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PREFACE

Veterinary Clinical Pathology Secrets was written for veterinary students, practitioners, and
residents in the hope that it will serve as a study guide and source of relevant, useful information.
As with other texts in the Secrets Series, the format of this text consists of a series of questions,
with each question followed by an answer.

The authorship comprises a broad group of contributors from around the country and
encompasses professionals from both academic and reference laboratory settings. Each contrib-
uting author was chosen based on his or her in-depth practical knowledge of a particular subject.
All authors were limited in the number of questions they could write. Because veterinary clinical
pathology has broad practical application and therefore a vast potential number of questions, this
book was not intended to be all inclusive. Rather, the goal was for each author to focus on
practical, current application of the subject matter so as to cover his or her topic in the allotted
number of questions.

I am pleased with the outstanding job the authors did in preparing their chapters, and I thank
them for sharing their time, talent, and expertise. I extend a special thanks to the staff at Elsevier
for all their hard work, patience, and excellent guidance in bringing this book to fruition.

Rick L. Cowell, DVM, MS, Dipl ACVP



Section I
Hematology
Erythrocytes

1. GENERAL PRINCIPLES

Shannon Jones Hostetter and Claire B. Andreasen

1. What is erythropoietin, where is it produced, and what are its principal effects?

Erythropoietin is a glycoprotein hormone produced by the peritubular capillary endothelium
of the kidney in response to reduced oxygen tension (hypoxia). Erythropoietin’s principal site of
action is the bone marrow.

The effects of erythropoietin include stimulation of growth and differentiation of both
erythroid and platelet progenitors and the induction of hemoglobin synthesis in dividing
erythrocyte precursors. Increased erythropoietin release can ultimately lead to increased
hematocrit, total red blood cell (RBC) numbers, and platelet count.

2. How is iron, either dietary or recycled, transported through the body?
Iron is transported in the blood by transferrin, a B-globulin (serum protein), from the site of
absorption in the intestine or from macrophage stores to the marrow and tissues. Iron can then be
incorporated into hemoglobin during heme synthesis.

3. How are aged or damaged erythrocytes normally removed from circulation?

Aged or damaged erythrocytes have changes in either their cell membranes or cytosolic
enzymes that allow them to be recognized by macrophages within the spleen and liver. These
erythrocytes are subsequently phagocytosed by the macrophages and removed from circulation.
Additionally, a small percentage of “old” or abnormal erythrocytes are removed from circulation
through intravascular hemolysis.

4. What is the average erythrocyte life span in the dog and cat?
The average RBC life span in the dog is approximately 110 days. It is significantly shorter
in the cat, approximately 70 days.

5. What is methemoglobin, and how is it normally metabolized to hemoglobin?

Methemoglobin is structurally identical to hemoglobin except that the iron moiety of the
heme group is in the ferric (3+) state instead of the ferrous (2+) state. Therefore, methemoglobin
is oxidized hemoglobin that is no longer capable of binding oxygen. A small percentage of
hemoglobin is oxidized to methemoglobin in healthy animals. Methemoglobin is continuously
changed back to hemoglobin by an enzyme found within erythrocytes known as methemoglobin
reductase. Methemoglobinemia (increased concentration of methemoglobin within the blood)
can result from either excess formation of methemoglobin secondary to an oxidizing agent (e.g.,
nitrite) or reduced activity of methemoglobin reductase.



2 General Principles

6. What are reticulocytes, and how do you identify them?

Reticulocytes are immature, anucleate, circulating erythrocytes that contain residual cyto-
plasmic ribonucleic acid (RNA), mitochondria, and organelles (also known as reticulum) that are
visible when stained with new methylene blue. Reticulocytes appear bluish on a Romanowsky
stain (Wright’s, Diff-Quik) and are referred to as polychromatophilic cells (Figure 1-1).

T . .~ " ¥  Figure 1-1 Canine peripheral blood smear
e e 3 ; _-¢ © stained with new methylene blue. Arrows
by @ W ! | indicate aggregate reticulocytes.
S \ i e
.

7. Approximately how long does it take for reticulocytes to be produced and released
from the bone marrow?
It takes approximately 2 to 3 days for reticulocytes to be produced and released from the
bone marrow in response to anemia. It takes 5 to 7 days for reticulocytes to reach a maximum
response.

8. What are nucleated erythrocytes (nRBCs)?
Nucleated erythrocytes are RBC precursors that have not yet expelled their nuclei. Nucleated
RBCs include metarubricytes, rubricytes, prorubricytes, and rubriblasts. Usually, nRBCs refer to
metarubricytes (Figure 1-2).

Figure 1-2  Peripheral blood smear stained
with Wright’s from a dog diagnosed with auto-
immune hemolytic anemia. The arrow indicates
a metarubricyte. The solid arrowhead identifies a
spherocyte, and the open arrowhead points to an
erythrocyte with normal morphology.
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9. When are increased numbers of nRBCs expected in peripheral blood?

Nucleated erythrocytes are normally present in the bone marrow. Increased numbers of
nRBCs can be released from the bone marrow with both strongly regenerative anemias and
increased erythropoietin secretion. This condition is known as appropriate metarubricytosis.
Appropriate metarubricytosis is accompanied by reticulocytosis.

10. Define inappropriate metarubricytosis and identify associated conditions.
Inappropriate metarubricytosis occurs when metarubricytes are released from the bone
marrow, often when there is an alteration of the blood—bone marrow barrier. Reticulocytosis is
not associated with inappropriate metarubricytosis.
Inappropriate metarubricytosis has been associated with several conditions, including lead
toxicosis, myelodysplasia, erythroid leukemia, splenic disease/neoplasia, and endotoxemia.

2. ERYTHROCYTE MORPHOLOGY

Shannon Jones Hostetter and Claire B. Andreasen

1. What are Howell-Jolly bodies, and when do they usually occur?
Howell-Jolly bodies are remnant portions of nuclear material that are found within the
cytoplasm of erythrocytes. These bodies are basophilic and spherical. Howell-Jolly bodies are
usually observed with accelerated erythrocyte production or after splenectomy.

2. What are Heinz bodies, and what causes them?

Heinz bodies are precipitates of denatured hemoglobin attached to the erythrocyte
membrane. These bodies occur following oxidation of hemoglobin. Heinz bodies are found in
low numbers in health in certain species (e.g., cat) or may be associated with hemolytic anemias
(Figure 2-1).

Figure 2-1 Peripheral blood smear stained
with Wright’s from a cat with Heinz body
anemia. The arrows indicate Heinz bodies on the
erythrocyte surface.

3. How are Howell-Jolly and Heinz bodies distinguished morphologically?

Although both structures are round, Howell-Jolly bodies are basophilic and located deeper
within the cytoplasm than Heinz bodies, which protrude from the red blood cell (RBC) surface.
Also, Heinz bodies on Wright’s stain are the same color as the erythrocyte’s cytoplasm because
they are derived from hemoglobin.
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4. What is the cause of basophilic stippling in erythrocytes, and when does it occur?

Basophilic stippling results from minute aggregations of residual ribonucleic acid (RNA)
that collect within the cytoplasm of the erythrocyte and is an indicator of RBC immaturity.
Stippling is readily observed with either Wright’s or Diff-Quik staining. Basophilic stippling is
occasionally observed in anemic cats and indicates a regenerative response. Basophilic stippling
with polychromasia and anemia may be an appropriate response to the anemia. An inappropriate
basophilic stippling response occurs in lead toxicosis, in which there is increased basophilic
stippling, as well as metarubricytosis, with variable polychromasia.

5. Define anisocytosis and identify associated conditions.

Anisocytosis is variation in cell size. Although mild anisocytosis can be observed in
erythrocytes from healthy dogs and cats, more pronounced anisocytosis is associated with a
variety of conditions. These include regenerative anemias, some hemolytic anemias, Heinz-body
anemia, and breed-associated variations in RBC size (see Question 29).

6. What are macrocytes and microcytes?
Macrocytes are larger erythrocytes of normal shape.
Microcytes are abnormally small erythrocytes.

7. What are spherocytes?

Spherocytes are small, spherical erythrocytes that lack central pallor. Spherocytes are more
easily observed in the dog; dogs normally have erythrocytes that are slightly larger than other
domestic animals, and dog erythrocytes have well-defined central pallor. Rare spherocytes may
be seen in circulation before being removed by the liver or spleen, since immunoglobulin G (IgG)
increases on the surface of “old” erythrocytes. This is the process by which old erythrocytes are
removed from circulation (see Figure 1-2).

8. How are spherocytes formed?
Spherocytes are formed when macrophages within the liver and spleen remove a portion of
a damaged erythrocyte’s cell membrane. This generally occurs after the erythrocyte’s surface has
been coated with either antibody or complement. Because a portion of the membrane is removed,
the resulting RBC has reduced cell membrane surface area relative to cytoplasmic volume.
Therefore, spherocytes appear as smaller, dense cells that lack central pallor.

9. Spherocytes are typically associated with what disease?
Spherocytes are associated with immune-mediated hemolytic anemia (IMHA). Spherocytes
also occur as part of a natural aging process, but then are seen only in low numbers in circulation.

10. Define polychromasia and explain its significance.

Polychromasia is the variation in cell staining (change to bluish gray) observed in erythrocytes
stained with Romanowsky-type stains due to the presence of residual RNA. Polychromasia is
used as an index of regeneration in anemia because all polychromatophilic erythrocytes are
reticulocytes; however, not all reticulocytes have enough reticulin to be polychromatophilic.

11. What is a poikilocyte?
Poikilocytes are abnormally shaped erythrocytes. Poikilocyte is a general term used to describe
any specific change in shape in an erythrocyte.

12. What are leptocytes, and with what conditions are they associated?

Leptocytes are thin erythrocytes with an increased amount of cell membrane relative to the
total cell volume; thus they are folded over. Because polychromatophilic erythrocytes are often
larger with more membrane, many leptocytes may be observed during increased erythrocyte
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turnover. Leptocytes also may be present with liver diseases such as portosystemic shunts in the
dog. Target cells are a type of leptocyte (see Question 13).

13. What are target cells (codocytes), and what is their significance?

A target cell is a subclass of leptocyte with a distribution of hemoglobin to the center and
periphery of the erythrocyte, forming a target-like structure. Codocytes are formed because of
either increased membrane surface area or decreased cytoplasmic volume, such as occurs with
hypochromia. Animals with liver disease, iron-lacking anemia, or immune-mediated hemolytic
anemia may have increased numbers of circulating target cells (Figure 2-2).

W \.‘i’ Figure 2-2  Peripheral blood smear from a
dog diagnosed with splenic hemangiosarcoma.
a * A schistocyte is identified by the arrow. The

. arrowhead points to a target cell.

14. What are stomatocytes, and what is their significance?

Stomatocytes are a type of leptocyte that is bowl shaped when three dimensional. When
folded, however, stomatocytes appear to have a central crescentic clearing that is a slit or is mouth
shaped (Figure 2-3). The inner leaf of the cell membrane is expanded. Stomatocytes may be seen
in liver disease, chronic anemias, and hereditary stomatocytosis of malamutes.

vv Figure 2-3  Peripheral blood smear from a
dog. The arrow indicates a stomatocyte.
0 °
P o °.
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15. Describe the appearance of a keratocyte.

Keratocytes, also known as horn cells or helmet cells, are erythrocytes that have one or more
angular projections resembling horns that protrude from the cell surface. These projections are
the result of ruptured vesicles. Unlike echinocytes, the cell membrane between the projections
remains relatively flat (Figure 2-4).
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Figure 2-4 Canine peripheral blood smear
stained with Wright’s. The arrow indicates a

.
‘ ( keratocyte.

> O

16. Identify conditions that can result in keratocyte formation.

Keratocytes are formed secondary to oxidative injury to the RBC membrane. Oxidative
injury also may result in Heinz body formation, in which parts of the erythrocyte membrane are
removed by macrophages, resulting in a keratocyte. Microangiopathy also can lead to keratocyte
formation.

17. Describe the morphologic appearance of schistocytes.
Schistocytes are fragments of damaged erythrocytes that appear as crescents, triangles, or
other irregular shapes (see Figure 2-2).

18. How are schistocytes formed?

Schistocytes are formed secondary to mechanical trauma in the vasculature. Physical trauma
to the erythrocyte membrane as it passes through fibrin deposits within vessel walls, as seen with
disseminated intravascular coagulation (DIC), can result in schistocyte formation.

19. What diseases have schistocytes been associated with in small animals?

Schistocytes have been associated with a number of fibrin-forming conditions, including
hemangiosarcoma, vasculitis, congestive heart failure, DIC, myelofibrosis, microangiopathic
anemia, and glomerulonephritis.

20. What are acanthocytes, and with what diseases are they associated?
Acanthocytes are erythrocytes with several unevenly spaced, irregular projections or spicules
that form secondary to an altered membrane lipid and cholesterol content (Figure 2-5).

L < Tl el s A i ~ e arrow indicates an acantho-
'”. ’9 #‘ g %o (8] 0@ 6‘ f;tgeuizeth?s zeripThIéral blood sdmez:r fromad(;l;,
t%: Lo '“% 2% o o
0%0°° &8 o°»
> ° \O ob o0 oo
2092%0.0 w5 O 0
*oof 0‘??‘; t"' goo
88" % e " "oO*
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Acanthocytes are associated with diseases that alter lipid and cholesterol, such as liver disease,
endocrine disease, malabsorptive diseases, and hemangiosarcoma, especially involving the liver.

21. What are the two major forms of echinocytes, and how are they formed?

The two major forms of echinocytes are crenated erythrocytes (fype I echinocytes) and Burr
cells (type III echinocytes) (Figure 2-6). Crenated erythrocytes have projections only along the
outer perimeter of the erythrocyte that is in contact with the glass slide. Crenation is an artifact
associated with blood smear preparation and caused by temperature, pH, and drying time. In
contrast, Burr cells are formed in vivo, often as a result of changes in electrolyte concentration.
Burr cells have projections over their entire surface.

Figure 2-6  Peripheral blood smear from a
dog. The arrow identifies an echinocyte.

22. Describe the morphologic features that distinguish an echinocyte from an acanthocyte.

As with acanthocytes, echinocytes are characterized by the presence of multiple projections
along the erythrocyte surface. However, echinocyte spicules are uniform and evenly spaced along
the cell surface (see Figure 2-6), whereas acanthocyte spicules are unevenly spaced and irregular
(see Figure 2-5).

23. What are eccentrocytes, and how are they formed?

Eccentrocytes, also known as hemighost erythrocytes, contain a clear-staining area (blister)
in their cytoplasm that results from redistribution of hemoglobin concentration. Eccentrocytes are
formed secondary to oxidative injury to the erythrocyte.

24. Define hypochromia and explain its significance.

Hypochromia is reduced cytoplasmic staining with increased central pallor in the erythro-
cyte (Figure 2-7). This is a result of decreased amounts of hemoglobin within the RBC. Normally
in the dog, central pallor is a light-pale area in the central one third to one half of the erythrocyte.
Extension beyond this area can subjectively indicate hypochromasia. Any factor that interferes
with the production of hemoglobin can result in hypochromia, including iron deficiency and lead
toxicosis. However, iron deficiency is the most common cause of hypochromia in the dog and cat.

25. What is the difference between a reticulocyte and a polychromatophilic erythrocyte?

There is no true difference between a reticulocyte and a polychromatophilic erythrocyte.
Immature erythrocytes are termed reticulocytes when stained with new methylene blue and are
termed polychromatophilic erythrocytes when stained with a Romanowsky stain (Wright’s, Diff-
Quik) because they appear as larger, bluish pink erythrocytes. Although all polychromatophilic
erythrocytes are reticulocytes when stained with new methylene blue, not all reticulocytes are
polychromatophilic on Wright’s stain.
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26. Do dogs have circulating reticulocytes in health?
Low numbers of reticulocytes are present in the blood of healthy dogs (<1%).

27. What type of reticulocyte is found in the peripheral blood of dogs?
Canine reticulocytes are aggregate reticulocytes, in which larger aggregates of reticulum are
found within the cytoplasm (see Figure 1-1).

28. Identify and describe the two types of reticulocytes found in the cat, indicating which
type is most useful in the determination of a bone marrow response to anemia.

a. Punctate reticulocytes. These reticulocytes have small, punctate clumps of residual RNA
and are more mature than aggregate reticulocytes (Figure 2-8). Also, they remain in
circulation for several weeks. Punctate reticulocytes are not evaluated as often in reticulo-
cyte counts because they persist so long in circulation, and they are not considered a good
index of the current bone marrow response.

Figure 2-8 Punctate and aggregate reticulo-
cytes stained with new methylene blue can be
seen in this peripheral blood smear from a cat.
The arrowheads indicate aggregate reticulocytes,
g and the arrow points to a punctate reticulocyte.

-t

b. Aggregate reticulocytes. These reticulocytes are similar in appearance to those in the dog
(see Question 27). Aggregate reticulocytes may exist in low numbers in the circulation
of healthy cats (<0.4%) and are the type of reticulocyte evaluated in the determination
of a bone marrow response. All polychromatophilic erythrocytes in cats are aggregate
reticulocytes when stained with new methylene blue.

29. What are some normal breed variations in red cell morphology?
a. Asian dog breeds, including Akitas and Chow Chows, normally may have microcytic,
normochromic erythrocytes.



Evaluation of Erythrocytes 9

b. Some miniature and toy poodles can have macrocytic, normochromic erythrocytes in
health.

c. Hereditary stomatocytosis, or increased numbers of circulating stomatocytes, has been
reported in the miniature schnauzer, malamute, and Drentse partrijshond.

3. EVALUATION OF ERYTHROCYTES

Shannon Jones Hostetter and Claire B. Andreasen

1. What are the major red blood cell indices used to characterize anemia in dogs and

cats?

a. Mean corpuscular volume (MCV) is a measure of the size of the average erythrocyte and
is measured in femtoliters (fl).

b. Mean corpuscular hemoglobin concentration (MCHC) is a measure of the concentration
of hemoglobin in the average packed cell volume (PCV) unit and is expressed as grams
per deciliter (g/dl).

c. Red cell distribution width (RDW) is a measure of the degree of size variation in
erythrocytes (anisocytosis) and is expressed as a percentage.

2. List some factors that influence the mean corpuscular volume.

Young animals tend to have smaller erythrocytes and a corresponding low MCV.

MCYV is most often increased as a result of reticulocytosis.

Microcytosis, or decreased MCYV, can be seen in animals with portosystemic shunts.
Iron deficiency causes decreased MCV.

Macrocytosis, or increased MCV, has been described in cats infected with feline
leukemia virus (FeLV).

o0 o

3. What are some causes of hyperchromasia (increased MCHC)?

a. Absolute increases in MCHC, or actual increased hemoglobin within erythrocytes, are
not usually observed and often are artifactual.

b. Intravascular or in vitro hemolysis is the most common artifact that causes increased
MCHC.

c. Hyperlipidemia or Heinz bodies may cause falsely increased hemoglobin concentration
due to interference.

d. Spherocytosis

4. What are some causes of hypochromia (decreased MCHC)?
a. Reticulocytosis leads to hypochromia (decreased MCHC.)
b. Iron deficiency can cause hypochromia.

5. How is new methylene blue used in erythrocyte evaluation?
New methylene blue is a stain used to identify the residual ribonucleic acid (RNA) in the
cytoplasm of reticulocytes. Reticulocytes and Heinz bodies are accurately identified with this
stain (see Figure 1-1).
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6. What is rouleaux formation, and what is its significance in the dog and cat?
Rouleaux formations are clusters of erythrocytes that line up to resemble a stack of coins.
These clusters are presumed to result from altered charge on the erythrocyte surface (Figure 3-1).
A mild degree of rouleaux formation can be observed in healthy dogs and cats. More
pronounced rouleaux formation, however, has been associated with neoplastic and inflammatory
disease, usually caused by increased plasma protein that alters the erythrocyte surface charge.

¥ Figure 3-1 Prominent rouleaux formation is
present in this peripheral blood smear from a
horse.

7. Define erythrocyte autoagglutination, how it occurs, and how it is used as a diagnostic
screening test.

Autoagglutination is the process by which erythrocytes adhere to each other and form
cohesive aggregates that do not dissipate when mixed with equal parts of saline (Figure 3-2).
Autoagglutination occurs when erythrocytes are coated with surface antibody that interacts with
adjacent erythrocytes; therefore, autoagglutination indicates immune-mediated hemolytic anemia.
Autoagglutination is usually associated with immunoglobulin M (IgM) antibody deposition on
the erythrocyte surface because IgM is more efficient at cross-linking than any other class of
antibody. High concentrations of IgG complex deposition on the erythrocyte surface also can
result in autoagglutination.

b g oo $ Figure 3-2  Peripheral blood smear from a
® & (] dog. The arrow indicates autoagglutination. A
» P " . ‘s ghost erythrocyte also is present (arrowhead).
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8. What does the red cell distribution width measure?
The RDW is an erythrocyte index used to determine the degree of variation in red cell
volume. The higher the value above the reference interval, the greater is the erythrocyte size
variation. Therefore, RDW correlates to the degree of anisocytosis in the erythrocyte population.
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9. What is a direct Coombs’ test, and under what circumstances is it useful as a diagnostic
tool?
The direct Coombs’ test identifies either surface antibody or complement on erythrocytes.
The direct Coombs’ test is used when immune-mediated hemolytic anemia is suspected
(e.g., cases of regenerative anemia), but autoagglutination and significant spherocytosis are not
observed. The Coombs’ test is more sensitive and is capable of detecting lower concentrations of
surface antibody and complement than autoagglutination.

10. By what methods are reticulocytes typically evaluated?

Peripheral blood smears are stained with new methylene blue, and reticulocytes are
enumerated in the following ways:

a. Reticulocyte percentage

b. Corrected reticulocyte percentage

c. Absolute reticulocyte count

11. What accuracy problems exist for methods of reticulocyte evaluation?

a. The reticulocyte percentage tends to overestimate the bone marrow response for two
reasons. First, less mature reticulocytes remain longer in peripheral blood than mature
reticulocytes, thus falsely overestimating the current bone marrow response. Second,
because anemic animals have lower numbers of mature erythrocytes in circulation, the
number of reticulocytes is increased relative to mature erythrocytes.

b. Corrected reticulocyte percentage and absolute reticulocyte counts correct for the
reduced red cell mass in anemia, but do not account for less mature erythrocytes.

12. How is an absolute reticulocyte count calculated, and at what value is a response
considered regenerative?

Absolute reticulocyte count = Reticulocyte percentage (converted to a decimal) X
Total erythrocyte count per microliter (pLl)

Example: 10% reticulocytes with 1 million RBCs/ul:
0.1 x 1,000,000 = 100,000 reticulocytes/ul
A regenerative response is indicated by a reticulocyte count greater than 80,000/ul in the dog

and greater than 60,000/ul in the cat.

13. How is the corrected reticulocyte percentage determined, and at what value is a
response considered regenerative?
The corrected reticulocyte percentage is determined using the following formula:

Reticulocyte percentage X (Patient’s hematocrit/Average normal hematocrit*)

*For the species: 45% in dogs, 37% in cats.
A corrected reticulocyte percentage of greater than 1% in the dog and greater than 0.4% in
the cat is considered an indication of a regenerative response.
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Anemia

4. ANEMIA

Shannon Jones Hostetter and Claire B. Andreasen

1. Define anemia and explain the difference between relative anemia and absolute anemia.
Anemia is defined as a decrease in the hematocrit, erythrocyte count, and hemoglobin
concentration. Relative anemia is not associated with a true reduction in the total red blood cell
(RBC) mass, but rather is caused by a dilutional effect that can be observed after aggressive fluid
therapy or other cause of increased plasma volume. Absolute anemia is considered an actual
reduction in the total RBC mass.

2. What parameters are used to classify anemias in dogs and cats?

The various RBC indices, including mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and red cell
distribution width (RDW) (see Chapter 3), are useful in classifying anemias as either regenerative
or nonregenerative. Also, both reticulocyte count and RBC morphology are extremely important
in determining if an anemia is regenerative or nonregenerative.

3. Identify some common causes of nonregenerative anemia.

a.

b.

c.

Blood loss of less than 3 days (a regenerative anemia that has not yet had time to show
a regenerative response)

Erythropoietic suppression

(1) Anemia of chronic disease (anemia of inflammatory disease)
(2) Renal failure

(3) Metabolic disease

(4) Drugs and toxins

Infections (e.g., parvoviruses)

Bone marrow disease:

(1) Myelofibrosis

(2) Pure red cell aplasia

(3) Marrow necrosis

(4) Neoplasia

Radiation

4. List the two major categories of regenerative anemia and give examples of each.
Hemorrhage

a.
b.

Acute blood loss of greater than 3 days’ duration

Some cases of shorter term chronic blood loss anemia (but if iron deficiency develops
or if a concurrent disease blunts the regenerative response, then there can be a
nonregenerative anemia)

Hemolysis

"o an o

Pyruvate kinase (PK) deficiency

Phosphofructokinase (PFK) deficiency

Immune-mediated hemolytic anemia

Infection-associated hemolysis (e.g., erythrocyte parasites, some bacteria)
Chemical/toxin-induced hemolytic anemia

Microangiopathic hemolytic anemia
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5. Describe the characteristics of anemia from acute blood loss.

a. After acute hemorrhage, hematocrit initially is within the normal reference interval
because both cellular components and plasma are lost in equal amounts. The body begins
to replace plasma volume a few hours after blood loss, with total replacement of plasma
volume in 2 to 3 days. Hematocrit begins to drop as plasma volume is restored as a result
of hemodilution.

b. Polychromasia is an indicator of increased bone marrow production of erythrocytes and
is observed within 2 to 3 days after acute blood loss.

c. Reticulocytosis is observed within 2 to 3 days of acute blood loss unless suppressed by
another concurrent disease.

6. Approximately how long does it take for the hemogram to return to normal after an
acute, finite period of blood loss in the dog?
It takes approximately 1 to 2 weeks for the hemogram to return to reference intervals in
the dog.

7. What are the characteristics of anemia secondary to chronic blood loss?
a. Regenerative progressing to nonregenerative anemia: the anemia becomes non-
regenerative as iron stores are used up leading to an iron deficiency anemia with time.
This anemia is generally not as pronounced as that seen with acute blood loss.
b. Iron deficiency anemia: can develop secondary to prolonged hemorrhage.

8. What is the most reliable laboratory indicator of regenerative anemia in dogs
and cats?
An absolute increase in reticulocyte numbers is the best indicator of a regenerative bone
marrow response to anemia.

9. List the common erythrocyte changes that indicate a regenerative anemia.
a. Reticulocytosis
b. Polychromasia
c. Anisocytosis/increased RDW
d. Macrocytosis/hypochromasia due to reticulocytosis

10. Define extravascular hemolysis, and list common causes of extravascular hemolysis in

the dog and cat.

Extravascular hemolysis is the removal and subsequent breakdown of erythrocytes by
macrophages within the spleen and liver.

Causes of extravascular hemolysis include reduced RBC deformability, antibody or
complement-mediated phagocytosis, hypersplenism, and altered cytoplasmic adenosine
triphosphate (ATP) content.

11. What is intravascular hemolysis, and what are at least four mechanisms of this
disorder in the dog and cat?
Intravascular hemolysis is the rupture of erythrocytes within the vascular system.
Mechanisms for intravascular hemolysis include the following:

Oxidative injury

Membrane alteration

Physical damage

Immune-mediated lysis

Parasitism (e.g., babesiosis) (Figure 4-1)

Traumatic rupture

Enzyme deficiency

@ omoe po o
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" -‘ ! Figure 4-1  Peripheral blood smear from a
g {  dog infected with Babesia canis. The arrow
identifies an erythrocyte containing the parasite.

12. Identify causes of Heinz body anemia in the cat and dog.

Cats are more susceptible to Heinz body formation than other species because their
hemoglobin is more easily oxidized. Heinz body anemia in the cat may be associated with certain
endocrine disorders (e.g., diabetes mellitus, hyperthyroidism) and certain oxidative agents (e.g.,
onions, acetaminophen). Heinz body anemia in the canine may result from ingestion of onions,
acetaminophen, or zinc-containing foreign objects, such as pennies (see Figure 2-1).

13. What is the most common cause of iron deficiency anemia in the dog and cat?

The most common cause of iron deficiency anemia in small animals is external blood loss.
Although dietary deficiency is a major cause of iron deficiency anemia in humans, this is rarely
a factor in small animals except in extreme cases of inadequate nutrition. The period of blood loss
is often prolonged (chronic hemorrhage) before iron deficiency anemia develops in adult animals.
Although there are many potential causes of chronic blood loss, gastrointestinal (GI) hemorrhage
is the most common. Internal blood loss typically does not result in iron-lacking anemia because
the iron can be reabsorbed from the site of hemorrhage.

14. Define immune-mediated hemolytic anemia.

Immune-mediated hemolytic anemia (IMHA) is typically a regenerative anemia that develops
when the animal produces antibody against proteins on the surface of its own erythrocytes or
erythrocyte precursors (antibodies against erythrocyte precursors can result in a nonregenerative
anemia). This antibody bound to the surface of the erythrocyte leads to destruction of the red
cell through complement-mediated lysis and phagocytosis by splenic or hepatic macrophages.
IMHAs are a form of type II hypersensitivity.

15. List potential causes of immune-mediated hemolytic anemia.

a. Idiopathic: autoimmune hemolytic anemia (AIHA)

b. Drugs (e.g., penicillin) can adhere to the erythrocyte membrane. If antibodies are
produced against the drug, the erythrocyte is destroyed.

c. Paraneoplastic syndrome (multiple myeloma, lymphoma)

d. Infectious agents, such as feline leukemia virus (FeLV), Ehrlichia species, and
Mycoplasma haemofelis (formerly Haemobartonella felis) or Mycoplasma haemocanis
(formerly Haemobartonella canis) (Figure 4-2)

16. Describe the signalment and typical clinical signs associated with autoimmune
hemolytic anemia.
AIHA is considered the most common cause of hemolytic anemia in the dog and most often
affects young adult to middle-aged dogs.
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W N Figure 4-2 Peripheral blood smear from a
dog infected with Mycoplasma haemocanis. The
i ’ arrows identify organisms.

Clinical signs of AIHA are often associated with an acute hemolytic crisis and include the
following:

a. Acute lethargy, weakness, and anorexia

b. Pallor with or without icterus

c. Fever in some dogs

In other dogs the clinical signs can be more vague and may include GI signs (vomiting,
diarrhea) or owner complaints that the dog “isn’t doing right.”

17. What are the typical hematologic findings in a dog with autoimmune hemolytic anemia?

a. Decreased hematocrit: in dogs in an acute hemolytic crisis, hematocrit can be quite low

(7%-15%). In compensated dogs not in an acute crisis, hematocrit may be only
moderately decreased (20%-25%).

b. Reticulocytosis: most affected dogs have a strong regenerative response with
substantially increased numbers of circulating reticulocytes (see Figure 1-1).

c. Spherocytosis: dogs may have numerous spherocytes circulating in their blood, since
antibody-coated erythrocytes are partially phagocytosed by splenic and hepatic
macrophages, resulting in spherocyte formation (see Figure 1-2).

d. Macrocytic, hypochromic anemia: this is a common finding caused by increased
reticulocytes and indicating a regenerative response.

e. Positive Coombs’ test: this can strongly support the diagnosis of AIHA. Use caution if
the test is negative, however, because a percentage of AIHA patients will have a negative
Coombs’ test.

18. Describe the typical findings in an animal with aplastic anemia (pancytopenia),
including clinical signs and laboratory findings.

Aplastic anemia is caused by decreased to absent erythropoiesis, granulopoiesis, and thrombo-
poiesis due to bone marrow suppression. As a result, affected animals have a nonregenerative,
normocytic, normochromic anemia accompanied by leukopenia and thrombocytopenia. In cats
with FeLV-induced pancytopenia, the anemia can be macrocytic, normochromic.

Affected dogs and cats often exhibit the typical clinical signs of anemia (lethargy, pallor,
exercise intolerance). Additionally, these animals also may present with a bleeding disorder
(secondary to the thrombocytopenia) or acute infection (secondary to the leukopenia).

19. Identify potential causes of aplastic anemia in the dog and cat.
Infectious agents (FeLV in cats, ehrlichiosis in dogs)
Irradiation

Certain toxicoses

. Drugs (e.g., estrogen, phenylbutazone, chloramphenicol)

aoos
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20. Define myelophthisic anemia.

Mpyelophthisic anemia is an anemia that develops secondary to a space-occupying lesion in
the bone marrow, in which nonmarrow elements crowd out the marrow progenitor cells. These
nonmarrow elements include stromal, inflammatory, and neoplastic cells.

21. List specific causes of myelophthisic anemia.
a. Myelofibrosis
b. Metastatic neoplasia
c. Severe osteomyelitis (e.g., fungal osteomyelitis)
d. Myeloproliferative disorders (e.g., leukemia)

22. Describe the disease characteristics and the most common causes of iron deficiency
anemia in the dog and cat.

Chronic iron deficiency leads to ineffective erythropoiesis and subsequent anemia. Affected
dogs and cats may show different clinical signs, depending on the underlying cause of the iron
deficiency. Many animals with iron deficiency anemia are diagnosed by chance when a complete
blood count (CBC) is performed for some other purpose.

The most common cause of iron deficiency anemia in the dog and cat is chronic blood loss.
Puppies and kittens on an all-milk diet may develop transient iron deficiency and a subsequent
mild anemia.

23. List the key laboratory findings in iron deficiency anemia.

a. Microcytic, hypochromic anemia. The microcytosis occurs because the erythrocytes
undergo an extra division during maturation, since a sufficient concentration of hemo-
globin is needed to stop cell division.

b. Decreased serum iron and decreased serum ferritin

c. Decreased iron stores noted upon bone marrow examination

d. Decreased total saturation of transferrin, the iron transport protein

24. What is anemia of chronic disease, and what are general causes of the disorder?
Anemia of chronic disease, also known as anemia of inflammatory disease, is a common
anemia that develops secondary to a variety of chronic diseases in both dogs and cats. Excess cyto-
kines released in inflammation, decreased erythropoietin production and efficacy, and decreased
utilization of iron stores are all presumed to be involved in the development of the disorder.
A variety of infectious, inflammatory, and neoplastic diseases can result in anemia of chronic
disease.

25. List the typical laboratory findings in anemia of chronic disease.
a. Mild to moderate anemia, with hematocrit usually 20% to 30%
b. Normocytic, normochromic, nonregenerative anemia
¢. Normal to decreased serum iron concentration
d. Normal to increased serum ferritin

26. Which endocrine disorders in the dog can affect red cell production?

Hypothyroidism can result in a mild, nonregenerative anemia secondary to decreased demand
for oxygen because of reduced metabolism.

Hypoadrenocorticism can cause a mild nonregenerative anemia because of decreased action
of erythropoietin (adrenocortical hormones enhance the action of erythropoietin). Also, some
dogs with hypoadrenocorticism develop a more severe anemia secondary to both GI hemorrhage
and chronic disease.

Hyperestrogenism, either iatrogenic or primary, can cause bone marrow suppression and
lead to nonregenerative anemia.
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27. Enumerate the mechanisms by which chronic renal failure leads to anemia.

a. Loss of functional peritubular cells in the kidney leads to decreased production of
erythropoietin.

b. Uremia can inhibit erythropoiesis and cause intravascular hemolysis.

c. Ulcers that develop within the GI tract secondary to uremia can bleed and further
exacerbate the anemia.

d. Uremia can decrease platelet function and contribute to hemorrhage, especially in the
ulcerated GI tract.

28. How does feline leukemia virus infection cause anemia in the cat?

FeLV directly infects erythroid progenitors and inhibits their differentiation, subsequently
leading to decreased production of mature erythrocytes and resulting in a mild, moderate, or severe
anemia. Additionally, anemia of chronic disease can further exacerbate the anemia. Infected cats
that develop lymphoma involving the bone marrow also may develop anemia secondary to a
myelophthistic process.

29. Which common veterinary drugs can lead to aplastic anemia in dogs and cats?
Estrogen (diethylstilbestrol, estradiol)

Phenylbutazone

Chloramphenicol

Trimethoprim-sulfadiazine

Albendazole

Many chemotherapeutic drugs

mo o o

30. Define pure red cell aplasia, and identify a cause of the disorder in the dog and cat.

Pure red cell aplasia is a marked normocytic, normochromic, nonregenerative anemia
caused by the selective loss of RBC precursors in the bone marrow. In the dog and cat, both
primary and secondary forms of the disorder have been described. Primary pure red cell aplasia
is presumed to result from immune-mediated destruction of erythroid precursors. Secondary pure
red cell aplasia in the cat has been associated with FeLV infection. Parvovirus infection has been
implicated as a cause of secondary pure red cell aplasia in the dog.

31. Define microangiopathic hemolytic anemia.

Microangiopathic hemolytic anemia is the destruction of erythrocytes resulting from the
narrowing or obstruction of small blood vessels. This small vessel pathology causes lysis of
RBCs as they pass through the affected vessel and can lead to anemia.

32. List the laboratory characteristics of microangiopathic anemia.
a. Schistocytes
b. Thrombocytopenia
c. Regenerative or nonregenerative anemia

33. Identify conditions that can lead to microangiopathic anemia.

Any process that results in deposition of fibrin in vessel lumens or vascular damage can lead
to microangiopathic anemia. Specific examples include disseminated intravascular coagulation
(DIC), hemangiosarcoma, vasculitis, and inflammation.
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5. POLYCYTHEMIA

Shannon Jones Hostetter and Claire B. Andreasen

1. Define polycythemia, and explain the difference between relative and absolute
polycythemia.
Polycythemia is defined as an increase in the hematocrit, erythrocyte count, and hemoglobin
concentration.
In relative polycythemia, total erythrocyte mass is normal but appears to increase.
In absolute polycythemia, increased erythrocyte production results in a true expansion of the
total erythrocyte mass.

2. What are the two types of absolute polycythemia?
Absolute polycythemia can be further divided into primary absolute polycythemia (normal
to decreased erythropoietin levels) and secondary absolute polycythemia (increased erythro-
poietin levels).

3. What are the common causes of relative polycythemia in the dog and cat?

a. Dehydration. Hematocrit, erythrocyte count, and hemoglobin concentration are all
relatively increased because of reduced plasma volume. The most common mechanisms
of dehydration in the dog and cat include vomiting, diarrhea, diuresis, and water
deprivation.

b. Splenic contraction. Cats in particular can have a relative polycythemia caused by release
of erythrocytes from the spleen after splenic contraction. In cats, excitement causes
release of epinephrine that mediates contraction of the spleen.

4. Discuss the major mechanism of primary absolute polycythemia.
Also known as polycythemia vera and primary erythrocytosis, primary absolute poly-
cythemia is an erythrocytosis that results from a myeloproliferative disorder. Erythropoietin
levels are typically normal to decreased in affected animals.

5. Identify two causes of secondary absolute polycythemia.
a. Chronic hypoxia, as seen with chronic lung disease or at high altitudes, can lead to
increased production of erythropoietin, resulting in increased erythrocyte production.
b. Several diseases can lead to increased erythropoietin secretion without hypoxia, also
known as inappropriate erythropoietin secretion, including erythropoietin-secreting
neoplasms (e.g., nephroma, hepatoma), some endocrinopathies, and renal cysts.
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6. ERYTHROCYTE DISORDERS

Shannon Jones Hostetter and Claire B. Andreasen

1. Identify the characteristic hematologic changes secondary to lead toxicity in small
animals.
a. Normal to mildly decreased hematocrit, but usually not less than 30%
b. Basophilic stippling of erythrocytes
c. Increased nucleated red blood cells (nRBCs)
d. Poikilocytosis

2. Explain the pathogenesis of lead toxicity in dogs and cats.

Lead toxicosis in small animals usually results from ingestion of lead-containing objects,
such as lead-based paint chips, batteries, and lead fishing weights. Puppies under 6 months of age
are at a greater risk of toxicosis than older dogs or cats, both because they are more likely to
ingest foreign objects and because they absorb more lead from the gastrointestinal (GI) tract than
their adult counterparts. Dogs and cats with lead toxicity develop GI and neurologic signs as well
as the hematologic changes listed above. Lead inhibits several enzymes that incorporate iron into
hemoglobin, causing oxidative damage to the bone marrow, which results in increased release of
nRBCs from the marrow. Lead also inhibits ribosomal breakdown in erythrocytes, leading to
basophilic stippling.

3. What is methemoglobin reductase deficiency in the dog?

Methemoglobin reductase deficiency is presumed to be an inherited disorder that results in
persistent methemoglobinemia. Although considered a rare disorder, it has been identified
in several breeds, including poodles, Chihuahuas, Eskimo dogs, Borzoi, and English setters.
Affected animals typically have a normal life expectancy and exhibit minimal clinical signs.

4. List the clinical signs and laboratory findings associated with methemoglobin re-
ductase deficiency in the dog.
Clinical Signs
a. Persistently cyanotic mucous membranes
b. Exercise intolerance
c. No clinical signs exhibited in many animals

Laboratory Findings

a. Persistently dark-brown/red venous blood samples

b. Increased methemoglobin content in the blood (greater than 12% methemoglobin)
c. Normal oxygen tension (Po,)

d. Normal to mildly increased hematocrit

5. What is phosphofructokinase deficiency, and what breeds are predisposed?
Phosphofructokinase (PFK) deficiency is a relatively uncommon disease of dogs that results
from an enzyme defect. Decreased activity of PFK in affected dogs leads to decreased adenosine
triphosphate (ATP) and 2,3-diphosphoglycerate (2,3-DPG) in erythrocytes.
PFK deficiency is an inherited disorder that affects different breeds, including English
springer spaniels and cocker spaniels.



20 Erythrocyte Disorders

6. Describe the clinical signs associated with PFK deficiency.

Clinical signs associated with PFK deficiency include intermittent episodes of extreme
lethargy, anorexia, pallor or icterus, and pigmentation of urine (corresponding to hemolytic
episodes). These events are often initiated by periods of stress (e.g., heavy exercise, hyper-
thermia). Some affected dogs also exhibit an exertional myopathy.

7. List the typical laboratory findings in animals with PFK deficiency.
a. Intermittent intravascular hemolysis
b. Macrocytic, hypochromic anemia
c. Persistent reticulocytosis
d. Intermittent pigmenturia

8. What is pyruvate kinase deficiency?

Pyruvate kinase (PK) deficiency is an inherited disorder that has been described in humans,
dogs, and cats. PK is an important enzyme in the production of ATP through the glycolytic
pathway. Because erythrocytes lack mitochondria and generate all their ATP through anaerobic
glycolysis, PK deficiency results in decreased production of ATP. This altered ATP production
leads to erythrocyte dysfunction and premature lysis.

9. Identify the clinical signs and laboratory findings associated with PK deficiency in the
dog.

Dogs with PK deficiency develop a highly regenerative anemia combined with osteoscle-
rosis and myelofibrosis. Affected dogs seem to adapt well to the anemia and may not show the
clinical signs of lethargy and inappetence associated with severe anemia.

Laboratory findings include (a) severe macrocytic, hypochromic anemia (hematocrit range
typically 12% to 26%) that is strongly regenerative and (b) shortened RBC life span.

Radiographs of long bones often reveal concurrent osteosclerosis by 1 year of age.

10. Which breeds have been identified with PK deficiency?

PK deficiency has been identified in Basenjis, Chihuahuas, West Highland White terriers,
Cairn terriers, Beagles, Eskimo dogs, miniature poodles, and Abyssinian and domestic short-
haired cats.

11. In which cellular locations do erythrocyte parasites reside?
a. Intracellular: within the erythrocyte
b. Epicellular: immediately beneath the cell membrane

12. Identify the various erythrocyte parasites that occur in the dog and the cat.
Dog
a. Intracellular
(1) Babesia canis
(2) Babesia gibsoni
b. Epicellular: Mycoplasma haemocanis (formerly Haemobartonella canis)

Cat
a. Intracellular
(1) Babesia felis (not present in North America)
(2) Babesia cati (not present in North America)
(3) Cytauxzoon felis
b. Epicellular: Mycoplasma haemofelis (formerly Haemobartonella felis)
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13. Describe the clinical and laboratory findings associated with Mycoplasma haemofelis

infection.

Although subclinical infections are common, acutely ill cats often have anemia, lethargy,
inappetence, weight loss, pallor, and splenomegaly.

Peripheral blood smears from acutely ill cats reveal parasitemia in approximately half the
cases. Other laboratory findings include mild to severe anemia that is usually regenerative, except
in acute cases or immunocompromised cats.

14. List the risk factors for acquiring Mycoplasma haemofelis.
Exposure to blood-sucking arthropods

Feline leukemia virus (FeLV) infection

Outdoor roaming behavior

Age less than 3 years

Anemia
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15. What classification of organism causes canine babesiosis, how is the disease
transmitted, and which species are found in the United States?

Canine babesiosis is caused by intraerythrocytic protozoal parasites in the genus Babesia.
Babesiosis is transmitted by ticks and blood transfusions. Two distinct Babesia isolates have been
identified in the United States: Babesia gibsoni and a small piroplasm isolate related to B. gibsoni
that has been reported in California. In the United States there is an increased incidence of B.
gibsoni infection in pit bull terriers.

7. LARGE ANIMAL HEMATOLOGY

Shannon Jones Hostetter and Claire B. Andreasen

1. Can reticulocyte counts be used as a measure of a regenerative response in anemia in
the horse? Why or why not?
Reticulocyte counts are not used to evaluate the bone marrow response in equine anemia.
Reticulocytes are not found in significant numbers in the peripheral blood of the horse in health
or disease because they mature within the bone marrow.

2. How do you determine a regenerative response in equine anemias?

Because horses do not release reticulocytes from the bone marrow into circulation in
significant numbers, reticulocyte counts cannot be used as an index of regeneration in this
species.

Methods to evaluate bone marrow responses in horses include repeated hematocrits, bone
marrow evaluation, and red cell distribution width (RDW).

3. Ingestion of bracken fern by ruminants has been associated with what hematologic
abnormality?
Bracken fern toxicosis in ruminants can result in aplastic anemia.
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4. What is the average erythrocyte life span in the horse, cow, sheep, and pig?
The average erythrocyte life span in the horse is 145 days versus 160 days in the cow and
150 days in sheep. Pig erythrocytes have a substantially shorter life span that averages approxi-
mately 86 days.

5. Which vitamin deficiency can cause a nonregenerative anemia in swine?
Vitamin E deficiency in swine can produce a nonregenerative anemia characterized by
erythroid hyperplasia and dyserythropoiesis in the bone marrow.

6. Erythrocytes from healthy Angora goats have what characteristic shape?
Angora goats normally have elongate erythrocytes known as fusocytes.

7. What group of domestic mammals normally has oval erythrocytes?
Camelids, including llamas and alpacas, have oval erythrocytes often referred to as elliptocytes.

8. Identify several morphologic features of normal bovine erythrocytes.
Bovine erythrocytes average approximately 5.5 microns (1) in diameter and have slight
central pallor. Anisocytosis and crenation are common morphologic variations in erythrocytes of
healthy bovines.

9. What are the differences in erythrocyte size in ruminants?
Sheep erythrocytes (3.2-6.0 1) and goat erythrocytes (2.5-3.9 1) are smaller than cattle
erythrocytes (4-8 W). This can cause difficulties in obtaining accurate erythrocyte counts with cell
counters. The thresholds must be adjusted for the smaller erythrocyte size.

10. What are the characteristic hematologic changes resulting from ingestion of red maple
(Acer rubrum) leaves in the horse, and what is the pathogenesis of these changes?
Red maple toxicity in the horse causes oxidative injury to erythrocytes, leading to intra-
vascular hemolysis. The characteristic hematologic changes include anemia, Heinz body and
eccentrocyte formation, methemoglobinemia, and hemoglobinemia.

11. When do cattle have circulating reticulocytes?

In health, cattle do not release reticulocytes from the bone marrow in significant numbers;
normal erythrocyte maturation occurs in the bone marrow. Low numbers of circulating reticulo-
cytes (approximately 1% or greater) are associated with a regenerative response to anemia.

12. When do cattle have basophilic stippling in erythrocytes?

During strongly regenerative anemias, cattle can have basophilic stippling in erythrocytes.
These cases usually have associated reticulocytosis. Basophilic stippling in erythrocytes is not
seen as often in cattle during lead poisoning, as seen in dogs.

13. Identify several features of normal equine erythrocytes.
Equine erythocytes are approximately 5.7 1 in diameter and lack significant central pallor.
Equine erythrocytes often have rouleaux formation.

14. How do you differentiate between regenerative and nonregenerative anemia in swine?

Regenerative anemia in swine is characterized by reticulocytosis, significant polychromasia,
and increased numbers of circulating nucleated red blood cells (nRBCs). Nonregenerative
anemias do not have these characteristics of regeneration.

15. Circulating nRBCs are common in newborns of which domestic species?
It is common to find circulating nRBCs in young pigs.
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16. Is rouleaux formation typically observed in the horse? In ruminants?

Rouleaux formation is often observed in healthy horses. Rouleaux formation is often absent
in anemic and cachexic horses.

Rouleaux formation is rare in ruminants in both health and disease.

17. Identify the two species of the erythrocyte parasite Anaplasma that cause hemolytic
anemia in cattle.

a. Anaplasma marginale affects cattle in tropical and subtropical climates worldwide and
is capable of producing severe infection in naive cattle. This species is now considered
endemic in the U.S. Southwest and West Coast.

b. Anaplasma centrale can cause mild disease in cattle and is endemic in the Middle East,
South America, and southern Africa.

18. What are the two clinical syndromes associated with Anaplasma marginale infection in
cattle, and what are the clinical signs associated with each?

a. Acute anaplasmosis is characterized by fever, hemolytic anemia, lethargy, anorexia,
decrease in milk production, constipation, pallor, and icterus. Sudden death may occur,
especially in cattle acquiring the infection after 2 years of age.

b. Subclinical anaplasmosis usually occurs if cattle are exposed to the organism as calves
less than 1 year of age. Although these animals are typically asymptomatic, they can
serve as a reservoir of infection for other cattle.

19. How do Anaplasma marginale organisms appear on Romanowsky-stained smears?
A. marginale organisms appear as basophilic bodies approximately 1 W in diameter that are
located within the erythrocyte. A. marginale infection is typically found along the erythrocyte margin.

20. When does poikilocytosis (variable shape) of erythrocytes occur in the peripheral

blood of swine, ruminants, and horses?

Poikilocytes are typically found in healthy swine of all ages and are considered a normal
finding in peripheral blood of pigs.

In cattle and goats, poikilocytes can normally be found in young animals during the switch
from fetal to adult hemoglobin.

Poikilocytes are considered an abnormal hematologic finding in horses of all ages.

21. Trichostrongylus infection has been associated with what hematologic abnormality in
ruminants?
Trichostrongylus infection can produce a nonregenerative anemia in cattle and sheep by an
unknown mechanism.

22. What is the cause of bacillary hemoglobinuria in cattle?

A B toxin produced by Clostridium haemolyticum and Clostridium novyi type D produces
bacillary hemoglobinuria in cattle. The B toxin is a hemolytic toxin that can rapidly lead to
massive intravascular hemolysis in affected animals.

23. Describe the pertinent clinical findings in bacillary hemoglobinuria.

Bacillary hemoglobinuria causes an acute, marked hemolytic anemia that frequently results
in sudden death. Clinical signs observed antemortem consist of fever, tachypnea, lethargy, and
anorexia. Despite the implication in the disease’s name, hemoglobinuria is an uncommon clinical
finding in affected animals.

24. An abnormality of iron metabolism has been reported in what large animal species?
A hereditary condition in Salers cattle leads to iron accumulation and overload
(hemochromatosis).
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Leukocytes

8. MORPHOLOGY, FUNCTION, AND KINETICS

Stephen D. Gaunt

1. Describe the morphology of neutrophils from animals.

Neutrophils are the granulocytic leukocytes with specific granules that are usually
inconspicuous or “neutral” in color. The specific granules of neutrophils from primates (including
humans) stain more prominently, whereas in bovine neutrophils the cytoplasmic color is pink
because of large tertiary granules. The neutrophil nucleus has darkly condensed chromatin and is
segmented into three to five lobes interspersed by nuclear constrictions. In horses the individual
lobes are further lobulated, producing a jagged or more segmented nuclear profile. On blood
smears, neutrophils appear slightly smaller than the other granulocytic leukocytes, eosinophils
and basophils (Figure 8-1).

2. What are heterophils?
In some small mammals the specific granules in neutrophils stain eosinophilic, so their
neutrophils are termed heterophils. In rabbits the granules in heterophils are very prominent and,
at first glance of a blood smear, more closely resemble eosinophils (Figure 8-2). The eosinophils
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in rabbits are distinguished by their more intensely eosinophilic granules. In guinea pigs and
hamsters the granules in heterophils are less prominent. In birds and reptiles the leukocytes
considered the counterpart of neutrophils are also called heterophils. The heterophils of
birds and reptiles contain large, prominent eosinophilic granules that are fusiform or round
(Figure 8-3).

3. What is the “drumstick appendage”?

The drumstick appendage is a small, round nuclear lobe connected to the neutrophil nucleus
by a thin filament (Figure 8-4). It is observed normally in a low percentage of the neutrophils in
females and represents the inactivated second X chromosome. This structure corresponds to
the Barr body found in epithelial cells of females. If observed in a significant number of the
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neutrophils in a male, the drumstick appendage suggests a chromosomal disorder, such as the
XXY syndrome in male calico cats.

4. What is the primary function of neutrophils?

Blood neutrophils are destined to enter tissues and serve as the frontline attack cell in acute
inflammation. Neutrophils emigrate to sites of inflammation, where chemoattractants such as
interleukin-8 (IL-8) and complement (C5a) are released. Neutrophils are most important for the
phagocytosis and killing of bacteria. Neutrophils use several methods to attack bacteria within
phagosomes, including the generation of oxidative radicals such as superoxide anion (O,) and
hydrogen peroxide (H,0,). The peroxidase in neutrophils interacts with hydrogen peroxide to
generate hypochlorous acid (HOCI"). Together, these and other oxidative products damage the
lipid membranes of target cells. Neutrophils also release proteins such as defensin and lysozyme
that have antibacterial activity.

5. Describe the morphology of eosinophils.

Eosinophils contain prominent specific granules in the cytoplasm that stain eosinophilic.
The nucleus is lobulated as in other granulocytic leukocytes but is typically less lobulated than in
neutrophils. The appearance of the cytoplasmic granules in eosinophils is unique for the domestic
animals (Figures 8-5 and 8-6): rod shaped in cats, uniformly small and round in ruminants and
pigs, very large and round in horses, and round but variable in number and size in dogs.
Some canine eosinophils may contain as few as one or two very large granules. In contrast, the
eosinophils of greyhounds and some other dogs lack eosinophilic granules, with clear vacuoles
in the lightly basophilic cytoplasm.
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6. What are the functions of eosinophils?

Eosinophils have several functions, including the initiation of certain inflammatory
responses and the suppression of immediate-type hypersensitivity responses. Eosinophils are
particularly important in responding to helminthic parasites and are found in tissues (e.g., skin,
respiratory, intestinal) where encounters with parasites are likely. Rather than phagocytize these
large parasites, eosinophils release several cytotoxic mediators, in particular major basic protein,
to the extracellular area surrounding the parasite. The myeloperoxidase in eosinophils can also
generate oxidative radicals, but less effectively than neutrophils. The downside of this strategy is
that during exuberant eosinophilic inflammation, the cytotoxic mediators released by eosinophils
also injure host tissues.

7. Why is interleukin-5 important?

Interleukin-5 (IL-5) is a relatively specific mediator of eosinophil responses. This cytokine
increases marrow eosinophilopoiesis, causes eosinophilia, and enhances the functions of mature
eosinophils. IL-5 prolongs the survival of eosinophils by preventing their early demise from
apoptosis. IL-5 is released by helper T lymphocytes in response to specific inflammatory or
immunologic stimuli.

8. Describe the morphology of basophils.

The specific granules in basophils typically stain metachromatic (meaning “other color”),
the unique color produced by hematologic stains that is purple rather than basophilic. The
metachromatic staining characteristic of basophils is attributed to the proteoglycan content of
their granules. The metachromatic granules in bovine, equine, and porcine basophils are
numerous and can obscure the segmented nucleus (Figure 8-7). There are relatively low numbers

L) ég “Yovo C}O LBOU Q “U@L Figure 8-7 Equine basophil. (Wright’s
stain; 330x%.)
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of cytoplasmic granules in dogs, so the diffuse basophilia of the cytoplasm is more apparent.
Feline basophils are unusual because the specific granules lose their metachromatic staining in
basophil precursors and appear lavender or gray in the mature basophil (Figure 8-8).
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9. What is the association between basophils and mast cells?

The basophil and mast cell share many features. Both originate from the hematopoietic stem
cell in bone marrow, bear surface receptors for immunoglobulin E (IgE), participate in
hypersensitivity reactions, and have metachromatic granules that contain similar mediators (e.g.,
histamine, heparin). However, basophils have a segmented nucleus and occur in blood, whereas
mast cells are mononuclear cells that reside in tissues. Mast cells can be further categorized by
biochemical features (e.g., chymase and tryptase content).

10. What are the functions of basophils?

Basophils are involved in hypersensitivity reactions to allergens that are mediated by IgE
antibodies. While mast cells in tissues provide the initial response, basophils are recruited from
blood to augment the allergic reaction. Basophils (and mast cells) release vasoactive mediators
(e.g., histamine, leukotrienes) that increase vascular permeability and induce broncho-
constriction. These cells also release heparin, which interacts with antithrombin to inhibit
coagulation locally. The hypersensitivity reactions involving basophils and mast cells are
typically localized to the skin, intestines, and respiratory tract.

11. How do eosinophils counteract mast cells and basophils?

Eosinophils are important for neutralizing the immediate-type hypersensitivity mediated by
mast cells and basophils. Eosinophils can phagocytose immune complexes and free mast cell
granules, which diminishes the recruitment and action of mast cells. Eosinophils specifically
inhibit the degranulation and leukotriene production of mast cells. Eosinophils release specific
inhibitors of basophil and mast cell mediators; for example, histaminase neutralizes histamine,
phospholipase inhibits platelet-activating factor, and major basic protein counters heparin.
Not surprisingly, eosinophilia and basophilia often occur concurrently in animals with
hypersensitivity reactions.

12. Describe the morphology of monocytes.

On blood smears, monocytes appear as the largest leukocytes. They have moderate to
abundant amounts of more basophilic cytoplasm that often contains fine, azurophilic granules.
Clear cytoplasmic vacuoles occur inconsistently in monocytes and have been attributed to the
collection of blood in ethylenediaminetetraacetic acid (EDTA) anticoagulant and the activated
status of the monocyte. The nuclear chromatin is loosely clumped. The nucleus may be round or
band shaped (Figure 8-9), but more often the nuclear shape is lobulated (Figure 8-10), producing
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many variable shapes. Monocytes in elephants are unique because the nucleus is often bilobed,
and they can be mistaken as neutrophils or lymphocytes. Because the nuclear shape of monocytes
is not consistent, their cytoplasmic features and cell size are more important features in
differentiating them from other leukocytes. In snakes the azurophilic granules of monocytes are
very prominent, and these monocytes are identified as “azurophils” by some laboratories.

