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DIABETIC KETOACIDOSIS -  DIAGNOSIS 

AND MEDICAL MANAGEMENT 
 

          Michael Schaer, DVM, Diplomate ACVIM, ACVECC 
 
  

Diabetic ketoacidosis (DKA) in the dog and cat can present as an acute metabolic derangement that requires 

prompt diagnosis and treatment. The problem usually occurs in the middle aged to older pet animal, oftentimes 

after a variable period characterized with polydipsia, polyuria and weight loss. This review will discuss the clinical 

signs, and medical management of this interesting and challenging metabolic disorder. 

 

PATHOPHYSIOLOGY 

 Hyperglycemia and ketoacidosis occur when there is an absolute or relative deficiency of insulin. 

Consequently, there is overproduction and under-utilization of both glucose and ketoacids. Insulin deficiency 

results in decreased glucose use and increased release of glucose precursors and free fatty acids by peripheral 

tissues. Hepatic gluconeogenic pathways become activated, and the extraction of glucogenic substrates becomes 

more efficient. 

 Although increased availability of free fatty acids continues to be a critical requisite for ketogenesis, 

intrahepatic processes and the disposition of the incoming fatty acids are important. Insulin deficiency not only 

alters peripheral metabolism favoring ketogenesis, but it may also activate certain ketogenic pathways in the liver. 

Hepatic ketogenesis is regulated by the rate of fatty acid transport across the mitochondrial membrane and then 

subsequent ß-oxidation. The enhanced hepatic capacity for ketone production is due to activation and increased 

activity of carnitine acyltransferase, an enzyme responsible for the mitochondrial uptake of fatty acids. There is a 

bihormonal hypothesis for the pathogenesis of diabetic ketoacidosis where hypoinsulinemia is responsible for the 

accelerated lipolysis in adipose tissue, the provision of adequate substrate, and stimulation of ketogenesis; 

whereas glucagon is responsible for accelerated hepatic ketogenesis and additional gluconeogenesis. 

 Hepatic overproduction of ß-hydroxybutyrate and acetoacetate is primarily responsible for the organic 

metabolic acidosis. Acetone is also produced but does not function as an acid. Acidosis ensues when the body 

buffer base is reduced and respiratory compensation is unable to maintain a normal pH. In most diabetic 

ketoacidotic patients, both ß-hydroxybutyrate (B) and acetoacetate (A) are produced in varying proportions, 

although in some patients the B/A ratio can be excessively high.  Plasma ketoacid accumulation causes 



 
ketonuria. The ketonuria contributes to the polyuria because the ketone salts act as  nonresorbable anions in the 

renal distal tubules and are excreted as sodium and potassium salts, thus furthering electrolyte loss. 

 Plasma, serum and urinary ketones are detected and semiquantitated by using the nitroprusside reaction 

(Ketostix®, Acetest® tablet). The ketone reagent pad found on most urine dipstick tests can also be used. This test 

does not react with ß-hydroxybutyrate but will detect acetone and acetoacetate. This has clinical importance in 

situations where shock-like states promote the production of betahydroxybutyrate thereby disallowing the clinical 

detection of ketoacidosis.  The reason involves sepsis causing impaired NAD generation which is a proton (H+) 

acceptor. This impairs acetoacetate generation and promotes excess betahydroxybutyrate production. 

 After institution of insulin treatment, the B/A ratio will decrease due to the conversion of ß-hydroxybutyrate 

to acetoacetate. Although the acetoacetate level will eventually decrease, the shifting B/A ratio explains the 

clinical paradox where the initial negative detection of the patient's ketone levels converts to positive on the 

second and third day of treatment despite their actual clinical improvement. 

 Plasma acetone concentrations are markedly elevated in the diabetic ketoacidotic patient. Acetone is 

formed by the decarboxylation of acetoacetate. These can be detected by some individuals as a Juicy Fruit® odor. 

Acetone is also detected with the nitroprusside test. The plasma acetone concentration may remain elevated for 

one to two days after the plasma glucose, ß-hydroxybutyrate and acetoacetate levels have returned to normal. 

This might also explain the persistent ketonuria that can occur during successful therapy. 

 In summary, the DKA condition is characterized by: (1) increased hepatic glucose production, (2) 

impaired peripheral tissue glucose utilization, (3) lipolysis, and proteolysis. The hyperglycemia eventually exceeds 

the renal tubular threshold maximum for glucose reabsorption (cat>300 mg/dl; dog>200 mg/dl) causing glycosuria 

and an osmotic diuresis that allows for the loss of large quantities of water and essential electrolytes such as 

sodium, potassium, chloride and phosphorus. The resulting polyuria causes plasma hypertonicity and thirst 

stimulation (polydipsia). 

 The increased organic ketoacid production will be buffered by plasma bicarbonate causing a base deficit 

and the characteristic metabolic acidosis and the rate and/or depth of respiration will increase in an attempt to get 

rid of “volatile acid” in the form of CO2. The resulting sodium-ketone salts will be excreted in the urine. 

Hormonal Changes 

 As mentioned earlier, the pathogenesis of DKA involves the interplay of hypoinsulinemia and 

hyperglucagonemia. Other hormones that have varying contributing roles include epinephrine, growth hormone, 



 
and cortisol. Epinephrine stimulates gluconeogenesis and glycolysis in the liver. It also stimulates lipolysis and 

hepatic ketogenesis. Growth hormone causes insulin resistance that results causes impaired peripheral tissue 

utilization of glucose.  Growth hormone may also play a key role in ketogenesis because it can markedly increase 

circulating levels of free fatty acids and ketone bodies.  Cortisol promotes gluconeogenesis and impaired 

peripheral tissue glucose utilization; it too promotes peripheral lipolysis and increases the supply of free fatty 

acids entering the liver for ketogenesis (Table 1).  Although the majority of gluconeogenesis occurs in the liver, a 

respectable amount also takes place in the kidney. 

 

DIAGNOSIS 

 

History and Physical Examination 

 The history can be acute and characterized by a sudden onset of anorexia, depression, weakness, and 

vomiting of only several days duration. On the other hand, it can be more chronic and characterized with 

polydipsia, polyuria, polyphagia, and weight loss of several weeks to months’ duration. 

 A complete physical examination should be done in order to thoroughly assess the patient's initial status 

as well as to detect other disorders that might be simultaneously present. The examination can show an entire 

spectrum of findings ranging from an essentially normal animal to one that is prostrate and moribund.  Severe 

muscle weakness can be caused by hypokalemia.  In cats, this can be shown as ventral cervical posturing.  Limb 

weakness can also be caused by diabetic neuropathy. An increased respiration rate can be due to the 

compensatory hyperventilation used to counteract the metabolic acidosis. The term "diabetic coma" is frequently 

used to describe the ketoacidotic and hyperosmolar nonketoacidotic conditions, but only a small percentage of 

patients actually present with a profound state of altered consciousness. It is to diagnose and treat any other 

coexisting complicating disorders in order to provide the best possible medical care and patient outcome. 

 

Clinical Pathology 

 The clinicopathological definition of DKA can be characterized as blood glucose > 250 mg/dl, pH < 7.3, 

bicarbonate < 15 mEq/L, ketonemia, ketonuria, and glucosuria. Since hepatic production of glucose is high in all 

patients with this disease and rarely causes the blood glucose to exceed 300-400 mg/dl by itself, it is likely that 

higher degrees of hyperglycemia are determined primarily by the severity of volume depletion. Therefore, extreme 



 
levels of hyperglycemia tend to occur only when extracellular fluid volume has decreased to a point that urine flow 

is impaired; ie, where glycosuria is diminished. 

 The metabolic acidosis is primarily due to the formation of ketoacids. However, acidosis can also occur 

from renal failure and lactic acid production. The metabolic acidosis caused by these various factors is the anion 

gap (AG) type which can be calculated with the following formula: 

 

AG = (Na+ + K+) - (HCO3
- + Cl-), where AG values in excess of 30 mEq/L are especially 

significant. 

Diabetic ketoalkalosis can occur when the patient has repeated vomiting allowing for an 

excessive loss of H+ and Cl- . This resulting base excess condition is furthered by hypokalemia. 

  

Hyponatremia can be factitious (due to hypertriglyceridemia) or real (due to urinary or gastrointestinal sodium ion 

loss). Factitious hyponatremia, or pseudohyponatremia is suspected when the plasma sample is grossly lipemic, 

although this does not rule out a true sodium deficit. The factitious hyponatremia occurred in the past when serum 

electrolytes were determined using flame photometry laboratory methodology. Spurious hyponatremia can occur 

when high plasma glucose levels draw water into the extracellular space thereby diluting the serum sodium 

concentration. Neither of these two causes reflects true sodium loss, however. 

 True hyponatremia can occur from the osmotic diuresis induced by glucosuria and the renal excretion of 

sodium ketone salts. Sodium loss can also occur with the vomiting that accompanies DKA. There is evidence 

available that shows that insulin deficiency may also cause sodium loss through a lack of renal tubular 

reabsorption. 

 Hypokalemia is the most important electrolyte disturbance in DKA and reflects a substantial reduction in 

the total body potassium stores. Even those patients with normokalemia might very well have a considerable total 

body potassium deficit since ninety-eight percent of the total body potassium is located within the intracellular 

space. The major causes of potassium depletion include: (1) lean tissue breakdown; (2) hypoinsulinemia, allowing 

cellular potassium to enter the plasma and be lost in the urine; (3) secondary hyperaldosteronism, in response to 

hypovolemia; (4) gastrointestinal loss from vomiting and anorexia.   



 
Metabolic acidosis does not cause hyperkalemia because the acidosis is of the organic type which does not 

create an electrochemical gradient across the cell membrane. However, impaired renal function can cause 

hyperkalemia as can hyporeninemic hypoaldosteronism. 

 Phosphorus is an integral component of the lean body mass, and enhanced catabolism of muscle tissue 

in DKA results in increased urinary phosphorus excretion and phosphorus wasting. Hypophosphatemia in 

ketoacidosis is multifactorial and is due to impaired glucose utilization and cellular phosphorous uptake, increased 

renal excretion consequent to metabolic acidosis, as well as to increased tissue catabolism.  Any clinical signs of 

hypophosphatemia usually occur at serum concentrations <2.0 mg/dl. Hyperphosphatemia occurs with decreased 

renal perfusion and renal failure. 

 Elevated serum liver enzyme levels (ALT, AST, alkaline phosphatase) are commonly due to the hepatic 

lipidosis that occurs in DKA as a result of the massive fatty acid influx into the liver and their subsequent 

conversion to triglycerides. This hepatic change is completely reversible in most dogs and cats, and the serum 

liver enzyme levels will normalize following successful treatment.  However, there have been rare instances 

where the hepatic lipidosis takes on a more aggressive role that progresses to overt hepatic failure. 

 Azotemia can be pre-renal associated with dehydration or primary renal in origin. In pre-renal azotemia, 

the patient retains its ability to concentrate its urine specific gravity to > 1.012, although its true maximum 

concentrating capability might be hindered by the solvent drag that accompanies glycosuria. Pre-renal azotemia 

readily resolves with adequate rehydration. Extensive primary renal dysfunction characterizes with isosthenuria 

(fixed urine specific gravity ranging 1.010-1.012) in the setting of dehydration. The accompanying azotemia does 

not resolve as readily as compared with the pre-renal type.  

 

Some diabetics can have “diabetic kidney disease” characterized by the formation of glycoprotein deposits 

throughout the glomerular basement membrane which impairs glomerular and eventually renal tubular function.  

In humans, this is a common cause of renal failure calling for the need of lifelong hemodialysis.  

 Hyperamylasemia can occur with acute pancreatitis or be consequent to impaired renal function. The 

diagnosis of acute pancreatitis is made after considering all of the available diagnostic information that is 

compatible with this particular diagnosis.  One of the guidelines used in humans for relating hyperamylasemia to  

acute pancreatitis is when the serum amylase concentration exceeds the reference range by a factor of 5. 

 



 
TREATMENT 

 

Fluid and Electrolytes 

 Disturbances in hydration and electrolyte balance are of great importance in diabetic ketoacidosis and 

require expedient correction when present. The calculated isotonic fluid requirements include the patient's 

dehydration deficits, the 24-hour maintenance needs, and extra losses that result from vomiting or diarrhea. The 

dehydration status is approximated on a scale ranging from a mild (5%) to extreme (10-12%). The needed 

isotonic replacement volume is calculated by either of the following two methods: 

 (1) dehydration volume deficit (ml) = 

  % dehydration x kg body wt x 1000 

 (2) dehydration volume deficit (ml) = 

  % dehydration x lb body weight x 500 

 The 24 hour maintenance volume is roughly estimated (assuming adequate urine output) at 60 ml/kg (30 

ml/lb). Therefore, the initial first 24-hour total fluid volume is the sum of the dehydration and the maintenance 

volumes so long as urine output is adequate (1-2 ml/kg/hr). 

 If the animal is 8-12% dehydrated, ½ of the estimated dehydration deficit should be administered 

intravenously over the first 2-4 hour period of hospitalization with the remaining replacement and maintenance 

volumes given over the following 20-22 hour period. 

 It is important to remember that hydration alone can be used to decrease blood glucose and certain 

counter-regulatory hormone concentrations. Most investigators believe that the main mechanism of lowering the 

blood glucose by hydration is caused by increased osmotic diuresis and glucosuria, but decreases also occur by 

the dilution caused by adding crystalloid solution to the plasma space. It is suggested that prior hydration will 

make the response to insulin more predictable and that rehydration alone can lower the blood glucose level from 

18-80%. Many clinicians prefer to correct hypovolemia with an isotonic solutions such as lactated Ringer's. 0.9% 

saline can be used if the patient is initially hyponatremic or has a metabolic alkalosis. Acetated solutions, at one 

time were not recommended because they were thought to result in increased ketone body production. Recent 

literature (J. Crit. Care, April 2012) shows acetated Ringer’s to be efficacious.  Recommended maintenance 

solutions include 0.45% saline or ½-strength lactated Ringer's solution although full isotonic solutions can still be 



 
used because the kidney can usually excrete the excess solute. Dextrose solutions (2½-5%) are reserved for use 

when the patient's blood glucose declines to 250 mg/dl or less in the setting of continued insulin administration. 

 Hyponatremia is corrected with intravenous 0.9% saline solution in order to avoid any plasma hypo-

osmolality that might occur when the hyperglycemia is reduced with insulin treatment. Plasma hypo-osmolality 

can cause a reversal of osmotic gradients and overexpansion of the intracellular compartment, particularly the 

nervous system, with resultant potentially fatal cerebral edema.  This can be avoided by correcting the 

hyponatremia slowly over a period of 24-36 hours.  

 As mentioned earlier, hypokalemia is the most common and probably most important serum electrolyte 

disorder in DKA. The reasons for potassium loss have already been provided; however, this loss is further 

complicated by additional losses that are known to accompany therapy. This further decline in serum potassium 

levels occurs owing to: (1) serum dilution from rehydration; (2) continued urinary losses brought about by sodium 

ion delivery to the distal renal tubule; (3) correction of acidosis and the accompanying cellular influx of potassium 

ions; and (4) increased cellular uptake of potassium due to insulin. 

 Potassium supplementation is best provided with potassium chloride (KCl) solution, which is added to the 

parenteral fluids. If concurrent hypophosphatemia is present, potassium phosphate solution can be added as well. 

Potassium supplementation is best begun after the first 2-hour period of fluid replacement when hydration, blood 

pressure, and urine output are improved. If the patient is initially hypokalemic, KCl can be added to the hydrating 

solution, but the infusion is slowed down to where one-half of the dehydration replacement volume is delivered 

over an additional 1- to 3-hr period. The maximal rate of potassium chloride infusion should not usually exceed 

0.5 mEq/L per hour, but in extreme situations (serum K+ < 2.0) the rate can be increased to 1.5 mEq/kg per hour 

along with EKG monitoring. The recommended amount of potassium supplementation to be administered over a 

24-hour period is as follows: 

1. Mild hypokalemia (serum K+ = 3.0-3.5 mEq/L): give 2-3 mEq KCl/kg or add 20-30 mEq KCl/liter IV fluids 

2. Moderate hypokalemia (serum K+ = 2.5-3.0 mEq/L): give 3-5 mEq KCl/kg or add 30-40 mEq KCl/liter IV 

fluids. 

