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Blood transfusions have been the cornerstone of life support since the introduction of the ABO classification in the 20th
century. The physiologic goal is to restore adequate tissue oxygenation when the demand exceeds the offer. Although it can
be a life-saving therapy, blood transfusions can lead to serious adverse effects, and it is essential that physicians remain up to
date with the current literature and are aware of the pathophysiology, initial management and risks of each type of transfusion

reaction.

erythrocyte transfusion blood cell transfusion anemia treatment adverse transfusion reactions

| 1. Epidemiology

Mortality, defined as deaths per total number of transfusions, differs between the different countries, but so does the reporting
rate of transfusion reactions. Germany especially seems to underestimate the rate of minor adverse events, since
hemovigilance reporting is only required for serious reactions and the PEI only sporadically receives information on non-

serious events, so that these were not included in their evaluation [I.

The numbers presented here for different countries should, however, be evaluated carefully. Not only do the reporting
systems and the designations of imputability differ from one country to another but also the definition of adverse events. In
Germany, for example, a febrile non-hemolytic transfusion reaction (FNHTR) is defined as a fever =39 °C with an increase of
22 °C compared with the value before transfusion, versus =38 °C with an increase of 21 °C following the definition of the
National Healthcare Safety Network (NHSN) [I2l Other authors also noted great variability in transfusion-associated adverse
event rates in different countries, mostly due to passive surveillance, different definitions of each transfusion reaction and the
use of different blood products, underlining the difficulty of interpretation of these hemovigilance data 2.

2. Definition of Blood Transfusion Reactions and Initial
Management

Transfusion reactions are defined as adverse events following a blood transfusion, with the severity ranging from minor to life-
threatening. In a clinical setting, any new symptom or change in vital signs occurring within 24 h of a blood transfusion should
be considered a transfusion reaction until proven otherwise . The diagnosis is often difficult to establish, due to a wide range
of symptoms that are mostly overlapping. Each adverse event following a blood transfusion should be considered severe until

further work-up is performed.

The symptomatic patient should be evaluated immediately. Initial management for all types of transfusion reactions includes
stopping the transfusion, keeping the intravenous line open, providing supportive and symptomatic therapy and checking the
patient identification and the blood product labeling 2. Figure 1 gives an overview of the definition and specific

management of each transfusion reaction.
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Figure 1. Overview of the most common acute transfusion reactions with treatment propositions. CBC = complete blood
count; DIC = disseminated intravascular coagulation; BNP = brain natriuretic peptide; AHTR = acute hemolytic transfusion
reaction; FNHTR = febrile non-hemolytic transfusion reaction; TRALI = transfusion-related acute lung injury; TACO =
transfusion-associated circulatory overload; LDH = lactate dehydrogenase; ARDS = acute respiratory distress syndrome; LAH
= left atrial hypertension; RBC = red blood cell.

| 3. Acute Hemolytic Transfusion Reaction

Immune-mediated acute hemolytic transfusion reactions (AHTR) are most often related to ABO incompatibility but can also be
caused by non-ABO antigens (e.g., irregular antibodies, anti-K, 1 anti-Fya, 1, anti-Jkb, mixed antibodies including anti-Jka,
anti-Jkb and anti-Jk3 and anti-E and anti-K). The extent of hemolysis, and therefore the severity of the reaction, depends on
multiple factors such as the involved immunoglobulin class, subclass and antibodies. Pathophysiological AHTR involves
intravascular or extravascular hemolysis, with or without complement activation. As the expression of ABO antigens on RBC is
higher than other antigens, more antigen—antibody complexes are formed, and therefore more sites for complement activation
are present. This may explain the severity of ABO incompatibility. Other reasons are the lower titers of irregular antibodies and
the dilution in the recipient’'s plasma. The volume of the ABO-incompatible blood product may also play a role. A higher
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mortality is associated with transfused volumes over 200 mL, yet fatal blood transfusions have also been reported with small
volumes (25 mL), especially in pediatric patients. Laboratory parameters, however, do not predict the severity [EIE],

Despite no clear data being reported, immunological incompatibility seems to be the most frequent cause of hemolytic
transfusion reactions, generally caused by misidentification of the patient or the blood sample at the time of collection or
transfusion [&l. Therefore, careful pre-transfusion testing is indispensable, in order to match RBC donors and recipients and to

prepare immunologically compatible blood products.

