manufacturer's instruction, the
ratio of the volume of additive solution to whole blood
is 1:7. Blood was taken into containers, which are designed for 250 ml of blood. Blood was carefully mixed
during the collection of blood into the container. In total, 37 bags with whole blood and 47 with packed red
blood cells were collected. To investigate the efficacy
of fresh blood transfusion, patients were transfused
immediately after blood was collected.
Blood that was to be stored was marked with the
donor number and the date of its collection and placed
in a refrigerator at a temperature of +1 ... +6°C in an
upright position. The recipients received blood of various storage periods (1-7, 7-14, 14-21, 21-28 days)
(Fig. 1). According to the results of our previous studies, packed red cells after 28 days of storage have
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Fig. 1. The diagram for obtaining and
using whole blood for transfusion to dogs

significant changes in the morphology of erythrocytes,
so it was not transfused.
To obtain packed red cells, collected whole blood
was centrifuged using a refrigerator centrifuge (model
RS-6MC) at t + 4°C and 2500 rpm for 20 minutes.
Then blood plasma was taken to a satellite container,
the main between two bags was cut and sealed to ensure tightness. The obtained packed red blood cells
were marked with the donor number and a date of selection. After that, packed red blood cells, like preserved whole blood, and were stored in a refrigerator
at a temperature of + 1 ... + 6°C in an upright position.
Every day, all the bags with whole blood and
packed red cells were examined for haemolysis and
colour changes. Intensive haemolysis, and even more
so, a change in colour to black or green, may indicate a
marked bacterial contamination. Such blood products
should not be transfused and they must be disposed.
For experimental purposes, the choice of packed
red blood cells or whole blood for transfusion was
carried out without any reference to the recipient or
the aetiology of his anaemia. The recipients had anaemia of various aetiologies, among them there were
sepsis, renal insufficiency, blood-parasitic diseases
(babesiosis), bleeding and oncological diseases. Animals with the signs of the aggregate of haemolysis
symptoms (icteritiousness of visible mucous membranes, pigmenturia, hemolyzed blood plasma, etc.)
were excluded from the study before the beginning of
transfusion because of difficulties in recognition of
haemolytic complications against the background of
transfusion. Blood typing were determined in all donors and recipients. Each time, before the blood transfusion, the patient was tested for blood compatibility
(major and minor crossmatch procedures).
For monitoring, several signs of acute transfusion
reactions (allergy/anaphylaxis, fever and haemolysis)
were used. Allergy and anaphylaxis were noted as the
development of urticaria, erythema, pruritus, oedema
of the dog's muzzle or the appearance of a vasodilation
shock during the transfusion or 4 hours after its completion. The fever was noted as an increase in the rec-

tal temperature of the animal's body by 1.1 °C above
the initial temperature during transfusion or 4 hours
after its completion. Haemolysis associated with the
transfusion was determined by the appearance of haemolysed blood plasma or pigmenturia in patients.
When executing blood transfusion, medical records were kept, monitoring the patient's condition
every 5 minutes (within the first 15 minutes) and every 15 minutes (during the next transfusion period)
and 4 hours after its completion. We determined the
heart rate, the frequency of respiratory movements,
the colour of mucous membranes, the animal body
temperature, the appearance of complications such as
vomiting and diarrhoea. Measurements of blood pressure were conducted according to the indications of a
tonometer with the function “High Definition Oscillometry”. The transfusion of blood or packed red blood
cells was executed using a special main with a built-in
filter. The transfusions were executed by gravity.
The volume of whole blood and packed red blood
cells for transfusion was calculated according to the
following formulas:
V (whole blood) = 2 × BW × (Hct (desired),%
– Hct (actual),%),
V (PRBCs) = 1.5 × BW × (Hct (desired),%
– Hct (actual),%),
where:
V is the volume of blood products for transfusion,
BW is the recipient's body weight,
Hct is the haematocrit (33).
The average volume of whole blood that the animal received during transfusion was 14.3 ml/kg, and
the average volume of packed red blood cells was 9.6
ml/kg. The average time of transfusion of fresh whole
blood was 4.1 hr, and the average time of transfusion
of packed red blood cells was 3.3 hr.
In order to monitor acute transfusion reactions,
during the first 15 minutes, transfusion was performed
at a rate of 0.5 ml/kg/h. In the absence of complications, the rate was increased to 2-4 ml/kg/h. Transfusion with a single blood product was executed according to international recommendations, no more than
4 hours because of the risk of contamination.
In the blood of recipient animals, haematocrit and
lactate level were examined before and 24 hours after
the transfusion. The data on haematocrit were acquired by centrifugation of haematocrit capillaries at a
rotating speed of 5000 rpm for 10 minutes.
The lactate content in the blood of animals was
analysed on a semi-automatic biochemical analyser
Stat Fax 4500 (Awareness Technology, USA).
RESULTS AND DISCUSSIONS
We have found that the storage period of packed
blood cells transfused to the animal has a significant
effect on the haematocrit (Table 1) and the level of lactate (Table 2) in the blood of the recipients.
Depending on the type of blood products and their
storage periods, the animals had a various frequency
of complication manifestations (Tables 3 and 4).
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Fig. 2. The diagram of collection and use
of packed red cells for transfusion to dogs