3. Severe hypokalemia (serum K+ = < 2.5 mEq/L): give 5-10 mEq KCl/kg or add 40-60 mEq KCl/liter IV 

fluids. 



 
 Daily serum electrolyte determinations and the necessary treatment adjustments are made until normal 

values are obtained. The intravenous fluids are discontinued when serum biochemistries are normal, euhydration 

is present, and the patient is able to eat. 

 Hypophosphatemia is known to occur in some patients with DKA. Its multifactorial origin was described 

earlier. Although plasma phosphate may fall to levels that are experimentally shown to be associated with altered 

consciousness, rhabdomyolysis, muscle weakness, impaired cardiac function, hemolysis, and respiratory failure, 

phosphate depletion in DKA is usually clinically silent and shows up only in clinical measurements. Nevertheless, 

if the clinician is concerned about severe hypophosphatemia that is present before treatment, phosphate 

supplementation can be given with potassium phosphate solution at the recommended dose of 0.01 to 0.03 mmol 

of phosphate/kg/hr followed by repeat serum phosphorus and calcium determinations every 6 hours in order to 

detect hyperphosphatemia-induced hypocalcemia. 

 Sodium bicarbonate treatment is another matter of controversy in treating DKA. Bicarbonate should be 

assessed in conjunction with the anion gap (AG). In DKA, they should be equal where any increase in the AG 

should equal the amount of decline in bicarbonate. If the HCO3 is </> the AG, you should suspect a coexisting 

cause for metabolic acidosis or alkalosis. The advocates of treatment express their concern that severe acidosis 

can adversely affect cardiac function, as seen experimentally, while opponents of bicarbonate therapy base their 

concerns on its cause and effect relationship with paradoxical central nervous system acidosis. The use of 

sodium bicarbonate is often restricted to those patients with a blood pH < 7.1. During most treatment courses, the 

metabolic acidosis will reverse due to: (1) the cessation of ketogenesis; (2) metabolic conversion of ketones to 

bicarbonate following commencement of insulin treatments; (3) improved renal function, and (4) conversion of the 

lactate in lactated Ringer's solution to bicarbonate. In severe metabolic acidosis, where the anion gap > 30 mEq/L 

and the arterial pH < 7.1, sodium bicarbonate can be given at the following dose schedule: 

          

  amount NaHCO3 = base deficit x 0.3 x body weight kg needed (mEq) 

 

 The base deficit equals the difference between the desired serum bicarbonate level and the measured 

level. Subsequent alkali treatment will depend on the results of repeated plasma pH measurements; it should be 

discontinued when the blood pH is restored to a level of 7.2 or greater. 

 



 
Insulin 

 Regular crystalline insulin is used when the patient has signs of depression, dehydration, anorexia, and 

vomiting. The advantages of regular insulin include: (1) various routes of administration (IV, IM and SQ); (2) rapid 

onset of action; and (3) short duration of action. These properties allow adequate insulin titration throughout the 

day according to the animal's needs. The clinician must remember that blood glucose levels decline much earlier 

than ketone levels and must therefore anticipate the persistence of some ketonemia and ketonuria for the first 48-

72 hr. 

 Bolus intravenous doses of insulin offer the advantage of an immediate onset of action for the critically 

hypotensive patient, but this technique is rarely used anymore because of the high incidence of hypoglycemia and 

hypokalemia. The recommended dose for a medium-sized to large dog is 1-2 units/kg. In the small dog and cat, 

the dose is reduced to 0.5 units/kg. Subsequent doses are given at the same amount every 2-3 hr until the blood 

glucose levels decrease to less than 250 mg/dl, at which time the patient is switched over to subcutaneous 

regular insulin injections given approximately every 6 hr. The disadvantages of this technique include the need for 

intensive care monitoring with frequent (every 1-2 hr) blood glucose determinations, the likelihood of 

hypoglycemia and hypokalemia, and the possibility of cerebral edema resulting from a too-rapid fall in blood 

glucose levels. Mannitol is the preferred treatment should this complication occur. The maximal rate of blood 

glucose decline should not exceed 75-100 mg/dl per hour. 

 When laboratory facilities are unavailable, blood glucose reagent strips (Chemstrip bG reagent strips, 

Boehringer Mannheim Inc. or Dextrostix reagent strips, Bayer Corp.; Alphatrak, Abbott) can be used for 

approximate blood glucose determinations. Several reflectance colorimeters are commercially available to 

enhance the accuracy of these reagent strips. More accurate determinations are obtained using in-house serum 

or blood chemistry devices such as the I-Stat. The Free Style Libre monitoring system is simple to use with a fairly 

high degree of accuracy. 

 To circumvent the occurrence of the aforementioned side effects, a continuous low-dose insulin infusion 

(cri) can be used. One successfully applied technique in the dog involves the addition of 5 units of regular insulin 

to a 500 ml bottle of lactated Ringer's solution (insulin concentration of 0.01 unit/ml) after the first 2 hr of 

rehydration and adjusting the infusion set whereby 0.1 unit/kg/hr is delivered to the patient. This dose is reduced 

to 0.05 unit/kg/hr when the blood glucose level decreases to < 250 mg/dl. This can be accomplished by infusing 



 
the insulin containing solution through a separate intravenous catheter. Blood glucose determinations should be 

made every 1-2 hr while taking heed to avoid excessive blood loss.  

 Low-doses of regular insulin can also be given intramuscularly. Initially 1-2 units are given into the thigh 

muscles of cats and dogs weighing less than 10 kg. For dogs weighing more than 10 kg, the initial dose is 0.25 

unit/kg. Subsequent hourly injections of 1 unit for cats and small dogs and 0.1 unit/kg for larger dogs are given 

until the blood glucose level is less than 250 mg/dl, at which time the subcutaneous route can be used on an 

every 6 hr or as needed basis. The low doses used in this technique can be accurately measured with low-dose 

insulin syringes using U-100 regular insulin. 

 Subcutaneous regular insulin treatment is a suitable alternative to the intravenous and intramuscular 

methods when intensive care monitoring is unavailable. It is only an efficacious route of regular insulin 

administration when the patient has reasonably adequate peripheral perfusion (patient alert and able to 

ambulate). The initial dose is 0.5 unit/kg followed by subsequent doses every 6-10 hr depending on need. 

 

My summary recommendations for how to use insulin for treating DKA are as follows: 

Mildly sick but still eating and drinking: NPH or Vetsulin bid and feed. For cats- glargine or PZI. 
 
Mildly (up and around and alert) sick, vomiting, mild to mod dehydration, euvolemic,  and not eating: Regular SQ 
q6-8 h. 
 
Moderately sick (depressed but responsive and mostly inactive, moderately dehydrated): Regular SQ, IM, or CRI. 
Choice depends on my available  support staff and the need for aggressive or not so aggressive Rx. I am anti-
overkill. 
 
Sick (recumbent, hypovolemic and quite dehydrated, very depressed, trying to die) Regular IM q2 h or CRI. 

 
  
 

 The patient is regarded as stable and able to receive intermediate action [NPH (Humulin-N), Vetsulin] or 

ultralong-acting [for the cat - PZI, Glargine; Glargine has recently been reported (JAVMA 2013, Oct 15) as 

efficacious in the dog] insulin when normal hydration is restored, blood glucose levels are below 350 mg/dl, serum 

or urine ketones are minimal to absent, and oral feedings are accepted. 



FLUID THERAPY - A VEHICLE FOR IATROGENIC COMPLICATIONS 

 

Michael Schaer, D.V.M., Diplomate ACVIM, ACVECC, University of Florida,  

College of Veterinary Medicine, Gainesville, FL 32610 

 

Intravenous fluid therapy provides numerous benefits to our sick patients among which 

include providing for rehydration, correction of hypotension, correction of electrolyte disturbances, a 

route for administering parenteral nutrition, and a route for the administration of many important 

medications. Following along the lines that no medication is perfectly safe, this paper will review the 

types of various complications that can arise from intravenous fluid therapy. Some of these problems 

are minor while others can be of life-threatening proportions to the patient. 

 

Thrombophlebitis, catheter sepsis, and catheter embolus. These are three of the most 

catastrophic complications associated with indwelling intravenous catheters. All catheters support 

infection and may trigger thrombophlebitis. There are differences between plastics as cannulas made 

of fluoroethylenepropylene (Teflon) are associated with lesser incidence of venous irritation than 

those made of polyvinyl chloride and tetrafluoroethylene.  

 

Technique of catheter insertion and its maintenance also play critical roles on the incidence 

of catheter irritation and infection. The contributing factors include inadequate preparation of the 

cannula insertion site, unhygienic maintenance of the patient and the catheter site, the infusion of 

highly irritating medications, not providing for catheter patency, and leaving the catheter in one site 

for too long. The infusion of hypertonic and highly acidic or alkaline solutions can set the stage for 

phlebitis. Strict asepsis must always be used at the time of catheter insertion and its subsequent use 

throughout hospitalization. 

 

The signs of phlebitis include redness, pain, and warmth at the catheter insertion site. Body 

temperature is usually normal and there are no signs of systemic involvement unless it serves as a 

focus of secondary infection and bacteremia (see below). Thrombus formation will change the vein 

texture from soft and pliable to firm and cord-like. Phlebitis and thrombophlebitis can be detected 

early through daily inspection of the catheter insertion site. The presence of any signs of phlebitis 

calls for the immediate removal of the cannula. It is highly recommended that any such catheter be 

cultured for microbial identification and antimicrobial sensitivity. 

 

Catheter related sepsis will cause systemic signs including mental depression, generalized 

weakness, anorexia, and oftentimes fever. Inspection of the cannula insertion site usually shows 

signs of phlebitis. Action measures call for removing the catheter and culturing it and the patient’s 

blood. The main problem with detecting catheter related sepsis in the critically ill patient is that its 

signs can easily be masked by the primary underlying disease process. The clinician caring for such 

patients must be able to respond to any sudden or subtle signs of deterioration and act accordingly. 

 

Catheter embolus occurs when the catheter or any fragment becomes free and enters the 

circulation to lodge in the heart, lungs or vena cava. This occurs when the catheter is withdrawn 

before the needle is removed from the skin or from failure to secure the needle after it is withdrawn 

from the skin. It also occurs during bandage or catheter removal when the plastic intravenous 

cannula is inadvertently cut free. If this should occur, a tourniquet should be immediately applied  



just proximal to the entry site. Most catheters are radiopaque and therefore radiographically visible. 

Surgical removal should be done as soon as possible if the catheter is deemed retrievable. The main 

consequence of catheter embolus is large thrombus formation and its attending complications. In 

fortuitous situations, the thrombus might be of no consequence. 

  

Subcutaneous extravasation: This is a frequent and sometimes serious complication 

associated with intravenous fluid therapy. It can result from faulty cannula insertion technique or 

excessive movement of the catheter site allowing for its subsequent migration. Excessive injection 

pressures can also play a causative role. The earliest and least consequential signs include: (1) 

swelling of the surrounding soft tissues, (2) failure to withdraw blood into the catheter, and (3) a 

change in the resistance pattern accompanying catheter flow. If caught early, the extravasated fluids 

will usually be absorbed without consequence. However, the escape of large quantities of fluid or 

irritating solutions can lead to tissue sloughing which can have remarkable consequences for the 

patient and clinician-pet owner relations. 

 

Circulatory overload. This is one of the most serious complications of intravenous fluid 

therapy. It is usually iatrogenic through the clinicians' failure to provide fluids according to the 

patient's actual pathophysiologic status. Clinical circumstances allowing for this include: (1) rapid 

administration of large volumes, (2) cardiac dysfunction, (3) oliguria/anuria, (4) anemia, (5) 

hypoproteinemia. The most important preventative measure entails a through daily evaluation of the 

patient. Essential parameters include: attitude, urine output, respiratory rate, skin texture, and body 

weight.  Central venous pressure measurements will act as an informative gauge for intravascular 

fluid overload.  Pressures of 10-12 cm of water are indicative of impending overload. Levels of 16 or 

more indicate that overload is already taking place. 

 

Volume resuscitation can be a frequent cause of circulatory fluid overload even if the 

administered dose is within acceptable guidelines. The pathophysiological settings for this include: 

(1) failure to recognize that normal or low normal hematocrit and total protein readings in a volume 

depleted animal might actually mean anemia and hypoproteinemia in the rehydrated patient; (2) the 

animal in septic shock might have depressed cardiac and vascular tone to accommodate the 

intravenous fluid load; and (3) the administration of excessive amounts of hypertonic solutions 

(saline, mannitol, dextrose, colloids) to patients with cardiac dysfunction.  

 

Although probably not contributing to circulatory overload, the administration of large fluid 

loads to patients with either pulmonary hemorrhage or acute respiratory distress can cause serious 

worsening of respiratory function and perhaps the patient's eventual demise. The same applies to 

animals suffering from acute brain trauma where the disturbance in circulatory autoregulation might 

allow for cerebral edema formation. These are best avoided by allowing for a slower rate of 

parenteral fluid administration at just below maintenance levels once the patient's blood pressure is 

restored to safer levels. 

 

Providing fluid therapy for the oliguric/anuric patient first entails replacing dehydration 

volumes followed by precise maintenance amounts as determined by insensible losses (10-20 ml/kg 

per day), measured urine output, and extra losses through vomiting and diarrhea. Anuric patients will 

eventually require dialysis in order to maintain adequate fluid balance. 

 



Anemic patients are predisposed to circulatory overload because the heart is already strained 

in its attempt to oxygenate the body=s tissues. This is shown with the tachycardia that commonly 

occurs in anemic patients. An expanded plasma component within the intravascular space also 

occurs in these patients. Adding large volumes of crystalloid to such patients can often cause 

pulmonary edema and/or pleural effusion. Therefore, it is prudent to administer intravenous fluids 

cautiously to animals with chronic anemia. Cats are particularly predisposed to overload. 

 

Hypoproteinemic patients are deficient in plasma oncotic pressure thereby favoring Starling’s 

forces toward the interstitial space. The administration of excessive crystalloids can quickly worsen 

edema and effusion accumulations. These patients will benefit greatly from colloid therapy. 

 

Acute Hypotonicity. Plasma hypotonicity occurs in conditions that cause either the 

accumulation of excess water within or a loss of sodium from the intravascular space. The rapid 

administration of 5% dextrose solution can cause significant declines in serum osmolality (normal, 

290-310 mosm/L). Most of 5% dextrose solution will exit the plasma space within minutes after its 

infusion and enter the interstitial and intracellular spaces. The brain is the organ most likely to suffer 

because the cerebral edema that occurs is poorly accommodated by the bony calvarium. An altered 

state of consciousness leading to coma with or without seizures are the catastrophic consequences of 

hypotonic encephalopathy. Treatment in acute situations (where the hypotonicity occurred within a 

period of and not exceeding 24 hours) such as this require the administration of sodium chloride 

solution in conjunction with diuretic therapy in order to promote both sodium gain and water loss. 

The goal of acute therapy is to increase the serum sodium level at a rate of 2.5 mEq/L per hour but 

not to exceed 20 mEq/L over the 24 hour period.  Hyponatremia occurring over more than 24 hours 

should be corrected slowly with the serum sodium concentration increasing at no more than 10-12 

mEq/L per 24 hours. 

 

Acute Hypertonicity: Increases in plasma tonicity occur in those conditions causing either 

sodium gain or excessive water loss. Acute hypernatremia with ECF (extracelluar fluid space) 

volume expansion is usually seen in patients receiving excess amounts of hypertonic saline or 

sodium bicarbonate solutions. Although intravascular overload and its consequences can eventually 

occur in situations of sodium gain, the most immediate adverse effects will involve the brain where 

the hypertonic plasma space will draw water from the brain parenchyma resulting in neuronal 

dehydration and widespread brain hemorrhages. The latter lesion occurs with the tearing of the small 

pial blood vessels as the dehydrated brain shrinks away from the calvarium. The clinical signs are 

similar to those accompanying hypotonic encephalopathy. Acute hypertonic brain dysfunction calls 

for removal of the excess sodium with diuretics or dialysis followed by replacement of fluid losses 

with 5%dextrose in water or 0.45% sodium chloride solutions. The correction of acute hypertonicity 

can occur over a period of hours so long as the condition occurred over a period of 24 hours or less.  

