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INTRODUCTION 
 

Adverse effects resulting from transfusion of blood, also known as transfusion reactions, refer to 
adverse changes seen during or within 24 hours of a blood or blood component transfusion.  
Delayed reactions can also occur.  These reactions are generally recognized by changes in the 
clinical appearance of the transfusion recipient, or through altered laboratory or radiology 
findings.    

       
It is reported that 5-6% of all human blood transfusion recipients suffer a recognizable adverse 
effect as a result of the transfusion.  The majority of adverse transfusion reactions in humans are 
due to clerical errors.  The above percentage likely also occurs in veterinary medicine, making 
recognition, treatment, and prevention of reactions essential for creating a successful patient 
outcome.   

 
Adverse effects can be classified by the time of occurrence (immediate or delayed), and whether 
they are immune-mediated or nonimmune-mediated events.  Immediate transfusion reactions are 
those that become manifest during or within 24 hours of the transfusion.  Delayed transfusion 
reactions may become apparent days to even years later, and include such reactions as delayed 
transfusion transmitted infections and delayed hemolytic responses.  The following reactions 
consist primarily of those immediate reactions most commonly seen in clinical situations.   

 
 
Acute Hemolytic Transfusion Reactions  (AHTR) 
 

 Immediate acute hemolytic transfusion reactions (AHTR) can occur due to hemolysis of 
transfused red blood cells by preformed antibodies present in the recipient's plasma (immune-
mediated hemolysis), or can be the result of in vitro red cell hemolysis secondary to mechanical 
causes, such as prolonged blood storage time, temperature changes, inappropriate administration, 
or addition of nonisotonic solutions to the red blood cell unit.  The immune-mediated hemolytic 
reactions in particular are the most dramatic and can be rapidly life-threatening.  They can occur 
very quickly, within minutes of the start of a transfusion, or within a few hours. 
 
Recognition of AHTR 

 Clinical signs, especially with immune-mediated reactions, are the result of excessive 
complement activation and liberation of several cytokines such as TNF, IL-1, IL-6, IL-8, and 
MCP-1.  Hemolysis of red blood cells leads to the release of large amounts of hemoglobin (Hb), 
resulting in hemoglobinemia and hemoglobinuria.  Liberation of large quantities of free Hb may 
bind nitric oxide, inhibit its vasorelaxant properties, and cause vasoconstriction and renal 
ischemia.  Release of red blood cell adenosine diphosphate (ADP), red blood cell membrane 
phospholipoproteins, or tissue factor may initiate disseminated intravascular coagulation (DIC) 
with potential widespread tissue ischemia and a consumptive coagulopathy.  Complement may 
activate white cells to produce a procoagulant activity, leading to DIC.  Complement activation 



also results in anaphylotoxin (C3a and C5a) release, leading to mast cell degranulation and the 
release of vasoactive agents.  Clinical signs may include: 
 
 Fever 
 Tachycardia or bradycardia 
 Hypotension 
 Dyspnea, cyanosis 
 Salivation, lacrimation, urination, defecation, emesis 
 Collapse 
 Opisthotonus 
 Cardiac arrest 
 Hemoglobinemia and hemoglobinuria 
 
The severity of the reaction and the prognosis depend on the amount of incompatible or damaged 
red blood cells transfused, and the nature of the antibody in immune-mediated reactions.  In 
nonimmune-mediated hemolysis, in vitro hemolysis will cause hemoglobinemia and 
hemoglobinuria, and can lead to more severe signs (DIC) in the patient.  This can sometimes be 
differentiated from an immune hemolytic transfusion reaction by simply taking an aliquot of the 
donor blood being transfused from the blood bag or administration set, and examining for 
hemolysis. 
 
Acute HTRs are rare in first time transfused dogs because of the low prevalence of naturally 
occurring red blood cell alloantibodies.  Although naturally occurring DEA 7 alloantibodies tend 
to occur in DEA 7-negative dogs, there is debate as to their clinical significance.  Red blood cell 
alloantibodies synthesized after an initial transfusion can result in an AHTR following a later, 
similarly mismatched transfusion.  This latter scenario is most likely to occur in DEA 1-negative 
dogs transfused with DEA 1-positive red blood cells, because DEA 1 is the most antigenic 
canine red blood cell antigen.  Acute HTRs are more likely in blood type B cats given type A 
blood, due to the presence of strong naturally occurring anti-A alloantibodies in type B cats. 
 
Treatment of AHTR 
Treatment of an AHTR is directed at the three most serious complications - arterial hypotension 
and shock, renal failure and DIC.  
 
If an AHTR is suspected: 
 

• The transfusion should be immediately stopped and the intravenous line kept patent with 
normal saline.   

 
• A sample of blood from the recipient should be centrifuged in a microhematocrit tube to 

check for hemoglobinemia.  The major crossmatch can be repeated and a direct 
antiglobulin test (DAT) on the recipient may be indicated. 

 
• Epinephrine may be indicated in patients with profound dyspnea due to 

bronchoconstriction.  This is most likely to be an indicated therapy in cats, because the lung 
is the major shock organ in cats. 

