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Summary. The aim of this study was to analyse the association between blood transfusions and 
the development of post-operative complications in patients after cardiac surgery.

Methods. Retrospective data analysis was conducted with purposive sample selection employed. 
The target group included patients who underwent planned or urgent cardiac surgery under car-
diopulmonary bypass (CPB) at the university hospital during 2018–2019. The sample size was 
calculated by applying 95% of probability and 0.5 error. The retrospective analysis of 282 patients’ 
files was performed during the period from June to October, 2019. 

Results. A strong positive correlation between blood transfusion and post-operative complica-
tions was determined in patients after cardiac surgery under cardiopulmonary bypass. A signifi-
cantly higher number of patients after blood transfusions experienced delirium (P < 0.001), anemia 
(P < 0.001), pneumonia (P < 0.001), renal function failure (P < 0.001), sepsis (P < 0.001), atrial 
fibrillation (P = 0.002) and death (P = 0.031).

Conclusions. Blood transfusion can save lives, but there is a strong positive correlation between 
blood transfusions and post-operative complications. Blood transfusion can result in some serious 
complications after cardiac surgery, such as delirium, anaemia, pneumonia, renal failure, sepsis, 
atrial fibrillation and death.

Nurses play an important role in this life-saving process. It is the nurses’ task to perform blood 
transfusion to a patient when it is needed. At the same time, nurses may be the first ones to identify 
active or suspected bleeding to prevent massive blood transfusion requirement. 
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Introduction 
Cardiovascular diseases are the main cause of 

death in the world; each year, more than 17 million 
people die because of this type of ailments, and it 
constitutes more than 30% of all causes of death 
(1). In Europe, this number is close to 1.8 million 
people or 36% of death causes (2). In Lithuania, 
approximately 22 thousand people die because of 
cardiovascular diseases each year and it makes 39% 
of all deaths in the country (3). 

Approximately two thousand cardiac surgeries 
of various complexity are carried out in Lithuania 
each year (4). Just as in many other countries, these 
surgeries are usually performed to older patients; 
however, not taking age into account, the main 
reasons of cardiac surgeries and the whole treatment 
itself are life retention and maximum health 
restoration (5).

Bleeding in cardiac surgery is an extremely im-
portant problem and one of the most common com-

plications met when the artificial blood circulation 
system (ABCS) is used (5). Bleeding is defined as 
a process during which a patient loses more than 
500 mL of blood within the first 24 post-operational 
hours (6). Quite many patients experiencing cardiac 
surgeries with the supplement of the ABCS, face 
a great risk of bleeding due to coagulation system 
disturbances or surgical reasons. This complication 
is not dependent on the complexity and the charac-
ter of a cardio-surgical operation, or a pre-operative 
condition of the patient’s coagulation system, dura-
tion of the ABCS, but is influenced by disturbances 
in haemostasis (5, 7). 

Bleeding and further usage of blood components 
in cardiac surgery remain an unsolved problem so 
far, despite the progress in science, innovations 
and applications of new biomaterials, improvement 
of medical devices, success in discovering and in 
grafting of new methods of extravasation diminu-
tion (5, 8, 9). A huge demand of blood components 
also causes difficulties to hospital administration, 
because expenses on allogeneic blood component 
preparation rises every year, as well as costs of blood 
bank administration (10, 11). 
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Cardiac surgery, compared with other surgical 
treatments, requires greatest amounts of allogeneic 
transfusions of blood components (12). Usage of 
blood components in many cases causes additional 
problems, such as delirium, anaemia, myocardial 
infarction, stroke, pneumonia, renal failure, 
infection in the section site / mediastinitis, sepsis, 
death, re-sternotomy, atrial fibrillation, increased 
usage of antibiotics, and indicates usage of cell 
savers (13, 14). Due to these additional problems, 
prolonged patient’s hospitalisation time is needed, 
and worse outcomes of the treatment are faced 
(15).