13. What are the functions of monocytes?

Blood monocytes develop into macrophages at sites of inflammation or in specific tissues.
Resident macrophage populations include serosal cavity macrophages, Kupfter’s cells in liver,
pulmonary alveolar macrophages, and macrophages in spleen and lymph nodes. Macrophages
have surface receptors for immunoglobulin and complement, which enhance the phagocytosis
of antibody-coated cells or organisms (especially protozoa and fungi). Macrophages also
phagocytose apoptotic cells and cell debris at sites of inflammation. Macrophages function as
antigen-presenting cells for humoral and cell-mediated immune responses and participate in
antibody-mediated cytotoxicity against neoplastic cells by releasing tumor necrosis factor.

14. Describe the morphology of lymphocytes.

The nuclear shape of lymphocytes is characteristically round, oval, or slightly indented.
The nucleus has a dense chromatin pattern and lacks a nucleolus. In most animals the blood
lymphocytes are predominantly small in size, appearing smaller than neutrophils (Figure 8-11).
The exception is cattle, whose lymphocytes normally include many medium-sized and large cells,
often with an indented nucleus that may resemble monocytes. The nuclear/cytoplasmic (N/C)
ratio of lymphocytes is usually high because the amount of cytoplasm is scant or moderate. The
cytoplasm stains lightly basophilic and typically lacks granules.
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15. What are granular lymphocytes?

Granular lymphocytes vary in size from small to large and contain low numbers of small but
prominent azurophilic granules (Figure 8-12). Often these cells are large and are referred to as
“large granular lymphocytes” or “LGLs.” The cytoplasmic granules are often loosely grouped
together near a slight indentation of the nucleus. Granular lymphocytes occur in low numbers in
healthy animals. Functionally, they correspond to either cytotoxic T lymphocytes or natural killer
(NK) lymphocytes. Granular lymphocytes mediate cytotoxicity against neoplastic or microbe-
infected cells by releasing proteins (e.g., perforin) that induce cell lysis.

16. What is a Kurloff body?
A Kurloff body is a single, large inclusion that occurs in a low percentage of the lympho-
cytes from South American rodents such as the guinea pig and capybara (Figure 8-13). This

Figure 8-13 Lymphocyte with large inclu-
sion (Kurloff body) in a guinea pig. (Wright’s
stain; 330Xx.)
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inclusion is often as large as the nucleus and stains azurophilic. Lymphocytes containing a
Kurloff body are considered a variant of granular lymphocytes.

17. Describe the function of lymphocytes.

Lymphocytes are involved in immune system functions, which are studied in depth by
immunologists, not hematologists. Unlike other types of leukocytes, lymphocytes are a
heterogeneous population of cells that have many different functions. In brief, B lymphocytes and
plasma cells produce antibodies to specific antigens as part of the humoral response. Several
types of T lymphocytes are involved in immunoregulation (helper or suppressor cells) of
antibody-mediated and cell-mediated immune responses, as well as in cytotoxicity reactions
against neoplastic, allogenic, or infected cells. The null lymphocytes (neither B nor T) include
NK cells.

18. What types of lymphocytes occur in blood?

Identification of the different types of blood lymphocytes relies on species-specific
antibodies against cluster differentiation (CD) antigens. For example, CD3 is a marker antigen
of canine T lymphocytes, and CD79a is a marker antigen of canine B lymphocytes. Detection of
these lymphoid antigen markers is not routinely performed, but the lymphocytes in blood of
healthy animals consist of about 60% T cells and 30% B cells.

19. Describe the hematopoietic events that lead to production of neutrophils.

The marrow production of the granulocytic leukocytes and monocytes is linked to a common
stem cell. The pluripotential stem cell proliferates in response to stem cell factor and interleukin-
6 (IL-6), and differentiates to lineage-specific progenitor cells that can become neutrophils,
monocytes, eosinophils, or basophils. These progenitor cells differentiate into the precursors that
are recognizable on bone marrow smears (Figure 8-14). The early precursors of granulocytic
leukocytes (myeloblasts, promyelocytes, and myelocytes) undergo up to five mitotic divisions.
Differentiation of these precursors into mature granulocytes produces changes in nuclear shape
(from round to indented to lobulated), progressive condensation of nuclear chromatin, and the
appearance of cytoplasmic granules (azurophilic and specific). The replication and maturation
of one myeloblast to 16 or 32 segmented neutrophils occur in 6 days during health. However,
this maturation time is shortened during inflammation to increase the number of neutrophils
available for tissue emigration.

Figure 8-14 Canine bone marrow smear
showing increased granulopoiesis and predom-
inance of neutrophilic precursors. (Wright’s
stain; 330x.)

20. What are colony-stimulating factors?

Colony-stimulating factors (CSFs) are a class of glycoproteins that stimulate the
marrow production of neutrophils and monocytes. CSFs have granulocyte (G-CSF), granulocyte-
macrophage (GM-CSF), and macrophage (M-CSF) specificity and are produced by lymphocytes
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and macrophages at sites of inflammation. These factors act by preventing the apoptosis of
neutrophilic and monocytic precursors, a process that normally limits the number of mature cells
produced in marrow. The increased survival of precursors induced by CSFs leads to increased
neutrophils and monocytes in blood. In addition, CSFs enhance the functional activity of mature
neutrophils and monocytes.

21. Identify the different compartments in blood and marrow where neutrophils occur.

a. Circulating pool. Large numbers of segmented neutrophils occur in the flowing blood
within blood vessels. The neutrophils in the circulating pool are those counted in the
leukogram.

b. Marginal pool. In readiness to enter tissue, many segmented neutrophils are closely
associated with the endothelial cells lining capillaries and postcapillary venules. These
neutrophils are not in free-flowing blood and are not represented on the leukogram. The
numbers of neutrophils in the circulating and the marginal pools are about equal, except
in cats, whose marginal pool contains three times more neutrophils.

c. Storage pool. The storage pool consists of the nondividing neutrophils in marrow:
segmented neutrophils, band neutrophils, and metamyelocytes. These precursors will
continue to mature into segmented neutrophils and can provide several days’ supply of
segmented neutrophils in dogs. The storage pool is the largest source of neutrophils.

d. Proliferative (mitotic) pool. The proliferative pool consists of the actively dividing
neutrophil precursors in bone marrow: myeloblasts, promyelocytes, and myelocytes.

22. Do marrow and blood compartments similar to those for neutrophils exist for other
leukocytes?
Eosinophils and monocytes have circulating and marginal pools in blood that correspond to
those for neutrophils, but these cells do not have marrow storage pools. Lymphocytes primarily
reside in lymphoid tissues, not in marrow or blood.

23. Describe the marrow production of monocytes.

Interleukin-3 (IL-3) and M-CSF specifically induce the stem cell committed to the neutro-
phil and monocyte lineage (colony-forming unit [CFU]-GM) to differentiate into the monocytes.
The progression of monoblast to promonocyte to monocyte occurs in only 2 days, and mature
monocytes quickly leave the marrow to enter blood. Few monocytes and their precursors exist in
the marrow, so they are seldom recognized or evaluated on bone marrow smears.

24. What is unique about the Kinetics of blood lymphocytes?

Lymphocytes are continuously moving among the different lymphoid tissues in their
surveillance and response to antigens. They travel in both blood and lymphatic vessels to
reach the lymphoid tissues. In blood, lymphocytes recognize specific adhesion molecules on
endothelial cells, which leads to their emigration into lymphoid tissues. Lymphocytes then
enter the lymphatic vessels, which eventually culminate in the thoracic duct that returns
(“recirculates”) lymphocytes to blood.

25. Compare the circulating blood transit time and tissue life span of leukocytes.

Blood transit time refers to the length of time that leukocytes spend in blood before
emigrating to tissues. Tissue life span refers to how long the leukocyte survives outside the blood
in tissues before undergoing apoptosis or being spent in inflammatory response. The times listed
in Table 8-1 are approximate and can vary depending on the species, measurement methodologies
used, and presence of inflammation.
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Table 8-1 Transit Time and Tissue Life of Leukocytes

LEUKOCYTE TYPE BLOOD TRANSIT TIME TISSUE LIFE SPAN
Neutrophil 7-10 hours 1-2 days
Eosinophil 0.5-18 hours 1 week

Basophil 6 hours 2 weeks
Monocyte 24 hours Weeks to months
Lymphocyte (Recirculates) Weeks to years

9. LABORATORY EVALUATION OF LEUKOCYTES
Stephen D. Gaunt

1. What laboratory test results are included in the leukogram?

The leukogram consists of the laboratory tests used in the routine evaluation of leukocytes
on the complete blood count (CBC). The total leukocyte concentration is measured by a cell-
counting instrument. The next step is to determine the relative percentage of each leukocyte type.
The stained blood smear is examined with a microscope using high-power (50x or 100x) oil-
objective lenses. A tally is recorded of the leukocyte types observed in the thin, monolayer
portion of smear. The percentage of each leukocyte type is multiplied by the total leukocyte count
to obtain their absolute concentration. The absolute concentration of each leukocyte type (not
their percentages) is compared to appropriate reference intervals for that animal to detect any
increases or decreases. In addition, microscopic changes in the morphology of leukocytes are
noted on the stained blood smear, typically using the 100x oil-objective lens.

2. How is the total leukocyte concentration measured?

In the manual procedure, leukocytes in an aliquot prepared with a dilution kit (e.g.,
Unopette) are counted on a hemacytometer using a microscope. This method is very time
consuming and is relatively inaccurate, with up to a 20% margin of error. Automated cell
counters, which make precise dilutions and count the leukocytes in a larger volume of blood,
provide more accurate results (<5% error). Impedance cell counters detect the voltage changes
caused by the nonconducting leukocytes as they pass through an electrical field. Newer cell
counters use flow cytometric methods to channel leukocytes through the path of a laser light
beam. Laser optical detectors obtain both size and light scatter information (“interrogation”)
about each leukocyte to differentiate it from other types of leukocytes and blood cells.

3. How are leukocytes counted in avian and nonmammalian blood?

Automated cell counters are unable to differentiate the nucleated erythrocytes and
thrombocytes from leukocytes in avian and nonmammalian species. The leukocyte count can be
calculated using the leukocyte differential from the stained blood smear and a hemacytometer
count of the granulocytic leukocytes. The stain most often used to obtain the granulocyte count
is phloxine B, which is marketed as a blood dilution kit for counting human eosinophils. In birds
and reptiles, phloxine B stains the heterophils and eosinophils, not the lymphocytes and
monocytes.

The formula for calculating the total leukocyte count (cells/ul) follows:
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to obtain their absolute concentration. The absolute concentration of each leukocyte type (not
their percentages) is compared to appropriate reference intervals for that animal to detect any
increases or decreases. In addition, microscopic changes in the morphology of leukocytes are
noted on the stained blood smear, typically using the 100x oil-objective lens.

2. How is the total leukocyte concentration measured?

In the manual procedure, leukocytes in an aliquot prepared with a dilution kit (e.g.,
Unopette) are counted on a hemacytometer using a microscope. This method is very time
consuming and is relatively inaccurate, with up to a 20% margin of error. Automated cell
counters, which make precise dilutions and count the leukocytes in a larger volume of blood,
provide more accurate results (<5% error). Impedance cell counters detect the voltage changes
caused by the nonconducting leukocytes as they pass through an electrical field. Newer cell
counters use flow cytometric methods to channel leukocytes through the path of a laser light
beam. Laser optical detectors obtain both size and light scatter information (“interrogation”)
about each leukocyte to differentiate it from other types of leukocytes and blood cells.

3. How are leukocytes counted in avian and nonmammalian blood?

Automated cell counters are unable to differentiate the nucleated erythrocytes and
thrombocytes from leukocytes in avian and nonmammalian species. The leukocyte count can be
calculated using the leukocyte differential from the stained blood smear and a hemacytometer
count of the granulocytic leukocytes. The stain most often used to obtain the granulocyte count
is phloxine B, which is marketed as a blood dilution kit for counting human eosinophils. In birds
and reptiles, phloxine B stains the heterophils and eosinophils, not the lymphocytes and
monocytes.

The formula for calculating the total leukocyte count (cells/ul) follows:
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(# stained granulocytes X 1.1 X 16) + (% heterophils + % eosinophils)

With number of (#) stained granulocytes obtained from hemacytometer count (sum of both
chambers) and percentages (%) obtained from stained smear.

4. How many leukocytes should be counted in the manual differential count?

When the total leukocyte count is within the reference interval, a percentage distribution
based on the differential counting of 100 leukocytes is typically performed. Although counting
more cells could produce greater accuracy, other sources of error are present (e.g., uneven
distribution of different leukocytes across the blood smear). When significant leukocytosis is
present, more leukocytes must be counted to accurately reflect leukocytes present in low
numbers. One rule of thumb is to count 100 leukocytes for each 20,000 cells/microliter (ul)
increment of the total leukocyte count. For example, when the total leukocyte count is 40,000/pl,
a 200-cell differential would be performed. If there is significant leukopenia, however, it can be
difficult to find 100 leukocytes on the smear. Therefore a percentage distribution of leukocytes
may be obtained from a differential count of 50 or even 25 leukocytes.

5. Can automated hematology analyzers provide differential leukocyte concentrations?

Some hematology analyzers (e.g., Vet ABC, IDEXX QBC) produce a three-part leukocyte
differential (neutrophils, eosinophils, and combined lymphocyte/monocytes). The newer flow
cytometric analyzers (e.g., Bayer Advia, Abbott Cell-Dyne, IDEXX LaserCyte) produce a five-
part differential leukocyte counts. These instruments perform well with leukocytes from healthy
animals. However, differential counts during abnormal conditions such as left shifts and
leukemias are inaccurate. Therefore, despite its own limitations, microscopic examination of the
stained blood smear currently remains the “gold standard” for obtaining the differential leukocyte
concentrations in animals.

6. Which hematologic stains are used to evaluate leukocyte morphology?

The classic hematologic stains are Romanowsky stains, such as Wright’s and Giemsa, which
have eosinophilic and basophilic dyes dissolved in alcohol. Although they produce optimal
staining of blood cells, these dye solutions are unstable, and the staining procedure requires
several minutes. Modified Romanowsky stains (e.g., Diff-Quik) that use water-soluble dyes were
developed. These dyes are more stable and rapidly stain the cells on blood smear (<1 minute).
The only shortfall of the quick stains is failure to consistently stain the metachromatic granules
in basophils (and mast cells) and the azurophilic granules in granular lymphocytes.

7. When should a differential leukocyte count not be performed?

If a significant number (>10%) of the leukocytes on the blood smear are smudged,
pyknotic, or otherwise unidentifiable, the differential leukocyte count should be abandoned. The
counting of only recognizable leukocytes would produce percentages that are skewed because
of the “missing” leukocyte types and inaccurate calculation of the absolute leukocyte
concentrations.

8. What precaution will prevent the adverse effect of sample storage on leukocytes?

Leukocytes, particularly neutrophils, begin to undergo apoptosis within hours after the blood
sample is collected. In addition, exposure to the anticoagulant EDTA will induce cytoplasmic
vacuolization and other morphologic changes in leukocytes. Refrigeration of the blood sample
will not prevent these changes. If the blood sample will not be analyzed immediately or will be
sent to an outside laboratory, a blood smear should be prepared, within minutes if possible. This
step will minimize the morphologic changes that occur with aging or storage of leukocytes. The
air-dried blood smear should be stored at room temperature and protected from vermin and
humidity until staining by the laboratory.
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9. How do nucleated erythrocytes affect the leukogram?

Most cell-counting methodologies include nucleated red blood cells (nRBCs) as leukocytes
and report a falsely increased leukocyte concentration. Whenever a blood smear is examined for
the differential leukocyte count, any nRBCs encountered should be recorded as a separate tally.
When the tally of nRBCs exceeds 5 per 100 leukocytes, the initial “leukocyte” concentration
must be adjusted downward to remove the counted nRBCs.

The following formula calculates the corrected leukocyte concentration (WBC conc.) when
nRBCs are present:

Corrected WBC conc. = (Initial WBC conc. x 100)/(100 + # nRBCs)

Most laboratories make this correction for nRBCs on their CBC report. However, not all do,
so the clinician should be aware of whether this calculation is still needed.

10. Can other conditions falsely increase the leukocyte concentration reported by the
hematology analyzer?

Cell-counting errors should be suspected when the total leukocyte concentration from an
automated cell counter does not match the density of leukocytes on the stained blood smear. The
leukocyte count should be confirmed with a different cell counter or a manual hemacytometer
count. One or more of the following conditions can produce overcounting of leukocytes on
certain hematology analyzers:

a. Heinz bodies in erythrocytes (most common in cats)

b. Clumped platelets or macroplatelets (most common in cats)

c. Incomplete lysis of erythrocytes, especially reticulocytes from certain nondomestic

animals (e.g., prairie dogs)

d. Lipemia

11. What conditions will falsely decrease the total leukocyte concentration reported by the
hematology analyzer?

Undercounting occurs when the leukocytes in blood sample are not detected by the cell
counter. The most common cause is large platelet clumps that incorporate leukocytes and mask
them from the cell counter. A rare condition is leukergy, when leukocytes occur in loose clusters
or aggregates that are not counted as individual leukocytes (Figure 9-1). Leukergy is associated
with collection of blood into EDTA (but not other calcium-chelating anticoagulants such as
citrate). In both conditions, the undercounting error is confirmed by examining the leukocyte
density on blood smear. The error is corrected by collecting another blood sample that avoids the
inciting problem (platelet clumping or EDTA-induced leukergy).

Figure 9-1 Low-magnification view of a
canine blood smear with aggregates of leuko-
cytes (leukergy) that produced an undercounting
of leukocytes in the blood sample. (Wright’s
stain; 60%.)
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12. How are band neutrophils differentiated from segmented neutrophils?
Band neutrophils lack the nuclear segmentation that occurs in segmented neutrophils. The
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classic appearance of the band neutrophil is a C- or S-shaped nucleus with smooth and parallel
nuclear margins. The presence of a single constriction of any degree along the nuclear margin is
sufficient to classify that cell as a segmented, not a band, neutrophil. Band and segmented
neutrophils have a similar cytoplasmic and nuclear chromatin appearance (Figure 9-2).

Figure 9-2 Band neutrophil from a horse.
(Wright’s stain; 330x.)

13. How are monocytes differentiated from band neutrophils?

Monocytes and band neutrophils are the leukocytes most likely to be mistaken for the other.
Monocytes can have a band-shaped nucleus, especially in dogs, although the nuclear chromatin
is less condensed compared with band neutrophils (Figure 9-3). A better distinguishing feature
is the basophilic cytoplasm of monocytes, which can be quickly gauged by comparison to the
less basophilic cytoplasm of segmented neutrophils on the smear. If present in monocytes,
cytoplasmic vacuoles are discrete round vacuoles. Band neutrophils with toxic change can also
have cytoplasmic basophilia and indistinct cytoplasmic vacuoles, which makes it more difficult
to differentiate them from monocytes.

“ & ° A4 Figure 9-3 Band neutrophil and monocyte

9 ° o from a cat. The monocyte (center) has a more
ﬂ t basophilic cytoplasm and less condensed nuclear
chromatin. (Wright’s stain; 330x.)
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14. Describe the appearance of metamyelocytes.

Metamyelocytes are the granulocytic precursors of band neutrophils and occur infrequently
in blood as part of a left shift. An indented or kidney-shaped nucleus distinguishes metamyelo-
cytes from band neutrophils. The nuclear chromatin is less condensed and the cytoplasm more
basophilic in metamyelocytes than in band and segmented neutrophils.

15. Why is a fibrinogen test included on the complete blood count of some animals?
Horses and ruminants often develop inflammatory disease without a significant change in
the leukogram. However, inflammatory cytokines will induce hepatic production of several acute-
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phase reactant proteins. One of these proteins, fibrinogen, is relatively easy to measure, so it is
included on large animal CBCs to augment the detection of inflammation. Although most often
caused by inflammation, increased fibrinogen concentration can also result from dehydration.

16. How is plasma fibrinogen measured?

The fibrinogen laboratory test relies on the semiselective precipitation of fibrinogen when
plasma is heated to 56° C for 3 minutes. The assay is simple to perform and is reasonably specific
and sensitive for detection of increased fibrinogen concentrations in horses and ruminants.
However, this methodology is not sufficiently sensitive to detect changes (increases or decreases)
in the fibrinogen concentration of cats and dogs.

17. Can leukocytosis interfere with tests on the complete blood count or chemistry panel?

The presence of marked leukocytosis (>50,000 cells/ul), whether lymphocytic or

granulocytic, can affect the following tests:

a. Hemoglobin. The nuclei from increased numbers of leukocytes increase the turbidity of
lysed blood, which the hemoglobinometer incorrectly reads as increased hemoglobin.
This artifactually increased hemoglobin leads to erroneous calculation of an increased
mean corpuscular hemoglobin concentration (MCHC).

b. Glucose. When blood from an animal with leukocytosis is submitted for serum
chemistries, the serum or plasma should be rapidly separated because leukocytes
(particularly neutrophils) will catabolize glucose in vitro. The leukocytes may also
contribute to increased in vivo utilization of blood glucose.

c. Potassium. The extremely increased numbers of leukocytes that occur with leukemia can
release enough intracellular potassium into the serum or plasma in vitro to produce an
artifactual increase in potassium (pseudohyperkalemia).

18. What are the indications for examining a “buffy coat” smear?

Smears with concentrated numbers of blood leukocytes are needed when the presence of
certain nucleated cells or infectious agents are suspected but were not observed on a routine blood
smear. Searches for microorganisms such as Histoplasma or Hepatozoon americanum within
leukocytes or circulating neoplastic cells (e.g., mast cells) are more fruitful when buffy coat
smears are examined.

19. How is a “buffy coat” smear prepared?

A bufty coat smear is made by centrifuging an EDTA-anticoagulated blood sample at high
speed to sediment the blood cells from plasma. The visible white layer (unless the animal is
leukopenic) containing packed leukocytes and platelets will be above the packed erythrocytes.
Although a microcapillary (microhematocrit) tube filled with blood can be used to prepare this
smear, a 2-ml blood sample is preferred because it produces a more accessible and larger buffy
coat layer to prepare multiple hand-drawn smears.

20. When is a bone marrow evaluation indicated for evaluation of leukocytes?

When neutropenia is present, with decreased granulopoiesis suspected as the cause, a bone
marrow aspirate (or marrow core biopsy if aspiration is unsuccessful) should be considered.
Blood neutrophil concentrations can fluctuate dramatically and rapidly, so a leukogram collected
just before the marrow sampling is recommended to confirm the neutropenia. Marrow evaluation
will document changes in myeloid:erythroid (M/E) ratio, maturation sequences of neutrophilic
precursors, morphologic abnormalities in neutrophilic precursors, and presence of abnormal cells
in marrow. Obviously, if neutrophilia is present, granulopoiesis is clearly effective and bone
marrow evaluation is not indicated.
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10. INTERPRETATION OF THE LEUKOGRAM
Stephen D. Gaunt

1. What is the predominant blood leukocyte during health in the domestic animals?

In cats, dogs, and neonatal ruminants, neutrophils are the most abundant leukocyte, followed
by lymphocytes. In mature ruminants, lymphocytes are the predominant leukocyte, with fewer
neutrophils. In horses and pigs, numbers of neutrophils and lymphocytes are approximately
equal. Eosinophils occur in very low numbers on blood smears from healthy animals, and
basophils are almost never observed.

2. What is a left shift?

The term left shift indicates the presence of neutrophil precursors in blood, typically
increased numbers of band neutrophils and rarely metamyelocytes and earlier precursors. A left
shift occurs when the number of segmented neutrophils in the blood pools and marrow storage
pools are depleted by excessive emigration to inflammatory sites. Band neutrophils (and earlier
precursors) will prematurely leave the marrow at this point. Although often occurring with
bacterial infections, left shifts also result from noninfectious causes of inflammation, such as
tissue necrosis and immune-mediated disease.

3. How are left shifts categorized?

Leukograms with an increased concentration of band (or earlier) neutrophils are often
categorized as “regenerative” or “degenerative” left shifts. Increased concentrations of both seg-
mented and band neutrophils constitute a regenerative left shift. This is regarded as a somewhat
favorable change, since the granulopoietic response of marrow is maintaining an appropriately
increased concentration of segmented neutrophils during inflammation. No uniform definition
exists for degenerative left shift. Some maintain it is the opposite of a regenerative left shift, with
the segmented neutrophil concentration within or below its reference interval and with increased
band (or earlier) neutrophils. Others restrict “degenerative” to leukograms with absolute con-
centrations of band neutrophils that exceed the segmented neutrophils, a rare event. Despite
controversy over the definition, it is agreed that a degenerative left shift is of greater concern than
a regenerative left shift. With degenerative left shift, marrow granulopoiesis is unable to maintain
an appropriate segmented neutrophil concentration because of granulopoietic suppression and/or
excessive demand for blood neutrophils at sites of inflammation.

4. Define mature neutrophilia.

The term mature hemophilia describes an increased concentration of segmented neutrophils
and no band neutrophils (or earlier precursors) on the leukogram. It is observed in many different
conditions, and without knowledge of the degree of neutrophilia, it can be a relatively nonspecific
finding. However, mature neutrophilia is a convenient term to describe leukograms with
neutrophilia and no left shift.

5. What is a right shift?

The term right shift describes increased numbers of hypersegmented neutrophils, with five
or more nuclear lobes. Hypersegmented neutrophils are not specifically included in the leukocyte
differential count, so right shifts are not quantitated like left shifts. Hypersegmentation of
neutrophils usually occurs as an aging change, when neutrophils circulate in blood for a longer
time. Right shifts occur most often in animals (especially dogs) on glucocorticoid therapy or with
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hyperadrenocorticism, since glucocorticoids inhibit the emigration of neutrophils from blood
vessels and prolong their circulation. Rarer causes of hypersegmentation are developmental
disorders of neutrophils, such as erythroid macrocytosis of poodles, vitamin B,, maladsorptive
disorder in giant schnauzers, myelodysplasia in animals with myelogenous leukemia, and benign
idiopathic neutrophil hypersegmentation in horses (Figure 10-1).

BTe @ 9‘@ Figure 10-1 Hypersegmented neutrophils
& @ g(jg 03 Q © % on blood smear from a horse with benign idio-

g % pathic hypersegmentation syndrome. (Wright’s
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6. What are the components of a glucocorticoid-induced (‘“stress”) leukogram?

Stress leukograms occur in all animals but are most common and pronounced in dogs.
Endogenous and exogenous glucocorticoids affect the concentration of most leukocytes. A prime
feature of the stress leukogram is mature neutrophilia, resulting from increased release of
segmented neutrophils from the marrow storage pool, as well as demargination of blood neutro-
phils to the circulating neutrophil pool. Monocytosis also occurs in dogs because monocytes shift
from their marginal pool to the circulating monocyte pool. Another characteristic finding is
lymphopenia, the result of diminished recirculation of lymphocytes from lymphoid tissues
to venous blood. Chronic glucocorticoid administration also causes lysis of lymphocytes.
Eosinopenia may be present, probably because eosinophils are sequestered in marrow or other
tissues. The stress leukogram develops over several hours and peaks 6 to 8 hours after
administration of exogenous glucocorticoids. These leukocyte changes persist up to several days,
depending on the type and dose of glucocorticoid.

7. What is the maximal degree of neutrophilia expected in a stress leukogram?

The segmented neutrophil concentration typically increases two to three times the upper
limit of its reference interval in stress leukograms. In dogs, for example, the segmented neutrophil
concentration may be as high as 35,000 cells/microliter (ul) because of endogenous/exogenous
glucocorticoids. Many inflammatory leukograms with a mature neutrophilia occur in the same
range as stress leukograms, making differentiation of stress and inflammatory leukograms
difficult without a clinical history and physical examination of the patient.

8. What disease should be suspected when a stress leukogram is absent in a clinically ill
animal?

Unchanged or even increased concentrations of lymphocytes and eosinophils (instead of
lymphopenia and eosinopenia) during illness suggest a “relaxed” leukogram. These changes are
characteristic of dogs and cats with hypoadrenocorticism. The lack of mineralocorticoids
produces distinctive electrolyte findings in animals with hypoadrenocorticism, but the lack of
glucocorticoids produces the distinctive changes on the leukogram.

9. What is a physiologic leukogram?
The physiologic leukogram typically occurs in young (<12 months of age) animals, although
it is least likely to occur in dogs. The leukocyte changes are mediated by epinephrine during the
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“fight or flight” response that occurs with excitement, fear, or anxiety or with physical exertion,
including parturition or convulsions. The distinguishing feature of the physiologic leukogram is
lymphocytosis. The lymphocytosis is attributed to increased entry of lymphocytes into blood,
presumably from splenic contraction and muscular activity that enhance the lymphatic and
thoracic duct flow of lymphocytes into blood. A mature neutrophilia is also present, caused by
demargination of blood neutrophils. The increased cardiac output and blood flow apparently
sweep neutrophils from the marginal pool into the circulating neutrophil pool. Minimal changes
occur in monocyte, eosinophil, and basophil concentrations. The physiologic leukogram is
observed infrequently, in part because this leukocytosis resolves within 30 minutes.

10. Describe the components of an inflammatory leukogram.

On the inflammatory leukogram, neutrophil concentrations may vary from decreased to
increased during inflammation. The blood concentration depends on the balance between
the rate of blood neutrophil emigration to tissues in response to increased chemoattractants,
and the rate of marrow granulopoiesis that replaces the blood neutrophils. The monocyte
concentration often parallels an increase in neutrophils, since they share a common stem
cell (colony-forming unit [CFU]-GM) and respond to granulocyte-macrophage colony-
stimulating factor (GM-CSF). Increased numbers of band neutrophils may be released from the
marrow storage pool with depletion of segmented neutrophils. Lymphopenia and eosinopenia
may also occur with inflammation. Although lymphopenia and eosinopenia are often attributed
to concurrent glucocorticoid release, inflammatory mediators can induce these changes
independent of glucocorticoids. Depending on the cause of inflammation, eosinophilia may
actually occur.

11. Compare the changes in leukocyte concentration that occur in stress, physiologic, and
inflammatory leukograms.

LEUKOGRAM
LEUKOCYTE PARAMETER STRESS PHYSIOLOGIC INFLAMMATORY
Total leukocytes Increased Increased Decreased to increased
Segmented neutrophils Increased Increased Decreased or increased
Band neutrophils Absent Absent Absent or increased
Lymphocytes Decreased Increased Decreased to increased
Monocytes Increased Unchanged Unchanged or increased
Eosinophils Decreased Unchanged Unchanged or increased

12. Rank the domestic animals by their ability to develop maximal degrees of neutrophilia
during inflammation.
(1) Dog
(2) Cat
(3) Horse
(4) Cattle

13. Are there “panic values” for changes on the leukogram?

Severe neutropenia (<500 or <1000 cells/ul) is the only leukocyte change that requires
the immediate attention of the clinician. When caused by decreased marrow production, severe
neutropenia is especially a concern because improvement of the neutrophil concentration is
not likely in the short term. Animals with severe neutropenia are at risk to develop sepsis, so
administration of prophylactic antibiotics should be considered to prevent bacterial infection.
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14. What changes on serial leukograms would be considered favorable in animals with
inflammatory disease?

Diminishment of prior neutrophilic leukocytosis

Diminishment or absence of prior left shift

Increase in segmented neutrophil concentration if previously neutropenic

Increase in lymphocyte concentration if previously lymphopenic

Decrease in elevated plasma fibrinogen concentration in horses and cattle
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15. List the general mechanisms (with appropriate examples) that cause neutropenia.
a. Excessive emigration to tissues during inflammation (acute bacterial infection, sepsis,
necrosis)
b. Endotoxin-induced margination (equine salmonellosis)
c. Decreased marrow granulopoiesis
(1) Viruses (feline leukemia virus [FeLV], feline immunodeficiency virus [FIV],
parvoviruses)
(2) Cellular infiltration of marrow (myelophthistic conditions, e.g., lymphosarcoma,
myelofibrosis, granulomatous disease)
(3) Toxins (bracken fern in cattle, estrogen and sulfadiazine in dogs)
(4) Familial (adult Belgian Tervuren, cyclic hematopoiesis in grey collie)
d. Increased destruction of neutrophils (immune-mediated neutropenia)

16. Why are cattle more likely to develop neutropenia with acute inflammation?

This common finding in cattle is attributed to a smaller storage pool of segmented neutro-
phils in marrow or slower replenishment of this storage pool with segmented neutrophils. In cattle
with acute inflammation, particularly localized inflammation such as mastitis, neutropenia (often
with a left shift) is initially present for 1 to 2 days. For this reason, degenerative left shifts are not
unusual in cattle with acute inflammation and do not carry the same concern associated with this
leukogram in other animals. Increased marrow granulopoiesis should quickly compensate and
lead to “rebound” neutrophilic leukocytosis in the ensuing days.

17. Why does endotoxemia cause neutropenia?

One of the many systemic effects of endotoxin is to enhance the adhesion of blood neutro-
phils to the endothelial surface by activating adhesion molecules. Redistribution of blood
neutrophils occurs as a shift from the circulating to marginal pool, manifested as a severe
neutropenia. Because the neutrophils essentially remain in blood but are marginated and are not
represented on the leukogram, the change is termed pseudoneutropenia. The neutropenia is an
acute but transient change often followed by neutrophilia, since endotoxin causes release of
neutrophils from the marrow storage pool.

18. Why does severe neutropenia occur with parvoviral infection?

Canine and feline parvoviruses target cells with a high mitotic rate, including hematopoietic
precursors. The blood and marrow pools of segmented neutrophils are quickly depleted because
of the short half-life of neutrophils and the lack of replenishment by impaired granulopoiesis. In
addition, loss of villous enterocytes results from viral damage to the intestinal crypt cells. The
resulting increased enteric absorption of endotoxin further aggravates the neutropenia in
parvovirus-infected animals. Neutropenia without thrombocytopenia or anemia are the classic
hematologic findings in parvoviral infections.

19. List two general mechanisms (with appropriate examples) that cause neutrophilia.
a. Demargination of blood neutrophils and/or marrow pool release
(1) Glucocorticoids (administration, hyperadrenocorticism)
(2) Epinephrine (anxiety, physical exertion)
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b. Increased granulopoiesis and marrow storage pool release
(1) Inflammatory diseases
(a) Infectious (bacterial, fungal, feline infectious peritonitis [FIP])
(b) Noninfectious (immune mediated, necrosis, hemolysis)
(2) Paraneoplastic (production of CSFs by neoplasms)
(3) Acute or chronic granulocytic leukemia

20. List specific diseases that cause extreme neutrophilia in the dog.

a. Pyometra

b. Other localized neutrophilic inflammatory diseases, such as prostatitis, pancreatitis, and
peritonitis
Hepatozoon americanum infection
Immune-mediated hemolytic anemia
Early phase of estrogen toxicosis (rare)

Paraneoplastic neutrophilia (rare)
Leukocyte adhesion defect (rare)
Chronic granulocytic leukemia (rare)

Because dogs can develop a higher degree of neutrophilia than other animals, extremely
high concentrations of neutrophils (>50,000/ul) are possible. The leukogram may include a
mature neutrophilia or a regenerative left shift. Although studies have demonstrated a lower rate
of survival in dogs (and cats) with extreme neutrophilia, the disease causing this leukocytosis is
a likely determinant of survivability.

T o Ao

21. What is a leukemoid response?

The term leukemoid response was coined to describe leukograms with neutrophilic
leukocytosis, marked left shift with bands and earlier precursors, and reactive lymphocytes.
These leukograms were found to be inflammatory in origin, but the initial blood smear was more
suggestive of myelogenous leukemia. Unfortunately, this term is incorrectly applied to
leukograms with extreme neutrophilia (>50,000/ul) that lack a left shift or have a modest left shift
(bands only). The inflammatory origin of these leukograms is quite evident, and myelogenous
leukemia is not likely. These leukograms are correctly described as “marked” or “extreme”
neutrophilia. The “leukemoid” terminology is intended for the rare leukogram with marked left
shift, for which leukemia is a realistic differential diagnosis.

22. What acute change in neutrophil concentration is expected after surgical correction of

pyometra in dogs?

Pyometra is a classic example of localized intense neutrophilic inflammation, which induces
a significant increase in granulopoiesis. After hysterectomy, the chemotactic signals causing
neutrophil emigration to the inflammatory site immediately disappear. However, the neutrophilic
precursors in the expanded proliferative and storage pools in marrow continue to mature and
release neutrophils, which causes an even greater degree of neutrophilia after surgery. Granulo-
poiesis will quickly down-regulate, and the neutrophilia will abate after a few days.

23. In which tissues is inflammation not likely to induce an inflammatory leukogram?

Neutrophilic inflammation in the urinary bladder, intestine, epidermis, and central nervous
system typically causes minimal or no change in the leukogram. This is attributed to loss of
inflammatory mediators (e.g., CSFs) or their seclusion in protected tissue spaces. Therefore, no
systemic inflammatory response is reflected in granulopoiesis and the leukogram.

24. List conditions associated with eosinophilia.
a. Hypersensitivity (“allergic”) reactions
(1) Skin: eosinophilic granuloma complex



Interpretation of the Leukogram 43

(2) Respiratory tract: eosinophilic bronchopneumopathy, asthma
(3) Intestinal tract: eosinophilic enteritis
b. Parasitism (ectoparasites, endoparasites)
(1) Skin
(2) Respiratory tract
(3) Intestinal tract
Mast cell tumor
Hypoadrenocorticism in dogs (“relaxed” leukogram)
Hypereosinophilic syndrome in cats (increased interleukin-5 [IL-5] production?)
Eosinophilic leukemia
Paraneoplastic (production of IL-5 by neoplasm)
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25. List conditions associated with basophilia.
a. Hypersensitivity reactions to ectoparasites, endoparasites, and drugs
(1) Skin
(2) Respiratory tract
(3) Intestinal tract
Mast cell tumors
Eosinophilic granuloma
Myeloproliferative diseases
Basophilic leukemia
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26. List conditions associated with lymphocytosis.
a. Inflammatory-induced antigenic stimulation
(1) Infectious (especially ehrlichiosis, rickettsiosis)
(2) Noninfectious
Vaccination (antigenic stimulation)
Physiologic leukogram (epinephrine-induced shift from lymphoid tissues)
Hypoadrenocorticism (lack of glucocorticoids)
Persistent lymphocytosis in cattle infected with bovine leukemia virus (BoLV)
Lymphoid leukemias
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27. List conditions associated with lymphopenia.
Stress or hyperadrenocorticism (endogenous glucocorticoids)
Glucocorticoid therapy
Acute inflammation
Viral infection
Decreased recirculation of lymphocytes from lymphoid tissues:
Chylous effusions caused by anterior mediastinal mass, congestive heart failure, or
thoracic duct leakage
f. Decreased recirculation of lymphocytes from intestinal lymphatics
(1) Lymphangiectasia
(2) Intestinal neoplasm
(3) Granulomatous inflammation
g. Congenital immunodeficiencies (e.g., severe combined immunodeficiency)
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28. List conditions associated with monocytosis.
a. Acute or chronic inflammation
(1) Infectious (fungal, bacterial)
(2) Noninfectious (immune mediated, necrosis, hemolysis)
b. Glucocorticoids (endogenous or exogenous)
¢. Monocytic or myelomonocytic leukemia
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29. Why is monocytosis a favorable indicator for recovery from leukopenia?

After transient suppression of hematopoiesis and development of leukopenia, an increased
blood concentration of monocytes typically precedes the recovery of neutrophils and other
granulocytic leukocytes. Monocytes have a rapid marrow transit time (2 days for monoblasts to
differentiate to monocytes), versus the longer marrow transit time (6 days) for differentiation of
segmented neutrophils from myeloblasts. In addition, monocytes rapidly leave the marrow,
whereas neutrophils enter a marrow storage pool, which can delay their entry into blood.

30. What is the significance of mast cells on blood smear?

Mastocytemia, or the presence of mast cells in blood, is often associated with disseminated
mast cell neoplasms or mast cell leukemia in dogs and cats. However, low numbers of mast cells
are also observed on blood or “buffy coat” smears in several inflammatory diseases of the
dog, including immune-mediated hemolytic anemia, parvoviral infection, dermatitis, pleuritis,
and peritonitis. The morphology of mast cells with inflammatory diseases may be similar to
neoplastic mast cells, with varying degrees of metachromatic granulation evident in both disease
types (Figure 10-2).

Figure 10-2 Mast cell on the blood smear
of a dog. (Wright’s stain; 330x.)

11. ALTERED LEUKOCYTE MORPHOLOGY
AND FUNCTION

Stephen D. Gaunt

1. What are reactive lymphocytes, or immunocytes?

Immunocytes are large-sized lymphocytes with intensely basophilic cytoplasm and
occasionally a prominent nucleolus that appear similar to lymphoblasts. These cells may be more
similar to plasma cells, with a clear Golgi area in basophilic cytoplasm, an eccentric nucleus, and
even cytoplasmic inclusions (Russell bodies). These cells occur in low numbers, with most of the
lymphocytes appearing normal. These reactive lymphocytes are observed in animals undergoing
immune response, typically during infectious inflammatory diseases or after vaccination. The low
number of these cells and the clinical history provide the convincing evidence that these
lymphocytes are antigenically stimulated, not neoplastic (Figure 11-1).
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are also observed on blood or “buffy coat” smears in several inflammatory diseases of the
dog, including immune-mediated hemolytic anemia, parvoviral infection, dermatitis, pleuritis,
and peritonitis. The morphology of mast cells with inflammatory diseases may be similar to
neoplastic mast cells, with varying degrees of metachromatic granulation evident in both disease
types (Figure 10-2).

Figure 10-2 Mast cell on the blood smear
of a dog. (Wright’s stain; 330x.)

11. ALTERED LEUKOCYTE MORPHOLOGY
AND FUNCTION

Stephen D. Gaunt

1. What are reactive lymphocytes, or immunocytes?

Immunocytes are large-sized lymphocytes with intensely basophilic cytoplasm and
occasionally a prominent nucleolus that appear similar to lymphoblasts. These cells may be more
similar to plasma cells, with a clear Golgi area in basophilic cytoplasm, an eccentric nucleus, and
even cytoplasmic inclusions (Russell bodies). These cells occur in low numbers, with most of the
lymphocytes appearing normal. These reactive lymphocytes are observed in animals undergoing
immune response, typically during infectious inflammatory diseases or after vaccination. The low
number of these cells and the clinical history provide the convincing evidence that these
lymphocytes are antigenically stimulated, not neoplastic (Figure 11-1).
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ﬂ. ct ?:} aND ¢ SO Figure 11-1  Reactive lymphocyte (immuno-
‘a " & Q Oo o o cyte) from a cat. (Wright’s stain; 330x.)
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2. What are toxic changes in neutrophils?

Cytoplasmic changes occur in blood neutrophils during intense inflammation from many
causes (infectious or noninfectious). The toxic changes observed in neutrophils include Dohle
bodies, diffuse cytoplasmic basophilia, cytoplasmic (“foamy”) vacuolization, and infrequently,
toxic granulation (Figure 11-2). Dohle bodies are small (1-2 1), lightly basophilic inclusions that
occur in low numbers near the periphery of cytoplasm. Dohle bodies may also occur in low
numbers of neutrophils in healthy cats.
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3. What causes the formation of toxic changes in neutrophils?

These changes first appear in early neutrophil precursors in the marrow as a developmental
abnormality and are not induced in mature neutrophils by “toxins.” For example, Dohle bodies
and the cytoplasmic basophilia are rough endoplasmic reticulum and free ribosomes, respec-
tively, that normally disappear in early neutrophil precursors. The cytoplasmic vacuolization
results from disruption of cytoplasmic granules in neutrophilic precursors. Toxic changes
apparently result from the heightened and quickened pace of granulopoiesis during particularly
intense inflammatory responses.

4. How are toxic changes reported by laboratories?

Any toxic change(s) observed in blood neutrophils should be included in the “leukocyte
morphology” comments on the complete blood count (CBC). Different toxic changes may occur
individually, in various combinations, and in varying degrees between neutrophils. Because of
this variability in occurrence and the lack of clinical correlation, grading systems for toxic
changes are not used in most laboratories.
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5. What causes abnormal granulation in neutrophils?
The rare reports of increased prominence of azurophilic granules in neutrophils and other
granulocytes (especially basophils) and monocytes include the following:
a. Observed in some normal foals and Birman cats
b. Occur in inflammatory diseases as a toxic change
c. Chediak-Higashi syndrome in cattle and Persian cats (abnormal fusion of granules)
d. Lysosomal storage diseases (mucopolysaccharidosis in dogs and cats, Figure 11-3)

Figure 11-3 Neutrophils with prominent
cytoplasmic granules in a young dog with muco-
polysaccharidosis, MPS VII. (Wright’s stain;
330x.)
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6. What is the significance of giant neutrophils?

Segmented neutrophils that are up to twice the size of normal neutrophils, but with
otherwise unremarkable morphology, are rarely observed on blood smears. This finding indicates
dysgranulopoiesis, in which a mitotic cell division was likely skipped by an early precursor and
larger neutrophils resulted. Giant neutrophils occur with inflammatory diseases and in cats with
feline leukemia virus (FeLV) infection (Figure 11-4).
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Figure 11-4 Blood smear from a dog with
o 0 giant and normal-sized neutrophils. (Wright’s
oo stain; 330Xx.)

7. What are pyknotic cells?

Senescent leukocytes normally undergo apoptosis, with marked condensation and
fragmentation of the nuclear chromatin. The resultant pyknotic cell has an intact cytoplasm and
one or more round, variably sized dense inclusions. This change typically occurs in tissues
once leukocytes leave blood. However, pyknotic cells are encountered on blood smears prepared
hours after the sample collection (Figure 11-5). It is logical to assume that these cells were
formerly neutrophils, because of their short life span, but the identity of pyknotic cells cannot be
presumed.
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‘ E ‘.' (%] @ QWODO Figure 11-5 Pyknotic leukocyte on canine
’ ) blood smear. (Wright’s stain; 330X.)

8. What are “basket” cells?

The term basket cell describes nuclei without intact cytoplasm that appear as basophilic
smudges. The smudged nucleus may have a crisscrossed linear pattern that resembles a woven
“basket.” These nuclei originate from fragile leukocytes that were lyzed during blood cell
preparation. Increased numbers of smudged cells occur most often with leukemic cells (Figure
11-6), leukocytes from severely ill animals (particularly horses with endotoxemia), and avian
blood cells. In these cases the blood sample can be spiked with an albumin solution or homolo-
gous serum before preparing the smear; this may decrease the number of smudged cells. Another
cause of basket cells is autolysis from prolonged storage of blood sample.

Q o it @ v Go . Figure 11-6 Smudged or “basket” cell on
0 o % oo blood smear from a dog with lymphoblastic

Oo smear from a d
Doo O o % ec‘ leukemia. (Wright’s stain; 330x.)

9. List microorganisms that can occur in blood neutrophils or monocytes.
a. Ehrlichia ewingii in neutrophils of dogs, Anaplasma phagocytophilia (formerly
Ehrlichia equi) in neutrophils of horses and other species (Figure 11-7)

Yoo OO0 @ o OL0 0 % Figure 11-7  Morula of Anaplasma phago-
@ @? @ O@OE:@@ @@. J‘} oL cytophilia (formerly Ehrlichia equi) in blood
'Y @ ’ neutrophil of a horse. (Wright’s stain; 330x.)
.. 28
o0, O
© ..




48 Altered Leukocyte Morphology and Function

b. Histoplasma in dogs and cats (Figure 11-8)

c. Hepatozoon americanum or H. canis in dogs (Figure 11-9)

d. Canine distemper viral inclusions in dogs

e. Cytauxzoon felis schizonts in cats

f. Bacteria (e.g., Mycobacterium, enteric bacilli)
" O & ane Figure 11-8 Multiple Histoplasma organ-
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Figure 11-9  Gamont of Hepatozoon ameri-
canum in two leukocytes on buffy coat smear
from a dog. (Wright’s stain; 330x.)

10. List microorganisms that can occur in blood lymphocytes.
a. Ehrlichia canis in dogs (Figure 11-10)
b. Canine distemper viral inclusions in dogs (Figure 11-11)

11. What is the significance of finding erythrophagocytosis on a blood smear?
In animals with hemolytic anemias caused by immune-mediated removal of erythrocytes,

Ry = S Figure 11-10 Morula of Ehrlichia canis in
@ @ 0 ’6*0. . a canine lymphocyte. These inclusions occur
o . . o transiently during the early phase of infection,

. e () . .' and a search for this morula is not a fruitful
a . 9 ] . ° method for detecting E. canis. (Wright’s stain;

330x%.)
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a? f -O “ vob Figure 11-11  Viral inclusion in lympho-
s % cyte from a dog with canine distemper viral
t" infection. Although many dogs develop this viral
infection, the inclusions in blood cells are rarely

B 8 ‘ observed. These viral inclusions often stain more
é prominently with the rapid Romanowsky stains,
g 3 = O such as Diff-Quik. (Wright’s stain; 330x.)

monocytes or macrophages with phagocytosed erythrocytes can be observed rarely on blood
smears. Erythrophagocytosis occurs on blood smears of dogs with immune-mediated hemolytic
anemia (Figure 11-12), cats with Mycoplasma haemofelis infection, foals with neonatal isoeryth-
rolysis, and horses with equine infectious anemia viral infection. More rarely, erythrophago-
cytosis by circulating neoplastic cells (e.g., mast cell leukemia of dogs and cats, histiocytic
sarcoma in dogs) has been observed on blood smears.

Figure 11-12 Erythrophagocytosis by mono-
cyte in a dog with hemolytic anemia. (Wright’s
stain; 330Xx.)

12. What are sideroleukocytes?

Neutrophils or monocytes rarely contain variably sized golden-brown granules of
hemosiderin. The iron content of these granules can be verified with an iron stain such as Prussian
blue. Sideroleukocytes occur in animals with hemolytic anemias, particularly dogs with immune-
mediated hemolytic anemia (Figure 11-13) and horses with acute equine infectious anemia viral

90 o Pt i X @ Figure 11-13  Monocyte with cytoplasmic
o .. ° 3 hemosiderin granules in a dog with immune-
mediated hemolytic anemia. (Wright’s stain;
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infection. Rarely, horses with extensive metastases of malignant melanoma have blood
neutrophils that contain black melanin granules, which resemble hemosiderin granules.

13. What are CLAD and BLAD?

Canine leukocyte adhesion defect (CLAD, reported in Irish setters) and bovine leukocyte
adhesion defect (BLAD, reported in Holsteins) are rare congenital diseases in which neutrophils
have normal morphology but are dysfunctional. The molecular defect is linked to the abnormality
of a membrane adhesion protein in the integrin family, identified as CD18, that is necessary for
adhesion of neutrophils to vascular endothelial cells. Affected neutrophils are unable to emigrate
from blood vessels to sites of inflammation. The bactericidal activity of these neutrophils is also
abnormal. Affected animals are observed at a few months of age, with marked neutrophilic
leukocytosis, recurrent bacterial infections, and minimal presence of neutrophils in infected
tissues. The diagnosis is confirmed by demonstrating decreased immunoreactivity for CD18 on
neutrophils.

14. What is Pelger-Huet syndrome?

In Pelger-Huet syndrome, nuclear lobulation of neutrophils, eosinophils, and basophils
decreases, but the function of these cells is not significantly altered. The nucleus of affected
neutrophils is round, band, or peanut shaped, with a bilobed nucleus (“pince nez” cell) being the
maximal segmentation observed. The “drumstick appendage” is lacking in neutrophils of affected
females. Although the nuclear shape of these hyposegmented neutrophils suggests a left shift,
the colorless cytoplasm and darkly condensed nuclear chromatin indicate the actual maturity of
these cells.

Pelger-Huet syndrome occurs as a benign congenital disorder in dogs and cats (Figure
11-14). In cattle, horses, and pigs, hyposegmentation of neutrophils and eosinophils occurs as a
transient disorder during severe inflammatory disease. In acquired cases of hyposegmentation
(“psuedo—Pelger-Huet”) the segmentation of granulocytic leukocytes reverts to normal once the
inflammatory condition resolves.

) @' 4 VWe\ Figure 11-14 Myelocyte-like neutrophil

@, and bandlike neutrophil in a healthy dog with

| congenital Pelger-Huet anomaly. (Wright’s
ﬁ stain; 330%.)

Leukocytes

BIBLIOGRAPHY

Feldman BF, Zinkl JG, Jain NC, editors: Schalm’s veterinary hematology, ed 5, Baltimore, 2000, Lippincott,
Williams & Williams.

Harvey JW: Leukocytes. In Atlas of veterinary hematology: blood and bone marrow of domestic animals,
Philadelphia, 2001, Saunders, pp 45-74.

Latimer KS, Prasse KW: Leukocytes. In Latimer KS, Mahaffey E, Prasse KW, editors: Duncan and Prasse’s
veterinary laboratory medicine: clinical pathology, Ames, 2003, Iowa State University Press, pp 46-79.

Stockham SL, Scott MA: Leukocytes. In Fundamentals of veterinary clinical pathology, Ames, 2002, Towa State
University Press, pp 49-83.



Disorders and Laboratory Evaluation 51

Plasma Proteins

12. DISORDERS AND LABORATORY
EVALUATION

Ronald D. Tyler, Rick L. Cowell, and James H. Meinkoth

2.

What is protein dyscrasia?
Protein dyscrasia refers to a protein with an abnormal structure, as in dysfibrinogenemia.

What is dysproteinemia?
Dysproteinemia is the presence of either normal plasma proteins at abnormal concentrations

or abnormal proteins in the blood, e.g., hyper and hypoalbuminemia, hyper and hypoglobulinemia.

3.

What are the two major categories of plasma proteins, and how are their concentra-
tions usually determined?
The two major categories of plasma proteins are albumin and globulin. Their concentrations

are determined by measuring total protein (TP) and albumin concentrations, then calculating the
globulin concentration by subtracting the albumin concentration from the TP concentration.

4.

Where are the major plasma proteins synthesized?
The liver synthesizes albumin and essentially all plasma globulins other than immuno-

globulins and von Willebrand’s factor. The lymphoid system synthesizes immunoglobulins, and
endothelial cells (and megakaryocytes) synthesize von Willebrand’s factor.

5.

List two major functions of albumin.
a. Transport substances with low plasma solubility
b. Provide oncotic pressure

What are the general causes of severe hypoalbuminemia?
a. Hemorrhage

b. Glomerular disease (protein-losing nephropathies)

c. Gastrointestinal loss (protein-losing gastroenteropathies)
d. Decreased hepatic production of albumin

What are some supportive features of each of the four general causes of severe

hypoalbuminemia?

a. Hemorrhage: concurrent anemia (usually a regenerative anemia unless iron deficiency
anemia has developed), evidence of hemorrhage

b. Glomerular disease: moderate to marked proteinuria with benign urine sediment

c. Gastrointestinal loss: diarrhea (generally present but not always)

d. Decreased hepatic production of albumin: low blood glucose and urea nitrogen concen-
trations; elevated concentration of bile acids; hepatic transaminases and biliary enzymes
may be elevated. Diarrhea is also present in some cases.

How does inflammation influence serum albumin and globulin concentrations?
During inflammation, albumin catabolism increases and albumin synthesis decreases,
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resulting in lower albumin concentrations. Concurrently, globulins increase due to increased
production of inflammatory globulins, such as fibrinogen, alpha-2 macroglobulin, haptoglobin,
ceruloplasmin, alpha-1 antitrypsin, and immunoglobulins. As a result, albumin concentration often
decreases by about 1 gram per deciliter (g/dl) for each 3 to 4 g/dl increase in globulin concentration.

9. What are the advantages of measuring plasma or serum protein by refractometry?
Refractometry is a rapid, easy, and rather inexpensive method of measuring total protein and
can be done at the clinic while the patient is in the examination room, if necessary.

10. Name two colormetric methods of measuring plasma or serum protein.
a. Biuret method
b. Lowry method

11. What is the chemical method most often used to measure plasma or serum protein in
clinical laboratories?
Because of its simplicity, accuracy, and precision, the biuret method is the chemical method
of choice for measuring TP concentration in serum or plasma in the clinical laboratory.

12. What is the basis of the biuret method of protein measurement?
The biuret method is based on the formation of a blue peptide—copper complex in alkaline
solution and is the most widely used colorimetric method for TP concentration assay.

13. How sensitive is the biuret method for protein measurement?

The biuret method is accurate for assay of protein concentrations from 1 to 10 g/dl. Thus it
is adequate for measurement of total plasma and serum protein concentrations, but not for the
measurement of the very low levels of protein often found in body fluids, such as cerebrospinal
fluid (CSF), urine, and transudates.

14. What is the basis of the phenol-Folin-Ciocalteau method for protein measurement?
The phenol-Folin-Ciocalteau method is based on the reaction of the reagent with the
phenolic groups of tryptophan and tyrosine in proteins to form a blue color.

15. Which is better for measuring plasma or serum albumin concentration in domestic
animals, the bromocresol green method or the 2-(4’-hydroxyazobenzene) benzoic acid
method?

The bromocresol green (BCG) method is the dye-binding procedure that is most acceptable

for determining serum albumin levels in domestic animals. Many human laboratories use a 2-(4'-

hydroxyazobenzene) benzoic acid (HABA) procedure, which produces erratic results in domestic

animals.

16. Can serum albumin concentration be measured by electrophoresis?

Serum protein electrophoresis is the most accurate method for measurement of albumin and
is used as the reference method for the colorimetric procedures. However, serum protein electro-
phoresis is not routinely used to determine albumin levels because of its high cost and the time
requirement for processing.

17. How is plasma or serum globulin concentration usually determined, and what are
factors to consider when using it?

Serum globulin level is generally not measured but instead is determined mathematically by
subtracting the albumin level from the TP level, with the difference being the globulin level.
Therefore the globulin level represents all the nonalbumin protein measured in the TP level, and
errors in measurement of TP or albumin level will erroneously alter the calculated globulin level.
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The serum globulin level can be measured colorimetrically or by serum protein electrophoresis.
However, these procedures are costly and time consuming and therefore are only used in rare
instances.

18. What is the diagnostic value of the albumin/globulin ratio?

An increased albumin/globulin (A/G) ratio may occur with any factor that increases albumin
or decreases globulin. A decreased A/G ratio may occur with any factor that decreases albumin
or increases globulin. For best interpretation of the A/G ratio, absolute TP, albumin, and globulin
values must also be considered.

19. Is serum or plasma preferred for protein electrophoresis?

Generally, serum is preferred for protein electrophoresis, and hemolysis should be avoided.
Besides obscuring the patterns of other serum proteins, fibrinogen and hemoglobin produce
monoclonal spikes and can be misdiagnosed as monoclonal gammopathies.

20. What factors influence protein migration during electrophoresis?

Direction and rate of migration of the different proteins are determined by the type of charge
(positive or negative) of the protein, strength of the charge, size of the protein, intensity of the
electrical field, and support medium through which the proteins are induced to migrate. To
compare results of serum protein electrophoresis, the support medium, pH, buffer, and electric
current should be known. Cellulose acetate is the most frequently used support medium.

