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The pancreas is nestled along the stomach and small intestine. It secretes digestive enzymes into the small intestine but it also secretes hormones into the bloodstream to regulate blood sugar.
The cells of the body require a sugar known as glucose for food and they depend on the bloodstream to bring glucose to them. They cannot, however, absorb and utilize glucose without a hormone known as insulin. This hormone, insulin, is produced by the pancreas. Insulin is like a key that unlocks the door to separate cells from the sugars in our bloodstream.

	
	


Glucose comes from the diet. When an animal goes without food, the body must break down fat, stored starches, and protein to supply calories for the hungry cells. Proteins and starches may be converted into glucose. Fat, however, requires different processing that can lead to the production of ketones rather than glucose. Ketones are another type of fuel that the body can use in a pinch but the detection of ketones indicates that something wrong is happening in the patient's metabolism. Ketones may therefore be detected in the urine of starving animals because of massive fat mobilization is required for ketone formation. Ketones can also be detected in diabetic ketoacidosis, a severe complication of unregulated diabetes so it is helpful to periodically monitor for ketones in a diabetic patient's urine. The point is, for now, that in times of extreme fat burning (such as in starvation), ketones are a byproduct.

Ketones in urine for three days or more in a row warrants a visit to the veterinarian.

IN A DIABETIC ANIMAL THERE ISN'T ENOUGH INSULIN
· The cells cannot receive glucose from the blood because there is no insulin to permit it.

· The body is unable to detect the glucose in the blood and is fooled into thinking it is starving.

· Protein, starch, and fat break-down occur as they do in starvation.

· Yet all along there has been plenty of glucose in the blood. In fact, by now, there is a large excess of glucose as all resources have been mobilized. Still, without insulin, this bounty of fuel cannot get to the tissues that need it.

· The normal kidney is able to prevent glucose loss in urine. In a diabetic animal, there is so much glucose in the blood that the kidney is overwhelmed and glucose spills into the urine and is lost.

· Glucose is able to draw water with it into the urine. This leads to excess urine production and excess thirst to keep up with the fluid loss.

Thus the main clinical signs of diabetes mellitus are:

· Excessive eating

· Excessive drinking

· Excessive urination

· Weight loss

It is usually fairly clear from the history and tests showing dramatic glucose elevations in the blood (and usually glucose in the urine, too) that diabetes mellitus is the diagnosis. Some pets are able to substantially raise their blood sugars from stress (such as might occur when a sensitive, sick, and anxious patient goes the vet's office). This could create misleading test results. If there is any question about the diagnosis, a test called a fructosamine level may be requested. This test reflects an average blood glucose level over the past several weeks so if this is also elevated, a one-time elevated glucose can be distinguished from the persistent elevations of true diabetes mellitus. The fructosamine test is also sometimes used in monitoring therapy for diabetes mellitus.

In dogs, sugars can enter the lens of the eye causing rapid cataract formation. Because a cat's lens is different, this phenomenon primarily occurs in dogs.

Another common symptom of diabetes mellitus is urinary tract infection. All the sugar in the urine makes the bladder an excellent incubator for bacteria. Antibiotics are necessary to clear up such an infection and some monitoring may be needed to help detect these infections.

Type I and Type II Diabetes Mellitus
Diabetes mellitus is a classical disease in humans and most of us have heard some of the terms used to describe it. In humans, diabetes is broken down into two forms: Type I and Type II. These are also referred to as juvenile onset and adult onset diabetes, or insulin dependent and non-insulin dependent diabetes. In short, Type 1 is the type where the pancreas produces no insulin at all, and in Type 2 the pancreas produces some insulin but not enough. Virtually all dogs have insulin dependent diabetes and must be treated with insulin. Most cats have non-insulin dependent diabetes. This might suggest that most cats can get away without insulin injections but that is not the case at all. Instead, for cats, there is potential for the diabetes to actually resolve if the pancreas improves its insulin-secreting ability. Insulin injections are needed to treat most diabetic cats but for some cats, the situation is mild enough for oral medication to suffice. Good glucose control and proper diet can resolve the diabetes in some lucky cats but virtually never in diabetic dogs.