Nurses play an important role in bleeding 
treatment. They are the first ones who can notice 
bleeding, because they are 24/7 next to the patient. In 
order to save the patient’s life after massive bleeding, a 
large proportion of patients receive blood transfusions. 
Nurses are the team members responsible for final 
verification of components before the transfusion 
and the ones who can cancel the procedure in case 
of component mismatch. It means that nurses 
must have a deep knowledge and understanding of 
pathophysiology of transfusion reactions and their 
treatment, be able to recognise symptoms in case 
of complications such as allergic reactions, fever, 
acute immune haemolytic reaction or blood-borne 
infection, thus ensuring the safe mode of performance 
of the transfusion procedure (16). 

In Lithuania, blood transfusions are performed in 
accordance with the order of the Minister of Health 
of the Republic of Lithuania (17). In our healthcare 
system, the doctor gives a prescription to perform 
blood transfusion according to the condition of the 
patient, but the process is carried by a nurse. In some 
other countries around the world (e.g., Australia, 
the USA, the United Kingdom, the Netherlands, 
etc.), the competencies of nurses encompass much 
wider range of activities, including transfusions. 
While working in a team, specialists of blood 
transfusions cooperate and co-work with blood 
banks’ representatives and consultants. This way 
the effective usage of blood components is ensured, 
and the practice of transfusions is improved (18). 
When transfusions are performed by a competent 
specialist, the risk of possible complications related 
with the transfusion technique or blood mismatch 
is reduced. 

The aim of this study was to analyse the asso-
ciation between blood transfusions and the develop-
ment of post-operative complications in patients 
after cardiac surgery.

Methods
Study Design and Sample. The study was per-

formed at the Clinic of Cardiac, Thoracic and 
Vascular Surgery of the Hospital of Lithuanian 

University of Health Sciences, Kauno klinikos. 
Sample selection was purposive and the target 

group included the patients who received a planned 
or urgent cardio-surgical operation with the supplied 
ABCS. The sample size was calculated with a 95% 
probability and a 5% error. The recommended 
sample size for this study was 273. The retrospective 
analysis of 282 patients’ files was performed during 
the period from June to October, 2019. 

Ethical Consideration. The study protocol 
was approved by the Centre of Bioethics at the 
Lithuanian University of Health Sciences (No. 
BEC-ISP(M)-240).

Confidentiality of patients was ensured, as 
investigation data were used only for the research 
purpose, data in a study protocol were anonymous, 
names and addresses of the participants were not 
recorded, and the results of the study were gene-
ralised. Only patients who gave written consent to 
use their data for scientific or educational purposes 
took place in this study. 

Statistical Analysis. Statistical analysis was per-
formed using SPSS 22.0 (Statistical Package for the 
Social Sciences) and MS Excel 2016 programmes: 
descriptive statistic was calculated, statistical 
hypotheses concerning differences in frequencies of 
means were verified, as well as medians with their 
quartiles and the interdependence of traits.

The statistical significance level was chosen to 
be 0.05; quantitative distributions of variables were 
evaluated using the Kolmogorov-Smirnov test. 
The parametric Student t or the Mann-Whitney 
test was used for the comparison of mean values 
of two independent groups. For the evaluation 
of associations of qualitative characteristics, the 
chi-squared (χ2) criteria were applied: the exact 
crite rion for small samples and asymptomatic χ2 
criterion for large samples. The associations among 
characteristics were assessed using Pearson and 
Spearman coefficients of correlation. For remarkable 
differences in comparative analysis, binary logistic 
regression was applied. The data were assumed to be 
statistically significant when P < 0.05.

Results
All developed post-surgical complications 

for bleeding (n = 122) and not bleeding patients 
(n = 160) were analysed. The results presented in 
Table 1 show that anaemia in 50 patients (41.0%), 
pneumonia in 28 (23%), renal failure in 11 (11.5%), 
re-sternotomy due to bleeding in 4 (3.3%), were 
developed for a significantly higher number of 
bleeding patients after cardio-surgical operations 
(P < 0.05); the need for antibiotic therapy due to 
subsequently occurring complications was relevant 
to 58 (47.5%) bleeding patients and 50 (31.3%) 
non-bleeding patients (P = 0.005). 