21. Does serum electrophoresis identify changes in individual proteins?

Serum protein electrophoresis does not separate individual proteins, other than albumin, and
therefore does not specifically identify changes in proteins other than albumin. Instead,
electrophoresis separates proteins into groups of similarly charged and sized proteins. A change
(increase or decrease) in the area of the electrophoretic pattern where a protein migrates indicates
a change (increase or decrease) in that protein and/or another protein migrating in the same area.
Therefore, serum protein electrophoresis generally provides only an estimate of which similarly
charged and sized groups of proteins have increased or decreased. It usually does not indicate a
specific diagnosis but instead indicates a general disease process, such as inflammation or
immune response. An important exception is monoclonal spikes.

22. How are monoclonal peaks in electrophoretograms recognized?

Because of its homogeneity, albumin is used as a guide for differentiating sharp monoclonal
globulin peaks (monoclonal spikes) from polyclonal peaks. Monoclonal peaks should be as sharp
or sharper than the albumin peak.

23. What is the most common pathologic cause of monoclonal peaks in serum electro-
phoretograms?
Plasma cell myeloma is the most common cause of monoclonal spikes.

24. Besides plasma cell myeloma, what diseases may infrequently be associated with a
monoclonal peak in serum protein electrophoretograms?
Monoclonal gammopathies resulting in peaks may be associated with the following:

Lymphosarcoma (occasionally)

Canine ehrlichiosis

Canine lieshmaniasis

Feline infectious peritonitis

Plasmacytic gastroenterocolitis

Chronic pyoderma

Idiopathic causes

@ omoe o o
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25. What are two nonpathologic causes of monoclonal peaks in electrophoretograms?
a. Hemoglobin (subsequent to intravascular or in vitro hemolysis)
b. Fibrinogen (if plasma is used)

26. Can protein electrophoresis be performed on fluids other than serum and plasma?
Protein electrophoresis can also be performed on urine, CSF, abdominal fluid, and thoracic
fluid.

27. How does the globulin fraction separate on electrophoresis?

There are three major globulin fractions: alpha (o) globulins, beta () globulins, and gamma
() globulins. The o-globulins are the most anodally migrating, and y-globulins are the least
anodally migrating. Depending on the species, one or more of the three major globulins may
divide into subfractions during migration. Globulin subfractions are identified by numeric
subscripts, such as o, 0, B, Ba Vis Y2, and s, with the smaller number representing the most
anodal subfraction.

28. What are some components of the alpha-globulin fraction?

In most species other than the ruminant, o-globulin migrates as two fractions, o, (sometimes
called “fast alpha”) and o, (sometimes called “slow alpha”). The o,-globulins tend to be smaller
than o,-globulins, but they are functionally indistinct. High-density lipoproteins (HDLs), some-
times called o-lipoproteins, migrate in the o, fraction. Important members of the o, fraction
include very-low-density lipoproteins (VLDLSs) or pre-B-lipoproteins, low-density lipoproteins
(LDLs) or B-lipoproteins, o,-macroglobulin, haptoglobin, and ceruloplasmin. LDLs were
originally named B-lipoproteins because they migrate in the beta region on paper. On cellulose
acetate, however, LDLs migrate in the o, region.

29. What are some diagnostic implications of changes in the alpha-globulin fraction?

Some causes of increases in the o, fraction are nephrotic syndrome, acute inflammation,
glucocorticoids (prednisone), and haptoglobin-hemoglobin complexes. Increases in VLDL, LDL,
and o,-macroglobulin cause the increase in the o,-globulin fraction that occurs with nephrotic
syndrome. The o,-macroglobulin haptoglobin and ceruloplasmin are sometimes called “acute
inflammatory proteins” because their concentration increases during acute inflammation.
Prednisone has been shown to induce increased haptoglobin levels in dogs. Also, hemolyzed
samples can result in o,-globulins being increased due to the presence of haptoglobin-
hemoglobin complexes, and a monoclonal peak may be present.

30. What are some components of the beta-globulin fraction?

In most domestic species other than the ruminant, B-globulins migrate as 3, (fast beta) and
B, (slow beta) fractions. Hemopexin, transferrin, and complement C3 and C4 migrate in the beta
region. Fibrinogen may migrate in the late 3, region (the region closest to the gamma regions) but
usually trails the B,-globulins in the early gamma region. However, serum should be used for
protein electrophoresis instead of plasma because fibrinogen interferes with the migration of
other proteins and can form a monoclonal spike, leading to confusion in interpretation. Some
highly charged immunoglobulins, usually IgM and IgA, migrate in the late 3, region. IgM and
IgA usually extend from the {3, region to the 7y, region. Therefore, immune stimulation, especially
early when IgM is abundantly produced, or plasma cell malignancy can increase B-globulins, but
more specifically, B,-globulins as well as ;- and y,-globulins.

31. What are some diagnostic implications of changes in the beta-globulin fraction?
Increases in PB-globulins alone occur infrequently but suggest active liver disease,

suppurative dermatopathies, and occasionally the nephrotic syndrome. Transferrin appears to be

primarily responsible for the increase in $-globulins seen with liver disease, although hemopexin
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and complement also increase. If antigenic stimulation occurs during liver disease, IgM may also
increase in the [, region or fast gamma region. Antigenic stimulation with resultant IgM and
complement increases is thought to be responsible for the increase in B-globulins associated with
suppurative dermatopathies. The increase in 3-globulin seen with the nephrotic syndrome results
from increased transferrin. Monoclonal peaks in the beta region indicate plasma cell myeloma,
Waldenstrom’s macroglobulinemia, lymphosarcoma, and rarely, canine ehrlichiosis. Also, plasma
samples and hemolyzed samples should be avoided, since fibrinogen and hemoglobin can
form monoclonal peaks in the beta region and cause slurring of other peaks. Monoclonal peaks
should be as sharp as the albumin peak. Monoclonal peaks in the beta region usually represent
IgM or IgA.

Decreases in the late B-globulin fraction suggest decreased immunoglobulin concentration
resulting from immune suppression or immunodeficiency syndrome.

32. What are some components of the gamma-globulin fraction?

The gamma fraction migrates as two fractions, 7y, (fast) and 7y, (slow). IgA, IgM, and
IgE migrate primarily in the v, region, and IgG migrates primarily in the y, region. Immuno-
globulin types, such as IgG versus IgM, cannot be determined by routine serum protein
electrophoresis.

33. What are the diagnostic implications of changes in the gamma-globulin fraction?

Increases in the gamma region indicate immune stimulation and subsequent immuno-
globulin production. During early immune stimulation (the first few weeks), the increase in
v-globulins may be more prominent in the B,, vy,, and v, regions, reflecting the preponderance
of IgM production. As the immune response matures, the IgM level and thus the 3,- and fast
v-globulins will decrease, whereas the IgG and thus the midrange and slow gamma regions will
increase.

Decreases in the 7y-globulin fraction suggest decreased immunoglobulin concentration
resulting from immune suppression or immunodeficiency syndrome.

34. What is beta-gamma bridging?
Beta-gamma bridging refers to an electrophoretic pattern in which there is no clear
separation between the 3, and v, fractions.

35. What causes beta-gamma bridging?

Beta-gamma bridging results from an increase in IgA and/or IgM and is purported to be
almost pathognomonic of chronic active hepatitis, although it is also occasionally produced by
low-grade gammopathy due to lymphosarcoma.

36. Can the heat precipitation method be used for measuring fibrinogen consumption,
such as occurs during disseminated intravascular coagulation?
The heat precipitation method is not sufficiently sensitive at low plasma fibrinogen
concentrations.

37. Why does subtracting total serum protein from total plasma protein not provide an
accurate estimate of fibrinogen concentration?
Subtraction of total serum protein (TSP) concentration from total plasma protein (TPP)
concentration to determine fibrinogen concentration is inaccurate because of the following:
a. Some coagulation factors remain in the clot along with fibrinogen.
b. Procedures used to assay TPP and TSP are not sufficiently precise.
c. Different procedures are often used to assay TPP and TSP. For example, TPP is often
measured by the hematology unit using refractometry, and TSP is often measured in the
chemistry unit using an automated chemistry analyzer.
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38. What is the interpretive value of changes in fibrinogen?

Plasma fibrinogen levels are frequently determined in large animals as an indicator of
inflammation (increased fibrinogen levels) and occasionally in small animals when evaluating
certain coagulopathies, such as disseminated intravascular coagulation (DIC). During inflam-
mation, both production and consumption of fibrinogen increase, and production of fibrinogen
often increases more than consumption of fibrinogen, resulting in increased plasma fibrinogen
concentration. Because dehydration causes a relative increase in plasma fibrinogen concentration,
dehydration must be ruled out before accepting an increase in fibrinogen as evidence of inflam-
mation. Because some inflammatory diseases do not result in more fibrinogen being produced
than is being consumed, the absence of an increase in plasma fibrinogen concentration does not
rule out inflammation.

39. When assessing dehydrated animals, how does one accommodate for the increase in
fibrinogen concentration caused by dehydration?

To accommodate for dehydration, the percent of TPP that is fibrinogen is calculated by
dividing the fibrinogen concentration (g/dl) by the TPP concentration (g/dl), then multiplying the
result by 100. When fibrinogen represents 10% or more of the TPP concentration (a calculated
value 210), inflammation is indicated. Because some inflammatory diseases do not result in more
fibrinogen being produced than is being consumed, a fibrinogen concentration less than 10% of
the total protein (calculated value <10) does not rule out inflammation.

40. What are Bence Jones proteins, and what is their diagnostic significance?

Bence Jones proteins are unpaired light chains produced by plasma cell myelomas. They are
detected in approximately 50% of human and canine cases of plasma cell myeloma. Bence Jones
proteins are filtered by the kidney and are present in the urine. Although Bence Jones proteins do
not react (give a positive protein reaction) with the urine dipstick tests, they can be detected in
urine samples by sulfosalicylic acid turbidometric test, by electrophoresis, or by a proteinaceous
precipitate forming when heating the urine sample to 56° C for 15 minutes and the precipitate
returning to solution with further heating to 100° C for 3 minutes. Documenting their presence
aids in the diagnosis of plasma cell myeloma.

41. What are some causes of elevated total protein concentration?

Hyperproteinemia results from increased plasma globulins or decreased plasma water
content (hemoconcentration). Therefore, causes of hyperproteinemia are dehydration, inflamma-
tion (infectious and noninfectious), and neoplastic conditions. These conditions may occur singly
or in combination. Specific examples follow:

a. Inflammation

(1) Infectious
(a) Bacterial
(b) Viral (e.g., feline infectious peritonitis, equine infectious anemia)
(c) Protozoal
(d) Fungal
(e) Rickettsial
(2) Noninfectious
(a) Neoplasia (especially if necrotic areas are present)
(b) Foreign body granuloma
(c) Antigenic response
b. Neoplastic paraprotein production
(1) Plasma cell myeloma
(2) Some lymphomas
c. Dehydration
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42. What is panhyperproteinemia?
Panhyperproteinemia refers to elevated TP concentration caused by concurrently increased
albumin and globulin concentrations.

43. What causes panhyperproteinemia?

Dehydration is the only condition that causes increased plasma albumin levels. Therefore,
patients with panhyperproteinemia are dehydrated. If the increase in globulins is greater than
the increase in albumin (i.e., A/G ratio is low), there is a previous or concurrent inflammatory
response. However, absence of a low A/G ratio does not rule out concurrent inflammation.

44. What other hematologic changes occur during panhyperproteinemia?

Total protein (TP), hematocrit (Hct) or packed cell volume (PCV), hemoglobin (Hgb), and
erythrocyte or red blood cell (RBC) count are elevated by dehydration. However, these values
may not be elevated outside the normal range; that is, the values may simply range from low
normal to high normal. Also, an anemic animal may have the anemia masked by dehydration.
Because sequestration of white blood cells (WBCs) and platelets in small vessels (including
splenic sinuses) tends to increase during dehydration, WBC and platelet values do not increase
as greatly as TP, Hct, Hgb, and RBC values during dehydration alone.

45. What are causes of hyperproteinemia without concurrent hyperglobulinemia (an
uncommon finding)?

Hyperproteinemia without hyperglobulinemia requires serum albumin to be greatly
elevated. Because hyperalbuminemia is invariably associated with dehydration in the clinical
setting, hyperalbuminemia without hyperglobulinemia indicates dehydration with concomitant
hypoglobulinemia or low-normal globulin concentration. Possible causes include the following:

a. Failure of passive transfer in the neonate with concomitant dehydration

b. Combined immunodeficiency (CID) with concomitant dehydration

c. Age influence. Very young/old animal with low-normal globulin level may have globulin

level in high-normal range with dehydration.

d. Low-normal globulin level with dehydration

46. What are causes of hyperproteinemia without concurrent hyperalbuminemia?

Hyperproteinemia without hyperalbuminemia requires serum globulin concentration to
be elevated. This situation is usually produced by hypoalbuminemia with increased globulin
production. Increased globulin production is often associated with a decrease in albumin concen-
tration of about 1 g/dl for every 3 to 4 g/dl increase in globulin concentration. Causes of increased
globulin production include the following:

a. Chronic systemic inflammation (usually requires an associated immune response for

hyperglobulinemia to develop)

b. Immune stimulation

c. Plasma cell myeloma

d. Lymphosarcoma

47. Does a normal total protein concentration rule out abnormalities in albumin and
globulin levels?
Abnormalities in the albumin and globulin levels can be present with a normal TP
concentration. Common causes include the following:
a. Hypoalbuminemia with concomitant hyperglobulinemia
(1) Hepatoinsufficiency
(2) Inflammatory bowel disease causing a protein-losing enteropathy
b. Immediately after hemorrhage, before sufficient interstitial fluid has shifted into the
blood to lower plasma protein concentration
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Plasma loss with concomitant dehydration

(1) Hemorrhage with dehydration

(2) Exudation from large surface areas with dehydration
(3) Protein-losing nephropathy with dehydration

(4) Protein-losing enteropathy with dehydration

48. What are causes of low total protein values?

Low TP concentration, or hypoproteinemia, can be caused by increased plasma protein loss,
decreased plasma protein production, decreased protein absorption, increased protein catabolism,
age, or a combination of these causes. Increased protein metabolism may also contribute in some

cases.

Plasma protein loss can be caused by the following:

a.
b.

Hemorrhage (both albumin and globulin lost in equal proportions)

Severe exudation from large surface areas, such as the pleural and peritoneal cavities,
intestines, and skin

Lymphangiectasia caused by conditions such as congestive heart failure, intestinal
diseases causing protein-losing enteropathies (if enteropathy is caused by inflammatory
disease [e.g., histoplasmosis] and causes the globulin level to increase, the TP concen-
tration may decrease, stay within the reference range, or even be mildly increased
depending on the degree of globulin increase), and idiopathic lymphangiectasia (both
albumin and globulin lost in approximately equal proportions)

Conditions in which albumin is predominantly lost (primarily protein-losing
nephropathy caused by conditions such as renal amyloidosis, glomerulosclerosis, and
glomerulonephritis)

Decreased plasma protein production can be caused by the following:

a.
b.
c.

Hepatoinsufficiency
Severe malnutrition
Combined immunodeficiency

Increased protein catabolism can be caused by the following:

a.
b.

Cachexia of cancer
Severe malnutrition

Age influences TP concentration. Normal TP concentrations of very young or old animals
are lower than those in normal adults.

49. What is the diagnostic value of albumin concentration?
Evaluation of albumin concentration is helpful in the diagnosis of patients with suspected
dehydration, liver disease, renal disease, and gastrointestinal disease and with vague, nondescript

signs.

a.

b.

Elevated albumin concentration almost invariably indicates dehydration (if the patient
has not been transfused with plasma proteins recently).
Normal albumin concentration tends to make certain diseases less likely (e.g., severe pro-
tein losing nephropathy, severe protein losing enteropathy, severe hepatoinsufficiency).
Low albumin concentration can be caused by the following:
(1) Hemorrhage
(2) Severe exudation from large surface areas (e.g., pleural and peritoneal cavities,
intestines, skin)
(3) Lymphangiectasia caused by conditions such as congestive heart failure, intestinal
diseases (inflammatory or neoplastic), and idiopathic lymphangiectasia
(4) Protein-losing nephropathy
(a) Renal amyloidosis
(b) Glomerulosclerosis
(c) Glomerulonephritis
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(5) Decreased albumin production
(a) Hepatic insufficiency
(b) Severe malnutrition
(6) Increased albumin catabolism
(a) Cachexia of cancer and chronic disease
(b) Severe malnutrition

50. What is the diagnostic value of globulin concentration?

Because globulins are so highly varied, many conditions can cause increases or decreases in
one or more components of the globulin fraction. However, change from normal in the total
globulin value generally requires change in plasma immunoglobulin concentration because
immunoglobulins make up the bulk of plasma globulins by weight.

a. Elevated globulin concentration (hyperglobulinemia) indicates immune stimulation or

chronic inflammation with increased immunoglobulin production.

b. Normal globulin concentration tends to make chronic systemic immune stimulation
unlikely because this usually results in an elevated globulin concentration. (Note:
Chronic inflammation that is not systemic (cystitis) does not tend to elevate the globulin
level.)

c. Low globulin concentration (hypoglobulinemia) indicates low immunoglobulin concen-
tration and can be caused by conditions such as hemorrhage, protein-losing gastro-
enteropathy, immunosuppression, immunodeficiency syndromes, and severe
malnutrition.

51. What are methods for determining immunoglobulin G concentration in foals and
calves?

Several methods are available to measure IgG, and marked variation in results may occur
between methods. Therefore, one must follow the interpretive guidelines for the specific method
used. Methods for determining IgG in foals and calves include the following:

Serum protein electrophoresis

Single radial immunodiffusion assay (SRID): foals, calves
Glutaraldehyde coagulation test: foals, calves

Latex agglutination test (Foalcheck): foals

Zinc sulfate turbidity test: foals, calves

Sodium sulfate precipitation test: calves

mo a0 o

52. Should serum, plasma, or whole blood be used for estimating immunoglobulin G
concentration?
Serum should be used to estimate IgG because fibrinogen and other plasma and blood
components may interfere with the assays.

53. Which method for estimating immunoglobulin G concentration in foals and calves is
most accurate?
The most accurate method for estimating IgG in foals and calves is the single radial
immunodiffusion assay.

54. What serum immunoglobulin G concentration indicates sufficient passive transfer in
foals?

Although 400 mg/dl was long considered evidence of sufficient passive transfer in foals,
concentrations of 800 mg/dl or greater are currently considered necessary. IgG concentrations
less than 200 mg/dl are considered evidence of the failure of passive transfer. IgG concentrations
of 200 to 800 mg/dl are considered evidence of partial passive transfer.
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55. What serum immunoglobulin G concentration indicates sufficient passive transfer in

calves?

At this time, no guidelines have been universally agreed on to indicate passive transfer in
calves, although the following two guidelines are provided:

Guideline A

 Greater than 1000 mg/dl is evidence of passive transfer.

* Less than 500 mg/dl is evidence of failure of passive transfer.

Guideline B

* Greater than 1600 mg/dl is evidence of passive transfer.

e From 800 to 1600 mg/dl is evidence of partial passive transfer.

¢ Less than 800 mg/dl indicates failure of passive transfer.

Myeloproliferative Disorders

13. MYELOPROLIFERATIVE DISORDERS

Tarja Juopperi and Heather Leigh DeHeer

1. Define the term leukemia.

The term leukemia literally means “white blood.” This term was initially used to describe
disorders characterized by the abnormal finding of large numbers of leukocytes present in the
peripheral blood. Leukemias are neoplastic disorders that result from the uncontrolled and
excessive proliferation of hematopoietic cells within the bone marrow. As the malignant cells
increase in number, they replace the normal bone marrow and are frequently observed in
abundance in the peripheral blood (“white blood”). Occasionally, leukemic cells may not
circulate in the peripheral blood and remain in the bone marrow (aleukemic leukemias), or rarely,
low numbers of leukemic cells may be seen (subleukemic leukemias). With these disorders the
blood would not appear “white,” although leukemia is present. In addition to finding leukemic
cells circulating in the peripheral blood, the cells may infiltrate other organs (e.g., spleen, liver).

2. What are myeloproliferative disorders?

The term myeloproliferative disorder encompasses an assortment of diseases, including
acute myeloid leukemias, chronic myeloproliferative disorders, and myelodysplastic syndromes.
This category of neoplastic disorders is used to describe a group of clonal malignancies arising
from neoplastic myeloid cells (all hematopoietic cells other than lymphocytes) that originate in
the bone marrow.

3. How are myeloproliferative disorders classified?

Myeloproliferative disorders can initially be classified as acute or chronic based on
the degree of differentiation and maturity of the neoplastic cells. In acute myeloproliferative
disorders, the neoplastic cells are immature and they do not progress beyond the “blast” stage
(myeloid precursors). In contrast, chronic myeloproliferative disorders are characterized
primarily by the proliferation of excessive numbers of mature and well-differentiated hemato-
poietic cells. In addition, this terminology was previously used to reflect the biologic behavior of
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the neoplasm and the life expectancy of the patient; with acute disorders having a rapid onset and
a poor prognosis and chronic disorders exhibiting a prolonged and progressive clinical course.

Myeloproliferative disorders can be further classified based on the cell type as erythroid,
granulocytic, monocytic, megakaryocytic, or a combination of these.

4. How common are myeloproliferative disorders?

Myeloid leukemias are uncommon in veterinary medicine and are seen less frequently than
lymphoproliferative diseases. Although documented in several domestic species, myeloprolif-
erative disorders are observed more often in the dog and cat (approximately 5% and 10%-15% of
hematopoietic neoplasms, respectively).

5. Briefly discuss the etiology of myeloproliferative disorders.

The etiology of spontaneously occurring myeloproliferative disorders has not yet been
determined for the majority of species in which these diseases have been documented (including
dogs). Cats are an exception, as feline leukemia virus (FeLV) and feline immunodeficiency virus
(FIV) are frequently associated with myeloproliferative disorders in this species.

6. What tests are used to diagnose a myeloproliferative disorder?

Myeloproliferative disorders result in the production of excessive numbers of abnormal
hematopoietic cells that interfere with normal hematopoiesis. The clinical signs and laboratory
findings exhibited by a patient with a myeloproliferative disorder will reflect the hematopoietic
cell lines that have been affected as a result of impaired or disturbed hematopoiesis. The results
of diagnostic tests will also vary depending on the type of myeloproliferative disorder (acute
leukemia, chronic leukemia, or myelodysplastic syndrome). Box 13-1 lists tests that may be used
to diagnose a myeloproliferative disorder (in conjunction with a complete history and physical
examination).

Box 13-1 Diagnostic Tests for Myeloproliferative Disorders

Complete blood count (cell counts and microscopic evaluation) + cytochemical stains
Bone marrow aspirate and cytological evaluation + cytochemical stains

Bone marrow core biopsy + histochemical stains

Flow cytometry and immunophenotyping (blood or bone marrow specimen)

Feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV) testing*

*Cats suspected of having a myeloproliferative disorder should be tested.

7. Can special techniques be used in the identification and classification of myelo-
proliferative disorders?

Numerous specialized techniques can be used to evaluate myeloproliferative disorders,
including the use of cytochemical stains, immunophenotyping (by flow cytometry or immuno-
histochemical staining), cytogenetics, and molecular analyses. These techniques can be employed
to provide supplemental information that may enable further classification of the neoplasm.
Definitive classification may be critical to patient management because the prognosis and
treatment of the disorders may differ.

Cytochemical Stains

Because it can be difficult to determine cell lineage definitively based solely on morphology,
several cytochemical stains are available to aid in the classification of myeloid leukemias. Table
13-1 lists cytochemical stains that may be used to help identify various cell types.
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Table 13-1 Cytochemical Stains Used to Identify Cells of Myeloid Lineage

CELL TYPE CYTOCHEMICAL STAIN
Granulocytes Myeloperoxidase
Sudan black B

Chloroacetate esterase
Leukocyte alkaline phosphatase®

Monocytes Nonspecific esterase
Myelomonocytic Myeloperoxidase
Sudan black B

Chloroacetate esterase

Nonspecific esterase
Megakaryocytic Nonspecific esterase

Acetylcholinesterase

*Normally absent in canine and feline neutrophils.

Immunophenotyping

Flow cytometric immunophenotyping is an additional diagnostic test that can assist in
identifying cell lineage. Cells are differentiated based on the expression of surface antigens. In
veterinary medicine, flow cytometry is more useful in the diagnosis of lymphoid neoplasms
because a number of antibodies are available for the identification of various subtypes of lympho-
cytes. However, a few antibodies also are available to aid in the diagnosis of monocytic myeloid
disorders. CD14 surface antigen expression is currently used to identify cells of monocytic origin.

Cytogenetics and Molecular Analyses
These supplementary techniques are used primarily in human medicine; limited veterinary
studies have been performed.

14. ACUTE MYELOID LEUKEMIAS

Tarja Juopperi and Heather Leigh DeHeer

1. What are acute myeloid leukemias?

Acute myeloid leukemias (AMLs) are disorders that result from the uninhibited proliferation
of a clone of malignant myeloid cells. The neoplastic cell is derived from a hematopoietic stem
cell that has the ability to produce cells of the myeloid lineage (erythroid, granulocytic,
monocytic, and megakaryocytic). Because lymphocytes are not usually involved in these
disorders, AML has also been referred to as acute nonlymphocytic leukemia (ANLL). AMLs are
characterized by increased numbers of immature myeloid cells (blasts) in the bone marrow and
frequently in the peripheral blood. As the blast cells accumulate within the bone marrow, they
replace the normal cellular constituents and often result in peripheral cytopenias (severe anemia,
thrombocytopenia).
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2. List the clinical signs and physical examination findings that can be seen with AML.

What are the related hematologic/cytologic findings?

Animals with AML typically present with a history of nonspecific illness, such as anorexia,
weight loss, vomiting, or diarrhea of short duration (days to weeks). Specific clinical signs and
physical examination findings may also be seen as a consequence of bone marrow infiltration by
leukemic cells (resulting in cytopenias). Abnormal findings may be directly attributable to the
hematopoietic cell line that is affected. Table 14-1 lists the clinical signs and physical examina-
tion findings frequently seen with animals that have AML and the associated hematologic or
cytologic findings.

Table 14-1 Clinical Signs and Physical Examination Findings Attributable to AML

CLINICAL SIGNS/ HEMATOLOGIC/ PATHOPHYSIOLOGY/

PHYSICAL EXAMINATION  CYTOLOGIC POSSIBLE CAUSE

Pallor Anemia Myelophthisis (decreased production)
Lethargy Immune-mediated destruction
Weakness (secondary to neoplasia)

Icterus* Maturation arrest of precursors

Hemorrhage (if thrombocytopenia
also present)

Persistent/recurrent fever Neutropenia Myelophthisis
Infections Functional defects in neutrophils
Epistaxis Thrombocytopenia Disseminated intravascular
Petechiae/ecchymoses coagulation
Hemorrhage Splenic sequestration
Lameness, hemarthrosis Myelophthisis

Platelet dysfunction
Splenomegaly Increased numbers of  Infiltration by leukemic cells
Hepatomegaly blasts (cytology)

Lymphadenopathy (mild)
Bone pain (lameness)
Icterus’

*As a result of hemolysis.
As a result of hepatic infiltration.

3. What are the potential peripheral blood findings in an animal with AML?

The hematologic features of AML are diverse, and animals may exhibit a wide range of
peripheral blood findings. Hematologic abnormalities vary depending on the subtype of AML
present, but cytopenias (anemia and thrombocytopenia) are the most frequent findings. Total
leukocyte and blast cell counts are unpredictable, ranging from decreased to within normal range
to greatly elevated (leukocytosis is more common). Table 14-2 lists potential peripheral blood
findings in an animal with AML.

4. How is AML diagnosed?

The initial test needed to diagnose AML is a complete blood count (CBC) in conjunction
with morphologic examination of a blood smear. A tentative diagnosis of AML can be made if
large numbers of myeloblasts are noted in the circulation. Cytochemistry or flow cytometry is
usually necessary for confirmation. Occasionally, low numbers or rare circulating leukemic cells
are observed in the peripheral blood, necessitating bone marrow examination for a definitive
diagnosis (also needed for subtyping).
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Table 14-2 Possible Peripheral Blood Findings in Animal with AML

CELL TYPE PERIPHERAL BLOOD FINDINGS

Erythrocytes Anemia* (severe, nonregenerative)
Dyserythropoiesis (megaloblastic rubricytes, macrocytosis)
Normoblastemia (circulating nucleated red blood cells)
Leukocytes Leukocytosis* (marked)
Leukopenia (neutropenia)
Dysgranulopoiesis (giant forms, hypersegmentation)
Monocytosis
Circulating blasts* (variable numbers)
Platelets Thrombocytopenia*
Thrombocytosis (rare)
Abnormal platelets (giant, vacuolated, or containing large granules)
Circulating megakaryocytes (micromegakaryocytes)

*Most frequent findings.

On bone marrow examination, the key finding needed to diagnose AML is a 30%* or greater
presence of blasts (myeloblasts, erythroblasts, monoblasts, or megakaryoblasts) in the bone
marrow. This can be accomplished by cytologic examination of the bone marrow, consisting of
performing a differential count (minimum 200 nucleated cells) and determining the percentage
of nonlymphoid blasts in the bone marrow. AML must be distinguished from lymphoid
neoplasms because the prognosis varies considerably. Morphologic examination may allow for
identification of the leukemic cells as myeloid. However, additional diagnostic tests (e.g.,
cytochemical stains, immunophenotyping) may be necessary to determine cell lineage
definitively.

Once AML is diagnosed, the neoplasm is typically classified into a particular subtype. The
classification is based on the degree of differentiation of the neoplastic cells, predominant cell
lineage involved, and number of blast cells present.

5. Is histologic examination of the bone marrow necessary for a diagnosis of AML?

Examination of a blood smear and bone marrow cytology are frequently the only diagnostic
tests that are required to diagnose AML. Histopathologic examination may be essential if
cytologic examination is not possible or is nondiagnostic (dry tap, hypocellular specimen). The
biopsy may also provide additional information regarding the overall cellularity, presence of
myelofibrosis, and infiltration pattern of the tumor. A core biopsy is less useful for examination
of cellular morphology, since it is difficult to appreciate the fine cellular detail readily observed
by cytology.

6. List the various types of AML. How are these types classified?

The current system used to classify AML in animals was derived from the French-
American-British (FAB) classification system used in human medicine. This system helped to
standardize the classification of myeloproliferative disorders. According to this classification
scheme, various subtypes of AML exist in animals. These subtypes are defined primarily by
cellular morphology (noting degree of differentiation) and the cell lineage. The specifics regard-
ing the morphologic identification of myeloid hematopoietic precursors and the classification of
AML are beyond the scope of this chapter; interested readers are referred to articles pertaining to

*Note: In human medicine the blast percentage to diagnose AML has been reduced to 20% by the World Health
Organization. Several veterinary pathologists have suggested the use of a similar cutoff point.
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Table 14-3  Veterinary Classification of Acute Myeloid Leukemias

SUBTYPE FAB* CELL ORIGIN

Acute undifferentiated leukemia AUL  Undifferentiated/unidentifiable
Myeloblastic leukemia without maturation ~ M1 Minimal granulocytic differentiation
Myeloblastic leukemia with maturation M2 Granulocytic

Promyelocytic leukemia M3 Promyelocytes (granulocytic)
Acute myelomonocytic leukemia M4 Granuolcytic and monocytic
Monoblastic leukemia M5a Monocytic

Monocytic leukemia M5b Monocytic

Erythroleukemia M6 Erythroid and granulocytic
Erythremic myelosis M6-Er Erythroid

Megakaryoblastic leukemia M7 Megakaryocytic

*French-American-British classification.

Table 14-4 Frequency of AML in Certain Domestic Species

SPECIES SUBTYPE

Cat M1 and M2 (myeloblastic): most common
M6 and M6Er (erythroid): second most common (reported primarily in cats)

M7 (megakaryocytic): rare

Dog M1 and M2 (myeloblastic): most frequent
M5a and M5b (monocytic): second most common

M6 and M6-Er (erythroid): rare

MT7: rare
Horse

M4 (myelomonocytic): most frequently reported

AML. Table 14-3 lists the subtypes of AML according to the FAB classification system, as well

as the cell of origin.

7. Which of the AML subtypes occur more frequently?
AMLs are rare in domestic species. Although most of the subtypes have been documented
in animals, certain subtypes are reported more often than others. Table 14-4 lists the most
frequent subtypes of AML reported in the cat, dog, and horse.

8. What differential diagnoses should be considered before making a diagnosis of AML?
a. Lymphoma and acute lymphoblastic leukemia. It is important to rule out an acute
lymphoblastic leukemia or the hematogeneous phase of lymphoma before diagnosing
AML (as the response to treatment and prognosis differ). When morphologic examina-
tion of the cells is not definitive, additional tests (e.g., cytochemical stains, immuno-
phenotyping, histopathology, electron microscopy) can be used to determine cell lineage.

b. Hyperplastic responses. A defining characteristic of AML is the excessive numbers
of blasts present in the bone marrow. However, other conditions may have a similar
appearance and must be ruled out before diagnosing AML. Increased numbers of imma-
ture cells may be seen in association with diseases that cause a hyperplastic response
(e.g., immune-mediated disorders). Additionally, a bone marrow that is attempting

to recover from an insult (e.g., panleukopenia/parvovirus infection, chemotherapy
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treatment) that has greatly disrupted hematopoiesis may appear similar (as the marrow
attempts to regenerate, increased numbers of blasts are seen). History and physical
examination findings aid in differentiating these causes. Monitoring the peripheral
blood and bone marrow can provide evidence that the findings are compatible with
regeneration and recovery of the bone marrow.

c. Other myeloproliferative disorders. Myelodysplastic syndromes and chronic myelo-
proliferative disorders can transition into AML. Specific criteria have been established to
aid in differentiating these disorders (see previous questions).

9. What is the prognosis and current treatment for AML?

Currently, the prognosis for all subtypes of AML in animals is poor. Animals typically have
a short survival time, seldom more than 3 months. The mainstay of AML treatment is the use of
cytoreductive chemotherapeutics. Because the cytotoxic drugs currently available fail to induce
or maintain remission, treatment of AML has been disappointing. These disorders are not
as responsive to chemotherapy as lymphoid tumors. Furthermore, chemotherapeutic agents
frequently cause substantial suppression of hematopoiesis (potentially resulting in significant
cytopenias), necessitating supportive care.

15. CHRONIC MYELOPROLIFERATIVE
DISORDERS

Tarja Juopperi and Heather Leigh DeHeer

1. What are chronic myeloproliferative disorders?

Chronic myeloproliferative disorders (CMPDs) are clonal bone marrow disorders that result
in the production of excessive numbers of mature, morphologically unremarkable, hematopoietic
cells of the myeloid lineage (erythrocytes, granulocytes, and platelets). These neoplastic
conditions arise from the proliferation of an abnormal hematopoietic stem cell that retains its
ability to differentiate and mature. Although the term encompasses a variety of diseases and each
disorder is unique, there is considerable overlap of clinical and laboratory features among the
CMPDs. In contrast to acute leukemias, CMPDs tend to have a protracted clinical course.

2. Identify the diseases classified as CMPDs and the primary cell line affected.

The CMPDs are classified primarily based on the hematopoietic cell line that predominates.
However, it is important to recognize that all the myeloid lineages (granulocytic, megakaryocytic,
erythroid) may be involved in each of the diseases. In addition, the presence or absence of
marrow fibrosis is an important diagnostic criterion for classification of CMPDs. Table 15-1 lists
the CMPDs and the predominant hematopoietic cell lines affected.

Note: Traditionally this category encompassed the following four disorders: polycythemia
vera, essential thrombocythemia, idiopathic myelofibrosis, and chronic myelogenous leukemia.

3. What clinical or laboratory features do the CMPDs have in common?
The similarities among the CMPDs are the result of a marked proliferation of leukemic cells.
Table 15-2 lists common features of CMPDs provided by physical examination, peripheral blood,
and bone marrow findings.
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CMPDs. In contrast to acute leukemias, CMPDs tend to have a protracted clinical course.

2. Identify the diseases classified as CMPDs and the primary cell line affected.

The CMPDs are classified primarily based on the hematopoietic cell line that predominates.
However, it is important to recognize that all the myeloid lineages (granulocytic, megakaryocytic,
erythroid) may be involved in each of the diseases. In addition, the presence or absence of
marrow fibrosis is an important diagnostic criterion for classification of CMPDs. Table 15-1 lists
the CMPDs and the predominant hematopoietic cell lines affected.

Note: Traditionally this category encompassed the following four disorders: polycythemia
vera, essential thrombocythemia, idiopathic myelofibrosis, and chronic myelogenous leukemia.

3. What clinical or laboratory features do the CMPDs have in common?
The similarities among the CMPDs are the result of a marked proliferation of leukemic cells.
Table 15-2 lists common features of CMPDs provided by physical examination, peripheral blood,
and bone marrow findings.
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Table 15-1 Classification of Chronic Myeloproliferative Disorders

DISORDER PREDOMINANT CELL LINE

Polycythemia vera* Erythroid (erythrocytes)

Essential thrombocythemia* Megakaryocytic (platelets)

Chronic idiopathic myelofibrosis* Megakaryocytic and myeloid (platelets and
granulocytes)

Chronic Myeloid Leukemias

Chronic myelogenous leukemia* Myeloid (granulocytes)
Chronic neutrophilic leukemia* Neutrophils

Chronic eosinophilic leukemia* Eosinophils

Chronic basophilic leukemia Basophils

Chronic monocytic leukemia Monocytes

Chronic myelomonocytic leukemia Granulocytes and monocytes
Mast cell leukemia Mast cells

*Recognized as CMPDs by the World Health Organization classification system.

Table 15-2 Common Features of Chronic Myeloproliferative Disorders

DIAGNOSTIC PATHOPHYSIOLOGY/

TEST FINDING POSSIBLE CAUSE

Physical Organomegaly (splenomegaly,  Infiltration and proliferation of
examination hepatomegaly) leukemic cells resulting in organ

enlargement

Peripheral blood High cell counts* (leukocytosis, Effective hematopoiesis resulting in

examination polycythemia, large numbers of mature cells
thrombocytosis) being released into peripheral blood

Bone marrow Hypercellular marrow* Proliferation of neoplastic

examination Orderly maturation hematopoietic cells

*Most often seen. However, bone marrow failure (ineffective hematopoiesis) may be observed in the late stages of
CMPDs.

4. Can CMPDs transform into acute leukemias?
All the CMPDs have the potential to progress into acute myeloid leukemias. In veterinary
medicine, little is known about the transformation rate of each disorder.

5. What tests are used to diagnose CMPDs?

The diagnosis of a CMPD is challenging. Critical diagnostic tests include complete blood
count (CBC) and peripheral blood smear examination, bone marrow aspirate cytology, and bone
marrow core biopsy with histopathology. In human medicine, genetic testing such as cytogenetics
and molecular analyses are important criteria in the diagnostic workup. To diagnose a CMPD,
it is essential to correlate the history and physical examination findings with the results of
laboratory testing. Although diagnostic criteria exist for each disorder, a major component of the
diagnostic workup is the exclusion of reactive processes.

6. What is polycythemia vera?
The term polycythemia or erythrocytosis is used to describe an abnormally elevated red
blood cell (RBC) mass, as measured by hemoglobin or hematocrit. Polycythemia vera (PV) is a
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neoplastic hematopoietic stem cell disorder typified by excessive erythropoiesis. The neoplastic
clone proliferates uncontrollably and independent of the mechanisms that regulate RBC
production, resulting in increased numbers of mature RBCs in circulation. Although the erythroid
cell line is predominantly affected, other hematopoietic cells of myeloid origin may also be
involved. PV has been documented primarily in the dog and the cat.

7. List the major history and clinical findings associated with polycythemia vera.

The history and clinical findings in an animal with PV are related to the marked increase in
RBC mass that accompanies this disease. The excessive proliferation of mature erythrocytes
often increases blood viscosity, causing reduced blood flow within vessels and suboptimal
delivery of oxygen to tissues (tissue hypoxia). Box 15-1 lists clinical findings associated with PV.

Box 15-1 History and Clinical Findings Associated with Polycythemia Vera
Hyperemic mucous membranes Increased bleeding tendencies
Dilated retinal vessels Hematemesis
Splenomegaly (mild) Hematochezia
Neurologic manifestations Nonspecific findings

Behavior changes Anorexia

Ataxia Lethargy

Blindness Polyuria, polydipsia
Seizures

8. List the major peripheral blood and bone marrow findings associated with
polycythemia vera.
Table 15-3 lists peripheral blood and bone marrow findings associated with PV.

9. How is polycythemia vera diagnosed?
A diagnosis of PV requires documentation of an absolute increase in RBC mass and exclu-
sion of other causes of polycythemia. To diagnose an absolute polycythemia, the possibility of a
relative polycythemia should initially be eliminated. A relative increase in RBC mass may result

Table 15-3 Peripheral Blood and Bone Marrow Findings Associated
with Polycythemia Vera

SITE MAJOR FINDINGS

Peripheral blood Elevated red cell mass (typical range 65%-81%)
Morphologically unremarkable erythrocytes
Red cell indices can vary (normocytic normochromic to microcytic
hypochromic)
Neutrophilia* (mild)
Thrombocytosis*
Bone marrow Myeloid:erythroid ratio <1
Marked erythroid hyperplasia with orderly maturation
Granulocytic and megakaryocytic hyperplasia
Fibrosis possible

*Not typical in animals (seen in humans with PV).
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from decreased plasma volume caused by dehydration. Splenic contraction (caused by catechol-
amine release) can also increase RBC mass by releasing mature erythrocytes into circulation,
resulting in an increased RBC count. With both these situations (hemoconcentration or redis-
tribution), the true or total body RBC mass is not increased; these are transient conditions.

Once an absolute polycythemia is confirmed, the elevation in RBC mass should be classified
as primary or secondary based on erythropoietin production and concentration. Erythropoietin is
a glycoprotein produced by the renal interstitial cells that stimulates erythrocyte production. With
primary polycythemia (PV) the neoplastic cells proliferate independently of normal regulatory
mechanisms (autonomous of erythropoietin levels), and animals with PV tend to have normal to
low erythropoietin levels.

Secondary polycythemia arises from increased secretion of erythropoietin. This category can
be further divided into appropriate or inappropriate with respect to tissue oxygenation. Increased
serum erythropoietin levels and the resultant polycythemia are appropriate in situations when
tissue hypoxia is present. Inappropriate increases in erythropoietin also occur, regardless of tissue
oxygenation status (independent of tissue hypoxia). The increase in serum erythropoietin and
RBC mass that occurs with inappropriate polycythemia is unwarranted and unnecessary.

Table 15-4 lists conditions associated with relative, primary, and secondary appropriate and
inappropriate polycythemia.

Table 15-4 Conditions Associated with Polycythemia and Diagnostic Tests

TYPE CAUSE DIAGNOSTIC TESTS
Relative Dehydration Physical examination: assess hydration
Splenic contraction status
(epinephrine) Confirm elevation (repeat PCV)
Fluid therapy (rehydrate)
Absolute: Myeloproliferative Minimum database*
Primary disorder Bone marrow evaluation
(polycythemia vera) Erythropoietin levels
Endogenous erythroid colony formation
(in vitro)
Rule out other causes
Absolute: High altitude Minimum database*
Secondary Methemoglobinemia Cardiac evaluation
(appropriate) Pulmonary disease Arterial blood gas analysis

Cardiac disease: right-left Erythropoietin levels
cardiovascular shunting

Absolute: Renal lesions: neoplasia Minimum database*
Secondary (benign or malignant), Abdominal ultrasound/radiographs
(inappropriate) cysts, hydronephrosis Erythropoietin levels

Other tumors: uterine
myoma, hepatoma

PCV, Packed cell volume.
*Complete blood count (CBC), chemistry panel, and urinalysis.

10. What is the current treatment for polycythemia vera?

Current therapy for PV centers on decreasing the RBC mass to reduce the risk of hyper-
viscosity and the associated complications of thrombosis and hemorrhage. Phlebotomy is a
noninvasive method to lower the number of circulating erythrocytes. Although this procedure
results in a temporary reduction in erythrocyte numbers, it can be difficult to control or manage
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a patient with PV using only this method. Myelosuppressive therapy (e.g., hydroxyurea) can be
used if excessive phlebotomy is required.

11. What is essential thrombocythemia?

Essential thrombocythemia (ET) is a hematopoietic stem cell disorder that results in the
clonal expansion of cells of the megakaryocytic lineage. In ET, numerous platelets are detected
in the peripheral blood (marked thrombocytosis) because of the continual proliferation of mature,
well-differentiated megakaryocytes. ET is a rare myeloproliferative disorder, although it has been
reported in the dog and cat.

12. List the major history and clinical findings associated with essential thrombo-
cythemia?

As there are few documented clinical cases of ET in animals, Box 15-2 lists history and
clinical findings associated with ET in humans. Patients may be asymptomatic or exhibit clinical
signs related to the marked increase in platelets that accompanies ET (signs of hemorrhage or
thrombosis).

Box 15-2 History and Clinical Findings Associated with Essential
Thrombocythemia (Humans)

Nonspecific findings*
Inappetence

Lethargy

Weight loss

Signs related to disorders of primary hemostasis (platelet-type bleeding)
Petechiae, ecchymoses
Bleeding from mucosal surfaces
Signs related to thrombosis
Dyspnea (pulmonary)

Arterial or venous thrombosis
May also be asymptomatic

*Most consistent findings in animals with essential thrombocythemia.

13. List the major peripheral blood and bone marrow findings associated with essential
thrombocythemia.
Table 15-5 lists peripheral blood and bone marrow findings associated with ET.

14. How is essential thrombocythemia diagnosed?

A diagnosis of ET is made by exclusion of all other possible causes of a severe thrombo-
cytosis (e.g., reactive thrombocytosis, other neoplastic conditions). No single pathognomonic
laboratory finding differentiates ET from other disorders. Documentation of a persistent and
greatly elevated platelet count should be followed by diagnostic tests that help to exclude disease
processes that can appear similar to ET. Common causes of an extreme thrombocytosis (e.g.,
inflammatory disease, iron deficiency) should be considered before a rare disorder such as ET is
diagnosed. Box 15-3 lists differential diagnoses for ET.

In human medicine, exclusion of secondary causes of an extreme thrombocytosis is also
critical to the diagnosis of ET. The Polycythemia Vera Study Group (PVSG) has established crite-
ria to aid in the diagnosis of ET (Box 15-4). Similar criteria may be used in veterinary patients
to help rule out reactive processes.
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Table 15-5 Peripheral Blood and Bone Marrow Findings Associated
with Essential Thrombocythemia

SITE MAIJOR FINDINGS

Peripheral blood Persistent and marked thrombocytosis* (1-5 million)
Variable platelet size (anisocytosis)
Elevated platelet distribution width (PDW)
Bizarre platelet shapes, agranular cytoplasm
Megakaryocyte fragments
White cell count: normal to slightly elevated
Normal red cell mass or anemia (if bleeding)

Bone marrow Normocellular to moderately hypercellular
Normal myeloid:erythroid ratio
Marked megakaryocytic hyperplasia* (usually normal morphology)
Megakaryoblasts less than 30% of population
Myelofibrosis (not typical)

*Key findings.

Box 15-3 Differential Diagnosis of Essential Thrombocythemia
Causes of Thrombocytosis
Physiologic thrombocytosis Acute/chronic inflammatory disorders
Exercise, epinephrine Drug. the.rapy
Reactive thrombocytosis* Vincristine
Neoplasia Corticosteroids
Iron deficiency Other chronic myeloproliferative disorders
Postsplenectomy Polycythemia vera
Chronic hemorrhage Idiopathic myelofibrosis
Chronic infectious disease Chronic myelogeneops leukemia
Rebound from thrombocytopenia Megakaryocytic leukemia

*Common causes of a persistent thrombocytosis.

15. What is the current treatment for essential thrombocythemia?

The paucity of reported cases of ET precludes definitive information regarding the prognosis
and treatment of the disease in animals. In humans, ET is an indolent disorder, and patients
frequently have a good prognosis (long-term survival). Treatment is considered for patients
suspected of having an increased risk of hemorrhagic or thromboembolic complications (marked
thrombocytosis). Protocols may include cytoreductive therapy (hydroxurea) to control cell counts
or antiaggregant agents (aspirin).

16. What is chronic idiopathic myelofibrosis?

Chronic idiopathic myelofibrosis (CIM), also known as “agnogenic myeloid metaplasia” and
“myelosclerosis with myeloid metaplasia,” is a condition resulting from the clonal proliferation
of hematopoietic cells (primarily megakaryocytes and granulocytes), which is accompanied by
myelofibrosis (deposition of excess collagen/reticulin in the bone marrow). Myelofibrosis results
from the proliferation of fibroblasts due to cytokine stimulation (a reactive process) rather than
from the propagation of neoplastic mesenchymal cells. Extramedullary hematopoiesis (EMH),
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Box 15-4 PVSG Criteria for Diagnosis of Essential Thrombocythemia (Humans)

Platelet count >600,000 cells/ul

Normal red cell mass (normal hemoglobin)

Normal serum iron concentration, presence of stainable iron (bone marrow)
Absence of Philadelphia chromosome*

No evidence of bone marrow fibrosis

No known cause for reactive thrombocytosis

PVSG, Polycythemia Vera Study Group.
*Has not been detected in animals.

the production of hematopoietic cells at a site other than the bone marrow, is a characteristic
feature of CIM. Neoplastic hematopoietic cells leave the bone marrow and lodge in other
locations (typically the liver and spleen) and proliferate, causing enlargement of affected organs.
CIM has been induced experimentally in animals; reports of naturally occurring disease are rare.
The majority of cases of myelofibrosis occur secondary to disease processes such as bone marrow
necrosis, irradiation, hemolytic anemias, or other neoplasias (leukemia/lymphoma).

17. Describe the major peripheral blood and bone marrow findings associated with
chronic idiopathic myelofibrosis.

The morphologic findings in CIM vary depending on the degree of bone marrow fibrosis
present (hypercellular vs. hypocellular marrow). Cytopenias and ineffective hematopoiesis result
from increased deposition of collagen within the bone marrow replacing the normal cellular
elements. Because CIM is uncommon in animals, Table 15-6 lists characteristic peripheral blood
and bone marrow findings in humans with CIM.

Table 15-6 Peripheral Blood and Bone Marrow Findings Associated with Chronic
Idiopathic Myelofibrosis (Humans, Fibrotic Stage)

SITE MAIJOR FINDINGS

Peripheral blood Leukoerythroblastosis (immature granuolcytes and nucleated red
blood cells)
Dacrocytes (teardrop-shaped erythrocytes)
Anemia
Leukopenia or leukocytosis
Dysgranulopoiesis
Bizarre platelet shapes
Bone marrow Variable fibrosis
Decreased cellularity (can also be normocellular or hypercellular)
Dysplastic megakaryocytes
Megakaryocytic hyperplasia
Osteosclerosis

18. How is chronic idiopathic myelofibrosis diagnosed?

The diagnosis of CIM requires documentation of the characteristic features of the disorder
and the exclusion of all other causes of myelofibrosis. EMH may be initially suspected based on
physical examination findings such as splenomegaly or hepatomegaly. Confirmation of EMH is
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made by cytologic or histologic examination of the organ. Peripheral blood and bone marrow
examinations (cytology and histopathology) are necessary for the diagnosis of CIM. Peripheral
blood findings such as leukoerythroblastosis and the presence of dacrocytes support CIM. Bone
marrow evaluation is mandatory to document fibrosis. It is important to note that laboratory
findings will vary depending on stage of disease. To diagnose CIM, it is crucial to rule out other
potential causes of myelofibrosis, such as malignant diseases (e.g., leukemias, metastatic
carcinomas), other CMPDs (e.g., PV, ET, CML), immune-mediated disease, and radiation
therapy. In human medicine, chromosomal analysis is also performed, although a specific genetic
abnormality has not been identified.

19. What is chronic myelogenous leukemia?

Chronic myelogenous leukemia (CML) is a neoplastic clonal disorder arising from a
hematopoietic stem cell. Although all the cells of the myeloid lineage can be affected, CML is
characterized by the marked proliferation of granulocytic cells. The severe leukocytosis detected
with this disorder consists primarily of neutrophils and their precursors, although increases in
eosinophils and basophils may also be seen. CML often has an indolent clinical course, but it can
terminate in an acute blast crisis. CML is a rare disorder that has been documented in the dog.

20. What are the major history and clinical findings associated with chronic myelogenous
leukemia?
Animals with CML present for nonspecific signs, such as anorexia, lethargy, or weight loss.
Occasionally, animals may be asymptomatic, and evidence for CML is found on routine
laboratory testing. Splenomegaly and hepatomegaly have also been reported.

21. List the major peripheral blood and bone marrow findings associated with chronic
myelogenous leukemia.
Table 15-7 lists peripheral blood and bone marrow findings associated with CML.

Table 15-7 Peripheral Blood and Bone Marrow Findings Associated with Chronic
Myelogenous Leukemia

SITE MAJOR FINDINGS

Peripheral blood Marked leukocytosis (usually >100,000 cells/pLl)
Neutrophilia with left shift
Myeloblasts (may be present in circulation in low numbers)
Eosinophilia
Basophilia
Mild-moderate anemia
Thrombocytopenia

Bone marrow Myeloid:erythroid ratio >1 (increased)
Hypercellular bone marrow
Myeloid hyperplasia
Orderly maturation (mature cells predominant)

22. How is chronic myelogenous leukemia diagnosed?

In human medicine the diagnosis of CML is based on the detection of the Philadelphia
chromosome. The chromosomal defect in CML is a reciprocal translocation between
chromosomes 9 and 22, resulting in the creation of the fusion protein BCR-ABL. This protein
can transform hematopoietic cells in such a manner that their growth and survival are independent
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of cytokines (protects cells from apoptosis). The Philadelphia chromosome has not yet been
identified in animals, so the diagnosis of CML relies heavily on the exclusion or elimination of
other diseases that can stimulate a marked leukocytosis (e.g., inflammation, immune-mediated
disease).

23. What differential diagnoses should be considered before making a diagnosis of chronic
myelogenous leukemia?

The major differential diagnoses that need to be considered before making a diagnosis of
CML are any conditions that can incite a marked leukocytosis. It is important to rule out the
following processes:

a. Inflammation (e.g., pyometra, pyothorax)

b. Immune-mediated diseases (e.g., hemolytic anemia)

c. Infectious diseases (e.g., Hepatozoon canis) or other tumors (paraneoplastic response)

d. Other chronic myeloproliferative disorders

24. What is the current treatment for chronic myelogenous leukemia?

Chemotherapeutic agents such as hydroxyurea have been used for the treatment of CML in
animals. Survival times in treated dogs are variable, ranging from 41 days to more than 690 days.
Transformation from CML to an acute leukemia has been documented in both untreated and
treated animals.

16. MYELODYSPLASTIC SYNDROMES
Tarja Juopperi and Heather Leigh DeHeer

1. Define the term myelodysplastic syndrome.

The term myelodysplastic syndrome (MDS) refers to a heterogeneous group of hematologic
disorders characterized clinically by ineffective and disorderly hematopoiesis. Despite the name,
myelodysplastic disorders are not “dysplastic” disorders; rather, MD disorders are neoplastic
conditions that result from the clonal expansion of an abnormal hematopoietic stem cell and
manifest as peripheral blood cytopenias and dysplastic changes seen in blood and bone marrow.

2. Briefly discuss the etiology of MDS.

In the human literature, MDS can be divided into two major categories based on the
etiology: primary or secondary. Primary MD syndromes are spontaneously occurring disorders;
the etiology and the initiating cause are unknown. Secondary MD syndromes result from
exposure to ionizing radiation, environmental toxins, and chemotherapy treatment. Secondary
conditions are seen less frequently than primary disorders, and the majority of secondary MDS
cases are therapy related, particularly after treatment with alkylating agents or topoisomerase 11
inhibitors.

Myelodysplastic syndromes are rare in veterinary medicine and have been reported in the
cat (most frequently), dog, and horse (uncommon). In cats, MDS is suspected to be associated
with feline leukemia virus (FeLV) infection because about 80% of cats with MDS are FeLV
positive. Predisposing events or underlying etiologies have not yet been identified in other
species.
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3. Explain the pathogenesis of MDS.

The exact pathogenesis of MDS is unknown. However, the development of MDS is thought
to arise from deoxyribonucleic acid (DNA) damage in a hematopoietic stem cell that induces a
malignant phenotype. The clonal expansion of the malignant pluripotential stem cell can result in
the abnormal production of a variety of myeloid cells, including neutrophils, monocytes, eryth-
rocytes, and platelets. In rare human cases of MDS, lymphoid cells may also be clonally derived.
The proliferation of the abnormal stem cell results in the accumulation of progenitors in the bone
marrow (a hypercellular marrow) with simultaneous peripheral cytopenias. This paradoxical
finding may result from the failure of the stem cells to differentiate or from an increased rate of
apoptosis in the bone marrow (with many hematopoietic cells undergoing programmed cell death
in the marrow, low numbers of mature hematopoietic cells are in the peripheral blood). Defective
maturation, dysplastic changes, and functional abnormalities are also noted in many of the
progeny of the neoplastic hematopoietic stem cells.

4. List possible functional abnormalities detected in patients with MDS.

In human patients, functional abnormalities have been demonstrated in the hematopoietic
cells produced by the abnormal stem cell. Recurrent infections or bleeding tendencies may be
seen as a result of abnormal neutrophil or platelet function, respectively. Similar clinical findings
have been documented in animals with MDS, although further investigation is necessary to
document functional defects. Table 16-1 lists functional abnormalities detected in humans with
MDS.

Table 16-1 Functional Abnormalities Documented in Humans with MDS

CELL TYPE FUNCTIONAL ABNORMALITY

Red cells Enzyme defects, reduced enzyme levels
Cell surface antigen changes
Abnormal iron metabolism
Neutrophils Abnormal adhesion, chemotaxis, and phagocytosis
Reduced microbial killing
Reduced myeloperoxidase activity
Can result in recurrent infections
Platelets Abnormal adhesion and aggregation (dense granule storage pool and
microtubule defect)
Can result in bleeding tendencies

5. Are any chromosomal abnormalities or genetic changes associated with MDS?

In human medicine, clonality has been confirmed using cytogenetic and molecular
techniques. However, the genetic changes responsible for the neoplastic transformation of the
hematopoietic stem cell have not yet been elucidated. Point mutations in Ras genes (a family of
proto-oncogenes) have been found to occur in about 3% to 33% of human patients with MDS.
Chromosomal gains, losses, and translocations have also been described in human patients, with
chromosomes 5, 7, 8, and Y reported most. None of the chromosomal abnormalities is specific
for MDS, but some are highly associated with certain subtypes and have prognostic significance.
For example, MDS patients with deletion of long arm of chromosome 5 have a relatively
favorable prognosis, longer survival time, and a low rate of transformation to acute leukemia. The
use of cytogenetic analysis or molecular techniques as a diagnostic tool has not been thoroughly
investigated for veterinary cases of MDS.
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6. How is MDS diagnosed?

