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Heatstroke in Dogs: Clinical Signs, Treatment, Prognosis, and Prevention* KEY FACTS Auburn University ■ A thorough physical examination and complete history are important in diagnosing heatstroke in dogs because severe mentation abnormalities are associated with an unfavorable outcome. ■ Heatstroke should be considered in any dog that presents with a core body temperature higher than 106˚F (41.1˚C). ■ Systemic infections with fever usually do not cause panting and hypersalivation; therefore, clinical signs may give clues to help identify animals with heatstroke. ■ The mortality of heatstroke in dogs can be significantly decreased if owners institute cooling measures before transporting their pet to the veterinarian.



W. Shannon Flournoy, MS (Chemistry), DVM, MS (Biomedical Sciences) Douglass K. Macintire, DVM, MS, DACVIM, DACVECC James S. Wohl, DVM, DACVIM, DACVECC ABSTRACT: Heatstroke is an acute, life-threatening emergency with a complex pathophysiology—the key clinical features of which include metabolic acidosis, oliguric renal failure, coagulation abnormalities, and neurologic disturbances. Physical examination is marked by excessive panting, hyperemia, hypersalivation, tachycardia, and various neurologic signs. Common laboratory changes associated with heatstroke are hemoconcentration, elevated liver enzymes, electrolyte changes, prolonged clotting times, azotemia, and hypoglycemia. Rapid cooling of the core body and support of vital organs are essential factors in the management of heatstroke and prevention of further secondary sequelae. Prognosis worsens if severe neurologic signs develop and persist throughout the course of treatment. Owners of heatstroke animals can decrease mortality if the animal is cooled before being transported to the veterinarian. Prevention of heatstroke is achieved primarily by educating owners about proper acclimatization times, exercising during cooler periods of the day, and providing adequate shade and cool water for dogs confined outdoors.



H



eatstroke is an acute, progressive life-threatening emergency characterized by a nonpyrogenic elevation in body temperature that results in direct thermal injury to body tissues. The disorder happens more often during the summer, especially in the southeastern United States. There are several diseases or certain physical conditions that could perpetuate hyperthermic events in dogs,1–3 but heatstroke most often occurs after exercise or confinement in an enclosed area with poor ventilation, such as in an automobile.4,5 Heatstroke requires early detection, aggressive therapeutic intervention, and continuous critical care monitoring to avoid any secondary complications and death. Although its pathophysiology is complex, the physiologic state is precipitated by alterations in normal cooling functions resulting in improper thermoregulation and the body’s inability to properly dissipate heat.3,6,7 Key features of the syndrome include cardiovascular collapse, global endothelial damage, coagulation alterations, central nervous system dysfunction, loss of gastrointestinal integrity, acid–base disturbances, and sometimes sepsis and/or septic shock. This article discusses the clin-



*See companion article on p. 410. The opinions or insertions contained herein are the private views of the author and are not to be construed as official or as reflecting the views of the Department of the Army or the Department of Defense.
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Figure 1A



Figure 1B



Figure 1—Petechial hemorrhages on the dorsal antebrachium (A) and medial pinna of the ear (B) of a dog experiencing DIC dur-



ing heatstroke.



ical presentation, the clinicopathologic findings, prognosis, prevention, and treatment of heatstroke in dogs.



CLINICAL PRESENTATION A complete physical examination should be performed on all dogs suspected of heatstroke. Because severe mentation abnormalities are reported to be associated with a poor outcome, particular attention should be directed toward determining the level of consciousness.8 Heatstroke should be considered in any animal that presents with a core body temperature higher than 106˚F (41˚C), that has a consistent history of environmental exposure, and when other causes of hyperthermia have been excluded. However, it should be pointed out that some animals may have a normal or even subnormal temperature at the time of examination; this occurs especially if the owners have initiated treatment to cool down the animal before presentation or if the patient is in an advanced stage of shock.8 The most common clinical sign in patients with heatstroke is excessive panting.8,9 The oral cavity and mucous membranes are usually tacky due to panting and extreme dehydration. Mucous membranes may also be darkened or hyperemic due to systemic vasodilation. The capillary refill time may be immediate or nondetectable. Dogs may exhibit ataxia, loss of consciousness, cortical blindness, seizures, or even coma. Dogs with cerebral edema can be initially stuporous and progress to involuntary paddling, course tremors, and obtundation. Brain stem reflexes (e.g., pupil, cornea) may also be diminished. The mucous membranes or sclera may reveal icterus due to massive hemolysis or hepatic dysfunction. In terminal stages of



