
This syndrome is precipitated by the collective 

inability of the body to maintain normal thermoregula-

tion through proper cooling and heat dissipation me-

chanisms (11). The risk factors for the triggering of the 

overheating syndrome are represented by any previ-

ous episodes, obesity, breed (brachycephalic, Golden 

Retriever, Labrador), elevated ambient temperatures 

and humidity, poor acclimatization and low resistance 

to physical effort. English Bulldogs are particularly 

predisposed to heat stroke because of a combination 

of a brachycephalic conformation and obesity (1). Ob-

structive airway syndrome is a complex respiratory 

disease related to congenitally flattened facial and 

skull anatomy, causing respiratory distress, heat into-

lerance, exercise intolerance, and gastrointestinal 

signs (6). 

The acute obstruction of the superior airways can 

occur consequently to the overheating syndrome, post-

extubation or as the worsening of a chronic obstruc-

tion.

Non-pyrogenic hyperthermia occurs when heat-

dissipating mechanisms cannot compensate adequa-

tely for heat-producing mechanisms, thereby leading 

to an increase in body temperature above the set-

point and sometimes to heatstroke (11). Hyperther-

mia can trigger oxidative stress mechanisms, which 

can act at the gastrointestinal level through intestinal 

ischemia, cytoskeleton relaxation, increase in intes-

tinal permeability and finally, bacterial translocation. 

Hyperthermia can generate cerebral hypoperfusion, 

neuronal necrosis, vascular lesions, cerebral edema, 

hemorrhages, and multifocal vascular thrombosis. Ca-

nine heatstroke induces acute multiple organ lesions 

affecting most body systems. More prevalent lesions 

include hemorrhagic diathesis, micro thrombosis and 

necrosis, sequels of hyperthermia-induced dissemina-

 Heat stroke syndrome in dogs occurs particularly 

during the summer months and rapidly progresses to a 

life-threatening emergency, clinically manifested 

through hyperthermia, dysfunctions of the central ner-

vous system, the activation of the inflammatory me-

chanisms, hemostasis disorders and initiation of the 

systemic inflammatory response syndrome (SIRS).

 The pathological cascade can evolve through den-

turation of proteins, inactivation of enzymes, destruc-

tion of the cell membrane, alteration of the mitochon-

drial function to acute respiratory distress syndrome 

(ARDS), acute kidney injury (AKI), disseminated intra-

vascular coagulation (DIC) or multiple organ dysfunc-

tion syndrome (MODS). It is a high risk condition for 

brachycephalic dogs, especially when associated with 

obstructive airway syndrome, anatomical abnormali-

ties and a decreased capacity to lose heat through 

panting.
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 Sindromul șocului termic la câine, este întâlnit în 

lunile de vară și se manifestă sub forma unei urgențe 

vitale, manifestându-se clinic prin hipertermie, dis-

funcții ale sistemului nervos central, activarea meca-

nismelor inflamatorii, tulburări de hemostază, iniție-

rea răspunsului inflamator sistemic (SIRS). 

 Cascada patologică poate continua cu denatura-

rea proteinelor, inactivare enzimatică, distrucții mem-

branare celulare, alterarea funcției mitocondriale, 

conducând la manifestarea sindromului de insuficiență 

respiratorie acută (ARDS), afectare renală acută 

(AKI), coagulare intravasculară diseminată (CID) sau 

disfuncții multiple de organ (MODS). Șocul termic re-

prezintă o patologie de risc pentru câinii brahicefalici, 

mai ales în situațiile asociate cu obstrucții ale căilor ae-

riene, datorate anomaliilor lor anatomice și respectiv 

unei capacități diminuate de a pierde căldură prin res-

pirație.

Cuvinte cheie: șoc termic, 

câine brahicefalic, urgență
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ted intravascular coagulation and systemic inflamma-

tory response syndrome, which can lead to multi-or-

gan dysfunction and death (7). The syndrome is asso-

ciated with the clinical manifestations of hyperther-

mia, hypotension, tachypnea, disorientation, shock, 

hemostasis disorders, massive hemorrhagic diarrhea 

and hematemesis, stupor, convulsions or coma.

