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Abstract
The aim of this study is to assess the risk for immune and hematologic adverse events in perioperative transfusion of blood com-
ponents. Our second goal is to propose methods for the selection of an optimally compatible donor in order to limit the negative 
impact of complications following blood component transfusion on the hospital outcome of patients admitted to clinics of general, 
gastrointestinal, thoracic, and vascular surgery.

The largest group of patients included in this study were patients with gastrointestinal disorders (614 patients; 31%) and patients 
with diseases of the organs of the blood and lymphatic system (589 patients; 30%). This was followed by patients with diseases of the 
skin and subcutaneous tissue (368 patients; 18%) and patients with benign and malignant neoplasms (365 patients; 18%). The remain-
ing 65 patients (3%) were diagnosed with diseases of the endocrine system, trauma patients, and patients with genitourinary disorders.

The methods used for optimal selection of compatible blood components in this study are enzyme tests, Coombs tests, and tests 
in agglutinating medium.

The study shows that clinically significant antibodies, which could provoke a post-transfusion hemolytic reaction, were detected 
in 4.3% of the screened patients.

In the majority of patients, the specificity of antierythrocyte antibodies cannot be established. For those patients where the spec-
ificity of anti-erythrocyte antibodies could be established, the type of antibody and the antigen system to which it belonged were as 
follows (in descending order):

1. Anti-erythrocyte antibodies belonging to the Rh system: 37% (n = 17) of all screened patients (1.6% of all patients), including 
anti-E type (5 patients), anti-D (8 patients), anti-C-1, anti-C (2 patients), and anti-Cw (1 patient).

2. In 3 (6% or anti-erythrocyte antibodies belonging to other erythrocyte antigen systems—Kidd-1 patients, Lewis-2 patients—6% 
of the screened patients (0.3% of all patients).

3. In 57% (n = 26) of those screened (2.4% of all patients), alloantibodies without any known specificity were identified.
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The largest number of identified antibodies were directed against the D antigen belonging to the Rh system.
Most of the anti-D alloantibodies found in Rhesus D (-) negative patients with no history of prior transfusion of D (+) positive 

red blood cell (RBC) concentrate possibly have resulted from prior Rh isoimmunization during pregnancy, provided that anti-D 
antibodies persist for a long time after birth—in some of the studied patients, 15–20 or more years.

A greater number of alloimmunizations were found in women—28 (61%), compared to men—18 (39%), due to previous sensiti-
zation with different blood group antigens during pregnancy.

This study shows that timely diagnosis is essential for the selection of appropriate RBC concentrate, for the avoidance of adverse 
reactions, and for the improvement of hematological parameters after transfusion of blood components.

Graphical abstract:
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Introduction
Blood and blood component therapy are almost manda-
tory in surgical practice. In many cases, it is necessary for 
maintaining adequate circulation and tissue perfusion, 
making it life-saving. However, treatment with blood 
components also carries risks of complications.

The transfusion of allogeneic erythrocytes has been a 
life-saving measure for decades, particularly in patients 
with severe trauma or experiencing major blood loss from 
other etiologies.

In the last two decades, the safety of treatment with 
allogeneic blood components in terms of transmissible 
infections has significantly improved. However, the risk 
of immune hemolytic reactions remains possible and can 
be life-threatening. The factors contributing to the devel-
opment of immune adverse events are related to differenc-
es in erythrocyte antigens between the donor and host, 
as well as the characteristics of the host’s immune sys-
tem and the immunomodulatory effect of the transfused 
blood component.

Repetitive blood cell transfusions can provoke the pro-
duction of alloantibodies against one or more antigens 
present on the donor blood cells, including red blood 

cells. This complication can make subsequent transfusions 
more challenging.

Purpose

The aim of this study is to assess the risk of immune and 
hematologic adverse events in perioperative transfusion of 
blood components. Our second goal is to propose meth-
ods for the selection of an optimally compatible donor in 
order to limit the negative impact of complications follow-
ing blood component transfusion on the hospital outcome 
of patients admitted to clinics of general, gastrointestinal, 
thoracic, and vascular surgery.