heatstroke, shallow respirations and apnea may occur from neurologic dysfunction. Examination of the mucous membranes, pinna, and vulva may reveal petechial hemorrhages or ecchymosis, indicating possible disseminated intravascular coagulation (DIC; Figure 1). Tachycardia with thready pulses is usually present due to extreme hypovolemia.10 Pulse deficits may be noted if there is an arrhythmia. Melena, bloody diarrhea, or mucosal sloughing may be detected on rectal examination. 5 In addition, dark urine described as “machine-oil” or “coke-colored” may be present, indicating myoglobinuria. Clinical presentation can sometimes give clues as to whether the animal’s elevated temperature is pyrogenic or nonpyrogenic. Pyrogenic hyperthermia includes infectious and noninfectious systemic inflammatory diseases. Systemic inflammatory diseases characterized by elevated temperatures usually do not cause panting and hypersalivation in animals.2 Pyrogenic animals also will usually be ambulatory, whereas many heatstroke animals are unwilling or unable to rise.8 A thorough history is very important in determining the reason for the hyperthermic event. Careful questioning may reveal that the dog was confined in a car on a hot day. Dog handlers and trainers may reveal that the dog collapsed after a working or athletic event. There also may be other pathologic diseases present that prevent proper heat dissipation, such as laryngeal paralysis or upper airway, neurologic, or cardiovascular disease. Loud breathing sounds may be observed on inspiration, suggesting underlying anatomic defects or diseases of the upper airway. Owners may report a recent change in the dog’s bark, suggesting laryngeal disease.
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Some dogs may be presented for hyperthermia with a syndrome that affects muscle metabolism. For example, eclampsia and other causes of hypocalcemia can be associated with elevated body temperature, muscle tremors, and altered mental state.3 Ingestion of tremorgenic toxins, such as hexachlorophene, mycotoxins on moldy cheese or walnuts, organophosphates, or metaldehyde, has been reported to cause hyperthermia.11 Both untreated hypocalcemia and toxin ingestion can cause the same sequelae as heatstroke because of excessive muscle activity from tremors. Recently, hyperthermia was reported in dogs with macadamia nut toxicosis.12 Malignant hyperthermia is another syndrome that may be confused with heatstroke.3 This syndrome causes a myopathy resulting in extreme muscle rigidity that is sometimes associated with administration of pharmacologic agents, such as halothane and succinylcholine chloride. There is also a genetic predisposition to the development of malignant hyperthermia in some dogs.13



CLINICOPATHOLOGIC FINDINGS Initial assessment tests of patients with clinical signs related to heatstroke include packed cell volume, total solids, peripheral blood smear evaluation, blood glucose, and estimation of whole blood urea nitrogen (BUN). Hemoconcentration (elevated hematocrit and total solids) associated with dehydration is commonly seen. Low total solids and anemia may be found in some dogs as the result of direct hyperthermic damage, gastrointestinal losses, vasculitis, or renal losses. One study reported poorer outcomes in dogs presented for heatstroke with hypoproteinemia; however, blood samples in that study may have been drawn after fluid resuscitation.8 Blood glucose concentration is often decreased because of increased metabolic demands, hepatic dysfunction, or even sepsis.8 BUN and creatinine levels may be elevated, especially during an acute renal failure crisis. In addition, prerenal factors may contribute to the azotemia through dehydration, poor perfusion, and hemoconcentration. Urine specific gravity also should be evaluated to assess urine-concentrating ability. Urine sediment should be examined for casts indicating renal tubular damage. Myoglobinuria is occasionally noted on urinalysis and indicates rhabdomyolysis. Hepatocellular damage usually results in elevated liver enzyme concentrations, particularly alanine transaminase, aspartate transaminase, and alkaline phosphatase.8,14 Mild hyperbilirubinemia may also occur.8 High levels of creatinine phosphokinase indicate rhabdomyolysis and may peak at 24 to 48 hours before declining. Coagulation abnormalities caused by thrombocytopenia, coagulation factor disruption or depletion, and DIC are common complications in canine heatstroke.10,15 Thrombocytopenia, decreased fibrinogen levels, prolongation of activated partial thromboplastin time, prothrombin time, increased fibrin degradation products, and prolonged activated clotting time can be seen individually or in combination during DIC. Schistocytes may be present on a blood smear, lending support to a presumptive diagnosis of DIC. There may be increased leukocyte numbers; however, severely affected dogs may exhibit marked leukopenia. In addition, blood smears may reveal nucleated red blood cells; however, this finding is transient. Various electrolyte abnormalities commonly occur with canine heatstroke. Hypernatremia is frequently present due to pure water loss.16,17
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A mild hyperkalemia may also be present.10 Hypophosphatemia and hypocalcemia may occur as well, although the mechanism of these changes is unknown.1 Blood gas analysis may reveal respiratory alkalosis reflecting hypocarbia secondary to excessive panting or metabolic acidosis reflecting lactic acid production associated with poor tissue perfusion or excessive muscle activity. Metabolic acidosis in dogs with heatstroke may also be caused by acute renal failure or diarrhea. In addition, mixed acid–base disorders (e.g., respiratory alkalosis, metabolic acidosis) commonly occur. Frequent monitoring of blood gases or total carbon dioxide is recommended during the initial resuscitation of heatstroke patients.