What Happens Once a Diagnosis Is Reached
First, an insulin type and dose will need to be selected. There are several types of insulins and it is not possible to know how much insulin your individual pet will require. Your veterinarian can make a guess based on what works for other cats and dogs and what has been reported in the literature. Most pets require injections twice a day, approximately 12 hours apart, following a meal.

You will need to learn how to give insulin injections to your pet. The technique of subcutaneous (under the skin) insulin administration should be thoroughly demonstrated by your doctor or an assistant. You may be surprised to find that the most common reason for a pet having difficulty achieving regulation is that the owner is not giving the injections properly. Be sure you know how to hold the bottle, manipulate the syringe, hold your pet, and give the injection. Some situations require that the pet be hospitalized for a few days for the initial regulation, but most of the time your pet will be at home receiving injections shortly after the diagnosis has been reached. Injections may seem intimidating at first but most pet owners are surprised at how easy this turns out to be. Our section on insulin administration shows detailed instructions including video.

Some insulins are available from the neighborhood pharmacy and some kinds are available only through veterinary offices and pharmacies. You will need syringes and a bottle of insulin to begin home treatment. Your veterinarian will either provide you with supplies or will give you the necessary prescriptions. Insulin syringes are marked in insulin units so the insulin syringes must match the insulin concentrations (either U-100 syringes for 100 unit/cc insulins or U-40 syringes for 40 unit/cc insulins.) Always double check these numbers whenever you receive more supplies.

Never alter the insulin dose recommended by your doctor. To determine whether dose adjustments are needed (or if a different type of insulin is more appropriate), your pet will need a glucose curve where blood sugar levels are monitored every 2 to 4 hours or so for 12 to 24 hours. This kind of testing tells the doctor how long the insulin injection is lasting as well as what the lowest and highest glucose levels of the day are. It is important to find out when your pet's curve is due. Often in the beginning, it takes several dose selections and several curves before the right dose is determined.

What about Home Glucose Testing?
Not every pet is amenable to getting pricked with a lancet so that a drop of blood can be harvested for testing. We do not want your pet to fear interaction with you and do not want you to get bitten or scratched; still, some pets are comfortable with periodic glucose monitoring at home. Home testing may work best for pets that become so agitated by going to the vet that their blood sugar levels are altered at the office and cannot be interpreted. Further, a pet owner can save a great of deal of money if they can produce their own glucose curve at home when the veterinarian requests one.

Human glucose meters can be obtained from any drugstore but ideally the AlphaTrak glucometer should be used as it is designed for pets. The AlphaTrak is more accurate in cats and dogs than the human equipment, although certainly the human equipment was all that was available for decades and worked sufficiently. If you would like to get an AlphaTrak meter, contact your veterinarian.

See a video demonstration of home glucose testing.

Sugarcats.net has put together an extensive review of equipment needed for home monitoring as well as picture guides for testing both dogs and cats.

If you choose to use a glucometer at home, be sure to keep a log of when your pet was fed, when insulin was given, and what the glucose levels were that you found. Bring this log to your veterinarian when you come for checkups. Glucose levels obtained prior to the first insulin administration of the day are particularly useful. Your veterinarian will also be particularly interested in signs associated with poor regulation: excessive thirst, excessive urine production, excessive appetite, and weight loss.

If your pet is too sensitive for a valid glucose curve at the vet's office and you do not think you are up to blood sugar testing at home, the fructosamine blood test may be particularly useful. Again, this test looks at average glucose levels so wide fluctuations will not be discovered but at least there is a monitoring option for this situation.

Ketostix are used to detect ketones in urine and can be obtained at any drug store. If it is not difficult to access your pet's urine, a first morning test is helpful. Remember, finding ketones occasionally is not a problem but a positive dipstick three days in a row is a criterion for a vet visit.

A bottle of insulin, when stored properly, should last 6 to 8 weeks. After that time it should probably be replaced.
For more details on insulin administration and storage, see the insulin administration guide for cats.