The data acquired by us indicate that when the
dogs are transfused with all blood products of various
storage periods, an increase in the haematocrit is noted. However, in case of transfusion of whole blood to 7
days of storage, the increase in haematocrit level after
transfusion (9.6±0.91%) in the recipient occurs almost
as with the transfusion of fresh whole blood (9.4 ±
0.98%). Also, transfusion of canine pRBCs up to 14
days of storage increases the level of haematocrit after
transfusion (9.0±1.1%) in the recipient occurs almost
as with transfusion of fresh pRBCs (10.2±0.54 %).
However, when the dogs are transfused with whole
blood starting from the second week of their storage
and packed red blood cells, starting from the third week
of their storage, the difference in the haematocrit before and after transfusion decreases. One of the possible reasons for this is the damage to erythrocytes during storage, which results in their intensive destruction
by means of the monocyte-macrophage system, in
particular in the spleen. A clear correlation between the
storage period of packed red blood cells and the
increase in haematocrit in recipients after transfusion
was also noted in a study of critically ill people with surgical pathology. In this event, when transfusing packed
red blood cells up to the 14-day storage period, the
difference in haematocrit after transfusion averaged
5.6%, while when transfusing packed red blood cells
with a storage period of more than 14 days, 3.5% (23).
The level of lactate in blood is often used as a marker of hypoperfusion. The normative index of lactate
content in the blood of healthy dogs is up to 2.5 mmol/
L (30). The level of L-lactate often rises in the blood of
animals with severe worsening of the circulation or in
the presence of anaemia. Therefore, L-lactate is an extremely important indicator for the detection of microcirculatory disorders (24).
Based on the results of our studies, the level of
lactate in the blood of the recipient dogs tends to decrease when using transfusion of packed red blood
cells up to a 21-day storage period and whole blood up
to a 14-day storage period (Table 2). This indicates an
increase in the oxygenic capacity of blood and an improvement in the oxygenation of peripheral tissues.
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However, when transfusing packed red blood cells and
whole blood after the 21 and 14 days of storage, respectively, there is an increase in the level of lactate in
the blood of dogs. In our opinion, this may be due to
both a higher level of lactate in the blood products
themselves and a worsening of the perfusion of the
microcirculatory bloodstream due to thrombosis.
In humane medicine, it has been carried out several studies on the effect of packed red blood cells
after their prolonged storage on the oxygenation of
peripheral tissues. In total, according to the literature,
a negative effect on the perfusion and oxygenation of
peripheral tissues when transfusing aged packed red
blood cells (16). In addition, according to the recommendations of Napolitano and Corwin (2004), the
transfusion of erythrocytes after long-term storage
has no positive effect on oxygenation at the level of
microcirculation (21).
The total percentage of complications during the
transfusions of whole blood dogs was observed in 7 out
of 37 (29.7%), and during the transfusions of packed
red blood cells in 7 out of 47 (17.0%) instances. It is
worth noting that under conditions of transfusion of
whole blood up to the 14-day period of its storage and
packed red blood cells up to 21 days of their storage,
the animals had the lowest percentage of complications. However, beginning from the 15th day the
morbidity increased significantly both in the group of
animals with whole blood transfusion and in the group
of animals with transfusion of packed red blood cells.
Under these conditions, the frequency of manifestations of pathological reactions in animals that underwent transfusion of packed red blood cells was lower.
So, with transfusion of packed red blood cells of 15-21
days of storage, complications were observed in
18.1% of instances, compared to 60% of animals who
underwent transfusion of whole blood of the same storage period. After the 21st storage day of blood products, there was a significant increase in the incidence
of complications in both animals that received whole
blood transfusions (60%) and animals that underwent
transfusion of packed red blood cells (42.8%).
Of the adverse reactions, in dogs transfused with
whole blood or packed red blood cells it should be noted a fever during or after 4 hours after transfusion, as
well as haemolytic reactions during the day, the appearance of vomiting and diarrhoea, as other complications (Tables 3 and 4). In one dog, who underwent
transfusion of whole canned blood with a 15-21 day of
storage, it has been noted the development of a pulmonary lesion (TRALI syndrome), which killed the
animal in 6 hours after the development of complications. No instances of anaphylactic reaction in dogs
have been observed in our study.
Similar studies have been conducted previously in
mice. According to their results, it has been established that the transfusion of leukoreduced packed
red blood cells to be stored can have a detrimental
effect on the health of patients (12). The authors noted that in the process of erythrocyte destruction
during storage, free ferrum is released from them. In
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Table 1
The haematocrit volume before and after transfusion of whole blood
and packed red blood cells of various storage periods to dogs, M±m, n=84