Of special importance in the emergency department is the emergency transfusion of non-compatible blood products, which is
practiced in trauma centers worldwide. Nevertheless, there is a small but potentially serious risk of acute hemolytic
transfusion reactions (<1/1000) that the clinician should be aware of 29,

On the other hand, non-immune-mediated reactions are the result of red blood cell destruction due to mechanical, thermal,
chemical or osmotic damage .

Symptoms of AHTR usually occur within 24 h of the transfusion 2. Although the classic triad involves fever, kidney pain and
hemoglobinuria, the symptoms can be very varied and non-specific B, Patients may present with pruritus, jaundice,
hypotension, tachycardia, tachypnoea, pain (at the side of the veinous access or in the renal compartment), nausea,
disseminated intravascular coagulation, acute renal failure, shock and even death 2. Biologically, two of the following
elements must be found: a decrease in fibrinogen or haptoglobin, an increase in bilirubin or LDH, hemoglobinuria and
hemoglobinemia leading to plasma discoloration or spherocytes on the blood smear. In addition to this work-up, an immune
analysis with repeat crossmatching, grouping and an elution test should be performed [&. Since fever and chills may be the

only early signs, it is important to stop the transfusion immediately and begin the diagnostic investigation.

AHTR is a medical emergency. There is no specific treatment, and management consists mainly of fluid resuscitation with a
target diuresis of 0.5-1 mL/kg/h. Treatment objectives are normokalaemia, urine pH = 6.5, normal blood pressure, platelets >
20,000/mm3 and fibrinogen = 100 mg/dL [8. Some authors propose steroids, plasma exchange and continuous
hemodiafiltration, and others propose immunoglobulins or complement inhibitors. The pathophysiological mechanism behind
this is the elimination of cytokine release in the early phase of AHTR via steroids or plasma exchange (after incompatible
blood transfusion plasma exchange therapy removes anti-A or anti-B antibodies, which inhibit the antigen—antibody reaction,
and free hemoglobin is also removed, which inhibits disseminated intravascular coagulation and acute kidney injury) or
cytokine action, for example, via JAK-STAT inhibitor Ruxolotinib or via Eculizumab, a monoclonal antibody against
complement 5 that inhibits the formation of membrane attack complex [111122]123]

| 4. Febrile Non-Hemolytic Transfusion Reaction (FNHTR)

FNHTR, with an incidence of 1.44 per 1000 transfusions in 2020 in Switzerland, is a frequent complication 24l It is
characterized by a fever (+>1 °C or >38°) without hemolysis, which may be accompanied by chills, tachypnoea, anxiety,
headache, transient hypertension and discomfort within 4 h of transfusion 283l Two etiologies are described. In immune-
mediated FNHTR, the symptoms are attributable to the release of endogenous pyrogens from white blood cells (WBCs)
(either from the patient or the recipient), following a reaction between the recipient’s antibodies and the donor’s antigens 18,
Non-immune-mediated FNHTR is described by the release and accumulation of pro-inflammatory cytokines by WBCs in the

blood product during storage. Critical factors are thought to be WBC content and age 12!,