The Association of Blood Transfusion with the Development of Post-operative Complications
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Using binary logistic regression analysis, we 
could forecast that bleeding patients had a higher 
risk of anaemia caused by bleeding (Hb < 90g/L), 
1.721 [1.047–2.830] (odds ratio [95% confidence 
interval]), pneumonia 2.25 [1.231–4.488], renal 
failure 2.463 [0.998–6.076] and use of antibiotic 
therapy 1.994 [1.224–3.247]. 

When massive bleeding occurred, the cell saver 
system for allogeneic blood (when donor and recipi-
ent are not the same person) was used in 8 (6.6%) 
patients, and thus the need for allogeneic blood was 
reduced (χ2 = 5.701, P = 0.017). Using binary logis-
tic regression analysis, we obtained that the chances 
to employ the cell saver system for bleeding patients 
were 5.544 [1.156–26.597]. For the development of 
other complications, listed in Table 1, bleeding did 
not have a significant impact.

After analysing the post-operative complica-
tions, we selected bleeding patients (n = 122) and 
divided them into two groups: (1) bleeding patients 
who received blood transfusions (n = 52) and (2) 
bleeding patients who did not receive blood trans-
fusions (n = 70). The aim of such division was 
to determine if blood transfusions make influence 
on the development of post-operative complica-
tions in bleeding patients (Table 2). A significant-
ly higher number of patients who received blood 
transfusions experienced the following compli-
cations: delirium – 30 (57.7%), anaemia due to 
bleeding (Hb < 90g/L) – 32 (61.5%), pneumonia 
– 22 (42.3%), renal failure – 14 (26.9%), sepsis – 
8 (15.4%), death – 4 (7.7%), atrial fibrillation – 
34 (65.4%) and need for antibiotics – 34 (6.4%) 
(P < 0.05). 

Complications
All Patients
(n = 282)

Secretion through Drain
Chi-squared 

criterion P< 500
(n = 160)

≥ 500
(n = 122)

n (%)
Delirium 104 (36.9) 56 (35.0) 48 (39.3) 0.561 0.454
Bleeding caused anaemia (Hb < 90g/L) 96 (34.0) 46 (28.8) 50 (41.0) 4.614 0.032
Stroke 2 (0.7) 0 2 (1.6) 2.642 0.186
Pneumonia 46 (16.3) 18 (11.3) 28 (23) 6.942 0.008
Renal failure 22 (7.8) 8 (5.0) 11 (11.5) 4.035 0.045
Sepsis 12 (4.3) 4 (2.5) 8 (6.6) 2.797 0.094
Death 6 (2.1) 2 (1.3) 4 (3.3) 1.368 0.408
Re-sternotomy due to bleeding 4 (1.4) 0 4 (3.3) 5.321 0.034
Atrial fibrillation 124 (44.0) 64 (40.0) 60 (49.2) 2.368 0.124
Antibiotics 108 (38.3) 50 (31.3) 58 (47.5) 7.774 0.005

P – level of significance; values in bold – P < 0.05.

Table 1. Distribution and Comparison of Complications in Post-operative Cardiac Surgery Bleeding 
and Non-bleeding Patients

Complications
All Patients
(n = 122)

Blood Transfusion
Chi-squared 

Criterion PApplied
(n = 52 )

Not Applied
(n = 70 )

n (%)
Delirium 48 (39.3) 30 (57.7) 18 (25.7) 12.785 < 0.001
Anaemia due to bleeding (Hb < 90g/L) 50 (41.0) 32 (61.5) 18 (25.7) 15.831 < 0.001
Stroke 2 (1.6) 2 (3.8) 0 2.737 0.180
Pneumonia 28 (23.0) 22 (42.3) 6 (8.6) 19.203 < 0.001
Renal failure 14 (11.5) 14 (26.9) 0 21.289 < 0.001
Sepsis 8 (6.6) 8 (15.4) 0 11.525 0.001
Death 4 (3.3) 4 (7.7) 0 5.567 0.031
Re-sternotomy due to bleeding 4 (3.3) 2 (3.8) 2 (2.9) 0.092 1.000
Atrial fibrillation 60 (49.2) 34 (65.4) 26 (37.1) 9.521 0.002
Antibiotics 58 (47.5) 34 (65.4) 24 (34.3) 11.570 0.001
P – level of significance; values in bold – P < 0.05.