Notes: *р≤0.05; **р≤0.01; ***р≤0.001 comparing with the level of haematocrit before the blood transfusion.

Table 2
The level of lactate in blood of the recipients dogs after transfusion
of packed red cells and whole blood of various storage period, M±m, n=84

Notes: *р≤0.05; **р≤0.01; ***р≤0.001 compared with the level of lactate before blood transfusion.

Table 3
The frequency of complication manifestations after
transfusion of whole blood with various storage periods to dogs

Table 4
The frequency of complication manifestations after transfusion
of packed red blood cells with various storage periods to dogs

turn, ferrum enters the monocyte-macrophage system and tissues of the body and can cause inflammation. In this event, the transfusion of fresh red blood
cells or a supernatant from packed red blood cells under storage conditions did not cause the indicated effects. In addition, the transfusion of erythrocytes to be
stored increased the incidence of endotoxemia.
It should be noted that in the course of this study
the authors have also noted an increase in bacterial
growth in blood plasma with a simultaneous increase
in ferrum level in vitro.
A large number of studies on the transfusion of

erythrocytes of different storage periods was conducted in humane medicine. So, Leal-Noval et al. (2001)
showed the effect of the transfusion of packed red
blood cells and packed platelet cells and plasma on the
development of severe postoperative complications in
people after cardiac surgery. In that study, patients
who received transfusion with canned blood products
have had a higher mortality rate (13.3% and 8.9%,
respectively, p < 0.001) and a longer period of stay in
the intensive care unit (6.1-7.2 days 2.8-3.7 days,
respectively) than patients who have not been undergone blood transfusion (18).
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The results of other studies showed that after the
transfusion of packed red blood cells with a storage
period of more than 14 days patients after cardiac surgery have had a higher mortality rate (2.8% vs. 1.7
%), the development of renal failure (2.7% vs. 1.6%),
and sepsis and septicaemia (4.0% vs. 2.8%) compared with patients receiving the transfusion of
packed red blood cells with a storage period of up to 14
days. In addition, the mortality of patients within one
year was significantly lower in those who have received the transfusion with fresher packed red blood
cells, namely 7.4% vs. 11.0%, than patients with the
transfusion of packed red blood cells with a storage
period of more than 14 days, p < 0.001) (17).
Studies in humane medicine carried out by Offner
et al. (2002) have showed that each transfusion of
packed red blood cells stored more than 14 days to
patients with trauma increased the risk of severe infectious complications by 13% (22). Studies on more
stable patients (mean value according to the Injury
Severity Score is 14.4) have also showed a relationship between the transfusion of packed red blood cells
with a storage period of more than 14 days and development of renal failure, pneumonia and an increase in
the mortality rate in the recipients (31). At the same
time, in this study, the connection between the transfusions of packed red blood cells which stored less
than 14 days with the development of similar complications has not been revealed. Similar results has
been acquired in a large-scale study on 1615 patients
who received treatment due to traumatic injuries between 2004 and 2007 (29). In the course of the study,
a negative correlation has been found between the
time of storage of packed red blood cells and the development of pneumonia in recipients. Similar studies
with similar results have been performed on patients
in paediatrics (7). According to the data of a metaanalysis, patients with sepsis, whose driver of pathophysiological condition has been a disorder of microcirculation, were also a risk group for the development