5. Anaphylactic Transfusion Reaction (ATR) and Minor Allergic
Transfusion Reaction
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ATRs and minor transfusion reactions are type 1 hypersensitivity reactions, accounting for 9% of all possible transfusion
reactions in Switzerland in 2020 4], The severity of these reactions varies from simple skin and mucous membrane damage
to upper and lower airway and cardiovascular system involvement. The diagnosis is clinical. Symptoms appear within 4 h of
the transfusion and are related to the release of histamine from mast cells and basophils 2. They do not differ from those of
other allergic reactions, and the therapeutic management is superimposable on other anaphylactic reactions 2. Tryptase
blood level can help to confirm the diagnosis but does not rule it out if it is negative (half-life of 2 h). A basophil activation test
(BAT) performed with residual transfused blood and the patient’s own blood often confirms the allergic reaction 7. A simple

mucocutaneous reaction does not contraindicate future transfusions.

| 6. Lung Transfusion Complications

Transfusion-related acute lung injury (TRALI) and transfusion-associated circulatory overload (TACO) are serious, life-
threatening pulmonary transfusion reactions. Despite the parallels between TACO and TRALI, it is important to distinguish
these two diagnoses as their treatment and prevention differs considerably.

| 7. Transfusion-Related Acute Lung Injury (TRALI)

TRALI was cited in 0.15% of hemovigilance reports in 2020 in Switzerland. This incidence is, however, probably
underestimated 4. Although the reported incidence of TRALI is low, mortality is high; the Food and Drug Administration
(FDA) reported a transfusion-associated fatality rate of 27% due to TRALI in the fiscal year 2019, highlighting the importance
of recognizing this complication (18],

One reason for this underestimation is a lack of understanding among clinicians, especially due to the difficulty of
distinguishing TRALI from other entities. The main differential diagnosis is acute respiratory distress syndrome (ARDS).
Several classifications have been developed in order to distinguish TRALI from ARDS and to provide accurate data on
adverse transfusion reactions 12129,

TRALI is an acute non-cardiogenic pulmonary oedema associated with hypoxemia. It was initially classified by the 2004
definition of TRALI and possible TRALI (pTRALI) at the Canadian Consensus Conference CCC 29, |n this definition, patients
who present with symptoms of TRALI but who also have ARDS risk factors are classified as pTRALI, to underline the fact that
ARDS cannot be excluded. In 2019, these definitions, as well as those for TRALI including criteria for diagnosis, clinical
findings, timing of onset and relationship to ARDS risk factors were reconsidered, and a more clinical approach was
advocated 29, This new definition dropped the term pTRALI and defines TRALI type | as new, acute respiratory distress
within 6 h of blood transfusion in the absence of temporally associated risk factors for ARDS. The definition is based on five
mandatory criteria: (1) absence of acute lung injury prior to transfusion; (2) occurrence of acute lung injury during or within 6 h
of cessation of transfusion; (3) hypoxemia; (4) radiographic evidence of bilateral lung infiltrates; and (5) no evidence of left
atrial hypertension (LAH) or if LAH is present, it is judged to be not the main contributor to the hypoxemia 229 TRALI type II
is defined by three criteria: (1) it must fulfill the same clinical criteria as TRALI type [; (2) the onset of post-transfusion
pulmonary edema occurred in the presence of an ARDS risk factor or mild ARDS; and (3) there was a stable pulmonary status

in the 12 h before transfusion 22,

TRALI remains a clinical diagnosis, and the clinician’s judgement plays an important role. However, patients with risk factors
who develop ARDS within 6 h of transfusion and who already had pulmonary deterioration 12 h before transfusion should be
considered as displaying ARDS and not TRALI [21],
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| 8. Transfusion-Associated Circulatory Overload (TACO)