 
• Maintaining or re-establishing adequate renal perfusion by infusing crystalloid solutions 

and maintaining blood pressure with α-adrenergic agonists (e.g., dopamine, dobutamine, 
epinephrine, phenylephrine) is critically important.  Diuretics, especially furosemide, may 
be useful to increase renal cortical perfusion.  Low doses of dopamine may increase arterial 
blood pressure while also possessing renal vasodilatory effects.  If oliguria or anuria 
persist, peritoneal dialysis may be necessary. 



 
• Shock doses of glucocorticoids may help by suppressing the major features of the acute 

inflammatory response, stabilizing cell membranes and suppressing synthesis of 
inflammatory mediators (leukotrienes and prostaglandins). 

 
• Administration of heparin to treat or prevent the development of DIC is controversial. 

 
Prevention of AHTR 
Most AHTRs can be prevented by using type matched or DEA 1 negative canine blood and using 
type matched feline blood, cross matching the donor and recipient prior to transfusion, and by 
storing blood or red cell products at the proper storage temperature, for the proper duration. 
 
 
Allergic reactions 
 
Allergic reactions are the result of an IgE-mediated hypersensitivity response to transfused 
plasma proteins.  The binding of the protein antigen to IgE on mast cells results in activation of 
the mast cells, and subsequent release of products such as histamine and other cytokines.   
 
Recognition 
Signs of an allergic reaction occur during or shortly after completion of a plasma transfusion or 
transfusion of a blood product that contains plasma, such as whole blood.  Clinical signs include 
urticaria, erythema, and pruritis for mild reactions.  Vomiting and/or diarrhea can also be 
occasionally seen.  Severe allergic reactions, also termed anaphylactic reactions, show 
hypotension, collapse and respiratory distress.   
 
Treatment 
If an allergic reaction is suspected, the transfusion should be stopped and diphenhydramine 
administered (1-2 mg/kg IM).  If signs abate, the transfusion can be continued.  Treatment of 
anaphylactic reactions requires administration of epinephrine (0.01 mg/kg of 1:1000 solution 
IM).   
 
Prevention 
Administration of antihistamines prior to transfusion may help to prevent transfusion reactions, 
but this is still controversial.  If specific blood donors are found to be associated with a higher 
incidence of reactions in patients, those donors may need to be removed from the donor pool. 
 
 
Febrile Nonhemolytic Reactions (FNHTR) 
 
Febrile non-hemolytic transfusion reactions are common reactions characterized by an increased 
temperature of 1 degree Celsius or 1.8 degrees Fahrenheit occurring during or shortly after 
completion of a transfusion.  Their incidence in dogs and cats given transfusions is 
approximately 5% at the WSU VTH. 
 
A FNHTR is typically associated with white blood cells present in the blood product.  Fever-
promoting cytokines can be released by WBCs during blood product storage, and are seen more 
commonly with red cell or platelet products.  Alternatively, patient antibodies against the 
transfused WBCs can cause release of cytokines by the WBCs, inducing fever.  
 
Recognition 
The main sign seen in patients exhibiting FNHTR is a fever occurring during or shortly after the 
transfusion.  Additional signs, such as chills/shaking or vomiting can be uncommonly seen.  



Fever can also be an early sign of a hemolytic transfusion reaction or sepsis, and these more 
serious reactions must be ruled out. 
 
Treatment 
All patients should be carefully monitored during a transfusion, with temperature, pulse and 
respiration frequently assessed and recorded.  If a FNHTR is suspected, the transfusion should be 
stopped.  The fever tends to be self-limiting, so no treatment may be required with mild fevers.  
Consider anti-inflammatory, anti-pyretic therapy with higher fevers.   
 
Prevention 
Leukoreduction (i.e., use of a special filter to remove WBCs) of blood products prior to storage 
can help to decrease the incidence of FNHTR, and is commonly used to decrease the incidence 
of FNHTR in people receiving transfusions.  Leukoreduced veterinary products are available at 
some commercial veterinary blood banks.   
 
 
Transfusion associated circulatory overload (TACO) 
 
Circulatory overload resulting in congestive heart failure may occur following the rapid 
transfusion of large volumes of whole blood, packed red blood cells or plasma, especially in 
patients with compromised cardiac, pulmonary or renal function, or in cats and miniature or toy 
breeds of dogs.  A TACO can also occur when blood products are given with other simultaneous 
fluid administration. 
 
Recognition 
A wide variety of presentations may occur in an animal developing or suffering from TACO.  
The most common signs are those associated with the shift to a positive fluid balance, also 
termed fluid overload.  These may include increases in weight, subcutaneous edema, or serous 
nasal discharge.  Evidence of fluid accumulation in the lungs may be noted as an increase in 
respiratory rate, pulmonary crackles, and pleural or pulmonary edema and venous distension on 
radiographs.  Echocardiogram may show chamber dilation and central venous pressures may be 
elevated.     
 