More chronic conditions (occurring over more than 24 hours) should be corrected slowly over a 48-

72 hour period at a rate of change in serum sodium not to exceed 10-12 mEq/L in 24 hours. 

 

Hyperkalemia and Hypokalemia: Hyperkalemia most commonly occurs in patients with 

oliguric acute renal failure and adrenocortical insufficiency. It can also occur with certain forms of 

metabolic acidosis through potassium translocation from the ICF (intracellular) to the ECF space. 

Iatrogenic hyperkalemia occurs when potassium chloride solution is infused too rapidly or when it is 

inadequately mixed in the vehicle solution. Most texts list the maximal rate of infusion as 0.5 



mEq/kg/hr, but in extreme hypokalemic conditions the amount infused can be increased to 1.0 

mEq/kg/hr. Slower rates should be used if the patient is oliguric.  Infusion problems can occur when 

the infusion rate is set when there is a kink in the catheter which subsequently happens to straighten 

out thus allowing for a too rapid infusion. 

 

Hypokalemia is one of the most common serum electrolyte disturbances in small animal 

patients. Potassium losses can occur through the gut or kidneys or result from translocation of 

extracellular potassium into the intracellular space as seen with metabolic alkalosis and the 

administration of insulin. Iatrogenic hypokalemia accompanies the administration of parenteral 

fluids that are devoid of adequate amounts of potassium chloride. The 4 mEq/L found in lactated 

Ringer's solution are grossly inadequate. Normokalemia can usually be maintained with the infusion 

of maintenance solutions containing 7-8 mEq KCl/250 ml. It is essential that all containers of 

intravenous fluids be clearly labeled for any additives added to the solution. 
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Fluid therapy in clinical medicine is used to fulfill the following objectives: (1) to replace 
dehydration deficits, (2) to maintain normal hydration, (3) to replace essential electrolytes and 
nutrients, and (4) to serve as a vehicle for the infusions of certain intravenous medications. 
Except for the urgency of treatment, the same objectives apply in the critically ill animal. The 
methods for providing fluids often influence the eventual outcome of the case. The clinician and 
staff, therefore, should familiarize themselves with the pathophysiology of the diseases they are 
treating and how these conditions relate to the various types of fluids that are available for 
general use. 
 
BODY WATER DISTRIBUTION 
 
 Total body water (TBW) accounts for approximately 60% of the body weight in kilograms 
(where 1 L H20 weighs 1.0 kg). Approximately two thirds of TBW is intracellular fluid (ICF) and 
one third is extracellular fluid (ECF). Three quarters of the ECF is interstitial fluid, and the 
remaining one quarter is intravascular fluid. The interstitial space is 3 times the intravascular 
volume, and the intracellular space is 2.5-3 times the interstitial volume. The intracellular volume 
is 7-9 times the intravascular volume. Fluid administered intravenously is distributed between the 
intravascular and extravascular spaces in fractions determined by the compartments' protein and 
sodium contents. 
 
Under “normal” circumstances isotonic crystalloid solutions such as lactated Ringers’ solution or 
0.9% sodium chloride will distribute between the intravascular and interstitial spaces at a 1:3 
ratio. So, if two liters of LRS are given IV, 500 ml will remain in the intravascular space while 1500 
ml will end up in the interstitial space after thirty minutes. Because it is iso-osmolar, no osmotic 
gradient is created causing no net movement of water from the intracellular space. 
 
ROUTES OF ADMINISTRATION 
 
 In general, fluids can be given by the following routes: (1) oral, (2) subcutaneous, (3) 
intraperitoneal, (4) intravenous, and (5) intraosseous. The two latter routes are preferred for the 
critically ill patient because they give direct access to the intravascular space. 
 
 Intravenous infusion is the preferred means of delivering fluids to severely dehydrated 
animals and medium to large dogs. It is always the preferred route for correcting hypovolemia. It 
allows for a controlled delivery rate to meet the patient's changing needs. Intravenous treatment 
requires the insertion of a cannula into a vein using sterile technique and the subsequent sterile 
maintenance of the intravenous delivery system. Knowledge of these requirements and the 
complications that can result from this mode of therapy is important for a successful outcome. 
The more common complications include phlebitis, catheter sepsis, fluid overload, and the 
inadvertent flow of fluid into the surrounding perivascular subcutaneous tissue. Intravenous 
catheters should be changed and rotated to another site every 72 hours in order to avoid most of 
these iatrogenic complications. Centrally placed IV lines can be maintained for 7 days or more 
depending on the clinical circumstances. With proper technique, the advantages far outweigh the 
disadvantages. 
 
 Intraosseous fluid therapy is a preferred route for animals weighing less than 5 kg when 
the intravenous approach is impossible. Actually, because of the bone marrow's direct access to 
the systemic circulation, it can be considered as a large rigid vein through which most 
medications can be safely delivered. The intraosseous method for fluid therapy is a safe and 



efficacious route in the critically ill patient. After adequate blood pressure is restored, the method 
for fluid delivery is switched to the intravenous route. The reader is referred elsewhere for details 
of techniques. A comparison of the various routes of fluid administration is provided in Table 1. 
 
FLUID SELECTION - CRYSTALLOIDS 
 
 Parenteral fluid packages provide a list of the solute content and osmolality. This 
information is important when deciding which fluid to use in each particular clinical situation. 
Fluids can be conveniently classified on the basis of tonicity (Table 2). 
 
 Isotonic crystalloid fluids contain the same (or nearly the same) osmolality as the 
extracellular fluids (approximately 290-310 mOsm/L). They are excellent solutions for providing 
rehydration and maintenance needs, especially because they can be administered intravenously, 
intraosseously, subcutaneously, and intraperitoneally. The principle effect of crystalloid solutions 
is to expand the interstitial volume, not the plasma volume. This is because of the 
transendothelial equilibration of isotonic solutions between the intravascular and interstitial 
spaces which constitute the extracellular fluid space. Commonly used isotonic solutions include 
lactated Ringer's (near isotonic), 0.9 percent (normal or physiologic) saline; Plasmalyte, Ringer's, 
and acetated Ringer's. Intravenous fluids must be viewed as medications that require careful 
dose adjustment that is specific to the particular needs of the patient. 
 
 Lactated Ringer's solution (LRS) is a polyionic, isotonic (273 mOsm/L) solution. It is more 
physiologic than isotonic saline because its electrolyte concentration is similar to that of plasma. 
The 28 mEq of lactate anions can help reverse metabolic acidosis because of their potential for 
conversion to bicarbonate ions by the patient's liver (in the absence of shock). Although each liter 
contains 4 mEq of potassium, supplementation with this cation is usually required for the patient's 
maintenance needs. Considerably more is required for treating hypokalemia. Because the 
bicarbonate derived from the lactate can promote alkalemia, this solution should not be used if 
the patient has a coexisting metabolic or respiratory alkalosis. Its calcium content can inactivate 
certain drugs if combined with this fluid (amphotericin, aminocaproic acid, and ampicillin). The 
calcium content also makes it contraindicated as a diluent for red blood cell transfusions. 
 LRS is commonly used as a routine rehydrating and maintenance solution, as a plasma space 
volume expander in the treatment of shock, and as the fluid of choice in the acidotic patient. 
Isotonic crystalloid solutions such as LRS will distribute between the intravascular and interstitial 
spaces at a 1:3 ratio. So, if two liters of LRS are given IV, 500 ml will remain in the intravascular 
space after 2 hours while 1500 ml will end up in the interstitial space. Therefore, it is not an 
optimal fluid for expanding the intravascular space. Because it is nearly iso-osmolar, no osmotic 
gradient is created causing no net movement of water from the intracellular space. Note that the 
addition of 20mEq KCl to one liter of lactated Ringer’s or isotonic saline will increase the solution 
osmolality by 40 mOsm/l totaling to 312 mOsm/L which is of no clinical consequence.  
 
 
 An acetated Ringer's solution is also available. Its uses and restrictions are similar to 
those for LRS. Theoretically, sodium acetate is preferable to sodium lactate because a significant 
part of the latter anion is converted into liver glycogen, whereas acetate ions are not metabolized 
by the liver but by muscles and other peripheral tissues. In addition, the acetate ions are 
metabolized differently than the lactate ions and require less oxygen for their metabolism to 
carbon dioxide and bicarbonate ions; this may be important if shock is present. Acetated solutions 
were once not recommended for treating ketoacidosis, because the acetate might theoretically 
promote acetoacetate production; recent literature refutes that conjecture. Recent literature 
recommends resuscitating septic shock patients with either LRS or acetated Ringer’s (see 
explanation below). 
 
 
 Ringer's solution is an isotonic saline solution (309 mOsm/L), with potassium and calcium 
ion concentrations approximately equal to those normally found in blood and extracellular water. 



The chloride concentration, however, is supraphysiologic (155 mEq/L). Potassium and calcium 
ions should be added when patients are depleted of these cations. 
 
 "Physiologic," 0.9% saline (NS) is also isotonic (310 mOsm/L) and is commonly used for 
rehydration. However, because of its supraphysiologic levels of sodium and chloride ions (154 
mEq/L), it used to be not recommended for maintenance because large volumes can cause a 
hyperchloremic metabolic acidosis, renal vasoconstriction, delayed micturition, and an increase in 
the incidence of acute kidney injury (AKI) (NEngJMed,Oct 2015). It has a pH of 5.7. This low pH 
of 0.9% saline appears to be related to the polyvinyl chloride bags in which it is packaged, since 
the pH of 0.9% saline in a glass bottle is 7.0. However, today, there appears to be insufficient 
data to suggest that 0.9% NaCl is unsafe when used as a maintenance solution (NEngJMed Oct, 
2015). This solution is mainly used for plasma volume expansion, for the correction of 
hyponatremia, and, along with potassium chloride supplementation for the treatment of metabolic 
alkalosis. Once plasma volume deficits are restored to normal, NS should not be used in animals 
with congestive heart failure or other conditions in which sodium restrictions are imposed. Adding 
20 mEq KCl to 1 L. NaCl 0.9% increases osmolality to 348 mOsm/L. Saline 0.9% is not 
recommended for resuscitating septic shock patients. The high chloride content has been 
associated with poor patient outcomes associated with the hyperchloremia including metabolic 
acidosis, decreased glomerular blood flow, and peripheral vasoconstriction. (Rochwerg B. Fluid 
resuscitation in sepsis. Ann Intern Med 2014;161:347) 
.  
 
Plasma-Lyte solution is the most physiologic of the isotonic solutions because of its neutral pH of 
7.4, its magnesium content of 3 mEq/L, its sodium and chloride contents of 140 and 98 mEq/L, 
respectively, and potassium 5 mEq/L. Its acetate and gluconate contents are 27 and 23 mEq/L-
respectively, and its iso-osmolality of 295. It does not contain calcium ions. It is more commonly 
used as a maintenance solution. 
 
 Dextrose 2.5% in 0.45% saline is nearly isotonic (280 mOsm/L). Once rehydration has 
been accomplished and normal electrolyte balance has been restored, it is a useful maintenance 
solution when supplemented with potassium chloride. It is also the fluid of choice for patients 
whose sodium intake is restricted and those that tend to develop hypernatremia with NS (as seen 
in some azotemic cats with urethral obstruction). It is important to remember that the dextrose 
component is rapidly metabolized thereby leaving a hypotonic fluid in the ECF. 
 
The osmolality of hypotonic solutions is less than that of plasma and extracellular water. A 
hypotonic fluid is required if there is a renal concentrating defect with ongoing free water losses or 
to aid in the correction of established hypernatremia. The most commonly used product is 5% 
dextrose solution (D-5-W; 253 mOsm/L). It is mainly used (1) in patients with hypernatremia 
because the dilutional effects will lower the serum sodium level, (2) as a carbohydrate source 
when another polyionic electrolyte solution is used concomitantly, and (3) as a fluid supplement 
for patients with sodium intolerance. D-5-W should not be the sole intravenous fluid for 
maintenance therapy because of the electrolyte depletion states that can occur including: 
hyponatremia, hypochloremia, hypokalemia, and hypomagnesemia. In addition, this solution 
should not be administered subcutaneously, because extracellular electrolytes tend to diffuse 
down the concentration gradient into the area of hypodermoclysis (Donnan- Equilibrium Effect). 
When this happens, the subsequent reduction of plasma solute can theoretically lower the 
circulating blood volume and cause hypotension. D-5-W should not be given to correct 
extracellular volume depletion because two thirds of the infused volume will enter the intracellular 
space (where it can cause cellular swelling) within the first hour of infusion; the expanded plasma 
space is therefore not maintained. Isotonic saline and LRS, on the other hand, remain in the 
extracellular space for a considerably longer period of time. Eight percent of administered D-5-W 
stays in the intravascular space, whereas with isotonic saline, at least a quarter of the volume 
administered remains in the intravascular space.  Patients with hypoperfusion can convert the 
glucose into lactate which can cause lactic acidosis. 
 



The maximal rate at which dextrose can be infused into humans without producing glycosuria is 
0.5 gm/kg/hr. About 95% is retained when infused at 0.8 gm/kg/hr (from Drugs Facts and 
Comparisons).  
Dextrose solution equivalencies: D-50-W has 50 gm/100 ml = 0.5 gm/ml. Give 1.0 ml/kg (= 0.5 
gm/kg) IV slow push. 
D-5-W = 5.0 gm/100 ml = 0.05 gm/ml. Need 10x the dose of D-5-W in ml to = that given using D-
50-W.  
D-1.25%=0.125 gm/ml. Need 40x (ml) the dose of D-1.25-W in ml to =that given using D-50-W. 
 
 Hypertonic solutions have a higher osmolality than plasma and extracellular fluid. The 
most commonly used hyperosmolar solution is dextrose 5% in 0.9% saline (560 mOsm/L). This 
fluid is not really hypertonic because the dextrose component is rapidly metabolized soon after it 
reaches the bloodstream, thus leaving the saline component which is isotonic at 309 mosm/L. It 
can be used as a partial maintenance solution once the patient is completely rehydrated. It is best 
administered slowly IV. This solution should probably best not be used in a dehydrated animal 
because it can potentially promote cellular dehydration and intensify the hypovolemia by 
stimulating diuresis before adequate plasma volume expansion has been achieved. This fluid can 
be used as an energy source and as a sodium supplement in the well hydrated, hyponatremic 
patient, such as an addisonian. 
 
 Small-volume hypertonic saline solution (3.0 and 7.2%) is a means for providing effective 
initial resuscitation from hemorrhagic shock. Infusion of 3.0-5.0 ml/kg/min of sodium chloride 
7.2% (2400 mOsm/L) solution to a dog in hemorrhagic shock can rapidly increase systemic blood 
pressure and cardiac output and produce elevated renal, total splanchnic, and coronary blood 
flow. The total volume infused should not exceed 4 to 5 ml/kg. The initial dose in cats is 3.0 
ml/kg/min. The effect of hypertonic saline treatment has also been attributed to its action on the 
cardiovascular system, including vasodilatation, increase in myocardial contractility, and 
redistribution of fluid from the extravascular to the intravascular compartments, leading to a 
transient rise in the circulating volume. 

 
 A solution containing 7.2% NaCl exerts eight times the normal osmotic pressure of the 
body. As soon as it is infused into the vascular space, the resulting increase in osmotic pressure 
pulls water from the intracellular space. No water is recruited from the interstitial space, because 
the capillary endothelial barrier is freely permeable to small ions such as sodium and chloride. 
Equilibrium with 7.2% NaCl takes only seconds. For every 1 ml of hypertonic saline infused, 8 ml 
of water will transfer from the intracellular space to the intravascular space.  
 
 
COLLOIDS 
 
 Whole blood, plasma, and colloidal plasma expanders are valuable for increasing the 
circulating blood volume when shock is present. Most of the solution is retained within the 
vascular system, where it increases the osmotic pressure of the blood above that of the 
extravascular fluid spaces. Consequently, water passes from the interstitial fluid space into the 
blood, increasing the circulating blood volume. 
 