According to the latest version of the National Healthcare Safety Network (NHSN), TACO is defined as the new onset or
exacerbation of respiratory symptoms within 12 h of transfusion. This changed from the 2016 definition, which specified
symptom onset within 6 h. Three or more of the following must be present: acute respiratory distress, elevated natriuretic
peptide (BNP), elevated central venous pressure, left heart failure, positive fluid balance and/or radiological evidence of
pulmonary oedema [&. This definition is also supported by the International Society of Blood Transfusion 22, TACO is related
to circulatory overload, but several studies suggest additional pathophysiological factors 2123 The pathophysiological
mechanism of TACO is still incompletely understood, and as in TRALI, a “two-hit” theory is proposed 23], The 2017 study by
Parmar et al. highlights a new fever in one third of patients, suggesting other components such as pro-inflammatory reactions
that deserve further investigation 241 A further hint on pathogenesis may be the finding of a 2010 study showing a 50%
decrease in the occurrence of TACO with the introduction of universal leukoreduced products 23, Further studies are needed
to shine light on the role of inflammation in TACO. Prevention of TACO and identification of high-risk patients is essential.
According to a 2013 retrospective study, the risk factors for developing TACO are a history of heart failure (41%), renal failure
(44%) and age over 70 years (65%), and special attention should be played to these patient groups [21. Swiss data from 2020
also suggest that TACO was mostly observed in the high-risk group (>70 years), with 54 cases of TACO out of a total of 88
cases. This may be due to the unadjusted transfusion rate in the presence of risk factors 14, |dentifying patients at risk and
the use of slower transfusion rates in selected patients, as well as prophylactic volume reduction with diuretics, may be
beneficial 28271, At present, there is no causal treatment, and the management of TACO is similar to that of acute heart
failure, consisting of diuresis, oxygen and ventilation or intubation if needed (23,

| 9. Massive Transfusion-Associated Complications

No universal definition for massive transfusion (MT) is found in the current literature, but the persistent transfusion
requirement of >4 packed red cells (approximately 1000 mL) within 1 h or the transfusion of 10 units of packed red blood cells

within a 24 h period is a commonly accepted definition in clinical settings 28,

Complication prevention starts with the correct administration of blood products when MT is indicated. Several scores have
been developed in order to predict clinical situations that warrant MT, such as the German Trauma-Associated Severe
Hemorrhage (TASH) score, with a correct classification rate of over 90%, the Prince of Wales Hospital/Rainer score (PWH
score) with a correct classification rate of 97%, the American Vandromme score with a positive predictive value of 75% and
many more 293931 The TASH score, however, is the most well-validated score. The choice of score needs to be
individualized, considering the available skill set as well as hospital resources 22,

Furthermore, massive transfusion protocols (MTPs), which are used in most trauma centers, help to standardize the
resuscitation approach in traumatic hemorrhagic shock. Figure 2 displays the following information in a flow chart. MTPs
provide guidance to the blood bank on the use of blood products and are associated with reduced blood utilization and
improved outcomes [33](341[35] |ndications to start the MTP are as follows: blood lactate level = 5 mmol/L; arterial base excess
(BE) < -6 mmol/L; blood hemoglobin (Hb) concentration < 9 g/dL; systolic blood pressure (SBP) < 90 mmHg 38, Although MT
improves patient outcome, it is associated with various complications. In addition to the general adverse transfusion reactions,
patients receiving MT are especially prone to developing coagulation abnormalities, hypothermia and acidosis. Hypoperfusion
and lactate release by RBC during storage, as well as by sodium citrate (an anticoagulant used in stored blood products),
further enhance these complications. Hyperkalemia, on the one hand, can occur due to high potassium levels in stored blood
products, and cases of hyperkalemic cardiac arrest have been described, especially associated with critically ill patients and
fast transfusion rates exceeding 100-150 mL/min 297, Hypokalemia, on the other hand, can develop due to metabolic

alkalosis following citrate administration, as well as the use of potassium-poor solutions including crystalloid solutions,
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platelets and fresh frozen plasma (FFP) 22, Calcium and magnesium can bind to citrate, and this is used for anticoagulation
of the blood products, and ionized calcium levels (total serum calcium concentrations should not be used because of
hemodilution, which occurs during resuscitation) and magnesium levels should be monitored and kept in the normal range 29,
In addition, it is important to be aware of increasing bacterial infections in MT patients due to transfusion-related
immunomodulation 28],

