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TYPES OF RED BLOOD CELL PRODUCTS 
 
Whole blood 
 
A unit of canine whole blood typically contains approximately 450 mls of blood and 63 mls of 
anticoagulant.  Whole blood can be stored for approximately 4 weeks when kept at 1-6°C.   
 
Whole blood provides both oxygen carrying capacity and blood volume expansion.  Fresh whole 
blood also contains viable platelets and labile (factors V and VIII) and stable coagulation factors.  
Blood stored for > 24 h may not contain viable platelets or adequate concentrations of labile 
coagulation factors.  Levels of stable clotting factors are well maintained during storage of whole 
blood.  Fresh or stored whole blood may be indicated for patients in which multiple blood 
components are required (e.g., hemorrhage due to thrombocytopenia, hemophilia, anticoagulant 
rodenticide toxicity, liver disease or DIC) or in patients with massive hemorrhage (loss of > 
100% of blood volume).  In these situations, administration of multiple single components is also 
appropriate (e.g., packed red blood cells and fresh frozen plasma). 
 
Whole blood is not the component of choice for patients who do not require volume replacement 
in addition to oxygen carrying capacity (e.g., acute hemorrhage < 50% of blood volume, chronic 
hemorrhage, hemolytic anemia, non-regenerative anemia), because of the risk of volume 
overload. 
 
Whole blood tends to be used in the management of cats and small dogs (< 5 kg) with anemia, 
because of the difficulty of preparing red blood cells from the small volumes of blood routinely 
used. 
 
 
Packed red blood cells 
 
Packed red blood cells are prepared from whole blood by removing 200-300 ml of plasma from a 
unit of whole blood after centrifugation.  The resulting preparation has a PCV of 70-80%.  
Packed red blood cells may also be suspended in various protein-poor additive solutions (e.g. 
Adsol, Nutricel, Optisol), and the resulting PCV is approximately 55-65%.  Packed red blood 
cells are stored at 1-6°C.  The shelf life of packed red blood cells depends on the preservative 
used in the blood collection bag, and whether any additive solutions are used, with those in 
additives stored for 5-6 weeks. 
 
Packed red blood cells provide oxygen carrying capacity. When available, packed red blood cells 
are the component of choice for treatment of anemia in patients who are not volume depleted.  
This includes patients with acute hemorrhage resulting in loss of < 50% of blood volume, those 
with chronic hemorrhage, hemolytic anemia and non-regenerative anemia.   
 
Fresh frozen plasma, frozen plasma or platelets can be administered in conjunction with packed 
red blood cells in anemic patients with volume depletion, thrombocytopenia or coagulation 
factor deficiencies. 
 



 
Leukocyte – reduced red blood cells 
 
White blood cells do not contribute to the efficacy of transfused red cell products and can 
actually cause harm to the patient in some cases.  Leukocyte-reduction of whole blood or red 
blood cells is performed by processing the blood through a special microaggregate filter. Use of 
leukocyte-reduced red blood cells can help prevent febrile non-hemolytic transfusion reactions 
and may help avoid alloimmunization when repeated platelet products are used.   
 
 
Autologous red blood cells 
 
Autologous transfusion is the collection and reinfusion of the patient's own blood or blood 
components.  The advantages of autologous transfusion include avoidance of the risk of 
immunologic transfusion reactions and infectious disease transmission, reduced demand for 
blood donor components and reduced loss of red blood cells and accelerated erythropoiesis that 
follows autologous blood donation.  
 
There are three possible methods of autologous blood transfusion, however, hemodilution is 
rarely used in veterinary medicine: 
 
a. Predeposit, in which blood is drawn from the patient and stored prior to an elective surgical 

procedure.  The ideal patient is one who is relatively healthy and can have blood collected 
and stored approximately 2 weeks before the surgery. 

b. Immediate or intraoperative salvage, in which blood is collected from a body cavity as an 
emergency measure when no compatible blood is available. Generally, only blood shed into 
the peritoneal or pleural cavities is used. Intraoperative transfusion is contraindicated if blood 
is contaminated with pus, urine, bile, feces or malignant cells.  Ideally, lost blood is collected 
by sterile methods, filtered, anticoagulated and appropriately reinfused.   

c. Hemodilution, in which blood is donated immediately prior to or after induction of anesthesia 
and the volume immediately replaced with a cell-free solution. 