Materials and methods

The study included 2001 patients hospitalized in surgical de-
partments—gastrointestinal and thoracic surgery (1222 pa-
tients; 61%), vascular surgery (553 patients; 28%), and gen-
eral (septic) surgery (226 patients; 11%)—who underwent 
operative intervention. Diagnostic tests, specifically eryth-
rocyte agglutination tests, were performed on all patients.
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The degree of immunological risk was defined in ad-
vance in three levels of severity: mild, moderate, and se-
vere. Patients with low risk underwent diagnostic tests in 
an agglutinating medium, and circulating antierythrocyte 
antibodies were not found (n = 927; 46%). Patients with 
moderate risk were defined as those having probable need 
or likely needing RBC transfusion (n = 1028; 52%); and 
patients with severe risk had both the need for RBC trans-
fusion and detection of antierythrocyte antibodies (n = 
46; 2.3%).

Routine and specific blood diagnostic methods were 
used, including agglutination, direct and indirect Coombs 
antiglobulin tests, and enzyme tests at temperature ranges 
of 4 °C, 18 °C, and 37 °C.

Results

A total of 2,001 blood samples obtained from patients ad-
mitted to general, gastrointestinal, thoracic, and vascular 
surgery and undergoing operative interventions were ex-
amined between 01 January 2023, and 31 December 2023. 
The samples were tested using the agglutinating method at 
37 °C to determine the blood group type.

The largest share of patients suffered from gastroin-
testinal disorders (614 patients; 31%) and diseases of the 
organs of blood, lymphatic system, and arteries (589 pa-
tients; 30%). This was followed by patients with diseases 
of the skin and subcutaneous tissue (368 patients; 18%) 
and patients with benign and malignant neoplasms (365 
patients; 18%). The remaining 65 patients (3%) were diag-
nosed with endocrine disorders, genitourinary disorders, 
or were trauma patients (Table 1, Fig. 1).

All patients included in the study were older than 18 
years. The distribution of patients by age groups is present-
ed in Fig. 2. The majority of patients—1103 patients (55%) 
were 56–80 years old, followed by 771 patients (39%) 
younger patients, 18–55 years old. The minority of patients 
were elderly (80 years and older)—127 patients (6%).

The testing for anti-erythrocyte antibodies was con-
ducted on 1074 patients using Coombs’ immune aggluti-
nation test in enzyme medium at 37 °C. The distribution 
by age groups is as follows: 18–55 years old: 362 patients 
(34% or 18% of the total number of patients); 56–80 years 
old: 630 patients (59% or 35% of the total number of pa-
tients); and older than 80 years: 82 patients (7% or 4% of 
the total number of patients) (Fig. 3).

In 46 (4.3%) of patients screened, antibodies against 
erythrocyte antigens were found. The distribution by age 
groups is from 18–55 years -9 (1%), from 56–80.

Years: 34 (3%) and over 80 years: 3 (0.3%). The antibodies 
found were further characterized as specific antibodies: 20 
(2%), antibodies with undetermined specificity: 26 (2.3%).

Our results show that in 4.3% of the screened patients, 
clinically significant antibodies are detected, which can 
provoke a post-transfusion hemolytic reaction. When 
identifying the antibody specificity, we found that the ma-
jority of antierythrocyte alloantibodies were of established 
specificity. In the rest of the cases, the antibody specificity 
cannot be established. The major antibody types and the 
antigen system to which it belonged were as follows (de-
scending order):

Table 1. Distribution of patients undergoing surgical treatment 
according to diagnoses.

