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    To all the animals that enrich our lives. You make everything better.





Disclaimer: This book is not intended to diagnose your pet's medical conditions. It is meant to be a guide to helping you understand and communicate with your veterinarian.
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You’ve just been handed a copy of your dog’s lab work, and your vet zeroes in on a few key points. Other values, highs and lows alike, seem to be ignored. Why?

Perhaps your vet has ordered a whole battery of tests for your cat. Are they all necessary? If finances dictated that you choose some tests and eliminate others, could you do so?

CBC with differential. Chem panel. Urinalysis via cystocentesis. Some of these phrases may sound familiar to you from watching medical dramas on television. How much do you, as a pet owner, need to know?

You need to know enough to be able to make informed decisions about the well-being of your pet. The objective of this book is not to replace communication with your veterinarian but to provide the basic information necessary to help you decide how to proceed when your pet is ill. Understanding the basics is crucial to appreciating the need for certain tests, as well as their limitations.

Many veterinarians, fresh out of school, are cautioned against providing lengthy explanations for fear of overwhelming their clients with too much information. Many clients are reluctant to ask for more detailed information. This text is designed to be a bridge between the two.

Why Write This Book? 

I’m a small-town veterinarian who likes to talk. I like explaining things. Everyone deserves to get the information available to make the best possible decisions when it comes to deciding what to do next with a sick pet or how to keep them well in the first place. The material in this book is the same information I relay to my clients when discussing their pet’s lab work findings.

I also wrote this book for all the intelligent, discerning pet lovers out there who want to understand the implications behind the test results they are given. From my earliest days as a freshly minted graduate, I’ve been told not to confuse the clientele by “information-overload.”

“They don’t need to know all that stuff,” one former boss told me. “Just tell them what’s wrong and what they need to do about it.”

What I heard from clients was quite different. Time and again people tell me that no one has ever explained to them what was going on with their dog or cat in such detail. “I wish my own doctor would tell me as much about me,” one client said to me.

So, this book is intended to fill that gap.

How to Use This Book

What makes this book different is that I explain the why behind the bare facts of the test results.

This really is not intended as some sort of “first aid” type book. Oh sure, you can quickly check for the definition of BUN after it comes up in a discussion with your veterinarian, but in an emergency, the information in this book may be too dense to digest rapidly. This information is best used in one of two ways: as background material against future situations or for learning more after a diagnosis has been made.

If you are a “don’t tell me why” person, you will want to skip over the in-depth explanations of the workings of a red blood cell or the sources of certain serum enzymes. That’s okay. You can cut to the chase with the NEWSFLASH points that come with certain sections.

But I believe the why of lab work to be particularly important. If you are one of those people who thoroughly researches all your options online after every vet visit, then the information provided here might help you decode some of the articles you are reading. However, the main reason for reading this book is to understand what the lab work you’ve been given means. You may not be given the data itself. You may simply be told, your dog has “X” problem. Do you know how to interpret that? What are the implications? What’s the prognosis? My goal with this book is to give you the tools to better understand the information that you’ve been given—if nothing else, so you can ask the right questions.


Section 1: The Minimum Database
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When you come into the vet clinic with a sick dog or cat, and it’s not clear what’s going on, your veterinarian has a variety of tests available to help identify the underlying problem. If you have a healthy, older pet, and you request a senior exam, then your veterinarian may suggest running slightly different tests. If you have an animal with some chronic health issues (perhaps taking a wide variety of medications), another set of tests may be more appropriate. Many of the basic tests will be the same in all three cases, however.

Veterinarians refer to this basic set of tests as the minimum database or MDB.

What exactly is a minimum database? Simply put, this is a group of the most basic laboratory tests to screen for common health problems in your pet. It’s the starting point for any animal that comes in with an illness of unknown cause, an animal with vague symptoms, or an animal with an appointment for a routine health screening. If a specific problem is suspected, then the type and number of tests may be modified, but the MDB is a set of core tests performed to consistently achieve an accurate diagnosis of your pet’s condition. It allows your vet to build a picture of illness or health.