 
 
INDICATIONS FOR WHOLE BLOOD AND RED BLOOD CELL COMPONENTS 
 
In assessing the need for whole blood or red blood components the following factors need to be 
considered: 
 

• magnitude of anemia 
• rate of development of anemia 
• concurrent illness 
• cardiac and respiratory function 
• expectation of further blood loss 
• alternative treatment options and response to therapy 
• additional physiologic stressors (e.g., anesthesia) 

 
Each patient must be individually assessed.  Avoid arbitrary transfusion at a given packed 
cell volume.  Studies in human medicine suggest that a restrictive transfusion trigger strategy, 
aimed to keep the hemoglobin concentration between 7 and 9 g/dL (approximately 21-27% 
PCV), can be beneficial for most patients.   
 
 



 
Use of RBCs in Regenerative Anemias 
 
Hemorrhage 
 
In acute hemorrhage, the PCV is a poor indicator of the degree of blood loss.  All components of 
blood are lost initially and clinical signs of shock may be apparent with a normal PCV.  The 
PCV will decline gradually over the following 72 hours, due to redistribution of extravascular 
fluid to the intravascular space.  Survival with excessive blood loss (hemorrhagic shock) is 
dependent primarily on restoration of blood volume and oxygen transport. 
 
Replacement fluids can vary according to the degree of blood loss.  As an example, loss of up to 
20% of blood volume (mean blood volume in the dog is 90 ml/kg, in the cat it is 70 ml/kg) can 
be corrected by crystalloid solutions alone. 
 
Loss of 20-50% of the blood volume generally requires crystalloids and packed red cells, or 
transfusion of whole blood (volume plus oxygen carrying capacity).    
 
Loss of between 50-100% of blood volume requires red cell replacement and correction of 
colloidal oncotic pressure.  Packed red cells and plasma or plasma volume expanders, or whole 
blood (fresh or stored) would be suitable choices.  There is no need for coagulation proteins or 
platelets, hence fresh whole blood is not essential. 
 
Loss of  > 100% of blood volume (where repeated transfusions are given) requires replacement 
of red blood cells, colloidal oncotic pressure, coagulation proteins and platelets.  Packed red 
cells, together with fresh frozen plasma and platelet concentrates, or fresh whole blood is 
indicated. 
 
Multiple components or fresh whole blood are indicated in the management of hemorrhage 
secondary to a disorder of hemostasis (e.g., hemophilia, von Willebrand's disease, anticoagulant 
rodenticide toxicity, liver disease, DIC, thrombocytopenia). 
 
Hemorrhage from immune-mediated thrombocytopenia 
 
For those cases of immune-mediated thrombocytopenia (ITP) where the patient presents with a 
low PCV, RBC transfusions, both with or without additional platelets, can be helpful in addition 
to drug therapy.  Fresh whole blood can also be used.   
 
 
Hemolysis 
 
Hemolytic anemias are usually diagnosed by finding a markedly regenerative anemia without 
hypoproteinemia or other evidence of blood loss.  Icterus and/or hemolyzed plasma are also seen. 
 
Packed red blood cells are the component of choice for dogs and cats with hemolytic anemia.  
These patients are usually not volume depleted and administration of whole blood will cause 
hypervolemia and possibly signs of fluid overload. 
 
The use of RBCs in immune-mediated hemolytic anemia (IMHA)  requires special 
considerations.  Crossmatching should be performed to determine if autoagglutination is present, 
and if any compatible donor blood can be found.  The autoantibody present in IMHA is often 
targeted against common RBC membrane antigens; thus it may be difficult to locate compatible 



RBCs.  Autoagglutination can also make it difficult to accurately type these patients, 
necessitating the use of DEA 1 negative blood.  At WSU, despite incompatible crossmatches we 
often transfuse small amounts of type matched pRBCs, just enough to take the PCV into the 20-
25% range, and watch the patient carefully for any signs of an acute hemolytic reaction.  
Generally these transfusions are well tolerated, and buy the animal some time for the drug 
therapy to work.   
 
 
Use of RBCs in Non-Regenerative Anemias 
 
Non-regenerative anemia indicates an inadequate bone marrow response.  A non-regenerative 
pattern of anemia will be seen for the first 2-3 days after the onset of acute hemorrhage or 
hemolysis. 
 
Non-regenerative anemias due to primary bone marrow disease (e.g., cytotoxic bone marrow 
damage from estrogen, phenylbutazone or cancer chemotherapy, myelodysplasia, myelophthesis, 
pure red cell aplasia, FeLV infection) tend to become severe.  Patients with these disorders may 
require transfusion support.  Non-regenerative anemias due to secondary interference with 
erythropoiesis (e.g., anemia of inflammation/chronic disease, endocrinopathies) are mild to 
moderate and may not require support.  Non-regenerative anemia secondary to erythropoietin 
lack in patients with renal failure is an exception, as it tends to become severe.  The preferred 
treatment for non-regenerative anemia due to renal failure is erythropoietin replacement therapy. 
 