TREATMENT The primary goal of treatment for patients with heatstroke is to lower the body temperature quickly enough to prevent further damage to vital organ tissues, but not so fast as to cause hypothermia and induce heat-producing mechanisms. Rapid surface cooling can also produce peripheral vasoconstriction, which inhibits cooling mechanisms and shunts warm blood to core body organs. After cooling, sequelae that are secondary to heatstroke may develop and complicate patient status. It is imperative that the patient be monitored continuously for at least 24 to 48 hours after initial presentation. Measures Instituted by Owners Heatstroke is a medical emergency; therefore, owners should institute treatment immediately by taking steps to progressively cool the animal to normal body temperature. If possible, the dog should be sprayed down by the owner before being transported to the veterinary hospital. Evaporation can be enhanced by driving with the windows open or placing the dog by the air conditioning vent as this will help with convective heat dissipation. One study showed a mortality rate of 49% for dogs that were not cooled by their owners versus 19% for those that were cooled before being transported to their veterinarian. 8 The following steps are recommended in treating heatstroke victims; however, steps A through D should take place simultaneously, particularly in unstable patients. Dosages for pharmacologic recommendations are listed in Table 1. Veterinary Treatment A. Ensure patent airway and provide oxygen. On presentation to the clinic, the dog should be quickly evaluated for patent airway and oxygen should always be supplemented. Sedation may be necessary for dogs with laryngeal paralysis or for tracheal intubation. Intubation and positive pressure ventilation are necessary



for patients that are hypoventilating or in respiratory arrest. Oxygen cages are contraindicated because they can contribute to overheating. B. Provide external cooling. The dog should be sprayed down with water or immersed in a cool water bath and placed in front of fans. Massaging may help with cooling by increasing blood flow and vasodilation. Ice water baths are contraindicated because they may actually cause vasoconstriction, decreased cutaneous blood flow, and capillary sludging, which promote DIC. Furthermore, ice water may cause a shivering response, which is a heat-producing mechanism. Internal cooling, such as cold water enemas and gastric lavages, has been suggested and may help decrease core body temperature.18 However, these cooling methods are not practical and they impair ability to monitor temperature properly. A few ice packs may be placed on the dog’s head to hasten cooling of the brain. Aggressive cooling efforts should be discontinued when the patient’s temperature reaches 103˚F (39.4˚C) because it may continue to drop precipitously. C. Obtain a minimum database. An IV catheter should be placed, and a minimum database that includes hematocrit, total solids, BUN, blood glucose, urine dipstick, and urine specific gravity, should be obtained. Pretreatment blood samples for complete blood cell count, serum chemistry profile, blood gas, and coagulation profile should be drawn at this time. D. Administer IV fluids. IV fluid therapy is an important component in cooling core body temperature. Commence IV fluid therapy of room-temperature fluids to counteract cardiovascular shock. Crystalloid fluids (e.g., balanced electrolyte solutions) are usually the initial fluids of choice because of the need to rehydrate the interstitium. Colloids (e.g., hetastarch, dextran, plasma) may be used during the initial resuscitation period; however, some crystalloid therapy must follow shortly thereafter.19 When both types of fluids are used together, the dose of crystalloids should be reduced 40% to 60%.20 Patients that are hypoalbuminemic and have decreased colloid osmotic pressure may benefit from colloids. Because heatstroke victims suffer from hypotension and hypoxia, the strong colloidal and oxygen-carrying capabilities of the polymerized bovine hemoglobin glutamer-200 (Oxyglobin; Biopure Corporation) may benefit some dogs that are anemic and have low oncotic pressure.21,22 Whole blood or packed red blood cell transfusions may be necessary to treat anemia after initial resuscitation. Fluids are administered to effect because alterations in fluid types and administration rates must be based on serial patient evaluations (e.g., heart rate, pulse quality, mucous membranes and capillary refill time, arterial blood pres-
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Table 1. Recommended Pharmacologic Treatments for Stabilization/Complications Associated with Heatstroke in Dogs Treatment/Clinical Problem