When to Return to the Hospital/What to Watch for
Your pet will probably require re-regulation at some point. During re-regulation periods, expect a curve to be run a week or two after each adjustment in insulin dose.

Bring your pet in for a re-check exam and glucose curve if your pet:

· seems to feel ill

· is losing weight

· has a ravenous appetite or loses its appetite

· seems to be drinking or urinating excessively

· becomes disoriented or groggy

· has ketones in the urine for three days in a row.

CLINICAL SIGNS OF DIABETES MELLITUS:

Weight loss

Ravenous appetite

Increased water consumption

Increased urination

Diagnosing Diabetes

The diagnosis of diabetes mellitus is based on three criteria: the four clinical signs, the presence of a persistently high level of glucose in the blood stream, and the presence of glucose in the urine.

The normal level of glucose in the blood is 80-120 mg/dl.  It may rise to 250-300 mg/dl following a meal or when the cat is very excited.  However, diabetes is the only common disease that will cause the blood glucose level to rise above 400 mg/dl.  Some diabetic cats will have a glucose level as high as 800 mg/dl, although most will be in the range of 400-600 mg/dl.

To keep the body from losing its needed glucose, the kidneys do not allow glucose to be filtered out of the blood stream until an excessive level is reached.  This means that cats with a normal blood glucose level will not have glucose in the urine.  Diabetic cats, however, have excessive amounts of glucose in the blood, so it will be present in the urine.

What It Means for Your Cat to be Diabetic

For the diabetic cat, one reality exists.  Blood glucose cannot be normalized without treatment.  Although the cat can go a few days without treatment and not get into a crisis, treatment should be looked upon as part of the cat’s daily routine.  Treatment almost always requires some dietary changes.

As for the owner, there are two implications:  financial commitment and personal commitment.

When your cat is well regulated, the maintenance costs are minimal.  The special diet, the insulin, and syringes are not expensive.  However, the financial commitment can be significant during the initial regulation process and if complications arise.

In some cases, your cat will be hospitalized for a few days to deal with the immediate crisis and to begin the regulation process.  More often,  your cat goes home for you to administer medication.  At first, return visits are required weekly to monitor progress.  It may take a month or more to achieve good regulation.

The financial commitment may again be significant if complications arise.  We will work with you to achieve consistent regulation, but some cats are difficult to keep regulated.  It is important that you pay close attention to our instructions related to administration of medication, to diet, and to home monitoring.  Consistency is the key to prolonged regulation.  The more you keep the medication, diet, and activity the same from one day to the next, the easier it will be to keep your cat regulated.

Another complication that can arise is hypoglycemia or low blood sugar.  If severe, this condition may be fatal.  This may occur due to inconsistencies in treatment or because some cats can have a spontaneous remission from their disease.  This will be explained in subsequent paragraphs.

Your personal commitment to treating this cat is very important in maintaining regulation and preventing crises.  Most diabetic cats require insulin injections twice daily, at about 12 hour intervals.  They must be fed the same food in the same amount on the same schedule every day.  If you are out of town, your cat must receive proper treatment while you are gone.  These factors should be considered carefully before deciding to treat a diabetic cat.

Treatment

As mentioned, the key to successful treatment is consistency.  Your cat needs consistent administration of medication, consistent feeding, and a stable, stress-free lifestyle.  To best achieve this, it is preferred that your cat lives indoors.  Although that is not essential, indoor living removes many uncontrollable variables that can disrupt regulation.

The first step in treatment is to alter your cat’s diet.  Diets that are high in protein and low in carbohydrates are preferred. Purina DM or Science Diet M/D are two prescription diets made for diabetic cats. Wellness Core and Innova Evo are two over the counter choices that you can find at most pet stores.  Canned food is preferred over dry because canned diets have even less carbohydrates than their dry counterparts.
Your cat’s feeding routine is also important.  The average cat prefers to eat about 10-15 times per day, one mouthful at a time.  This means that food is left in the bowl at all times for free choice feeding.  Fortunately, this is the best way to feed a diabetic cat.  However, it is also desirable to monitor how much food is eaten each day.  We realize that if you have more than one cat, this may be difficult, but please make an effort, as this is part of the home monitoring that should occur.