The diagnosis of MDS is based on the history, clinical signs, and morphologic examination
of the peripheral blood and bone marrow. Cytogenetic analysis is an important diagnostic tool in
human medicine. Because MDS encompasses a heterogeneous group of disorders, the presenting
signs and laboratory abnormalities may vary. The key to diagnosis of MDS is the presence
of persistent cytopenias, despite a hypercellular bone marrow (ineffective hematopoiesis), in
conjunction with dysplastic changes in one or more hematopoietic cell lines. It is essential to note
that transient dysplastic changes may be seen in the bone marrow with other conditions, and these
diseases must be excluded before making a diagnosis of MDS.

7. What differential diagnoses should one consider before making a diagnosis of MDS?

Several diseases can be similar in appearance to MDS, and these disorders should be ruled
out before MDS is diagnosed. Dysplastic changes in hematopoietic cells may be seen with
nutritional deficiencies (e.g., vitamin B,,, folate), may be drug induced (e.g., vincristine,
chloramphenicol), may be congenital (e.g., poodle macrocytosis, congenital dyserythropoiesis),
and may result from lead toxicity or immune-mediated hematologic disorders. Dysplastic
changes seen with these disorders are polyclonal (unlike MDS, which is a clonal disorder) and
should be excluded first before making a diagnosis of MDS.

8. What are the major history and clinical findings associated with MDS?

The history, clinical signs, and physical examination findings in an animal with MDS may
be variable. Clinical signs are frequently attributable to the type and severity of the cytopenias
present. Animals may present for nonspecific signs, such as lethargy, anorexia, and weight loss.
Because anemia is frequently present, animals may show evidence of pallor and weakness. Less
often, animals display clinical signs due to thrombocytopenia, such as petechiae or ecchymoses.
Animals with neutropenia may have recurrent bacterial infections. MDS may also be an
incidental finding on routine screening tests.

9. Describe the major peripheral blood findings associated with MDS.

The main peripheral blood findings associated with MDS are a persistent cytopenia or
cytopenias (bicytopenia or pancytopenia are common). Animals are usually anemic (may be
severe), and the anemia is frequently nonregenerative. Thrombocytopenia is a common finding.
Neutropenia may also be seen. Dysplastic changes may be observed in the peripheral blood, and
various cell lines can be affected. Possible dysplastic changes for the erythroid lineage may
include macrocytosis (common finding in cats), poikilocytosis, and normoblastemia (presence of
nucleated red blood cells) without polychromasia. Dysplastic myeloid changes may include
abnormal cell size (gigantism), hypo/hypersegmentation, and hypo/hypergranulation. Platelets
may be seen that are giant, bizarre in shape, or abnormally granulated. In addition, circulating
blast cells may be seen in the peripheral blood, although they do not exceed 5% of blood
leukocytes.

10. Discuss the findings expected on cytologic examination of the bone marrow with MDS.

Cytologic examination of the bone marrow in MDS usually reveals a hypercellular to
normocellular marrow (although a hypocellular marrow may be noted). One of the key findings
with MDS is persistent peripheral cytopenias in the presence of a hyperplastic bone marrow.
An increase in blast cell number is typically seen, but the percentage of blasts does not exceed
30%. The hallmark is the observation of dysplastic changes in one or more cell lines. Maturation
defects are also observed, such as left shifts and asynchrony of maturation.

11. List the possible dysplastic changes and features in the blood or bone marrow with
MDS.
Box 16-1 lists morphologic abnormalities associated with MDS.
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Box 16-1 Morphologic Abnormalities Associated with MDS
Erythroid Lineage Granulocytic Lineage Megakaryocytic Lineage
(Dyserythropoiesis) (Dysgranulopoiesis) (Dysmegakaryopoiesis)
Megaloblastic changes Cell gigantism Micromegakaryocytes
(large amounts of Ring forms of neutrophils = Large mononuclear
cytoplasm, immature Nuclear-cytoplasmic megakaryocytes
nucleus) asynchrony Megakaryocytes with
Nuclear-cytoplasmic Multinucleation multiple small and
asynchrony Nuclear blebs separated nuclei
Multinucleate erythroblasts ~ Hyposegmentation and Giant platelets
Abnormal nuclear shapes abnormal chromatin Agranular, or hypergranular
and fragmentation condensation platelets
Ringed sideroblasts and (Pelger-Huet—like Bizarre-shaped platelets
siderocytes syndrome)
Excess rubriblasts Hypersegmentation
(left shifts) Hypogranulation,
Abnormal red cell abnormal granulation
morphology Increased myeloblasts
(anisocytosis, (left shifts)
poikilocytosis,
macrocytosis)
Normoblastemia
(circulating nucleated
red blood cells)

12. If MDS is suspected, why would a bone marrow core biopsy be performed, and what
information would this procedure provide?

The diagnosis of MDS can be made based on peripheral blood and bone marrow aspirate
examination. However, a bone marrow core biopsy can provide useful information and may
be necessary when aspiration is unsuccessful. Marrow biopsy is the most accurate method of
determining bone marrow cellularity and can demonstrate disruption of the marrow architecture.
Myelofibrosis, the deposition of excess collagen and increased fibroblasts in the bone marrow,
may be seen in patients with MDS and can be detected on examination of a core biopsy. This
procedure is diagnostically useful because dysplastic changes can also be identified, as well as
abnormal localization of immature hematopoietic precursors.

13. How is MDS distinguished from chronic myeloproliferative disorders?

One of the main characteristics that aids in differentiating a chronic myeloproliferative
disorder (CMPD) from MDS is that CMPDs generally result in effective hematopoiesis. Bone
marrow examination of CMPDs usually reveals a hypercellular marrow (as with MDS), but
typically with increased numbers of one or more hematopoietic cell lines in the peripheral blood
(leukocytosis). In contrast, MDS results in ineffective hematopoiesis and peripheral blood
cytopenias. In addition, dysplastic changes in hematopoietic cells are not a frequent finding with
CMPDs (morphology of the cells is typically unremarkable), unlike MDS. Occasionally it can be
difficult to distinguish between these two disorders because they can have similar or overlapping
features if CMPDs transform into a more aggressive disorder that mimics MDS.

14. How is MDS differentiated from acute myeloid leukemia?
The major criterion in differentiating MDS from acute myeloid leukemia (AML) is the
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percentage of blast cells in the bone marrow. MDS patients have less than 30% blasts present in
the marrow, whereas 30% or greater is indicative of an acute leukemia. Recently the World Health
Organization (WHO) reduced the blast percentage from 30% to 20% to diagnose AML in
humans. A number of veterinary pathologists have modified the classification of MDS/AML in
animals to correspond with this change.

15. What is meant by leukemic transformation or progression?

If additional DNA damage occurs in the abnormal hematopoietic stem cell, MDS may
transform or progress into an acute leukemia, most often AML. In humans the transformation rate
(range 10%-60%) depends on the subtype of MDS involved. Lower transformation rates typically
occur with subtypes that have low numbers of blasts present in the bone marrow. Leukemic
transformation has been demonstrated in veterinary patients with MDS, but data are inadequate
to determine the transformation rate accurately.

16. How are myelodysplastic syndromes classified?

Classification systems for MDS have been designed to allow for consistency and uniformity
in reporting. These systems are based on morphologic evaluation of blood and bone marrow.
The French-American-British (FAB) cooperative group developed a classification system that
outlines five subtypes of MDS. FAB differentiates the subtypes on the basis of the percentage of
blast cells in the peripheral blood and bone marrow, percentage of ringed sideroblasts in the bone
marrow, presence of monocytosis in the peripheral blood, and number of cell lines showing
dysplastic changes. The five subtypes are as follows:

(1) Refractory anemia (RA)

(2) Refractory anemia with ringed sideroblasts (RARS)

(3) Refractory anemia with excess blasts (RAEB)

(4) Refractory anemia with excess blasts in transformation (RAEB-t)

(5) Chronic myelomonocytic leukemia (CMML)

Not all patients can be classified in the FAB scheme, and other classification systems have
been created. More recently, WHO has reclassified many of the human malignant hematologic
disorders and has removed CMML from the MDS category and placed it in a new separate group
known as the “myeloproliferative/myelodysplastic diseases.” In veterinary medicine the FAB
classification system has been used to classify MDS and has been modified to better reflect the
disease in animals. The three main subtypes in this system are as follows:

(1) MDS erythroid predominant

(2) MDS refractory cytopenia

(3) MDS excess blasts

Table 16-2 lists the criteria for each subtype.

Table 16-2 Mpyelodysplastic Syndrome Subtypes:
Modified FAB Classification (Veterinary)

MYELOID/ERYTHROID
MDS SUBTYPE BLAST % IN BONE MARROW RATIO

Erythroid predominant <30% of all nucleated cells (ANCs) <1

(MDS-Er)

Refractory cytopenia <6% of ANCs (excluding rubriblasts)  >1
(MDS-RC)

Excess blasts 6%-29% of ANCs (excluding >1
(MDS-EB) rubriblasts)

FAB, French-American-British system.
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17. What is the prognosis for MDS?

MDS carries a poor prognosis; animals typically survive only days to months. However,
prognosis can depend on the MDS subtype and the severity of the cytopenias present, with low
blast cell counts and mild-moderate cytopenias associated with longer survival. In some cases,
MDS can transition into an acute leukemia. In humans, prognosis is based on the percentage of
bone marrow blasts and the number and type of cytogenetic abnormalities. The presence and
severity of cytopenias are also important. An international prognostic scoring system has been
devised in human medicine that considers these factors and provides a prognostic score for an
individual patient that is highly predictive of survival. A similar prognostic scoring system has
not yet been created for veterinary patients.

18. What is the current treatment for MDS?

The treatment of MDS has been disappointing because therapies are not well established.
Supportive therapy is the basis of treatment and, depending on the cytopenias present, typically
consists of blood transfusions as necessary and antibiotics. Additional therapeutics investigated
for the treatment of MDS include hematopoietic growth factors (e.g., erythropoietin, granulocyte
colony-stimulating factor) and differentiating agents (e.g., retinoic acid analogs). It is thought that
differentiating agents will cause terminal differentiation of the abnormal clone, resulting in
maturation of the cell and loss of its ability to proliferate (has been successful in vitro). Chemo-
therapy has also been used, particularly when excessive numbers of blasts are present in bone
marrow and/or peripheral blood.

Lymphoproliferative/Myeloproliferative Disorders
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Section 11

Lymphoproliferative Disorders
Heather Leigh DeHeer and Tarja Juopperi

17. OVERVIEW AND LYMPHOMA/
LYMPHOSARCOMA

1. Which disorders are included in the category of lymphoproliferative diseases?

Lymphoproliferative disorders include any neoplastic expansion of lymphoid cells. Three
broad categories of lymphoproliferative disorders are traditionally recognized: lymphomas,
leukemias, and plasma cell neoplasms, as discussed separately in this chapter and the other two
chapters of this section. In general, lymphoid proliferations arising from neoplastic
transformation of lymphoid cells in the bone marrow are termed leukemias, and those arising
outside marrow tissues are termed lymphomas. Proliferations of plasma cells are conventionally
considered separately from other lymphoid neoplasms and are subdivided similarly according to
site of origin. Plasma cell neoplasms arising in or involving bone marrow are called myelomas
and those arising outside marrow tissues are called plasmacytomas.

Neoplastic transformation can occur at any stage of lymphoid cell maturation, from early
progenitor to fully differentiated, mature cell. Neoplastic proliferations of poorly differentiated
lymphoid cells include acute lymphoblastic leukemia (ALL) and lymphoblastic lymphomas.
Proliferations involving more mature, differentiated lymphoid cells include small cell and
intermediate-sized cell lymphomas and chronic lymphocytic leukemia (CLL).

2. Is there a difference between lymphoma and lymphosarcoma?

A common contraction of the term “malignant lymphoma,” lymphoma is the conventional
human nomenclature for lymphoid neoplasms arising as solid tissue masses in organs outside the
bone marrow.! The term “lymphoma” is a misnomer in that the suffix oma typically denotes a
benign neoplasm. However, a benign form of this lymphoid neoplasm does not occur in either
human or veterinary medicine. For this reason, the “malignant” portion of malignant lymphoma
is understood, and the abbreviated lymphoma is often used alone. Lymphosarcoma is a term used
in veterinary literature to denote malignant lymphoma. Therefore the terms lymphoma, malignant
lymphoma, and lymphosarcoma are synonymous. Because of its acceptance within human
literature, the term lymphoma is be used throughout this text.

3. What is the incidence rate of lymphoma in different veterinary species?

Lymphoma is by far the most common hematopoietic tumor in the dog, accounting for
80% to 90% of these tumors® and approximately 5% to 7% (up to 24% reported)® of all canine
neoplasms. Incidence rate is estimated to be 13 to 24 per 100,000 dogs at risk annually.?

As in the dog, lymphoma is generally thought to be the most common of the feline
hematopoietic tumors, accounting for 50% to 90% of these tumors in the cat.”> Some authors
question the current validity of these statistics, however, because they were generated in studies
conducted before widespread availability and use of feline leukemia virus (FeLV) vaccination
and testing. Indeed, the change in incidence of FeLV infection has greatly changed both the
age and the site distribution of lymphoma in cats. More recent surveys indicate a 25% incidence
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of FeLV infection in cats with lymphoma, in contrast to 60% to 70% reported in earlier
studies.*

Although occurring much less frequently in the horse than in either dogs or cats, lymphoma
is still among the most common malignant neoplasms of horses, accounting for 1% to 3% of
equine malignancies.” Lymphoma was the fifth most common malignancy diagnosed in equine
patients in a University of California survey.®

In the cow the occurrence of lymphoma varies with age and husbandry practices. Although
the most frequent malignant neoplasm of dairy cattle, lymphoma is second in frequency to ocular
squamous cell carcinoma if production type is not considered.® Prevalence has been reported at
18 per 100,000 slaughtered cattle in the United States, although incidence rates vary dramatically
in age-stratified studies.® Lymphoma is reported to occur infrequently in the absence of bovine
leukemia virus (BLV) infection.”

4. Does age play a role in the incidence of lymphoma?

In general, occurrence of lymphoma increases with increasing patient age. Middle-aged to
older animals are most often affected. In dogs the average age at diagnosis is 6 to 9 years.?
Lymphoma may develop in younger animals, however, and has been reported to occur in dogs as
young as 4 months and in the bovine® and equine’® fetus. Unfortunately, lymphoma in younger
animals is often a high-grade, aggressive type.*

A bimodal age distribution is seen in the development of lymphoma in cats and in cattle.*¢
This is largely attributable to the incidence of a retroviral etiology in these species. In cats,
lymphoma incidence increases at 2 to 3 years age, then again at 6 to 12 years.® These peaks
represent very different manifestations of lymphoma. Lymphoma occurring in younger cats is
more often thymic in origin, is more frequently associated with FeLV infection, and is more often
the T cell phenotype.® In contrast, lymphoma in older cats is more frequently alimentary in origin,
is of B cell phenotype, and is less often associated with FeLV infection.

As with cats, cattle may develop lymphoma subsequent to retroviral-induced mutagenesis.
The causative agent in cattle is BLV. In contrast to cats, however, viral-associated lymphoma is
more prevalent in older cattle. Spontaneous lymphomas are more common in younger cattle.

5. Are breed predispositions seen with lymphoma?

In the dog a number of breed predispositions in the development of lymphoma have been
documented. Scottish terriers, boxers, basset hounds, bulldogs, Labrador retrievers, bullmastiffs,
Airedale terriers, and Saint Bernards are all reported to be overrepresented.>>® In contrast, other
breeds may be at decreased risk for development of lymphoma. Dachshunds and Pomeranians
have been reported as underrepresented. A genetic predisposition has been suggested in the dog
as a result of familial incidence of lymphoma in Rottweilers, otter hounds, and bullmastiffs.>¢

Cats also exhibit breed predispositions. The oriental breeds, in particular the Siamese, have
been reported to be overrepresented in development of lymphoma.®®

In cattle, breed predispositions are not actually seen, but dairy breeds do exhibit an increased
incidence of lymphoma relative to that seen in beef cattle.® This is thought to be attributable the
differences in average age and management practices.

No breed predispositions are recognized in the horse.®

6. What is the importance of classifying lymphoma, and which features are used in
classification?

The goal of any classification scheme is to enable the accurate prediction of prognosis from
the disease diagnosis. This is achieved by dividing a single disorder into various subdisorders
having similar manifestations, rates of progression, responses to treatment, and clinical
outcomes. With a more precise diagnosis, veterinarians can more specifically tailor therapy,
more accurately predict survival, and more reliably advise pet owners throughout the course
of disease.
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A variety of criteria may be useful to subclassify lymphomas further, including anatomic
location, cell morphology, histologic tumor appearance, and cell immunophenotype. Distinct
variations in tumor behavior are seen among the various anatomic sites of lymphoma. Age is also
important, particularly in the feline and bovine, in which anatomic site, age, and viral infection
are closely linked. Anatomic features such as mitotic index (reflecting tumor cell proliferation
rate) may predict response to therapy. Lymphomas may be subcategorized into low grade
(0-1 mitotic figures per high-power field [HPF]), intermediate grade (2-4 mitotic figures/HPF),
and high grade (>5 mitotic figures/HPF).% Disease progression and response to therapy both
increase with increasing tumor grade.

7. Discuss the anatomic categorization of lymphoma in veterinary species.

Anatomic classification of lymphoma is common mode of tumor categorization in
veterinary medicine. Anatomic forms include mediastinal (thymic), alimentary (gastrointestinal),
cutaneous (and subcutaneous), multicentric (generalized), and extranodal (solitary or regional)
forms, based on site of primary tumor involvement. The incidence of various anatomic forms
varies among species (Table 17-1).3°

Table 17-1 Incidence of Various Anatomic Forms of Lymphoma in Common
Domestic Animals

SPECIES MULTICENTRIC ALIMENTARY MEDIASTINAL CUTANEOUS EXTRANODAL

Canine  >80% 5-7% 5%Rare Rare
Feline Third most Most common Almost as Rare Fourth most
common common as Most are common¥*
alimentary nonepithelio-
tropic
Bovine  Most — Most common Second most —
common form in common
overall calves adult form
Equine  Most Second most ~ Rare Rare Rare
common common Ocular and
respiratory
most
common
sites

*Kidney is the most common extranodal site. Incidence of nervous system involvement is 12% and is most common
in feline leukemia virus—positive young adults. Both nasopharyngeal and ocular forms are more common in the cat
than the dog.

Multicentric lymphoma is the predominant form in most animals and frequently involves
peripheral lymph nodes, liver, spleen, kidneys, heart, and bowel. Alimentary forms involve the
gastrointestinal wall, mesenteric lymph nodes, and abdominal viscera. Mediastinal lymphoma
involves thymus and mediastinal lymph nodes and may extend into adjacent tissues. Cutaneous
lymphoma may be primary or may occur with metastasis of lymphoma from other sites. Primary
cutaneous lymphoma includes epitheliotropic (mycosis fungoides), and nonepitheliotropic
(dermal) forms. A unique subcutaneous form is seen in the horse. Extranodal lymphoma refers
to tumors arising in anatomic sites not encompassed in the other categories, including primary
renal, nasopharyngeal, ocular, and neural lymphomas. As with cutaneous lymphoma, secondary
involvement of kidney, nasopharynx, eye, and nervous system may occur with lymphoma arising
elsewhere, particularly in the multicentric form.
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Cat

Mediastinal and alimentary forms are most common in the cat. The alimentary type occurs
most often in older, FeLV-negative cats and may be diffuse or may occur as solitary lesions.
Solitary alimentary lymphomas occur more often in the cat than the dog.* B lymphocyte
phenotype is most common. Among alimentary lymphomas in the cat, 50% to 80% arise within
small intestine, with the remaining 25% in the stomach, ileocecocolic junction, and colon (in
decreasing order of frequency). Lymphoplasmacytic enteritis may be a predisposing factor and
may progress to alimentary lymphoma.* The mediastinal form occurs in younger, FeLV-positive
cats and involves the thymus and the mediastinal and sternal lymph nodes.*® T lymphocyte
phenotype is most common in this form. Pleural effusion frequently occurs and may occasionally
contain neoplastic cells. Hypercalcemia, a frequent manifestation of thymic lymphoma in dogs,
is uncommon in cats.* Prevalent sites of extranodal lymphoma in cats include the kidneys, eyes
and retrobulbar space, central nervous system (CNS), nasal cavity, and skin. Renal involvement
may also be seen, with extension of lymphoma arising in the alimentary tract. One quarter to one
half of cats with renal lymphoma are FeLV positive.> CNS extension occurs in 40% to 50% of
feline renal lymphoma cases. Primary CNS lymphoma is primarily extradural and associated with
the spinal canal. A strong association with FeLV infection is seen; 85% to 90% of cats with
primary CNS lymphoma are infected. Lymphoma is second only to meningioma in frequency
among feline CNS tumors. Extranodal primary nasal lymphoma is usually localized, although
systemic involvement occasionally occurs. It is usually of B lymphocyte phenotype, and affected
cats are most often FeLV negative. Primary ocular lymphoma is more common in cats than in
dogs. Cutaneous lymphoma, either primary or less frequently secondary to metastasis of
multicentric lymphoma, is seen most often in older, FeL.V-negative cats and may be focal or
diffuse. Two forms are seen: epitheliotropic, most often of T lymphocyte phenotype, and
nonepitheliotropic, most often of B lymphocyte phenotype.*

Dog

Multicentric lymphoma, accounting for 80% to 85% of canine lymphoma cases, is the most
common anatomic form seen in the dog. Alimentary lymphoma is the second most frequent and
accounts for 5% to 7% of canine cases.>® As in the cat, alimentary lymphoma may occur either
multifocally or diffusely throughout the submucosa and lamina propria of the small intestine in
the dog. Lymphocytic plasmacytic inflammation may be associated with alimentary lymphoma,
which some consider a potentially prelymphomatous change. Thymic lymphoma is seen in 5%
of dogs and is most often of T lymphocyte phenotype.® Cutaneous lymphoma in the dog may be
solitary or generalized, and epitheliotropic and nonepitheliotropic forms are described. As in the
cat, epitheliotropic lymphoma in the dog is most often of T lymphocyte phenotype.® This form
may involve oral mucosa and extracutaneous sites as well.> A rare form of cutaneous T cell
lymphoma, Sézary syndrome, has been reported in the dog, cat, and horse and is associated with
circulating atypical lymphoid cells that have convoluted nuclei.>*!° Nonepitheliotropic cutaneous
lymphoma in the dog may be of either B or T lymphocyte phenotype. The B lymphocyte type
characteristically spares the epidermis and is concentrated in the middle to deep dermis.

Horse and Cattle

In the horse, as in the dog, the multicentric form is most prevalent. Alimentary is the second
most common, followed by thymic, extranodal cutaneous, ocular, and respiratory forms, which
are rarely reported.®®

As in the cat, prevalence of the various anatomic forms of lymphoma in cattle varies with
age and viral status. In younger, BLV-uninfected cattle, thymic lymphoma is most often seen. In
older cattle, BLV lymphomagenesis is associated with development of multicentric lymphoma.
Because affected animals in either group are often presented late in the course of disease, lesions
are frequently widespread and multicentric. Cutaneous lymphoma is a distinct entity in adult
cattle that manifests as waxing and waning, raised, hairless, sometimes ulcerated lesions
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concentrated over the neck, shoulders, and perineum. Development of multicentric lymphoma
eventually occurs.®

8. What is immunophenotype, and what is the role of immunophenotyping in
characterizing lymphoma?

Each cell type within the body carries on its surface a combination of membrane-associated
surface proteins that are unique to its lineage or origin, the immunophenotype. The process by
which these surface proteins are identified using protein-specific antibody labeling is called
immunophenotyping. This process has enabled more specific and reproducible cell identification
among cells that are not reliably distinguished morphologically.

Undifferentiated lymphoid origin cells may be reliably distinguished from other discrete
cells (hematopoietic cells, as well as anaplastic epithelial and mesenchymal cells) through
immunophenotypic detection of combinations of surface proteins unique to their lymphoid
lineage. Immunophenotyping has also permitted the identification of subsets of lymphocytes that
behave uniquely both in health and in disease. Three broad categories of lymphocytes are
described: B lymphocytes, T lymphocytes, and null cells. The B and T subsets are by far the
largest and can be further subdivided by specialty function or stage of maturation using this same
technology. This has permitted extremely specific identification of the neoplastic lymphocyte cell
type in lymphomas, which in many cases is predictive of disease progression, response to therapy,
and ultimate outcome.

In the dog, lymphoma phenotype is linked with tumor behavior and prognosis. For example,
incidence of hypercalcemia in canine lymphoma patients overall is approximately 10%. A much
greater incidence of hypercalcemia (40%-50%) is seen in dogs with thymic T cell lymphoma,®¢
illustrating a difference in behavior among this subset of neoplastic lymphocytes. Compared with
B cell lymphomas, T cell tumors exhibit a poorer remission rate with chemotherapy, a shorter
disease-free interval, and reduced survival. Among B cell tumors, those exhibiting decreased B5
surface antigens are characterized by shorter remission and survival times.

The majority of lymphoma in the cat, the dog, the horse, and in adult cattle is of B cell
phenotype.*® B cell tumors may be infiltrated with large numbers of nonneoplastic T
lymphocytes, an entity commonly referred to as “T cell-rich B cell lymphomas.” This variant has
been reported most often in the horse, but also in the cat, dog, and pig.'! Anatomic distribution
and phenotype are often associated. T lymphocyte phenotype predominates in mediastinal forms
in the dog, cat, and calf® and in the CNS form in the cat.*

9. Which human lymphoma classification schemes have been used in veterinary medicine?
A number of human lymphoma classification schemes have evolved over the years that
attempt to correlate the neoplastic cell type and tumor histologic features with tumor behavior to
predict clinical prognosis more accurately. Veterinary hematopathologists have applied these
models to lymphoma in domestic animals with varying degrees of success. Subsets of lymphoma
in domestic animals have been found to behave similarly to their human counterparts. Human
lymphoma classification schemes used in veterinary medicine in recent decades include the
Rappaport classification system, the Kiel classification scheme, the National Cancer Institute
(NCI) Working Formulation, and the World Health Organization (WHO) classification.

The Rappaport system is the oldest classification followed in veterinary medicine. It was
accepted as a classification for human non-Hodgkin’s lymphomas (NHLs) in 1956.'% This system
considers pattern of growth (follicular or diffuse) and cytologic features of the neoplastic
lymphoid cells (well differentiated, poorly differentiated, or “histiocytic”) in classification of
tumor type. In contrast to human medicine, veterinary follicular lymphomas are uncommon.
Also, advances in biotechnology and cell identification have all but eliminated use of the
confusing term “histiocytic” to describe lymphomas. Ultimately, such a classification system
based on morphology alone has been found to be an inadequate predictor of biologic behavior
and prognosis of lymphoma in animals.
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The Kiel system added immunophenotype to cell morphology in classifying lymphoma,
resulting in improved prognostic value compared with the Rappaport system.>

The NCI Working Formulation represented an attempt to unify the existing human
lymphoma classification schemes by developing a consensus report among the leading authors on
lymphoma classification during the late 1970s,"* in the hope of permitting more meaningful
comparison of data from human clinical trials.? This classification correlated patient survival data
with neoplastic cell morphology (large, small, cleaved, or blastic) and histologic pattern
(follicular or diffuse).'” Neoplastic cell immunophenotype was not considered.

The most current classification scheme is the WHO system, revised in 2001. This system
incorporates neoplastic cell morphology, immunophenotype, as well as clinical and survival
information to classify lymphoma more meaningfully into subtypes with genuine clinical
differences in behavior and prognosis.

Common among these systems is the division of lymphoma types by grade. Low, high, and
sometimes intermediate grades are described (Table 17-2).>¢ Features typical of low-grade
lymphomas include small cell size, low mitotic rate, slow progression, long survival, and poor
response to therapy. Features typical of high-grade lymphomas include high mitotic rate, rapid
progression, and better response to therapy.

Table 17-2 Comparison of Lymphoid Neoplasms by Grade for Classification Schemes

TUMOR GRADE UPDATED KIEL FORMULATION NCI-WF
Low Lymphocytic Diffuse small lymphocytic
Lymphoplasmacytic ¢ Plasmacytoid
Lymphoplasmacytoid * Intermediate
Centrocytic, follicular Follicular small cleaved
Centroblastic/centrocytic, follicular Follicular mixed
small cells
Intermediate Centroblastic/centrocytic, follicular Follicular large
large cells Diffuse small cleaved
Centrocytic, diffuse Diffuse mixed
Centroblastic/centrocytic, diffuse Diffuse large cleaved
small cells Diffuse large noncleaved
Centrocytic, diffuse large cells
High Centroblastic, monomorphic Immunoblastic

Centroblastic, polymorphous
Immunoblastic
Lymphoblastic
Lymphoblastic

Small noncleaved
Small noncleaved,
Burkitt type

NCI-WF, National Cancer Institute Working Formulation.

In applying human classification schemes to lymphoma in domestic species, several
differences are observed. In contrast to humans, follicular lymphoma in dogs occurs rarely.%' In
addition, few canine lymphomas are classified as low-grade tumors (5%-29%).> Similar to the
dog, most feline tumors are also intermediate to high grade (85%-90%).* In dogs the majority of
small cell tumors are T lymphocyte derived, and the majority of high-grade lymphomas are B
lymphocyte derived.'? Using the Kiel classification scheme, high-grade lymphomas exhibit less
complete remission and a shorter disease-free interval.*!?> Lymphomas classified as high grade by
the NCI Working Formulation exhibit shorter survival time.
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10. Has an etiology been identified in any species to explain the development of lymphoma?
No clear etiology for the development of lymphoma has been identified in the dog. A genetic
component is suggested by the familial occurrence of lymphoma in related bullmastiffs,® otter
hounds, and Rottweilers.® Unlike cats and cattle, no retroviral etiology has been confirmed in
dogs, although viral particles have been isolated from canine lymphoma tissue cultures.® Immune
dysfunction may play a role. An increased incidence of lymphoma has been reported in dogs
diagnosed with immune-mediated thrombocytopenia.'* In humans, exposure to certain
herbicides, including 2,4-dichlorophenoxyacetic acid (2,4-D), has been implicated as a risk factor
for lymphoma. A similar trend has observed in dogs; owners of dogs with lymphoma applied
2,4-D to their lawns or employed commercial lawn care companies more frequently than owners
of dogs without lymphoma, but findings have been questioned elsewhere. Some association has
also been found between exposure to magnetic fields and development of lymphoma in dogs.’

FeLV retroviral infection was the major cause of hematopoietic neoplasia in the cat
before the widespread availability of testing and vaccination, associated with 60% to 70% of
reported cases. More recent surveys suggest the role of FeLV has diminished, accounting for
approximately 25% of recent feline hematopoietic neoplasias. Paralleling the shift in the viral
status of cats, a shift in the anatomic distribution, patient signalment, and phenotype of
lymphoma in cats has been observed.* Fel.V-associated forms of lymphoma (young cats, thymic
and CNS location, T cell phenotype) now constitute a relatively smaller proportion of all feline
lymphomas. Feline immunodeficiency virus (FIV) infection has also been indirectly linked with
development of B cell lymphoma, perhaps secondary to defective immune surveillance.?
Common FeLV diagnostic modalities include enzyme-linked immunosorbent assay (ELISA;
CITE test) for p27 viral antigen, immunofluorescent antibody (IFA) testing for p27 in blood or
bone marrow, and virus isolation. FIV diagnostic modalities include the CITE test for serum
antibodies, Western blot, or IFA testing.

In cattle, BLV infection is the major etiology of lymphoma in adult animals. BLV is a
member of the retrovirus family and is transmitted horizontally, most often through blood or
colostrum. Once inoculated, animals develop subclinical infection, during which BLV replicates
in B lymphocytes. Approximately one third of infected animals with BLV develop a persistent
polyclonal B cell lymphocytosis over the ensuing 3 to 5 years. This persistent lymphocytosis is
considered a preneoplastic condition. Of these animals, another third will ultimately progress to
develop malignant B cell lymphoma or lymphoid leukemia.

11. Describe the typical presenting signs in animals with lymphoma.

Presenting signs are highly variable, depending on the anatomic location and degree of
disease progression at presentation. In dogs the multicentric form is most common, accounting
for more than 80% of cases, and these dogs typically present with solitary or generalized
lymphadenopathy, with or without splenomegaly, hepatomegaly, bone marrow involvement, or
other organ involvement. From 20% to 40% of these dogs have additional clinical signs of illness,
including weight loss, lethargy, anorexia, and fever.> Unlike the dog, peripheral lymphadenopathy
alone is uncommon in the cat.

In cats the most common forms of lymphoma are alimentary and mediastinal, with nodal
involvement possible in both forms.* Cats with the gastrointestinal form typically present with
1 to 3 months of weight loss, anorexia, panhypoproteinemia, and malabsorption.> Vomiting,
diarrhea, dyschezia/tenesmus, and peritonitis secondary to bowel rupture have also been
reported.” In 75% to 80% of cases a focal intestinal mass or diffusely thickened bowel loops are
palpable.* Mesenteric lymphadenopathy, splenomegaly, or hepatomegaly may be present.*

Cats with the mediastinal form typically present with coughing, regurgitation, or dyspnea.
A noncompressible anterior mediastinum, as well as dull heart and lung sounds, may be evident.
Pleural effusion is common, is often chylous, and may contain atypical lymphoid cells.* Horner’s
syndrome may be seen.” An estimated 10% to 40% of dogs with mediastinal lymphoma are
hypercalcemic and often present with polyuria and polydipsia.>* Precaval syndrome (edema of
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head, neck, and forelimbs) may be seen in dogs with compression or invasion of cranial vena
cava.>$

Extranodal lymphoma signs vary with site of involvement. Cutaneous lymphoma may be
generalized or multifocal. Alopecia, erythema, pruritus, nodules, plaques, and ulcers may be seen
with or without peripheral lymphadenopathy.'> CNS lymphoma may be solitary or diffuse and
may cause seizures, paresis, paralysis, lameness, or muscle atrophy.? Tail flaccidity and upper
motor neuron paralysis of the bladder have also been reported.* Patients with ocular lymphoma
may have uveitis, glaucoma, thickening of the iris, hyphema, retinal detachment, or sudden
blindness. Nasal lymphoma may be associated with chronic serosanguineous nasal discharge or
facial deformity.® Renal lymphoma results in irregularly enlarged kidneys, often bilaterally, and
clinical signs of renal failure.

12. Which hematologic or biochemical abnormalities are most often seen with lymphoma?

In animals with lymphoma, complete blood count (CBC) may be normal, or in the presence
of bone marrow involvement, cytopenias or atypical circulating cells may be present.” The
majority of dogs and cattle with lymphoma are hematologically normal, whereas one half
of horses and two thirds of cats exhibit some hematologic abnormality.® Anemia is the
most common hematologic abnormality and is typically normocytic, normochromic and
nonregenerative (anemia of chronic disease).® Hemolytic anemia may also occur, as reported in
the dog and horse.>

Neutrophilia is present in approximately 25% to 40% of canine cases® but is less common
in the other species.® Lymphopenia occurs in 20% of dogs and 50% of cats.® Lymphocytosis is
seen with equal frequency as lymphopenia in the dog (20%)>° and is occasionally seen in cattle.®
The presence of atypical circulating lymphoid cells may signify progression to a leukemic phase
and is more often found in the later stages of disease.® As many as one quarter of cats have a
leukemic blood profile at diagnosis.* Leukemia is a common manifestation of lymphoma in
calves.® Thrombocytopenia is seen in 30% to 50% of canine cases® but is infrequently associated
with clinical signs of hemorrhage.® Of horses with lymphoma, 20% exhibit thrombocytopenia,
although in the presence of concurrent immune-mediated hemolytic anemia, thrombocytopenia
is invariably present.®

Biochemical abnormalities depend on organ involvement. Increased hepatic leakage of the
enzymes alanine aminotransferase (ALT) and aspartate aminotransferase (AST) may signal
hepatic infiltration. Patients with renal lymphoma are often azotemic, attributable to renal
insufficiency or failure. Hypercalcemia is seen in 10% to 15% of dogs with all forms of
lymphoma® but in as many as 40% of dogs with thymic lymphoma.>® Hypercalcemia is rare in
the cat.* Clinical signs associated with hypercalcemia include anorexia, weight loss, muscle
weakness, lethargy, polyuria, polydipsia, and rarely, CNS depression. Hypoproteinemia and
hypoalbuminemia may be seen with alimentary or renal lymphoma resulting from chronic protein
loss.® Rare lymphomas may be associated with monoclonal hyperglobulinemia.®

13. What is a paraneoplastic syndrome, and how are these syndromes associated with
lymphoma?

The term paraneoplastic syndrome refers to an indirect clinical manifestation of neoplasia
in the body. Tumors other than lymphoma may be associated with paraneoplastic syndromes, and
any given syndrome may be seen accompanying more than a single tumor type.

A number of these syndromes have been described in association with lymphoma and tend
to manifest more often in the dog than the cat.> Anemia of chronic disease is the most common
paraneoplastic disorder of lymphoma seen domestic animals. Hemolytic anemia may also occur,
as reported in the dog and horse.*®

Other hematologic paraneoplastic syndromes in animals with lymphoma may include
eosinophilia, which is proposed to occur in response to tumor cell interleukin-5 (IL-5)
production. This rarely reported finding is usually found in association with T cell neoplasms in



Overview and Lymphoma/Lymphosarcoma 89

ferrets, horses, cats, and dogs.'*!® The paraneoplastic manifestation of eosinophilia, particularly
when seen in association with lung disease, is sometimes referred to as “Loeffler-like syndrome.”"

Hypercalcemia is among the more common paraneoplastic syndromes seen in lymphoma
and is thought to result from neoplastic cell liberation of parathyroid hormone-related protein
(PTHrp).> Of dogs with mediastinal T cell lymphoma, 10% to 40% are hypercalcemic and
typically present with polyuria and polydipsia.>® If persistent, hypercalcemia may result in
irreversible renal damage.>® Hypercalcemia is a rare finding in the cat.

Hypergammaglobulinemia (monoclonal gammopathy) is reported in dogs with lymphoma®
without plasmacytoid differentiation.® When hypergammaglobulinemia is present in sufficient
amount, hyperviscosity syndrome may be evident® (see Chapter 19, Plasma Cell Neoplasia).

Occurrence of paraneoplastic disorders may complicate or delay treatment for lymphoma.?
Intravenous (IV) fluid diuretic therapy, and in extreme cases pharmacologic agents (e.g.,
calcitonin), to control ionized serum calcium levels may be indicated with severe hypercalcemia.
Veterinary patients with renal failure may require IV fluid support as well. In those with cardiac
or circulatory complications from hypergammaglobulinemia or hyperviscosity syndrome,
plasmaphoresis may be useful.’

14. What additional testing is useful in confirming the diagnosis of lymphoma?

In veterinary patients with generalized lymphadenopathy or cutaneous lesions, fine-needle
aspiration cytology may be a useful, easy, rapid, and inexpensive method to confirm infiltration
by neoplastic lymphoid cells. In clinical settings where more invasive procedures are feasible,
bone marrow biopsy, ultrasound-guided aspiration cytology of visceral organs, and evaluation of
cavitary effusions may also prove beneficial. Other diagnostic modalities vary with the suspected
form of lymphoma. Nasal flushing may be diagnostic in animals with nasal lymphoma.
Cerebrospinal fluid (CSF) evaluation may be useful in suspected neural lymphomas.

Neoplastic lymphocyte morphology may vary from well-differentiated and mature-
appearing to poorly differentiated, immature, or anaplastic cells (Figures 17-1 to 17-4) Well-

Figure 17-1 Lymphoma, small intestinal
mass lesion, canine (300x). Neoplastic cells are
15 to 18 um in diameter, with eccentrically
located, irregularly ovoid nuclei having lightly
clumped chromatin and one or more large,
moderately indistinct nucleoli. Cytoplasmic
fragments (lymphoglandular bodies) are
plentiful in the background. A single erythrocyte
is present in the upper-left corner for size
reference.

Figure 17-2 Lymphoma, kidney, feline
(300x). Neoplastic cells are 12 to 16 pm in
diameter, with eccentrically located, irregularly
round to ovoid nuclei having lightly clumped
chromatin and multiple small, indistinct
nucleoli. Cytoplasm is scanty and exhibits pro-
minent punctate vacuolation. This morphologic
variation is seen more often with renal, intes-
tinal, and thymic lymphomas. A single mitotic
figure is present at center left.
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Figure 17-3 Lymphoma, pleural effusion,
feline (375x). Neoplastic cells are 10 to 20 um
in diameter, with eccentrically located, irregu-
larly ovoid to cerebriform nuclei having lightly
clumped chromatin and one or more variably
sized, moderately indistinct nucleoli. Cytoplasm
may extend in blunt pseudopodia, a relatively
common feature in fluid specimens. A single
hemosiderin-laden macrophage is present at
center bottom.

Figure 17-4 Lymphoma, cerebrospinal
fluid, canine (300x). Neoplastic cells are very
large, 15 to 25 um in diameter, with eccentri-
cally located, round to ovoid nuclei having
lightly clumped chromatin and multiple small,
indistinct nucleoli. Cytoplasm is abundant and
extends in numerous elongate pseudopodia. A
single small lymphocyte, an erythrocyte, and a
mononuclear cell are also present. (Courtesy
Carol B. Grindem, MD, North Carolina State
University.)

differentiated small cell lymphomas may be difficult to distinguish from normal lymphocytes
by aspiration cytology alone. Likewise, poorly differentiated or anaplastic lymphomas may lack
sufficient morphologic features to distinguish them reliably as being lymphoid in origin.
Additional testing modalities, such as cytochemical stains, immunophenotypic analysis, clonality
assessment, and biopsy with histopathology, may be needed to confirm a suspicion of lymphoid
neoplasia.

Whole-lymph node excision and biopsy is useful in small cell lymphomas when loss of
normal architecture is critical to diagnosis. In T cell-rich B cell lymphoma and Hodgkin’s
lymphoma, the relatively small numbers of neoplastic cells and the relatively large numbers of
nonneoplastic inflammatory cells greatly complicate diagnosis.”' Cytology alone is of limited
use. In addition, biopsy may be needed to distinguish lymphoma from nonneoplastic peripheral
lymph node hyperplasia of young cats.®

Cytochemical staining to differentiate lymphoid from nonlymphoid tumors relies mainly on
the ability of these stains to identify nonlymphoid cells specifically, because lymphoid cells fail
to stain with most cytochemical stains. For example, positive myeloperoxidase or Sudan black B
staining suggests granulocytic or monocytic cell origin.?* Positive nonspecific esterase staining is
seen in monocytic, lymphocytic, and occasionally other cell types, although the pattern of
staining differs; lymphocytic cells tend to stain focally, whereas monocytic cells stain diffusely
with nonspecific esterase. Failure of a neoplastic cell population to stain in a characteristic
manner with cytochemical stains does not automatically suggest a lymphoid origin. Abnormalities
in maturation, function, or structure of neoplastic cells may alter staining properties.

Immunophenotyping is useful to confirm that poorly differentiated cells are lymphoid in
origin, to ascertain stage of maturation, and to distinguish B cell from T cell phenotype for
prognostic purposes. Immunophenotypic analysis may use flow cytometry and fluorescent-
labeled antibodies directed against cell membrane-associated surface proteins.?® Alternatively,
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immunohistochemical stains may be applied to formalin-fixed or frozen tissues, or
immunocytochemical staining can be performed on blood smears or cytologic preparations.?*

Clonality assessment may be of benefit in distinguishing nonneoplastic from neoplastic
lymphocyte proliferations, particularly when lymphocyte morphology is mature.® Detection of a
uniform T cell receptor or an immunoglobulin gene rearrangement using polymerase chain
reaction (PCR) fragment analysis in a population of T cell or B cell lymphocytes, respectively,
suggests a clonal lymphocyte proliferation most compatible with a neoplastic process.

15. What staging system is used for lymphoma, and what purpose does staging serve?

The WHO staging system is most often used in staging lymphoma in domestic animals. This
system divides lymphoma into stages based on the extent of organ involvement and the presence
or absence of systemic signs (Table 17-3).%

Table 17-3 WHO Clinical Staging System for Lymphoma in Domestic Animals

STAGE EXTENT OF ORGAN INVOLVEMENT

I Involvement of a single lymph node or organ (except bone marrow)

1T Involvement of multiple lymph nodes in a regional area

I Generalized lymph node involvement

v Liver and/or splenic involvement (with/without stage III)

v Bone marrow and/or peripheral blood involvement (with/without stages III/IV)
A* Without systemic signs

B* With systemic signs

WHO, World Health Organization.
*Each stage is subclassified.

Complete staging involves assessment of any peripheral lymphadenopathy to verify tumor
involvement; thoracic radiography to assess mediastinal or pulmonary involvement; abdominal
ultrasound evaluation of mesenteric lymph nodes, liver, spleen, and other abdominal viscera; and
bone marrow biopsy. Bone marrow biopsy is important, even in the absence of atypical
circulating cells, because the incidence of bone marrow involvement (57%) is double that of
peripheral blood effects (28%) in dogs. Using this staging system, more than 80% of dogs present
in stage III to V (advanced) lymphoma.®

Because of the frequency of visceral involvement in the cat, an alternate feline-specific
staging system has been proposed (Table 17-4).*

The value of staging lymphoma is in permitting selection of appropriate therapy, enabling
accurate assessment of response to therapy, allowing for improved detection of relapse, and
determining accurate prognosis.

16. What treatment options exist for veterinary patients with lymphoma?

Because of the diversity possible in manifestation of lymphoma, no single treatment protocol
would be suitable for all animals. Treatment decisions are governed by disease stage/substage,
presence or absence of paraneoplastic disease, overall patient health, owner finances, time and
commitment level, and occurrence of treatment-related side effects.’ Overall, current treatment
modalities for lymphoma in cats and dogs achieve high initial response rates (70% and 90%,
respectively), making pursuit of treatment rewarding for both the veterinarian and the pet owner.
Because current therapeutic regimens are usually not curative, eventual relapse of multidrug-
resistant disease should be anticipated.?

Lymphoma is considered a systemic disease, requiring a systemic approach to therapy.
Chemotherapeutic drugs, alone or in combination protocols, are the standard mode of treatment.
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Table 17-4 Clinical Staging System for Feline Lymphoma

STAGE EXTENT OF ORGAN INVOLVEMENT

1 Single tumor (extranodal) or single anatomic area (nodal)
Includes primary intrathoracic tumors
II Single tumor (extranodal) with regional lymph node involvement

Two or more nodal areas on same side of diaphragm

Two single (extranodal) tumors with/without regional lymph node involvement
on same side of diaphragm

Resectable primary gastrointestinal tract tumor with/without involvement of
associated mesenteric lymph nodes only

1T Two single tumors (extranodal) on opposite sides of diaphragm

Two or more nodal areas above and below diaphragm

All extensive primary unresectable intraabdominal tumors

All paraspinal or epidural tumors, regardless of other tumor sites

v Stages I-III with liver and/or spleen involvement.
v Stages I-IV with initial involvement of central nervous system and/or bone
marrow.

Combination protocols typically yield higher success rates (response rates) than single-agent
protocols.’> As mentioned, initial response rates are very good. Conventional chemotherapy
protocols typically achieve complete remission in 60% to 90% of affected dogs, with a median
survival of 6 to 12 months. Chemotherapy is typically well tolerated by dogs, with only a
minority exhibiting dose-limiting toxicity. Major dose-limiting toxicities include neutropenia and
thrombocytopenia, necessitating routine assessment of CBC throughout treatment. In patients
with fewer than 2.0 x 10*/ul neutrophils and 50 x 10*/ul platelets in circulation, therapy should
be withheld.® One exception to this general rule would apply to patients with myelophthisis prior
to treatment.

Once remission has been achieved, the question arises, “Is maintenance therapy appropriate
or desirable?” Inferences from human and canine lymphoma studies suggest that maintenance
therapy is not only unnecessary but may even be detrimental.> Animals maintained on chemo-
therapeutic agents once remission was achieved demonstrated no prolongation of disease-free
interval or survival.® Findings suggest that these dogs are at greater risk of development of drug
resistance, further jeopardizing the success of any rescue protocol.> The added cost and risks of
maintenance therapy cannot be justified.

In the uncommon cases of lymphoma, surgery or radiation therapy may play a role in
treatment. Surgery is indicated in many solitary tumors, necrotic lesions, or obstructive masses.
Radiation therapy is most useful with stage I or II lymphoma (localized or regionalized disease),
for palliation of pain, or experimentally, with whole-body irradiation and bone marrow
transplantation.

Alternative modalities in treatment of lymphoma include use of retinoids, such as iso-
tretinoin (Accutane) and etretinate (Tegison), or photodynamic therapy in cutaneous lymphomas,
which often have poor response to traditional chemotherapy.’ Monoclonal antibody therapy (e.g.,
CL/Mab 231) is sometimes used in combination with nonimmunosuppressive chemotherapy. The
principle behind this strategy is to induce complement-mediated or antibody-dependent pathways
of cell cytotoxicity to destroy tumor cells.” Topical therapy has also been attempted in cutaneous
forms of lymphoma, although only rarely in veterinary medicine due to practicality. Topical
mechlorethamine (Mustargen) has been used, but response is variable and often only palliative.?
Nutritional support is an important consideration as well, particularly in the cat, because of the
frequency of anorexia as a side effect.*
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Two main treatment options exist for relapse of lymphoma: reinduction or rescue therapy.
Reinduction therapy involves administration of the same chemotherapy protocol that initially
induced remission. The likelihood of response and the duration of response are typically half that
encountered in initial therapy.* Rescue therapy involves the use of an alternate drug or a drug
protocol withheld for a drug-resistant case. Such agents include mitoxantrone, doxorubicin,
lomustine, and MOPP (mechorethamine, Oncovin [vincristine], procarbazine, prednisone).®

17. What does a diagnosis of lymphoma mean for patient survival, and what factors assist
in determining prognosis?

Most lymphomas in domestic species are considered high grade, and most animals present
in advanced stages of disease. Therefore longevity after diagnosis in untreated cases is brief;
survival of only 4 to 6 weeks without treatment can be expected in both dogs and cats.?

Complete cure is rare, reported in only 10% of canine cases.’

Life expectancy is improved with chemotherapeutic intervention. Steroid therapy alone can
double longevity to 3 months? and is an option when financial constraints exist. The best results
are achieved using combination chemotherapy. Complete remission is achieved in 60% to 90%
of affected dogs, with a median survival of 6 to 12 months.> Remission rates and durability
in general are poorer in the cat. Complete remission is seen in 50% to 70% of feline patients,
with a median survival of 6 months.* With relapse of lymphoma, prognosis is poorer due to
development of drug resistance.

Factors influencing success of treatment include location of disease, clinical stage, presence
or absence of clinical signs, histologic tumor grade, immunophenotype, exposure to previous
chemotherapeutic agent or steroids (affecting likelihood of multidrug resistance), patient health
status, presence of paraneoplastic syndromes, and development of dose-limiting side effects.?

In cats, FeLV status is also influential in prognosis.*

Some generalizations concerning determination of prognosis can be made. The higher
clinical stages of lymphoma are associated with a shorter disease-free interval and decreased
patient survival. Likewise, substage B of any stage carries a worse prognosis than substage A of
the same stage. Although low-grade lymphomas exhibit a worse response to chemotherapy than
intermediate-grade or high-grade forms, the slower progression of these disorders often translates
into longer patient survival. In the dog, lymphomas of T cell phenotype carry a worse prognosis
than those of B cell type, regardless of tumor histologic grade.® This same association has not
been confirmed in the cat.* Lymphoma patients with hypercalcemia also have a worse prognosis,
thought to be an indirect effect of the association of hypercalcemia with T cell phenotype.>

Prognosis of lymphoma among the various anatomic forms also differs. Cutaneous, diffuse
alimentary, and CNS lymphomas tend to be associated with poor prognosis (less so if disease is
localized).® Treatment of diffuse alimentary lymphoma tends not to be as successful as with
localized gastrointestinal disease amenable to surgical resection. Localized CNS lymphoma is
amenable to treatment using radiation, which outperforms chemotherapeutic options for
lymphomas in this location. CNS lymphoma chemotherapy response rates are typically low and
of short duration. Also, cases with diffuse marrow involvement (which are often impossible to
distinguish reliably from lymphoid leukemia) tend to have a poor prognosis.

Improved molecular testing modalities have led to investigations into the utility of tumor cell
proliferation markers to predict prognosis. Early studies suggest argyrophilic nucleolar organizer
region (AgNOR) enumeration may be of prognostic value (higher AgNOR counts correlate with
shorter patient survival).> Bromodeoxyuridine (BrdU) labeling, which is used to assess tumor
doubling time, may also be useful.®

18. What is Hodgkin’s lymphoma, and has this entity been described in veterinary
medicine?
Hodgkin’s lymphoma is a lymphoid neoplasm of humans unique in both its behavior and
morphology.?! Unlike the non-Hodgkin’s forms, Hodgkin’s lymphoma is a slowly progressive
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and often curable tumor that arises in a single node and spreads through contiguous nodes.
Histologically, it consists of low numbers of neoplastic Reed-Sternberg cells (or their variants)
interspersed amid numerous lymphocytic and inflammatory cells. For this reason, diagnosis may
be challenging without whole-lymph node excisional biopsy and histopathology. Cytology is
frequently unrewarding. Establishing a specific diagnosis of Hodgkin’s lymphoma is vital given
the marked difference in its rate of progression and prognosis from other forms of lymphoma.

A veterinary counterpart to Hodgkin’s lymphoma has been described infrequently in ferrets,
skunks, killer whales, rats, mice, horses, dogs, and cats.'®?!

19. What is large granular lymphoma, and how is it detected in veterinary species?

Large granular lymphoma, also called “lymphoma of large granular lymphocytes,” is a
morphologically unique variant of alimentary lymphoma in which the neoplastic cells contain
magenta cytoplasmic granules best visualized with Wright-Giemsa stain.**”*® The name of this
disorder can be misleading in that neither the neoplastic cells nor the granules they contain are
consistently “large.” Phenotypic analysis has demonstrated a T cell or natural killer (NK) cell
phenotype. T cell phenotype is most common and typically exhibits the following pattern of
immunoreactivity: CD3 positive, CD8 positive or negative, CD-57-like perforin positive, CD20
negative, with T cell receptor gene rearrangement.*23

This lymphoma variant has been reported in a number of veterinary species, including cats,
dogs, horses, rats, ferrets, birds, guinea pigs, and mice.”** Incidence of large granular lymphoma
is thought to be low, although diagnosis by histopathology alone may be misleading because
neoplastic cell granules fail to stain consistently with routine hematoxylin-eosin (H&E).?’
Middle-aged to older animals are most often affected and present with clinical signs referable to
disease of the gastrointestinal tract, including anorexia, weight loss, chronic or intermittent
vomiting, hypoalbuminemia, and diarrhea.””-*® Tumors typically arise as mass lesions in jejunum
or mesenteric lymph nodes that are palpable on physical examination. Splenic involvement is
relatively common.”” A leukemic blood profile is also possible’”?® (Figure 17-5). Treatment
and response rates are comparable to other forms of alimentary lymphoma. An association with
FeLV infection has not been demonstrated.”’

Figure 17-5 Acute lymphoblastic leukemia
(ALL) of granular lymphocytes (LGL
leukemia), peripheral blood, canine (300x).
Circulating neoplastlc lymphoid cell count
exceeded 100 x 10° /ul. These cells measured 10
to 16 pm in diameter, with eccentrically located,
irregularly round nuclei having lightly clumped
chromatin and multiple small, prominent
nucleoli. Cytoplasm occasionally contains few to
moderate numbers of variably coarse, magenta-
staining granules. In this case, neither the
neoplastic cells nor the granules within them are
particularly “large,” illustrating the confusion
sometimes surrounding the term “large granular
lymphocyte.”
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18. LYMPHOID LEUKEMIAS

1. What is the hallmark of lymphoid leukemia, and how is this disorder distinguished
from lymphoma?

Lymphoid leukemia is primarily a disease of bone marrow, peripheral blood, and in later
stages, tissues outside the marrow. In most cases, lymphoid leukemia is thought to arise within
bone marrow, but it may infrequently arise within the thymus or spleen and subsequently colonize
the bone marrow.! Classically, lymphoid leukemia is distinguished by the presence of high
numbers of circulating neoplastic lymphoid cells in peripheral blood. Aleukemic and subleukemic
forms do occur, in which neoplastic cells are absent or are not visualized in significant numbers
in peripheral blood, respectively, necessitating evaluation of bone marrow for definitive diagnosis.

Lymphoid leukemia and lymphoma may both involve tumors of B cell, T cell, or null cell
phenotype.>* In addition, both may involve mature-appearing or undifferentiated cells. The only
means by which lymphoid leukemias can be routinely distinguished from lymphomas is with
appropriate disease staging to determine sites of tumor involvement. Bone marrow involvement
must be documented to diagnose leukemia. Lymphoid leukemia cannot be distinguished from
stage V lymphomas characterized by extensive bone marrow involvement.

2. How are lymphoid leukemias classified?

Leukemias are classified into acute or chronic categories according to the degree of maturity
or differentiation of the neoplastic lymphoid cell involved. Acute lymphoid leukemia (ALL) arises
from proliferation of early, undifferentiated, immature progenitor cells, resulting in the arrest of
lineage development (Figure 18-1). In contrast, chronic lymphoid leukemia (CLL) arises from
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late-stage precursors, resulting in proliferation of fairly well-differentiated cells* (Figure 18-2).
In animals the acute form of lymphocytic leukemia is more common than the chronic form.'

The French-American-British (FAB) Cooperative Group has defined a classification scheme
that further subdivides ALL by patient age and neoplastic cell morphology into three
subdisorders termed L/, L2, and L3. This system may be applied to ALL in veterinary patients,
but prognostic usefulness is questionable.'? Alternatively, lymphoid leukemia may be classified
by neoplastic cell phenotype into B cell, T cell, or natural killer (NK) cell phenotype. Prognostic
utility of leukemia phenotyping in veterinary species remains to be seen.’

3. How do acute and chronic leukemias differ in behavior?
Behavior of acute and chronic lymphoid leukemia is distinct. Acute leukemias tend to
exhibit more aggressive behavior and rapid progression than chronic leukemias. In acute forms,
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b Figure 18-2 Chronic lymphoid leukemia
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neoplastic cells exhibit a greater tendency to proliferate at the expense of bone marrow
hematopoietic cells, ultimately resulting in myelophthisis. This manifests clinically as variable
cytopenias and increased vulnerability to infection (usually secondary to neutropenia). As
neoplastic cells spill into peripheral blood in increasing numbers, increased blood viscosity and
thrombosis, as well as organ infiltration (particularly of liver, spleen, and lymph nodes), are
possible.*

Chronic lymphoid leukemias typically exhibit a slower pattern of progression; a prodromal
phase of months to years is thought to occur.! Clinical signs are also relatively mild, and lethargy
may be the only outward sign of illness."* In many cases, chronic lymphocytic leukemia is
diagnosed incidentally on routine hematologic evaluation. Bone marrow involvement is generally
significantly less extensive, at least in the early phases of disease, than in the acute form. When
present, cytopenias tend to be milder in severity.'