 Plasma is the most commonly used colloid solution in veterinary medicine. Its main 
advantage stems from the colloid osmotic pressure provided by plasma proteins. It is useful for 
treating hypoproteinemic conditions such as chronic liver disease, protein-losing enteropathy, and 
glomerulopathy. It also contains important coagulation factors.The main disadvantages of plasma 
are that its availability is limited, its effects are temporary, and it is expensive. 
 
 Canine albumin has also been used for its oncotic effects. Approximately 25-35% of 
intravenous albumin will leak into the interstitial space. Comparing the distribution of colloid and 
crystalloid solutions, there is a ratio of intravascular filling of 3 to 1. 
 



 Hypoalbuminemia in the critically ill patient can be due to transcapillary leak through a 
dysfunctional glycocalyx, decreased synthesis, large volume body fluid losses, and dilution 
caused by fluid resuscitation. When treating such patients, efforts should be centered on 
correcting the underlying disorder rather than reversing the hypoalbuminemia. 
 
 Dextrans are synthetic colloids (glucose polymers) derived from sugar beets. Dextran 70 
and 40 are available in 5% dextrose or saline solutions. Dextran 40 has the advantage of 
retarding formation of rouleaux and sludging of red blood cells, thus improving microcirculation 
above and beyond simple volume expansion. Disadvantages include coagulopathies as a result 
of decreased platelet function and altered fibrin clot formation. Other problems include renal 
failure, anaphylaxis, and depressed immune function. Dextrans are rarely used in critically ill 
veterinary patients. 
 
 Hydroxyethyl starch (Hetastarch) is a synthetic polymer derived from a waxy starch 
composed mostly of amylopectin. It is a polydisperse –type solution that contains molecules of 
different molecular weights with one particular type predominating depending on the country 
where it is made.  In the USA, the solution contains the high molecular weight molecules 
(450,000 Daltons). This solution is similar to 5% albumin thus making it an effective circulating 
plasma volume expander. Its osmolality is approximately 310 mOsm/L. The expanded plasma 
volume may last for 24 hours or longer. Hydroxyethyl starch is available as a 6% solution in 
saline.  Another commercial product, HEXTEND, combines hetastarch with lactated Ringer’s 
solution.  Both products should be infused slowly at a rate of 10 to 20 ml/kg/day. Dogs can 
receive up to 20 ml/kg/day and cats 10 ml/kg/day.  
 

 Side effects of Hetastarch include decreased levels of vW factor and factor VIIIc. It can 
also decrease the availability of GP llb-llla on platelets.  These adverse effects on coagulation 
more commonly occur with the product containing the high molecular weight (450,000) solution. 
Hetastarch has been shown to cause acute kidney injury (AKI) and high mortality in humans 
afflicted with septic shock. It would be inappropriate to use for treating snakebite victims with 
coagulopathies. 

 
The cost comparison between crystalloids and colloids is respectable.  The cost to volume 
resuscitate a patient with colloid is 9-21 times higher when compared to crystalloid solution.  
 
Bottom Line.  “Tailoring the type of resuscitation fluid to the specific clinical condition seems a 
more logical approach than using the same type of fluid without exception for all ICU patients”- 
Peter Marino M.D. 
 
 
 
FLUID VOLUME REPLACEMENT 
 
 The animal requires fluids for (1) rehydration, (2) maintenance, (3) replacement of 
insensible loss volumes, and (4) replacement of ongoing loss volumes. Clinically, the 
approximate amount of fluid needed to correct dehydration deficits can be assessed from the 
history, degree of skin turgor, capillary refill time, and pulse rate and quality. The degree of 
dehydration ranges from 5% to 12% (Table 3) of the body weight, remembering that 1 liter of 
water weighs 1 kilogram or 2 pounds. Skin turgor assessment can sometimes be misleading in 
the obese animal, because adipose tissue replaces subcutaneous interstitial water thus allowing 
the skin to maintain its elasticity despite negative water balance. Also, old, cachectic patients that 
have lost skin resiliency may give a false impression of marked dehydration. To clarify the 
diagnosis in such questionable situations, clinicians can check for the elevated packed red cell 
volume and plasma total solids that accompany the hemoconcentration caused by volume 
depletion, assuming that the patient is neither anemic or hypoproteinemic, both of which may give 



near normal values with dehydration. Logic dictates that non-vomiting patients that eat and drink 
normally should not require IV fluids for water replacement 
 
 The volume of fluid needed to correct dehydration is calculated from either of the 
following formulas: 
 
 1. Volume (ml) of fluid needed = % dehydration x body weight (lb) x 500  
 2. Volume (ml) of fluid needed = % dehydration x body weight (kg) x 1000 
 
 The maintenance volume is that amount normally required in a 24-hour period by a well 
hydrated patient. Taking insensible fluid loss into consideration, which amounts to 13-20 
ml/kg/day, the 24-hour maintenance volume for a dog or cat whose urine output is normal is 
approximately 50 to 60 ml/kg (25 to 30 ml/lb) per day. The total 24-hour fluid requirement for the 
dehydrated animal is the sum of maintenance volume and volume required to correct dehydration 
plus any estimated ongoing losses. 
 
 The initial rate and route of fluid delivery depend on the patient's status. Mildly to 
moderately dehydrated small dogs (<10 kg) and cats that require short-term fluid treatment can 
be adequately managed with subcutaneous fluids. 
 
 Any severely (>10%) dehydrated patient should initially receive fluids intravenously. 
Because of the accompanying vasocollapse, medications injected subcutaneously may not be 
adequately absorbed into the systemic circulation. For the mildly to moderately hypovolemic 
patient, it is recommended that one fourth to one half of the estimated dehydration deficit be 
replaced over the first two to four hours with the remaining dehydration deficit and maintenance 
isotonic volumes administered over the subsequent 20 to 22-hour period. The amount of 
subsequent fluid infusion will depend on the patient's response to treatment.  If the patient is 
markedly hypovolemic (“thready” pulses, prolonged capillary refill time, recumbent and mentally 
depressed, blood pressure <100mm Hg), the amount of administered intravenous fluids over the 
first hour should equal one whole blood volume which is approximately 70-90 ml/kg body weight 
for the dog and approximately 35-45 ml/kg body weight for the cat. When delivering this much 
volume over a short period of time, it is safer to deliver fractional bolus doses of fluids every 15 
minutes, at doses of 15-20 ml/kg for dogs and 7-10 ml/kg for cats. Vital signs in such patients 
must be monitored every 15 minutes and the fluids adjusted accordingly when signs of 
hypervolemia or interstitial edema occur.  
 
 Exceptions to the recommended maintenance doses of fluids occur under the following 
circumstances: 
 
 1. Oliguria and anuria. After dehydration deficits are replaced, the patient's 

maintenance needs depend on urinary output, which should be quantitated. 
Providing full normal maintenance fluid volumes to oliguric and anuric patients can 
lead to fatal pulmonary edema or pleural effusion because of iatrogenic 
intravascular fluid overload. Specific treatment for low output renal failure is 
provided in the next section. 

 2. Polyuria. Polyuric animals require fluid volumes in excess of normal maintenance 
needs. Examples include post-obstructive diuresis and recovering AKI patients. 
Failure to provide these volumes can result in a sustained negative water balance if 
the patient is unable to drink. The maintenance needs for polyuria consist of exact 
urinary losses plus insensible and ongoing losses. Assurance of adequate treatment 
is made by weighing the patient each day as well as by assessing the physical and 
laboratory parameters for hydration. An acute loss of 1 kg of body weight suggests a 
1 L fluid deficit. 

 3. Rapid internal shifts of fluid (3rd spacing), which can occur in pancreatitis, extensive 
burns, enteritis, and gastrointestinal obstructions. In these conditions, the fluid 



needs of the patient will exceed the usual maintenance volumes by as much as 
three times. 

 
 
The assessment of the animal's fluid requirements must always be made within the 
pathophysiologic context of the underlying disorder. 
 
The Microvascular Fluid Exchange in the Lung – Normal, Cardiogenic Pulmonary Edema, 
and Non-Cardiogenic Pulmonary Edema. The Gateway to Iatrogenic Pulmonary Edema. 
 
 This section is being added to this discussion on fluid therapy because iatrogenic fluid 
overload is a common complication with fluid therapy in the ICU, especially in the presence of any 
underlying pulmonary disease. The accurate diagnosis of acute pulmonary edema requires an 
understanding of the normal physiology involved with microvascular fluid exchange in the lung. In 
the normal lung, fluid and protein leakage is thought to occur primarily through small gaps 
between capillary endothelial cells. Fluid and solutes that are filtered from the circulation into the 
alveolar interstitial space normally do not enter the alveoli because the alveolar epithelium is 
composed of very tight junctions. Once the filtered fluid enters the alveolar interstitial space, it 
moves proximately into the peribronchovascular space. Under normal conditions, the lymphatics 
remove most of this filtered fluid from the interstitium and return it to the systemic circulation. 
Movement of larger plasma proteins is restricted. The hydrostatic force for fluid filtration across 
the lung microcirculation is approximately equal to the hydrostatic pressure in the pulmonary 
capillaries which is partially offset by a protein osmotic pressure gradient (Puyana). 
 
 The inter-relationship between capillary hydrostatic and oncotic pressures and interstitial 
pressures as to their roles in net fluid fluxes across the alveolar membrane are described in the 
Starling equation. 

 
The Starling Equation 

 

JV = Kf [(PC – Pis) – (c – is)] 
 

 Where: JV = net fluid flux across the alveolar capillary membrane  
   Kf = the filtration coefficient, or measure of the ease 

(conductance) of fluid (solvent or water) movement 
across the alveolar capillary membrane 

   PC = alveolar capillary hydrostatic pressure 

   Pis = interstitial pressure  

    = reflection coefficient with a value of 0 to 1 (normally 
0.7 to 0.8) indicates the alveolar capillary 
membrane resistance to protein (solute) movement 
across the alveolar capillary membrane. A value of 
1 indicates total resistance and 0 indicates zero 
resistance to transmembrane protein flux. 

   c = capillary (blood) oncotic pressure 

   is = interstitial oncotic pressure 

 

The main factors contributing to the escape of fluid from the vascular 
space include vascular tone, cardiac tone, vascular endothelial 
integrity, and plasma oncotic pressure (Puyana). The functional 
integrity of the endothelial glycocalyx strongly influences the passage 
of fluids from the vascular to the interstitial space. 

 



Cardiogenic Pulmonary Edema 
  

A rapid increase in hydrostatic pressure in the pulmonary capillary leading to 
increased transvascular fluid filtration is the hallmark of acute cardiogenic or 
volume-overload edema. Increased hydrostatic pressure in the pulmonary 
capillaries is usually due to elevated pulmonary venous pressure from increased 
left ventricular end-diastolic pressure and left atrial pressure (normal 6-12 mm 
Hg). Mild elevations of left atrial pressure (18-25 mmHg) cause edema in the 
perimicrovascular and peribronchovascular interstitial spaces. As left atrial 
pressure rises further (> 25 mm Hg), edema fluid breaks through the lung 
epithelium, flooding the alveoli with protein-poor fluid.  When lung interstitial 
pressure exceeds pleural pressure, fluid moves across the visceral pleura, 
creating pleural effusion. 

 
Non-Cardiogenic Pulmonary Edema 
 
 By contrast, non-cardiogenic pulmonary edema is caused by an increase in the vascular 
permeability of the lung, resulting in an increased flux of fluid and protein into the lung interstitium 
and air spaces. Non-cardiogenic pulmonary edema has a high protein content because the 
vascular membrane is more permeable to the outward movement of plasma proteins. The net 
quantity of accumulated pulmonary edema is determined by the balance between the rate at 
which the fluid is filtered into the lung and the rate at which fluid is removed from the air spaces 
and lung interstitium.  The degree of alveolar flooding depends on the extent of the interstitial 
edema, the presence or absence of injury to the alveolar epithelium, and the capacity of the 
alveolar epithelium to actively remove alveolar edema fluid. At necropsy, the lungs appear heavy 
and the fluid is more of a serosanguineous type. Clinical settings for non-cardiogenic or 
neurogenic pulmonary edema include choke, electric cord bite, and post-ictal pulmonary edema. 
 
 
Acute Respiratory Distress Syndrome (ARDS) /Acute Lung injury 
 
The main defect associated with this condition is increased vascular permeability. Since the 
hallmark of the physiologic defects is this increase in vascular permeability to fluid, protein, and 
the mediators of inflammation (cytokines, chemokines, etc), pulmonary microvascular hydrostatic  
pressure emerges as the major determinant for fluid movement across the microvascular 
membrane. The threshold pressure for edema is reduced when permeability is altered. It is 
therefore important in such patients to carefully monitor parenteral fluid administration as to avoid 
creating excessive amounts of hydrostatic pressure.  The choice between crystalloid or colloid 
fluids remains controversial, but most criticalists prefer crystalloids.  The advocates of colloids 
stress the importance of maintaining intravascular oncotic pressure which will help deter fluid 
leak.  The advocates of crystalloid stress that there are several safety factors that prevent fluid 
leakage where the colloid oncotic pressure is moderately decreased.  

 

 

 

 

 

 

 



 

Common Causes of Cardiogenic and Non-Cardiogenic Pulmonary Edema 

Cardiogenic  Non-Cardiogenic 

- Myocardial ischemia 

- Congestive heart failure 

- Volume overload from zealous IV fluid 
administration in patients with hypoproteinemia 
and anemia 

- Administering IV fluids too much and too fast to 
“normal” patients 

- Hyponatremia 

- Administrating too much fluid to patients with 
oliguria and anuria 

 - Pneumonia 

- Sepsis 

- Aspiration of gastric contents 

- Acute pancreatitis 

- Smoke inhalation 

- Trauma 

- Choke 

- Seizures 

- Electric cord bite 

 
 
 
CONDITIONS REQUIRING SPECIAL FLUID THERAPY CONSIDERATIONS  (Table 4) 
 
Anemia 
 
 Intravenous fluids are sometimes used excessively in the anemic patient when the 
decrease in red blood cell mass is misinterpreted as total blood volume depletion, when in fact 
the plasma volume might even be expanded. To compensate for decreased tissue oxygen 
delivery, the heart rate increases, and if these patients are subjected to large fluid volumes over a 
short period of time, pulmonary edema can occur. 
 
 Anemic cats, in particular, are susceptible to intravenous overload from crystalloid 
infusions. The dehydration deficit and maintenance fluid volumes should be gradually replaced 
over a 24-hour period with an isotonic crystalloid solution, while fresh whole blood is used to 
replace the red blood cells. The volume of whole blood infused should be considered when 
calculating the volume of crystalloid for infusion (give 25-50% of the computed volume and adjust 
according to further need). 
 
 
 
 
Hypoproteinemia and Other Factors Affecting Extracellular Fluid Volume Excess 
 
 This condition is associated with an increase in total body salt and water and occurs in a 
variety of clinical settings including congestive heart failure, glomerulopathies, liver fibrosis, and 
protein-losing enteropathy. These conditions are associated with a decrease in "effective arterial 
volume," which stimulates the renin-angiotensin-aldosterone cycle and the release of antidiuretic 
hormone to promote renal salt and water retention, respectively. Because of increased venous 
pressure from heart failure and cirrhosis or because of decreased plasma oncotic pressure 
associated with hypoalbuminemia, the retained salt and water move into the interstitial and other 
body spaces, causing edema, ascites, or pleural effusion. Hypervolemia amounting to 20-30% in 
water excess can cause pulmonary edema.   
 
Vascular compliance (tone) is an uncontrolled factor affecting the response to parenteral fluid 
infusions.  In cases where vascular compliance is low, as might be seen with atheromatous (as 
might occur with severe hypothyroidism in the dog) or mineral deposits covering the endothelium 
(as might occur with hyperphosphatemia and secondary renal hyperparathyroidism), a fluid load 



of colloids especially can lead to dramatic increases in blood pressure.  This effect is further 
exaggerated in the presence of excess circulating catecholamines.  The clinical effect can be 
either right or left ventricular volume overload with systemic and/or pulmonary edema. 
 