The second step in treatment is to use a drug to control (lower) blood glucose levels.  Insulin injections are usually the first choice because this approach is to replace the hormone that is missing or made in inadequate amounts.  Although many people are initially uncomfortable with the thought of giving injections, for most cats, insulin injections are easier than giving tablets for many reasons.

Many people are initially fearful of giving insulin injections.  If this is your reaction, consider these points.

1. Insulin does not cause pain when it is injected.

2. The injections are made with very tiny needles that your cat hardly feels.

3. The injections are given just under the skin in areas in which it is almost impossible to cause damage to any vital organ.  Please do not decide whether to treat your cat with insulin until we have demonstrated the injection technique.  You will be pleasantly surprised by how easy it is.

Insulin Therapy and Administration

Insulin is a hormone that will lose its effectiveness if exposed to direct sunlight or high temperatures.  It should be kept in the refrigerator, but it should not be frozen.  It is not ruined if left out of the refrigerator for a day or two as long as it is not exposed to direct sunlight.  However, we do not advise this.  Insulin is safe as long as it is used as directed, but it should be kept out of reach of children.

Several types of insulin are used in cats.  Some are made for use in humans and obtained from regular pharmacies.  The insulin you will be using is a human insulin called Lantus.  You will also be using human syringes labeled U100.  This means that there are 100 units of insulin per milliliter of volume.  Please get the smallest syringes possible (usually 3/10 ml syringes) as each unit will be marked by a single black line and dosing will be easier.
When drawing up the insulin, have the syringe and needle, insulin bottle, and cat ready.  Then follow these steps:

1. Remove the guard from the needle.

2. Carefully insert the needle into the insulin bottle.

3. Withdraw the correct amount of insulin into the syringe.

Before injecting your cat with insulin, verify that there are no air bubbles in the syringe.  If you get an air bubble, draw twice as much insulin into the syringe as you need.  Then tap the barrel of the syringe with your finger to make the air bubble rise to the nozzle of the syringe.  Gently and slowly expel the air bubble by moving the plunger upward.

When this has been done, check that you have the correct amount of insulin in the syringe.  

The steps to follow for injecting insulin are:

1. Hold the syringe in your right hand (switch hands if you are left-handed).

2. Have someone hold your cat while you pick up a fold of skin from somewhere along your cat’s back with your free hand (pick up a different spot each day).

3. Quickly push the very sharp, very thin needle through your cat’s skin.  This should be easy and painless.  However, take care to push the needle through only one layer of skin and not into your finger or through two layers of skin.  The latter will result in injecting the insulin onto your cat’s hair coat or onto the floor.  The needle should be directed parallel to the backbone or angled slightly downward.

4. To inject the insulin, place your thumb on the plunger and push it all the way into the syringe barrel.

5. Withdraw the needle from your cat’s skin.  Immediately place the needle guard over the needle and discard the needle.

6. Stroke your cat to reward it for sitting quietly.

Although the above procedures may at first seem complicated and somewhat overwhelming, they will very quickly become second nature.  Your cat will soon learn that once or twice a day it has to sit still for a few minutes.  In most cases, a reward of stroking results in a fully cooperative cat that eventually may not even need to be held.

Monitoring

It is necessary that your cat’s progress be checked on a regular basis.  Monitoring is a joint project on which owners and veterinarians must work together.

Your part can be performed at home by monitoring your cat for signs of diabetes.  To do this, you need to be constantly aware of your cat’s appetite, weight, water consumption, and urine output.  You should be feeding a constant amount of food each day, which will allow you to be aware of days that your cat does not eat, all of it or is unusually hungry after the feeding.  You should weigh your cat at least twice monthly.  It is best to use the same scales each time.  A baby scale works well for this.  If you have several cats that eat together and use the same litter box, monitoring weight is the best because it is specific to this one cat.