Diagnosis Number of 
patients

I Diseases of the digestive system 614
II Diseases of the organs of blood and lymphatic 

system
589

II Diseases of the skin and subcutaneous tissue 368
IV Neoplasms - benign and malignant 365
V Diseases of the endocrine system 42
VI Injuries, poisonings 18
VII Diseases of the genitourinary system 2
VII Factors affecting the health status of the population 2
IX Diseases of the musculoskeletal system 1

Figure 1. Distribution of admitted hospital patients according 
to system localization of the disorder.
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Figure 2. Distribution of patients by age.
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Figure 3. Distribution by age of patients screened for antieryth-
rocyte antibodies.
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1.	 Anti-erythrocyte antibodies belonging to the Rh 
system: 37% (n = 17) of all screened patients (1.6% 
of all patients), including anti-E type (5 patients), 
anti-D (8 patients), anti-C-1, anti-C (2 patients), 
and anti-Cw (1 patient).

2.	 In 3 (6% or anti-erythrocyte antibodies belonging 
to other erythrocyte antigen systems—Kidd-1 pa-
tients, Lewis-2 patients6% of the screened patients 
(0.3% of all patients).

3.	 In 57% (n = 26) of those screened (2.4% of all pa-
tients), alloantibodies without any known specificity 
were identified (Table 2, Fig. 4).

The largest number of identified antibodies were di-
rected against the D antigen belonging to the Rh system.

The largest number of identified antibodies interact-
ed with RBC antigens attributed to the Rh system. Most 
of those antibodies were directed against the D antigen 
(Fig. 5) (Reverberi 2008).

A greater number of alloimmunizations were found in 
women—28 (61%), compared to men—18 (39%) (Table 3, 
Fig. 6).

Red blood cell transfusion received 11 (24%) of the 
patients with antierythrocyte alloantibodies. All these pa-
tients underwent in vitro compatibility tests between do-
nor erythrocytes and patient serum. Not proceeding with 
transfusion was the adopted strategy in 35 (76%) patients 
based on decision after analysis of the chance of harm 
compared to effect (Table 4, Fig. 7).

Nine of the transfused patients were diagnosed with 
embolism and thrombosis of arteries—iliac, arteries of 
lower and upper limbs. Three patients had skin and sub-
cutaneous tissue infections.

Blood not containing the corresponding antigen was se-
lected for patients with identified antibodies. For patients 
with non-specific antibodies in serum, an erythrocyte con-

Table 4. Rate of RBC transfusion to patients with antierythro-
cyte alloantibodies.

Therapy of patients with antierythrocyte alloantibodies N %
RBC transfusion 11 24%
No RBC transfusion 35 76%

Table 3. Difference by gender of the patients with established 
alloantibodies.

Patients with anti-erythrocyte antibodies N %
Female patients 28 61%
Male patients 18 39%

Table 2. Number of patients with antierythrocyte antibodies—
and according to the individual antibody type and the system of 
interacting erythrocyte antigens.

Specificity Number of patients
The Rh system 17

– Anti-D 8
– Anti-Е 5
– Anti-C 1
– Anti-c 2

– Anti-Сw 1
Kidd 1
Lewis 2
Non-specific 26

Figure 4. Identification of antibodies.
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Figure 5. Specificities of the Rh system.
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Figure 6. Men versus women distribution of the alloimmu-
nized patients.
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Figure 7. Patients with alloantibodies treated with RBC.
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centrate with a negative or weakly positive reaction was 
selected. They received preventive therapy with cortico-
steroids and antihistamines. In this way, post-transfusion 
complications were brought down to zero, and the desired 
therapeutic effect of blood transfusion was achieved.

Discussion

Alloimmunization after transfusion of blood and blood 
components is the most common immune system com-
plication. It is associated with delay in treatment initiation 
due to the need for selection of matched blood compo-
nents and the insufficient supply of blood component 
products of certain blood types. The increased risk of ad-
verse effects due to incompatible RBC transfusion (hemo-
lysis, shock, acute renal failure) and of adverse effects of 
the therapy of complications of incompatible transfusion, 
such as immunosuppression or ineffectiveness of transfu-
sions, are among other reported problems.