Table 2. Distribution and Comparison of Complications in Post-operative Bleeding Patients with 
and without Blood Transfusion Therapy

Aušra Brivinskaitė, Juozas Kapturauskas
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By using binary logistic regression analyses, we 
forecasted that, for bleeding patients who received 
allogeneic blood transfusions, the odds ratio for 
the development of complications was as follows: 
delirium – 3.939 [1.827–8.492], anaemia – 4.622 
[2.131–10.025], pneumonia – 7.822 [2.873–21.294], 
atrial fibrillation – 3.197 [1.511–6.768] and the need 
for antibiotic therapy – 3.62 [1.702–7.702].

Some complications in the group of bleed-
ing patients developed only in those who received 
blood transfusions. Those who did not receive blood 
transfusions did not experience such complications 
as stroke, renal failure, sepsis and death.

In order to avoid the need for blood transfusions 
for massively bleeding patients 8 (15.4%), the cell 
saver system was used. This system of returning 
autologous blood (donor and recipient are the same 
person) back to the patient was used only for the 
patients who received transfusions of allogeneic 
blood.

Discussion
Bleeding and usage of blood components in car-

diac surgery remain an unsolved problem so far, 
despite innovations and applications of new bio-
materials, improvement of medical devices, success 
in discovering and in grafting of new methods of 
extravasation diminution. Nurses play a huge role 
in the successful resuscitation of a patient with criti-
cal bleeding in cardiac surgery. They may be the 
first ones to identify active or suspected bleeding 
because they are directly caring for these patients.

In this retrospective study of patients’ who 
received cardio-surgical operations with the supply 
of the ABCS, case files were analysed. All patients 
were divided into two groups: the first group was 
composed of bleeding patients (their blood secretion 
through drains was more than 500 mL within the first 
24 post-operational hours) and the second group was 
composed of non-bleeding patients (blood secretion 
through drains was less than 500 mL). 

These two groups of the patients were investi-
gated, and the development of post-operative com-
plications was analysed. The results revealed that 
bleeding patients tended to have anaemia, pneu-
monia, renal function failure, and re-sternotomy 
more often; they also more frequently got antibi-
otics therapy due to adjacent complications. These 
complications make the condition of the patient 
worse and more severe. Bleeding itself is one of the 
greatest complications in cardiac surgery, followed 
by other complications, impeding the condition of 
the patient. 

Due to the fact that the health condition of 
bleeding patients is more severe than that of non-
bleeding ones, we came to the assumption that it 
would be irrational to compare the development 

of complications between these two groups. Thus, 
we divided the group of bleeding patients into 
two subgroups: (a) patients who received blood 
transfusion and (b) patients who did not receive 
blood transfusion. 

Blood transfusion can save lives, but other studies 
show a strong correlation between blood transfusions 
and following complications, such as death, stroke, 
respiratory failure, renal failure, sepsis, myocardial 
infarction, surgical site infection and others (12, 20, 
21). We found a strong positive correlation between 
blood transfusions and post-operative complications 
that developed in patients who received them. 
A significantly higher number of patients after 
blood transfusions experienced delirium, anaemia, 
pneumonia, renal function failure, sepsis, death and 
atrial fibrillation. These results are supported by 
other studies as well (22, 23).

The significant positive correlation between blood 
transfusions and the development of delirium was 
also determined during this study. Van der Zanden 
et al. (24) made a hypothesis that blood transfusion 
was an effective remedy for delirium prevention 
because anaemia is one of delirium causes. They 
also found a correlation between blood transfusions 
and delirium development. According to the 
authors, validity of their results, i.e., that delirium 
is a complication following blood transfusion, is 
questioned because the study methodology was not 
properly implemented; thus, it could not be assured 
if delirium developed before the blood transfusion or 
after this treatment. It could be concluded that more 
research work involving more precise investigation 
should be performed in the future to confirm or 
deny the association between blood transfusion and 
delirium (24).