In general, the MDB will consist of a complete blood cell count (CBC), a serum chemistry panel, electrolyte levels, a urinalysis, a fecal float for intestinal parasites, and in some cases, heartworm testing (and possibly feline leukemia/FIV testing for cats). If some of these tests have been performed recently, or if your pet is taking heartworm prevention regularly, some of these tests might be optional. We will examine each of these components in turn and determine what it can or can’t tell us.

For the purposes of avoiding the phrase “dog or cat” repeatedly, you can assume that any information here is also applicable to cats—unless I say otherwise. Cats are not small dogs, however! They are a distinct species with different metabolic needs, so there will be more on the unique attributes of cats later.

If you take your dog to the vet with an ear infection, do you really need a MDB to determine what the problem is? The answer is "that depends." A simple, uncomplicated otitis (ear infection) may need only a microscopic examination of an ear swab to determine the cause. If, however, your dog has chronic, severe ear problems, your work-up may include an MDB, as well as an ear culture and specific testing for allergies or hypothyroidism. Your veterinarian will help you decide when such testing is warranted, but do not be afraid to ask for testing if you feel it will be beneficial in reaching a solution for your pet’s health problems. Remember information is power!

What does a MDB usually consist of?


		CBC

		Serum chemistry profile

		Urinalysis

		Fecal

		Heartworm test (and/or FeLV/FIV test)



When is a MDB performed?


		Whenever you have a sick pet

		Any pet with unexplained weight loss

		Any pet with excessive water consumption/urination

		A pet about to undergo an anesthetic procedure

		Annually or semi-annually on dogs or cats over eight years old




Section 2: The Complete Blood Count
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“CBC” stands for complete blood count. It looks at the total numbers of red cells, white cells, and platelets carried in a fluid called plasma circulating in your dog’s bloodstream.


		The red cells carry oxygen and other important products throughout the body.

		The white cells fight infection and develop antibodies in response to anything that challenges the immune system. The way in which the white cell numbers respond to a problem can help identify the presence of certain types of infections or inflammatory reactions, such as allergies.

		Platelets help prevent and stop bleeding after an injury.



A differential is a description of the breakdown on the numbers of red cells, platelets, individual white cell types, and their proportions to each other, as well as a look at cell morphology (appearance and structure). In other words—what are the blood cells doing and are they happy?

If the blood sample is sent to an outside laboratory for testing, then most of the time, a differential is performed even if the vet does not specifically request or need it. It’s just standard practice. If your vet has a testing machine in house, these are now capable of distinguishing one cell type from another, but not all in-house machines can determine cell morphology. Unless trained personnel examine a blood smear under a microscope, that specific kind of information might not be determined.

So, let’s take a little crash course in examining the CBC and defining some of the terms. Now don’t panic. If you’re like me and your eyes glaze over at the thought of looking at charts and graphs before you have even had a chance to familiarize yourself with the terms, then you can skip this part and come back to it after you have read over the text. That is the beauty of a manual like this. Unlike a novel, you aren’t going to lose out on important information if you skip around a little. You can always come back later! As a vet student, I had large volumes of information thrown at me in rapid succession. I learned then a striking metaphor for life: the important stuff gets repeated. Repeat after me, the important stuff gets repeated.

The first thing to keep in mind when looking at a copy of some lab work is that every lab or piece of lab equipment is going to have its own way of presenting the information. Overall, the basic information will be the same, but the way the information is displayed will vary depending on who is reporting the data. Some lab profiles only focus on key test results and may leave out certain pieces of information altogether. Think of it like the national nightly news on television. Different networks are going to put their own spin on the major breaking stories in the world. In this case, your focus should be on what the story is about, and you should worry less about how it is told.