of complications during the transfusion of packed red
blood cells (6, 9, 25). At the same time, in the studies
involving 3475 (28) and 2732 (27) patients after coronary artery by-pass graft surgery, there was no connection between the storage period of packed red
blood cells and the adverse effects of their transfusion.
The transfusion of aged red blood cells to patients
within the first 6 hours after trauma is considered to be
an independent risk factor for the development of multiple organ failure in patients (35).
The number of studies on dogs is significantly less
compared with those described in the literature on humane medicine. Thus, Solomon et al. (2013) noted
that the transfusions of older blood to dogs with pneumonia increases the risk of haemolysis in vivo as well
as the release of vasoactive free haemoglobin for several days, worsening pulmonary hypertension and diffusion of gases, and the occurrence of ischemic vascular lesions of infected lungs, increasing the risk of
death for patients after transfusion (26).
It is useful to highlight in this regard that the re-

91
sults of a retrospective study by Maglaras et al. (2016)
on the development of complications against the background of the transfusion of packed red blood cells to
dogs with various storage periods are of great importance. That study has included 210 cases of packed
blood cell transfusion. According to the results of that
study, the transfusion of packed red blood cells over 3
weeks storage period (with the use of Adsol) to dogs
increased the risk of fever and haemolytic reactions in
animals. In this event, the odds ratio was dou-bled
twice every other week after the 21-day storage
period of packed red blood cells (20). Thus, in the event of storing packed red blood cells for 15-21 days,
this indicator has amounted 0.17%, for 22-28 days
has been 0.38%, for 29-35 days has been 0.77%, and
for more than 35 days has been 0.95%.
In Hann et al. (2014), the results of studies on the
effect of storage period of packed red blood cells on
the occurrence of post-transfusion complications and
survival in 3095 patients have been described. In the
course of that study, the authors have also not noted
an increase in the level of lethality among dogs during
the transfusion of older packed red blood cells.
However, there have been noted an increase in
the frequency of haemolytic reactions and coagulopathy, especially thrombosis, in dogs with immuno-mediated haemolytic anaemia (11).
CONCLUSIONS
The transfusion of packed red blood cells and whole
blood stored for more than 14 days is less effective concerning the increasing of the haematocrit in recipients.
The use of packed red blood cells and whole blood stored
for more than 21 and 14 days, respectively, leads to an
increase in the level of lactate in the blood plasma of recipients, which may be a consequence of worsening perfusion of the microcirculatory bloodstream. The transfusion of packed red blood cells and whole blood to be
stored increases the number of immune and non-immune
complications in recipients with each next week of storage. The number of adverse effects when transfusing
whole blood is higher than when transfusing packed red
blood cells at all stages of storage. An increase in complications in patients during transfusions of whole blood and
packed red blood cells is observed after 14 days of storage. Frequent complications during the transfusion of
whole blood and packed red blood cells are fever and haemolytic reactions. In the future, the studies of the quality
of packed red blood cells, which undergone freezing and
the effect of their transfusion on the morbidity in recipients hold a considerable promise.
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