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Unique Features of the Equine Erythron

▣ Unstable packed cell volume
◼ Spleen can contain up to 1/3 circulating red cell mass
◼ PCV not adequate marker of blood loss for up to 

24 hours after a major hemorrhage
▣ Rouleux formation

◼ Differentiate from autoagglutination

▣ Icteric plasma
▣ Lack of peripheral signs of regeneration
▣ Howell-Jolly bodies



Normal Features of Horse Red Cells 

Packed Cell Volume (%) 32-53

Erythrocytes (x 106/L) 6.7-12.9

Hemoglobin (gm/dl) 11-19

Reticulocytes 0

Lifespan (days) 140-150



Anemia

▣ Functionally defined as:                                                       
decreased oxygen carrying capacity              of 
the blood.
◼ PCV easiest lab value to determine
◼MUST be evaluated in light of 

excitement level and hydration status



Diagnosis of Anemia
▣ General categories
◼ Blood loss
◼ RBC destruction
◼ Failure of RBC production



Guidelines for classification of 
severity of anemia

▣ Mild:  30-33% PCV
▣ Moderate: 20-29% PCV
▣ Severe: 13-19% PCV
▣ Very severe:  <13% PCV



Anemia

▣ Oxygen content of the blood 

(1.34 x Hb x O2sat) + (0.003 x PaO2)

▣ MOST dependent on hemoglobin 
concentration AND saturation!



Anemia
Oxygen content: An example

▣ Horse with PCV of 33, O2sat 95% and 
PaO2 of 100:

O2CT =(1.34 X 11 X O.95) + (0.003 X 100)
          = 14.3 ml/dl



Anemia
Oxygen content: An example

▣ Horse with PCV of 33, O2sat 95% and 
PaO2 of 100:

O2CT =(1.34 X 11 X O.95) + (0.003 X 100)
          = 14.3 ml/dl
▣ Decrease PCV to 10:
O2CT =(1.34 X 3.3 X O.95) + (0.003 X 100)
          = 4.5 ml/dl



Anemia
Oxygen content: An example

▣ Horse with PCV of 33, O2sat 95% and 
PaO2 of 100:

O2CT =(1.34 X 11 X O.95) + (0.003 X 100)
          = 14.3 ml/dl
▣ Decrease PCV to 10:
O2CT =(1.34 X 3.3 X O.95) + (0.003 X 100)
          = 4.5 ml/dl
▣ Decrease PaO2 to 70:
O2CT =(1.34 X 11 X O.50) + (0.003 X 33)
          = 7.45 ml/dl



Anemia

▣ Clinical Signs:
◼ Tachycardia
◼ Tachypnea
◼ Reduced exercise tolerance
◼ Depression
◼ Pale and/or icteric mucous 

membranes (usually)
▣ ALL are related to decreased oxygen 

carrying capacity



Anemia

▣ Major types of anemia:
◼ Blood Loss

Can be internal OR external
Trauma, uterine artery bleed, surgical….

◼ Decreased Production
Bone marrow replacement, chronic disease

◼ Increased Destruction
Hemolytic anemia, oxidation



Initial evaluation of anemia

▣ PCV or haematocrit
▣ Total plasma solids – refractometer
▣ Blood smear
▣ Complete blood count



Diagnostic Approach to Anemia 
in the Horse

▣ Thorough history
▣ Thorough PE
▣ CBC
▣ Leukogram
▣ Plasma proteins
▣ Serum chemistry

▣ Urinalysis
▣ Bone marrow
▣ Serum iron and 

total iron binding 
capacity

▣ COGGINS TEST
▣ *Piroplasmosis titer



Classification of regenerative 
anemia in the horse

▣ Horses do not normally release reticulocytes into 
peripheral blood

▣ RBCs produced during increased erythropoiesis 
are larger, thus macrocytosis and anisocytosis 
suggest active erythropoiesis

▣ MCV > 52fL
▣ RBC histograms
▣ Blood smear evaluation
▣ Serial monitoring of PCV
▣ RBC distribution width (RDW)

◼ Indicates amount of anisocytosis
▣ Bone marrow cytology

◼ Evaluate for increased erythroid component
◼ Decreased myeloid:erythroid (M:E) ratio



Normal blood smear



Automated hematology machines:
RBC histogram
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The RBC Method



Bone marrow aspiration
STERNAL ILIUM



Differential Diagnoses for 
Nonregenerative Anemia

▣ Bone Marrow Failure
◼ Myelophthisis
◼ Myeloproliferative disease
◼ Bone marrow toxins
◼ Phenylbutazone
◼ Chloramphenicol
◼ Radiation
◼ Idiopathic pancytopenia

▣ Miscellaneous Conditions
◼ Administration of human 

recombinant erythropoietin
◼ Chronic hepatic disease
◼ Chronic renal diseae
◼ Recent hemorrhage or 

hemolysis

▣ Iron Deficiency
◼ Chronic hemorrhage
◼ Nutritional deficiency (rare)