That said, here is an example of what a CBC might look like, carried out on my own dog, Abbey, as part of a routine senior exam:


		German Shepherd

		Spayed female

		9 years old




		
				Test Requested

				Results

				Reference Range

				Units

		

		
				Hemoglobin (Hb)

				17.1

				12.1-20.3

				g/dl

		

		
				Hematocrit (HCT)

				50.3

				33-45

				%

		

		
				WBC

				4.4

				4-15.5

				103/µl

		

		
				RBC

				7.29

				4.8-9.3

				103/µl

		

		
				MCV

				71

				58-79

				 

		

		
				MCH

				23.1

				19-28

				 

		

		
				MCHC

				32.3

				30-384

				 

		

		
				Platelet count (PLT)

				192

				170-400

				103/µl

		

		
				Platelet estimate

				adequate

				adequate

				 

		

		
				Reticulocytes

				0 %

				(Elevation here is significant)

				 

		

	

 


		
				Differential

				Absolute

				%

				Reference Range

		

		
				Neutrophils

				2772

				63

				2060-10600

		

		
				Bands

				0

				0

				0-300

		

		
				Lymphocytes

				748

				17

				690-4500

		

		
				Monocytes

				440

				10

				0-840

		

		
				Eosinophils

				440

				10

				0-1200

		

		
				Basophils

				0

				0

				0-150

		

	

 

Wow. Looks a little intimidating, doesn’t it? If you’ve never looked at a CBC report before, it might not make much sense to you. So, let’s look quickly at each line and column before delving into the figures themselves. The four columns first:

COLUMN 1 – what’s being measured and tested

COLUMN 2 – your dog’s results – the numbers you’ll learn to understand

COLUMN 3 – reference ranges. These are the readings I’d expect to see for a normal, healthy animal of the same age as the one we’re testing. Normal ranges on lab tests can vary with the age of the animal as well as the species, so it is advisable to run the bloodwork on a system that can account for these differences if possible. Each lab will provide its own reference ranges of normal test results.

Although the reports from different labs will have the same basic characteristics, they may have some slight differences in the way the information is reported. Ignore those differences: it is beyond the scope of this book to delve that deeply into the technical aspects of laboratory testing, and we will just get bogged down in trivial details. The important thing is to compare your pet’s results to the normal range provided for those laboratory tests.

COLUMN 4:  the units of measurement for each assay

Now let’s look in detail at COLUMN 1 and see what each test does:


		
				Test Requested

				 

		

		
				Hemoglobin (Hb)

				A protein inside red blood cells that transports oxygen

		

		
				Hematocrit (HCT)

				The percentage of red cells in your total blood volume

		

		
				WBC

				White blood cell count

		

		
				RBC

				Red blood cell count

		

		
				MCV

				These are terms used to describe red cell morphology — that is, their size, shape, and color. This information is beyond the scope of this text. For that reason, we won’t delve into it any further in this text.

		

		
				MCH

		

		
				MCHC

		

		
				Platelet count (PLT)

				Pieces of megakaryocytes from the bone marrow that help form blood clots and slow down bleeding

		

		
				Platelet estimate

				A rough estimate of the total platelet numbers as opposed to an actual count

		

		
				Reticulocytes

				Level of immature, 
‘baby” red cells found. Any number above zero is a cause for further investigation.

		

	

 

 

 


		
				Differential

				 

		

		
				Neutrophils

				A type of white blood cells that forms a major defense in fighting infection

		

		
				Bands

				Immature neutrophils

		

		
				Lymphocytes

				A type of immune cell found in the blood and lymphatic tissue

		

		
				Monocytes

				A type of white blood cell that fights germs (viruses, bacteria, fungi, and protozoa) and eliminates infected cells

		

		
				Eosinophils

				A type of white blood cell most commonly activated when there is a parasitic infection, an allergic reaction, or cancer

		

		
				Basophils

				Least common white blood cell, important in early detection of some kinds of cancer and in some allergic responses

		

	

 

So, now that you know what’s being tested, what does a CBC really tell us? Mostly, it looks at the relative numbers of red cells and white cells circulating in the bloodstream, among other things. The CBC is best understood if we look at the red cells and white cells separately.


Section 2.1: Red Blood Cells and Anemia

The average life span of a red blood cell is 120 days. After that time, they naturally degrade and are replaced. Healthy bone marrow produces a steady supply of new red and white cells all the time.