4. What is the incidence of lymphoid leukemia in veterinary species?

Compared with lymphoma, both ALL and CLL occur less often. Among lymphoid
leukemias, ALL is more common than CLL. The reported proportion of all canine leukemias that
are lymphoid in origin varies. Leukemias of lymphoid origin were recently reported to represent
one third of all leukemias diagnosed in the dog.' Another report suggests that lymphoid
leukemias are the predominant type in the dog.> Certainly among the chronic leukemias, CLL is
most common in all species.*

In the cat, lymphoid leukemias make up the majority of all leukemias diagnosed. Leukemias
occur more frequently in the cat overall, accounting for approximately one third of all
hematopoietic neoplasia in this species,® likely as a result of the effects of feline leukemia virus
(FeLV) infection.*

ALL typically affects young to middle-aged dogs and cats, with a median reported age
of 5.5 and 5 years, respectively.! Among dogs, affected males outnumber females about three
to two.’

CLL is primarily a disorder of middle-aged and older dogs, cattle, and cats." Median
reported age in the dog is 10.5 years.! As with ALL, male dogs have a higher rate of incidence,
outnumbering affected females about two to one.’ CLL is reported only rarely in the cat and does
not appear to be related to FeLV infection.®

5. Has an etiology been determined in the development of lymphoid leukemia?

Viral infection is probably the best-defined etiology associated with leukemia development
in cats and cattle. Of cats diagnosed with ALL, 60% to 80% will test positive for FeLV infection.®
FeLV infection has been reported in as many as 90% of all leukemias in cats.* Other, as yet
unknown factors (possibly genetic) must act in concert with FeLV in development of leukemia,
however, because tumor rates with experimental infection are much lower.* Bovine leukemia
virus (BLV) infection in cattle is associated with development of lymphocytic leukemia, although
the incidence is lower than that of BLV-associated lymphoma.’
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In dogs, no specific etiology in the development of lymphoid leukemia has been identified.
Unlike cats and cattle, no retroviral cause has been implicated.’

6. How is immunophenotyping useful in the diagnosis of lymphoid leukemia?

As with lymphoma, immunophenotyping may be useful to confirm a lymphoid lineage when
insufficient or ambiguous neoplastic cell morphologic features exist to distinguish these cells
reliably from either myeloid or anaplastic epithelial or mesenchymal tumors. Immuno-
phenotyping is also used to subclassify lymphoid leukemias into T cell, B cell, or null cell
phenotypes, which may influence treatment decisions and prognosis.

In the dog, ALL is of varied phenotype. In one case series, T cell, B cell, and null cell
phenotypes each constituted about one third of cases described.® In another case series, B cell
phenotype was seen in half of cases, with the other half consisting of an equal mix of T cell and
null cell phenotypes of large granular lymphocyte leukemia.” Another series documented 40%
T cell, 40% null cell, and 20% B cell phenotype in canine ALL.'® A higher proportion of canine
CLL is reported to be of T cell phenotype (two thirds to three quarters of cases).!?

7. What are the typical presenting signs in veterinary patients with lymphoid leukemia?
As many as 50% of patients diagnosed with CLL are asymptomatic. In these animals,
diagnosis is frequently made incidental to routine hematologic evaluation. In other patients, mild
or vague signs of progressive disease may be present, including vomiting, diarrhea, fever, pallor,
lethargy, polyuria, polydipsia, weight loss, and mild lymphadenopathy and hepatosplenomegaly.*
In contrast, acute leukemias tend to be associated with a greater frequency of nonspecific
signs, including weakness, anorexia, vomiting, diarrhea, fever, pale mucous membranes, mild
lymphadenopathy (although less dramatic than in lymphoma), and hepatosplenomegaly.'*
Infrequently in advanced disease, myelophthisis may result in thrombocytopenia and clinical
signs of hemorrhage. Neurologic manifestations, including neuropathies, paresis, and ocular
complications (e.g., retinal detachment, hyphema, glaucoma), may occur rarely.* Calves may
present severely cachectic with marked, symmetric lymphadenopathy.'

8. What hematologic or biochemical abnormalities are typically seen in leukemic animals
at presentation?

In ALL, extensive bone marrow infiltration leads to varying degrees of anemia, neutropenia,
and thrombocytopenia, and thus hematologic abnormalities are common. Many dogs have
normocytic, normochromic and nonregenerative anemia, which may be severe. Leukocytosis,
neutropenia, and high numbers of circulating neoplastic cells are also common.’ In aleukemic or
subleukemic cases, leukopenia is more typical. Cats most often have normal to decreased
leukocyte numbers, and a moderate to marked nonregenerative anemia. Circulating neoplastic
cells are less common than in the dog.®

Bone marrow involvement in CLL is often less extensive than in ALL, at least early in the
course of disease, and thus hematologic abnormalities are often less severe. Both dogs and cats
with CLL may have mild nonregenerative anemia and thrombocytopenia. Leukocyte numbers
are variable because of fluctuations in the number of circulating neoplastic cells, but leukocyte
count is typically the most striking hematologic feature.”> Most dogs have leukocyte counts
greater than 30 x 10*/ul and most cats greater than 50 x 10%*/ul. In either species, counts may
exceed 100 x 10*/ul, attributable to abundant circulating neoplastic cells. These cells often have
sufficiently mature morphology as to be indistinguishable from nonneoplastic mature small
lymphocytes. Ruling out other causes for persistent small lymphocytosis is essential. Neutrophil
numbers usually are adequate.

Hypergammaglobulinemia and monoclonal gammopathies have been reported to occur
in 30% and 68% of canine CLL cases, respectively. Monoclonal gammopathies are most often
of the immunoglobulin M (IgM) type.> As with lymphoma, other biochemical abnormalities
depend on extent of organ involvement. Increased hepatic leakage enzymes, alanine
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aminotransferase (ALT) and aspartate aminotransferase (AST), may signal hepatic infiltration.
Veterinary patients with extensive renal involvement may be azotemic, attributable to renal
insufficiency or failure.

9. Are paraneoplastic syndromes a concern in lymphoid leukemia?

Hypergammaglobulinemia has been reported as a fairly frequent occurrence in dogs with
CLL (as many as 68% of dogs in one study).’ IgM was the most frequent immunoglobulin type
detected in these cases. Because of its larger size and polymerizing capabilities, IgM is more
frequently associated with hyperviscosity syndrome than the other immunoglobulin types.
Consequently, this paraneoplastic syndrome has been reported occasionally in the dog.' The
presence of concurrent CLL and IgM monoclonal gammopathy is termed Waldenstrom’s
macroglobulinemia.’ ITn 10% of canine CLL cases, reduced immunoglobulin levels are present
and may increase the risk of infection.*

The occurrence of severe hyperviscosity syndrome may necessitate intervention before
diagnostic testing or treatment is instituted. Plasmaphoresis is one therapeutic option.

10. How is a diagnosis of lymphoid leukemia established?

Diagnosis of any leukemia, lymphoid or nonlymphoid, requires bone marrow examination.
In ALL or CLL, lymphoid cells should constitute greater than 30% of nucleated cells within the
marrow." In more recent publications, this threshold has been reduced to 20%."" In ALL and in
the late stages of CLL, neoplastic cells may efface the marrow. Neoplastic cell morphology and
clinical history help in determining acute or chronic classification. Lymphoid leukemia cannot be
distinguished from stage V lymphomas characterized by extensive bone marrow involvement.

Bone marrow examination is also vital to assess the extent of normal hematopoiesis for
prognostic purposes and therapeutic considerations.*

11. What additional testing is available to confirm the diagnosis of lymphoid leukemia?

In ALL, neoplastic cell morphology alone may be insufficient or misleading to confirm a
lymphoid cell lineage. Cytochemical staining or immunophenotyping may be necessary to verify
the diagnosis. The diagnostic value of cytochemical staining relies mainly on the ability of these
stains to identify nonlymphoid cells specifically, because lymphoid cells fail to stain with most
cytochemical stains. For example, positive myeloperoxidase or Sudan black B staining suggests
granulocytic or monocytic cell origin.'? Positive nonspecific esterase staining is seen in both
monocytic and lymphocytic and occasionally other cell types, although the pattern of staining
differs; lymphocytic cells tend to stain focally, whereas monocytic cells stain diffusely with
nonspecific esterase. Failure of a neoplastic cell population to stain in a characteristic manner
with cytochemical stains does not automatically suggest a lymphoid origin. Abnormalities in
maturation, function, or structure of neoplastic cells may alter staining properties.

Neoplastic lymphocytosis in CLL, particularly during the early phase of disease, may be
difficult or impossible to distinguish reliably from a nonneoplastic, reactive lymphocytosis. By
establishing that a population of lymphocytes is expressing an identical constellation of surface
proteins through immunophenotypic analysis, a clonal proliferation is supported. Detection of a
uniform T cell receptor or immunoglobulin gene rearrangement using polymerase chain reaction
(PCR) fragment analysis within a population of T cell or B cell lymphocytes, respectively,
suggests a clonal lymphocyte proliferation most compatible with a neoplastic process.”!?

12. Are patients with lymphoid leukemia “staged” in a manner similar to patients with
lymphoma?

Staging of lymphoid leukemias is not routinely performed in veterinary medicine. Currently,
ALL and advanced cases of CLL are classified and approached therapeutically in a manner
equivalent to stage V lymphoma. The staging system in Table 18-1 has proven valuable
prognostically in human CLL.’
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Table 18-1 Clinical Staging System for Human Chronic Lymphocytic Leukemia

STAGE EXTENT OF ORGAN INVOLVEMENT

0 Lymphocytosis only
Absolute lymphocyte count >15 x 10%/ul
Proportion of lymphocytes in bone marrow <40% in normocellular or
hypercellular marrow

| Lymphocytosis plus enlarged lymph nodes

1T Lymphocytosis plus hepatomegaly and/or splenomegaly

I Lymphocytosis plus anemia (hemoglobin <7.0 g/dl)

v Lymphocytosis plus thrombocytopenia (platelets <100 x 10%/ul), with or without

lymph node enlargement, hepatomegaly, and splenomegaly

13. What treatment options exist for veterinary patients with lymphoid leukemia?

Of immediate and vital concern in the treatment of lymphoid leukemia is the prompt
restoration of normal hematopoiesis.” This is primarily achieved with the use of chemo-
therapeutic drugs. In the interim, supportive therapy may be needed and may include red cell or
platelet transfusions, antibiotic protection, and fluid therapy. The neoplastic cells of acute
leukemias are more vulnerable to the effects of chemotherapy due to their more rapid rate of cell
division. However, the occurrence of side effects (particularly life-threatening neutropenia) and
organ failure (due to extensive neoplastic cell infiltration) may limit success of treatment.

Combination protocols are most often used in the treatment of ALL. Chemotherapeutic
agents used are essentially those used in lymphoma, including vincristine, prednisone,
L-asparaginase, and doxyrubicin. Response rate is frequently disappointing. In dogs, complete
remission is expected in only 20% of those treated with vincristine and prednisone, with partial
remission in another 20%. Success rates are even lower in cats.® Complete remission is defined
as the absence of detectable neoplastic cells in either bone marrow or peripheral blood.
Maintenance therapy is continued weekly (or at 2- to 3-week intervals if doxyrubicin is used)
during remission.” Recombinant erythropoietin and granulocyte-macrophage colony-stimulating
factor (GM-CSF) may be useful to support hematopoiesis in patients with severe myelo-
suppression caused by myelophthisis or chemotherapy.>*

Treatment of CLL is more controversial because of the indolent nature of the disease. In
the absence of clinical signs or hematologic abnormalities other than lymphocytosis, treatment
may be withheld. Most agree that treatment is indicated in patients with anemia, thrombo-
cytopenia, lymphadenopathy, hepatosplenomegaly, or lymphocytosis in excess of 60 x 10*/ul.
Chlorambucil, with or without prednisone, is the most effective therapeutic regimen to date. In
humans, chlorambucil in conjunction with prednisone has been proven superior to chlorambucil
alone, possibly due to lymphocytolytic properties of prednisone. Cyclophosphamide is
sometimes used in patients with advanced bone marrow infiltration. Aggressive combination
chemotherapy protocols used in treatment of lymphoma are occasionally employed as last resort.
Goals of treatment are primarily palliative, with complete remission only rarely achieved. Despite
this, survival of 1 to 3 years with good quality of life can be expected because of the slow
progression rate of CLL.>?

Occasionally, animals with CLL will develop an aggressive, rapidly progressive ALL-like
phase. This is recognized clinically as an alteration in neoplastic cell phenotype from a mature
small cell to a large blast cell appearance. This transformation is also seen in humans with CLL
(Richter’s syndrome) and is associated with a poor prognosis. '
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14. What does a diagnosis of lymphoid leukemia mean to survival? Also, what rate of
treatment success can be expected, and what factors assist in determining prognosis?
Prognosis for patients with ALL is poor. Only 20% to 40% of dogs diagnosed with ALL

achieve complete or partial remission, with survival of only 1 to 3 months.* A subtype of ALL in

dogs with a more intermediate cell morphology has been described and may be associated with

a better prognosis.” Fewer cats with ALL (one third) respond to chemotherapy than cats with

lymphoma (two thirds). Survival may be longer in cats (1 to 7 months) than in dogs.*

In CLL the prognosis is better for patient survival. Bone marrow involvement is typically
less extensive, sparing hematopoiesis, and disease progression is more gradual due to slower
neoplastic cell proliferation rates. Survival longer than 1 year is seen in both the dog* and the cat.’
T cell phenotype CLL, as with its lymphoma counterpart, may be associated with a poorer
prognosis.’
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19. PLASMA CELL NEOPLASIA

1. Which disorders are included in the plasma cell neoplasia group?

Plasma cell neoplasms include multiple myeloma, Waldenstrém’s macroglobulinemia,
solitary osseous plasmacytomas, and extramedullary plasmacytomas. Multiple myeloma is the
most important based on incidence and severity'? and has been reported in the dog, cat, horse,
cow, and pig.}
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14. What does a diagnosis of lymphoid leukemia mean to survival? Also, what rate of
treatment success can be expected, and what factors assist in determining prognosis?
Prognosis for patients with ALL is poor. Only 20% to 40% of dogs diagnosed with ALL

achieve complete or partial remission, with survival of only 1 to 3 months.* A subtype of ALL in

dogs with a more intermediate cell morphology has been described and may be associated with

a better prognosis.” Fewer cats with ALL (one third) respond to chemotherapy than cats with

lymphoma (two thirds). Survival may be longer in cats (1 to 7 months) than in dogs.*

In CLL the prognosis is better for patient survival. Bone marrow involvement is typically
less extensive, sparing hematopoiesis, and disease progression is more gradual due to slower
neoplastic cell proliferation rates. Survival longer than 1 year is seen in both the dog* and the cat.’
T cell phenotype CLL, as with its lymphoma counterpart, may be associated with a poorer
prognosis.’

REFERENCES

1. Jacobs RM, Messick JB, Valli VE: Tumors of the hemolymphatic system. In Meuten DJ, editor: Tumors in
domestic animals, ed 4, Ames, 2002, Iowa State University Press, pp 119-180.

2. Modiano JF, Helfand SC: Acute lymphocytic leukemia. In Feldman BF, Zinkl JG, Jain NC, editors: Schlam’s
veterinary hematology, ed 5, Philadelphia, 2001, Lippincott, Williams & Wilkins, pp 631-637.

3. Helfand SC, Modiano JF: Chronic lymphocytic leukemia. In Feldman BF, Zinkl JG, Jain NC, editors: Schlam’s
veterinary hematology, ed 5, Philadelphia, 2001, Lippincott, Williams & Wilkins, pp 638-641.

4. Morris J, Dobson J: Haematopoietic system. In Small animal clinical oncology, Philadelphia, 2001, WB
Saunders, pp 228-250.

5. Vail DM, MacEwan EG, Young KM: Canine lymphoma and lymphoid leukemias. In Withrow SJ, MacEwen EG,
editors: Small animal clinical oncology, ed 3, Philadelphia, 2001, Saunders, pp 558-586.

6. Vail DM, MacEwen EG: Feline lymphoma and leukemias. In Withrow SJ, MacEwen EG, editors: Small animal
clinical oncology, ed 3, Philadelphia, Saunders, 2001, pp 590-608.

7. Cockerell GL, Reyes RA: Bovine leukemia virus-associated lymphoproliferative disorders. In Feldman BF,
Zinkl JG, Jain NC, editors: Schalm’s veterinary hematology, ed 5, Philadelphia, 2001, Lippincott, Williams &
Wilkins, pp 614-619.

8. Ruslander DA, Gebhard DH, Tompkins MB, et al: Immunophenotypic characteristics of canine
lymphoproliferative disorders, In Vivo 11(2):169-72, 1997.

9. Vernau W, Moore PF: An immunophenotypic study of canine leukemias and preliminary assessment of clonality
by polymerase chain reaction, Vet Immunol Immunopathol 69:145-64, 1999.

10. Weiss DJ: From cytometric and immunophenotypic evaluation of acute lymphocytic leukemia in dog bone
marrow, J Vet Intern Med 15:589-594, 2001.

11. Valli VE, Jacobs RM, Parodi AL, et al: Histological classification of hematopoietic tumors in domestic animals,
Second series, vol VIII. Armed Forces Institute of Pathology and World Health Organization Collaborating
Center for Worldwide Reference of Comparative Oncology, Washington, DC, 2002.

12. Raskin RE, Nipper MN: Cytochemical staining characteristics of lymph nodes from normal and lymphoma-
affected dogs, Vet Clin Pathol 61(2), 62-67, 1992.

13. Dreitz MJ, Ogilvie G, Sim GK: Rearranged T lymphocyte antigen receptor genes as markers of malignant
T cells, Vet Immunol Immunopathol 69:113-119, 1999.

19. PLASMA CELL NEOPLASIA

1. Which disorders are included in the plasma cell neoplasia group?

Plasma cell neoplasms include multiple myeloma, Waldenstrém’s macroglobulinemia,
solitary osseous plasmacytomas, and extramedullary plasmacytomas. Multiple myeloma is the
most important based on incidence and severity'? and has been reported in the dog, cat, horse,
cow, and pig.}
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Each of these disorders is thought to arise from a single neoplastic B lymphocyte
(monoclonal proliferation), although biclonal and polyclonal tumors have been described.
Extramedullary plasmacytomas arise outside the bone marrow, and their behavior varies with site
of origin. Cutaneous and oral extramedullary plasmacytomas are relatively common in older dogs
and generally benign in behavior.* In contrast, noncutaneous extramedullary plasmacytomas,
especially those arising within the gastrointestinal (GI) tract, are much more aggressive in
behavior and often spread to regional lymph nodes. Solitary osseous plasmacytomas arise as a
focal skeletal lesion and frequently progress to systemic multiple myeloma.’

Multiple myeloma involves neoplastic proliferation of B lymphocytes in bone marrow and
in extramedullary tissues. Frequently these B lymphocytes retain their secretory function and
produce complete immunoglobulin proteins or protein subunits, resulting in an increased plasma
protein concentration. Waldenstrom’s macroglobulinemia is a subtype of multiple myeloma in
which the neoplastic B lymphocytes produce immunoglobulin M (IgM).

2. How common is multiple myeloma in veterinary species?

In the dog, multiple myeloma is relatively uncommon, accounting for less than 1% of all
malignant neoplasms, approximately 8% of all hematopoietic tumors, and 4% of all bone
tumors."*> Older dogs are typically affected, with a reported age distribution of 8 to 10 years.'?
No gender or breed predisposition is consistently reported.

In other domestic species, occurrence of multiple myeloma is very rare. In the cat, multiple
myeloma accounts for less than 1% of all hematopoietic tumors.” As with dogs, older cats are
most often affected, and no gender predisposition has been reported.>’

3. Has an etiology been found to explain the development of multiple myeloma?

No specific etiology has been determined to cause multiple myeloma in domestic species.
Genetic predispositions, viral infection, chronic immune stimulation, and carcinogen exposure
may all play a role in tumor development.! In one large case series of canine multiple myeloma,
German Shepherds were overrepresented.”* Cocker spaniels may be overrepresented in devel-
opment of extramedullary plasmacytomas, accounting for 24% of affected dogs in one study.?
Multiple myeloma has not been associated with feline leukemia virus (FeLV) or feline
immunodeficiency virus (FIV) infection in the cat.!

4. What is the M-component?

The M-component, also called myeloma protein or M protein, refers to the immunoglobulin
proteins or protein fragments produced by secretory neoplastic B lymphocytes. It includes
the various immunoglobulin types (IgG, IgA, IgM), light chains (Bence Jones proteins), and
heavy chains. The production of M-component by neoplastic B lymphocytes is termed
paraproteinemia. Although this is a more common manifestation of multiple myeloma, it may
also occur rarely in association with other plasma cell neoplasms.>®

IgG and IgA paraproteinemia have an almost equal rate of occurrence in the dog.® IgG is
most frequently reported in the cat.'” IgM paraproteinemia occurs less frequently and is termed
(Waldenstrom’s) macroglobulinemia. All typically manifest as a monoclonal protein spike
(monoclonal gammopathy) on serum protein electrophoresis, although biclonal gammopathies
have also been reported.**® Nonsecretory multiple myeloma is rarely reported in the dog.’

Other diseases may infrequently be associated with a monoclonal gammopathy and must be
distinguished from multiple myeloma. Monoclonal gammopathy has been associated with
lymphoma, ehrlichiosis, leishmaniasis, plasmacytic gastroenterocolitis, chronic pyoderma, feline
infectious peritonitis (FIP), and idiopathic causes.*¢

Because of their small molecular weight, Bence Jones proteins (light chains) are readily
filtered through the glomerulus and are passed in urine.! This is referred to as Bence Jones
proteinuria (BJP) and is seen in 25% to 40% of dogs and 60% of cats with multiple myeloma.
Traditional urine protein dipstick methodology does not detect BJP, necessitating use of more
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specialized testing, such as immunoelectrophoresis. With significant proteinuria, the sulfasalcytic
acid (SSA) test will be positive with BJP.

Cryoglobulins are paraproteins that are insoluble at temperatures less than 37° C.” Failure to
detect cryoglobulins may occur if blood collection and clotting are not performed at body tem-
perature to avoid precipitation and loss of these proteins. Clinical manifestations of cryo-
globulinemia result from sludging of blood and obstruction of small vessels, particularly in the
extremities, where blood may cool sufficiently to allow precipitation of cryoprotiens.® Affected
animals may present with cyanosis and necrosis of the skin of the distal extremities. Cryo-
globulinemia has been reported in association with multiple myeloma in the dog, cat, and horse.’

Concentration of M-component is often proportional to tumor burden and therefore may be
useful in monitoring response to therapy as well as tumor recurrence.

5. What presenting signs are common in animals with multiple myeloma?

Clinical signs are usually nonspecific but may include fever, pale mucous membranes,
lethargy, mild lymphadenopathy, and hepatic or splenic enlargement. Pathology may be attribut-
able to neoplastic cell infiltration of various organs and paraproteinemia. Other common clinical
signs may be related to skeletal involvement, bleeding disorders, hyperviscosity, immune
dysfunction, and renal disease.

Skeletal involvement may be focal or diffuse. Focal osteolytic lesions are primarily seen in
the dog? and may result in lameness or pathologic fracture."* An estimated 25% to 66% of dogs
with IgG- and IgA-secreting tumors will develop osteolytic lesions. In contrast, dogs with IgM-
secreting tumors only rarely present with osteolytic lesions.? Sites most frequently involved are
those of active hematopoiesis, including vertebra, pelvis, ribs, skull, and metaphysis of long
bones."* Diffuse skeletal lesions include osteopenia and osteoporosis, which may result from
secretion of osteolytic factors, including osteoclast activating factor and parathyroid
hormone-related protein (PTHrp), by neoplastic cells.! Hormonal effects of osteolytic factors
may contribute to the development of hypercalcemia. Hypercalcemia is rarely seen in the cat but
may affect 15% to 20% of dogs with multiple myeloma.’

Bleeding disorders are a frequent complication, affecting approximately one third of dogs
with multiple myeloma. Clinical manifestations of hemorrhage may include epistaxis, petechiae,
ecchymoses, bruising, gingival bleeding, and GI bleeding. A number of mechanisms may
contribute to the development of hemostatic abnormalities. Thrombocytopenia may result from
myelophthisis of the bone marrow. Platelet function may be impaired as a result of paraprotein-
coating of platelets interfering with platelet aggregation. Paraproteins may also adsorb minor
coagulation factors, causing a functional factor decrease of sufficient magnitude to prolong
activated partial thromboplastin time (aPTT) and prothrombin time (PT).! Paraprotein binding of
ionized calcium may likewise contribute to functional hypocalcemia, further impacting the
coagulation cascade.’

Hyperviscosity syndrome is a possible consequence of paraprotein secretion by neoplastic
cells. Although it may develop with any type of paraproteinemia, hyperviscosity syndrome most
often is a complication of [gM- and IgA-secreting myelomas, attributable to the higher molecular
weight of these proteins and their ability to polymerize. Hyperviscous blood may sludge in small
vessels, impairing delivery of oxygen and nutrients to tissues and predisposing to thrombus
formation. Common manifestations include cerebral disease (seizures, ataxia, dementia), cardiac
disease (cardiomyopathy, exercise intolerance, syncope, cyanosis), and ocular disease (sudden
blindness, retinal detachment, tortuous retinal vessels, retinal hemorrhage). Hyperviscosity
syndrome has been reported in 20% of dogs with multiple myeloma and less often in cats.!
Enhanced rouleaux formation, evident on peripheral blood smears, may signal the presence of
hyperviscosity syndrome? (see Figure 19-1).

Animals with multiple myeloma are at increased risk of infection as a result of immune
dysfunction. Susceptibility to infection is a leading cause of death in affected animals. Con-
tributing to immunocompromise is a marked decrease in production of normal immunoglobulins
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as a consequence of paraproteinemia.' In addition, leukopenia resulting from myelophthisis,
particularly neutropenia, potentiates vulnerability to infection.” Diminished immune surveillance
may increase the risk of additional tumor development. Veterinary patients with multiple
myeloma have a higher prevalence of concurrent tumors.°

Renal disease (“myeloma kidney”) is another common presenting feature of multiple
myeloma, occurring one third to one half of affected dogs.!* Pathogenesis is multifactorial.!
Protein deposition in the glomeruli (Bence Jones proteins, amyloid, or intact immunoglobulin)
and protein cast formation in tubules may occur. Renal tumor metastasis is also possible.
Impaired perfusion from anemia of chronic disease and hyperviscosity syndrome may contribute.
Hypercalcemia impairs tubular concentrating ability and may lead to dystrophic mineralization.
Immune dysfunction may increase the risk of urinary tract infection and pyelonephritis. Any or
all of these conditions may contribute concurrently to development of renal failure in veterinary
patients with multiple myeloma.

6. What hematologic or biochemical abnormalities are expected in veterinary patients
with multiple myeloma?

A variety of hematologic abnormalities may be evident in veterinary patients with multiple
myeloma. Cytopenias are seen frequently. A normocytic, normochromic and nonregenerative
anemia (anemia of chronic disease) is present in 60% to 70% of affected dogs."*> Development of
anemia may result from myelosuppression and myelophthisis. Blood loss secondary to impaired
hemostasis, as well as reduced red cell life span due to coating by paraproteins, and
hyperviscosity syndrome may also contribute in some cases.! Thrombocytopenia and leukopenia
may occur through similar mechanisms, although less often than anemia, and are seen in only
16% to 30% and 25% of dogs, respectively.'” Leukocytosis attributable to neutrophilia or
circulating neoplastic B lymphocytes has been reported in 16% and 10% of dogs, respectively.>

Biochemical abnormalities are highly variable as a result of the wide array of clinical
syndromes possible. Paraproteinemia may result in increased serum globulins, decreased
albumin/globulin (A/G) ratio, and decreased synthesis of albumin. Azotemia, hyperphosphatemia,
and hypoalbuminemia may be evident in patients with renal disease. Evidence of hepatocellular
injury and cholestasis may be present in patients with liver involvement.

7. How is a diagnosis of multiple myeloma established?

Diagnosis of multiple myeloma is based on demonstration of at least two of the following

features:

a. Monoclonal (or less frequently, biclonal) gammopathy. Confirm with serum protein
electrophoresis or immunoelectrophoresis.

b. Bone marrow plasmacytosis (ideally >20%-30%, but often 10%-15%). Detection of
atypical plasma cell morphology or occurrence of plasma cells in dense aggregates or
sheets may increase suspicion.

c. Bence Jones proteinuria. Confirm with urine immunoelectrophoresis.

d. Osteolytic skeletal lesions, particularly of the pelvis, vertebral column, and metaphyseal
region of long bones. These lesions may manifest as either punctate radiopacities or
generalized osteoporosis.

8. What additional testing may be valuable in confirming a diagnosis of multiple myeloma?
In the presence of lymphadenopathy, hepatomegaly, splenomegaly, or other organomegaly,
fine-needle aspiration cytology may be useful to confirm tissue infiltration by neoplastic plasma
cells. Morphology may vary from well-differentiated, mature-appearing plasma cells to poorly
differentiated, immature lymphoid cells or pleomorphic atypical plasmacytoid cells (Figures
19-1 to 19-3). Biopsy with histopathology may be similarly useful, with the added benefit
of permitting special staining for amyloid (Congo red) as well as immunohistochemistry for
immunoglobulin and B cell lymphocyte markers.
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g Figure 19-1 Multiple myeloma, bone
. marrow, canine (375x). Normal hematopoietic
elements are effaced by a monomorphic
population of atypical plasma cells with round
nuclei having coarsely clumped chromatin and
rare small, indistinct nucleoli. Cytoplasm is
abundant, lightly granular, and contains a glassy
amorphous fringe of immunoglobulin at the
periphery. Note the prominent rouleaux
formation in the upper-right corner, suggesting
increased plasma protein concentration typical
of multiple myeloma.

Figure 19-2 Malignant plasmacytoma,
lymph node, feline (300x). Neoplastic cells are
large to extremely large and contain eccentrically
located, round nuclei with coarsely stippled
chromatin and occasional small nucleoli. Cyto-
plasm is moderate to abundant in volume and
occasionally contains a faint perinuclear halo. A
single multinucleated cell is present. Several
mature small lymphocytes and a single neutro-
phil are present to the left of the neoplastic
plasma cells for size reference.

Figure 19-3 Multiple myeloma, leukemic
phase; peripheral blood; feline (375x). This
peripheral blood smear is from the same patient
depicted in Figure 19-2, who ultimately developed
multiple myeloma, hyperviscosity syndrome,
and circulating neoplastic cells. The circulating
cells were smaller, measuring 12 to 15 in
diameter, with eccentrically located, round
nuclei having coarsely clumped chromatin and a
moderate volume of deeply basophilic cyto-
plasm. Occasionally, these cells were fringed
with eosinophilic-staining, amorphous, glassy
material compatible with immunoglobulin.
Rouleaux formation was prominent. A single
neutrophil is on the right for size reference.

9. Are paraneoplastic syndromes a concern in multiple myeloma?

Paraneoplastic syndromes are a major concern in veterinary patients with multiple myeloma
and contribute greatly to the clinical manifestations of the disease. Paraproteinemia is present in
the majority of cases, although nonsecretory myelomas have been reported rarely.’ Hyperviscosity
syndrome, hemolytic anemia, bleeding diatheses, renal disease, and immune dysfunction are all
potential consequences of paraproteinemia.

Hypercalcemia is seen in 15% to 20% of canine cases>>* and is thought to result from
secretion of osteoclast-stimulating factor, PTHrp, and other osteolytic factors.? It has been reported
only rarely in the cat.! Hypercalcemia can contribute to impaired urine concentrating ability and
development of renal failure. Polyneuropathy is another rare paraneoplastic syndrome reported in
multiple myeloma patients.’

Paraneoplastic disorders may complicate or delay treatment for multiple myeloma.
Intravenous (IV) fluid diuretic therapy, and in extreme cases pharmacologic agents (e.g.,

2,
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calcitonin), to control serum ionized calcium levels may be indicated with severe hypercalcemia.'
Renal failure patients may also require IV fluid support. Bisphosphonate or mithramycin therapy
has been used to reduce osteoclast activity, thus decreasing the incidence and severity of bone
lesions and hypercalcemia.’ In patients with cardiac or circulatory complications from
hyperviscosity syndrome, plasmaphoresis may be useful. In severe thrombocytopenia resulting in
hemorrhage, platelet or platelet-rich plasma transfusions may be necessary. Antibiotic protection,
using nonnephrotoxic agents, is frequently indicated to safeguard against increased risk of
infection in the presence of immunocompromise. Orthopedic stabilization of pathologic fractures
is essential.!

10. Are patients with multiple myeloma “staged” in a manner similar to those with
lymphoma?
No clinical staging system is currently in use for multiple myeloma.’ Although previously
described, staging systems did not prove useful in predicting tumor behavior or disease
prognosis.’

11. What treatment options exist for animals with multiple myeloma?

Currently available chemotherapy can effectively reduce tumor burden, alleviate skeletal
lesions and bone pain, reduce serum paraprotein concentration, and improve patient quality of
life. More than 90% of patients exhibit complete or partial remission.> Despite this success,
current therapeutic regimens are not curative, and tumor relapse should be expected.'

Chemotherapeutic agents currently used in multiple myeloma treatment include alkylating
agents, sometimes combined with steroids. Melphalan is the current alkylating drug of choice and
is generally well tolerated. Routine monitoring of complete blood count (CBC) is necessary to
detect dose-limiting myelosuppression, particularly thrombocytopenia or neutropenia. This side
effect is more problematic in the feline patient. Treatment is continued until relapse or dose-
limiting myelosuppression occurs. Prednisone is often combined with melphalan and is thought
to enhance its efficacy.! Cyclophosphamide and chlorambucil may be used instead of or in
combination with melphalan or as rescue agents in relapse. Doxyrubicin, vincristine, and
dexamethasone sodium phosphate may also be used in combination for rescue therapy.'?

Response to therapy is monitored through assessment of clinical signs, biochemical
parameters, resolution of skeletal lesions, and degree of bone marrow plasmacytosis. With
successful therapy, reduction or resolution of anorexia, lethargy, and lameness should be evident
in 3 to 4 weeks. Reduction of serum paraprotein concentration may take longer but should be
expected within 3 to 6 weeks of institution of therapy. Because paraprotein concentration is often
proportional to tumor burden, it is often useful in monitoring response to therapy as well as tumor
recurrence. Resolution of skeletal lesions, ocular complications, and neuropathies may be slower
to show improvement and may fail to resolve completely.!

12. What does a diagnosis of multiple myeloma mean in terms of survival? Also, what rate
of treatment success can be expected, and what factors assist in determining
prognosis?

Short-term prognosis of multiple myeloma is generally good with treatment. With
chemotherapy, 75% to 90% of dogs exhibit a favorable response (either complete or partial
remission), with survival of 12 to 18 months.>> In animals presenting with one or more
paraneoplastic syndromes, including hypercalcemia, Bence Jones proteinuria, renal failure, and
extensive bone lesions, survival is reduced.® A good initial response to chemotherapy is considered
a favorable prognostic indicator. No correlation has been documented between immunoglobulin
type and disease prognosis.’

In cats, prognosis is less favorable because of their poorer response to chemotherapy. Dose-
limiting myelosuppression is frequently problematic in cats.' If achieved, remission tends not to
be durable, with survival of usually 2 to 3 months.?
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In the dog, long-term prognosis of multiple myeloma is poor because current therapeutic
regimens are not curative and eventual tumor relapse is inevitable. Death may result from
progression of renal failure, development of infection, or owner-elected euthanasia for intractable
bone pain.”
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Hemostasis
Bernard F. Feldman

20. OVERVIEW: HEMOSTATIC COMPONENTS
AND DISORDERS

1. What is hemostasis?

Hemostasis is the maintenance of vascular integrity and blood fluidity necessary for the
normal function of blood. The term hemostasis implies a balance between the extremes of
hemostatic dysfunction: too little hemostasis resulting in hemorrhage and too much hemostasis
resulting in thrombosis. When a blood vessel is injured, blood loss must be minimized by the
rapid formation of a clot localized at the injury site. Hemostasis is involved in the healing process.
When hemostasis is in balance, rapid clotting at the injury and appropriate healing occur.
Imbalance resulting in too little hemostasis results in some component of significant blood loss
due to hypocoagulation at the injury site. Imbalance resulting in too much hemostasis results in
hypercoagulation or thrombosis, obstruction of vascular blood flow, and distal organ hypoxia and
injury.

2. When is a hemostatic disorder suspected?

Lengthy or unabated hemorrhage after venipuncture suggests a hemostatic disorder. A
hemostatic disorder also is suspected with petechiae, purpura, ecchymoses, body cavity hemor-
rhage, or the presence of excessive hematoma formation. A family history of bleeding or if the
patient has experienced previous bleeding diatheses recently or as a young animal suggests a
hemostatic disorder as well. Any evidence of excessive bleeding or bleeding in excess of the
anticipated amount of hemorrhage from trauma should increase suspicion for a hemostatic
disorder. Sudden onset of dyspnea or acute organopathy suggests a thrombotic process.

3. List the components of hemostasis in sequence.

The process of hemostasis is a diverse interplay among the vascular wall or endothelial cells,
circulating platelets, coagulation proteins or factors, and the factors confining hemostasis to the
appropriate area—the fibrinolytic system. Once endothelial damage has occurred and there is
subendothelial collagen exposure, the sequence of appropriate hemostasis is initiated.

The endothelial response, vascular constriction, occurs first, followed quickly by the
attachment of platelets to exposed subendothelial collagen, called platelet adhesion. Platelet
adhesion is followed by recruitment of additional platelets to the area, or platelet aggregation.
Stabilization of the platelet plug then occurs through the activation of the coagulation proteins
or factors, resulting in coagulation or fibrin formation. Fibrin encompasses the platelet plug and
provides the superstructure on which healing occurs. To keep the clot localized once fibrin
formation has occurred, the backup fibrinolytic system is activated. Fibrinolysis ultimately
prevents extension of the fibrin clot and breaks down fibrin to produce fibrin degradation products
(FDPs) and fibrin split products (FSPs).
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4. List activities of the endothelial cells.

Endothelial cells are among the most metabolically active cells in the mammalian body.
Endothelial cells are involved with the material transfer of metabolic substances of varied size
between blood and tissues. They also provide a relative barrier to blood cells, plasma, macro-
molecules, and particulate matter. Endothelial cells synthesize or metabolize numerous
mediators, including von Willebrand factor, fibronectin, proteoglycans, and serotonin. These cells
maintain thromboresistance, mediate vascular repair, and mediate cell migration and proliferation
as well as thrombolysis. Endothelial cells also process antigen in cellular immunity.

5. Which clinical problems are associated with endothelial cells?

Potential problems with endothelial cells include ineffective vascular constriction and the
lack of surrounding tissue support that occurs in older individuals as muscle mass decreases.
Hyperadrenocorticism due to glucocorticoid increase also diminishes muscle mass, resulting in
endothelial damage. Immune and septic activity against endothelial cells will cause vasculitis.
Heatstroke is a common cause of severe vasculitis.

6. Why is platelet adhesion clinically important?

Platelet adhesion is required for primary hemostasis. Platelets do not adhere to healthy
endothelium. Ligands such as collagen and von Willebrand factor are involved with platelet
adhesion and are sequestered in the subendothelium. Intact endothelial cells secrete anti-
thrombotic substances such as prostacyclin (PGlL,), a prostaglandin, vasodilator, and platelet
inhibitor. Platelets are also repelled by the negatively charged surface of intact endothelium. Most
canine cases involving poor platelet adhesion are associated with hereditary von Willebrand
factor decrease or dysfunction.

7. What is von Willebrand factor, and why is it a clinical concern?

Von Willebrand factor is a large protein synthesized by megakaryocytes and endothelial
cells. It is necessary for platelet adhesion and is the carrier protein for coagulation factor VIII—
hemophilia A factor. The von Willebrand molecule is made of a series of subunits. Larger sub-
units, stored in endothelial cells, are most effective binding platelets. These subunits are released
in response to various stimuli. Deficiency of von Willebrand factor results in lack of platelet
adhesion, resulting in primary hemostatic dysfunction.

8. Why is platelet aggregation clinically important?

When a blood vessel is damaged, vascular constriction and platelet adhesion begin to
reduce the rate of blood flow through that vessel. As platelets adhere, they begin to change
physically, promoting platelet-to-platelet aggregation. Platelets also begin to produce and
secrete platelet chemotactic substances, effectively recruiting other platelets to the injured area.
The most important of these is thromboxane A, (TXA,), a product of arachidonic acid
metabolism. Prostacyclin is a platelet antiaggregant. When primary hemostasis is in balance,
PGI, and TXA, allow platelet aggregation to occur at the injury site but prevent platelet
aggregation distal to the site. The clinical use of most nonsteroidal antiinflammatory drugs
(NSAIDs) interferes with the production of these two substances, resulting in inbalance and lack
of primary hemostasis.

9. What are the potential clinical problems associated with platelets in primary
hemostasis?

The potential problems with platelets are twofold, quantitative and qualitative. Quantitative
problems include thrombocytopenia and thrombocytosis. Severe thrombocytopenia, less than
30,000 platelets per microliter (ul), will result in primary hemostatic problems manifest by
bleeding. Clinically significant thrombocytosis, greater than 1 million platelets/ul, is less pre-
dictable. Bleeding occurs at least as often as thrombotic disorders. Qualitative platelet disorders,
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or thrombocytopathia, result in dysfunctional platelets. Although these disorders are found in
myeloproliferative disorders and in rare congenital problems, the most common cause of
thrombocytopathia is the inappropriate use of NSAIDs.

10. What are the clinical manifestations of a primary hemostatic disorder?

Specific types of bleeding are the most common clinical manifestations of a primary
hemostatic dysfunction. These include small reddish spots, petechiae, found in mucosal areas
or in friction areas such as in the axilla or inguinal regions. Multiple coalescing petechiae are
called purpura. Bruising or ecchymosis is another clinical manifestation of primary hemostatic
dysfunction. Petechiae, mucosal bleeding, purpura, and ecchymoses are the most common
manifestations of primary hemostatic dysfunction, that is, endothelial problems or platelet
qualitative/quantitative disorders.

11. What is secondary hemostasis?

Secondary hemostasis is the process of blood coagulation. For convenience, the coagulation
pathways, or “cascades,” have been divided into the extrinsic, intrinsic, and common pathways.
It is clinically useful to think of secondary hemostasis in terms of these three pathways, although
much more interaction actually occurs between the pathways than is implied. All the enzymatic
coagulation proteins (factors) circulate in inactive forms in plasma and become activated,
sequentially, by numerous and diverse events, ultimately producing fibrin.

12. What are the essential components of secondary hemostasis?

a. Negatively charged phospholipid surface, most often provided by the inner bilayer of the
platelet cytoplasmic membrane

b. Ionized calcium

c. Tissue factor (factor III), a glycoprotein that is part of the cytoplasmic membrane of most
cells, including endothelial cells

d. Contact activation factors, including factors XII, XI, and the bradykinin precursors
prekallikrein and high-molecular-weight kininogen

e. The remaining factors of the intrinsic pathway (factors IX and VIII), the extrinsic
pathway (factor VII), and the common pathway (factors X, V, II, and fibrinogen)

13. What is the extrinsic pathway?

The extrinsic pathway, the most important of the three pathways in vivo, consists of factor
VII activated by tissue factor (rarely called factor III) in the presence of ionized calcium (which
is the elusive factor 1V, but is never called that). Since tissue factor or tissue thromboplastin is
extrinsic to the immediate area in and around blood vessels, the pathway has been named the
“extrinsic” pathway. Activated factor VII in turn activates factor X in the common pathway. The
remainder of the factors in the common pathway (after factor X is activated) include factors V, 11
(prothrombin), and I (fibrinogen), which are sequentially activated, producing fibrin. Fibrin
stabilizes the platelet plug. Actually, activated prothrombin becomes thrombin, which among
many other activities, cleaves fibrinogen to form fibrin.

14. What is the intrinsic pathway?

The intrinsic pathway consists of factors XII, XI, IX, and VIII. Factors XII and XI are
called the contact factors because they are activated by contact with numerous other factors
intrinsic to the vasculature. The additional contact factors are portions of the kinin system
and include prekallikrein (PK) and high-molecular-weight kininogen (HMWK). Activation of
the intrinsic pathway results in activation of the common pathway and, again, production
of fibrin. It is interesting to note that deficiencies of factor XII, PK, and HMWK do not cause
bleeding.
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15. What is the common pathway?

The common pathway includes factors X, V, prothrombin (II) and fibrinogen (I).

Factor X, activated with ionized calcium, and activated factor V are bound to platelet
membranes. This combination results in activation of prothrombin to thrombin that is bound
to the site of injury. Thrombin is an active enzyme amplifying the coagulation pathways and
forming fibrin from cleaved fibrinogen.

16. What anticoagulant is used when collecting blood for tests of secondary hemostasis

(coagulation)?

The anticoagulant of choice is sodium citrate. It is important to add the correct amount of
blood to anticoagulant: 9 parts blood to 1 part anticoagulant. Deviation from this ratio will sig-
nificantly change the results (given in seconds), resulting in erroneous interpretation of results.
Sodium citrate and ethylenediaminetetraacetic acid (EDTA) inhibit coagulation through calcium
chelation. Sodium citrate is a relatively poor chelator of calcium. EDTA is an excellent chelator
of calcium. Use of EDTA-anticoagulated blood in coagulation testing will cause unpredictable
results. Heparin works as an anticoagulant by activating antithrombin III (ATIII), a natural
inhibitor of many coagulation factors (all the proenzymes, except the nonenzymatic factors VIII,
V, and fibrinogen). Heparin and EDTA are never used as anticoagulants when collecting blood
for hemostasis testing.

17. What coagulation test examines the extrinsic and common pathways?

One-stage prothrombin time (OSPT), usually referred to as the prothrombin time (PT),
examines the extrinsic and common pathways. PT examines factors VII (extrinsic pathway) and
factors X, V, prothrombin (II) and fibrinogen (I) (common pathway). The basics of the test are the
addition of calcium (factor IV) and tissue factor (TF; factor III) to warmed citrated plasma. If all
the factors in the extrinsic and common pathways are quantitatively and qualitatively adequate,
PT will be within the reference limits.

18. What coagulation test examines the intrinsic and common pathways?

The activated partial thromboplastin time (aPTT) examines the intrinsic and common
pathways. The aPTT examines factors XII, XI, IX, and VIII (intrinsic pathway) and factors X, V,
II, and I (common pathway). The basics of the test require the addition of an “activating
substance,” a phospholipid-based material (the “partial thromboplastin™), and calcium to warmed
citrated plasma. If all the factors in the intrinsic and common pathways are quantitatively and
qualitatively adequate, aPTT will be “normal.”

The activated coagulation time (aCT) also examines the intrinsic and common pathways
and is a useful “in-house” screening test for these pathways. Compared with aPTT, the aCT
is insensitive to intrinsic and common pathway problems. If aCT is prolonged, aPTT will be
prolonged. Also, aCT may be “normal” and aPTT prolonged. If a hemostatic problem is
suspected and aCT is “normal,” aPTT should be performed. In rare patients with prolonged
thrombocytopenia, aCT may be prolonged and aPTT within reference limits.

19. Will platelet problems (thrombocytopenia, thrombocytosis, thrombocytopathia) affect
prothrombin time or activated partial thromboplastin time?
No, because both tests use a platelet substitute in the testing process. PT and aPTT are not
affected by platelet problems. The platelet substitute in the PT is tissue thromboplastin. The
platelet substitute in the aPTT is the “partial thromboplastin.”

20. What is thrombin time, or thrombin clotting time?
Thrombin time (TT), also called thrombin clotting time (TCT), is both a qualitative and a
quantitative test of fibrinogen. If there is a low concentration of fibrinogen or if fibrinogen is
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dysfunctional, the TT will be prolonged. The basics of the test require the addition of thrombin
(activated prothrombin; factor Ila) to warmed citrated plasma.

21. What is antithrombin III?

Antithrombin III (AT-1II) is a natural inhibitor of some of the coagulation factors (all the
proenzymes). The nonenzymatic factors VIII, V, and fibrinogen are not affected by AT-III. When
the proenzymes are activated, AT-III, especially in the presence of heparin compounds, will
effectively inhibit the activated factors that become enzymes. AT-III bound to endothelial cells
participates in controlling the coagulation process at the periphery of the vascular injury site.

22. What are proteins C and S?

Proteins C and S are vitamin K—dependent anticoagulant factors that, in the presence of
ionized calcium and negatively charged phospholipid, are potent inactivators of activated factors
V and VIII. The activated protein C—protein S complex also initiates fibrinolysis.

23. What is tertiary hemostasis or fibrinolysis?

The final stage of hemostasis is repair of vascular damage, lysis of the fibrin clot, and
reestablishment of vascular patency and normal blood flow. Fibrinolysis is mediated by plasmin,
a potent proteolytic enzyme. Plasmin circulates as an inactive precursor, plasminogen. Once
activated to plasmin, plasminogen degrades cross-linked fibrin within clots to release FDPs,
including the cross-linked fragment known as D-dimer. Activators of plasminogen include fissue
plasminogen activator (tPA) and urokinase plasminogen activator (uPA). Vascular endothelial
cells synthesize and release tPA in response to many stimuli, including bradykinin. uPA is
synthesized by the kidneys.

Excessive fibrinolysis, the main dysfunctional state of tertiary hemostasis, is an uncommon
disease, with testing abnormalities similar to those of secondary hemostasis.

21. PLATELETOPATHIES

1. What is the clinical presentation of thrombocytopenia in dogs and cats?

The clinical impression of thrombocytopenia, thrombocytopathia, and endothelial cell
problems cannot easily be differentiated based on clinical presentation. The only somewhat
specific clinical signs are petechiae, purpura, and ecchymosis. This type of bleeding is often
associated with mucous membranes or friction areas such as the axilla or inguinal areas. Other,
nonspecific signs may include hematuria, epistaxis, hematochezia, and hemoptysis. Fever is often
present in an actively bleeding animal. If the buccal mucosal bleeding time is prolonged in a dog
or cat with appropriate platelet numbers, the prolongation is probably caused by
thrombocytopathia or endothelial problems. Remember that thrombocytosis causes unpredictable
clinical signs.

2. What is the buccal mucosal bleeding time?

The buccal mucosal bleeding time (BMBT) is used when platelet dysfunction
(thrombocytopathia, von Willebrand’s disease) or endothelial cell dysfunction is suspected. In
dogs or cats with platelet counts less than 70,000/ul, the BMBT is often prolonged. If petechiae
are present, a BMBT will add no additional information and need not be performed because
petechiae are specific for a primary system dysfunction. Therefore, in effect, the use of the BMBT
is reserved for nonthrombocytopenic patients with evidence of primary hemostatic disorders. The
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patient is placed in lateral recumbency, and a firm (not tight) gauze tie is used to fold back and
expose the buccal mucosa. Hand movement tends to affect the test, so a gauze tie is used. A
nonvascular area is selected. A guillotine-like “bleeding time device” (e.g., Simplate II) is placed
lightly on this area and triggered. A stopwatch is started. At 30-second intervals and without
touching the wound, blood leaking from the wound is soaked up. The time from the creation of
the minor incision(s) until blood stops flowing from the wound is the BMBT. In dogs and cats,
the BMBT reference interval in my practice is 1.7 to 4.2 seconds. Most results are near the low
end of the reference interval.

3. Can a “guarded” scalpel or the “toenail” bleeding time be used?

These “scalpel” and “toenail” tests should not be used. Although all these tests, including
the BMBT, are somewhat crude, at least the BMBT has built-in controls; the other tests do not.
The BMBT has withstood scientific scrutiny in the form of published articles in the veterinary
literature.

4. Which etiologies should be considered with a thrombocytopenic patient?

Thrombocytopenia is seldom “idiopathic.” Not uncovering an etiology simply underlines
limited diagnostic abilities as regards this common clinical presentation. Although platelet
numbers can be affected by severe hemorrhage, thrombocytopenia is seldom severe and is usually
>70,000 cells/ul. A careful history with specific questions regarding anticoagulant rodenticides,
other drugs, recent vaccinations, and tick infestations is essential. An infectious or immune-
mediated etiology is the most likely cause of thrombocytopenia. Serology for the common tick-
borne diseases only examines the “tip of the iceberg.” In fact, unless a specific etiology is
uncovered, 3 to 4 weeks of appropriate antimicrobial therapy is indicated in conjunction with
other forms of therapy.

5. What do hemogram reports indicating the platelet count is ‘“adequate” really mean?

The numbers of platelets associated with “adequate” platelet numbers do differ somewhat
between laboratories, but this is a moot point. It is essential to obtain an actual platelet count by
estimation, manual counts, or instrument counts obtained in the production of the hemogram.
Ideally, the platelet count determined by the instrument should be corroborated by the
technologist’s or clinical pathologist’s visual estimation; these should be in close agreement. This
is somewhat problematic in feline hematology because more than 60% of feline blood specimens
contain platelet clumps despite numerous efforts to stop clumping. The word “adequate” in
relation to platelet counts in a patient without observable hemorrhage or suspected occult
hemorrhage is usually satisfactory. All instrument-produced hemograms include a direct platelet
count that may or may not actually be reported.

6. What does mean platelet volume mean?

The mean platelet volume (MPV) is the platelet equivalent of the red blood cell mean cell
volume (MCV). An increased MPV indicates that mean platelet size is increased—the presence
of macroplatelets. Macroplatelets are usually an indication of young or reactive platelets
responding to increased thrombopoiesis—increased concentrations of thrombopoietin.
(Apparently, macroplatelets are observed along with reduced platelet counts in Cavalier King
Charles Spaniels.) A decreased MPV indicates decreased mean platelet size or presence of
microplatelets. Microplatelets may be the only early indication of complement-mediated,
immune-mediated attack against platelets.

7. Can bone marrow examination be accomplished when thrombocytopenia is severe?
Bone marrow aspiration or biopsy is necessary if the cause of the thrombocytopenia has
not been ascertained. Any questionable cytopenias or multiple cell line cytopenias necessitate
marrow examination to aid in determining etiology. Hemorrhage, if present at all with severely
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thrombocytopenic patients, is usually modest and easily controlled by pressure. Hemorrhage is
uncommon or modest in thrombocytopenic patients in general. When platelet-related hemorrhage
is observed and considered significant, both reduced platelet numbers and platelet dysfunctional
states (a combination) are probable.

8. Should a hemostasis profile be performed on a thrombocytopenic patient?

Tests may be clinically useful and include prothrombin time (PT), activated partial
thromboplastin time (aPTT), thrombin time (TT), examination of blood for schistocytes, and
determination of fibrin-fibrinogen degradation products (FDPs). None of these tests should be
prolonged or positive with isolated thrombocytopenia. Abnormal tests would suggest the
potential of a more involved process or other etiologies. One consideration would be dis-
seminated intravascular coagulation (DIC) inducing thrombocytopenia. BMBT will be prolonged
with severe thrombocytopenia and will not be useful. Activated coagulation time (aCT) may be
prolonged if thrombocytopenia is severe (fewer than 10,000 platelets/ul).

9. Identify general categories or processes that cause thrombocytopenia.

Infectious disease is statistically the most common etiology of thrombocytopenia in dogs
and cats. Infections may include rickettsial diseases and systemic mycoses in dogs and retroviral
diseases in cats. Toxoplasmosis and hemobartonellosis can also cause thrombocytopenia in cats.
Immune-mediated disease is also an important category. Neoplasia, especially lymphoproliferative
neoplasia, has been associated with both immune-mediated hemolytic disease and thrombocytopenia.

10. What is (are) the best test(s) to help determine the etiology of thrombocytopenia?

In a clinical setting the etiology of thrombocytopenia is often determined by exclusion. Flow
cytometric tests for detection of platelet antibodies in serum have largely preempted the older
platelet factor 3 (PF3) test and bone marrow megakaryocyte immunofluorescence. None of these
tests can consistently differentiate a primary immune-mediated cause from a secondary cause
(e.g., infectious etiology), and time and availability of such testing are major considerations.
Antinuclear antibody titers, if significantly elevated and with other considerations, may indicate
an immune etiology such as systemic lupus erythematosus (SLE).

11. What are the common infectious etiologies that cause thrombocytopenia?

Geographic considerations often affect which infectious etiologies are common and
therefore which tests are selected. A good historical examination considers travel. Testing for
infection includes serology for Rickettsia and Ehrlichia (including Ehrlichia platys where
appropriate). Testing for E. canis, E. equi, and Rickettsia rickettsii must be considered.
Heartworm disease and leptospirosis are additional considerations. Retroviral examination in cats
is recommended (FeLV, FIV, FIP). Ehrlichial infections have been reported in cats. Babesiosis
must be considered in dogs.

12. Are fresh whole blood or platelet transfusions effective?

In most thrombocytopenic patients, hemorrhage is not significant and use of blood products
is not necessary. Blood products should be considered if intracranial, intraocular, or periadrenal
hemorrhage is occurring or suspected. The effect of fresh blood or platelet-rich plasma on the
total patient platelet count is problematic in the long term. Transfused platelets are rapidly
destroyed. Unless multiple units of blood products are used, whole blood or platelet concentrates
will not result in a notable sustained increase in platelet counts. Typed and matched red cell
concentrates are encouraged if anemia is present.

13. What causes thrombocytosis?
Three general categories should be considered when platelet counts consistently exceed
1 million platelets/pl:
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a. Bone marrow disorders
b. Disorders secondary to disease states
c. Physiologic thrombocytosis

14. What is essential thrombocythemia?

Essential thrombocythemia is a rare myeloproliferative disorder characterized by persistent
and often extreme thrombocytosis. This disease is also referred to as “idiopathic thrombo-
cythemia” and “primary hemorrhagic thrombocythemia.” Both hemorrhage and thrombosis have
been described in dogs. Nonregenerative and regenerative anemia, hypogranular macroplatelets,
basophilia, and spurious hyperkalemia have been observed in animals ultimately diagnosed as
having essential thrombocythemia.

15. What is reactive thrombocytosis?

Reactive thrombocytosis, or secondary thrombocytosis, is characterized by transiently
increased platelet counts in conditions other than myeloproliferative disorders. These conditions
include neoplasia, gastrointestinal inflammatory disorders (e.g., pancreatitis, inflammatory bowel
disease, hepatitis, colitis), immune-mediated disease, blood loss or hemorrhage causing iron
deficiency, trauma (e.g., fractures), drug therapy (e.g., glucocorticoids), and postsplenectomy
status in dogs.

16. What is physiologic thrombocytosis?

Physiologic thrombocytosis results from increased mobilization of platelets from splenic
and nonsplenic (perhaps pulmonary) pools. Physiologic thrombocytosis may also result from
stress and prolonged exercise.

17. What is thrombocytopathia?

Thrombocytopathia is a term used to describe platelet qualitative or functional disorders.
Dysfunctional platelets are suspected when there is clinical hemorrhage (petechiae, purpura,
ecchymosis) despite appropriate or mildly decreased platelet numbers. BMBT is often
prolonged.

18. Identify causes of acquired platelet dysfunction associated with hemorrhage.

Acquired platelet dysfunction is suspected when hemorrhage associated with primary
hemostatic disorders is observed and thrombocytopenia and vascular disorders have been ruled
out. Causes include uremia, dysproteinemia, infectious agents, envenomation by insects or
snakes, hepatic disease, neoplasia, and numerous drugs, including those also suspected of causing
thrombocytopenia. The most common acquired platelet dysfunction in cats and dogs is drug-
induced platelet dysfunction.