Oxygen supplementation is mandatory starting 

with the triage phase, in cases of acute respiratory dis-

tress syndrome (ARDS), non-cardiogenic pulmonary 

edema or laryngeal edema. Brachycephalics with ther-

mal shock exhibit compensatory hyperventilation and 

are not able to oxygenate themselves enough, resul-

ting in respiratory insufficiency. Their rapid increase of 

respiratory effort,hyperthermia and muscular exhaus-

tion lead to respiratory arrest ! Excessive manipulation 

can result in exacerbation of respiratory distress, he-

moglobin desaturation and respiratory arrest. Thus, in 

unstable animals, it is very important to limit diagnos-

tic testing. Instead, initial efforts should be focused on 

stabilization and application of non-specific respirato-

ry support modalities, such as oxygen supplementa-

tion (17). A variety of emergency interventions may 

be necessary to control hypoxia including non-inva-

sive methods (high air flow devices), followed, if 

needed, by additional invasive techniques (endotra-

cheal intubation under general anesthesia, nasal oxy-

genation catheter, tracheal catheter, tracheotomy). 

Temperature control is essential for the limitation 

of clinical manifestations (tachypnea, tachycardia, va-

sodilation, massive hemorrhagic diarrhoea, hemate-

mesis, coagulopathies, myocardial hypoperfusion, 

lactic acidosis, electrolytic disturbances, cardiac 

arrhythmias, stupor, convulsions, and death). For 

temperatures greater than 39.5°C, patients should re-

ceive active cooling as follows: intravenous fluids at 

room temperature, wet towels at room temperature. 

Ice packs or ice water baths are not recommended as 

they may cause vasoconstriction, decreased cutane-

ous blood flow and capillary sludging, which can pro-

mote DIC. The rectal temperature should be checked 

every 10 minutes and active cooling stopped once the 

temperature reaches 39.4 °C to prevent rebound hy-

pothermia (2).

Corticosteroids (prednisolone sodium succinate, 

dexamethasone sodium phosphate) may prevent ce-

rebral edema and stabilize membranes in thermal 

shock, but their use is controversial. Complications 

associated with corticosteroids include gastric ulcera-

tion to an already under perfused gastrointestinal sys-

tem, immunosuppression and exacerbation of heat 

stroke induced renal damage. NSAIDs, such as dipy-

rone and flunixin meglumine, are contraindicated for 

heatstroke because they can cause severe hypother-

mia, gastrointestinal ulceration, prolonged bleeding 

times, and bone marrow suppression. Anti-prosta-

glandins are generally only effective in lowering body 

temperature in dogs with a true fever and are not in-

dicated with environmentally induced hyperthermia.

Patients will receive fluids for the control of the 

tissue perfusion and to correct hydroelectrolytic disor-

ders. A minimum database should be obtained: com-

plete blood cell count, serum chemistry profile, blood 

gas and coagulation profile, urine analysis. The gas-

trointestinal tract is very sensitive to heat shock and is 

a major source of fluid loss (vomiting, diarrhea and ile-

us). Crystalloid isotonic fluids (lactated Ringer's solu-

tion, if sodium >160 mEq/dl use 0.45% sodium chlo-

ride and 2.5% dextrose) will be administered, supple-

menting, if needed, with colloid boluses (e.g., heta-

starch, plasma), depending on the hydration state, 

cardiovascular potential and the electrolytic status of 

the patient. Central venous blood pressure monitoring 

is helpful to evaluate the therapeutic response, by 

assessing intravascular volume and preventing exce-

ssive fluid administration during therapy.

Correction of perfusion deficits often leads to im-

provement in the degree of acidemia. Metabolic acido-

sis is the predominant response in heatstroke (14). If 

acidemia persists after adequate fluid resuscitation, 

sodium bicarbonate can be given to correct metabolic 

acidosis (pH <7.2, dose (mEq) = 0.3 × wt (kg) × base 

deficit, 25%–50% of calculated dose slowly IV; repeat 

blood gas 30 min later). For correction of hypokalemia, 

administer potassium chloride with maintenance flu-

ids (maximum 0.5 mEq/kg/h IV).

Monitor glycemia and supplement it as needed 

with dextrose in intravenous fluids, hypoglycemia is a 

risk factor for the development of central nervous sys-

tem depression and death.

Monitor ECG for abnormalities due to direct effect 

of thermal myocardial damage or due to hypoperfu-

sion, lactic acidosis, electrolyte imbalance or thrombo-

sis. Correct electrolyte level before administration of an 

antiarrhythmic (lidocaine 2–4 mg/kg slow IV bolus, 

followed by a 50–80 μg/kg/min infusion until arrhyth-

mias resolve). Therapy and monitoring will continue wi-

thout interruptions until the patient is stable (normal 

values for heart rate, pulse quality, mucous membra-

nes color, capillary refill time, arterial blood pressure). 