 Patients with any of these conditions are extremely sensitive to intravenous overload with 
crystalloid solutions. Treatment should be directed toward improving the underlying primary 
pathologic process. Fresh or fresh frozen plasma should be used to volume expand animals with 
hypoalbuminemia, although in glomerulopathies and protein-losing enteropathy (PLE), beneficial 
effects are usually temporary at best because of continued protein losses, especially with PLE. 
 
 Cardiac compliance also plays an important role in the response to fluids. A number of 
clinical settings including sepsis, myocardial ischemia, and the use of positive end expiratory 
pressure (PEEP) may affect the relationship between end diastolic cardiac volumes and 
measured cardiac filling pressures. Hence isolated measurements of cardiac filling pressures 
may fail to correlate with other indices of cardiac function.   
 
 Heart failure patients receiving intravenous fluids should be closely monitored for weight 
gain and respiratory distress caused by intravascular fluid overload. More precise parameters   
include dynamic changes in cardiac filling pressures, arterial pressure, and central venous 
pressure (CVP), although CVP changes can provide its warning too late).  Other “cageside” 
monitoring should include urine output, respiratory rate and effort, blood lactate levels, and 
mental status. A rapid respiratory rate or audible pulmonary rales will often be the earliest sign of 
overload therefore calling for close patient observation. Under optimal conditions, monitoring of 
central venous and pulmonary wedge pressures is helpful for avoiding this potentially fatal 
complication, but the latter technique is hardly ever used in veterinary patients. The reader is 
referred to other sources for details regarding these techniques.  
 
 For conditions in which vascular permeability is altered, the debate over the choice of 
fluids remains unsettled. When parenteral fluid therapy is indicated in the cardiac patient, 
solutions containing little or no sodium are given after dehydration and hypovolemia are corrected 
with isotonic solutions. Either 0.45% saline or 5% dextrose solution (D-5-W) can be used. Efforts 
should be made to avoid hypokalemia by adding potassium chloride solution to the fluids at a 
dose of 7 to 10 mEq/250 ml. Periodic monitoring of serum electrolytes is necessary for accurate 
treatment adjustments.   
 
 
 
 
Hypovolemic Shock 
 
 The loss of 30-40% of intravascular volume will cause severe hypovolemia and 
hypotension. Cardiac arrest occurs when 50-60% of blood volume is lost. The key signs to detect 
on-going blood loss include hypotension, prolonged capillary refill time, a continuing decrease in 
the PCV and the total solids 
 
 Isotonic crystalloid solutions (acetated Ringer’s or LRS) are the most commonly used 
replacement fluids because they are usually effective, readily available, easily administered, and 
relatively inexpensive. Severely hypotensive patients might initially require hypertonic saline 
followed by at least one whole blood volume of replacement fluids during the first hour of 
treatment. Initial rapid infusion for dogs should be 20 to 40 ml/kg IV (one half this amount for cats) 
for 15 minutes, followed by 60 ml/kg (dogs) or 20 ml/kg (cats) administered over one hour. This 
loading volume is followed by administration of maintenance fluids at a rate of 10 to 12 ml/kg/hr 
for dogs and 5 to 6 ml/kg/hr for cats. An alternative way of treating severe hypovolemia is to 
administer fractional bolus doses of 15-20 ml/kg for dogs and 7-10 ml/kg for cats every 15 
minutes until vital signs are stable as detected with close patient monitoring. The patient's heart 
and respiratory rates and urine volume are monitored every 15 minutes during vascular volume 



resuscitation. Any signs of fluid overload necessitate prompt decreases in fluid delivery and 
consideration of diuretic therapy.  
 
 This particular fluid regimen is especially useful for treating dogs and cats with trauma-
induced peracute blood loss. It has also been proved efficacious for treating other conditions in 
which plasma volume is depleted rapidly, such as the canine hemorrhagic gastroenteritis (HGE) 
syndrome. After volume loading an HGE patient with crystalloid solution, the plasma proteins will 
decrease substantially. In most cases this will begin to correct itself after the first 24-hour period 
of treatment. 
 
 Vigorous fluid administration can cause significant problems: a rapid increase in 
hydrostatic pressure, dislodgement of previously formed hemostatic plugs, reduced blood 
viscosity, and dilution of oxygen carrying capacity and coagulation factors. In a setting of 
traumatic hemorrhage restoring the systolic blood pressure to no more than 60 mmHg 
(permissive hypovolemia) can help avoid dislodgement of any clots that have formed. 
 
 Any coexisting pulmonary contusions, cardiogenic shock, and hypoproteinemia requires 
cautious delivery of IV crystalloid solutions. 
 
Vomiting 
 
 Vomiting is the principle sign of gastric disease, but it can also accompany disorders of 
the small or large bowel, liver, and pancreas, as well as disorders occurring outside of the 
digestive system. Vomiting can deplete the body of a substantial volume of fluids and electrolytes. 
The specific types of electrolyte deficiencies and acid-base abnormalities depend on the location 
of the primary disorder. Vomiting caused by pyloric outflow obstructions typically can lead to 
dehydration, metabolic alkalosis, hypochloremia, hypokalemia, and hyponatremia. NS 
supplemented with potassium chloride (3 to 10 mEq/kgBW every 24-hours) is the fluid of choice. 
 
 Fluid losses through vomiting associated with systemic illness or intestinal disease are 
best replaced with lactated or acetated Ringer's solutions. The patient's serum electrolyte status 
should be monitored and corrected when indicated. 
 
Gastric Dilatation-Volvulus (GDV) 
 
 The GDV complex causes hypovolemic shock as well as gastric sequestration of fluids 
and electrolytes. Although the hypovolemia can cause tissue hypoxia and eventually metabolic 
acidosis, there are several instances in which the gastric hydrogen and chloride ion sequestration 
can offset the acidosis and cause a metabolic alkalosis. Although most dogs with GDV are initially 
volume resuscitated with LRS, their acid-base parameters should be monitored in order to detect 
any need for a change in fluid type. 
 
 
Oliguric and Anuric Renal Failure 
 
 The urine output of all critically ill patients should be monitored, especially during periods 
of intensive fluid therapy. Fortunately, many oliguric patients will begin producing urine after they 
receive one half of their estimated dehydration deficit values during the first one to two hours of 
treatment. If urine production is inadequate, the following protocol is recommended: 
 
 1. Insert an indwelling urethral catheter and empty the urinary bladder of any residual 

urine. 
 2. Administer the calculated dehydration deficit fluid volume over the first two to four 

hours of treatment. 
 3. Once rehydration has occurred and blood pressure is restored to a safe level (>100 

mm Hg), administer furosemide (4 mg/kg IV push) or mannitol (0.5 gm/kg IV) over a 



10-minute period.  Do not use mannitol if the patient is already hyperosmolar as 
seen in diabetes mellitus. 

 4. If no urine flow occurs, re-administer furosemide (8 mg/kg IV push) or administer 
dopamine (1 to 2 ug/kg/min IV). The use of dopamine is no longer recommended 
according to some sources. 

 5. If oliguria or anuria persist, the amount of fluids infused per day will consist of the 
sum of the measured urine output, the insensible water loss (13-20 ml/kg/day), and 
the extra losses caused by vomiting or diarrhea. Intravenous fluids administered in 
quantities that exceed the insensible and extra losses will accumulate to cause 
intravenous fluid overload. The withholding of all fluids and the institution of renal 
replacement therapy using hemo- or peritoneal dialysis will be required to rid the 
body of uremic toxins. 

 
 Plasma volume expansion should be accomplished with lactated Ringers or 0.9% saline; 
the latter is preferred if hyponatremia is present. Maintenance fluids can initially consist of 
Ringer's lactate or acetate but can eventually be reduced in concentration to one-half strength in 
the absence of any renal sodium-losing disorder. 
 
Diarrhea 
 
 The fluid deficit from massive diarrhea can be efficiently corrected with LRS because it 
resembles the type of fluid lost, is readily available, and provides uniformly good results. In 
markedly hypotensive patients, the intravenous fluids should be given as described previously 
(see Hypovolemic Shock). 
 
Hyperosmolar Conditions 
 
 The common causes of extreme hyperosmolality and hypertonicity in the dog and cat 
include hyperosmolar nonketotic diabetes mellitus, hypernatremia associated with water 
deprivation in diabetes insipidus patients, and essential hypernatremia (in dogs). In hyperosmolar 
diabetes, dehydration is easily detectable through skin turgor evaluation; in the latter two 
conditions, the interstitial water is often retained because of a shift of fluid from the intracellular 
space, thereby allowing for normal skin turgor. Eventually, however, the subcutaneous water will 
become depleted. In each of these conditions, hypovolemia can be life-threatening. 
 
 It would seem logical that a hypotonic solution such as D-5-W (252 mOsm/L) would be 
the fluid of choice; however, this solution rapidly exits from the intravascular space (two thirds of 
the infused volume exits within the first hour), and thereby does little to expand the intravascular 
fluid space. The preferred initial fluid, therefore, is either LRS or NS because of their isotonicity,  
tendency to persist within the intravascular space for a reasonable length of time (30 minutes), 
and their hypotonicity relative to the patient's hyperosmolar plasma. After adequate plasma space 
resuscitation, the infusion can be changed to 0.45% saline with or without 2.5% dextrose added. 
 
 In marked chronic (occurring over 48 hours or more) hypernatremia (serum Na+ > 165 
mEq/L), the goal of treatment is reduction of the serum sodium level by 0.5 to 1.0 mEq/L per 
hour, replenishing one half of the water deficit in 24 hours and the remainder in another 24-48 
hours. This gradual water replacement will prevent cerebral edema and death, which can be 
caused by too rapid correction of the serum sodium level. Do not exceed a serum sodium 
correction rate of 10-12 mEq/L per 24 hrs. 
 
Hypotonic Disorders 
 
 A hypotonic disorder is one in which the serum osmolality and sodium levels are reduced 
in parallel. Clinically significant hyponatremia is most often due to an inability to excrete a 
maximally dilute urine and an inappropriate secretion of ADH. 
 



 The goal of treatment in hyponatremia is to correct body water osmolality and restore cell 
volume by raising the sodium-to-water ratio of extracellular fluid. Acute (occurring over a period of 
<24 hrours) hyponatremia occurs when the decline in serum sodium exceeds 0.5 mEq/L/hr. 
When levels fall below 120 mEq/L, with associated brain dysfunction, the condition should be 
treated immediately to increase the serum sodium concentration by 5.0 mEq/L. Hypertonic saline 
(3% or 7.2% is administered at a rate of at least 1 mEq/L/hr to replace sodium. 
 
 Chronic hyponatremia is more common than the acute form and occurs when the rate of 
decline is less than 0.5 mEq/L/hr over a period >48hrs. Slow correction in the hydrated patient, 
essential for preventing central pontine myelinosis, is accomplished by administering NS and 
furosemide at a rate of less than 0.5 mEq/L/hr and not to exceed an increase of 10 -12 mEq/L per 
24 hours. 
 
Hypercalcemia 
 
 Many patients with hypercalcemia are volume depleted. Initially, NS should be infused to 
normalize intravascular volume. Because the renal excretions of sodium and calcium are linked, a 
forced saline diuresis using furosemide and isotonic saline will accelerate calciuresis. Close 
monitoring of serum electrolyte levels, especially potassium, is essential to detect and correct 
possible hypokalemia. All patients receiving rapid saline diuresis should be monitored for signs of 
intravascular fluid overload. 
 
Pulmonary Contusions 
 
 Patients with this lesion are predisposed to capillary leakage and fluid accumulation in 
their lungs. Excessive IV fluid flow rates can definitely cause this problem. Judicious use of 
hypertonic saline will help to facilitate intravascular volume expansion while avoiding pulmonary 
overload. 
 
Head Trauma 
 
 Fluid therapy is aimed at maintaining cerebral perfusion pressure while decreasing 
intracranial pressure using mannitol at 1 g/kg IV over 15 minutes. Current recommendations for 
systemic resuscitation call for combined hypertonic saline given at 2 to 4 ml/kg over 5-10 minutes. 
In head trauma patients who are not hypotensive, you can give hypertonic saline at 4 ml/kg over 
30 minutes. It is imperative to maintain adequate systolic blood pressure in order to avoid 
cerebral hypoperfusion, sometimes at the cost of bordering on providing fluid excess if there is 
concurrent pulmonary pathology. Cerebral perfusion reigns!!! 
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Table 3 
 Estimating the Degree of Dehydration 
 

Percentage of 
Dehydration Physical Examination Findings 

< 5 

5 

6-8 

10-12 

History of vomiting or diarrhea but no physical examination abnormalities 

Dry oral mucous membranes 

Mild to moderate degree of decreased skin turgor; dry oral mucous membranes 

Marked degree of decreased skin turgor, dry mucous membranes, weak and 
rapid pulse, slow capillary refill time, moderate to marked mental depression 
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 Iatrogenic complications in the ER and ICU are inevitable happenings that will tend to happen more 
frequently during the time of the steep slope of learning during our early years of practice. The problem is that this 
dark cloud never disappears, and the best we can do is to maintain strict vigilance throughout our careers to keep 
such sad happenings to a minimum.  

  After 50 years of practice, a clinician will come to the clear conclusion that the practice of medicine consists 
of a fine blend of both the art and the science. Perhaps it might be rather bold to state that at times the value of the 
art might even surpass that of the science, even in the academic environment. The main objective of this collection of 
thoughts is to share some of the lessons that I have learned over the years with the hope that you will walk away with 
a few PEARLS that will help to avoid some of the potential iatrogenic errors that await all of us in the future. For the 
sake of simplicity, each PEARL has been categorized according to organ system and will be presented in short and 
simple phrases. First, to share a bit of philosophy: 

THE ART OF DIAGNOSIS 
 To make the correct diagnosis, we need the right choices. 

 To consider the right choices, we need the right information. 

 To obtain the right information, we need to ask the right questions. 

 Asking the right questions is the hallmark of clinical expertise. 

 R. Kreisburg M.D. 

  
Because the lecture is case based, you will find that the pearls will be applied during the verbal presentation. 
 
PATIENT EVALUATION: 
 
 As a prelude to the first category, Patient Evaluation, it is essential to remember that the art and science of 
diagnosis always begins with a thorough history and physical examination. Short cuts will inevitably get you and the 
patient in trouble, so you must proceed diligently and methodically reserving some of those short cuts for dire 
emergencies that cause you to focus initially on life support. However once this is done it is important to “get back in 
the box and restart from Square 1 as recommended above by Dr. Kreisburg. 
When examining the patient be sure to evaluate all four sides of the patient which includes your visualization of the 
perineum and ventral abdomen for there is where the clues might appear. Skin changes can offer lots of clues. 
 
*      Look at the patient; it will usually tell you what's wrong. 
• Pallor can be caused by hypoxia, shock, anemia, and vasoconstriction (an epinephrine injection). 
• Anemic pallor plus icterus causes a yellow hue- think hemolysis. 
• Pink mucous membranes plus icterus causes a more orange color- think liver disease. 
• Massive generalized lymphadenopathy usually means lymphoma, but be aware of diseases with geographic 

restrictions such as various infectious diseases (TB, salmon disease, histoplasmosis). 
• If it looks, smells, and tastes (?) like pus, then it must be pus. 
• Chest plus abdominal fluid accumulation commonly depicts a bad disease. Common causes: neoplasia, heart 

failure, diffuse inflammation, hypoproteinemia. 
• Septic shock: hypotension, obtundation, hypothermia, thrombocytopenia, (cats bradycardia) 
• Skin turgor difficult to assess with cachexia and obesity. 
• Sudden facial swelling, hemorrhagic oral mucosa, subdued mentation - think Eastern diamondback rattlesnake or 

water moccasin envenomation (in Florida). 



• Various causes of hyperventilation: cardiorespiratory, pyrexia, brain disease, Cushing’s, metabolic acidosis, 
anxiety, pain, shock, anemia.  