When we describe a pet as having anemia, what we mean is their red cell count is too low. There are several different ways of making this assessment. Most lab machines perform an actual red cell count, expressed in so many million cells per microliter of blood. Sometimes, your vet may refer to indirect measurements, such as the hematocrit (HCT) or PCV. These are just terms to indicate the technique used to determine the information. PCV stands for packed cell volume and looks at the percentage of red cells verses the total blood volume after it has been spun in a hematocrit tube that separates the red cells from the liquid volume of blood. A lab might refer to either the PCV or the HCT, but they are the same thing. What is important is whether the PCV too low or too high when compared to normal ranges.

When the PCV is low, it’s showing a deficiency of red cells. In other words, a low PCV may indicate anemia. Picture a fish tank filled with water and fish gravel. The water equals the “plasma,” and the gravel equals the “packed red blood cells.” If you have very little gravel relative to the amount of water in the tank, you might be anemic.

Because the red cells circulate oxygen, an animal that is anemic can often show signs of respiratory distress. Sometimes weakness and difficulty breathing might be the first thing you as a pet owner will see. This is because hemoglobin (HGB) molecules within the red blood cells carry oxygen throughout the blood stream, and HGB levels will be low if your pet is anemic. Decreased numbers of red blood cells mean decreased opportunities for HGB to catch a ride through the blood stream. Plus, if your red cells are being lost or destroyed, the same thing will happen to your hemoglobin, too.

An anemic cat may breathe with its mouth open. Open-mouthed breathing is never normal in a cat! The cat is either stressed/frightened or not getting enough oxygen for whatever reason. This is a medical emergency and requires immediate contact with your veterinarian. If you’ve been playing with your cat, and he begins to pant, stop play and let him calm down. If he doesn’t begin breathing normally in a short period of time, then contact your vet.

An animal can become anemic from several causes, but the mechanism of anemia boils down to one of two problems. Either blood is being lost at a greater rate than it can be replaced (e.g., acute blood loss or hemorrhage due to accident or a condition such as autoimmune hemolytic anemia, worms, etc.) or the blood cells are undergoing natural attrition (dying off from old age), but new cells aren’t being made to replace them.

In other words, if you make regular deposits to your bank account, but spend more money than you deposit because of some big expenses, you overdraw your account due to excessive loss, just like blood loss anemia or hemolytic anemia (see more on these below). On the other hand, if your spending habits are not excessive, but you stop making deposits to your account, you will still eventually overdraw your account. This is the equivalent of anemia due to lack of replacement cells. You can see where lack of replacement due to lack of incoming funds might be a harder problem to correct. It’s easier to find and stop the source of excessive loss than it is to find funds that don’t exist.

In the face of anemia, the correct response by the bone marrow is to increase production of the blood cells. So, after an animal is diagnosed with anemia, we look closely at the blood cells to determine if the anemia is regenerative or non-regenerative. We’re asking the question: is this animal trying to compensate for the anemia by generating new red blood cells (regenerative anemia) or not (non-regenerative anemia)? We need this information because the answer might help determine both the cause and the prognosis.

This is where cell morphology comes into play—now we’re looking at what the cells look like. The size and shape of the red cell can sometimes help determine the source of the anemia, such as the presence of spherocytes in cases of anemia caused by autoimmune illness (autoimmune hemolytic anemia -AIHA). We examine what the cell looks like by looking at the MCV, MCH, and MCHC results and the presence and level of reticulocytes (see below) when the blood is examined under a microscope. 

(In addition, blood parasites, toxic changes, or evidence of immune destruction can be seen when the blood smear is examined microscopically.)

Regenerative Anemia

A regenerative anemia indicates that the body recognizes that it is anemic and has increased the production of new red blood cells in the bone marrow—to the point of releasing immature red blood cells called reticulocytes or nucleated red blood cells, which can be seen under a microscope. Reticulocytes are “baby” red blood cells. Their presence usually indicates that the demand for new red cells is so great that immature cells are being kicked out into circulation before they are fully developed.

Remember the table of lab results we saw above? Here’s a reminder of the relevant lines:


		
				Test Requested

				 

		

		
				RBC

				Red blood cell count

		

		
				MCV

				These are terms used to describe red cell morphology — that is, their size, shape, and color. This information is beyond the scope of this text. For that reason, we won’t delve into it any further in this text.