Anaemia is another severe complication, mostly 
provoked by post-operational bleeding; it causes 
hypoxia and dysfunction of organs. Anaemia can 
be treated via blood transfusion, but this decision 
should be based on the guidelines and algorithms 
according to an individual condition of the patient. 
Quite often, only blood test results are the reason 
for the correction of anaemia, not the overall 
condition of the patient. As an outcome, patients 
more often experience blood transfusion-induced 
complications (25). Our investigation showed that 
anaemia developed in a significantly greater number 
of bleeding patients who received blood transfusion, 
compared with those who did not. Shander et al. 
(2017) investigated post-operative complications 
in patients who received blood transfusion and 
anaemia was found as a significantly developed one 
(8). 

Pneumonia is also a very frequent complication 
after cardiac surgeries, despite a big number of 
protective measures used in practice (26). During 

The Association of Blood Transfusion with the Development of Post-operative Complications
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the cardiac surgery, significant changes in body 
liquids take place, including blood transfusions; all 
these actions may cause the development of lung 
oedema (26, 27, 28). The results of this study report 
that blood transfusions make a significant impact on 
the development of post-operative pneumonia. 

Acute renal failure is one of the most often met 
complications in patients after cardiac surgeries with 
the supply of the ABCS. The influence of blood 
transfusion on the development of renal failure is 
widely discussed in scientific literature (22, 29). 
The results of this study support the conclusions 
made by other investigators. Additionally, we found 
that bleeding patients who did not receive blood 
transfusions did not tend to have a complication of 
renal failure.

In this study, sepsis developed only in the patients 
who received blood transfusions (P < 0.001). These 
results fell into agreement with the conclusions of 
other researchers who report that blood transfusion 
in patients after cardiac surgery enhances the risk of 
sepsis development (30, 31).

More patients who received blood transfusions 
died, compared with those who did not receive it 
(22). According to the results of this study, only 
the patients who received blood transfusion died 
and that is in agreement with the major amount of 
studies reporting that blood transfusion enhances 
the frequency of post-operative deaths (10, 21, 22, 
29, 30, 32–34).

There is the evidence (35) that post-operative 
trans fusion of blood components does not make 
any influence on the development of atrial fibrilla-
tion, whereas others investigators conclude that 
such influence exists (36, 37). The results of our 
investigation showed that atrial fibrillation developed 
in a significantly greater number of patients with 
blood transfusion compared with those without it. 
Diminution of transfusions may improve the post-
operative outcomes and decrease the costs of post-
operative care, but does not decrease the risk of 
atrial fibrillation development. 

The usage of antibiotics is correlated with 
comorbidity, developed after blood transfusion. The 
results of our study revealed a strong correlation 

between these occurrences: blood transfusion 
enhances the probability of antibiotic therapy a few 
times.

The cell saver system was used in order to reduce 
the demand of blood transfusions in massively bleed-
ing patients. This system of autologous blood return 
only for bleeding patients who received additional 
allogenic blood transfusions was employed.

The evidence exists that when blood vessels are 
damaged in healthy women, fibrin threads form 
faster in their blood stream than in healthy men 
facing the same problem (19). Viscoelastic properties 
of blood vessels in women are also better due to a 
greater amount of pro-coagulants in their struc ture 
compared with men. This should bring us to the 
conclusion that men tend to bleed to a greater extent 
than women after the same type of cardio surgery. 
However, the results of our study showed that gender 
and age of patients did not have significant influence 
on post-operative bleeding intensity. 

Conclusions
Bleeding in cardiac surgery is an extremely 

important problem and one of the most frequent 
complications met, when cardiopulmonary bypass is 
used. Our research shows that blood transfusion can 
result in some serious complications after cardiac 
surgery, such as delirium, anaemia, pneumonia, 
renal failure, sepsis, atrial fibrillation and death. 

It is important to notice bleeding after surgery 
as fast as it is possible, and nurses with good know-
ledge of blood transfusion side effects can observe 
it quickly and prevent some possible complications 
such as allergic reactions, fever, acute immune 
haemo  lytic reaction or blood-borne infection. By 
noticing bleeding at the right time, the amount of 
blood products reducing possible complications may 
be decreased. As the need for blood transfusions 
declines, the costs of hospital administration are 
also reduced, because expenses on preparation of 
allo geneic blood components, as well as blood bank 
administration costs, rise every year.
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