• Fever plus immune-mediated disease - appetite can persist. 
• Fever plus sepsis - anorexia. 
• Nasal crustiness, scleral injection, muddy mucous membranes - think uremia. 
• On palpation: "Touch but don't squeeze the Charmin". 
• Take the patient out of the cage and look at it: observe posture and ambulation. 
• If something just "ain't" right - think Neuro. 
• Look under that tongue in any vomiting cat (and dog). 
• Watch those rear legs for the earliest sign of weakness. 
• THE BIG 6: PCV and TP, BUN, Glucose, UA, Chest/Abdominal radiographs. 
• After therapeutic paracentesis, go back and repeat abdominal palpation so you don't "pass the mass". 
• Have you been palpating each mammary gland? 
• A lump is a lump until you stick it. 
• It's all in the history. 
• Don't just look at it (a lump) - stick it! 
• Heat stroke > 109.4°F - look out DIC. 
*      If the patient is eating and drinking without excess fluid losses, then it does not need IV fluids. 
*  Peracute sudden death causes: no oxygen, no blood, no blood pressure, no brainstem.  
* Anything acutely catastrophic, think vascular occlusion. 
* Every sick or traumatized patient should have AFAST and TFAST on initial workup. 
 
UROGENITAL 
 
 When assessing the urogenital system, it will be important to distinguish between primary disease and secondary 
disease, especially when the kidneys are involved. Speaking of “good plumbing” remember to monitor urine output 
during fluid therapy because oliguria and anuria are definite “party spoilers” that can quickly progress to systemic fluid 
overload which compound the severity of any disease process. Weighing your patient every 12 hours and observing its 
respiratory rate are simple and effective beacons of approaching danger of imminent fluid overload. 
 
• Rule out PYO in any sick intact female. 
• Never let the sun set on a sick pyo (Garvey, M). 
• Murky urine can be caused by: pus, chyle, crystals. 
• Bilateral renomegaly means very serious disease: lymphoma, hydronephrosis, pyonephrosis, granuloma, 

inflammation, subcapsular edema, polycystic. 
• Cats: 1 big kidney plus 1 small kidney can mean 1 fibrotic and 1 compensatory hypertrophic plus fibrosis. 
• Hematuria without stranguria - consider coagulopathy or renal bleed; however, a... 
• Recent renal bleed plus clots - can cause stranguria. 
• Male dog plus stranguria - must examine stat and radiograph to rule out obstructive uropathy (same for female, 

except that it might also represent cystitis). 
• Cessation of polyuria in sick patient - consider oliguria/anuria - a bad sign. 
• Oliguric renal failure - hyperkalemia common. 
• High output chronic renal failure - normo- or hypokalemia common. 
• Emphysematous cystitis - R/O diabetes mellitus. 
• PD plus PU plus isosthenuria - consider chronic renal disease, even with normal BUN and creatinine, but watch 

out for Cushing’s. 
• Careful on "cysto" with pyometra, look before your stick! 
• Prostate trends:  carcinoma - asymmetrical, hard, mid or caudal pelvis; BPH - symmetrical, firm, anterior 

displacement; abscess: fever, sick, pain, asymmetrical. 
• Empty urine line: anuria, recent emptying, obstruction, leaky tubing connections. 
• Always assess urine S.G. before starting fluid Rx. 
• BPH: passive penile bleed, normal urination, normal dog. 



• Detection urethral pathology in female dog, do rectal exam. 
• Prostate inflammation → "prostatic shuffle". 
• For oliguria, try IV fluids, furosemide, dopamine at 3-5 µg/kg/min. 
. Two causes of bacteriuria without WBC’s: bacteremia, sepsis with marked leukopenia. 
* Hematuria: clear plasma, red urine, red button on spun urine 
* Hemoglobinuria: pink serum (hemolysis); dark red urine, no red button on urine sed. 
* Myoglobinuria: serum amber clear, urine dark red-brown to tea colored, no button after spin. 
* Anemia, reddish urine without red button on “sed”, Hb-emia = hemolysis 
  
FLUIDS AND ELECTROLYTES 
 
   A working knowledge of these two areas is essential for any patient requiring fluid therapy. This is an 

area where too much of a good thing can cause harm and too little likewise. Best to assess your patient’s needs 
based on the underlying pathophysiology of the disorder at hand. Example when treating a hyponatremic patient 
with co-existing heart failure, think twice before adding more sodium because the hyponatremia might actually 
be due to excess water retention from excessive ADH secretion. 

 
• SQ fluid administration - isotonic, 18 gauge needle, gravity flow 
• Metabolic alkalosis plus hypokalemia common with upper GI obstructions. 
• 0.9% NaCl plus KCl - best for upper GI obstructions. 
• TCO2 >40 mEq/L is always metabolic alkalosis (usually with hypokalemia). 
• TCO2 < 10 mEq/L - usually means severe metabolic acidosis. 
• Potassium penicillin contains 1.7 mEq K+/ million units - take heed when bolusing. 
• Rx hypocalcemia when IV not an option: add 2.5 ml/kg 10% calcium gluconate to 150 ml 0.9% NaCl - give SQ Bid 

(for adult sized cat). 
• When giving SQ fluids avoid hypokalemia - add 3.5 mEq/KCl/150 ml LRS - give SQ (for adult sized cat).  
• All IV maintenance fluids should contain 5-7 mEq /KCl/250 ml; exceptions oliguria and untreated Addisonian.  
• To make up 2.5% dextrose solution increments, add 12.5 ml D-50-W to 250 ml of fluids. 
• Rehydrate before inducing diuresis; check urine S.G. first. 
• Volume load with isotonic crystalloid. 
*  Don't volume load on any hypovolemic patient with borderline cardiomegaly 
• Intraosseous cannulas can be life saving. 
*.    Bicarb no longer recommended for treating hyperkalemia: too much needed, onset delayed; it still works. 
* Avoid excess IV fluids with severe pulmonary, brain, and bleeding trauma patients; allow permissive       

hypovolemia. 
* Hyponatremia usually water excess. 
* Hyponatremia in CHF - bad sign 
 
GASTROINTESTINAL 
 
 Since GI disturbances are so common, the diagnostic pathway can often be a straight line or one filled with many 
curves and frustration. Here too the history and physical examination might very often set the clinician off in the right 
direction- and don't forget to do a rectal where possible (not recommended in conscious cats!). Don't forget to do a 
fecal test for parasites in all patients with chronic and sometimes acute GI disease, thus avoiding the $1000.00 
hookworm work-up! 
 
• GI obstructions - main sign is vomiting. 
• Acute excruciating abdominal pain (like never before seen!) - consider bowel infarction and intestinal volvulus. 
• Common causes of coffee ground vomitus: gastric ulcers (primary/secondary), uremic gastritis plus anything 

causing gastric bleeding. 
• Melena causes: upper GI bleeding, thrombocytopenia. 
• Occult blood loss - think GI. 



. Chronic moderate upper GI bleeding causes anemia, decreased total solids, melena 
• Melena detection - "Let your finger do the walking". 
• Black stools: upper GI bleed, thrombocytopenia, swallowing blood, "Pepto", iron, charcoal. 
• Elevated BUN plus normal creatinine - consider upper GI bleed, especially if kidney can concentrate urine. 
• Bile in vomitus signifies pyloric patency. 
• The lower the obstruction, the more feculent the vomitus. 
• Sudden mental depression 2-3 days post enterotomy - rule out dehiscence and sepsis. 
• Never let the sun set on a linear foreign body intestinal obstruction. 
• Diffuse inflammatory bowel disease can often be diagnosed with distal colon biopsy. 
• Cholangiostasis can be caused by sepsis, acute pancreatitis, cholangiohepatitis.  
• Gas in the gall bladder is a bad disease and calls for immediate surgery. 
• Bilirubinuria without hemolysis in cats signifies liver disease; not always so in dogs. 
*      With liver disease, the coagulation tests should be normal if the serum albumin is normal. 
* Prolonged coagulation with liver disease - guarded. 
• E-tube and J-tube feeding for managing pancreatitis is beneficial. 
• Look for pancreatic pathology when the right kidney is easily visible on a radiograph. 
. I still prefer to take abdominal radiographs before doing abdominal ultrasound, as this will give you a better "lay 

of the land". 
 
CARDIORESPIRATORY 
 
  An ever-present challenge for the clinician in some cases is deciding whether the cause of dyspnea in a 

cat is due to pulmonary or cardiac origin. One of the main reasons for this is that congestive heart failure causes a 
random lung pattern of pulmonary edema which is confusing and calls for echocardiography to help solve the 
question. This is particularly a problem in the real world when echocardiograms are not accessible to many 
practitioners. Trying to depend on cardiac serum markers is often associated with delays in obtaining test results 
and the lack of specificity when they finally arrive. Thus, the clinician's dependency on sticking to the basics where 
we end up treating for the likely treatable disease. The following pearls will assist managing thoracic disease. 

 
• Many die without ever showing open mouth breathing. 
• Watch for the exaggerated abdominal component- DYSPNEA. 
• Cardiomegaly does not always cause tall EKG complexes. 
• A standing lead 2 EKG is satisfactory for rate, rhythm, and interval measurements. 
• Do not use beta blockers until pulmonary edema resolves. 
* Beta blockers will antagonize epinephrine Rx for anaphylaxis 
• Muffled chest sounds: fluid, mass, air, obesity, deep chested, "plugged ears", examiner's undiagnosed hearing loss 

(yep, it happened to me!). 
• Diffuse muffling - usually chest fluid. 
• Dorsal muffling - air or mass in chest. 
• Coughing cats: allergic bronchitis, flukes, lung worms, heartworms, hair, mass, or foreign body in trachea. 
• Sudden onset diffuse pulmonary infiltrates, think ARDS. 
• Cats with heart disease rarely cough. 
* Cats with right CHF do not get ascites. 
• Bacterial pneumonia plus leukopenia (bone marrow associated) - causes minimal radiographic infiltrates. 
• Heartworm treated dog at discharge: dispense prednisone and furosemide for the earliest signs of PTE.  
• Echocardiogram for diagnosing vegetative endocarditis. 
• 3-5 mg (total) Ketamine IV for a dyspneic cat can allow "survival" radiographs. 
• Remember - good side UP when radiographing dyspneic patient. 
• Digoxin intoxication can cause any cardiac arrhythmia. 
• Aspiration pneumonia can be worse when H2- or H+ blockers are used due to altered GI microflora. 
*  "Tip" patient with overflowing pulmonary edema to expedite fluid removal. 
* Pass NG tube and decompress gastric fluid distension in anesthetized patient or suffer the dire consequences. 



 
NEOPLASIA 
 
   Cancer unfortunately is here to stay and early detection is the best way to manage this ever-present 

challenging problem. I recall there was a time where cancer cases composed 60% of my small animal caseload at 
UF before we developed an oncology service. I used to think that cancer was running as an epidemic with a 
continuous growth pattern to its case load. Most of us prefer to refer these cases to an oncologist, but this occurs 
only after you make that diagnosis- thus, the following clinical pearls to help you expedite that process. 

 
• Cutaneous mast cell tumors can mimic any type of skin growth. 
.  A lump is only a lump until you biopsy it and have it examined microscopically. 
• Assume any firm mammary nodule as carcinoma until proven otherwise; including males. 
• Mammary tumors - Don't stick it - cut it. 
• Don't miss lymphangitic inflammatory mammary carcinoma; usually fatal. 
• Nasal disease can do anything as far as discharge type. 
• Copious mucoid nasal discharge-think nasal adenoCA. 
• Try gastric biopsy forceps and forget the cutting needle or straw for nasal biopsy. 
• Closed mouth nasal cavity radiographs are useless. 
* CT is way to go for nasal cavity imaging 
• Cancer can cause elevated T. WBC and fever. 
* Cancer can cause leukopenia too. 
* Best not do a deep FNA if patient is taking clopidagril. 
 
DRUGS 
 
  If there were area of medicine that characterizes as a double-edged sword, drug therapy would be top 

ranked. It is essential that anything we take off the shelf and administer to our patients might very well be a 
potential threat to that patient because of outright hypersensitivity reactions or perhaps a major adverse effect 
on metabolism that can kill your patient. So don't drop your guard and learn about the drugs that you are using so 
that you can be prepared to counteract any unforeseen complications that can potentially hurt your patient. 

 
* For starters:  Read the label.  
• Observe for drug interactions.  
• Do not use theophylline with Cipro - causes theophylline O.D. 
• Best avoid rapid IV route for thiamine (better IM) and Vitamin K1 (better SQ) as they are definitely 

anaphylactogenic. 
* Bolusing vitamins IV yields anaphylaxis 
• Rehydrate prior to using aminoglycosides. 
• Prednisone for craniomandibular osteopathy. 
• Cimetidine enhances metronidazole-induced neurotoxicity. 
• Aspiration pneumonia worse when H2-blockers in use. 
• Panmycin can cause fever in cats. 
• Follow all oral doxycycline and clindamycin with water to swallow. 
 
HEMATOLOGY 
 
   This fascinating area of medicine can cause numerous life-threatening problems, especially when 

diagnosis is delayed. This is particularly true with disorders of bone marrow suppression and neoplasia and the 
auto-immune disease complexes. Early diagnosis and prompt treatment can be life-saving actions that justify your 
efforts to know the concepts of these disorders, especially those that cause bleeding and those that can cause 
hemolysis. 

    



• Unclotted blood in clot tube - equals coagulopathy; the poor man's whole blood clotting time. 
• Massive splenomegaly - splenic torsion, lymphoma, myeloproliferative or mast cell splenic neoplastic infiltrate. 
. German Shepherd dogs can sometimes have a benign and fluctuating splenomegaly. 
• Thrombocytopenia plus anemia - causes pale petechia! 
• Fleas plus thrombocytopenia - cause "lots of" lumbosacral petechia. 
• Low WBC's, low RBC's, low platelets - rule out bone marrow suppression. 
• Fulminant hemolysis: anemia, Hb-emia, Hb-uria, weakness, depression, +/- vomiting. 
. Watch that pigmenturia; it can cause AKI- IV fluids at maintenance rates helps prevent. 
• Bone marrow derived leukopenic animals don't make pus! Can allow for pneumonia without typical radiographic 

infiltrates. 
• Keep IMHA and ITP patients on long-term q2d maintenance prednisone for 9-12 months in order to avoid relapse.  
• Try Danazol (Danocrine) with prednisone for refractory IMHA and ITP. 
• Observe for autoagglutination and spherocytes in IMHA. 
• Newly acquired bleeding, think anticoagulant rodenticide intoxication. 
• A normal bleeding time ensures adequate platelet hemostasis, a normal platelet count does not. 
. Eosinophilia: hypersensitivities, systemic mycosis, cancer, hypereosinophil syndrome, Addison's, parasites. 
 
ENDOCRINE 
 
  Practitioners are on the front lines for diagnosing endocrine disease which are quite common. 

Maintaining your index of suspicion will help avoid these cases from falling between the cracks. Many patients will 
even show classic markers on physical exam: "rat tail- think hypothyroid; pot bellied- think Cushing's, alopecia- 
think Cushing's, hypothyroid, hypogonadism, etc. 

 
•     Hypercholesterolemia plus elevated CK - rule out hypothyroidism. 
- Rehydrate the sick DKA patient first; then add potassium after 2 hrs and insulin after 4-8+ hrs. 
• U-100 syringe (or TB) must be used for U-100 insulin. 
• Do not forget K+ when treating DKA. 
• Oliguric diabetics have marked hyperglycemia and a guarded prognosis from serious renal dysfunction. 
• Glycosuria can occur with diabetes, proximal renal tubular disease, stress, IV dextrose. 
• Marked hyperglycemia with minimal glycosuria - consider oliguria/anuria. 
*      Acetone in the urine of DKA will delay the urine clearance of ketones for up to 72 hours 
• Morning marked glycosuria and afternoon diminished glycosuria - typifies transient insulin response (need split 

dose). 
• Can use soiled litter to detect glycosuria. 
. Human blood glucose monitors are not so accurate in low ranges. 
• Hyperglycemia can sometimes be detected in tears. 
• The "Accucheck" blood glucose meter is nice (and inexpensive), but not without its inaccuracies. 
• Assess the eclampsia dog for hypoglycemia. 
• Try mannitol or hypertonic saline for severe hypoglycemic encephalopathy. 
• When Florinef does not work well, use DOCP and prednisone. 
.       DOCP starting and maintenance doses can be 0.5 to 0.75 the recommendations on label. 
. Florinef has both glucocorticoid and mineralocorticoid actions. It will give falsely elevated cortisol values on 

testing. Excessive amounts can cause Cushing’s changes. 
• The hypocalcemic cat has not read the book of clinical signs.  
•  Keep an eye out for the atypical addisonian. 
- If telephone is the only communication to assess in a sick and weak Cushing’s –diabetic being treated with OpDDD 

and insulin – If the appetite was normal that same morning- Rx with dextrose; if appetite is gone-Rx with 
glucocorticoids. 