		

		
				MCH

		

		
				MCHC

		

		
				Reticulocytes

				Immature, “baby” red cells. Any number above zero is a cause for further investigation.

		

	

 

 

In general, anemias due to loss of blood tend to be regenerative. A strongly regenerative anemia is more likely due to hemolysis (abnormal destruction of red blood cells by the body) rather than blood loss through an accident that results in heavy bleeding or blood loss through parasites. Because the red cells are being destroyed in a hemolytic anemia, the contents of the red cells are released into the blood stream, so all the components to make new red cells are still available for the body to use again. That means it is easier to make more red blood cells in this situation because all the bits are still there. In anemia due to blood loss, however, the cellular components are lost to use (because they have completely left the body), and the body must then make new red cells from scratch. That is a bigger drain on the system and is more likely to result in shortages.

If the red cell numbers have dropped rapidly (such as acute blood loss from trauma), there may be a delay before the PCV reflects the true value. The body will do everything it can to compensate for blood loss in an emergency. It will close blood supply to less critical areas and redirect resources to compensate for the losses. At some point, however, the loss of blood will have a visible effect. Sudden drops in PCV values are harder to compensate for than a gradual decline (say, from a fleabite anemia). This means if your dog has lost a lot of blood due to an injury, values higher than the 12% typically required for transfusion may still be life-threatening. The important lesson here is that slow, gradual blood-loss is better tolerated and harder for you as the owner to identify! 

Until oxygen-carrying capacity is affected, the only thing that you might notice with slow blood loss in your anemic pet is a decrease in activity. Difficulty breathing, pale mucus membranes, or a rapid respiratory rate can indicate severe anemia.

Non-regenerative anemia

A non-regenerative anemia, where the body doesn’t seem to be compensating by producing immature red cells, can indicate that the anemia might not be severe enough to trigger a bone marrow response. Many geriatric animals are mildly anemic. This isn’t necessarily a cause for concern. But a non-regenerative anemia can also indicate that the body has exhausted its stores, either because of excessive loss or because it is incapable of mounting a response in the first place. If the bone marrow can’t ramp up production to make new red blood cells, then as the old cells die off, they won’t be replaced. A non-regenerative anemia can sometimes indicate a serious underlying problem, like cancer. If an animal is severely anemic, and the anemia is not regenerative, then the prognosis is guarded. The body should be working as hard as it can to counterbalance the anemia.

That makes sense, right? If there is a shortage of products in the grocery store, the chance of getting something you need is better if the farmers and the producers are working overtime to get supplies to the store. But if the farmers are wiped out by drought (or a pandemic), then there is nothing coming down the line to the store. The shelves are bare.

A non-responsive or non-regenerative anemia means that the bone marrow is not compensating for the low red blood cell count by increasing its output. This is likely to happen with chronic diseases, such as kidney dysfunction, with some drug therapies that suppress the bone marrow, some types of immune-mediated diseases, and some forms of cancer. Non-regeneration usually indicates that the problem will be harder to correct. A severely depleted red blood cell “bank account” in combination with lack of regeneration is of grave concern. The cause of the anemia must be determined and corrected if possible.

One of the hormones that signals the bone marrow to release new red blood cells is erythropoietin. This hormone is produced by the kidneys and often decreases with advanced kidney disease. Some kidney failure patients are placed on artificial or synthetic erythropoietin when their PCV drops below 20%. The bone marrow can be affected by certain chemotherapy agents, so sometimes you will hear of erythropoietin being prescribed in those cases, too.

General points on anemia

Profound anemia can cause spurious (fake) or exaggerated heart murmurs. When the blood is thinner, it becomes more turbulent as it travels through the heart, enhancing existing murmurs or creating murmurs where none existed before. If your pet is diagnosed with a heart murmur while anemic, it is important to follow up on the murmur once the anemia has been corrected. It may not be there anymore; if it is, further work up, such as an echocardiogram, is indicated.