Treatment 
Treatment for TACO should be immediate as development of respiratory distress can be life-
threatening.  Discontinue the transfusion and all other fluids if possible.  Diuretics such as 
furosemide can be administered to reduce pulmonary edema and decrease positive fluid balance.  
Oxygen support may be needed until the fluid balance is restored.  After treatment, if transfusion 
is still needed it can be restarted at a slower rate.  TACO and TRALI (see below) may present 
with very similar respiratory signs, however TACO is expected to improve with diuretic therapy 
whereas TRALI is not.   
 
Prevention 
It is always best to prevent TACO whenever possible.  It is important to first identify risk factors 
and then make adjustments to your transfusion rate and volume as needed. 
 
 
Transfusion Related Acute Lung Injury (TRALI) 
 
A transfusion-related acute lung injury, also known as “TRALI”, is an acute lung injury 
occurring within 6 hours after blood transfusion.  It is accompanied by bilateral infiltrative 
changes on thoracic radiographs without signs of circulatory overload.  At this time it is thought 
to be an uncommon consequence of transfusion in domestic animals. 
 



The exact cause of TRALI cannot always be determined, but many cases appear to occur from 
what is known as the “two hit” model.  An underlying condition of the patient, such as sepsis or 
neoplasia, primes neutrophils and attracts them to capillaries in the lungs.  When a blood product 
containing anti-neutrophil antibodies or other components such as biolipids is transfused, the 
neutrophils in the lungs are activated.  These activated neutrophils degranulate, and their 
enzymes and other compounds cause damage to the pulmonary capillaries, resulting in 
pulmonary edema.   
 
Recognition 
TRALI usually occurs within 6 hours of a transfusion.  Animals will show a sudden onset of 
dyspnea, and auscultation of the lungs reveals crackles, or in some cases, decreased lung sounds.  
Fever, hypotension, and hypoxemia can also occur.  Radiographs will show pulmonary edema 
 
Treatment 
If TRALI is suspected, the transfusion should be stopped.  Mild cases of TRALI may respond to 
supplemental oxygen therapy.  Severe cases of TRALI may require aggressive pulmonary 
support, using mechanical ventilation.   
 
 
Prevention 
Prevention of TRALI is difficult.  Donors whose blood products have resulted in a case of 
TRALI should be tested for anti-neutrophil antibodies, if such testing is available.  These donors 
can also simply be removed from the donor pool.   
 
 
Transfusion Transmitted Infections (TTI) 
 
Transfusion transmitted infection occurs when a pathogen is transmitted through the 
administered blood product.  This reaction can occur as an acute septic reaction developing 
within about four hours of the transfusion.  Organisms may contaminate the unit at the time of 
blood collection from the donor or during preparation or storage of components.  Preexisting 
pathogens in the donor may also cause the blood to be contaminated, and can result in delayed 
reactions occurring days to weeks to months after the transfusion, dependent on the pathogen.   
 
Recognition 
In order to diagnosis a TTI, laboratory evidence of the presence of a pathogen in the transfusion 
recipient is required.  If an organism cannot be identified, a TTI can still be considered if an 
unexplained illness occurs during the same time frame that is most consistent with infection and 
other reactions have been ruled out.  Clinical signs associated with acute TTI are due to the 
infusion of a large number of pathogenic organisms.  Signs that a reaction is occurring include 
shock, fever, tachycardia, vomiting, diarrhea, and possible progression to renal failure or DIC.   
 
The clinical signs associated with delayed TTI are dependent on the type of organism that has 
been transmitted to the recipient.  Many pathogens have been implicated as having the potential 
to be transmitted via transfusion.  A good resource to determine possible pathogens is the 
American College of Veterinary Internal Medicine (ACVIM) Consensus Report on canine and 
feline blood donor screening (Update on Canine and Feline Blood Donor Screening for Blood-
Borne Pathogens, JVIM 2016, 30: 15-35). 
 
Treatment 
Treatment for acute septic transfusion transmitted infections consists of immediately stopping 
the transfusion and initiating therapy for shock if needed.  Antibiotics should be started 
immediately and the blood unit retained for bacterial culture, both aerobic and anaerobic, as well 
as additional pathogen testing as indicated.  Monitor the patient for signs of acute kidney injury 
or the development of DIC.   



 
If a delayed TTI is suspected to have occurred, the donor should be retested for infectious agents 
following the ACVIM Consensus Report guidelines.  Treatment of the recipient should be 
specific to the organism identified.   
 
Prevention 
Transfusion transmitted infections can be prevented in many cases.  Proper handling and storage 
of blood products is essential for reducing the risk of acute infections.  Blood components should 
be infused within 4 hours of removal from the refrigerator because of the risk of bacterial 
overgrowth in units warmed to room temperature. Routine culture of most blood components is 
not indicated however, any stored blood unit which appears abnormal (purple or brown, gas 
bubbles, hemolysis) should not be transfused and should be cultured. 
 
Delayed infections are best prevented by fully screening blood donors according to ACVIM 
guidelines based on the geographic location of the donor and any other risk factors that may be 
present.  If an infection does still occur, retest the donor for the causative organism identified.     
 
  
 
 
 
 
 
 
 