19. Identify causes of acquired platelet dysfunction associated with hypercoagulation or
thrombosis.
This disorder is also called “platelet hyperresponsiveness” and “prothrombotic state.” Cause
are disparate and include diabetes mellitus, hyperadrenocorticism, protein-losing diseases (e.g.,
protein-losing gastrointestinal and renal diseases), neoplasia (e.g., sarcoma, carcinoma), and
infectious processes (e.g., heartworm disease, feline infectious peritonitis).

20. What is the most common inherited platelet dysfunctional disease?

Von Willebrand’s disease (vWd) is the most common canine hereditary bleeding disorder.
Qualitative or quantitative problems with the large plasma glycoprotein known as von Willebrand
factor (vWT ) cause vWd. Other inherited platelet dysfunctional states include canine thromas-
thenic thrombopathia (observed in Great Pyrenees and otter hounds), bassethound thrombo-
pathia, Spitz thrombopathia, and storage pool deficiency or cocker spaniel bleeding disorder.
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Chédiak-Higashi syndrome in cats and canine cyclic hematopoiesis in grey collies are also
platelet dysfunctional diseases.

21. How does von Willebrand’s disease affect platelets?

Von Willebrand factor is produced by bone marrow megakaryocytes and by vascular
endothelial cells. vWT is found adsorbed to platelet surfaces and adsorbed to subendothelial
collagen. vWT is essential for platelet adhesion to subendothelial collagen and is also involved in
platelet aggregation. The clinical signs of vWd are similar to those of other thrombopathias and
most often manifest as mucous membrane hemorrhage (hematuria, gastrointestinal bleeding,
epistaxis) or, in severe disease states, as significant hemorrhage.

22. How is von Willebrand’s disease best diagnosed?

Routine universal tests of secondary hemostasis, including PT and aPTT, are unaffected by
vWd. The disease can be diagnosed using laboratory tests for direct evaluation of the vWTf gene.
Genetic testing using molecular technology is accomplished in specialized laboratories.
Quantitation is done through rocket immunoelectrophoresis or enzyme-linked immunosorbent
assay (ELISA) technology. Collection and handling can affect these tests. It is not advisable to
obtain blood from a stressed, ill, or recently exercised animal. Females in heat should not be
tested. A clean venipuncture is required. Blood is carefully placed (to prevent hemolysis) into a
tube with sodium citrate as an anticoagulant, with strict attention placed on the essential ratio
of 9 parts blood to 1 part sodium citrate. Ideally, nonhemolyzed plasma (hemolysis causes
unpredictable results in vW{ quantitation) should be removed using plastic pipettes, and the
plasma should be placed in plastic tubes with plastic stoppers. The plasma should be transported
to the laboratory on ice or frozen until examination.

23. Is buccal mucosal bleeding time useful as a screening test for von Willebrand’s disease?

BMBT is best used as a crude presurgical assessment of the status of primary hemostasis
and as such will be prolonged in most veterinary patients with moderate to severe decreases in
vWIf. A prolonged BMBT requires prophylactic treatment. An appropriatt BMBT does not
necessarily ensure appropriate surgical hemostasis, since anesthetics and drugs may affect
platelet function in patients with modestly reduced vWf{.

22. DISORDERS OF SECONDARY
HEMOSTASIS (COAGULATION DEFECTS)

1. What is secondary hemostasis, and what are associated tests?

Secondary hemostasis is the sequential activation of coagulation proteins (factors) resulting
in conversion of soluble fibrinogen to insoluble fibrin. For convenience, the coagulation proteins
are grouped into the intrinsic, extrinsic, and common coagulation pathways.

Prothrombin time (PT) tests for quantitative and qualitative adequacy of proteins in the
extrinsic and common coagulation pathways. Activated partial thromboplastin time (aPTT) tests
for qualitative and quantitative adequacy of proteins in the intrinsic and common pathways.
Thrombin time (TT) tests for quantitative and qualitative aspects of fibrinogen. Depending on the
affected pathway, the appropriate test will be prolonged if a single factor or factors are inadequate
quantitatively or qualitatively.



116 Disorders of Secondary Hemostasis (Coagulation Defects)

Chédiak-Higashi syndrome in cats and canine cyclic hematopoiesis in grey collies are also
platelet dysfunctional diseases.

21. How does von Willebrand’s disease affect platelets?

Von Willebrand factor is produced by bone marrow megakaryocytes and by vascular
endothelial cells. vWT is found adsorbed to platelet surfaces and adsorbed to subendothelial
collagen. vWT is essential for platelet adhesion to subendothelial collagen and is also involved in
platelet aggregation. The clinical signs of vWd are similar to those of other thrombopathias and
most often manifest as mucous membrane hemorrhage (hematuria, gastrointestinal bleeding,
epistaxis) or, in severe disease states, as significant hemorrhage.

22. How is von Willebrand’s disease best diagnosed?

Routine universal tests of secondary hemostasis, including PT and aPTT, are unaffected by
vWd. The disease can be diagnosed using laboratory tests for direct evaluation of the vWTf gene.
Genetic testing using molecular technology is accomplished in specialized laboratories.
Quantitation is done through rocket immunoelectrophoresis or enzyme-linked immunosorbent
assay (ELISA) technology. Collection and handling can affect these tests. It is not advisable to
obtain blood from a stressed, ill, or recently exercised animal. Females in heat should not be
tested. A clean venipuncture is required. Blood is carefully placed (to prevent hemolysis) into a
tube with sodium citrate as an anticoagulant, with strict attention placed on the essential ratio
of 9 parts blood to 1 part sodium citrate. Ideally, nonhemolyzed plasma (hemolysis causes
unpredictable results in vW{ quantitation) should be removed using plastic pipettes, and the
plasma should be placed in plastic tubes with plastic stoppers. The plasma should be transported
to the laboratory on ice or frozen until examination.

23. Is buccal mucosal bleeding time useful as a screening test for von Willebrand’s disease?

BMBT is best used as a crude presurgical assessment of the status of primary hemostasis
and as such will be prolonged in most veterinary patients with moderate to severe decreases in
vWIf. A prolonged BMBT requires prophylactic treatment. An appropriatt BMBT does not
necessarily ensure appropriate surgical hemostasis, since anesthetics and drugs may affect
platelet function in patients with modestly reduced vWf{.

22. DISORDERS OF SECONDARY
HEMOSTASIS (COAGULATION DEFECTS)

1. What is secondary hemostasis, and what are associated tests?

Secondary hemostasis is the sequential activation of coagulation proteins (factors) resulting
in conversion of soluble fibrinogen to insoluble fibrin. For convenience, the coagulation proteins
are grouped into the intrinsic, extrinsic, and common coagulation pathways.

Prothrombin time (PT) tests for quantitative and qualitative adequacy of proteins in the
extrinsic and common coagulation pathways. Activated partial thromboplastin time (aPTT) tests
for qualitative and quantitative adequacy of proteins in the intrinsic and common pathways.
Thrombin time (TT) tests for quantitative and qualitative aspects of fibrinogen. Depending on the
affected pathway, the appropriate test will be prolonged if a single factor or factors are inadequate
quantitatively or qualitatively.



Disorders of Secondary Hemostasis (Coagulation Defects) 117

2. What are the clinical signs of secondary (coagulation) defects?

Bleeding into tissues or body cavities is most characteristic of coagulation defects.
Coagulation defects often result in hematoma formation; pleural, peritoneal, or retroperitoneal
hemorrhage; hemarthrosis; and hemorrhage between the planes of large muscle groups. Delayed
bleeding or rebleeding is also characteristic. Usually, venipuncture is uncomplicated. Mucosal or
frictional area bleeding is uncommon.

3. How are acquired coagulation defects differentiated from inherited defects?

Inherited coagulation defects often occur in animals at a young age and with a history of
previous hemorrhage. Siblings (especially male) and other relatives probably will also have
bleeding defects. Inherited coagulation defects usually are associated with a single coagulation
protein. Acquired coagulation defects occur at any age, and there is no history of previous
bleeding or affected relatives. Acquired coagulation defects often affect multiple coagulation
proteins.

4. What is the most common acquired coagulopathy?

Toxicosis with anticoagulant rodenticides is the most common acquired secondary
hemostatic disorder. This toxicosis is sometimes difficult to diagnose because bleeding is often
occult, occurring in body cavities or between planes of large muscle groups. No specific and
relatively easy laboratory test can corroborate this diagnosis, although tests can strongly suggest
rodenticide toxicosis. The most common clinical treatment errors are inadequate dosages of
vitamin K, and inadequate duration of treatment.

5. What are the vitamin K-dependent coagulation proteins?
The four major vitamin K—dependent coagulation proteins involved in functional clotting
activity are factor II (also known as prothrombin), factor VII, factor IX, and factor X. Proteins C
and S are also vitamin K—dependent proteins but have anticoagulant activity.

6. What does vitamin K dependence mean?

Factors 11, VII, IX, and X are produced by hepatocytes in an inactive or precursor form. To
become functional, glutamic acid in the precursor protein must be carboxylated. This is called
gamma-carboxyglutamic acid. The carboxylation process requires the presence of vitamin K. In
the absence of vitamin K, these proteins are only present in nonfunctional forms.

7. How do anticoagulant rodenticides affect coagulation?

The active hydroquinone form of vitamin K is necessary for the carboxylation and
epoxidation required to change the precursor proteins into the functional forms of factors II, VII,
IX, and X. Hydroquinone is converted into the inactive epoxide form of vitamin K as these
factors are activated. The active form, hydroquinone, must be regenerated by enzymatic
reductions. Anticoagulant rodenticides act by inhibiting the reduction reaction. This quickly
reduces the concentration of the hydroquinone form of vitamin K and thus the concentration of
functional vitamin K—dependent proteins.

8. How can vitamin K be inhibited without involving rodenticides?

Because vitamin K is fat soluble and is taken up by the intestinal tract with fatty acids,
conditions that lead to maldigestion or malabsorption of fats in the diet can also cause reduction
in vitamin K concentration. Conditions to rule out include infiltrative bowel disease, lymph-
angiectasia, exocrine pancreatic deficiency, and biliary obstruction. Bile acids facilitate intestinal
absorption of fat. Prolonged oral antibiotic therapy with second-generation and third-generation
cephalosporins may lead to mild vitamin K deficiency as the result of decreased bacterial
synthesis. These conditions should be considered clinically for completeness but are infrequent
causes of severe vitamin K depletion.
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9. Identify first- and second-generation rodenticides causing toxicosis and the resulting
clinical considerations.

The first-generation hydroxycoumarins included warfarin and dicoumarin. Second-
generation hydroxycoumarins are brodifacoum, bromadiolone, and difenacoum. The first-
generation indanediones include diphacinone, chlorphacinone, pindone, and valone. The
second-generation hydroxycoumarins and first-generation indanediones are highly potent
compared with first-generation hydroxycoumarins.

Toxicity with these potent coumarins may last for several weeks or even, in worst-case
scenarios, several months. Therefore, therapy should be continued for at least 3 weeks, followed
by 1 week of testing to ensure relapse does not occur.

10. How soon after rodenticide ingestion will clinical signs of toxicosis manifest?

Manifestation of clinical signs largely depends on ingested dosage of the intoxicant and
activity of the patient. The more potent coumarins may result in hemorrhagic tendency within
hours. Intoxication may take as long as 2 days to 1 week. More active patients tend to hemorrhage
earlier than more sedentary patients.

11. What is the best approach to diagnosis of vitamin K inhibition?

Coagulation factor VII in the extrinsic pathway is vitamin K dependent, has the shortest
half-life, and therefore the shortest inactivation time; thus tests that examine factor VII, among
others, should be performed. PT examines factors VII, X, V, II, and I, and the PIVKA test
examines factors VII, X, and II (the proteins produced but not activated by vitamin K are called
the “proteins induced by vitamin K absence,” or PIVKA proteins). Either test probably will
become prolonged hours before the patient manifests clinical signs. Eventually, as the inactive
form of other vitamin K—dependent proteins predominate, the other universal tests of coagulation,
activated coagulation time (aCT) and aPTT will also become prolonged. It is important to note
that if PT or the PIVKA test is not prolonged and aPTT is prolonged, for example, vitamin K
inhibition is highly unlikely.

12. What is the appropriate therapeutic approach to vitamin K inhibition?

If ingestion of the toxicant is recent, emesis or gastric lavage may prevent toxicosis. Once
hemorrhage is manifest or suspected, emesis and gastric lavage are contraindicated because
of the risk of inducing further hemorrhage. If the amount and sites of patient hemorrhage
are not considered clinically significant, vitamin K, therapy (phytonadione, phylloquinone, or
phytomenadione) should be administered. Since vitamin K is fat soluble, vitamin K, therapy is
best administered by subcutaneous (SC) or oral routes. Intramuscular (IM) injection does
not result in appropriate blood concentrations of vitamin K more quickly than using oral and
SC routes, and intramuscular hematoma formation is probable. Intravenous (IV) vitamin K also
does not result in appropriate blood concentrations of vitamin K more quickly than using
oral or SC routes, and anaphylaxis may occur. If the toxicant is one of the first-generation
hydroxycoumarins and the animal no longer is exposed to this rodenticide, 5 days of appro-
priate therapy will suffice. If the toxicant is an indanedione or second-generation hydroxy-
coumarin, 3 weeks of therapy will usually suffice, as long as testing for an additional week is
negative.

13. Can other forms of vitamin K be used to treat vitamin K inhibition in small animals?

Vitamin K; (menadione or menophthone) is the only other form of vitamin K that should or
could be used. Although cheaper, K; is much less effective, and appropriate blood concentrations
are often not achieved for several days. Vitamin K; therapy should never substitute for vitamin
K, therapy.
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14. What is the appropriate therapeutic approach to a patient hemorrhaging from vitamin

K inhibition?

A minimum of several hours is required after administration of vitamin K to initiate vitamin
K-dependent factor activation. Therefore, supplying activated vitamin K coagulation proteins
through administration of typed and (minor) crossmatched fresh or fresh frozen plasma is
indicated. Of course, vitamin K, therapy should be administered concurrently with the blood
product. Only if the patient’s red cell mass appears reduced should a typed and (major and minor)
crossmatched red cell product (whole blood; packed red cells) be considered.

15. What type of testing is recommended once vitamin K1 therapy is stopped?

Approximately 3 hours after the last dosage of vitamin K;, PT or PIVKA testing is
performed and the results considered as baseline data. At 48 hours and again at 96 hours after
baseline testing, these tests should be repeated. Any prolongation in either of these tests, at either
time, requires reinstating vitamin K; therapy for a minimum of several weeks, with additional
retesting. During the initial 96-hour postbaseline testing period, any evidence of fever or lack of
appetite requires examination because rebleeding is likely.

16. Describe secondary hemostatic disorders other than rodenticide toxicosis.

Hepatic disease, disseminated intravascular coagulation (DIC), and circulating antibodies to
coagulation proteins all can induce clinical signs similar to those of toxicosis, including
hematoma formation, hemorrhage into body cavities or between large muscle groups, and
hemarthrosis. Because PT and aPTT are often prolonged, it is clinically difficult to differentiate
between hepatic disease and DIC, especially DIC secondary to hepatic disease. History, clinical
impression, platelet counts, fibrin and fibrinogen degradation product concentrations, and hepatic
biochemical and ultrasonographic examination may be helpful. Circulating antibodies to
coagulation proteins have been rarely reported in the veterinary literature. A lupus anticoagulant
resulting in thrombotic disease has been reported in one dog. Factor VIII inhibitors resulting in
hemorrhage have been described in hemophilic dogs.

17. Can mast cell neoplasia result in systemic, multisite hemorrhage?

Heparin is a physiologic inhibitor of coagulation. Mast cell tumors contain significant
concentrations of heparin, so a hemorrhagic tendency may result. Heparin works with anti-
thrombin III, inhibiting many activated coagulation proteins and resulting in prolongation of PT
and aPTT.

18. What are the inherited coagulopathies?

Single coagulation protein (factor) deficiencies of virtually all known factors have been
described. Usually these factor deficiencies manifest in young animals. The classic hemophilias
inherited in a sex-linked recessive pattern are factor VIII deficiency and factor IX deficiency.
These diseases have prolonged aPTT and appropriate PT. Interestingly, although aPTT is
prolonged in factor XII deficiency, there is no bleeding tendency. The inheritance pattern of the
other coagulation proteins is autosomal dominant. Factor I (fibrinogen) deficiency has both
autosomal dominant and recessive patterns of inheritance. Factor X deficiency is autosomal
recessive. In the Devon Rex cat, vitamin K—dependent protein deficiency is currently considered
to have an autosomal recessive inheritance pattern.

19. What are the genetic expectations of the sex-linked (X-linked) hemophilias: hemophilia

A (VIII deficiency) and hemophilia B (IX deficiency)?

Unless the male is a modest hemophiliac, it is improbable that he will grow to breeding age.
Typically, hemophilia is a male disease with female carriers. If a carrier female is bred to a
normal male, the possibilities include 25% normal females, 25% carrier females, 25% normal
males, and 25% affected males. Differentiating the males will depend on the presence of
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hemorrhage in the affected male and prolonged aPTT. With hemophilia A, factor VIII
concentration will be low. Both the carrier female and the normal female will have appropriate
aPTTs. However, the carrier female will have much lower factor VIII concentration than her
normal female sibling.

If a hemophilic male is bred to a normal female, all the females of this breeding will be
obligate carriers, and all the males will be normal.

23. DISSEMINATED INTRAVASCULAR
COAGULATION AND THROMBOSIS

1. What is disseminated intravascular coagulation (DIC)?

Disseminated intravascular coagulation is the result of a primary inflammatory or tissue-
damaging process. DIC is a complex syndrome involving a transition between accelerated
activation of platelets, coagulation proteins, and plasmin evolving into consumption of coagu-
lation proteins, platelets, and inhibitors of fibrinolysis. Coagulation is accelerated systemically
when the following occur:

a. Blood comes into contact with tissues containing tissue thromboplastin or subendothelial

collagen.

b. Significant quantities of circulating white blood cells, inflammatory mediators, or

cytokines are present.

c. Significant contact occurs between coagulation proteins and phospholipids from platelets

or red blood cells (RBCs).

d. Circulating tissue debris is present from RBCs, tissue necrosis, tumor tissue, or heartworms.

Uncontrolled coagulation leads to rapid consumption of platelets, consumption or degrada-
tion of coagulation proteins, and consumption or degradation of natural anticoagulants—DIC.

2. How is DIC diagnosed?

The diagnosis of DIC is based on clinical suspicion, knowledge of the pathophysiologic
mechanisms responsible in associated diseases, and abnormal serial tests of hemostasis indicative
of this secondary process. The clinical signs of DIC depend on the phase the patient is
experiencing. The phase of DIC depends on the intensity of the underlying disease, concentration
and variety of inhibitors present, and length of time the coagulation mechanisms are exposed
to the initiators. An ideal hemostasis laboratory profile includes the prothrombin time (PT),
activated partial thromboplastin time (aPTT), platelet count, fibrinogen concentration, fibrin-
fibrinogen degradation product (FDP) concentration, and antithrombin III (AT-III) concentration.
These tests should be serially evaluated to determine trends in any patient thought to have a
primary disease likely to initiate DIC but with nondiagnostic test results.

3. Describe the phases of DIC.
a. Peracute (hypercoagulable) phase, characterized by no or few overt clinical signs
b. Acute (consumptive) phase, characterized by venipuncture oozing or modest hemorrhage
c. Chronic phase, characterized by no clinical signs of oozing blood

4. What are the laboratory test expectations in the peracute or hypercoagulable phase of
DIC?
The PT and aPTT are within reference limits or have a shortened time (below reference
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limits) in the peracute phase. Platelet numbers are normal, which should increase clinical
suspicion because platelet counts in most systemic inflammatory disorders are at the upper
end of the reference interval or above the reference interval. Fibrinogen concentration is
appropriate or modestly declining, which should also increase clinical suspicion because
fibrinogen concentration in most systemic inflammatory disorders is at the upper end of the
reference interval or above the reference interval. FDP and AT-III concentrations are within
the reference range.

5. What are the laboratory test expectations in the acute or consumptive phase of DIC?

The laboratory findings in the acute phase are most characteristic of DIC. This includes

prolongation of the PT and aPPT, decreasing platelet numbers, decreasing fibrinogen concen-
trations, increasing FDP concentrations, and decreasing concentrations of AT-III.

6. What are the laboratory test expectations in the chronic phase of DIC?

The PT and aPTT remain prolonged in the chronic phase. Platelet numbers remain
decreased. Fibrinogen concentration is most unpredictable and may be within reference limits or
severely decreased. The concentration of FDPs depends on the adequacy of the mononuclear
phagocytic system (MPS). If the MPS in the liver and spleen is not overwhelmed by tissue and
hemostatic debris, FDPs will remain appropriate or mildly elevated. If the MPS is fully saturated
with tissue and hemostatic debris, FDPs will be notably elevated. The concentrations of AT-III
may remain decreased in more fulminant clinical situations or return toward baseline or the
reference interval in less fulminant situations.

7. Is the activated coagulation (aCT) time useful in the laboratory diagnosis of DIC?
Activated coagulation time (aCT) examines the intrinsic and common coagulation
pathways. Therefore aCT identifies the same coagulation protein problems as aPTT.
Accomplished serially, aCT will help define trends. It is much less sensitive than the aPTT; aCT
requires marked deficiencies in coagulation proteins before becoming prolonged. If a process
associated with DIC is suspected and the aCT result is within reference limits, aPTT should be
performed. If the aCT result is prolonged, however, there is no need to perform aPTT because it
also will be prolonged. Remember that there is potential for prolongation of aCT if the platelet
count is greatly decreased. Marked thrombocytopenia will not cause prolongation of aPTT.

8. List clinical diseases and their initiators in DIC.

a. Systemic inflammatory response syndrome (SIRS) initiates DIC by exposure of
subendothelial collagen, accelerating the immune response, release of inflammatory
mediators, and in pancreatitis, release of trypsin. Uncontrolled immune-mediated
cellular destruction results from circulating RBC membrane phospholipid, cellular
debris, and cytokine release.

b. Trauma and burns can initiate DIC by similar mechanisms to SIRS and immune-
mediated disease.

c. Metabolic acidosis and severe shock result in exposure of subendothelial collagen. Shock
also accelerates the immune response and prevents clearance of activated coagulation
proteins and delivery of coagulation protein inhibitors.

c. Neoplasia exposes subendothelial collagen and results in increased concentrations of
intravascular tissue debris.

d. Hepatosplenic disease results in inadequate production of coagulation proteins and

inadequate clearance of activated coagulation proteins and tissue debris.
Heartworm disease results in increased circulation of tissue thromboplastin.
Envenomation activates coagulation factor X.

Heatstroke exposes subendothelial collagen.

Endotoxemia can cause activation of coagulation proteins.

Foe oo
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9. What is the logical treatment approach to DIC?

Successful therapy in DIC depends on early suspicion and detection in critically ill animals.
Ameliorating or mitigating the primary instigating process is an essential component of DIC
therapy. A logical approach to DIC treatment includes promotion of capillary flow, support of
target organs where microthrombi may cause ischemia or hemorrhage, coagulation factor
replacement therapy, and administration of heparin as needed.

10. How is therapy in DIC monitored?

Plasma antithrombin activity is the key test for both diagnosis and monitoring of DIC. The
activity of AT-III declines in early DIC as this endogenous anticoagulant is consumed. Activity
less than 80% (the plasma pool AT-1II concentration is considered 100%) is considered diagnostic
for DIC in humans. When AT-III concentration falls below 60% in critically ill humans, a 96%
mortality rate is described. Concentrations less than 90% should be continuously monitored.
Clinical experience in dogs suggests that AT-III concentrations less than 80% are indicative of
DIC. Concentrations less than 60% indicate risk for thrombosis or DIC and require heparin
therapy and AT-III replacement. Concentrations less than 30% are critical, with immediate risk
for thrombosis, DIC, and death. These patients require heparin and aggressive and immediate AT-
III replacement therapy.

11. What is thrombophilia?

A coordinated interaction and regulation between endothelium, platelets, coagulation
factors, and fibrinolysis are necessary for appropriate hemostasis. Alterations in Virchow’s triad
(changes in blood flow, alteration of coagulation factors, and endothelial damage) provide the
baseline of thromboembolic disease. Hypercoagulability or prothombotic state, or thrombophilia,
denotes a predisposition to increased thrombotic risk. Thrombophilia comprises several
congenital, familial, and acquired disorders of the hemostatic system that predispose a patient to
thromboembolic events. Deficiencies in inhibitors of coagulation (AT-III, protein C) are known
to potentiate thrombosis. Impaired fibrinolysis also potentiates thrombosis.

12. Identify disorders predisposing to thrombus formation and thromboembolization.

Immune-mediated disease (hemolysis or thrombocytopenia, vasculitis, amyloidosis,
phlebitis), infection, parasitism, neoplasia (e.g., hemangiosarcoma), protein-losing nephropathy
or gastroenteropathy (loss of AT-III), and trauma (intravenous catheters, irritating or hyper-
osmolar substances) are factors that predispose to thrombus formation and thrombo-
embolization.

13. Identify alterations in blood flow that predispose to thrombus formation and
thromboembolization.

Hypovolemia caused by shock, trauma, burns, or organic disease increases thrombotic
risk. Cardiac disease, including vegetative endocarditis, valvular insufficiency, and vascular
abnormalities, may also predispose to thromboembolization. Congestive heart failure (CHF) and
other hemodynamic disorders are also other risk factors.

14. What are the clinical manifestations of thrombosis?

Thrombosis can occur in veins, arteries, capillaries, and heart chambers. Localized vascular
obstruction and embolization of the thrombi result in the clinical manifestations of thrombosis,
which are variable in nature and severity depending on location and size of the thrombus. Acute
dyspnea is often associated with pulmonary thrombosis. Some patients develop hemoptysis.
Those with infarction or embolization in the genitourinary system can present with hematuria,
abdominal pain, and abdominal splinting. Embolization of viscera may cause vomiting and fecal
or urinary incontinence. Distal aortic emboli in cats results in marked pain in the affected limb,
which lacks a pulse and is cool on palpation. The affected limb may be pale.
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15. How is thrombosis diagnosed?

Diagnosis of thrombosis usually requires sophisticated diagnostic techniques, including
digital subtraction angiography, contrast venography and arteriography, radioactive fibrinogen
scanning, impedance plethysmography, and Doppler ultrasonography. Abnormal scintigraphic
ventilation or perfusion scans increase the index of suspicion for thrombotic disease.

16. Without the availability of specialized studies, how can the clinical laboratory help in
the diagnosis of prothrombotic or thrombotic states?

Routine universal tests of hemostasis such as PT and aPTT are useful in detecting
hypercoagulable DIC states. In fact, the ability of the laboratory to perform hemostasis screening
beyond the routine PT and aPTT is the secret for effective prothrombotic state screening. For
example, decreasing concentration of AT-III or protein C increases the probability of thrombotic
risk or actual thrombosis. Photometric assays of platelet aggregation may assist in monitoring
antiplatelet therapy by helping to determine pharmacologic or pathologic alterations in platelet
function.

17. What does the presence of fibrin-fibrinogen degradation products mean?

Fibrin-fibrinogen degradation products (FDPs), also known as fibrin-fibrinogen split
products (FSPs), are the result of the conversion of plasminogen to plasmin and the resultant
digestion of both cross-linked and non-cross-linked fibrin and fibrinogen. The presence of these
products, without supporting historical, clinical, or laboratory aberrations, is difficult to interpret.
In patients with modest compromise of the mononuclear phagocytic system (MPS), FDPs are
often present if there has been trauma and significant hematoma formation or intracavity
hemorrhage. In patients at risk for DIC or thrombosis with an effective MPS, FDPs will usually
not be present until the process is fulminant. However, it is important to realize that the presence
or absence of FDPs does not confirm or rule out diagnosis of DIC or thrombosis.

When plasmin directs enzymatic activity to cross-linked fibrin monomers, in the presence of
fibronectin, D-dimers are produced. Although the presence of D-dimers plays an important role
in the diagnosis of DIC in human medicine, their presence in nonhuman animal species is
currently difficult to interpret. In my experience with numerous D-dimer test systems, there are
excessive numbers of false-positive tests.

Hemostasis
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Section IV
Acid-Base Disorders

24. INTRODUCTION TO ACID-BASE
ABNORMALITIES

James H. Meinkoth and Rick L. Cowell

1. What four basic parameters are typically measured on a routine blood gas analysis?
a. pH: a measure of the acidity of the blood
b. Po,: partial pressure (tension) of oxygen, the amount of O, dissolved in the blood
c. Pco,: partial pressure (tension) of carbon dioxide, the amount of gaseous CO, dissolved
in the blood; used as a measure of the respiratory component of acid-base disturbances
d. [HCO;]: concentration of bicarbonate in the blood; used as a measure of the metabolic
component of acid-base disturbances

2. How are the four basic parameters determined?
The pH, Pao,, and Pco, are all directly measured using electrodes specific for the desired
parameter. [HCOs] is calculated based on the relationship between pH and Pco,. Many other
calculated values might be reported, depending on the laboratory and the instrument used.

3. Is arterial or venous blood preferred for blood gas analysis?

Analyzing arterial or venous blood depends on the information the clinician is seeking.
Arterial blood is needed for a meaningful interpretation of Po,. The arterial Po, (Pao,) allows
evaluation of the oxygenation of arterial blood, dependent only on respiratory function. Venous
Po, is affected by tissue utilization of oxygen as well as respiratory function. Thus, if an animal
is in shock and has slow tissue perfusion, venous Po, may be greatly decreased despite a normal
Pao,. Similarly, an animal that is severely anemic has decreased oxygen-carrying capacity. This
animal has a normal Pao,, but as blood passes through the tissue, oxygen is depleted and venous
Po, may be greatly reduced.

Venous blood is more easily collected and is acceptable for evaluation of pH, bicarbonate, and
Pco, concentrations. Because of changes similar to those described for Po,, measurement of pH,
Pco,, and bicarbonate in venous blood may give a more accurate reflection of the acid base status
of the tissues than do arterial samples. This is particularly true in situations such as cardiac arrest.

4. What is the proper method for collecting and handling samples for blood gas analysis?
Samples are collected in heparinized syringes. Heparin (1000 units/ml) is drawn into a 3-cc
syringe and then expelled back into the bottle. This leaves a small amount of heparin coating the
syringe barrel and in the dead space of the syringe. This small amount of heparin is sufficient to
anticoagulate a 3-ml whole-blood sample. Heparin solution is acidic and will falsely lower pH
and HCOj5 if too much heparin is left in the syringe before collecting the sample.

Once the sample (arterial or venous) is drawn into the syringe, any air bubbles are removed,
and the syringe is capped by sticking the needle into a rubber stopper to prevent equilibration
with room air. The sample should be immediately analyzed or delivered to the laboratory for
analysis. If the sample cannot be analyzed within about 15 minutes, it should be placed in an ice
bath, and accurate results can be obtained for up to about 3 hours and possibly longer.
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5. What changes would be expected from delayed analysis of a sample?
If the sample is not analyzed in a timely fashion, artifacts are induced, the result of
metabolism by the cells in the blood. Cellular metabolism will utilize oxygen, thus lowering Po,,
and will produce lactic acid, thus lowering both pH and bicarbonate.

6. What changes would be expected from excessive exposure to room air?

Exposure to room air may result from failure to cap the syringe in which the sample is
collected or from the presence of large air bubbles in the sample that are not removed. Room air
has a Po, higher than and a Pco, lower than blood. Thus an artificial increase in Po, and an
artificial decrease in Pco, may be seen.

7. What is pH?

pH is a measurement of the hydrogen ion concentration [H*]. The notation of a lowercase p
means the “power of,” so pH is the power of [H*].

By definition, pH = —log [H*]. Because of the negative log, there is an inverse relationship
between pH and hydrogen ion concentration, which sometimes leads to confusion. As [HY]
increases, the pH decreases (becomes more acidic), and as [H*] decreases, the pH increases
(becomes more alkaline). The normal hydrogen ion concentration in biologic fluid is measured
in nanoequivalents per liter (nEq/L), about one-millionth the concentration of most other
electrolytes (e.g., Na*, CI-, K¥).

8. Why is [H*] measured as pH rather than as concentration?

The concept of pH was designed to “simplify” the representation of the wide range of H*
ions found in chemical systems. The range of [H*] in biologic systems that is compatible with life
is much narrower, and the concept of pH is probably not needed. It would undoubtedly be simpler
to refer to [H'] in nEq/L, but pH is now used because of tradition. Keep in mind that a change in
pH of 1 unit (e.g., 7.4 to 6.4) represents a 10-fold change in [H*]. Similarly, a change of 0.3 pH
units represents a twofold change in [H].

9. If hydrogen ions are present in such low concentrations compared with other
electrolytes, why are changes in pH so important?

Hydrogen ions are extremely reactive molecules. The proteins of the body, including
enzymes, have many dissociable groups that can either bind or release hydrogen ions. Gain or
loss of hydrogen ions can change the structure and function of these proteins. Therefore, changes
in [H*] can have profound effects on the body.

10. What normal physiologic factors potentially alter pH?

Protein metabolism results in the daily generation of fixed acids. Carbohydrate metabolism
results in the generation of CO,, a volatile acid. CO, is a potential acid because in the presence
of carbonic anhydrase, it can bind with water to form carbonic acid (H,COs).

11. What are the definitions of an “acid” and a “base”?
An acid is a substance that can donate a hydrogen ion, whereas a base is an H* acceptor.
A general equation would be:

HA < H + A (Equation 1)
(acid) (base)

In which A~ acts as a base because it can bind to free H" ion.
12. What are the normal body defenses that serve to protect against changes in pH?

The body contains many buffers, which blunt changes in pH. A buffer is a substance that
can gain or lose hydrogen ions and thus minimize changes in pH. A buffer pair consists of a weak
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acid (HA) and its conjugate base (A"). If a large amount of hydrogen ions are added to a system,
the buffer pair binds some of the H" ion, thus minimizing the change in pH.

13. What are some of the important buffers in the body?

In the extracellular fluid the main buffer is the bicarbonate (HCO j)/carbonic acid (H,COs)
system. Hemoglobin is the most significant nonbicarbonate buffer of the extracellular fluid, with
other plasma proteins contributing to a lesser degree. In cells the primary buffers are proteins,
organic phosphates, and inorganic phosphates. The bicarbonate buffer system is the buffer system
measured for diagnostic purposes.

14. What are the components of the bicarbonate buffer system?

Bicarbonate binds to H* ion to form carbonic acid (H,CO3). Under the influence of carbonic
anhydrase, carbonic acid can break down to carbon dioxide and water. These reactions are
reversible. Thus the bicarbonate system can be represented as:

H,0 + CO, <> H,CO; <> HCO; + H* (Equation 2)

The equilibrium of this reaction is such that the concentration of H,COj; is insignificant
compared with the concentrations of HCO3 and CO,. Thus the reaction can be simplified and
considered as:

H,0 + CO, «> HCO; + H* (Equation 3)

An increase in CO, would shift the equilibrium of Equation 3 to the right, resulting in
production of increased free H" ions (acidosis). A decrease in CO, would shift the equilibrium to
the left, thus decreasing free H" ions (alkalosis). Thus, CO, acts as an acid. An increase in CO,
is an acidic change, and a decrease in CO, is an alkaline change.

An increase in bicarbonate would shift the equilibrium of Equation 3 to the left, resulting in
decreased H* ions (alkalosis). A decrease in HCO3 would shift the equilibrium to the right,
generating free H* ions (acidosis). Thus, bicarbonate acts as a base. An increase in bicarbonate is
an alkaline change, and a decrease in bicarbonate is an acidic change.

15. If there are numerous buffer pairs in the body, why is bicarbonate the only buffer
system measured?

It is only necessary to measure one buffer system to evaluate acid-base status. Numerous
buffer systems exist in the body, but all are in equilibrium. Following an acute acid load, all the
buffers will share in buffering the H* ion change, dependent on their concentration and pK, (see
Question 16). Thus, if the relative concentrations of one buffer pair have changed, there will be
a similar change in all other buffer pairs.

Of all the buffers, the bicarbonate/carbonic acid pair is the one that can easily be measured.
Carbonic acid concentration is directly proportional to Pco,, which can easily be measured. Bicar-
bonate concentration can be directly measured or, more often, calculated using the Pco, and pH.

16. What is the pK, of a buffer, and what is its significance?

The pK, of a buffer pair is the pH at which the buffer is half dissociated, so that half the
buffer exists as an acid (HA) and half exists as the base (A”) or salt.

The significance is that a buffer is most effective at a pH within one unit of it pK,. Thus, for
a buffer to be most effective in plasma, it should have a pK, within one unit of 7.4.

17. The pK, of the bicarbonate buffer system is not within one pH unit of 7.4. If a buffer is
normally most effective within one pH unit of its pK,, what accounts for the effective-
ness of this buffer system in maintaining normal plasma pH?

Most buffers are not under active physiologic control. They bind or release H* ions,
depending on the relative concentration of all reactants, until they reach equilibrium. The
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bicarbonate system is unique in that it is an “open” system; the various components of the
reaction can be added to or removed from system (e.g., CO, can be expired from the body). Also,
the components of this system are under active control by the body, so the pH can be actively
adjusted to a point different than would be reached by simply allowing the components to reach
equilibrium passively.

With the bicarbonate system:

H,0 + CO, <> HCO; + H*

The concentration of CO, can be varied minute by minute through respiration. If this were
a closed system as are the other buffers, the addition of an acute acid load (H*) would shift the
equilibrium of the equation to the left until a new equilibrium was reestablished. This would
minimize the increase in [H*] to some degree and would also result in a significant increase in
Pco,. However, the lungs can blow off the excess CO, generated by this reaction, which will
allow more H* ions to be buffered, thus further minimizing the increase in [H*]. Thus, by altering
respiration to increase or decrease CO, concentration, the body can actively control pH.

In addition to controlling CO, concentrations, the kidney can regulate bicarbonate levels,
although this response is much slower and requires days for full effect.

18. What is the difference between acidemia and acidosis and between alkalemia and
alkalosis?

Acidemia and alkalemia refer to blood pH that is below or above reference range,
respectively. Acidosis and alkalosis are processes that would tend to either lower or increase pH,
whether or not a significant change in blood pH has actually occurred. Thus an animal may have
an acidosis, but blood pH may still be in the normal range, either because the magnitude of the
acidosis was not sufficient to change blood pH outside the normal range or because a concurrent
alkalosis was negating the effect of the acidosis on blood pH.

19. What are the primary acid-base abnormalities that can be identified on a blood gas
profile?

Four primary acid-base abnormalities can be identified, as follows:

a. Respiratory acidosis is an increase in Pco, resulting from hypoventilation. The increased
CO, concentration shifts the equilibrium of the bicarbonate reaction (Equation 3) to the
right and results in generation of free H* and thus a tendency to lower pH.

b. Respiratory alkalosis is a decrease in Pco, resulting from hyperventilation, the opposite
of respiratory acidosis. The reduced CO, concentration shifts the equilibrium of the
bicarbonate reaction to the left, thus reducing the free [H*] and increasing pH.

¢. Metabolic acidosis is a process that results in a decreased [HCO;]. This can be the result
of either loss of bicarbonate from the body or generation of excessive amounts of fixed
acids. Either process results in an increased [H*] and a tendency to decrease pH.

d. Metabolic alkalosis is characterized by increased [HCO;] and increased pH, usually
resulting from loss of stomach contents (and thus H* ions) or disproportionate loss of C1~
ions from the body.

20. What are the compensatory responses expected for each of the primary acid-base
disorders?

Compensatory (also called secondary or adaptive) changes are physiologic alterations that
occur in an attempt to minimize the change in pH. The compensatory change occurs in the
opposite system from the primary disorder (respiratory vs. metabolic) and occurs in the opposite
pH direction. Thus the expected response to a metabolic acidosis (change of bicarbonate in the
acid direction) would be a respiratory change in the alkaline direction (decreased Pco,). The
expected response to a metabolic alkalosis would be a respiratory change in the acid direction
(increased Pco,).
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Similarly, the compensatory response to a respiratory acidosis would be an increase in
bicarbonate (metabolic change in the alkaline direction), and the response to a respiratory
alkalosis would be a decrease in bicarbonate.

21. Can the magnitude of the expected compensatory changes be estimated more specifi-
cally than simply looking for a change in the appropriate direction?

Formulas exist to calculate the expected response to the various primary acid-base disorders
in humans. Although probably not accurate across species, these formulas are often applied to
animals. Formulas for expected compensatory responses in dogs have been published and differ
from typical human findings (Table 24-1). Formulas for other species have not been published.

It is important to remember that these formulas represent the average response seen in
animals. Any given animal may have a greater or lesser response. Therefore the expected
response cannot be interpreted too strictly, but rather should be used as a guideline.

Table 24-1 Compensatory Responses in Dogs with Primary Acid-Base Disorders

PRIMARY DISORDER EXPECTED COMPENSATORY RESPONSE

Metabolic acidosis 0.7 mm Hg decrease in Pco, for each 1.0 mEq/L
decrease in [HCO;]

Metabolic alkalosis 0.7 mm Hg increase in Pco, for each 1.0 mEq/L
increase in [HCO;]

Acute respiratory acidosis 0.15 mEq/L increase in [HCO;] for each 1.0 mm Hg
increase in Pco,

Chronic respiratory acidosis 0.35 mEq/L increase in [HCO;] for each 1.0 mm Hg
increase in Pco,

Acute respiratory alkalosis 0.25 mEq/L decrease in [HCO;] for each 1.0 mm Hg
decrease in Pco,

Chronic respiratory alkalosis 0.55 mEq/L decrease in [HCO;] for each 1.0 mm Hg

decrease in Pco,

Pco,, Partial pressure of carbon dioxide; [HCO; ], bicarbonate concentration.

22. What is the definition of a mixed acid-base disorder?

A mixed acid-base disorder is the occurrence of more than one of the four primary
abnormalities in a patient. This may be the combination of a metabolic and a respiratory problem
or the presence of both metabolic acidosis and alkalosis. The expected compensatory response to
a primary abnormality is not considered a mixed acid-base disorder because this is a normal
protective response.

23. What are the basic steps to interpreting data from a blood gas analysis?

a. The first step is evaluation of blood pH to determine whether an acidemia or alkalemia
is present.

b. The next step is to determine if the change in pH is the result of a metabolic abnormality,
respiratory abnormality, or both. To do this, evaluate Pco, (respiratory parameter) and
[HCO;] (metabolic parameter). Usually, one of these parameters will have changed in
the same direction as the pH change (acid or alkaline), and the other will have changed
in the opposite direction. Whichever system has changed in the same direction as the pH
change is the system that contains the underlying abnormality (the system changing in
the opposite direction probably represents a compensatory response). If both systems
have changed in the same direction as the pH change, both systems have an underlying
abnormality, and a mixed acid-base abnormality is present.
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c. The final step is to evaluate whether an appropriate compensatory response is present.
Did the opposite system shift in the appropriate direction? In dogs the appropriate
formula can be used to quantify the magnitude of the response.

24. What is the purpose of evaluating the magnitude of the compensatory response?

If the compensatory response has not occurred (no shift) or if the magnitude of the response
is significantly less than or greater than expected, a mixed acid-base abnormality should be
suspected. The patient should be evaluated for a second problem in the system in which
the compensatory response should have occurred. If no problem can be found in this system, the
“exaggerated” or “inadequate” compensatory response may simply represent normal variation for
that individual.

25. How is it possible to have acid-base disturbances with a normal blood pH?

Although innumerable different disturbances can affect acid-base status, each can manifest
itself in only one of two ways with regard to [H*]: a tendency to increase [H*] or a tendency to
decrease [H*]. Two (or more) significant abnormalities can occur that have opposite effects on
[H*] and thus negate each other, resulting in pH within the reference range. Such mixed acid-base
disturbances should be considered when pH is normal but [HCO;] and Pco, are outside the
reference ranges.

26. What is TCO,?

TCO, stands for fotal carbon dioxide and is a measurement of the total amount of CO, (in
different forms) in the blood. The majority of CO, in the blood is in the form of bicarbonate, so
TCO, is an estimation of serum [HCO;]. TCO, is provided on many serum chemistry profiles
and can be used to screen for the presence of acid-base abnormalities. A small amount of the
TCO, represents soluble CO, in the blood. Thus, the TCO, concentration is typically 1 to
2 mEq/L greater than the [HCO;].

27. What is base excess?

Base excess, another calculated value, is the amount of strong acid that would need to be
added to the sample to bring the pH to 7.4 if the sample was maintained at a standard temperature
and Pco, concentration. The purpose of the calculation, and normalization to a standard Pco,, is to
try to separate the portion of a given change in total [HCO;] that is caused by metabolic disturb-
ances from that caused by changes in Pco, (which will secondarily alter [HCO;] by shifting
the equilibrium of Equation 3). If the base excess is positive, a metabolic alkalosis is present. If
the base excess is negative (also called a base deficit), a metabolic acidosis is present. Base excess
values are sometimes used to calculate the dose of bicarbonate to be given to an animal.
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1. What is a metabolic acidosis?

A metabolic acidosis is an acid-base disorder that results from either the loss of bicarbonate-
rich fluids from the body or the accumulation of fixed acids. Accumulation of acids can be the
result of increased metabolic production of acids (e.g., ketoacidosis) or decreased excretion of
acids (e.g., renal failure).
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c. The final step is to evaluate whether an appropriate compensatory response is present.
Did the opposite system shift in the appropriate direction? In dogs the appropriate
formula can be used to quantify the magnitude of the response.
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“exaggerated” or “inadequate” compensatory response may simply represent normal variation for
that individual.
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TCO, represents soluble CO, in the blood. Thus, the TCO, concentration is typically 1 to
2 mEq/L greater than the [HCO;].

27. What is base excess?

Base excess, another calculated value, is the amount of strong acid that would need to be
added to the sample to bring the pH to 7.4 if the sample was maintained at a standard temperature
and Pco, concentration. The purpose of the calculation, and normalization to a standard Pco,, is to
try to separate the portion of a given change in total [HCO;] that is caused by metabolic disturb-
ances from that caused by changes in Pco, (which will secondarily alter [HCO;] by shifting
the equilibrium of Equation 3). If the base excess is positive, a metabolic alkalosis is present. If
the base excess is negative (also called a base deficit), a metabolic acidosis is present. Base excess
values are sometimes used to calculate the dose of bicarbonate to be given to an animal.
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A metabolic acidosis is an acid-base disorder that results from either the loss of bicarbonate-
rich fluids from the body or the accumulation of fixed acids. Accumulation of acids can be the
result of increased metabolic production of acids (e.g., ketoacidosis) or decreased excretion of
acids (e.g., renal failure).
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2. How is metabolic acidosis identified on a blood gas profile?

As discussed in Chapter 24, metabolic acidosis is usually recognized when a patient has a
decreased blood pH (acidosis) along with a concurrent decreased plasma bicarbonate
concentration ([HCO ;], metabolic component). Metabolic acidosis may also be identified as part
of a mixed acid-base abnormality in a patient with respiratory alkalosis, if the patient’s [HCO;]
is lower than would be expected as part of a compensatory response to the alkalosis.

3. How common is metabolic acidosis?
Metabolic acidosis is probably the most common acid-base disorder seen in companion
animals. Many common clinical conditions may produce this abnormality.

4. What are two general mechanisms by which metabolic acidosis may develop?

Metabolic acidosis develops by one of two main mechanisms:

a. Overproduction or overadministration of fixed acids that overwhelm the normal
buffering capacity of the body, consuming bicarbonate; also termed a titrational acidosis
because the buffers are being titrated by the excess acid

b. Loss of bicarbonate from the body in excessive amounts, as in animals with severe
diarrhea.

5. Are there clinical signs that would suggest a patient has a metabolic acidosis?
Generally, the clinical signs present would reflect the underlying disease process rather
than the metabolic acidosis itself. Humans have a deep, rhythmic respiratory pattern called
Kussmaul’s respiration, but this has not been described in veterinary species.

6. In the absence of a blood gas analysis, what findings on a routine chemistry profile
might suggest the presence of a metabolic acidosis?

The most specific indicator of a metabolic acidosis on a routine chemistry profile would be
areduced total carbon dioxide (TCO,). TCO, is a measurement of all forms of CO, in the blood.
Dissolved CO, (which is the Pco, from a blood gas profile) is a minor portion of the total CO,
content of the blood. The majority (~95%) of the CO, in the blood is in the form of bicarbonate,
so TCO, is a reflection of [HCO;].

Hyperchloremia with a normal serum sodium concentration would also suggest the presence
of metabolic acidosis. Normally, changes in chloride concentration parallel changes in sodium
concentration. However, when an animal has a metabolic acidosis caused by loss of bicarbonate
(a negatively charge ion) from the body, an independent rise in chloride concentration will occur
to maintain electroneutrality.

7. Define cation and anion.
A cation is a positively charged electrolyte, such as sodium, potassium, calcium, or mag-
nesium. An anion is a negatively charged electrolyte, such as chloride, bicarbonate, or phosphate.

8. What is meant by electroneutrality?

In any body fluid, there must be an equal number of cations and anions. To maintain
electroneutrality, if a cation is removed from a particular fluid component, either an anion must
be removed along with it or a different cation must be added back to replace it. This is an
important concept in understanding renal handling of ions and understanding electrolyte
imbalances.

9. What is the anion gap, and what is the formula used for its calculation?
The anion gap is the difference between the amount of the commonly measured cations
(e.g., sodium, potassium) and the commonly measured anions (e.g., chloride, bicarbonate) in the
blood. Although many of these electrolytes are measured, the most common formula used is:
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Anion gap = (Na* + K*) — (CI" + HCO3)

This calculation yields a positive number, usually between 15 and 25 in dogs and cats,
indicating that there are fewer measured anions in the blood than there are measured cations.

10. What does the anion gap represent?

According to the concept of electroneutrality, there are equal numbers of total anions
and total cations in the blood. The fact that there are less measured anions in the blood than
measured cations indicates that there are more unmeasured anions in the blood than unmeasured
cations (and the amount of this excess is identical to the amount of the excess measured
cations). Therefore the magnitude of the difference between the measured cations and anions
in the blood provides an indication of the relative amounts of unmeasured anions and cations in
the blood.

If the measured anion gap increases to greater than normal, it means that the difference
between unmeasured anions and unmeasured cations has also increased. This indicates either an
increase in unmeasured anions or a decrease in unmeasured cations. In reality, the number of
unmeasured cations is small and relatively constant. Therefore, increases in anion gap reflect an
increase in unmeasured anions, most often organic acids of some type.

11. What is the clinical use of calculating an anion gap?

In a patient with a metabolic acidosis, calculating the anion gap can differentiate those
conditions caused by excess production of organic acids (these have an increased anion gap) from
those caused by other mechanisms (these have a normal anion gap).

12. What are some common causes of a metabolic acidosis with increased anion gap?
a. Lactic acidosis
b. Uremic acidosis
c. Ketoacidosis
d. Exogenous toxins that produce acidic metabolites

13. What exogenous toxins cause a high anion gap acidosis?

The most common endogenous toxin in veterinary medicine is ethylene glycol. In humans,
salicylate intoxication and methanol poisoning also cause a high anion gap acidosis, but these
toxins are not typically seen in companion animals.

14. What is the mechanism of acidosis in ethylene glycol poisoning?

In the liver, ethylene glycol is metabolized by the enzyme alcohol dehydrogenase. The initial
metabolite is glycoaldehyde. Subsequent metabolism produces glycolic acid and glyoxylic acid.
Glycolic acid is the metabolite responsible for the severe metabolic acidosis.

15. What symptoms associated with ethylene glycol poisoning would suggest this toxicity?
There are three clinical phases of ethylene glycol toxicity, caused by the different
metabolites, as follows:
a. Neurologic. The initial signs are neurologic in nature. The animals may appear drunk or
stuporous or may be comatose. This phase is seen within 12 hours of ingestion.
b. Cardiorespiratory. Tachypnea and tachycardia develop 12 to 24 hours after ingestion,
although these are not obvious symptoms and may not be detected in many clinical cases.
¢. Renal. Acute renal failure develops within 24 to 72 hours after ingestion, if a sufficient
amount of ethylene glycol was ingested.

16. What are the typical laboratory findings in ethylene glycol toxicity?
Laboratory findings depend on the stage of intoxication when the animal is presented. Most
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animals are not presented until they are in renal failure. These animals have increased blood urea
nitrogen (BUN), creatinine, and inorganic phosphate, typical of renal failure. Urine specific
gravity is inadequately concentrated, or the animal may be anuric. The animal often has a
profound metabolic acidosis, resulting in a low TCO, and a high anion gap. Early in the disease
course the ethylene glycol metabolites may be the major contributor to the increased anion gap.
Later in the disease the concentration of these metabolites decreases, and retained organic acids
resulting from renal failure are the major contributors.

Hypocalcemia is present in many cases of ethylene glycol toxicity, a result of calcium being
bound and precipitated in the form of calcium oxalate crystals.

Early after ingestion (<24 hours), a dramatic hyperosmolality is present, a result of the
osmotic activity of the ethylene glycol and its metabolites, which are small molecules present in
large amounts. The osmolarity reported on many chemistry profiles is a calculated estimate of the
true osmolality and is based on the concentrations of the major osmotic particles normally found
in the blood: electrolytes, urea, and glucose. The presence of an unmeasured osmotic substance
such as ethylene glycol will not affect this calculation. This produces a discrepancy between
calculated osmolarity and measured osmolality, which is termed an osmole gap.

17. How can a diagnosis of ethylene glycol toxicity be confirmed?

A history of ingestion is important, if this information is available. Kits are available to test
for the presence of ethylene glycol, and results will be positive until the toxin is metabolized.
Calcium oxalate monohydrate crystals are a characteristic finding in ethylene glycol toxicity and
strongly support a diagnosis in animals with appropriate clinical signs.

18. How early can calcium oxalate crystals be found in the urine after ingestion?

Calcium oxalate crystals can be found in the urine less than 6 hours after ingestion, well
before renal failure is present. This makes accurate evaluation of urine sediment critical in
suspected cases.

19. What is ketoacidosis?

Ketoacidosis is a metabolic acidosis that results from the overproduction of ketone bodies,
intermediate metabolites of fat metabolism that reflect a shift from carbohydrate metabolism to
fat metabolism. Ketoacidosis can occur anytime that energy demands cannot be met by carbo-
hydrate metabolism, such as starvation and in bovine ketosis. In small animals, ketoacidosis is
most frequently the result of diabetes mellitus.

20. What are the ketone bodies produced in ketoacidosis?
a. Acetone
b. Acetoacetic acid
¢. B-Hydroxybutyric acid

21. Do all ketones contribute to acidosis?

Acetone does not ionize and therefore does not contribute to acidosis. Both acetoacetic acid
and B-hydroxybutyric acid are nearly completely dissociated at normal plasma pH and contribute
to acidosis.

22. What laboratory findings suggest ketoacidosis as a cause of a high anion gap acidosis?

Ketoacidosis is suggested by the presence of increased concentrations of ketones in the
urine. Ketones are easily excreted in the urine, and ketonuria occurs before significantly increased
levels of ketones are present in the blood (hyperketonemia). Therefore, animals with sufficient
ketones in the blood to cause acidosis should have greatly increased concentrations of ketones in
the urine (3* to 4%). Hyperketonemia can be directly confirmed by measuring -hydroxybutyrate
levels in the blood.
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Because ketoacidosis in dogs and cats is usually the result of uncontrolled diabetes mellitus,
hyperglycemia and glucosuria are also usually present.

23. What ketones are detected by the nitroprusside reaction?

Nitroprusside is the reagent used to detect ketones in urine, primarily acetoacetic acid; it
reacts somewhat with acetone. Nitroprusside does not react with B-hydroxybutyrate, which is the
predominant ketone produced in diabetes mellitus. Therefore, urine dipstick tests will typically
underestimate the degree of ketonuria present.

24. What is the pathophysiology of acidosis associated with uremia?

The acidosis of renal failure results from reduced renal excretion of phosphates, sulfates, and
organic acids normally excreted by the kidney. In chronic renal failure, compensatory responses
of the kidney maintain acid-base status in the normal range until glomerular filtration rate (GFR)
has been severely reduced (<20% of normal), and then the acidosis is generally mild to moderate.
In acute renal failure the acidosis may be more severe because of insufficient time for the kidney
to compensate.

25. When should uremia be suspected as the cause of a high anion gap acidosis?

Acid-base status is maintained until GFR is greatly decreased. Therefore a high anion gap
resulting from renal failure is always associated with classic laboratory findings of renal failure:
azotemia, inadequately concentrated urine, and usually hyperphosphatemia.

26. Under what situations does lactic acidosis develop?

Lactate production is the result of anaerobic metabolism. Tissue hypoxia over sufficient time
will result in anaerobic metabolism and generation of lactic acidosis. Less often, lactic acidosis
may occur in the absence of hypoxia, with defects in mitochondrial function.

27. What are some of the common causes of hypoxic lactic acidosis?
a. Reduced oxygen-carrying capacity of blood
(1) Severe hypoxia (e.g., pulmonary disease)
(2) Severe anemia
b. Poor tissue perfusion
(1) Cardiovascular disease/arrest
(2) Hypovolemia
(3) Septic shock
c. Increased oxygen demand, exceeding normal capacity
(1) Vigorous activity (e.g., racing Greyhounds)
(2) Convulsions

28. When should lactic acidosis be suspected?

Lactic acidosis is suspected in a patient when a high anion gap acidosis is present, along
with an appropriate clinical situation (e.g., poor tissue perfusion) and no evidence of other causes
of high anion gap (no ketonuria, no uremia, no evidence of ethylene glycol toxicity).

29. How can lactic acidosis be definitively diagnosed?
Definitive diagnosis of lactic acidosis can be accomplished by determination of blood lactate
concentration. However, this is frequently not available.

30. What are the most common causes of metabolic acidosis associated with a normal
anion gap?
a. Diarrhea
b. Hypoadrenocorticism
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c. Dilutional acidosis
d. Ammonium chloride administration
e. Renal tubular acidosis

31. How does diarrhea result in a normal anion gap acidosis?

The bicarbonate concentration [HCO;] of intestinal fluids is greater than that of plasma,
largely because of alkaline secretions from the pancreas and biliary tract. Excessive loss of HCO 5
results in acidosis. The anion gap is normal because there is no unmeasured anion being
produced. Instead, serum chloride concentration [CI] is typically increased to compensate for
the loss of HCO; and maintain electroneutrality. However, if severe diarrhea leads to poor tissue
perfusion, lactic acidosis may be superimposed on the bicarbonate loss and may increase the
anion gap.

32. What is dilutional acidosis?

Dilutional acidosis occurs when plasma volume is expanded with large amounts of fluids
(e.g., normal saline) that do not contain bicarbonate or other alkali. In addition to having no
bicarbonate, normal saline contains a higher chloride concentration than plasma. Because CI
is reabsorbed in the kidney in competition with other anions such as HCOj, this can promote
bicarbonate loss in the urine.

33. What is renal tubular acidosis?

Renal tubular acidosis (RTA) is a group of diseases that result in metabolic acidosis because
of either defective renal reabsorption of bicarbonate (type II RTA) or defective distal renal
secretion of H* (type I RTA). These are uncommon diseases that are considered when a patient
has a persistent normal anion gap metabolic acidosis with no identifiable cause.