▣ Chronic Disease
◼ Chronic 

infection/inflammation
◼ Pleuritis/pneumonia
◼ Peritonitis/enteritis
◼ Bacterial endocarditis
◼ Internal abscessation
◼ Chronic viral disease (e.g., 

equine infectious anemia)
◼ Neoplasia
◼ Endocrine disorders



Anemia of 
Chronic 
Disease





Uterine artery hemorrhage
▣ Signalment:  Usually geriatric mare, > 14 years
▣ Clinical signs: Acute onset of profuse sweating, 

trembling, cold peripheral skin, pale mucous 
membranes, weak arterial pulses

▣ Hemorrhagic shock
▣ Diagnosis:  

◼ Clinical signs
◼ Ultrasound
◼ Rectal palpation?  

(twitch and palpation may result in straining and 
increased intra-abdominal pressure and exacerbate 
bleeding)



Clinical signs of uterine artery 
hemorrhage:  Profuse sweating



Clinical signs of uterine artery 
hemorrhage:  

pale white oral mucous membranes



Uterine artery hemorrhage

▣ Diagnosis:  Ultrasound is preferred
▣ Hematoma contained in broad ligament 

may be visible under flank fold just 
medial to the stifle

▣ Free peritoneal blood (“swirling smoke”) 
◼ Blood or fluid may be forced dorsally 

by the pregnant uterus



Hemoperitoneum with uterine 
artery hemorrhage



Whole Blood Loss:
Uterine artery rupture



Epistaxis



Example of chronic blood loss

▣ Pythiosis
▣ Pythium insidosum
▣ Persistent 

granulating wound 
with yellow tracts 
of exudate

▣ Often pruritic 
resulting in 
self-trauma



Differences between 
acute and chronic blood loss

▣ Acute 
▣ Sudden loss of 

oxygen-carrying 
capacity

▣ Signs related to 
oxygen delivery

▣ Hemorrhagic 
shock

▣ Chronic
▣ Slower loss of 

oxygen-carrying 
capacity

▣ Iron deficiency
▣ Hypoproteinemia



Physiology of hemorrhage

▣ Disruption of vascular integrity
▣ Loss of circulating blood volume
▣ Effective circulating volume sensitive 

compartment
▣ Adrenal steroid release
▣ Vasoconstriction
▣ Activation of coagulation cascade
▣ Transcapillary movement of fluids – 

transcapillary transfusion



Example of blood loss 
anemia

▣ Group of mares out on pasture
▣ Rodenticide applied to kill prairie dogs
▣ Active ingredient:  brodifacoum
▣ Several mares found dead
▣ Survivors:

◼ weak
◼ depressed
◼ pale mucous mebranes
◼ tachycardia

▣ Diagnostic evaluation:  bleeding from oral and 
vulvar mucous membranes, hemoabdomen

▣ Hematology:  
◼ profound anemia (PCV ~ 10%)
◼ Hypoproteinemia
◼ Prolonged bleeding time, prolonged APTT



Clinical signs of bleeding



Laboratory diagnosis of 
rodenticide intoxication

▣ History
▣ Clinical signs
▣ Prolongation of coagulation times



Vitamin K antagonism



Immune-mediated Hemolytic 
Anemia



Immune-mediated hemolytic 
anemia

▣ IMHA rare in adult horses
▣ Component of other diseases
▣ Infectious diseases

◼ Equine Infectious Anemia (EIA)
◼ Piroplasmosis (Babesia species)
◼ Streptococcus equi infections

▣ Lymphoma
▣ Drug-induced

◼ Penicillin family
◼ Phenylbutazone



Red Maple Leaf Intoxication

▣ Associated with ingestion of Red Maple leaves
▣ Toxin in dried leaved causes 

methemoglobinemia and Heinz body anemia. 
▣ Can occur anytime of year when there are 

leaves present
▣ Can result in acute death, abortion, pulmonary 

thrombosis in addition to anemia
▣ Treatment with high doses of ascorbic acid 

(Vitamin C) in addition to fluid support and 
blood transfusion, has been described

•McConnico and Brownie, Cornell Vet, 1992



Red maple leaf toxicosis
▣ Occurs summer or fall
▣ Wilted and dried leaves toxic

◼ Freezing does not change toxicity
◼ Preferentially eat red maple 

leaves
▣ Toxic principle unknown



Red Maple Leaf 
Intoxication



Problem list - 20 year old mare
▣ QDR, intermittent muscle 

fasiculations
▣ Tachycardic
▣ Febrile
▣ Dusky, reddish yellow color 

mucous membranes 
(including vulva)

▣ Anemic
▣ Hyperproteinemic, 

hyperalbuminemia
▣ Hyperfibrinogenemia
▣ Lymphopenia 
▣ Neutrophilia
▣ Thrombocytophilia
▣ Elevated creatinine
▣ Hyperglycemia
▣ Elevated total bilirubin



Red Maple Leaf 
Intoxication



Red maple leaf toxicosis: 
Hematologic alterations

▣ Moderate to severe 
anemia

▣ Hemoglobinemia
▣ Methemoglobinemia
▣ Heinz body 

formation
▣ Anisocytosis
▣ Hyperbilirubinemia
▣ Increased erythrocyte 

fragility



Oxidant-induced hemolytic 
anemia in Australia?