Post-traumatic hemorrhage, however, is the major cause of death in patients who sustained severe trauma and is generally
attributable to two mechanisms: bleeding caused by the direct injury of blood vessels and bleeding due to trauma-induced
coagulopathy (TIC) B2, Approximately one third of patients who receive MT present TIC. TIC is caused by three variables:
acute traumatic coagulopathy (ATC), coagulopathy induced by resuscitation maneuvers and detrimental factors such as
acidosis, hypothermia, shock, male sex, comorbidities, genetic background, inflammation and premedication, e.g., oral
anticoagulants 2. The pathophysiology of ATC is multifactorial due to protein C activation, endothelial glycocalyx disruption,
consumption of fibrinogen and platelet dysfunction, but improper medical management can worsen the outcome 9. TIC was
initially thought to be caused solely by the dilution of clotting factors due to massive transfusion and fluid resuscitation. This
was thought to enhance the development of acidosis and hypothermia, also known as the “lethal triad” BB, Newer research,
however, has shown that TIC appears early in trauma, before medical intervention, acidemia or hypothermia occurs. ATC and
coagulopathy induced by resuscitation can coexist, but pathogenies must be distinguished 5.

When MT protocols are indicated, the RBC target is 7-9 g/dL. Supportive measures such as hypothermia prevention,
permissive hypotension, early clotting support, hypovolemic resuscitation and isotonic balanced crystalloids with vasopressors
in cases of life-threatening hypotension and shock are the cornerstones of therapy B2, In order to uncover TIC, early
monitoring of coagulation is imperative. When an increase in aPTT, PT and INR is observed (PTT or aPTT > 1.5x normal
value), FFP or coagulation factor concentrates (PPCs) are indicated, although PPCs have been proven to be better than FFP
for rapidly reversing vitamin K antagonists B2, Fibrinogen supplementation should be started when under 1.5 g/L (Clauss
method), with a suggested initial dose of 3—-4 g or 50 mg/kg of concentrated fibrinogen. Platelet concentrates are indicated
with a target value of >50 x 10%/L or >100 x 10%L in cases of persisting hemorrhage or traumatic brain injury 52,
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Figure 2. Massive transfusion protocol algorithm. TASH score = Trauma Associated Severe Hemorrhage; RBC = red blood
cell; pRBC = packed red blood cell; PCC = prothrombin complex concentrate (PCC); PT = prothrombin time; aPTT = activated

partial thromboplastin time; MTP = massive transfusion protocol.

| 10. Septic Transfusion Reaction

Septic transfusion reactions occur within 4 h of transfusion with fever, hypotension, chills and other signs of bacterial infection
(qSOFA criteria) 8,

When post-transfusion bacterial infection is suspected, bacterial samples should be taken from the patient and from every
transfused blood product (culture and Gram stain). Definitive diagnosis requires isolation of the same microorganism in the
blood sample and in the patient. Bacterial contamination is still presumed in the case of negative cultures in a septic patient
with confirmed blood product contamination . However, microorganisms from a positive component culture cannot be
interpreted in isolation. Patients with sepsis symptoms at any time should always be investigated with blood cultures 42,
Furthermore, it is important to highlight the vulnerability of residual component cultures to secondary contamination, and
results must be carefully evaluated in the clinical context 2. The most common contaminants found in platelet units are
Staphylococcus aureus or Gram-negative organisms caused by skin microbiota after needle insertion, but contaminants may
also arise from an asymptomatic donor 344145 |n the case of

red blood cells, Gram-negative organisms
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(Pseudomonas spp., Yersinia spp. and Serratia spp.) in particular are found 281, It should be noted that mortality increases in
cases of contamination with Gram-negative organisms 8. The treatment of the septic transfusion reaction is superposable on
the treatment of sepsis and should cover the most common organisms detected associated with the septic transfusion
reaction, with, in particular, a broad-spectrum antibiotic therapy 8. There are no consensus guidelines, but antimicrobial
treatment should be individualized to the local resistance patterns. A parenteral combination of vancomycin and a broad-
spectrum beta-lactam or aminoglycoside may cover most likely pathogens.
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