34. What is the mechanism of metabolic acidosis in hypoadrenocorticism?

The metabolic acidosis in hypoadrenocorticism results from the aldosterone deficiency.
Aldosterone promotes distal tubular secretion of H* as well as potassium ions (K*). This occurs
through both direct (H*/ATPase pump) and indirect mechanisms. Aldosterone deficiency leads to
reduced renal H* secretion and therefore acidosis. Because the acidosis results from defects in
renal H" excretion, aldosterone deficiency is classified as a form of renal tubular acidosis (type
IV RTA).

35. What changes on a blood gas profile characterize metabolic alkalosis?
Metabolic acidosis is identified by increases in both pH and bicarbonate. There is usually
an adaptive increase in partial pressure of carbon dioxide (Pco,) as well.

36. Are there any physiologic limitations to the respiratory response to a metabolic alkalosis?

The respiratory response to metabolic alkalosis is an adaptive hypoventilation. Hypoventi-
lation results in an increase in Pco,, which will shift the equilibrium of the bicarbonate equation
to the right:

H,0 + CO, <> HCO; + H*

Oxygen is less diffusible across alveolar membranes than CO,. Therefore, hypoventilation
sufficient to raise Pco, will also decrease arterial oxygen partial pressure (Pao,), resulting in
some degree of hypoxemia. However, hypoxemia will not override the pH-induced hypoventi-
lation unless Pao, drops below 50 to 60 mm Hg, so this is usually not a significant impediment.

37. Are there clinical signs related to metabolic alkalosis?
Clinical signs generally relate to the underlying disease process causing the metabolic
alkalosis rather than resulting from the alkalosis itself.
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38. What findings on a routine chemistry profile would suggest the presence of a metabolic
alkalosis?
Elevated TCO,, a reflection of [HCO;], would be the most direct support for the presence
of a metabolic alkalosis. Metabolic alkalosis should also be considered when there is a low serum
[CI], in the absence of a similar reduction in serum sodium concentration [Na*].

39. What are the major causes of metabolic alkalosis?

Vomiting of stomach contents and diuretic administration, both resulting in relative H*
and CI” loss, are the most common causes of metabolic alkalosis. These are termed chloride-
responsive causes. Chloride-resistant causes, unrelated to the loss of chloride-rich fluids, are
much less common but may occur with primary hyperaldosteronism.

40. How does vomiting of stomach contents lead to metabolic alkalosis?

Stomach contents are high in H" and CI” ions, resulting in loss of these electrolytes along
with fluid volume. Hydrogen ions are generated by the parietal cells in the stomach from the
dissociation of carbonic acid (H,CO; <> H* + HCO3). For every H* ion secreted into the lumen
of the stomach, an HCO3 ion is generated in the extracellular fluid (ECF). In the normal animal,
pancreatic secretion of HCO3 balances the gastric H" secretion. In the animal vomiting stomach
contents, the loss of gastric H" ions essentially results in generation of free HCO3 ions on a 1:1
basis. This leads to an increased ECF bicarbonate and thus alkalosis.

41. What factors are responsible for maintaining alkalosis?

The two main factors that prevent the correction of alkalosis by the body are the volume
deficit and chloride deficiency that accompany gastric fluid loss. The fluid loss and resultant
hypovolemia create a situation in which the body needs to maximally reabsorb sodium from the
urine to maintain vascular volume. To maintain electroneutrality, the body needs either to
reabsorb an anion along with sodium or to secrete another cation in exchange for it. Normally,
most sodium is reabsorbed along with chloride in the proximal tubule. The chloride deficiency
that occurs in animals with metabolic alkalosis results in increased delivery of free sodium to the
distal tubules, where it is reabsorbed in exchange for H* and K* ions. This perpetuates the
alkalosis and results in the development of hypokalemia.

42. How does administration of diuretics result in development of metabolic alkalosis?

Multiple mechanisms are involved in diuretic administration and development of metabolic
alkalosis and relate to the following

a. Relative loss of CI” ions

b. Increased delivery of Na* to the distal tubules

c. Release of aldosterone from the resultant fluid volume loss

These factors lead to increased reabsorption of sodium in exchange for H" and K* in the
distal tubules, as previously described.

Diuretics such as the loop diuretics inhibit sodium chloride (NaCl) transport in the loop of
Henle. Although there is equal loss of both Na* and CI-, the plasma [CI] is less than [Na*]. Thus,
loss of equal concentrations of these electrolytes represents a proportionately greater loss of
chloride.

The resultant loss of fluid and the relative chloride loss are similar to the situation that
occurs with loss of stomach contents. The inhibition of NaCl transport in the loop of Henle results
in increased delivery of sodium to the distal tubules, where it is reabsorbed in exchange for H*
and K" ions, resulting in alkalosis and hypokalemia.
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26. RESPIRATORY ACID-BASE ABNORMALITIES
James H. Meinkoth, Rick L. Cowell, and Karen Dorsey

1. Define hypercapnia and hypocapnia.
Hpypercapnia is an increase in the partial pressure of carbon dioxide (Pco,) of the blood.
Hypocapnia is a decrease in Pco, of the blood. Pco, reflects alveolar ventilation. Increasing
ventilation will decrease Pco,.

2. What is the difference between hypoxia and hypoxemia?

Hypoxia denotes decreased oxygen delivery to tissues, whereas hypoxemia denotes a
reduction in the amount of oxygen dissolved in the blood (decreased Pao,). Partial pressure of
arterial oxygen (Pao,) reflects the ability of the pulmonary system to oxygenate the blood.
Hypoxemia often leads to hypoxia, depending on the severity of the hypoxemia.

3. Isit possible to have hypoxia without having hypoxemia?

Hypoxia can occur without hypoxemia. With severe anemia (but normal pulmonary
function), there is a marked decrease in the total amount of oxygen dissolved in the blood, but
Pao, and the percent saturation of hemoglobin will be normal. As the blood perfuses the tissues
and the dissolved oxygen is used, there will be insufficient oxygen “reserves” because of the
reduced amount of hemoglobin available to carry oxygen. Poor tissue perfusion can also lead to
tissue hypoxia with a normal Pao,.

4. How is it possible to have hypoxemia without an increase in Pco,, since both hypoxe-
mia and hypercapnia result from inadequate gas exchange?

First, oxygen does not diffuse across alveolar membranes as easily as does carbon dioxide.
Therefore, during the development of pulmonary disease that interferes with gas exchange, O,
diffusion may be impaired while CO, diffusion is normal. This will lead to hypoxemia with a
normal Pco,. Also, respiration is normally controlled by Pco,-induced changes in hydrogen ion
concentration [H*]. Therefore, in the case of mild hypoxemia with a normal Pco,, there is no
stimulus to increase respiration, and the hypoxemia is allowed to remain.

5. What is a respiratory acidosis?
A respiratory acidosis is a blood gas abnormality caused by a primary hypercapnia.

6. What changes on a blood gas analysis characterize a respiratory acidosis?
Respiratory acidosis is characterized by a decreased pH along with an increased Pco, Pao,
is also decreased (hypoxemia). There is usually a compensatory increase in bicarbonate
concentration [HCO;].

7. What general mechanisms result in respiratory acidosis?
Respiratory acidosis is ultimately the result of decreased alveolar ventilation (gas exchange
across the alveolar wall). Decreased alveolar ventilation may result from the following:
a. Any factor that interferes with neurologic control of respiration (e.g., drugs, central
nervous system disease)
b. Mechanical obstruction (e.g., foreign body)
Restrictive pulmonary disease (e.g., pneumothorax, pleural effusion, masses)
d. Decreased gas exchange across the alveolar membrane (e.g., pneumonia, pulmonary
edema)

o
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8. Is Pao, always decreased in respiratory acidosis?

Pao, is almost always decreased in respiratory acidosis. Carbon dioxide diffuses across
the alveolar spaces more easily than oxygen. Therefore any disease severe enough to limit CO,
exchange will usually limit O, exchange as well, and hypoxemia will have developed before
hypercapnia.

The one notable exception is an animal breathing supplemental oxygen. Animals on
supplemental oxygen may not be hypoxemic, although the Pao, would be lower than in a normal
animal breathing a similar concentration of oxygen.

9. What Pao, is expected in an animal breathing supplemental oxygen?
It is estimated that the Pao, should be approximately five times the fractional concentration
of oxygen in the inspired air (Fio,). Thus an animal breathing room air (Fio, ~21%) has a Pao,
near 100 mm Hg, whereas an animal breathing 100% oxygen has a Pao, of about 500 mm Hg.

10. What is the expected degree of compensatory increase in bicarbonate in an animal with
respiratory acidosis?
In an acute respiratory acidosis, HCO; is increased approximately 1.5 mEq/L for each
10 mm Hg increase in PCo,. In a chronic situation, HCO 5 increases approximately 3.5 mEq/L for
each 10 mm Hg increase in Pco,.

11. Why is the expected compensatory response different in acute and chronic situations?
In a metabolic acid-base disorder, respiratory compensation occurs very quickly (minutes to
hours). Therefore the compensatory response is typically maximal at the initial evaluation. In
contrast, the renal compensatory response to respiratory acidosis takes several days to develop
fully. After an acute increase in Pco,, the hydrogen ions generated are titrated by nonbicarbonate
buffers, resulting in an initial increase in bicarbonate, which occurs within a few hours. This
represents the expected compensatory response in an acute situation. The greater increase in
bicarbonate expected in a chronic situation reflects this plus renal adaptive response.

12. What is a respiratory alkalosis?
A respiratory alkalosis is an acid-base disorder caused by a primary decrease in Pco,.
Respiratory alkalosis is the result of alveolar hyperventilation.

13. Which changes on a blood gas profile signify a respiratory alkalosis?

An alkaline pH in conjunction with a decreased Pco, signifies a respiratory alkalosis. The
bicarbonate is usually also decreased as a compensatory response. Pao, is variable and may be
normal or decreased, depending on the underlying cause of the disorder.

14. What is the magnitude of change in bicarbonate that is expected as part of the
compensatory response?

As with the compensatory response to a respiratory acidosis, the magnitude of response
expected for a respiratory alkalosis depends on whether the primary disorder is an acute or
chronic situation. For acute respiratory alkalosis, HCO; decreases approximately 2.5 mEq/L for
every 10 mm Hg decrease in Pco,. For a chronic respiratory alkalosis, HCO; decreases approx-
imately 5.5 mEq/L for every 10 mm Hg decrease in Pco,. This is the expected response in dogs
and may not be valid for other species.

15. What are the major mechanisms by which respiratory alkalosis develops?

Respiratory alkalosis results from increases in alveolar ventilation, although the stimulus
for increased ventilation can vary. These mechanisms for respiratory alkalosis can be classified
into one of three major groups:

a. Disorders that cause hypoxemia
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b. Disorders that directly stimulate respiratory centers in the brain
c. Disorders that stimulate stretch and nociceptive receptors in the lungs in the absence of
hypoxemia

16. How can hyperventilation lead to low Pco, when pulmonary disease is severe enough
to result in hypoxemia due to poor diffusion of oxygen?

Again, since carbon dioxide is significantly more diffusible than oxygen, pulmonary disease
may limit O, exchange before limiting CO, exchange. In such a case, hypoxemia-induced hyper-
ventilation can result in excessive amounts of CO, being blown off from the lungs, resulting in
hypocapnia and respiratory alkalosis.

17. How severe must hypoxemia become to induce respiratory alkalosis?

Respiration is normally controlled by CO,-induced changes in [H*]. Thus, Pco, is typically
maintained at the expense of Pao,. However, when Pao, decreases to below 50 to 60 mm Hg,
hypoxemia may stimulate peripheral chemoreceptors and override control of respiration.
Hypoxemia-induced hyperventilation will not return Po, to normal; when the Pao, returns to
greater than 50 to 60 mm Hg, the hypoxemia drive is lost, and ventilation will be inhibited by the
alkalosis. Therefore, animals with hypoxemia-induced respiratory alkalosis should have a Pao,
less than about 60 mm Hg. Respiratory alkalosis with a Pao, greater than 60 mm Hg would
suggest direct stimulation respiratory centers or stimulation of stretch receptors in the lungs.

18. What are common causes of respiratory alkalosis due to hypoxemia?

Any disease that increases the diffusion barrier across the alveoli can cause respiratory
alkalosis through hypoxemia. Pneumonia, pulmonary edema, and pulmonary embolism can all
result in decreased oxygenation. In addition, severe anemia can result in sufficient tissue hypoxia
to stimulate hyperventilation, although the arterial Po, will be normal.

19. Which diseases cause respiratory alkalosis by direct stimulation of the respiratory
center?
Hyperthermia, central nervous system diseases (e.g., trauma, infection), pain, anxiety, gram-
negative sepsis, and certain drugs (e.g., salicylate intoxication) can result in direct stimulation of
the respiratory center. In these cases, Pao, will be normal.

Acid-Base Disorders
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Section V

Renal Function and Urinalysis
Heather L. Wamsley and A. Rick Alleman

27. EVALUATION OF RENAL FUNCTION

1. Briefly describe how urine is formed.
Urine represents the net effect of glomerular ultrafiltration of plasma and renal tubular
excretion and reabsorption of substances into and out of the glomerular filtrate.

2. What is glomerular filtration rate (GFR)?
GFR is the rate at which the glomerulus forms the ultrafiltrate of plasma within Bowman’s
space.

3. What drives GFR?

The formation of the plasma ultrafiltrate within Bowman’s space is a passive process that
is driven primarily by glomerular hydrostatic pressure. The glomerular hydrostatic pressure
directly reflects the hydraulic pressure generated by cardiac output and local renal vascular tone.
Therefore, extrarenal factors that alter renal perfusion can affect GFR and elimination of
nitrogenous wastes from the body.

4. What is the purpose of the glomerulus?
The glomerulus acts as a molecular sieve to form an acellular, low-protein ultrafiltrate of
plasma that will eventually become urine.

5. Describe how the glomerulus functions as a molecular sieve.

The properly functioning glomerulus acts to exclude molecules from the ultrafiltrate based
on their size, shape, and charge. Substances smaller than 68 kilodaltons (kD) may freely enter the
filtrate. The concentrations of these substances within the filtrate may be modified later by renal
tubular reabsorption or secretion. The glomerulus has a net negative charge that serves to repel
negatively charged molecules from entering the filtrate, such as albumin. Its molecular mass
(69 kD) and net negative charge prevent albumin from accumulating in the glomerular filtrate, as
long as the glomeruli are functioning within normal limits.

6. How do the renal tubules participate in formation of urine?

The renal tubules function under the combinatorial regulation of multiple hormonal inputs
to alter the initial glomerular filtrate in a way that maintains homeostasis and responds to the
body’s needs. For example, conserved substances are reabsorbed by the renal tubules, (e.g.,
glucose, amino acids, water-soluble vitamins), and wastes are secreted by the tubules (e.g.,
protons, ammonia).

7. How does the kidney function in total body water balance?
Under the control of antidiuretic hormone (ADH), aldosterone, and other hormones, the
renal tubules modify the glomerular filtrate either by retention of water, which results in a
concentrated urine, or by water excretion, which results in a dilute urine.

140
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8. Define renal threshold.

Certain molecules (e.g., glucose) that readily enter the glomerular filtrate are almost entirely
reabsorbed by the renal tubules, as long as the concentration within the filtrate is not excessive.
Renal threshold refers to the maximal concentration of a given substance that the renal tubules
can reabsorb. The substance will begin to appear in the urine when its concentration in the
plasma, and therefore in the glomerular filtrate, exceeds this threshold reabsorptive capacity.

9. What is urea?

Urea is used as a serum biochemical marker of nitrogenous waste retention by the kidneys.
Urea represents the endpoint of protein catabolism. During the process of protein catabolism,
ammonium is generated. Within the liver, two molecules of ammonium are combined to form
urea during the urea cycle in an energy-dependent reaction.

10. How does urea enter the blood?

The major source of blood urea comes from endogenous synthesis, primarily by the liver. A
small portion of the urea that is filtered through the glomerulus is reabsorbed by the kidney and
may reenter the general circulation. Additionally, a small amount of urea is found in the gut due
to pancreatic secretions and movement of urea-containing water into the gut. However, little
of this urea is directly absorbed as urea. Instead, it is converted to ammonia by enteric bacteria,
which, in nonruminants, can then be absorbed and reenter the urea cycle.

11. How does protein catabolism affect blood urea nitrogen concentration?

Because urea is produced as the end product of protein metabolism, the blood urea nitrogen
(BUN) concentration is directly proportional to the rate of protein catabolism. Therefore, diseases
or physiologic states that alter the rate of protein catabolism can affect BUN.

12. List diseases or physiologic states that increase the rate of protein catabolism, and
therefore may increase BUN concentration, in the absence of renal dysfunction.

Consumption of high-protein diet

Gastrointestinal (GI) hemorrhage

Prolonged strenuous exercise

Fever

Seizures

Acidosis

Hyperadrenocorticism/corticosteroid administration

Infection

Burns

Starvation

Possibly tetracycline administration

R R N

13. What happens to urea once it enters the bloodstream?

Once produced by the liver, urea enters the bloodstream and distributes throughout the total
body water. Most urea is excreted from the body by the kidneys. A portion (at least 25% in
humans) is removed from the bloodstream and metabolized to ammonia and carbon dioxide by
the action of urease-producing enteric bacteria. The ammonia generated by enteric bacteria may
then be absorbed and reenter the urea cycle. This results in a futile cycling of urea between the
gut and the liver in nonruminants. (Controlling this generation of ammonia by enteric bacteria
is especially important when managing hepatoencephalopathy.) In ruminants the ammonia
generated by enteric bacteria is used as a substrate for amino acid synthesis by enteric organisms.

14. What is the fate of urea once it is presented to the glomerulus?
Because of the filtration pressure at the glomerulus, urea is passively moved across the
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glomerular basement membrane during the formation of the glomerular filtrate. The concen-
tration of urea within the initial glomerular filtrate passively equilibrates with the concentration
of urea in the blood. Therefore the blood urea concentration is equal to that contained within the
initial glomerular filtrate. The filtrate’s urea concentration is modified during its movement
through distal portions of the nephron, such that the final concentration of urea within the urine
is different than that in the initial glomerular filtrate.

15. Where do the renal tubules modify the concentration of urea in the initial glomerular
filtrate?
As the filtrate moves through the tubules, the urea concentration is passively modified at the
following three locations in the nephron:
a. Proximal tubule: urea passively reabsorbed from the filtrate
b. Descending limb of Henle’s loop: urea passively secreted into the filtrate
c. Thin ascending limb of Henle’s loop: urea passively reabsorbed from the filtrate

16. Is BUN concentration affected by the rate of renal tubular fluid flow?

The rate of renal tubular fluid flow does affect BUN. The movement of urea into and out of
the filtrate occurs by passive diffusion, which depends on the fluid flow rate through the renal
tubules. A more rapid flow rate through the tubules allows less time for passive reabsorption of
urea and therefore more excretion of urea in the urine. Dehydrated patients have decreased renal
tubular fluid flow rates, which allows greater reabsorption of urea and therefore less excretion of
urea in the urine.

17. What is the fate of urea that is reabsorbed by the kidney?

Reabsorbed urea enters the renal interstitium, where it may remain as a component of the
medullary solute concentration gradient. A portion of the reabsorbed urea may also reenter the
general circulation and contribute to the BUN concentration.

18. What is creatinine?

Creatinine is used as a serum biochemical marker of nitrogenous waste retention by the
kidneys. Creatinine is a product of decomposition of phosphocreatine, which is an energy storage
molecule found in muscle. Creatinine is formed by a nonenzymatic, spontaneous, irreversible
cyclization of phosphocreatine, which generates creatinine and free inorganic phosphate.
Phosphocreatine is the sole precursor of creatinine.

19. How is phosphocreatine formed?

Creatine is formed in the liver using methionine and a precursor (guanidoacetate), which is
generated by the pancreas, kidneys, and small intestines. Creatine leaves the liver, enters the
general circulation, and is then taken up by muscle. Once within the muscle, a phosphate group
is added to creatine by the action of creatine kinase to produce phosphocreatine, which is the sole
precursor of creatinine.

20. How does creatinine enter the blood?

The serum creatinine concentration primarily represents the rate of phosphocreatine
degradation by the muscle. However, small quantities of creatinine are supplied by intestinal
absorption from animal-based feeds.

21. What factors influence the generation of serum creatinine?

The amount of creatinine formed each day depends on the total body content of its precursor,
phosphocreatine. Total body phosphocreatine content depends on dietary intake of creatine and
phosphocreatine from meat-based feeds, the rate of hepatic creatine synthesis, and the animal’s
muscle mass.
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22. How is serum creatinine concentration affected by muscle mass?

Muscle mass is directly proportional to serum creatinine. Diseases that greatly decrease
muscle mass, such as cachexia, can cause decreased serum creatinine. This explains why
cachectic animals that are in renal failure may have an increased BUN concentration but a normal
creatinine concentration. Conversely, increased muscle mass due to physical training can lead to
mildly increased serum creatinine.

23. What happens to creatinine after it enters the blood?

After entering the blood stream, creatinine distributes throughout the total body water. It is
removed from the bloodstream primarily by passive movement into the glomerular filtrate where
it equilibrates with the plasma creatinine concentration. Colonic bacteria metabolize a significant
portion of creatinine in humans. Unlike the situation with urea, these metabolites are reabsorbed
to a limited degree.

24. Do the renal tubules alter the concentration of creatinine from that present in the
initial glomerular filtrate?

For practical purposes in veterinary species, the concentration of creatinine in the
glomerular filtrate is considered to undergo no modification during its passage through the
tubules. However, there are exceptions to this generalization. In male dogs, very minimal tubular
excretion of creatinine occurs. Tubular excretion of creatinine has also been documented in goats.
When present, tubular excretion of creatinine occurs through an active process in the proximal
tubules.

25. Is the serum creatinine concentration affected by the rate of renal tubular fluid flow?

Rate of renal tubular fluid flow does not affect serum creatinine. Creatinine is freely filtered
at the glomerulus and in most veterinary species passes through the tubules unmodified.
Therefore the rate of renal tubular fluid flow does not affect how much creatinine is removed
from the serum and excreted by the kidneys. In those species that do excrete creatinine, excretion
occurs by an active process rather than a passive one. As an active process, tubular excretion of
creatinine is unaffected by the renal tubular fluid flow rate; therefore the renal clearance of
creatinine can be used as an estimate of GFR.

26. Identify routine methods used to estimate glomerular function.

Measurement of serum levels of BUN and creatinine is usually performed to estimate
glomerular function. BUN is a less reliable estimate of renal function than is creatinine, since
levels in the blood are more easily affected by diet, gastrointestinal hemorrhage (increases BUN),
and concurrent liver disease (decreases BUN). This is particularly important in ruminants and
other gut fermenters, such as horses. The enteric flora of these animals can metabolize a
significant portion of BUN to support amino acid biosynthesis. In these animals, creatinine is
generally a more reliable indicator of glomerular function.

With renal disease, elevations in BUN and creatinine will generally parallel each other,
although neither is a very sensitive indicator of renal disease. Elevations in BUN may not occur
until 75% of the nephron mass is nonfunctional. BUN will then double each time the remaining
functional mass is halved.

Creatinine clearance is a more accurate and sensitive method of measuring GFR. In some
cases, creatinine clearance can detect as little as a 20% deficit in renal function. Additionally,
measurement of urine albumin and creatinine (urine protein/creatinine ratio) is an easy and
convenient way to detect glomerular damage.

27. How does the creatinine clearance test work?
Creatinine clearance measures the renal capacity to remove nitrogenous wastes from
circulation. This test is commonly used in animals that have suspected renal disease but that are
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not yet azotemic (75% functional deficit is required for renal azotemia to be apparent). Creatinine
clearance may also be used to monitor the progression of renal disease and response to therapy.
The urine creatinine concentration is compared to the serum concentration over a specific period,
during which the urine volume, serum creatinine, and urine creatinine are measured. The
creatinine clearance test may be performed by measuring the clearance of endogenous creatinine,
which requires a 24-hour urine collection period, or by measuring the clearance of subcutan-
eously administered, exogenous creatinine, which requires bladder lavage and two 20-minute
collection periods separated by 60 minutes. In addition to a shorter collection period, the
exogenous creatinine clearance test limits the interference of noncreatinine chromagens normally
present in serum, which can falsely decrease results of the endogenous creatinine clearance test
and lead to underestimation of renal function. Using the following calculation, the result is
expressed as ml/min/kg:

Urine volume (ml) x Urine creatinine (mg/dl)
+ Time (min) X Serum creatinine (mg/dl) x Body weight (kg)

28. Define azotemia.

Azotemia refers to the accumulation of nitrogenous wastes in the blood. BUN and creatinine
are used as serum markers of nitrogenous waste accumulation. The term azotemia is used when
urea and/or creatinine concentrations in the blood, serum, or plasma are increased above
reference ranges. Azotemia may result from decreased delivery of urea and creatinine to the
kidney, increased endogenous production of urea/creatinine, decreased renal clearance and
excretion of urea/creatinine, or a combination of these mechanisms.

29. What are the possible anatomic localizations of disease processes that result in
azotemia?

Azotemia may be localized to prerenal, renal, and postrenal causes. These causes are not
mutually exclusive and may occur in various combinations. For example, a veterinary patient that
is vomiting and that has acute renal failure may have a combination of both prerenal azotemia
caused by dehydration (with renal hypoperfusion) and renal azotemia caused by the primary renal
disease.

30. Define uremia.

Uremia specifically refers to azotemia along with clinical signs of the polysystemic
consequences of renal failure, such as lethargy, depression, hyporexia, vomiting, weight loss,
gastric ulceration, uremic encephalopathy, acidosis, osteopathy, and hypertension. An
individual may be azotemic without being uremic. If uremic, however, an individual is also
azotemic.

31. Why does gastrointestinal hemorrhage increase BUN, but not creatinine?

Urea is produced as the end product of protein metabolism, whereas the body’s muscle mass
serves as the source for serum creatinine. Therefore, BUN concentration is sensitive to dietary
protein intake, whereas creatinine concentration is not. The blood lost into the GI tract during GI
hemorrhage is a rich source of protein, which is digested and enters the urea cycle the same way
as dietary protein.

32. What is meant by renal clearance of a substance?

Renal clearance of a substance is calculated by comparing the concentration of a substance
in urine to concentration of the substance in serum. Renal clearance is a measure of the
cumulative effects of glomerular filtration, tubular excretion, and tubular reabsorption of the
substance. Renal clearance is calculated by dividing the urine concentration of the substance by
the serum concentration of the substance: U,/S,.
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33. Which endogenous substance has a renal clearance that can be used to approximate
glomerular filtration rate?
Renal clearance of creatinine can approximate GFR. Creatinine is freely filtered at the
glomerulus, but it is neither excreted nor reabsorbed by the renal tubules.

34. What is meant by fractional clearance or fractional excretion of a substance?

The fractional clearance or fractional excretion compares the concentration of a substance
in urine to its concentration in the initial glomerular filtrate. The final concentration of a
substance in urine reflects the actions of both the glomerulus and the renal tubules. It represents
how much of the substance was initially filtered into the urine by the glomerulus and how much
of the substance was then either removed from the filtrate (reabsorbed) or added to the filtrate
(excreted) by the renal tubules. The fractional clearance of a substance is a calculation that
compares the final urine concentration of the substance with its theoretic concentration in the
initial glomerular filtrate. Fractional clearance is therefore an estimate of renal tubular function
and the hormonal effects on renal tubular function (e.g., aldosterone).

35. How is fractional clearance calculated?

The fractional clearance of a substance is the ratio of the renal clearance of the substance
and the renal clearance of creatinine. In normal patients, electrolytes are typically conserved by
the renal tubules, such that the urine concentration is relatively low compared with plasma.
Electrolytes are generally conserved, so their renal clearance is less than that of creatinine, which
is excreted in urine at a high concentration compared with plasma. Therefore the fractional
clearance (FC) of electrolytes in normal animals is typically much less than one.

FC, = (UyJS,) + (Uc/Scr)

where

U, = Urine concentration of the substance
S, = Serum concentration of the substance
Ug, = Urine concentration of creatinine
Sc: = Serum concentration of creatinine

36. What is the normal 24-hour urine volume in dogs and cats, and which factors influence
urine volume?

Normal 24-hour urine volume is variable and ranges from 20 to 45 ml/kg body weight for
dogs and cats.

Urine production reflects the balance between water intake and water loss. Total water
intake is represented by how much the patient drinks, the moisture contained in their diet, and
any fluids administered. Water is lost both in the kidneys as a component of urine and through
insensible losses, such as fecal moisture and evaporation from the upper respiratory tract. The
amount of water excreted in urine reflects a balance between hormonal inputs, particularly ADH
and aldosterone. The activity of these hormones and the renal tubular response to them can be
influenced by the presence of endogenous or exogenous substances that alter renal tubular
concentrating capacity (e.g., diuretics, other hormones, dietary components).

Insensible fluid loss is variable. In a normal patient, it is approximately equal to one third
of the maintenance intravenous fluid requirement. Insensible loss is influenced by environ-
mental conditions, the patient’s activity level, the patient’s body temperature (e.g., fever
increases insensible fluid loss), and moisture content of the feces, which can be increased with
diarrhea.

37. What is polyuria, and what is its clinical significance?
Polyuria is the excretion of excess urine and is suggested by urine production greater than
45 ml/kg/day in dogs and 40 ml/kg/day in cats.
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The clinical significance of polyuria cannot be determined without knowledge of the
patient’s drug history, hydration status, physical examination, serum biochemical values, and
urinalysis findings. Polyuria may be an appropriate response to excessive water intake or may be
an inappropriate response seen with conditions that affect renal function.

38. What is the normal 24-hour water intake in dogs and cats?
Normal water intake should be less than 90 ml/kg/day in dogs and 45 ml/kg/day in cats.

39. What is polydipsia?
Water consumption in excess of normal values is evidence of polydipsia.

28. PHYSICAL AND CHEMICAL ASPECTS
OF URINALYSIS

1. Why is urinalysis performed?
Urinalysis (UA) is performed in healthy patients to screen for occult disease. UA is an
essential component in the diagnostic evaluation of a diseased patient. UA can also be used to
monitor disease progression, response to therapy, and safety of potentially nephrotoxic drugs.

2. What are the components of a complete routine urinalysis, and why should all the
components be done?

A complete UA includes assessment of several physical and chemical characteristics of
urine by gross inspection of the urine, specific chemical testing, and microscopic examination of
sediment.

Performance of a complete UA allows effective interpretation of data obtained from
measurement of serum biochemical markers of renal function and of the individual components
of the UA. For example, it is impossible to assess the importance of proteinuria without knowing
the result of microscopic examination of the urine sediment. Also, in the presence of azotemia,
knowledge of the urine specific gravity helps to localize the azotemia to prerenal, renal, or
postrenal causes.

3. Describe ways that the urine collection method can influence results.

When interpreting the results of urine sediment examination, it is useful to consider the
method of urine collection. Urine can be collected by cystocentesis, transurethral catheterization,
and free catch of a voided sample.

Each method may be associated with contaminants. Urine obtained by cystocentesis should
be free of bacteria and may contain low numbers (<5 per high-power field) of epithelial cells. A
variable degree of iatrogenic microscopic hematuria is frequently induced by cystocentesis and
cannot be readily distinguished from disease-induced hematuria. This contamination can be
particularly pronounced when the bladder wall is inflamed. Samples collected by catheterization
and free catch may be contaminated by variable amounts of epithelial cells, bacteria, and debris
from the lower urinary tract. However, properly performed catheterization is ideally sterile.
Voided urine collected from a tabletop or from the floor may contain additional contaminants
(e.g., cleanser residue) that can affect results of chemical testing.

The collection method also influences the results of urine culture and sensitivity. Ideally,
urine culture and sensitivity are performed on samples collected by cystocentesis. However, this
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is not always possible. When necessary, quantitative urine culture and sensitivity can be
performed on samples collected by catheterization or free catch.

4. Describe the optimal method of urine sample handling.

For optimal results, urine should be analyzed within 30 minutes of collection. When this is
not possible, urine may be refrigerated in a sterile, opaque, airtight container for up to 12 hours.
Before analysis the urine should be allowed to warm to room temperature. The container in which
the urine is placed can also affect UA results. Ideally, urine should be collected in a sterile
container. The container should be airtight to prevent evaporation of volatile substances, such as
the ketone acetone, and to prevent loss of carbon dioxide, which raises the pH. Containers that
are contaminated with a detergent or food may affect the results of enzymatic and chemical
tests, such as pH measurement. If UA will be delayed more than 30 minutes, use of an opaque
container that prevents exposure of the urine sample to light may be useful; this will limit
photodegradation of light-sensitive analytes such as bilirubin.

5. What artifacts can refrigeration cause in urinalysis results?

Before analysis of refrigerated urine samples, it is useful to allow them to warm to room
temperature to avoid artifacts that refrigeration may induce. Refrigeration can decrease the
solubility of crystallogenic substances that are in solution, which can cause in vitro crystal
formation. The cold temperature of the sample may inhibit enzymatic reactions in the dipstick,
such as the glucose test, leading to falsely decreased results. The specific gravity of cold urine is
higher than that of room temperature urine, because cold urine is more dense.

6. What artifacts may be observed when urine is stored for a prolonged period at room
temperature before analysis?

Prolonged storage at room temperature may cause an increase in pH due to the escape of
carbon dioxide from the sample and in vitro bacterial overgrowth. The bacterial overgrowth not
only will affect the sediment, but may affect other measurements as well. Bacterial overgrowth
may falsely increase the turbidity of the sample. Bacteria may consume glucose that is present in
the sample, leading to an in vitro reduction of this analyte. Depending on the type of bacteria, a
variable in vitro change in pH may occur. If the overgrowth is caused by non-urease-producing
bacteria, an acidic pH may result from their catabolism of glucose. If urease-producing bacteria
are present, the urine may become alkaline. Alkalinization of urine may cause a false-positive
dipstick protein reaction, lysis of cells, and degeneration of casts, and alter the type and amount
of crystals present.

7. What are the most common causes of discolored urine?
Normal urine may be various shades of yellow due to the presence of urochromes. This color
can be altered by the presence of substances not normally found in urine, such as the following:
a. Hemoglobin or myoglobin, which makes urine dark-reddish brown
b. Bilirubin, which imparts a dark-orange color to urine
c. Drugs and drug metabolites, which may cause the urine to turn various shades (e.g., blue
or green)
Also, urine may become darker yellow with exposure to light, which causes urochrome
degradation.

8. What are the most common causes of cloudy urine?
Urine is made cloudy by the presence of particulate matter that scatters light, such as cells,
crystals, lipid, mucus, and bacteria.

9. Why is horse urine normally cloudy?
Horse urine is routinely cloudy due the presence of calcium carbonate crystals and mucus
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secreted by glands in the renal pelvis. The kidneys are the major route of calcium excretion in the
horse. Consequently, a large number of calcium carbonate crystals are typically found in normal
horse urine. Horses in renal failure will often develop hypercalcemia, unlike other domestic
species, in which this is an uncommon finding associated with chronic renal failure.

10. What is urine specific gravity, and what portion of the nephron does it reflect?

Urine specific gravity is the ratio of the density of urine to the density of distilled water.
Urine is denser than pure water because it contains excreted solutes. Therefore the urine specific
gravity is always greater than 1.000. Specific gravity is affected by the number of solute particles
in solution as well as their molecular weight. It is therefore a way to estimate a solution’s
osmolality, which is affected only by the number of solute particles in solution. The urine specific
gravity primarily reflects the ability of the renal tubules to respond to the activity of antidiuretic
hormone (ADH) to produce concentrated urine. To determine the clinical significance of a given
urine specific gravity measurement, the value must be interpreted in light of the patient’s
hydration status, blood urea nitrogen (BUN), and serum creatinine.

11. Define isosthenuria, hyposthenuria, and hyperosthenuria.

Urine specific gravity is classified relative to the specific gravity of glomerular filtrate. The
specific gravity of glomerular filtrate ranges from 1.008 to 1.012. Urine specific gravity within
this range is classified as isosthenuria. Urine specific gravity less than this range is referred to as
hyposthenuria. Urine specific gravity greater than that of the glomerular filtrate is classified as
hyperosthenuria. However, hyperosthenuria does not necessarily indicate adequate concentrating
function by the kidneys. The patient’s signalment and hydration status and the degree of
hyperosthenuria need to be considered when making this determination.

12. What urine specific gravity ranges in animals indicate the kidneys likely have adequate
capacity to concentrate urine, and what degree of functional deficit must exist before
abnormalities are detected by urine specific gravity?

A urine specific gravity of at least 1.025 to 1.030 in horses and bovines, 1.030 to 1.035 in
dogs, and 1.035 to 1.045 in cats suggests that the kidneys likely have adequate capacity to
concentrate the urine. However, urine specific gravity much lower than this may be seen in
randomly collected samples, depending on the patient’s hydration status.

The concentrating function of the kidneys must be compromised by at least two thirds before
an abnormal result may be detected.

13. How can urine specific gravity be used to help localize the cause of azotemia (prerenal,
renal, or postrenal)?

Azotemia can result from the following:

a. Prerenal causes: decreased delivery of nitrogenous waste to the kidneys due to renal

hypoperfusion or increased generation of nitrogenous wastes

b. Intrarenal causes: decreased removal of nitrogenous wastes from circulation due to

primary renal dysfunction

c. Postrenal causes: decreased elimination of nitrogenous wastes due to urethral

obstruction or bladder rupture

d. Any combination of prerenal, intrarenal, or postrenal causes.

Urine specific gravity can be a useful tool in helping to localize the cause of azotemia. With
prerenal azotemia, adequately functioning kidneys respond to decreased perfusion by producing
a concentrated urine with urine specific gravity greater than 1.035 in dogs, 1.045 in cats, and
1.030 in cattle and horses.

With renal azotemia, urine specific gravity is usually between 1.008 and 1.029 in dogs and
cattle and between 1.008 and 1.035 in cats. Renal azotemia is typically associated with a 75%
reduction in renal function, whereas defective urine concentration typically occurs with a 68%
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renal functional deficit. Therefore, renal azotemia is often found concurrently with inadequately
concentrated urine. (However, some cats with renal azotemia maintain their concentrating ability
and can have a specific gravity greater than 1.045.)

The urine specific gravity associated with postrenal azotemia is variable. Other clinical
findings, such as oliguria or anuria with a firm, possibly distended bladder, can be used to
distinguish this cause of azotemia.

14. Which molecule, creatinine or urea, more rapidly equilibrates in the total body water,
and in which clinical situation is this knowledge important?

Urea is a smaller molecule than creatinine and therefore equilibrates more quickly within
the total body water, for example, 1.5 hours for urea versus 4 hours for creatinine in
nephrectomized dogs.

Application of this knowledge is useful when attempting to diagnose uroabdomen as a cause
of postrenal azotemia. It is more useful to measure the concentration of creatinine within the
abdominal fluid than to measure the urea concentration. With uroabdomen, abdominal fluid
creatinine concentration will be significantly elevated compared with serum concentration.

15. Is hyposthenuria suggestive of renal failure?

Hyposthenuria does not suggest renal failure. Production of dilute urine is an active process
performed by the renal tubules. Hyposthenuria suggests that there is adequate renal tubular
function to dilute urine relative to the initial glomerular filtrate.

16. List diseases and drugs associated with hyposthenuria.
Diabetes insipidus (central or renal)
Psychogenic polydipsia
Hyperadrenocorticism
Hypercalcemia

Pyometra (endotoxin)

Hepatic disease

Glucocorticoids

Diuretics

Anticonvulsants

Excessive thyroid supplementation
Fluid therapy
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17. What artifacts in urinalysis does hyposthenuria create?

Hyposthenuria refers to the production of dilute urine. Red blood cells (RBCs) in
dilute urine are subject to an osmotic gradient that results in cellular uptake of water and in vitro
erythrolysis. When hyposthenuria and hematuria are concurrent, only RBC ghosts may be
visualized in the urine sediment. (Intact RBCs would be absent.) When a sample is hyposthenuric
with a positive blood/heme reaction and no RBCs in the sediment, all three differential diagnoses
for a positive blood/heme reaction—hematuria, hemoglobinuria, and myoglobinuria—should be
considered.

18. What method of urine pH measurement is most often performed, and what is a more
accurate method of urine pH measurement?

Urine pH is routinely measured by the urine dipstick test. However, when accurate
measurements are critical to patient evaluation, a pH meter is necessary to measure urine pH. A
pH measurement of 7.0 using a urine dipstick can be associated with a pH meter reading of 6.2
to 8.2. In cats, dipstick pH measurements are consistently lower than actual pH meter readings.
There is no consistent alteration in dogs; dipstick readings are either below or above the reading
from a pH meter.
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19. What causes urine to be alkaline?

Urine pH is variable and reflects the animal’s diet, the timing of urine collection relative to
eating; and the patient’s acid-base status, which can be affected by various disease states.
Vegetable-based diets tend to result in alkaline urine. Additionally, because of gastric secretion
of acid during digestion, a postprandial alkaline tide occurs, which may cause a transient increase
in urine pH.

Diseases associated with alkaline urine include urinary tract infection by urease-producing
bacteria (primarily Staphylococcus and Proteus spp.), metabolic or respiratory alkalosis, and
vomiting. Administration of alkalinizing drugs, such as sodium bicarbonate, can also increase
pH. In vitro conditions that may increase urine pH include overgrowth of urease-producing
bacteria, loss of carbon dioxide from the sample due to prolonged storage before analysis, and
exposure to detergent residues that may be present in the urine storage container.

20. What artifacts can alkaline urine create?

Alkaline urine may result in a false-positive protein dipstick reaction, lysis of red and white
blood cells, deterioration of casts, and alteration of the number and type of crystals that may be
present in the sample.

21. What causes urine to be acidic?

Meat-based diets tend to result in acidic urine. Many diseases that result in a metabolic or
respiratory acidosis can cause the urine to be acidic, such as severe diarrhea, diabetic keto-
acidosis, renal failure, severe vomiting, and protein catabolism. Administration of certain drugs,
such as furosemide and methionine, can also acidify urine. In vitro conditions that may decrease
urine pH include overgrowth of bacteria that metabolize glucose and create acidic metabolic
byproducts. Also, during the dipstick test, urine from the protein test pad, which is adjacent to the
pH test pad, may leach the acidic buffer from the protein test pad and contaminate the pH test
pad, resulting in an artifactually decreased pH measurement.

22. What is the clinical significance of a metabolic alkalosis with a paradoxical aciduria?

In ruminants, paradoxical aciduria in metabolic alkalosis strongly suggests a displaced
abomasum. This finding may be seen rarely in small animals that have severe vomiting.
With ruminal displacement or severe vomiting, dehydration and hypokalemia may result from
decreased intake and absorption of water and potassium. Additionally, the hydrochloric acid
(HC) secreted by the stomach is sequestered in the gastrointestinal tract or is lost with vomiting.
This loss of HCI leads to a metabolic alkalosis. When a metabolic alkalosis is present, the urine
is typically also alkaline. However, this is not the case with paradoxical aciduria. The presence
of dehydration activates renal sodium and therefore water retention. Hydrogen ions are excreted
in exchange for the sodium ions that are retained. The excretion of hydrogen ions results in an
acidic urine, which is considered paradoxical because the patient has a concurrent metabolic
alkalosis.

23. What is the renal threshold of glucose in dogs and cats?

The renal threshold for glucose is 180 mg/dl in dogs and 280 mg/dl in cats.

Typically, glucosuria is associated with a serum glucose concentration greater than or equal
to its renal threshold; that is, the patient is also hyperglycemic. In some conditions, however, such
as those that affect the proximal renal tubules, glucosuria can occur in the absence of
hyperglycemia.

24. List differential diagnoses for hyperglycemic glucosuria.
a. Diabetes mellitus
b. Hyperadrenocorticism
c. Acute pancreatitis
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Extreme stress

Pheochromocytoma

Glucagonoma

Drugs: dextrose, glucocorticoids, progesterone
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25. List differential diagnoses for normoglycemic glucosuria.
a. Primary renal glucosuria
b. Fanconi’s syndrome
c. Transient stress
d. Nephrotoxicity affecting the renal tubules (e.g., aminoglycoside administration)

26. What causes false results in glucose measurement by the dipstick method?

The presence of colored substances in the urine, such as pigmenturia and certain drugs, may
interfere with interpretation of the dipstick test, because the endpoint of the reaction is a color
change in the test pad. False-negative results may occur, especially when the glucose concen-
tration is at the low end of what is detectable by the dipstick reaction, due to the presence of
ascorbic acid or the ketone concentration being greater than 40 mg/dl. During the glucose
dipstick test reaction, the presence of glucose results in the generation of hydrogen peroxide. This
reaction causes oxidation of an indicator dye, which results in a visible color change. Therefore,
false-positive results may occur when hydrogen peroxide, bleach, chlorine, or other oxidizing
substances have contaminated the reaction. Proper storage and handling of urine samples and
dipsticks decrease the risk of contamination.

27. Which ketones are produced in the body, and in what relative proportion and in
response to what disordered states of energy metabolism are they excreted in the
urine?

Listed in decreasing concentration, B-hydroxybutyrate (78%), acetoacetate (20%), and
acetone (2%) are ketones excreted in the urine during states that result in decreased carbohydrate
availability for energy metabolism, including the following:

a. Diminished use of carbohydrates (diabetes mellitus)

b. Increased use or loss of carbohydrates (lactation, pregnancy, renal glucosuria, fever)

c. Severely decreased dietary intake of carbohydrates (high-protein and high-fat diets)

28. What are the relative detection sensitivities for the different ketones by the dipstick
reaction?

Beta-hydroxybutyrate, which is the predominant ketone present in urine, is not detected by
the ketone dipstick reaction. The dipstick reaction is most sensitive to acetoacetate and is mildly
sensitive to acetone. Approximately 96% of the color change associated with a positive reaction
is caused by the presence of acetoacetate. Interpretation of the color change can be complicated
by the presence of pigmenturia. Ketones in the sample can be decreased by the presence of a
urinary tract infection, in vitro bacterial contamination, and in vitro evaporation of acetone.

29. During which disease state in small animals is it important to monitor urine ketone
production?
Ketones can be monitored in diabetic dogs and cats to assist in monitoring the effectiveness
of insulin therapy. Routine checking of the urine of unregulated, clinically ill diabetic animals for
the presence of ketones can assist in the diagnosis of diabetic ketoacidosis.

30. List differential diagnoses for ketonuria without glucosuria.
a. Fever
b. Prolonged starvation
c. Glycogen storage disease



152 Physical and Chemical Aspects of Urinalysis

d. Lactation

e. Pregnancy

f. Carbohydrate restriction
g. Spurious causes

31. What differential diagnoses should be considered when the dipstick blood/heme
reaction is positive, and how can they be distinguished from each other?

The blood/heme reaction on the urine dipstick detects heme groups found within myoglobin
and hemoglobin, which is found either in RBCs or free in the urine. This test therefore may be
positive due to hematuria, hemoglobinuria, or myoglobinuria. Additional laboratory data can be
used to determine which of these possibilities is more likely. With hematuria the supernatant of
the centrifuged urine sample should no longer be red-brown, and RBCs or RBC ghosts should
be present in the sediment, unless the urine pH is extremely alkaline or the specific gravity is
extremely low. With hemoglobinuria and myoglobinuria the supernatant will remain red-brown,
and RBCs should be absent from the sediment. With hemoglobinuria the plasma may have a pink,
hemolyzed appearance. For myoglobin to be present in the urine, significant muscle damage must
also be present. Evidence of muscle damage can be found by measuring the serum creatine kinase
concentration, which would be increased due to muscle damage.

32. Which test can be used to distinguish hemoglobinuria from myoglobinuria?

The presence of hemoglobin can be distinguished from myoglobin using an 80% saturated
ammonium sulfate precipitation test. This is done by adding 2.8 g of ammonium sulfate to 5 ml
of urine that has a neutral pH. After adding the ammonium sulfate, the sample is centrifuged. If
present, hemoglobin will be precipitated by the ammonium sulfate, and the urine supernatant will
return to yellow. Myoglobin is not precipitated by ammonium sulfate, and the supernatant
will remain red-brown.

33. What degree of hemoglobinuria is associated with a positive dipstick protein reaction?
To cause a positive protein dipstick reaction resulting from the presence of hemoglobinuria,
the blood/heme reaction must be at least 3+.

34. Is the clinical significance of bilirubinuria different in dogs and cats?

Bilirubinuria has different clinical significance in dogs and cats because the kidneys of each
species handle bilirubin differently. Dogs readily eliminate bilirubin that is filtered by the
glomerulus. Also, bilirubin is conjugated and excreted by the canine proximal renal tubules. In
clinically normal dogs, especially male dogs with high urine specific gravity, a small amount of
bilirubin is typically present in the urine. It is important to interpret the bilirubin in light of the
urine specific gravity, which is a measure of how much solute is present in the urine sample. For
example, a 2+ bilirubin reaction in a dog with a specific gravity of 1.020 is probably clinically
significant, whereas the same value in a dog with a specific gravity of 1.040 is not likely to be
clinically significant.

In cats the renal threshold for excretion of bilirubin is nine times that of dogs. Therefore any
amount of bilirubinuria, regardless of the urine specific gravity, is considered abnormal. The
presence of an abnormal amount of bilirubinuria in either species suggests prehepatic, hepatic, or
posthepatic disease. Other clinicopathologic data can be used to help localize the problem of
bilirubinuria.

35. How can urinalysis be used to help distinguish between intravascular and extra-
vascular hemolysis?
The presence of intravascular hemolysis is suggested by the findings of a pink-red plasma
color and a red-brown urine color with a positive blood/heme reaction, often in the absence of
intact erythrocytes in the sediment. Hemoglobin casts may be present. Extravascular hemolysis
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can result in an orange urine color with a positive bilirubin reaction. In a given animal the two
hemolytic processes may occur concurrently, and the UA findings may be useful in distinguishing
which process is predominant.

36. Describe the difference in sensitivity between the dipstick protein reaction and sulfo-
salicylic acid protein precipitation.

The protein reaction on the dipstick is more sensitive to albumin than to globulins,
hemoglobin, immunoglobulin light chains (Bence Jones proteins), and mucoproteins. The color
change in the reaction depends on the binding of free amino groups of the proteins to the indicator
dye. Of the proteins listed, albumin has the most abundant free amino groups available for this
interaction with the indicator dye. For example, twice as much globulin is required to result in a
similar color change induced by a given concentration of albumin. The sulfosalicylic acid test is
able to precipitate most proteins, including Bence Jones proteins, resulting in cloudiness that is
approximately proportional to the quantity of protein present.

False-positive reactions can be seen with the dipstick method when the urine is alkaline or
if cleansers have contaminated the urine sample or dipstick (e.g., chlorhexidine, quaternary
ammonium disinfectants). A false-negative protein dipstick reaction can be seen with a pure
Bence Jones proteinuria. Highly alkaline urine can have the opposite affect on the sulfosalicylic
acid test, causing a false-negative reaction. False-positive results can occur with this method if
the test is performed using uncentrifuged urine or if exogenous substances are present, such as
radiocontrast media and very high doses of some antibiotics.

37. What is the significance of a positive dipstick protein reaction?

Protein can enter the urine from any source along the genitourinary tract and may be
present in the urine sample depending on the collection method. A small amount of protein
(<20 mg/kg/day) is excreted in the urine normally along with other solutes. To determine the
severity of proteinuria, the result should be interpreted in light of the urine specific gravity. For
example, a 1+ protein reaction in a patient with a specific gravity of 1.020 may be clinically
significant, whereas the same value in a patient with a specific gravity of 1.040 would not likely
be clinically significant.

The results of urine sediment evaluation also are pivotal in the assessment of proteinuria.
The findings can be useful when determining if the glomerulus or lower urinary tract is the likely
source of protein within the urine. White and red blood cells and bacteria that may be present in
the bladder or distal urinary tract can be a significant source of protein in the urine sample. When
the sediment is inactive (i.e., free of cells and bacteria) and significant proteinuria is detected,
glomerular dysfunction resulting in glomerular proteinuria should be considered. Tubular
proteinuria due to defective resorption of low-molecular-weight proteins from the glomerular
filtrate by the proximal tubules is another potential cause of proteinuria but is uncommon.

When the urine sediment is inactive and significant proteinuria is suspected, further testing
(urine protein/creatinine ratio) can be done to qualify the degree of proteinuria.

38. What is a urine protein/creatinine ratio, and for what indications is this test
performed?

A small amount of protein is excreted along with other solutes in the urine daily. Therefore,
to qualify the degree of proteinuria and determine its significance, the urine protein concentration
can be compared to that of creatinine, which passes freely through the glomerulus and is not
modified by tubular excretion or reabsorption. A urine protein/creatinine ratio (UPC) is generally
performed when the urine sediment is inactive (no cells or bacteria) during the initial evaluation
of proteinuria. The UPC can be measured serially to stage the progression of disease and to
evaluate the response to therapy. The UPC should be less than one. Values greater than one raise
concern for glomerular disease (glomerulonephritis, glomerulosclerosis, canine amyloidosis),
Bence Jones proteinuria, or less often tubular proteinuria.
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39. What is Bence Jones proteinuria, and with what condition is it associated?

Bence Jones proteinuria is named for the English physician who first described it and
denotes the presence of the light-chain portion of immunoglobulin molecules in urine. Bence
Jones proteinuria can be seen with multiple myeloma and is one of the four potential criteria used
in its diagnosis, along with presence of bone marrow infiltration by plasma cells, monoclonal
gammopathy, and osteolytic lesions. Bence Jones proteins accumulate in the urine when the light-
chain portion of an immunoglobulin molecule is synthesized by neoplastic plasma cells in excess
of the heavy-chain portion of the molecule. This can be seen when the neoplastic cells only
secrete the light-chain portion of the molecule and not the heavy-chain portion, in which case
complete immunoglobulin molecules would not be assembled and a monoclonal gammopathy
would not be detected. Alternatively, Bence Jones proteinuria can be seen when both light-chain
and heavy-chain portions of the molecule are synthesized, but there is more light chain than can
be assembled into complete immunoglobulin molecules. In this case, there would be concurrent
monoclonal gammopathy and Bence Jones proteinuria.

40. What diseases can cause clinicopathologic abnormalities that mimic multiple myeloma?

Certain chronic infectious diseases, such as chronic ehrlichiosis and leishmaniasis, can
cause bone marrow plasmacytosis and infrequently a monoclonal gammopathy. However, Bence
Jones proteinuria is not found with these conditions.

41. How does feline amyloidosis differ from canine amyloidosis?

Canine amyloidosis results in amyloid deposition at the glomerulus, whereas feline
amyloidosis affects the renal tubules. Therefore, glomerular proteinuria can be seen with canine
amyloidosis but not with feline amyloidosis.

29. MICROSCOPIC ASPECTS OF URINALYSIS
AND DISCUSSION OF SELECTED DISEASE
PROCESSES

1. What is the clinical significance of crystalluria?

Crystalluria occurs when urine is saturated with crystallogenic substances. Various in vivo
factors (e.g., urinary tract infection, diet) and several in vitro factors dictate whether crystal
formation will occur. Factors that influence in vitro crystallogenesis include duration of sample
storage, storage temperature, evaporation of water from the sample, urine pH, and the overgrowth
of bacterial contaminants that may alter urine pH (e.g., urease-producing organisms).

To increase the likelihood that the crystals present in the urine sample represent those that
may be present in the patient’s bladder, fresh urine samples should be analyzed within 1 hour of
collection. Increased duration of storage time, especially when samples are refrigerated,
significantly increases in vitro crystal formation. However, refrigeration is the method of choice
to preserve the chemical and other sediment components of the urine sample. When crystalluria
is detected in a refrigerated urine sample, it is prudent to verify the finding by prompt analysis of
a freshly obtained sample.

The finding of crystalluria does not necessarily indicate the presence of uroliths or even a
predisposition to form uroliths. A small amount of struvite or amorphous phosphate crystalluria
can occur in clinically normal dogs and cats. Calcium carbonate crystalluria is a common finding
in equine, goat, rabbit, and guinea pig urine samples. Detection of crystalluria may be diagnos-
tically useful when abnormal crystal types are identified (e.g., ammonium urate, calcium oxalate
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monohydrate), when large aggregates of struvite or calcium oxalate crystals are found, or when
crystalluria is observed in a patient that has confirmed urolithiasis. Evaluation of the type of
crystals present may be useful to estimate the mineral component of the urolith(s) while awaiting
results of complete urolith mineral analysis. However, the type of crystalluria present is not a
definitive indicator of a urolith’s mineral content because uroliths are often heterogeneous.
Additionally, sequential evaluation of crystalluria may aid in monitoring a patient’s response to
therapy for urolith dissolution.

2. List crystals that form in acidic urine.
Ammonium urate (ammonium biurate)
Amorphous urates

Bilirubin

Calcium oxalate monohydrate/dihydrate
Cystine

Sulfa metabolites

Uric acid
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3. List crystals that form in neutral pH.
a. Ammonium urate (ammonium biurate)
b. Calcium oxalate monohydrate/dihydrate
c. Cystine
d. Magnesium ammonium phosphate (struvite)

4. List crystals that form in alkaline urine.
a. Amorphous phosphates
b. Calcium carbonate
c. Magnesium ammonium phosphate (struvite)

5. What is the chemical composition of the crystal in Figure 29-1, and under what
circumstances do these crystals occur?

Bilirubin may precipitate as orange to reddish brown granules or needlelike crystals. These
crystals can be found in low numbers routinely in canine urine, especially in highly concentrated
samples. When bilirubin crystals are found in other species or repeatedly in significant quantity
in the urine of a canine patient, this suggests a disorder in bilirubin metabolism, which may be
the result of a prehepatic (hemolysis), hepatic, or posthepatic disorder.

Figure 29-1 Bilirubin crystals in urine
sediment from a dog with hepatic disease. These
crystals appear as orange to reddish brown
granules or needlelike crystals, often arranged in
a “haystack” configuration. (Unstained; 125x.)

6. What is the common name and chemical composition of the crystal in Figure 29-2, and
under what circumstances do these crystals occur?

Magnesium ammonium phosphate crystals are referred to as struvite crystals or “triple

phosphate” crystals (a misnomer). These are colorless and frequently form variably sized, coffin
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Figure 29-2 Magnesium ammonium phos-
phate crystals (struvite) in urine sediment from a
cat. These crystals are usually three-dimen-
sional, variably sized, and rectangular in shape
with oblique ends. (Unstained; 125x.)

lid—shaped crystals. However, struvite crystals can have a variable appearance and may occur as
three- to eight-sided prisms, needles, or flat crystals with oblique ends (see Figure 29-2). They
form most often in alkaline urine. Struvite crystalluria may form in vitro in refrigerated, stored
urine samples or in those that become alkaline with storage. When struvite crystals are detected
in a stored urine sample, the finding should be verified by examination of a freshly obtained urine
sample.

Magnesium ammonium phosphate crystals are seen frequently in dogs and occasionally in
cats. When found in significant number, struvite crystals are most often associated with bacterial
infection by urease-producing bacteria, such as Staphylococcus or Proteus spp. In cats,
however, they can occur in the absence of infection, likely due to ammonia excreted by the renal
tubules. Struvite crystals may be seen in clinically normal animals that have alkaline urine,
animals that have sterile or infection-associated uroliths of potentially mixed mineral
composition, or those with urinary tract disease in the absence of urolithiasis.