. Cushing dog, acute dementia and other supratentorial signs- think pituitary apoplexy 
 
NEUROLOGY 



 
  Here is a short "take-home message" . "If you definitely think something is wrong with your patient, but 

you just can't put your finger on it: THINK NEURO!" Once this happens, go back to square 1, get a thorough 
history, and do your neuro exam in order to answer: Is it central or peripheral?; Is it diffuse or localized?; is it 
proximal or behind the foramen magnum? 

 
• Rapid onset LMN paralysis, think: Ticks, organophosphate, botulism, polyradiculoneuropathy, metronidazole, 

coral snake or other elapid snake. 
* Rapid LMN paralysis and Hb-uria in SE USA- think coral snake 
• Cats with dilated pupils, blank stare, ataxia - think thiamine deficiency. 
• Coma: Diffuse cerebral, stem, but don't forget metabolic and drugs (legal or otherwise). 
. Fever, exquisite back pain, +/- weakness- think discospondylitis. 
 
INTOXICATION 
 
  All too often a diagnosis is missed because the key questions were not asked during history taking. This is 

where environmental exposure, opportunities for access, and familiarity with the classic toxidrome signs will help 
toward an accurate diagnosis.  

 
• Ethylene glycol fluoresces; but this test is rarely dependable except shortly after ingestion. 
• DMSA (dimercaptosuccinic acid - Succimer; McNeil) - an oral Rx for lead poisoning. 
• Unexplainable radiodense particles in the bowel - think lead; best not delay Rx until blood lead test results return 

because the Rx-able might progress to not-so-treatable. 
• 4-methylpyrazole 5% for antifreeze intoxication; avoids hangovers- very expensive-ethanol and vodka much more 

reasonable. 
• Newer anticoagulant rodenticides - treat for 4-6 weeks. 
• Newly acquired bleeding, think anticoagulant rodenticides OD. 
 
PATIENT MANAGEMENT 
 
   Quoting Osler: " Medicine begins with the patient, continues with the patient, and ends with the patient" So 

always ask, if your decision is based on reasonable evidence, and that your treatment will likely not harm the 
patient. 

 
• Old dogs are poorly tolerant to tranquilization. 
• Avoid sedating acutely ill patients unless absolutely necessary. 
• Don’t sedate at the end of day without continued observation. 
• Increased spontaneity might pre-empt death. 
• Heparinized syringe might contain as much as 200 units heparin - too much for puppies and kittens. 
• Traumatic ear flush can cause inner ear and vestibular disease. 
• Cats hate atropine drops (use ointment instead), so as to avoid passage down the nasolacrimal duct. 
• Some pathologic bladders can leak after cystocentesis. 
• Do not forget THIAMINE in cats. 
• Glycerine suppositories for patients with pelvic fractures will be most appreciated! 
• Three (3) mg (total dose) ketamine IV - can adequately restrain the sick cat with urethral obstruction. 
• Careful with SQ fluids - dogs are not cats and they just might slough with too large of a volume deposited SQ. 
• Manual expression of a male dog's bladder is hazardous to its health - it can rupture. 
• SQ fluid administration - stay behind the scapula and in front of the wing of the ilium. Use 18 ga. needle and 50 

ml/site (adult cat). 
• Don't forget glucose for the babies. 
• Imipenem for life threatening infections. 
• A clean cat is a happy cat. 



• No Fleet enemas for obstipation, unless you want to treat a good case of hypocalcemia. 
• When is the last time you hugged your patients? 
• A dynamic duo: Good science and experience. 
• Heat lamp and rubbing alcohol = one HOT dog. 
• Nothing is routine. 
• If client can not afford a "Cadillac," there is nothing wrong with a "Chevy". 
• Body bandage in cats cause pseudoparalysis. 
• Rapid abdominocentesis is effective and safe for chronic ascites, except when it is caused by chronic liver disease 

whereby simultaneous IV plasma or plasma infusion is recommended. 
• Best avoid IV B1 and K1 - give SQ or IM to avoid anaphylaxis. 
* Always have epinephrine at 0.01 mg/kg loaded and ready while administering antivenom. 
• Never kill’em based on cytology results. 



THE UPS AND DOWNS OF GLUCOCORTICOID TREATMENT 

Michael Schaer, DVM, Diplomate ACVIM, ACVECC 
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 Ever since the first report by Hench in 1949 where he and coworkers described the dramatic 

improvement of human patients with rheumatoid arthritis following the use of glucocorticoids, this class 

of drugs has had widespread use throughout the medical profession. In veterinary medicine as well, 

these drugs have become amongst the most commonly used in practice. Although the glucocorticoid 

drugs have been used successfully to treat many types of inflammatory diseases, there are probably 

just as many if not more situations where they have been misused. The following discussion will 

describe the metabolic effects and mechanisms of actions of glucocorticoid hormones, the various 

types available, their indications, and their side effects. 

 

Metabolic Effects and Mechanisms of Action 

 The name "glucocorticoid" is used to describe the action of corticosteroids increasing hepatic 

glucose output by stimulating hepatic gluconeogenesis while depressing protein synthesis in muscle. 

This anti-insulin effect is considerable and is accompanied by hyperaminoacidemia and 

hyperglucagonemia. 

 The effects of corticosteroids on the metabolism of fat are less clear than those for protein and 

carbohydrate metabolism. In some tissues, corticosteroids will sensitize the subcutaneous fat cells to 

the fat-mobilizing action of catecholamines and inhibit lipogenesis while in others they will allow for fat 

accumulation through lipogenesis. 

 The corticosteroids can also induce a negative calcium balance, oppose the action of vitamin D 

on the small intestine, and produce both osteoporosis and osteomalacia. 

 Most of the cellular and tissue responses to glucocorticoids are initiated via the common 

denominator of an intracellular glucocorticosteroid receptor. The hormone receptor complex migrates to 

the cell nucleus and binds to the nuclear DNA protein where it modulates gene expression. Specific 

RNA's then code for proteins that are thought to be responsible for the expression of the glucocorticoid 

effect.  

Glucocorticoids also exert effects characterized as nongenomic, which occur within minutes of 

drug administration. The mechanisms of action involve the production of second-messenger molecules 

and activation of signal transduction pathways, either by the nuclear glucocorticoid receptor or by a 

membrane glucocorticoid receptor that has not yet been fully characterized.  



 

Types and Characteristics of Glucocorticoids 

 Cortisol is the main endogenous glucocorticoid produced by the zona fasciculata of the adrenal 

cortex. In some species, it is also produced by the zona reticularis. It has both glucocorticoid and 

mineralocorticoid activity and in addition exerts metabolic and immunologic effects. 

 The biologic properties of cortisol can be quantitatively altered by various substitutions on the 

steroid nucleus. These synthetic analogs on a per milligram basis are more potent anti-inflammatory 

agents than cortisol and ordinarily have diminished sodium retaining activities (Table 1). Among the 

commonly used preparations, cortisone and hydrocortisone have the highest sodium retaining 

properties. Certain analogs such as dexamethasone are much less susceptible than cortisol to 

metabolic degradation. This greater half-life is associated with greater anti-inflammatory potency. 

Associated with the greater potency is a greater degree of toxic side effects, including suppression of 

the hypothalamic-pituitary-adrenal axis (HPA). 

 

Table 1.  Glucocorticoid Equivalencies, Potencies and Half-Life (in Humans) 

 

Glucocorticoid 

Approximate 

equivalent dose 

(mg) 

Relative anti-

inflammatory 

(glucocorticoid 

potency) 

Relative 

mineralocorticoi

d potency 

Half-Life 

    Plasma 

(min) 

Biologic 

(hrs) 

Short-acting (*) 

  Cortisone        25 0.8 2 30 8-12 

  Hydrocortisone 20 1 2 80-118 8-12 

Intermediate-acting 

  Prednisone 5 4 1 60 18-36 

  Prednisolone 5 4 1 115-212 18-36 

  Triamcinolone 4 5 0 200+ 18-36 

  

Methylprednisolo

ne 

4 5 0 78-188 18-36 



Long-acting 

  

Dexamethasone 

0.75 20-30 0 110-210 36-54 

  

Betamethasone 

0.6-0.75 20-30 0 300+ 36-54 

From Drugs, Facts and Comparisons.   

(*)  It is important to remember that many of the clinical effects of even the rapid-acting glucocorticoid 

drugs requires hours because of the time it takes for transport, cell entry, and effects on RNA 

before they impact on the target tissue and cells. 

Indications and Physiologic Effects 

 The anti-inflammatory and anti-allergic activities of the corticosteroids are the most important 

reason for their clinical application in disease states. Several additional indications are shown in Table 

2. The glucocorticoid drugs help to stabilize the cell membranes of granulocytes, mast cells, and 

monocyte-macrophages thus preventing the release of phospholipase A2 and arachidonic acid 

metabolites. Certain features of glucocorticoid action against cellular damage from inflammation 

include: 1) maintenance of integrity of the microcirculation, 2) maintenance of the cell membrane, and 

3) stabilization of lysosomes.   

 

Table 2.  Indications for Corticosteroid Treatment 

Addison's disease 

Tumor associated hypercalcemia 

Brain edema 

Inflammatory polyarthropathy 

Collagen disease 

Immune-mediated dermatologic diseases 

Ophthalmologic disorders associated with inflammation 

Allergy 

Immune-mediated thrombocytopenia 

Immune-mediated hemolytic anemia 

Neoplastic diseases 

Inflammatory bowel disease 

Inflammatory brain and spinal cord diseases 

Immune-mediated lung disease 



Spinal cord injury 

Tissue transplantation 

 

 The more specific roles of glucocorticoids in modulating the immune-inflammatory response 

include the decreased production of IL-1 and TNF. Other important acute effects include induction of 

lymphopenia and eosinopenia, monocytopenia, interference with T-cell-antigen processing, decrease in 

B cell antibody production, inhibition of some cytotoxic T cell functions, stimulation of neutrophil release 

from bone marrow and decrease in natural killer cell activity. The decreased inflammatory cells occur 

from early migration, but with chronic glucocorticoids the neutrophils and monocytes in the blood 

increase because of impaired migration. 

 Other inflammatory effects of glucocorticoids may be mediated by the production of lipocortins. 

The lipocortins can inhibit the release of prostacyclin, thromboxane A2 , and leukotriene C4. 

 Corticosteroids exert a suppressive effect at each stage of the immune response. They can 

interfere with the phagocytosis of antigens and their subsequent intracellular digestion, they can inhibit 

the migration of cells to areas of inflammation, and they can suppress cell-mediated hypersensitivity. 

These properties of corticosteroids have resulted in their application to a variety of disorders where the 

immune-mediated response is of detriment to the host. 

Therapeutic Application 

 The general applications of glucocorticoid therapy include replacement, high dose 

immunosuppressive and low dose maintenance. Before discussing these particular modalities, it is 

important to refer again to Table 1 for the various potencies of the different glucocorticoid preparations. 

From this table, the clinician can see where a 20 mg dose of prednisone is approximately equivalent to 

3 mg of dexamethasone because of a seven-fold difference in potency. Application of these potency 

equivalences will help avoid dangerous under- and overdosing of the various glucocorticoid drugs. 

Replacement 

 Adrenocortical insufficiency is the main condition that requires glucocorticoid replacement. The 

patient with an acute addisonian crisis will initially require 4-20 mg/kg of intravenous prednisolone 

sodium succinate every 6-8 hours for the first 24 hours (dexamethasone 0.5-1.0 mg/kg IV q12h or 

dexamethasone phosphate 2-4 mg/kg IV q6-12h). Prednisone can subsequently be given at 2 mg/kg 

per day divided for the next 1-2 days and then be rapidly tapered over the next few days to the life long 

maintenance dose of 0.3 mg/kg per day. Higher dosages will be needed in times of severe stress; ie, 

trauma and major surgery. 

High-Dose Immunosuppression 



 In dogs and cats, the high immunosuppressive doses are reserved for potential life-threatening 

conditions or those having a severe tissue destructive effect on the patient. Examples of these include 

immune thrombocytopenia, autoimmune hemolytic anemia, systemic lupus erythematosus, rheumatoid 

arthritis, and sterile meningitis. These acute inflammatory disease conditions often fall into three 

treatment phases: initial, plateau, and remission which parallel the patient's response to treatment. 

Initially, these conditions can cause great patient morbidity therefore requiring large 

immunosuppressive doses of glucocorticoids. Depending on each individual circumstance, the dose of 

prednisone will range from 2-4 mg/kg per day in divided doses during the initial loading (induction) 

period that might last up to seven days. Although this dose will frequently control the disease and 

stabilize the patient, it is simultaneously of potential detriment to the patient due to serious side effects. 

Sometimes additional immunosuppressive drugs must be used during the induction phase if the effect 

of prednisone is inadequate. 

 The plateau phase is characterized by defervescence, improved ambulation, clear mentation 

and the resumption of eating. At this stage, the glucocorticoid dose can begin to be tapered. Beginning 

at a dosage of 1 mg/kg per day, this dose is reduced by 20 percent every 3-4 days until a total daily 

dose of 2.5-5.0 mg for a small to medium size animal or 10 mg for a large animal is reached. This 

tapering process occurs over a 4-6 week period at which time the patient is usually in remission. 

Maintenance Dose 

 The remission phase still requires patient monitoring because disease relapse can commonly 

occur during this period. The most common management error that I have seen over the years is the 

premature discontinuation of medication during the remission phase. Unfortunately, the relapse of 

certain immune-mediated diseases such as immune thrombocytopenia and Immune-mediated 

hemolytic anemia are difficult to control  

 Once the patient has reached a prednisone dosage level of 2.5 to 10 mg/day for a 7 to 10 day 

period, the treatment intervals can be lengthened to once every 48 hours. There are other tapering 

protocols that are equally as effective as the one described. Although many clinicians prescribe this low 

maintenance dose for 3-6 months, I prefer to use the alternate day protocol given for a minimum of 9-

12 months. During the treatment phase, the patient should be periodically monitored for early signs of 

relapse. Exacerbation of disease might require a repeat loading or a modified loading dose of 

prednisone followed by the long-termed daily maintenance dose. 

Adverse Effects 

 When large daily doses glucocorticoid treatment in the dog extend beyond a 2-4 week period, 

the most common side effects include Cushing's syndrome and suppression of the hypothalamic-



pituitary-adrenal axis. The signs of Cushing's include any combination of: polyuria, polydipsia, 

polyphagia, alopecia, epidermal hyperpigmentation, pot-bellied appearance, tachypnea, skin infections, 

bacteriuria, lethargy, and weakness. Although cats are not as sensitive to the adverse effects of 

glucocorticoid drugs, they can still experience several of these adverse signs in addition to HPA 

suppression. Other potential adverse effects of glucocorticoids are shown in Table 3. It is obvious that 

many of these complications can have devastating consequences to the patient. It therefore behooves 

the clinician to restrict the use of glucocorticoid drugs only to those situations where they are absolutely 

needed. 

 Unfortunately, there are many inflammatory and neoplastic disease states that justifiably require 

prolonged glucocorticoid use. In these situations, the clinician should inform the client of the potential 

side effects and be ready to intercept the more serious complications as early as possible. This type of 

diligent patient surveillance along with the gradual reduction in glucocorticoid dosages will oftentimes 

allow for the best clinical outcome. 