For patients without complete airway obstruction, 

conservative management can be first attempted (oxy-
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gen supplementation, sedation, cooling).  

Patients should not be left unsupervised until they 

are stable, as intubation can become necessary at any 

time. The goal of sedation is to reduce anxiety and slow 

the respiratory rate, which will reduce turbulence and 

improve airflow. The patient should remain conscious 

and retain a gag reflex. If the gag reflex is lost, the pa-

tient must be intubated to protect the airways from as-

piration, which can lead to pneumonia (15).

Assisted ventilation is recommended either in case 

of severe hypoxemia (PaCO <80 mmHg or SpO < 2 2 

90%) or hypercapnia (PaCO >60 mmHg). Complica-2 

tions regarding mechanic ventilation are correlated to 

the accidental disconnection of the patient, machine 

failure, barotrauma and atelectasis or oxygen toxicity. 

After the initial stabilization with FiO 100% (max. 24 2 

hours), concentrations must be reduced (<60% FiO ), 2

because oxygen toxicity (hyperoxia) might appear with 

the occurrence of inflammation and tissue edema (4, 

16, 18).

Anesthesia and airway management of brachyce-

phalic dogs can be challenging; in addition, these 

breeds are predisposed to conditions such as gastro-

esophageal reflux, hiatal hernia, abnormal ocular con-

formation and subsequent corneal ulceration, all of 

which may impact upon patient management during 

general anesthesia (20). 

Before induction of anesthesia in brachycephalic 

dogs, especially in cases with a history of gastro eso-

phageal reflux, the administration of 1 mg/kg ome-

prazole can reduce its incidence. If gastro esophageal 

reflux occurs, there is a risk of aspiration of gastric 

contents and subsequent pneumonia, esophagitis, 

irritation of pharyngeal tissues and esophageal stric-

ture (5). The administration of omeprazole (21) and 

metoclopramide (9) is also associated with reduced 

regurgitation. Maropitant reduces vomiting in dogs, 

but has no effect on regurgitation (8). For elective sur-

gery short starvation periods are recommended, be-

cause they are associated with lower regurgitation 

rates (lower cardiac sphincter tone relates to stomach 

acidity) (12) and it is advisable to commence adminis-

tration of omeprazole orally the day before the proce-

dure, to prevent regurgitation, and to administer a 

metoclopramide infusion as soon as clinical signs 

appear. Corticosteroids should not be given to patients 

during heat stress, due to potential gastrointestinal 

tract (GIT) complications such as GIT ulceration (15). 

If it is possible the patient should be positioned with 

the head elevated slightly, any fluid should be re-

moved by gentle suction, followed by esophagus la-

vage with water and repeating suctioning. Premedica-

tion (acepromazine, medetomidine, dexmedetomi-

dine, methadone, buprenorphine, butorphanol) will 

provide sedation, analgesia and reduced doses for 

induction (propofol, alfaxalone).

For brachycephalics, preoxygenation before in-

duction is mandatory, to increase arterial oxygen sa-

turation and to reduce desaturation following intu-

bation. For preoxygenation a minimal contention is re-

commended because stress and struggling can exa-

cerbate respiratory distress, increase oxygen and pre-

cipitate respiratory arrest. Intubation will require in-

duction, without pre-medication in emergency situa-

tions.  An intravenous catheter should be placed and a 

short-acting agent, administered to effect (propofol, 

alfaxan,). For induction, the lowest propofol doses will 

be slowly injected intravenously to avoid apnea, bra-

dycardia, hypotension and respiratory depression (1.0 

mg/kg slow intravenously for the first 15 seconds, 

then another 1.5-2 mg/kg until reaching the desired 

effect). Propofol reduces the cerebral metabolism, the 

cerebral blood flow and the intracranial pressure, also 

alleviating the effects of the hypoxic lesions, and 

inhibiting lipid peroxidation, having an antioxidative 

action. The endotracheal intubation of the brachyce-

phalics must be done with care. If the patient cannot 

be intubated, a tracheostomy should be placed. Anes-

thesia can be maintained, ensuring efficient inter-

mittent positive pressure ventilation. The use of more 

advanced ventilation strategies, including continuous 

positive airway pressure (CPAP) and positive-end ex-

piratory pressure (PEEP), can reduce the atelectasis 

development and preserve lung function during anes-

thesia (13). During anesthesia, ocular lubricant or tear 

replacement solution should always be used as a cor-

neal protectant (19). A particular situation is repre-

sented by the acute obstruction of the superior air-

ways after extubation. For this reason, it is recommen-

ded to postpone extubation as long as possible after 

anaesthesia and to supplement oxygenation through 

non-invasive methods (nasal oxygenation probes, o-

xygen cage, prongs), until they have complete recove-

ry. Since the risk of complications is high, it is good to 

be prepared for a possible intubation or for invasive 

oxygenation methods (tracheotomy, tracheostomy).