Drug



Dose Regimen



Sedation



Butorphanol Diazepam Propofol



0.2–0.4 mg/kg IV 0.1–0.5 mg/kg IV 5–7 mg/kg IV



IV fluids



Crystalloids (lactated Ringer’s solution, Normosol-R); if sodium >160 mEq/dl, use 0.45% sodium chloride and 2.5% dextrose Colloids (e.g., hetastarch, plasma) Oxyglobin



90 ml/kg/hr (during initial resuscitation), then 2–6 ml/kg/hr



Antibiotics



Ampicillin Enrofloxacin



10–20 ml/kg/day 10–30 ml/kg; 10ml/hr 22 mg/kg q8h IV 5–7 mg/kg diluted 50:50 in saline q12h IV 22 mg/kg q8h IV



Cefazolin Gastrointestinal protection



Cimetidine Ranitidine Sucralfate



5–10 mg/kg q8h IV 0.5 mg/kg q12h IV Large dogs: 1 g PO tid Medium dogs: 1⁄2 g PO tid Small dogs: 1⁄4 g PO tid



DIC



Fresh-frozen plasma Heparin



10–20 ml/kg q4h IV 50–100 U/kg q8h SC; taper dose over several days



Metabolic acidosis



Sodium bicarbonate



Calculated dose (mEq) = 0.3 × wt (kg) × base deficit. Give 25%–50% of calculated dose slowly IV; repeat blood gas 30 min later



Hypokalemia (20 mEq/10 ml)



Potassium chloride



Give no more than 0.5 mEq/kg/hr IV



Ventricular arrhythmias



Lidocaine (2%)



2–4 mg/kg slow IV until arrhythmias resolve, 50–80 µg/kg/min IV CRI 10–30 mg/kg q6h PO, 8–20 mg/kg IV or IM, 25–50 µg/kg/min IV CRI



Procainamide Oliguric renal failure



Mannitol Dopamine Furosemide



0.5–1.0 g/kg IV 3 µg/kg/min IV 2 mg/kg IV; 1 mg/kg/hr



Pulmonary edema



Furosemide



2–4 mg/kg IV



Central neurologic treatment



Mannitol Diazepam



1 g/kg IV 0.5–1.0 mg/kg IV



Shock or hypotension



Dopamine or dobutamine Dexamethasone SP Prednisolone sodium succinate



5–10 µg/kg/min IV CRI 2–8 mg/kg IV 10–25 mg/kg IV



CRI = constant-rate infusion.
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sure, central venous blood pressure). Central venous blood pressure monitoring is helpful in assessing intravascular volume and preventing excessive fluid administration.23 E. Administer antibiotics. The use of prophylactic antibiotic therapy is controversial because of the potential to induce resistance and worsen endotoxemia. If considered, administration of parenteral antibiotics that provide a bactericidal combination effective against most gram-negative, gram-positive, and anaerobic bacteria is recommended. F. Correct hypoglycemia. Supplement dextrose in IV fluids as needed. G. Protect the GI tract. An H2 blocker, such as cimetidine or ranitidine, may be given 1 hour after administration of sucralfate. Administration of oral medications in debilitated patients with potentially compromised swallowing reflexes may cause aspiration and, therefore, should be used with caution. H. Treat for DIC. Fresh-frozen plasma should be administered in dogs with DIC.24 Consider incubating the plasma with heparin for 30 minutes before administration. 24 Unless active hemorrhage is occurring, heparin may also be given parenterally. I. Correct acid–base and electrolyte abnormalities. Correction of perfusion deficits often leads to improvement in the degree of acidemia. However, if acidemia persists after adequate resuscitation, sodium bicarbonate can be given to correct metabolic acidosis (pH 
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