Withdrawal of Therapy 

 Any patient on daily glucocorticoid treatment for more than two weeks should be suspect for 

having a suppressed HPA (hypothalamo-pituitary-adrenal axis). Acute withdrawal might therefore lead 

to signs compatible with adrenocortical insufficiency: lethargy, inappetence and weakness. This serious 

effect can be avoided by allowing for a more gradual decrease in dosage and the eventual transition to 

alternate day treatment over a period of several weeks. However, there are occasions where immediate 

discontinuation is essential, and on the several occasions where this was necessary, I found that all 

went well so long as the patient’s activity level, mentation, and appetite remain the same. 

 The patient's HPA can be assessed with the ACTH stimulation test where the normal post 

ACTH injection cortisol response usually ranges between 5-12 ug/dl. Those showing impaired 

adrenocortical response might be clinically asymptomatic under basal conditions, but these patients 

might benefit from supplemental glucocorticoid doses during periods of traumatic or surgical stress. 

Most dogs and cats will have normal HPA function restored after 2-7 months following steroid 

withdrawal. 

 

 

 

 

 

 

 



Table 3.  Complications of Glucocorticoid Therapy in the Dog and Cat 

 

Fluid and Electrolyte 

Disturbances 

- Sodium and fluid retention 

- Congestive heart failure 

Metabolic and Endocrine - Hyperglycemia 

- Cushing's 

- Secondary adrenocortical atrophy 

- Hyperlipidemia 

- Might offset growth 

-  Depress secretion TSH and reduce physiologic                        

effect of thyroxine 

Cardiovascular - Thrombosis - pulmonary or splanchnic arterial or 

peripheral venous (associated with indwelling 

catheter) 

- Can promote hypertension 

Gastrointestinal - Acute pancreatitis (controversial) 

- Gastrointestinal ulceration 

- Perforating colonic ulcer (associated with ischemia 

from spinal cord trauma) 

- Steroid hepatopathy 

Dermatologic - Bacterial infection 

- Poor healing 

- Epidermal atrophy 

- Calcinosis cutis 

Neurological and Psychological - Lethargy 

- Hyperirritability 

-    Neurosis; psychosis 

Musculoskeletal - Muscle weakness 

- Tendon and ligament weakness 

- Myopathy 

- Osteoporosis 



Hematological - Thrombocytosis 

- Mildly elevated RBC 

- Mature neutrophilia 

-    Lymphopenia; eosinopenia, monocytosis 

Immunological - Immunosuppression- several mechanisms involving 

complement inhibition, mediator inhibition, lymphocyte 

sequestration. 

-    Antiinflammatory 

- Effects on phagocyte kinetics and function 

- Increased incidence of bacterial and fungal 

diseases 

Ophthalmological - Predisposes to fungal keratitis 

- Impairs corneal healing 

- Re-activates viral keratitis 
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HYPOTHYROID MYXEDEMA IN THE DOG 
 
Clinical signs 
 The history usually provides for a gradual onset of mental dullness, inappetence, and decreased physical 
activity. Depending on the environment, the dog may have shown a decreased tolerance to cold weather. Sometimes 
the first signs appear as a patient showing a delayed anesthetic recovery accompanied by hypothermia. 
The most striking physical findings include mental dullness and hypothermia in the absence of shivering. The skin 
changes are typical of hypothyroidism showing evidence of a dry, rough, and thickened epidermis, brittle hair, and 
varying degrees of alopecia. Very characteristic of myxedema is the non-pitting edema of the skin caused by the 
accumulation of mucopolysaccharides and hyaluronic acid. The facial skin is often involved. Some dogs do not have 
major endocrine skin changes. 
Bradycardia, faintly auscultable cardiac sounds, and mild hypotension can also occur. These hemodynamic alterations 
are the result of decreased cardiac output and stroke volume coupled with prolonged circulation time. 
Effusion can accumulate in the lung in addition to the pleural and peritoneal cavities; these can be visible 
radiographically. 
 
Other Clinical Findings 
The electrocardiogram can show bradycardia and low amplitude R waves. These effects are brought about by a 
functional impairment of myocardial contraction which is readily reversible with adequate thyroid hormone 
replacement treatment. Hypoventilation can cause hypercarbia which can lead to markedly elevated levels of plasma 
CO2 and narcosis. All of these particular findings have been described in the dog with myxedema coma. They have also 
been present in approximately 30% of human cases. 
 
Laboratory Tests 
The few cases of myxedema coma as reported in the veterinary literature describe normocytic normochromic anemia, 
hypercholesterolemia and hyponatremia as the most common clinicopathologic abnormalities. Hypertriglyceridemia is 
sometimes present as well. The hyponatremia is of the dilutional type brought about by the inappropriately increased 
secretion of antidiuretic hormone or to a reduction in the glomerular filtration rate and effective renal plasma flow. 
Serum thyroxine (T4) levels are very low in myxedema coma, while thyroid stimulating hormone (TSH) is expected to 
be elevated. In the dog, plasma TSH levels do not always measure up to the clinician’s expectations (65% dependable); 
increased serum levels are significant, however. 
An ACTH stimulation test is recommended because of the possibility of co-existing Addison's disease when 
autoimmune multiple hypoendocrinopathy is present. 
 
Treatment 
 Treating myxedema stupor and coma entails maintaining vital functions such as ventilation and blood 
pressure, providing thyroid hormone replacement, and removing any factors that may have precipitated the crisis. 
Ventilation can be assessed qualitatively by observing the rate and depth of the respiratory movements. A more 
objective assessment is made by measuring plasma oxygen and carbon dioxide levels. PaO2 levels below 60 mmHg or 
PCO2 levels exceeding 60 mmHg, respectively, will require ventilatory support. 
Hypothermia does not require any special measures for re-warming the patient because any sudden change from the 
already existing hypometabolic state can lead to excessive demands on the cardiovascular system which is already 
functionally impaired. Therefore, the re-warming process should be done passively at room temperature. 
Hypotension must be treated aggressively using vasopressors such as dopamine or dobutamine. The initial dose is 5 
ug/kg/min intravenously and subsequently titrated to effect. 



 

 

The hyponatremia is usually due to excess water retention therefore calling for water restriction instead of parenteral 
saline administration. Such caution should be exercised with parenteral fluid administration in order to avoid 
intravascular fluid overload. 
Glucocorticoids are given to treat any adrenocortical insufficiency that can develop as a result of the hypometabolic 
state. Either prednisolone sodium succinate 1.0-2.0 mg/kg IV given over 2-4 minutes or dexamethasone phosphate 
0.1-0.2 mg/kg IV can be used daily for 1-2 days. 
Thyroxine (levothyroxine) can be given orally or intravenously. Since the replacement dose of thyroxine required in 
myxedema coma in dogs is unknown, the dose is probably best titrated in response to a bolus intravenous injection of 
the usual daily replacement dose for treating hypothyroidism in dogs (0.02 mg/kg). This rapid route of administration 
is warranted only in extremely ill patients. The oral route can be used if the vital signs are normal and the dog does not 
appear imperiled. 
 

 
 
     Feline Hyperthyroidism 
  
Clinical Signs: 
 Hyperthyroidism is the most frequently diagnosed endocrinopathy in the cat. It is usually a syndrome of older 
cats with a mean age of 13 years (range: 4-22 years). Only 5% of all affected cats are <10 years of age at the time of 
diagnosis. There is no sex or breed predilection. 
 Weight loss is the most common sign of hyperthyroidism in the cat despite the presence of a normal or 
increased appetite. Other signs with variable occurrence are: hyperactivity, mild to moderate temperature elevations, 
increased heart rate, panting, polyphagia (some have occasional inappetence), and hyperdefecation (diarrhea, 
steatorrhea, or normal). Polydipsia and polyuria and occasional vomiting can also occur. Extreme signs are described 
as hyperthyroid crisis and characterize with hyperirritability, muscle weakness, hypertension, and sometimes cardiac 
abnormalities. "Apathetic hyperthyroidism" – is a term that used to be associated with decompensating heart failure, 
but it can also be applied when hyperthyroidism exists with a co-morbidity with protracted wasting illness. Clinical 
signs are affected by duration, presence of concomitant organ dysfunction, and overall status of organ reserve. Today 
it is rare to see cats with the advanced signs of disease because of the current heightened sense of clinical suspicion 
for this disorder. 
 The physical examination findings will vary with the disease duration and with each individual patient. These 
include thin cat with evidence of weight loss (loose collars), muscle wasting with occasional postural ventral cervical 
flexion (not to be confused with hypokalemia), and tachycardia (heart rates greater than 240 bpm). Additional signs 
include heart murmur, mild to moderate temperature elevation, palpable enlargement of one or both thyroid glands 
that are rather mobile because of their loose attachment in the paratracheal soft tissue, hypertension, hypertensive 
retinopathy (hemorrhages +/- detachment), mental irritability, and breathlessness after exertion. Some cats have 
enlarged glands with normal thyroxine blood levels. 

Renal Abnormalities: 
 Several renal physiologic changes occur in the hyperthyroid patient. These include: increases in renal blood 
flow, GFR, and tubular reabsorptive and secretory capacities despite the presence of no specific renal pathology. 
These increased renal dynamics may be beneficial because renal function has been known to worsen in some cats 
following treatment for hyperthyroidism. The polydipsia and polyuria can be due to either increased thyroid hormone 
levels, primary renal disease, or compulsive polydipsia. 

Cardiac Findings: 
 The physical signs will vary with the duration and the severity of the disease. Those reported include 
tachycardia, occasional systolic murmurs, occasional arrhythmias, gallop rhythm, and signs of CHF. The 
electrocardiographic changes are tachycardia - heart rate greater than 240 (common), tall R waves - greater than 0.9 
mv; (common), atrial and ventricular arrhythmias, prolonged QRS duration, shortened QT interval, and intraventricular 
conduction disturbances. A diagnosis made early will probably not have accompanying cardiac pathology. 



 

 

Echocardiographic Changes: 
 The several reported changes include hypertrophy of left ventricular caudal wall, hypertrophy of 
interventricular septum, enlarged left atrial diameter, enlarged aortic root diameter, and hyperdynamic wall motion. 
Dilative cardiomyopathy can occur less commonly. 

Pathophysiology for Cardiac Changes: 
 The hypotheses include the direct effect of thyroid hormones on the heart, interactions with sympathetic 
nervous system and cardiac changes for altered peripheral tissue function. 
 The fate of the cardiac pathology can end up as any of the following: (1) thyroid-induced cardiac changes 
resolving following successful hyperthyroid treatment unless underlying primary myocardial disease is present and (2) 
thyroid hormone-induced cardiac structural damage that can persist despite successful treatment for 
hyperthyroidism. Many have symmetrical hypertrophy of the left ventricular free wall and the interventricular septum 
that might be reversible. The minority can have irreversible dilated cardiomyopathy. These changes will be difficult to 
discern from primary cardiomyopathy unless they resolve when a euthyroid status is restored. 

Radiography: 
 All radiographic pathology involves the cardiopulmonary system. The main finding is cardiomegaly. The lungs 
will be clear in absence of congestive heart failure (CHF), but in the presence of CHF, radiographs will show either a 
pulmonary alveolar pattern and/or pleural effusion. 

LABORATORY FINDINGS  
 The demonstration of elevated T4 (normal RIA, 0.8 - 3.5 ug/dl; 10.2-45.0 nmol/L) is the most important test 
finding. A 1993 survey of 202 hyperthyroid cats showed that 98% had abnormally elevated T4 levels on the resting 
sample.  
 Dilute urine is attributed to either increased total renal blood flow causing decreased medullary hypertonicity 
or concurrent primary renal disease. In some cats, coexisting chronic renal disease might benefit from the 
hyperthyroid-induced increased renal hemodynamics. However, any co-existing hypertension can adversely affect the 
kidneys. Ironically, restored euthyroidism can cause renal decompensation. Therefore, it is important to evaluate BUN 
and/or serum creatinine levels 1-2 weeks after beginning treatment for hyperthyroidism. Any patient with renal 
dysfunction should preferably be treated with methimazole and kept slightly hyperthyroid (4-5 ug/dl; 51.2-64.0 
nmol/L) in order to benefit from the increased renal blood flow, or the cat can undergo radioiodine treatment and 
receive supplemental oral thyroxine treatment after radiotherapy, if cat is hypothyroid.  
A published abstract by Broome and Peterson in the ACVIM 20013 Proceedings shows that cats given thyroxin after I-
131 ablation can retard the progression of renal failure associated with the return to a euthyroid state.  

TREATMENT 
 Methimazole (Tapazole) inhibits the organification of iodide. It is the preferred antithyroid drug for cats in the 
United States. Methimazole side effects will most often occurring during the first few weeks of treatment. 
 Toxic side effects include anorexia, vomiting, lethargy, and excoriating dermatitis usually involving head region, 
and they occur more commonly when the total dose is given on a once-a-day basis. Granulocytopenia and 
thrombocytopenia can rarely occur. The appearance of neutropenia and thrombocytopenia require discontinuation of 
methimazole. A CBC should be done every 2-3 weeks during the first 2-3 months of treatment. Methimazole can cause 
symptomatic hepatotoxicity with increases in ALT, AST, AP, and total bilirubin serum levels. This will require 
immediate discontinuation of the drug. 
 The loading dose for most cats is 1.25-2.5 mg orally Bid x 5-7 days beginning with the lower dose. If the T4 level 
does not decline, increase the dose by 1.25 mg increments. The maintenance dose is 1.25 to 5.0 mg Bid. Use the 
minimal dose long-term that will maintain T4 in low-normal range. A 2003 study showed that the optimal benefits 
from methimazole occur when the dose is given on a divided daily basis. Most require 2.5 to 10 mg/day, but start low 
and titrate to effect. 
 Propranolol is a cardiac drug that is used to treat tachycardia and tachyarrhythmias. It is a beta-adrenergic 
blocker that also decreases the neuromuscular abnormalities. It is contraindicated with pulmonary edema. The 
recommended dose is 2.5 to 5 mg bid-tid with the goal aimed at maintaining the heart rate below 240. Propranolol 



 

 

and other beta-adrenergic blockers can be discontinued after bilateral thyroidectomy if cardiac function is normal. 
 Atenolol is a beta-adrenergic blocker that also controls the cardiovascular and neuromuscular abnormalities 
accompanying hyperthyroidism. It is dosed at 6.25 mg once daily for most cats and begun after any existing pulmonary 
edema has resolved. Propranolol at 2.5 mg per day for the cat has both alpha- and beta-adrenergic blocking affects 
making it a more advantageous drug to counteract the adverse cardiac effects. 
 Diltiazem can be used in place of propranolol and atenolol. It is a calcium channel-blocking agent. Its use should 
be delayed until the congestive heart failure signs have subsided. The recommended dose is 0.5 mg/kg Q 8-12 h.  
 Amlodipine, a calcium channel blocker used to treat feline hypertension.  Give 0.625 mg once daily for cats < 10 
lbs. and 1.25 mg daily for cats >10 lbs. 
 Radioiodine I131: Radioisotope treatment requires a referral facility that is appropriately equipped to handle I131. 
It is a very effective form of treatment. A study by Oman R, etal in ACVIM abstracts 2011, compared the responses to 
radioiodine treatment when methimazole was stopped one day as opposed to 5-7 days prior to I I31 treatment. The 
results showed that stopping the methimazole one day prior did not inhibit I131 uptake and response to therapy.   
Hypothyroidism can occur following I131 treatment with a higher incidence occurring when the cat has bilateral thyroid 
enlargements that were technetium scanned. One report (JAVMA May ’05) describes a 30% incidence. L-thyroxine 
should be given to all cats that become hypothyroid. Most cats can conveniently be treated with a single fixed dose of 
4 mCi of I131 - orally, SQ, IV. The euthyroid condition usually occurs in 2 weeks but can take as long as 3 months. The 
major disadvantage in some treatment centers entails a prolonged hospitalization required for radioactivity 
containment depending on local radiation regulation. 

Treating Congestive Heart Failure: 
 Thyrotoxicosis is often represented by abnormal myocardial function that can lead to congestive heart failure. 
Treatment calls for oxygen and not stressing the cat. Additional treatment entails furosemide (1-2 mg/kg once or 
twice daily) and thoracentesis where indicated for marked pleural effusion. Propranolol or atenolol are 
contraindicated until the pulmonary edema is resolved. 
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