Continuous monitoring is mandatory, because the 

patients need re-evaluation and consequent adapta-

tion of the therapy. Patients should be screened for or-

gan injury. Other potential complications include acute 

kidney injury, coagulopathy, hypoglycemia and al-

tered mentation.
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Managing the hemostasis disturbances implies 

the stabilization of the coagulation system, the admin-

istration of fresh frozen plasma or anticoagulants, for 

preventing thrombosis. Hemostatic alterations are 

common in dogs with naturally occurring heatstroke. 

Dogs with heat stroke should be monitored for coagu-

lation abnormalities and clinical signs of DIC conti-

nuously during the first 48 hours after the thermic in-

sult. Thrombocytopenia, prolongation of the pro-

thrombin (PT) and activated thromboplastin (aPTT) 

times and disseminated intravascular coagulation are 

risk factors for death. Thrombocytopenia is most likely 

caused by secondary platelet consumption due to hy-

perthermia-induced platelet aggregation. Alterations 

appear to be associated with the outcome at 12–24 

hours, exemplifying the need for serial measurement 

of multiple laboratory hemostatic tests during hospi-

talization, even when within the reference interval on 

presentation (3, 1). The treatment of the hemostatic 

abnormalities is based on stabilization of the coagula-

tion (fresh-frozen plasma) and prevention of throm-

bosis. Heparin is recommended only when antithrom-

bin III concentrations are adequate, because its pre-

sence is required for heparin to exhibit its beneficial 

effects (13). Although not proven effective, preincu-

bation of whole blood or plasma with heparin is su-

ggested to activate donor antithrombin III (1). 

Maintaining the renal function is possible in the 

case of patients suffering from thermal shock through 

maintaining the perfusion and oxygenation of the kid-

ney. Hypovolemia and dehydration will cause the arte-

rial tension and the cardiac output to lower, leading to 

a decrease of the renal perfusion (renal ischemia). 

Consequent rhabdomyolysis and myoglobulinemia, 

resulted from direct thermal muscular damage can tri-

gger myoglobinuric acute kidney injury. Azotemia is 

common and results from prerenal and renal mecha-

nisms, such as severe hemoconcentration and direct 

renal tissue damage. Measurement of serum creati-

nine is a more sensitive marker of renal injury com-

pared with serum creatinine. 

Supportive treatment should protect against fur-

ther renal deterioration but cannot eliminate the pri-

mary renal insult that induces tubular necrosis (1). If 

the urine output is low (<1ml/kg/h) despite the early 

and aggressive IV fluid therapy, furosemide and/or 

mannitol can be administered. Mannitol (osmotic diu-

retic) will reduce the water content of the neuronal 

cells; will increase the renal perfusion and diuresis. 

Furosemide can be administered at 15 minutes after 

the administration of mannitol. An option for hyperhy-

dration, uremia or different electrolytic imbalances is 

represented by hemodialysis. In a retrospective study 

and analysis of risk factors for death, resulted that se-

rum creatinine > 1.5 mg/dL after 24 hours, delayed 

admission (>90 minutes), seizures and obesity were a 

group of risk factors for death (1). 

The use of prophylactic antibiotic therapy is con-

troversial but in severe cases, it is necessary to start 

the antimicrobial therapy for restricting the endotoxe-

mia and preventing sepsis. If considered, administra-

tion of antibiotics that provide a combination effective 

against gram-negative, gram-positive and anaerobic 

bacteria is recommended (broad-spectrum antibio-

tics). The therapy will be completed with gastrointes-

tinal protectors, H2 antagonists (famotidine) and pro-

ton pump inhibitors (pantoprazole).

Heat stroke syndrome is a life-threatening con-

dition, resulting in serious complications for brachy-

cephalic breeds and a mortality rate, despite appro-

priate treatment. The key points in the therapeutica 

management of the heat stroke syndrome are: oxy-

gen supplementation, temperature control, sedation 

or general anesthesia, control of the tissue perfusion 

and of the acid-base and hydroelectrolytic disorders, 

correction of homeostasis disorders, and maintenance 

of the renal function, blood glucose stability and anti-

microbial therapy. Early admission, diagnosis and in-

tensive treatment are important for survival.
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