Patients with non-regenerative anemias are usually not volume depleted and may be very prone 
to fluid overload.  Packed red blood cells are the component of choice for these patients. 
 
 
ADMINISTRATION OF WHOLE BLOOD AND RED BLOOD CELL COMPONENTS 
 
General comments 
 

• Use blood or component administration sets where possible. 
 

• Only normal saline (0.9% NaCl) may be mixed with blood components. 
 

• Monitor vital signs (TPR) before, during and after transfusion 
 

• Volume overload can occur if too much of a blood product is given or if the product is 
given too quickly, especially if the patient has cardiac or renal disease. 

 
• Complete the transfusion within 4 hours.  This may necessitate splitting the product, 

reserving some in a refrigerator for later use. 
 

• Use the intravenous route.  The intramedullary route may be used, if needed, in puppies, 
kittens and severely volume depleted patients, in which placing an intravenous catheter is 
not possible. 

 
  
Whole blood 
 
Use a standard blood or component administration set with a 170-260 µ filter.  Smaller sets with 
smaller filters are also available for cats and small dogs using a syringe pump. 



 
The desirable rate of infusion varies with the patient's blood volume, hemodynamic condition, 
and cardiac, renal and hepatic status.  Give slowly (< 5 ml/kg/hour) for the first 15 min, then 
increase rate to 5-10 ml/kg/hr.  Give more rapidly in hypovolemic patients.  Give more slowly in 
animals with cardiac, hepatic, or renal failure.  (approximately 1 ml/kg/hour). 
 
Volume to administer: 
 
Volume (mls) of donor blood in anticoagulant to administer = 
 
patient weight (kg) x blood volume x    (desired PCV - present PCV) 
        PCV of donor blood in anticoagulant 
 
Blood volume: Dog 90 ml/kg 
   Cat 70 ml/kg 
 
Example: Dog weight = 10 kg 
  Patient PCV = 10% 
  PCV of donor blood in anticoagulant = 40% 
 
  mls = (10 kg) (90 ml/kg) x (20 - 10) = 225 
                         (40) 
 
Therefore, 225 mls of whole blood would be needed to raise the PCV from 10% to 20% in a 10 
kg dog. 
 
As a general rule of thumb, transfusion of ≈20 ml/kg (dogs) will raise the PCV of the recipient   
by 10%. 
 
 
Packed red blood cells 
 
If the pRBCs are not prepared in additive solution, use 75-100 mls of normal saline to dilute the 
cells prior to administration.  Spike the bag using a coupler (combination injection port and 
spike) and add saline.  (Note:  This step is not required when using packed red cells in an 
additive solution, such as Nutricel, Optisol or Adsol). 
 
Use a standard blood administration set with a 170-260 µ filter. 
 
Give slowly (< 5 ml/kg/hour) for first 15 min, then increase to 5-10 ml/kg/hr.  Give more rapidly 
in hypovolemic patients.  Give more slowly in animals with hepatic, cardiac or renal failure 
(approximately 1 ml/kg/hour). 
 
Volume to administer - as for whole blood.  In dogs, transfusion of 15 ml/kg (pRBC in additive 
solution) will raise the PCV of the recipient by 10%. 
 
 
MONITORING THE HEMATOLOGIC EFFECTS OF TRANSFUSION 
 
Each unit of whole blood or packed red blood cells contains red blood cells of all ages (between 
1 and 110 days for canine erythrocytes and between 1 and 70 days for feline erythrocytes).  Red 
blood cells continue to age during storage.  In addition, when blood is stored in vitro in various 
anticoagulant preservative solutions, some erythrocytes become non-viable.  Aged (senescent) 



and  non-viable erythrocytes are removed from the circulation within 24 h of transfusion.  The 
post-storage viability of erythrocytes decreases with time and determines the maximum time that 
blood can be stored in vitro.   
 
Stored canine erythrocytes that survive the first 24 hours after transfusion into normal dogs still 
have a normal life span.  When feline type A blood is transfused into a normal blood type A cat, 
the average erythrocyte T1/2 is 33 days. 
 
In clinical situations, the survival of transfused red blood cells will depend on many factors: 
 
• Pathogenesis of the anemia that is present. 
 
• Concurrent conditions which may alter red blood cell life span (e.g., splenomegaly). 
 
• Pre-existence of anti-RBC alloantibodies or development of a primary or anamnestic 

immunological response against transfused red blood cell antigens. 
 
• Storage conditions and handling of whole blood or packed red blood cell units prior to 

transfusion. 
 
Red blood cell survival should be monitored by frequent measurement of PCV and total protein.  
Measurements immediately prior to transfusion, immediately post-transfusion and 24 hours post-
transfusion are important.  Thereafter each patient should be monitored as its condition dictates. 
 
 