Any significant change in your cat’s food intake, weight, water intake, or urine output is an indicator that the diabetes is not well controlled.  We should see the cat at that time for blood testing.

Determining the level of glucose in the blood is the most accurate means of monitoring.  This should be done about every 6 months if your cat seems to be well regulated.  It should also be done at any time the clinical signs of diabetes are present.  When testing the blood we want to know the highest and lowest glucose readings for the day.  The highest reading should occur just before an injection of insulin is given.  The lowest should occur at the time of peak insulin effect.  This is usually 5-8 hours after an insulin injection, but it should have been determined during the initial regulation process.  Therefore, the proper procedure is as follows:

1. Feed your cat its normal morning meal then bring it to the hospital.

2. Bring your cat to the hospital early in the morning, giving the insulin normally.

3. A blood sample will be taken immediately, and subsequent samples will be taken every two hours for the rest of the day to complete a full blood glucose curve.

Hypoglycemia

Hypoglycemia means low blood sugar.  If it is below 40 mg/dl, it can be life threatening.  Hypoglycemia occurs under three conditions.

1. If the insulin dose is too high.  Although most cats will require the same dose of insulin for long periods of time, it is possible for the cat’s insulin requirements to change.  However, the most common causes for change are a reduction in food intake and an increase in exercise or activity.  The reason for feeding before the insulin injection is so you can know when the appetite changes.  If your cat does not eat, skip that dose of insulin.  If only half the food is eaten just give half the dose of insulin.  Always remember that it is better for the blood sugar to be too high than too low.

2. If too much insulin is given.  This can occur because the insulin was not properly measured in the syringe or because two doses were given.  You may forget that you gave it and repeat it, or two people in the family may each give a dose.  A chart to record insulin administration will help to prevent the cat being treated twice.

3. If your cat has a spontaneous remission of the diabetes.  This is a poorly understood phenomenon, but it definitely occurs in about 20% of diabetic cats.  They can be diabetic and on treatment for many months, then suddenly no longer be diabetic.  Since this is not predictable and happens quite suddenly, a hypoglycemic crises (insulin shock) is usually the first indication.

The most likely time that a cat will become hypoglycemic is the time of peak insulin effect (5-8 hours after an insulin injection).  When the blood glucose is only mildly low, the cat will be very tired and unresponsive.  You may call it and get no response.  Within a few hours, the blood glucose will rise, and your cat will return to normal.  Since many cats sleep a lot during the day, this important sign is easily missed.  Watch for it; it is the first sign of impending problems.  If you see it, please bring in your cat for blood testing.

If your cat is slow to recover from this period of lethargy, you should give it Nutrical or feed some canned food.  If there is no response in 15 minutes, repeat.  If there is still no response, contact us immediately for further instructions.  

If severe hypoglycemia occurs, a cat will have seizures of lose consciousness.  This is an emergency that can only be reversed with intravenous administration of glucose.  If it occurs during office hours, come in immediately.  If it occurs at night or on the weekend, call our emergency phone number for instructions.

Spontaneous Remission

This is a poorly understood phenomenon that only happens in a few cats.  Unfortunately, it can happen rather suddenly so a hypoglycemic crisis may be created when the normal amount of insulin is given.  When it occurs, the cat may be normal for a few weeks or for many months.  However, diabetes will almost always return.  Therefore, you should watch for the typical signs of diabetes then contact us for insulin instructions.

SUMMARY OF INSTRUCTIONS FOR CATS RECEIVING INSULIN INJECTIONS

1. Read and reread this material so that you understand the specifics of proper regulation and how to recognize and treat hypoglycemia.

2. Get the supplies for treatment.  Your prescription (insulin and syringes) will be picked up at a human pharmacy.

3. Give the first injection of insulin and follow at an interval of every 12 hours after the initial dose.

4. Let your cat free feed whichever of the previously mentioned foods he/she likes best.
5. Return for a glucose curve, no later than 9:00 AM, 7 to 10 days after starting the insulin.  Feed your cat that morning and give the insulin injection normally.