The safety of blood products is linked to the unique 
antigen array of a specific blood component. The use of 
screening for anti-erythrocyte antibodies in a patient 
whenever repeated transfusions of blood components are 
needed (e.g., perioperatively) reduces the risk of develop-
ing hemolytic immune reactions.

The screening and identification of antierythrocyte an-
tibodies and the selection of blood that does not contain 
the corresponding antigens to which the antibodies are 
directed have a significant role in improving the safety of 
blood component transfusion.

Our results show that in 4.3% of the screened patients, 
clinically significant antibodies are detected, which can 
provoke a post-transfusion hemolytic reaction. The rate 
of alloimmunization found in our study is consistent with 
data published by other authors (Ansari et al. 2008; Us-
man et al. 2011; Sood et al. 2013). When identifying the 
antibody specificity, we found that the majority of ant-
ierythrocyte alloantibodies were of established specificity. 
In the rest of the cases, the antibody specificity cannot be 
established. Those antibodies, in which specificity could 
be established, belonged to the Rh system (Shukla and 
Chaudhary 1999; Achargui et al. 2017; Pons et al. 2023).

Anti-D alloantibodies in plasma of Rhesus D (-) nega-
tive patients were the prevalent type alloantibodies found 
in the patients screened before blood component transfu-
sion in our study. Most of the anti-D alloantibodies found 
in Rhesus D (-) negative patients with no history of prior 
transfusion of D (+) positive red blood cell (RBC) con-
centrate. This is possibly a result of prior Rh isoimmuni-

zation during pregnancy, provided that anti-D antibodies 
persist for a long time after birth—in some of the studied 
patients, 15–20 or more years (Reverberi 2008; Hauser et 
al. 2020). The difference in the rate of alloimmunization 
between men and women in our study is probably due to 
previous sensitization with different blood group antigens 
during pregnancy, as found by other investigators (Roo-
pam et al. 2009; Politou et al. 2020; Lackovic et al. 2023).

Laboratories in hospital care facilities that have includ-
ed a screening test to identify antibodies ensure safe blood 
transfusions. Patients with anti-erythrocyte antibodies 
can be entered into a single database, thereby quickly and 
easily providing an appropriate erythrocyte concentrate 
according to the patient’s phenotype at the next hospital 
admission in any hospital with access to this database.

Of course, the promising solution is a wider application 
of mini-invasive and robotic methods, enabling a one-step 
surgical intervention with minimal perioperative blood 
loss. The robotization of variably complex surgical inter-
ventions is already being applied increasingly in many 
surgical subspecialties, including in emergency condi-
tions (Atanassov et al. 2023).

Conclusions

The alloimmunization against erythrocyte antigens 
should not be a neglected complication of therapy with 
blood components. Alloimmunization almost invariably 
leads to the development of a post-transfusion hemolytic 
reaction during a subsequent blood transfusion. In many 
cases, “another blood transfusion” can be life-saving.

In the setting of alloimmunization, provision of com-
patible blood and blood components is often impossible. 
In these cases, replacement with blood and blood compo-
nents of compatible blood cell type is necessary for avoid-
ing complications. Antierythrocyte antibodies should be 
tested in patients undergoing surgery. A positive screen-
ing should identify the relevant antibodies, and the pa-
tient should receive an appropriate antigen-negative RBC 
concentrate, which will minimize the hemolytic risk.

Various factors contribute to the development of alloim-
munization: population heterogeneity, age at the first anti-
genic stimulus, antigenic difference between the donor and 
the recipient, the immune status of the recipient, the immu-
nomodulatory effect of allogeneic blood transfusion on the 
immune status of the recipient, even possible splenectomy. 
The likelihood of alloimmunization is directly related to the 
number and frequency of transfusions, the immunogenici-
ty of the antigen, and the immune response of the recipient.
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