Much more common is the borderline or low-grade anemia. Many times, your vet may not seem too concerned about this finding; quite often this is because many of the conditions that cause this type of anemia are self-correcting if the primary problem is resolved. Sometimes the underlying problem can only be managed rather than cured and a vitamin/mineral supplementation may be warranted. As we mentioned before, mild anemia may not be sufficient for the body to trigger a regenerative response.

A special mention of vitamin supplementation should be made here: over-supplementing with zinc can lead to an anemia that mimics an autoimmune hemolysis! This can take the form of excessive use of vitamins, an abnormal level of zinc in the food due to a manufacturer error, or from consuming pennies! If you have a young, otherwise healthy dog that develops severe anemia, and you’ve ruled out rat poison, be sure to rule out zinc toxicity as well!


Case Study: Ralphie, an example of anemia due to blood loss

Ralphie is a six-week-old puppy that lives outdoors in a dirt pen with his mother and littermates. He is heavily infested with fleas. His gums (mucus membranes) are very pale in color—almost white. He has not been vaccinated or dewormed. It is August in the mid-Atlantic region.

Here’s Ralphie’s CBC:

Complete blood count


		
				Test Requested

				Results

				Reference Range

				Units

		

		
				Hemoglobin (Hb)

				9.1 (LOW)

				12.1-20.3

				g/dl

		

		
				Hematocrit (HCT)

				15 (LOW)

				33-45%

				 

		

		
				WBC

				4.4

				4-15.5

				103/µl

		

		
				RBC

				3.2 (LOW)

				4.8-9.3

				103/µl

		

		
				Platelet count (PLT)

				180

				170-400

				103/µl

		

		
				Platelet estimate

				Adequate

				adequate

				 

		

		
				Reticulocytes

				3 % (any elevation here is significant)

				 

				 

		

	

 


		
				Differential

				Absolute

				%

				Reference Range

		

		
				Neutrophils

				2772

				63

				2060-10600

		

		
				Bands

				0

				0

				0-300

		

		
				Lymphocytes

				388

				7

				690-4500

		

		
				Eosinophils

				800 ***

				18 (H) 

				0-1200

		

		
				Basophils

				0

				0

				0-150

		

	

 

A hematocrit (HCT or PCV) of 15% indicates Ralphie is anemic. When the hematocrit or PCV values fall to 12% or below, a blood transfusion is usually recommended. The low hemoglobin numbers are suggestive of blood loss - in this case to the fleas and parasites - as the hemoglobin is no longer available for the transmission of oxygen inside the red blood cell.

A 3% reticulocyte count is an indication of regeneration: Ralphie is trying to replace the blood cells that the fleas and parasites are taking! However, it is only a moderate effort. Diet and nutrition, as well as age, can play a role in how well the body responds to blood loss. If the problem has been going on for a while as well, then the body’s resources may be tapped out.

Make note here of the relative increase in eosinophil numbers (marked with ***). Even though the overall number is still within normal limits, the percentage of eosinophils is high - a result often associated with parasites such as fleas or worms. We’ll talk more about this later.

These values indicate that Ralphie is markedly anemic, possibly due to the fleas, but he should also be checked for intestinal parasites, particularly hookworms. In the Southeastern part of the United States, puppies can die from hookworm infections by six weeks of age if they have not been on a preventative deworming program. Dogs housed in pens with dirt floors are particularly susceptible to parasitic infection, as the parasite eggs thrive in damp soil. Not all parasites are worms, however! Protozoan parasites can also cause diarrhea and blood loss, so a fecal exam is highly recommended, even if there is a history of deworming. Unfortunately, parasite resistance is becoming more frequent, and despite a history of deworming, parasites can still be a cause of significant blood loss.

Ralphie should respond to flea control, deworming, and vitamin supplementation, but if his PCV were below 12%, he might need a blood transfusion to prevent kidney damage from decreased renal (kidney) blood flow. If he also has signs of pre-existing kidney dysfunction on his blood chemistry panel (more common in a geriatric animal but still possible), then this consideration becomes even more important.

Other causes of anemia need to be ruled out as well. Until the PCV improves or a blood transfusion is given, a
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