7. What is the chemical composition of the crystal in Figure 29-3, and under what
circumstances do these crystals occur?

Calcium oxalate dihydrate crystals occur as colorless, variably sized octahedrons that
resemble an envelope or a Maltese cross. They form most often in acidic urine. Prolonged
storage, especially with refrigeration, significantly increases the potential of in vitro calcium
oxalate formation. A sample that becomes acidic during storage also may lead to in vitro calcium
oxalate formation. When the crystals are detected in a stored urine sample, the finding should be
verified by examination of a freshly obtained urine sample. These crystals may be seen in
clinically normal animals, in those with calcium oxalate urolithiasis, with hypercalciuria, (e.g.,
due to corticosteroids), or with hyperoxaluria, (e.g., ingestion of vegetables high in oxalates, or

Figure 29-3 Calcium oxalate dihydrate
crystals in urine sediment from a dog. Note the
colorless, variably sized, octahedrons that, when
viewed in a single plane, have the appearance of
a square-shaped envelope. (Unstained; 125x.)
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infrequently with ethylene glycol toxicosis). Calcium oxalate dihydrate crystals have been
reported with increased frequency in cats as a complication of urine acidification to manage
struvite formation.

8. What is the chemical composition of the crystal in Figure 29-4, and under what
circumstances do these crystals occur?

Calcium oxalate monohydrate crystals are colorless and variably sized. These crystals
typically are flat with pointed ends and appear similar to hemp seeds or picket fence boards (see
Figure 29-4). Less often, they may occur as spindle- or dumbbell-shaped crystals. Although either
calcium oxalate monohydrate or dihydrate crystals can be seen with acute ethylene glycol
toxicity, the monohydrate form is more diagnostic of intoxication, since this form is usually only
seen during acute ethylene glycol toxicity and is rarely found in clinically normal animals.
Formation of crystals is time dependent and occurs only during the early phase of intoxication.
Crystalluria may be observed within 3 hours of ingestion in cats and within 6 hours in dogs and
may last up to 18 hours after ingestion.

Figure 29-4 Calcium oxalate monohydrate
crystals in urine sediment from a dog with acute
ethylene glycol intoxication from ingestion of
antifreeze. Note the long, rectangular, colorless,
and variably sized crystals with pointed ends.
These crystals are similar in appearance to
magnesium ammonium phosphate crystals.
However, unlike struvite, calcium oxalate
monohydrate crystals are flat without the coffin
lid—shaped, three-dimensional appearance.
(Unstained; 125X.)

9. What serum biochemical information can also be used to support the diagnosis of
ethylene glycol intoxication?

Ethylene glycol toxicosis is associated with signs of acute renal failure, including oliguria/
anuria, marked azotemia, isosthenuria, hyperphosphatemia, hyperkalemia, hypocalcemia, and
metabolic acidosis with greatly increased anion gap (40-50 mEq/L). Marked hyperglycemia
(>350 mg/dl) may be observed in cats. The osmolal gap, which is calculated by subtracting
the calculated serum osmolality from the actual measured serum osmolality, is normally 10 to
15 mOsm/kg. Values greater than 25 mOsm/kg suggest intoxication with osmotically active
agents, such as ethylene glycol, mannitol, or ethanol. The formula for estimation of osmolality
(expressed as mOsm/kg) follows:

1.86 x [Na* (mEq/L) + K* (mEq/L)] + [Glucose (mg/dl) + 18] + [BUN (mg/dl) + 2.8] + 9

10. What is the chemical composition of the crystal Figure 29-5, and under what circum-
stances do these crystals occur?

Calcium carbonate crystals occur individually or in clusters and are variably sized, yellow-
brown or colorless, radiant spheres or dumbbell shaped. They usually form in alkaline urine and
are seen in clinically normal horses, goats, rabbits, and guinea pigs. Calcium carbonate crystals
have rarely been observed in dogs.

11. What is the chemical composition of the crystal in Figure 29-6, and under what
circumstances do these crystals occur?
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Figure 29-5 Calcium carbonate crystals in
urine sediment from a normal horse. Note the
variably sized, yellow-brown or colorless,
radiant spheres and dumbbell shapes.
(Unstained; 125X.)

Figure 29-6 Amorphous urates in urine
sediment from a Dalmatian dog. Amorphous
phosphates and urates have a similar shape and
may occur as amorphous debris or small
spheroids. (Unstained; 125X.)

Amorphous phosphates and urates have a similar shape and may occur as amorphous debris
or small spheroids. Amorphous phosphates are distinguished from amorphous urates in two ways:
phosphates are colorless and precipitate in alkaline urine, whereas urates are yellow-brown to
black and precipitate in acidic urine. Amorphous phosphates are a common finding in alkaline
urine of clinically normal animals. They are of no known diagnostic significance. However,
amorphous urates are uncommon in clinically normal dogs and cats. They may be seen in animals
with portovascular malformation, severe hepatic disease, or ammonium urate urolithiasis.
Amorphous urates are often seen in Dalmatians and English bulldogs and may represent a
predisposition to urate urolithiasis in these breeds. Dalmatians have defective purine metabolism
and do not convert uric acid to allantoin. (Most other breeds convert uric acid to allantoin, which
is water soluble and excreted in urine.) Additionally, Dalmatians may also have decreased tubular
resorption of uric acid.

12. What is the chemical composition of the crystal in Figure 29-7, and under what
circumstances do these crystals occur?

Ammonium urate crystals may also be referred to as ammonium biurate crystals. They are
golden to brown and spherical with irregular protrusions, giving the appearance of a thorn apple
or sarcoptic mange mites (see Figure 29-7). In cats, they may occur as smooth aggregates of
spheroids. Ammonium urate crystals are seen in animals with portovascular malformation and
with severe hepatic disease and infrequently in clinically normal Dalmatians and English
bulldogs.

13. What is the chemical composition of the crystal in Figure 29-8, and under what
circumstances do these crystals occur?
Cystine crystals are colorless, flat hexagons that may have unequal sides. Cystine
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Figure 29-7 Ammonium urate crystals,
also referred to as ammonium biurate crystals, in
urine sediment from a dog with portocaval
shunt. These crystals are golden to brown and
spherical with irregular protrusions, suggesting a
thorn apple or sarcoptic mange mites.
(Unstained; 125X.)

Figure 29-8 Cystine crystals in urine sedi
ment from a dog. Note the colorless, flat
hexagons that may have unequal sides.
(Unstained; 125X.)

crystalluria is not considered a normal finding and is seen in animals that are cystinuric due to an
inherited defect in renal tubular transport of the amino acid cystine. Crystals are prone to develop
in cystinuric patients that have concentrated, acidic urine. Cystinuria is a predisposition for the
development of cystine urolithiasis, although not all cystinuric individuals develop uroliths.
Affected canine creeds include male dachshunds, English bulldogs, and Newfoundlands. Females
and other breeds may also be affected. Among cats, cystinuria has been recognized in male and
female Siamese and domestic shorthairs.

14. What are iatrogenic causes of crystalluria?

In vivo crystalluria can be seen with administration of radiocontrast media and drugs,
such as antibiotics (e.g., sulfur containing compounds) or allopurinol (Figure 29-9). In vitro
crystalluria may result from storage conditions that change the solubility of crystallogenic

Figure 29-9  Sulfur crystals in urine sediment
from a dog administered a sulfamethoxazole-
trimethoprim product. Note the groups of wide,
needlelike crystals bundled to the center of the
stack. (Unstained; 125X.)
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substance by altering the temperature or pH of the sample or by causing evaporative loss of water
from the urine.

15. Define cylinduria and describe its clinical significance.

Cylinduria denotes the presence of renal tubular casts in the urine sediment. Tubular casts
are imprints of renal tubules that form due to the accumulation of a proteinaceous matrix (Tamm-
Horsfall mucoprotein) within the loop of Henle, distal tubules, and collecting ducts of the
nephron, which results in hyaline casts. The proteinaceous matrix can be modified by the addition
of renal tubular cells that exfoliate or by accumulation of leukocytes.

Once cells accumulate within a tubular cast, they are thought to undergo degeneration and
progress from a cellular cast, to a granular cast, and finally to a waxy cast. Low numbers (<2 per
high-power field, hpf) of hyaline or granular casts can be seen in animals without renal disease.
However, when granular casts are present in increased numbers or when cellular casts are found,
this suggests the presence of renal disease causing degeneration and necrosis of renal tubular
epithelium. Renal tubular inflammation is suggested when leukocytes are found within the casts.
The number of casts present does not reflect the duration, severity, or reversibility of the renal
disease. Casts are formed on a regular basis and in increased numbers during renal tubular
disease. When and whether they are dislodged depend on the renal tubular fluid flow rates. They
may be dislodged immediately after formation or may remain within the tubule for an indefinite
period, during which any cells that are present within the cast continue to degenerate.

Other specific types of casts may be seen with certain disease processes, such as hemoglobin
casts with intravascular hemolysis, red blood cell casts with renal hemorrhage, and bilirubin casts
with severe bilirubinuria.

16. Is there any difference in the clinical significance of granular versus cellular versus
waxy cylinduria?

The type of cast present does not necessarily indicate the severity of the disease and should
not typically be used as a prognostic indicator for the response to therapy or the potential for
recovery. Rather, these types of casts represent various stages of development (Figures 29-10 and
29-11). When the cells in a cellular cast degenerate, they form an amorphous granular substance
resulting in granular casts (Figure 29-12). With time, the membranes and other cellular material
will form a homogeneous, cholesterol containing substance, which gives rise to a waxy cast
(Figure 29-13). Therefore, these stages of cast development more accurately predict the length of
time the cast has been lodged in the renal tubule, not necessarily the severity of the disease
condition.

Figure 29-10 Hyaline cast (arrow) in urine
sediment from a dog. These casts are colorless,
clear, and composed of Tamm-Horsfall muco-
protein. (Unstained; 125x.)

17. Is urinalysis a definitive test for urinary tract infection?
The absence of urinalysis (UA) findings supportive of urinary tract infection (UTI) does not
definitively exclude the possibility of infection. During some UTIs (e.g., pyelonephritis) the
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Figure 29-11 Tubular epithelial casts in
urine sediment from a dog with renal disease.
(New methylene blue stain; 125x.)

Figure 29-12  Granular casts (several small
pieces) in urine sediment from a dog with renal
disease. (Unstained; 125x.)

Figure 29-13 Waxy cast in urine sediment
from a dog with renal disease. (Unstained;
125x.)

patient produces a high volume of dilute urine that may reduce the relative number of leukocytes
present per volume of urine or cause those that may be present to lyse. A high volume of dilute
urine can also reduce the number of bacteria present in the sediment below the concentration that
is detectable by light microscopy (>10,000 bacilli/ml; >100,000 cocci/ml). Urine culture and
sensitivity most directly address the possibility of a UTL. Even when bacteria are identified in a
urine sediment, urine culture and sensitivity are useful to confirm the presence of a UTI, identify
the organism, and select appropriate antimicrobial therapy.

18. List causes of bacteruria.
a. Urinary tract infection
b. Sample contamination during collection (free catch, catheterization) or processing
c. In vitro bacterial overgrowth
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19. What is the significance of pyuria and concurrent bacteruria?

The finding of pyuria (leukocytes in the urine sediment) with concurrent bacteruria suggests
active urinary tract inflammation with either a primary or a secondary bacterial infection (Figures
29-14 and 29-15). When these findings are present, urine culture and sensitivity are indicated.

Figure 29-14 Bacterial cystitis in urine
sediment from a dog. Note several neutrophils,
with the neutrophil in the top right containing an
intracellular, rod-shaped bacterium. (New
methylene blue stain; 125x.)

Figure 29-15 Bacterial cystitis in urine
sediment from a dog. Note the numerous
degenerate neutrophils and two large transitional
epithelial cells. Several large, rod-shaped
bacteria are seen in the background and within
the cytoplasm of degenerate neutrophils.
(Wright-Giemsa stain; 125x%.)

20. List possible causes of a negative urine culture despite identification of bacteria in the

urine sediment.

a. Observed bacteria may not be viable because of antimicrobial administration, prolonged
urine storage, or fastidious nutritional and culture requirements.

b. Observed bacteria may not grow because of improper culture technique.

c. Observed bacteria represent contamination of the UA sample during processing or
collection.

d. Observed bacteria may actually be nonbacterial structures in the sediment that were
mistakenly identified as bacteria during examination.

21. Does a negative urine culture definitively rule out urinary tract infection?

A negative urine culture does not necessarily exclude the possibility of UTI. In addition
to the causes of negative culture previously listed, UTIs infrequently result from viral,
mycoplasmal, or ureaplasmal infection.

22. Does the absence of pyuria in a urine sediment rule out urinary tract infection?

The absence of pyuria does not definitively exclude the possibility of UTI. Silent UTIs (i.e.,
not eliciting an inflammatory response) can be seen with hyperadrenocorticism, diabetes
mellitus, and immunosuppressed states (e.g., drug induced).
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23. How can corticosteroids affect urinalysis?

Corticosteroids promote the development of UTI and may hinder its identification by routine
UA. Corticosteroids (exogenously administered or endogenously produced in excess) predispose
a patient to development of bacteruria associated with UTI, inhibit the migration of neutrophils
into tissues, and induce hyposthenuria that can dilute urine sediment abnormalities. Therefore,
urine culture and sensitivity are important in the evaluation of urine samples from animals
exposed to excessive amounts of corticosteroids because they may have a silent UTI with a
normal routine UA.

24. What is the difference between routine urine culture and sensitivity and quantitative
culture and sensitivity; and when should the latter be performed?

With a routine urine culture and sensitivity, results simply identify the bacteria present with
their respective antimicrobial sensitivities. With a quantitative urine culture and sensitivity, not
only are the bacteria identified, but their quantity is also reported as colony-forming units per
milliliter (CFUs/ml), which is determined by serial dilution and plating. The quantitative test is
useful when determining if the bacteria cultured from a urine sample are likely contaminants or
likely the result of a true infection. A sample collected by cystocentesis is preferred when the
sample is to be cultured, although collection by this method is not always possible. Quantitative
urine culture can be most important when the sample, out of necessity, has been collected by
transurethral catheterization or by voiding. Additionally, isolation of more than one
microorganism suggests bacterial contamination (Table 29-1).

Table 29-1 Interpretation of Quantitative Urine Culture Results

CONTAMINANT SUSPICIOUS SIGNIFICANT
(CFUs/ml) (CFUs/ml) (CFUs/ml)
COLLECTION
METHOD DOG CAT DOG CAT DOG CAT
Cystocentesis <100 <100 100-1000 100-1000 >1000 >1000
Catheterization <1000 <100 1000-10,000  100-1000 >10,000 >1000
Voiding <10,000 <1000 10,000-90,000 1000-10,000  >100,000 >10,000

CFUs/ml, Colony-forming units per milliliter.

25. Besides bacterial urinary tract infection, with what other conditions can pyuria be
found?
Pyuria can be associated with any noninfectious or infectious cause of genitourinary tract
inflammation, such as inflammation caused by the presence of uroliths, prostatitis, pyometra,
neoplasms, and infection with viruses, mycoplasma, or ureaplasma.

26. Identify the cell type in Figure 29-16. In what portions of the urinary tract are these
cells found; and what is their potential clinical significance?

Squamous epithelial cells are large, flat or rolled cells that have angular sides and small
nuclei. They line the distal third of the urethra, the vagina, and the prepuce. These cells are
usually found in variable numbers in the sediment of contaminated samples collected by
catheterization or by voiding. However, squamous epithelial cells may rarely be observed in
samples collected by cystocentesis, resulting from squamous cell carcinoma of the bladder or
from squamous metaplasia of the bladder, which may be associated with transitional cell
carcinoma or chronic bladder irritation.
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Figure 29-16 Two squamous epithelial
cells (top center) in voided urine sample from a
dog. (Unstained; 125x%.)

27. Identify the cell type in Figure 29-17. In what portions of the urinary tract are these
cells found; and what is their potential clinical significance?

Transitional epithelial cells are variably sized and smaller than squamous epithelial cells but
larger than leukocytes. Transitional cells may be round, pear or spindle shaped, or polygonal and
may have granular cytoplasm containing a single nucleus that is larger than that of squamous
epithelial cells. Transitional cells line the bladder and proximal two thirds of the urethra. They
can be found in low numbers (<5/hpf) in urine samples of clinically normal animals. These cells
may be found in greater number in the urine sediment of samples collected by catheterization or
in patients that have bladder irritation or inflammation. During these conditions the transitional
epithelial cells undergo reactive hyperplasia, resulting in cytologic features that mimic
malignancy. For this reason, in the presence of inflammation, neoplasia cannot be reliably
diagnosed by urine sediment cytology. An increased number of atypical transitional epithelial
cells may also be seen with transitional cell carcinoma.

Figure 29-17 Three large transitional epi-
thelial cells in urine sediment from a dog with
cystitis. A large squamous epithelial cell (fop
left), several neutrophils (lobulated nuclei), and
renal epithelial cells (round nuclei) are also seen.
(Sedi-Stain; 125x%.)

28. What findings in the urine sediment suggest a transitional cell carcinoma?

In a veterinary patient that has a bladder or urethral mass, the urine sediment finding of
atypical transitional epithelial cells in the absence of inflammation suggests transitional cell
carcinoma. The cells may exfoliate in cohesive sheets or individually. They will display various
malignant features, such as high nuclear/cytoplasmic ratio, variable cell and nuclear size,
clumped chromatin with prominent nucleoli, and mitotic activity (Figures 29-18 and 29-19).

29. Identify substances that cause false-positive reactions with the v-bta test.

The v-bta (veterinary—bladder tumor antigen) fest is designed as a screen for the early
detection of transitional cell carcinoma by detecting an antigen present in the urine that is
produced by the tumor. Urine samples that contain pyuria or hematuria can result in a false-
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Figure 29-19 Transitional cell carcinoma
in urine sediment from a dog. Note, among other
malignant features, the mitotic figure (bottom
right). (Wright-Giemsa stain; 125x.)

"

positive result. Unfortunately, bladder tumors are often associated with secondary inflammation
and hemorrhage. Therefore the v-bta test is not useful as a screening tool for the diagnosis of
transitional cell carcinoma because pyuria and hematuria are also frequently present.
Additionally, many investigators believe that the test has an unacceptable number of false-
positive reactions, even in dogs with an otherwise-normal urine sediment, suspected to result
from nonspecific reactivity of the diagnostic antigen used in this assay when applied to canine
samples. Because of the low incidence of bladder tumors in dogs and the high incidence of false-
positive reactions, an unacceptable number of animals may be subjected to invasive and costly
diagnostic procedures only to prove a false reaction. A diagnosis of bladder cancer should not be
made using this assay unless confirmatory diagnostic procedures are also performed.

30. Identify the structure in the urine sediment in Figure 29-20 and describe its clinical
significance.

Figure 29-20 Capillaria eggs in urine
sediment from a cat. Note the bipolar caps that
are not parallel to each other and instead are
slightly askew. (Unstained; 125x.)
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Capillaria eggs are similar in appearance to those of Trichuris vulpis, which may be present
in fecally contaminated urine samples. Capillaria can be distinguished from Trichuris eggs by
the positioning of the bipolar caps, which in Trichuris are perfectly bipolar. The bipolar caps of
Capillaria eggs are not perfectly bipolar and appear slightly askew (see Figure 29-20). Capillaria
eggs are typically seen as an incidental finding in the urine of asymptomatic cats. However,
Capillaria eggs are occasionally identified in cats that present with hematuria, which resolves
with fenbendazole treatment.

31. List urinalysis findings seen with the potential toxicity associated with aminoglycoside
administration.
a. Decreased urine specific gravity
b. Cylinduria
¢. Normoglycemic glucosuria
d. Increased urine concentration of gamma-glutamyl transferase (GGT)

32. Contrast the clinicopathologic abnormalities seen during acute renal failure with those
seen during chronic renal failure.

Acute and chronic renal failure may be associated with similar clinicopathologic findings,
including azotemia, hyperphosphatemia, hyperkalemia, metabolic acidosis with increased anion
gap, and abnormal urine specific gravity. Acute and chronic renal failure may be distinguished by
the patient’s packed cell volume. Chronic renal failure is frequently associated with decreased
erythropoietin production by the kidneys. Consequently, chronic renal failure patients often have
a normocytic, normochromic, nonregenerative anemia, whereas acute renal failure patients
typically are not anemic.

33. List the clinicopathologic abnormalities seen with nephrotic tendency and those seen
with nephrotic syndrome.

Nephrotic Tendency Nephrotic Syndrome
Hypoalbuminemia Hypoalbuminemia
Hypercholesterolemia Hypercholesterolemia
Proteinuria Proteinuria

Edema

34. Why are veterinary patients that have nephrotic syndrome hypercholesterolemic?

Albumin is one of the major determinants of intravascular colloid osmotic pressure. The
albumin molecule itself exerts osmotic pressure. Also, a major component of the osmotic effect
exerted by albumin is caused by the positively charged cations (e.g., Na*) that associate with the
negatively charged albumin molecules due to the Gibbs-Donnan effect. Nephrotic patients are
severely hypoalbuminemic and therefore have greatly decreased intravascular colloid osmotic
pressure. Cholesterol is synthesized by the liver as a compensatory response to maintain colloid
osmotic pressure.

35. Describe the pathogenesis of hypercoagulability seen with nephrotic syndrome.

Nephrotic syndrome is associated with glomerular disease that alters the “permselectivity”
barrier function of the glomerulus and leads to protein loss into the urine. Albumin (molecular
weight 69 kD) is lost, resulting in hypoalbuminemia and proteinuria. Smaller-molecular-weight
proteins also accumulate in the urine, including antithrombin III (AT-III, molecular weight
65 kD), an anticoagulant that keeps coagulation in check by inhibiting the function of thrombin
and coagulation factors IXa, Xa, Xla, and XIla. Nephrotic patients typically are deficient in
AT-III because of glomerular proteinuria, making them hypercoagulable and thus prone to
thromboembolic disease.
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36. During urethral obstruction, what clinicopathologic abnormality can be immediately
life threatening, and what diagnostic methods can be used to detect it?

Moderate to severe hyperkalemia is a common abnormality associated with urethral
obstruction that can be immediately life threatening due to its effect on the heart. Hyperkalemic
animals may be lethargic, weak, and bradycardic with characteristic electrocardiogram
abnormalities: tenting of T wave, decreased amplitude or absence of P wave, and prolonged QRS
interval.

37. List clinicopathologic abnormalities seen with Fanconi’s syndrome and predisposed

breeds.

Clinicopathologic Abnormalities Breeds
Normoglycemic glucosuria Basenji
Aminoaciduria Norwegian elkhound
Proteinuria Shetland sheepdog
Renal tubular acidosis Schnauzer

Azotemia

Hyperphosphatemia

Hypokalemia

Renal Function and Urinalysis

BIBLIOGRAPHY

Albasan H, Lulich JP, Osborne CA, et al: Effects of storage time and temperature on pH, specific gravity, and crystal
formation in urine samples from dogs and cats, J Am Vet Med Assoc 222:176-179, 2003.

Barsanti JA, Lees GE, Willard MD, et al: Urinary disorders. In Willard MD, Tvedten H, Turnwald GH, editors: Small
animal clinical diagnosis by laboratory methods, ed 3, Philadelphia, 1999, Saunders, pp 108-135.

Finco DR: Kidney function. In Kaneko JJ, Harvey JW, Bruss ML, editors: Clinical biochemistry of domestic animals,
ed 5, San Diego, 1997, Academic Press, pp 441-484.

Heuter KJ, Buffington CA, Chew DJ: Agreement between two methods for measuring urine pH in cats and dogs, J
Am Vet Med Assoc 213:996-998, 1998.

Meyer DJ, Harvey JW: Veterinary laboratory medicine: interpretation and diagnosis, ed 2, Philadelphia, 1998,
Saunders, pp 221-235.

Osborne CA, Stevens JB, editors: Urinalysis: a clinical guide to compassionate patient care, Shawnee Mission, Kan,
1999, Veterinary Learning Systems.



Section VI

Liver and Muscle
Douglas J. Weiss

30. TESTS FOR EVALUATION OF
LIVER DISEASE

1. What are the major categories of enzymes used to evaluate liver disease?

There are two major categories of liver enzymes: leakage enzymes and cholestatic enzymes.
Leakage enzymes are enzymes that leak into the plasma when hepatocyte injury or death occurs.
Therefore, high activities in serum are an indication of hepatocellular injury. Commonly
measured leakage enzymes include the following:

¢ Alanine aminotransferase (ALT; also alanine transaminase)

» Aspartate aminotransferase (AST; also aspartate transaminase)

 Sorbitol dehydrogenase (SDH)

¢ Lactate dehydrogenase (LDH)

Cholestatic enzymes are enzymes for which synthesis is increased as a result of bile
retention or administration of drugs. Bile retention usually results from intrahepatic or extra-
hepatic bile duct obstruction. Commonly measured cholestatic enzymes include the following:

¢ Alkaline phosphatase (ALP)

¢ Gamma-glutamyltransferase (GGT; also gamma-glutamyltranspeptidase)

2. What are isoenzymes?

Isoenzymes are molecules with similar function but variable molecular structure. In general,
these isoenzymes are produced in different tissues. For example, LDH (also LD) has five
isoenzymes. LD, and LD, are primarily located in cardiac muscle, whereas LDs is primarily
located in liver and skeletal muscle. By determining the specific isoenzyme increased in serum,
the source of the cellular injury can be identified.

3. What determines the level of a liver enzyme in plasma?
Multiple factors are involved in determining the activity of an enzyme in plasma and include
the following:
a. Amount of the enzyme in hepatocytes
Rate of synthesis of the enzyme
Number of hepatocytes injured
Molecular size
Intracellular location of the enzyme
Rate of clearance from the plasma
Rate of enzyme inactivation

@ me a0 o

4. Do liver enzyme tests evaluate liver function?
Enzyme tests provide information about hepatocellular injury or cholestasis but do not
define how much functional liver is present. Therefore, specific liver function tests are needed to
assess liver function.

168
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5. What are the most clinically useful leakage enzymes?

Clinically useful leakage enzymes vary with the species tested. In dogs and cats, ALT is used
as a liver-specific leakage enzyme. Horses, ruminants, and pigs have very little ALT in their liver,
so serum ALT activity does not increase with liver disease; therefore SDH is used as a liver-
specific leakage enzyme in these species. AST is used as a nonspecific indicator of tissue injury
in all the species just listed.

6. How long do leakage enzymes remain elevated in blood of dogs and cats after transient

hepatocellular injury?
ALT remains elevated for 1 to 3 weeks after a toxic insult in dogs and cats. AST remains

elevated for 5 to 7 days (Figure 30-1).

1300 7 Figure 30-1 Serum enzyme activity after
1200 acute transient liver injury in dogs and cats.
1100 Alkaline phosphatase (ALP) increases slightly
1000 4 in dogs but may remain normal in cats. AST,
Aspartate transaminase; ALT, alanine trans-
900 aminase; U, international units.
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7. How long do leakage enzymes remain elevated in blood of horses and ruminants after
transient hepatocellular injury?
SDH remains high for only 3 to 4 days. AST stays elevated for 1 to 2 weeks (Figure 30-2).

7007 Figure 30-2 Serum enzyme activity after
SDH acute transient liver injury in horses and
600 ruminants. SDH, Sorbitol dehydrogenase;

AST, aspartate transaminase, GGT, y-glutamyl-
transferase.
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8. Does the magnitude of increase in leakage enzymes predict the number of hepatocytes
injured?
In general, the higher the activity in the serum, the greater is the number of hepatocytes
injured.

9. Do leakage enzymes predict whether liver injury is reversible?
Leakage enzymes do not predict reversible liver injury. Acute reversible toxic or traumatic
hepatocellular injury can result in very high serum activities of leakage enzymes, whereas chronic
fibrotic liver disease, which is irreversible, may result in only slight increases in leakage enzymes.

10. Are there other factors in addition to hepatocellular injury that increase serum enzyme
activities?

A mild to moderate increase in ALT can result from enzyme induction associated with
administration of drugs such as anticonvulsants, thiacetarsemide, and glucocorticoids. AST is
present in most tissue and increases with muscle injury as well as hepatocelluar injury. AST is
also present in kidney, pancreas, and erythrocytes. Artifactual hemolysis of blood samples may
result in increased serum ALT activity.

11. Is alkaline phosphatase a liver-specific cholestatic enzyme?

ALP is not liver specific. ALP isoenzymes are present in all tissues with high activity in
liver, bone, kidney, intestine, and placenta. The renal, intestinal, and placental isoenzymes have
a very short half-life in the plasma (<6 minutes) and thus do not result in a significant increase in
plasma activity. The bone isoenzyme is produced by osteoblasts. Young growing animals may
have up to three times the normal adult serum activity. Serum activity may increase two to four
times as a result of diseases that increase osteoblastic activity. Anticonvulsant may increase serum
activity by two to six times. Corticosteroids induce a marked increase in a specific hepatic
isoenzyme in dogs. The steroid isoenzyme increases within 6 days after exposure to endogenous
or exogenous corticosteroids and can reach very high levels by 3 to 4 weeks. Serum ALP activity
decreases slowly over weeks to months after cessation of exposure to corticosteroids.

12. How can the steroid-induced isoenzyme in the dog be differentiated from the liver
isoenzyme?

The liver isoenzyme activity is greater than 90% inhibited by addition of levamisole,
whereas the steroid-induced isoenzyme is relatively resistant to addition of levamisole. GGT is
also present on some chemistry profiles. Because GGT is more liver specific than ALP, an
increase in GGT in addition to ALP is consistent with cholestatic liver disease.

13. Is y-glutamyltransferase only present in the liver?

GGT is present in most tissue, but the greatest activity is in the canalicular surface of
hepatocytes, in bile duct epithelium, and in renal tubules. Serum activity of GGT is primarily of
hepatic origin.

14. Is y-glutamyltransferase a better cholestatic enzyme than alkaline phosphatase?

Whether GGT or ALP is the better cholestatic enzyme depends on the species. Dog liver
contains about three times more ALP than cat liver, and cat ALP has a shorter serum half-life.
Cholestatic liver disease thus results in much lower serum ALP activity in cats than in dogs.
Therefore, ALP is a more sensitive test for cholestatic liver disease than GGT in the dog, whereas
ALP and GGT have approximately equal sensitivity in the cat. The cow, sheep, pig, and horse
have greater liver and serum GGT activity than the dog and cat. Also, ALP has a broad reference
range in cattle, pigs, sheep, and horses, so GGT is a better test for liver disease in these species.
In horses, cattle, and sheep, GGT may increase in acute hepatocellular injury as well as in
cholestatic liver disease.
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15. Do liver enzyme tests predict pathologic changes in the liver?

Enzyme tests predict liver changes only in very general terms. Serum leakage and
cholestatic enzyme tests are sensitive indicators of hepatocellular injury and cholestatic disease,
respectively. However, serum activities in a variety of diseases overlap and cannot be differen-
tiated. In most cases, acute hepatocellular injury or necrosis can be differentiated from chronic
fibrotic disease. In acute hepatocellular injury in dogs and cats, ALT and AST may increase 50 to
100 times the mean reference interval. A slight to moderate increase in ALP and little to no
increase in GGT occurs. In acute diffuse hepatocellular injury in ruminant and horses, a marked
increase in SDH and AST and a variable (mild to marked) increase in GGT occur. Alternatively,
in extrahepatic bile duct obstruction or in chronic fibrotic liver disease, ALP and GGT are greatly
increased, and leakage enzymes are only mildly increased. However, responses vary among the
species. In cholestatic liver disease the magnitude of increase in ALP is marked for dogs,
significantly less for cats and horses, and variable in ruminants. In my experience, attempting to
predict other types of liver pathology solely on the serum enzyme activities is unreliable.

16. What defines a test of liver function?
A liver function test is a test that evaluates the capacity of the liver to perform a single
function or multiple functions that are unique to the liver.

17. Can liver dysfunction be reversible?

Liver dysfunction can be reversed, particularly in acute hepatic disease. In acute toxic or
traumatic liver disease, swelling or altered cellular metabolism may result in transient
hepatocellular dysfunction. The liver also has the capacity to regenerate destroyed hepatocytes
and thus regain functional mass. In chronic hepatitis, liver failure results from a combination of
the opposing effects of hepatocellular destruction and liver regeneration. By the time liver
dysfunction is detected, the destructive effects have overcome the regenerative effects. This
condition is usually irreversible.

18. What are common liver function tests?
Because the liver has a very large number of unique metabolic functions, multiple liver
function tests have been described. These tests can be subclassified as follows:
a. Tests of peripheral blood uptake, conjugation, and secretion: serum bilirubin and
sulfobromophthalein (BSP) excretion test
b. Tests of portal blood clearance: ammonia tolerance and bile acids
c. Tests of hepatic synthesis: serum glucose, albumin, urea, and clotting factors

19. Do liver function tests vary in sensitivity?

Liver function tests vary greatly in their sensitivity in detecting liver dysfunction. The exact
sensitivity of liver function tests has not been well defined and may vary among species. The
most sensitive liver function test appears to be bile acids, which can detect 40% to 50% liver
dysfunction. The BSP and ammonia tolerance tests are somewhat less sensitive. Liver function
test included in serum chemistry profiles (e.g., total bilirubin, albumin) are very insensitive liver
function tests, requiring 80% to 90% liver dysfunction before results are beyond reference limits.

20. What is the best liver function test for routine use?

Serum albumin and total bilirubin are the least expensive and easiest tests to perform but
have significant limitations. Both are very insensitive tests and are not liver specific. Of the other
tests, the serum bile acids test is the easiest to perform, the most sensitive, and liver specific.
Therefore the bile acids test has largely replaced BSP and ammonia tolerance tests.

21. How is the serum bile acids test performed?
In dogs and cats, fasting (8-12 hours) and/or 2-hour postprandial blood samples are drawn.
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During fasting, serum concentrations are lower because bile acids are removed from the blood
and stored in the gallbladder. Feeding induces gallbladder contraction, which releases bile acids
into the intestine. As bile acids are reabsorbed through the portal circulation, most are removed
by the liver, but some enter the peripheral circulation. The 2-hour postprandial bile acids test
increases the sensitivity of the test. It is particularly useful in detecting portosystemic venous
shunts because fasting serum concentrations may be normal.

22. How does hepatocellular dysfunction result in increased bile acids in serum?

Reduced functional liver mass or shunting of portal blood away from the liver increases the
number of bile acids that bypass the liver and enter the peripheral circulation. Also, intrahepatic
bile duct obstruction, which is associated with liver disease, causes regurgitation of bile acids into
the peripheral blood.

23. How do BSP and ammonia tolerance compare to bile acids as tests of liver function?

Both the BSP test and the ammonia tolerance test are more difficult to perform and have
equal or lesser sensitivity for detection of liver dysfunction than the bile acids test. Therefore the
bile acids test has largely replaced BSP and ammonia tolerance tests.

24. Is hyperbilirubinemia (icterus) a specific indicator of liver disease?

Hyperbilirubinemia can be caused by prehepatic, hepatic, or posthepatic causes; icterus is
not a specific indicator for liver disease. Prehepatic causes are associated with hemolytic anemias.
In animals with prehepatic icterus, hyperbilirubinemia is usually associated with a moderate to
severe anemia, whereas the anemia associated with chronic liver disease is usually mild. Hepatic
icterus is associated with diffuse hepatocellular swelling, severe acute hepatitis, and end-stage
chronic hepatitis. Icterus is frequently accompanied by hepatic enzymopathy and low serum
albumin. Posthepatic icterus results from extrahepatic bile duct obstruction.

25. In addition to determination of total bilirubin, is determination of direct (conjugated)

and indirect (unconjugated) bilirubin useful in differentiating the cause of icterus?

In hemolytic anemias, unconjugated bilirubin is formed from the breakdown of heme.
As a result, bilirubin in the blood is expected to be primarily unconjugated. In liver disease
or extrahepatic bile duct obstruction, unconjugated bilirubin is conjugated by the remaining
functional hepatocytes, but the conjugated bilirubin is regurgitated into the blood as a result of
bile duct obstruction. Therefore the increase in serum bilirubin with liver disease and bile duct
obstruction would be expected to be primarily conjugated. However, the relative concentrations
of conjugated and unconjugated bilirubin in prehepatic and hepatic icterus frequently do not fit
the expected patterns. Because of a high incidence of confusing results and the availability of
other tests to differentiate hemolytic disease reliably from hepatic disease, conjugated and
unconjugated bilirubin determinations are infrequently performed.

26. Are there species differences in bilirubin metabolism?

Dogs have a low renal threshold for bilirubin, and bilirubinuria frequently occurs without
hyperbilirubinemia. Horses frequently become icteric, and bilirubin is primarily unconjugated
despite the cause of hyperbilirubinemia. Unconjugated bilirubin is predominant in horses
probably because uptake of bilirubin by the liver is the limiting step in bilirubin metabolism. With
anorexia, uptake is reduced further, which can result in marked increases (5-10 mg/dl) in serum
bilirubin concentration. Hyperbilirubinemia occurs infrequently in ruminants. When present, the
magnitude of increase is slight and the cause more frequently related to hemolytic than hepatic
disease.

27. What type of changes in serum proteins is expected in liver disease?
Hypoalbuminemia is an extremely late change in chronic liver failure. Hyperglobulinemia is
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a frequent finding in chronic liver disease and may result from increased numbers of enteric
antigens bypassing the liver and entering the peripheral blood. A chronic immune response to
these antigens results in a polyclonal gammopathy.

31. LABORATORY EVALUATION OF LIVER
DISEASE IN DOMESTIC ANIMALS

1. What are the major types of inflammatory liver disease described in dogs?

Despite decades of study, the classification of canine inflammatory liver disease is poorly
defined. Although many etiologic agents have been defined, a cause cannot be established for
most cases of chronic hepatitis. The histopathologic classification of chronic liver disease is
controversial. “Chronic hepatitis” is a general, all-inclusive categorization used by many
clinicians. More specific terms include chronic progressive hepatitis, chronic active hepatitis,
chronic lobular dissecting hepatitis, and cirrhosis.

2. List the known causes of acute hepatitis in the dog and cat.

a. Infectious: bacterial abscesses, cholangitis, cholangiohepatitis, canine adenovirus type 1,
feline infectious peritonitis, histoplasmosis, toxoplasmosis

b. Drugs: thiacetarsemide, diethylcarbamazine, acetaminophen, mebendazole, halothane,
methoxyflurane, aprinidine, ketoconazole, methotrexate, nalidixic acid, tetracycline,
tolbutamide, trimethoprim-sulfadiazine, diazepam (cat)

c. Chemicals: carbon tetrachloride, dieldrin, chloroform, arsenic, chlorinated hydrocar-
bons, naphthalenes, chlorinated biphenyls, phosphorus, copper, mercury, iron, selenium,
tannic acid

3. List the causes of chronic hepatitis in the dog.

a. Infectious: bacterial cholangitis or cholangiohepatitis, canine adenovirus type 1,
leptospirosis, canine acidophil cell viral hepatitis, histoplasmosis, dirofilariosis

b. Drugs: primidone, phenytoin, phenobarbital, ketoconazole, methotrexate, milbolerone,
methotrexate, trimethoprim-sulfadiazine, glucocorticoids

c. Copper accumulation disorders: Bedlington terriers, West Highland white terriers, Skye
terriers, Doberman pinschers

d. Autoimmune disorders

e. Alpha-1-antitrypsin disorder

4. What are the major types of hepatitis described in cats?

Categorization of feline inflammatory liver diseases is controversial. Some authors prefer to
use cholangitis or cholangiohepatitis to describe all inflammatory liver diseases. Other authors
have used more specific categories, including lymphocytic portal hepatitis, lymphocytic
cholangitis/cholangiohepatitis, suppurative cholangiohepatitis, chronic cholangiohepatitis, and
sclerosing cholangitis. This categorization is complicated by evidence that lymphocytes
accumulate in portal areas of aged cats.

5. What are the major clinical and laboratory abnormalities in acute hepatitis?
Clinical signs of acute hepatitis include anorexia, vomiting, icterus, and hepatic encephalop-
athy. A marked (>100-fold) increase in alanine transaminase (ALT) and aspartate transaminase
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(AST) is a consistent finding. Alkaline phosphatase (ALP) is moderately increased in the dog but
may not increase or may increase only slightly in the cat. Gamma-glutamyltransferase (GGT)
may remain within reference limits or increase slightly. If lesions are diffuse, liver dysfunction
may occur, as detected by increased serum bile acids or serum bilirubin and sulfobromophthalein
(BSP) retention. Serum albumin and globulin concentrations are usually within reference limits
but may be increased if hemoconcentration is present. Dogs with acute hepatitis are predisposed
to development of disseminated intravascular coagulopathy.

6. What are the major clinical and laboratory abnormalities associated with canine
chronic hepatitis?

Frequent clinical signs of canine chronic hepatitis include weight loss, anorexia, mild to
moderate nonregenerative anemia, polyuria, polydipsia, and decreased liver size. In late-stage
hepatic failure, icterus, ascites, or signs of hepatic encephalopathy may develop. Leakage
enzymes are variably increased. The magnitude of increase roughly correlates with numbers of
hepatocytes that are being destroyed. The term chronic active hepatitis has been used to describe
chronic hepatitis in which large increases in leakage enzymes persist over time. Consistent large
increases in cholestatic enzymes are present, and the magnitude of increase in cholestatic
enzymes exceeds the magnitude of increase in leakage enzymes. Hepatocellular dysfunction can
usually be identified at initial diagnosis. Polyclonal gammopathy and mild nonregenerative
anemia are usually present. In late-stage liver failure, hypoalbuminemia, increased serum
ammonia concentrations, and hyperbilirubinemia may be present.

7. What are the major clinical and laboratory abnormalities associated with canine
steroid hepatopathy?

Clinical signs of steroid hepatopathy are usually not seen in the dog, although signs of
hyperadrenocorticism or a history of glucocorticoid administration should be present. Lesions in
the liver are characterized by multifocal areas of hepatocellular vacuolar change. Intracellular
lipid content may also be increased. Leakage enzymes may be mildly to moderately increased
due to altered cell membrane permeability and enzyme induction. A marked increase in ALP is
present in dogs. Tests of liver function are usually within reference limits.

8. What are the major clinical and laboratory abnormalities associated with congenital
portosystemic shunting of blood?
Clinical signs of congenital portosystemic shunting include microhepatia, hepatic encephalop-
athy, and hypoglycemic coma in young dogs. Leakage and cholestatic enzymes are usually within
reference limits. Baseline plasma ammonia and postprandial bile acids are usually abnormal.

9. What are the major clinical and laboratory abnormalities associated with feline
suppurative cholangiohepatitis?

Suppurative cholangiohepatitis tends to occur in young and middle-aged cats. Clinical signs
include severe illness characterized by lethargy, fever, vomiting, and icterus. Liver size may be
normal, increased, or decreased. Laboratory findings include neutrophilia, left shift, hyper-
bilirubinemia (mean 4.7 mg/dl), moderate to marked increase in ALT, and little or no increase in
cholestatic enzymes. As cholangiohepatitis becomes more chronic, neutrophilia and left shift may
not be present, ALT tends to be lower, and cholestatic enzymes may increase.

10. What are the major clinical and laboratory abnormalities associated with lymphocytic
portal hepatitis?

Lymphocytic portal hepatitis tends to occur in old cats. Clinical signs include anorexia and
vomiting. Liver size may be normal, increased, or decreased. Laboratory abnormalities include
mild to moderate increases in ALT and normal to slight increases in ALP. Hyperbilirubinemia is
mild (<3.0 mg/dl) when present.
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11. What are the major clinical and laboratory abnormalities associated with feline
hepatic lipidosis?

Clinical signs of hepatic lipidosis include anorexia (100% of cases), weight loss, lethargy,
vomiting, and enlarged liver in the cat. Laboratory abnormalities include marked increases in
ALT and ALP and marked hyperbilirubinemia (>5 mg/dl). Bile acids and BSP retention are
usually abnormal, consistent with liver dysfunction. Serum albumin also is usually normal.
Hyperglycemia may be present if hepatic lipidosis occurs secondary to diabetes mellitus.

12. What differences in complete blood counts and serum chemistry profiles may be useful
in differentiating feline suppurative cholangiohepatitis from lymphocytic portal
hepatitis and hepatic lipidosis?

Table 31-1 compares test results in differentiating feline suppurative cholangiohepatitis from
lymphocytic portal hepatitis and hepatic lipidosis.

13. What additional tests are helpful in diagnosing canine and feline liver disease?

Hepatic biopsy or cytologic evaluation and imaging techniques are important tests for
evaluation of liver diseases. A definitive diagnosis cannot be established without a hepatic biopsy
or aspirate. Cytology has been used more frequently in recent years. Fine-needle aspiration is
relatively safe compared with large-needle core biopsy. Both cytology and core biopsy techniques
are frequently done under ultrasound guidance, which permits biopsy of focal lesions within the
liver. The routine use of sonographic imaging has permitted evaluation of focal lesions in the liver
and evaluation of the biliary system, leading to routine detection of bile duct obstruction.

14. List the major types of liver disease described in horses.
a. Infectious: Tyzzer’s disease, equine herpesvirus type 1, septic cholangiohepatitis,
abscesses
b. Parasites: nematodes, flukes
Metabolic: hyperlipemia and hepatic lipidosis, steroid hepatopathy
d. Toxins: pyrrolizidine alkaloid—containing plants, horsebrush, puncture vine, cycad palm,
lupine, panic grass, blue-green algae, mushrooms, mycotoxins (moldy corn, moldy
alfalfa), alsike clover
e. Chemicals: carbon tetrachloride, carbon disulfide, iron, copper, ferrous fumarate (foals)
f. Drugs: isoniazid, rifampin, halothane, dantrolene, phenothiazines
g. Extrahepatic bile duct obstruction: calculi, abscesses, neoplasia, colonic displacement,
biliary atresia, parasitic disease
h. Congenital: portosystemic venous shunting of blood, biliary atresia
i. Neoplasia: hepatocellular carcinoma, biliary carcinoma, lymphosarcoma, hemangio-
sarcoma

g

Table 31-1 Test Results in Differentiating Feline Hepatic Disease

SUPPURATIVE LYMPHOCYTIC HEPATIC
TEST CHOLANGIOHEPATITIS PORTAL HEPATITIS LIPIDOSIS
Neutrophilia Present Absent Absent
Left shift Present Absent Absent
ALT Moderate to marked increase  Slight increase Marked increase
ALP Slight or no increase Slight or no increase = Marked increase
Total bilirubin ~ Mild or moderate increase Slight increase Marked increase

ALT, Alanine transaminase (aminotransferase); ALP, alkaline phosphatase.
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j. Idiopathic: Theiler’s disease (serum hepatitis), chronic active hepatitis
k. Secondary to other diseases: portal vein thrombosis, pancreatitis, duodenal ulceration,
large colon displacement

15. List the major types of liver disease described in ruminants.
a. Infectious: septic abscesses; Chlamydia, Salmonella, and Listeria spp.; tuberculosis;
Johne’s disease
b. Parasites: sarcosporidiosis, Fasciola hepatica, Ascaris spp.
Metabolic: hepatic lipidosis
d. Toxins: blue-green algae, pyrrolizidine alkaloid—containing plants, mycotoxins (moldy
hay, moldy tall fescue), cottonseed meal, Klein grass
e. Chemicals: iron, copper, phosphorus, arsenic, carbon tetrachloride, hexachloroethane,
gossypol, cresols, coal tar pitch, nitrite, chlorinated naphthylenes
f. Drugs: halothane
Extrahepatic bile duct obstruction: calculi, abscesses
Congenital: hepatic fibrosis, hemochromatosis of Salers cattle, portosystemic venous
shunting of blood, congenital hyperbilirubinemia of Corrydale and Southdown sheep
i. Idiopathic: hepatic fatty cirrhosis (cattle, sheep)

o

5o

16. What serum chemistry tests are appropriate for evaluation of equine liver disease?

Sorbitol dehydrogenase (SDH) is the most specific test for hepatocellular injury in horses.
AST is a useful but nonspecific test for hepatocellular injury. ALP is a good test for cholestatic
disease. GGT is also a good indicator of cholestasis but has also been reported to increase with
hepatocellular injury.

17. What serum chemistry tests are appropriate for evaluation of ruminant liver disease?

In general, increases in leakage and cholestatic enzyme activity are less for ruminants than
for other species. In ruminants as in horses, SDH is the most specific test for hepatocellular
injury, and AST is a useful but nonspecific test. Again, ALP is not a good test for cholestatic
disease, and GGT is the best indicator of cholestasis but may increase with hepatocellular injury.
Total serum bilirubin is rarely increased with liver disease.

18. What liver function tests are appropriate for horses and ruminants?

BSP excretion tests have been used in horses and ruminants. The clearance time of BSP is
determined by measuring the half-life of disappearance from the plasma. Bile acids have been
used as tests of liver function in both horses and ruminants and appears to be useful in both.

19. What are the major clinical signs and laboratory abnormalities associated with
pyrrolizidine alkaloid poisoning in the horse?

Clinical disease usually occurs acutely within 6 months after initial exposure to alkaloid-
containing plants. Clinical signs associated with acute toxicity in the horse include depression,
anorexia, icterus, ataxia, and skin lesions. If onset of signs occurs more slowly, weight loss may
be seen. ALP, GGT, and AST are significantly increased. SDH may or may not be increased.
Liver dysfunction is present, as determined by BSP retention and bile acids.

20. What are the major clinical signs and laboratory findings associated with Theiler’s
disease (serum hepatitis) in the horse?

Theiler’s disease is associated with acute onset of signs 4 to 10 weeks after administration
of whole blood or products containing equine serum. Lethargy, anorexia, icterus, and signs of
hepatic encephalopathy are frequent findings in the horse. SDH, AST, ALP, and GGT activity and
total bilirubin are usually increased at diagnosis. Bile acid concentrations are usually consistent
with liver dysfunction.



Laboratory Evaluation of Liver Disease in Domestic Animals 177

21. What are the major clinical signs and laboratory findings associated with chronic
hepatitis in the horse?

Clinical signs of chronic hepatitis include marked depression, weight loss, neurologic signs,
and icterus in the horse. AST, ALP, GGT and sometimes SDH activities are increased. Total
bilirubin concentration is increased, BSP retention is prolonged, and bile acids are increased,
consistent with liver dysfunction.

22. What are the major clinical signs and laboratory abnormalities associated with
cholangiohepatitis in horses?

Cholangiohepatitis is caused by an ascending infection within the biliary tree. Salmonella is
the most frequent cause in the horse. In salmonellosis the most prominent clinical signs include
acute diarrhea, fever, depression, and dehydration. SDH, AST, ALP, and GGT activity and total
bilirubin concentration are usually increased.

23. What are the major clinical signs and laboratory findings associated with cholelithiasis
in the horse?
Clinical signs of equine cholelithiasis include intermittent colic, fever, and icterus. Serum
activities of ALP and GGT are usually increased. Ultrasonography is the most definitive
diagnostic tool.

24. What are the major clinical signs and laboratory findings associated with hyper-
lipidemia and hepatic lipidosis in the horse?

The condition is usually associated with a negative energy balance secondary to pregnancy,
lactation, exercise, or febrile illnesses. Clinical signs are nonspecific in equine hyperlipidemia
and hepatic lipidosis. The serum is lipemic, and SDH, GGT, or ALP activities may be increased. Serum
bilirubin concentration may also be increased depending on the severity of the hepatic lipidosis.

25. What are the major clinical signs and laboratory alterations associated with liver
abscesses in feedlot cattle?

Hepatic abscesses are a frequent problem in feedlot cattle and result from absorption of
enteric organisms into the enterohepatic circulation. The most frequently involved organisms are
Fusobacterium necrophorum and Actinomyces pyogenes. The only consistent laboratory
abnormality associated with hepatic abscesses is hyperglobulinemia.

26. What are the major clinical signs and laboratory findings associated with Fasciola
hepatica infection in cattle and sheep?
Fluke-infected cattle rarely have evidence of clinical disease. Hepatic enzyme tests are
usually within reference limits, and liver dysfunction is not present. Antemortem diagnosis is
based on identification of ova in feces.

27. What are the major clinical signs and laboratory findings associated with hepatic
lipidosis in cattle?

Fatty liver syndrome occurs in the periparturient period in heavily lactating dairy cows. The
cause of hepatic lipidosis is thought to be a negative energy balance that results in mobilization
of fatty acids more rapidly than they can be utilized. All periparturient dairy cows tend to
accumulate fat in their liver, but some cows (particularly those that are overweight) have marked
accumulation and develop hepatocellular disease. Concurrent diseases that lead to prolonged
anorexia and perhaps congenital factors predispose to the condition. Decreased concentrations of
protein kinase C, lecithin-cholesterol acyltransferase, and methionine have been reported in cows
with fatty liver syndrome. Laboratory abnormalities are subtle. Slight increases in AST or ALP
may occur. Slight decreases in albumin and albumin/globulin ratio have been reported. Bile acids
are usually normal, and BSP retention may be normal or slightly increased.
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28. What are the major clinical signs and laboratory findings associated with pyrrolizidine
alkaloid—induced hepatic disease in cattle?

Clinical signs associated with pyrrolizidine alkaloid—induced hepatic disease include weight
loss, weakness, anorexia, depression, and tenesmus. SDH, AST, ALP, and GGT activities are
normal or slightly increased. In most cases, however, BSP retention and bile acids are abnormal,
indicating liver dysfunction. In severe cases, hypoalbuminemia is present, but total serum protein
is usually normal because of hyperglobulinemia.

29. What are the major clinical signs and laboratory findings associated with blue-green
algae hepatotoxicosis in cattle?
Affected cows have clinical signs, including anorexia, unresponsiveness, and recumbency.
These signs of blue-green hepatotoxicosis resemble those associated with milk fever. Slight
increases in SDH, AST, ALP, or GGT may be present.

32. LABORATORY EVALUATION OF MUSCLE
DISEASE IN DOMESTIC ANIMALS

1. What serum enzyme tests can be used to evaluate muscle degeneration or necrosis?
Creatine kinase (CK), aspartate transaminase (AST), and lactate dehydrogenase (LDH) have
been used to evaluate muscle disorders in dogs, cats, ruminants, and horses. Alanine transaminase
(ALT) has been used as a muscle specific enzyme in ruminant and horses because very little is
present in liver. Serum activities increase with degenerative and necrotic lesions but do not
increase with muscle atrophy or neoplasia.

2. Which of the muscle enzymes is the most specific for detection of muscle disease?

CK is highly specific for muscle injury. Although CK is present in low amounts in intestine,
uterus, kidney, and urinary bladder, a substantial increase in serum CK activity is almost always
an indication of skeletal or cardiac muscle degeneration or necrosis. CK activity increases within
a few hours of onset of muscle necrosis. CK has a short half-life in plasma. As a result, CK
activity returns to normal within 24 to 48 hours after cessation of muscle injury. Therefore a
persistent increase in serum CK activity can be interpreted as continued muscle injury.

3. Which of the muscle enzymes is the most sensitive test of muscle injury?

CK is a very sensitive indicator of muscle injury. Even minor muscle injury, such as
intramuscular injection, minor trauma associated with transportation of large animals, and
strenuous exercise, will result in increased serum CK activity. AST activity increases more slowly
in plasma. LDH activity increases rapidly, but the magnitude of increase is less than that of CK.

4. Does determination of creatine kinase (CK) and aspartate transaminase (AST) provide
any additional information beyond determination of CK alone?

AST is present in most cells, but increased activity in serum is usually associated with liver
or muscle disease. AST is also present in erythrocytes, so hemolysis may increase serum activity.
The combination of CK and AST can be used to pinpoint the cause of the increase in AST
activity. If both are increased, the disease process is probably related to muscle injury, whereas if
AST activity is increased and CK activity is normal, the disease process is probably located in
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the liver. However, AST decreases more slowly after cessation of muscle injury. Therefore,
previous muscle injury cannot be ruled out when increased AST activity and normal CK activity
is observed.

5. Are creatine kinase (CK) isoenzymes useful in evaluating increased serum CK activity?
Two subunits of CK are present: B for brain and M for muscle. Each molecule of CK
consists of two of these subunits. The BB isoenzyme (CK,) is found in the brain, the MB iso-
enzyme (CK,) primarily in cardiac muscle, and the MM isoenzyme (CKj) in skeletal and cardiac
muscle. CK; activity may increase in cerebrospinal fluid with brain injury but does not increase
in plasma. Skeletal muscle injury primarily results in an increase in CK;, whereas cardiac muscle
injury results in an increase in CK, and CKj.

6. Are lactate dehydrogenase (LDH) isoenzymes useful in evaluating muscle injury?
LDH (also LD) has five isoenzymes. Each isoenzyme consists of a tetrameric combination
of two subunits: LD, (H,), LD, (H;M,), LD; (H,M,), LD, (HM3), and LD5 (M,). LDy is the
major isoenzyme in skeletal muscle and erythrocytes. LD; is the major isoenzyme in cardiac
muscle, and kidney. Therefore, skeletal muscle injury primarily results in an increase in LDs,
whereas myocardial injury primarily result in an increase in LDH;

7. How long do muscle enzymes remain elevated in serum after transient muscle injury?
CK increases rapidly after onset of muscle injury and returns to normal within 3 to 7 days.
AST and LDH increase and decrease more slowly than CK (Figure 32-1).

Figure 32-1 Serum enzyme activity after
acute transient muscle injury in domestic
animals. CK, Creatine kinase; LD, lactate
dehydrogenase; AST, aspartate transaminase
(aminotransferase).

Magnitude of change

8. What other chemistry tests may be altered with muscle injury?

Severe muscle injury may result in myoglobinuria and hyperkalemia. Myoglobin is released
from degenerating and necrotic muscle and is rapidly excreted in the urine. Myoglobinuria can
be differentiated from hemoglobinuria by addition of saturated ammonium sulfate. Ammonium
sulfate clears the color associated with hemoglobin but not myoglobin. Muscle contains a high
concentration of potassium, and severe muscle injury may result in hyperkalemia.
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Section VII

Lipids and Carbohydrates
Steven L. Stockham and Karen S. Dolce

33. TRIGLYCERIDES, CHOLESTEROL,
AND OTHER LIPIDS

1. Define the following terms: lipid, lipoprotein, apolipoprotein, triglyceride, cholesterol,
fatty acid, hyperlipemia, hyperlipidemia, hyperlipoproteinemia, and lipemia.

a.
b.

Lipid: class of compounds that are insoluble in water and soluble in organic solvents.
Lipoprotein: complex that is composed of a core of hydrophobic lipids (triglycerides)
covered by a layer of phospholipids, apolipoproteins, and cholesteryl esters; the form in
which lipids are transported in the blood. Four main classes are (1) chylomicrons, (2)
very-low-density lipoproteins (VLDLs), (3) low-density lipoproteins (LDLs), and (4)
high-density lipoproteins (HDLs). Some classifications include intermediate-density
lipoproteins (IDLs) between VLDL and LDL molecules.

Apolipoprotein: protein component (apoprotein) of a lipoprotein. Five major fami