▣ Onions?
▣ Chemicals/Drugs?
▣ Others?



Anemia due to 
bone marrow failure

▣ Aplastic anemia
◼ Drug toxicity
◼ Recombinant human erythropoietin (EPO)

▣ Myelophthisis – Neoplasia
◼ Lymphoma most common



Myelophthisis due to 
lymphoma



Anemia

▣ Some specific causes of anemia in 
FOALS:
◼Whole blood loss
◼Neonatal isoerythrolysis
◼ Chronic disease



Whole Blood Loss



Neonatal Isoerythrolysis

▣ What is it?
◼ Reaction of alloantibody from the dam 

against the red blood cells of the foal. 
Foal gets these antibodies from the 
colostrum they ingest!

◼ Results in red cell 
hemolysis/destruction in the foal

◼ Anemia can be significant and 
life-threatening





Neonatal Isoerythrolysis

▣ What does it look like?
◼ Foal is affected shortly after 

ingestion of colostrum, usually days 
1-5 of life

◼ Icterus, tachypnea, tachycardia, 
weakness are common signs. Fever 
may accompany hemolysis

◼ Paradoxically,these foals usually do 
NOT have FPT!







Clinical Pathology:

▣ DECREASED: PCV, erythrocyte count, 
hemoglobin

▣ Leukocytosis: due to neutrophilia and 
monocytosis

▣ INCREASE: Bilirubin (unconjugated)
▣ Mule foals: thrombocytopenia



Neonatal isoerythrolysis:  
icterus - jaundice – yellow!



Jaundice



Jaundice



Neonatal isoerythrolysis: 
Hemoglobinuria in severe 

cases



Intravascular 
hemolysis and 

hemoglobinuria



Complications:

▪ Kernicterus: neurological disease 
Causes seizures and/or retardation
Caused when bilirubin stay ELEVATED (>20 mg/dl)

▪ Kidney disease
Nephrotoxic effects of hemoglobin

▪ Hepatic failure
▪ Septicemia

SIRS/DIC



Diagnosis:

▣ Clinical signs with progressive anemia and 
icterus

▣ Definitive diagnosis= alloantibodies in dam’s 
serum OR colostrum that cause 
hemagglutination or lysis of foal’s red cells

▣ Direct Coomb’s test: confirms the presence of 
antibodies on the surface of red blood cells
◼ False negatives- can occur due to hemolytic nature of 

antibodies



Diagnosis of NI

▣ Jaundiced foal 
agglutination test



Autoagglutination



Neonatal 
Isoerythrolysis

▣ Diagnosis:
◼ Clinical signs
◼ Dam may have previous history of NI foal

Beware change in mare ownership*
Sometimes failure to communicate past history

◼ Anemia, increased bilirubin, icterus
◼ Can confirm with cross-match between foal 

and dam: MINOR cross-match will show mare 
serum reacting with foal red cells.

◼ ‘Jaundice foal test’



Neonatal Isoerythrolysis

▣ Treatment
◼ Do not stress foal
◼ Oxygen supplementation
◼ If PCV decreasing rapidly, is less than 15%       

(< ~5 gm/dl Hb) or foal is experiencing 
significant clinical signs, consider blood 
transfusion.

◼ Cross-match multiple donors.
◼ Can used washed red cells from dam



Whole blood transfusion:
washed red cells from mare





Chronic Illness



General Treatment of 
Anemia

▣ Treat any underlying disease
▣ Rest
▣ Whole blood transfusion if PCV to low for 

comfort OR rapidly decreasing
◼ Transfusion ‘trigger points’

▣ Oxyglobin
▣ Steroids if immune-mediated
▣ Iron deficiency is a RARE cause of anemia in 

the horse



How Much Blood to Give?
Foal 

50 kg foal has PCV of 15%, donor has PCV of 
40%, we want foal to have final PCV of 25%:

(PCVd- PCVm) (0.15 x BW kg)
PCV of donor

 (25-15)(0.15 x 50) = 1.8L
   40



How Much Blood to Give?
Adult

500 kg adult has PCV of 15%, donor has PCV of 
40%, we want horse to have final PCV of 25%:

(PCVd- PCVm) (0.08 x BW kg)
PCV of donor

 (25-15)(0.08 x 500) = 10 L
   40


