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Introduction

Hypothermia ‡°‘¥‡¡◊ËÕ core temperature of <35oC (<95oF). æ∫¡“°„π

ª√–‡∑»‡¡◊ÕßÀπ“«

Õÿ≥À¿Ÿ¡‘°“¬ “¡“√∂μË”≈ß‰¥â®“° conduction, convection, radiation, or

evaporation.

Conduction §◊Õ°“√æ“§«“¡√âÕπÕÕ°‚¥¬ ‡™àπ Õ¬Ÿà„π cold environment,

immersed in water, √à“ß°“¬®–‡ ’¬§«“¡√âÕπÕ¬à“ß√«¥‡√Á« 30 ‡∑à“‡¡◊ËÕ‡∑’¬∫°—∫Õ¬Ÿà„π

Õ“°“»

Convection §◊Õ °“√æ“§«“¡√âÕπÕÕ°‚¥¬ heated material ‡™àπ °“√„™â

≈¡‡ªÉ“

 à«π§«∫§ÿ¡§«“¡√âÕπ §◊Õ hypothalamus §«“¡√âÕπ∂Ÿ° conserved by pe-

ripheral vasoconstriction ·≈– behavioral responses.‡™àπ ¿“«– dementia, drug

intoxication, or traum ‡æ‘Ë¡ risk of hypothermia

Etiology (μ“√“ß∑’Ë 1)

Pathophysiology and Clinical Features

çmildé hypothermia, body temperatures of 32oC to 35oC (89.6oF to

95.0oF) ºŸâªÉ«¬Õ¬Ÿà„π¿“«– excitation (responsive) stage, ‡°‘¥ physiologic adjust-

ments À≈“¬Õ¬à“ß‡æ◊ËÕ√—°…“§«“¡√âÕπ‰«â ‰¥â·°à heart rate, cardiac output, and blood

pressure
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‡¡◊ËÕ body temperature πâÕ¬°«à“ 32oC (89.6oF) ®–‡°‘¥¿“«– slowing (ady-

namic) stage, ¡’ progressive slowdown of bodily functions and metabolism,

‡ªìπ “‡Àμÿ„Àâ‡°‘¥ decrease in both oxygen utilization and carbon dioxide pro-

duction.

‡¡◊ËÕ body temperature πâÕ¬°«à“ 30oC to 32oC (86.0oF to 89.6oF), Car-

diac output and blood pressure ®–≈¥≈ßÕ¬à“ß¡“°®“° negative inotropic ·≈–

chronotropic effects of hypothermia ·≈– concomitant hypovolemia. Circulat-

ing volume ≈¥≈ß‰¥â∂÷ß 1/3 ¢Õß normal blood volume.

μ“√“ß∑’Ë 1

Causes of Hypothermia

Accidental (environmental) exposure
Metabolic disorders

Hypoglycemia

Hypothyroidism
Hypoadrenalism

Hypopituitarism

Hypothalamic and central nervous system dysfunction
Head trauma

Tumor

Stroke
Wernicke encephalopathy

Drugs

Ethanol
Sedatives-hypnotics

Sepsis

Dermal disease
Burns

Exfoliative dermatitis

Acute incapacitating illness
Massive fluid or blood resuscitation
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Metabolic causes ∑’Ë∑”„Àâ‡°‘¥ hypothermia ‰¥â·°à¿“«–∑’Ë¡’ decrease in

metabolic rate (hypothyroidism, hypoadrenalism, hypopituitarism, Hypogly-

cemia  “‡ÀμÿÕ◊Ëπ„¥∑’Ë¡’º≈μàÕ hypothalamic ·≈– central nervous system (CNS)

dysfunction (e.g., head trauma, tumor, stroke), Wernicke disease (potentially

reversible with parenteral thiamine administration).

Ethanol or drug intoxication æ∫‰¥â∫àÕ¬„π hypothermic patients ∑”„Àâ‡°‘¥

vasodilator, anesthetic and CNS depressant effects °≈ÿà¡¬“ sedative-hypnotic

and vasodilating drugs

Sepsis ∑”„Àâ‡°‘¥ alter the hypothalamic temperature set point ́ ÷Ëß∑”„Àâ‡°‘¥

hypothermia ·≈– ∫Õ°∂÷ß poor prognostic factor in patients with bacteremia.

Severe dermal disease, significant burns, severe exfoliative dermati-

tis ∑”„Àâ¡’ cutaneous vasoconstriction μàÕ¡“®÷ß¡’¿“«– increase transcutaneous

water loss, ‡ªìπpredisposing ∑’Ë∑”„Àâ‡°‘¥¿“«– hypothermia.

Hypothermia causes characteristic ECG changes and may induce

life-threatening dysrhythmias5. The Osborn or J wave-a slow, positive de-

flection at the end of the QRS complex-is characteristic, though not pathog-

nomonic, of hypothermia.

ºŸâªÉ«¬®–‡√‘Ë¡¡’ dysrhythmias ‡¡◊ËÕ body temperatures μË”°«à“ 30oC (86oF)

·≈–‡æ‘Ë¡¡“°¢÷Èπμ“¡Õÿ≥À¿Ÿ¡‘∑’Ë≈¥≈ß typical sequence ‰¥âμ—Èß·μà progression ®“° si-

√Ÿª∑’Ë 1
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nus bradycardia to atrial fibrillation with a slow ventricular response, to

ventricular fibrillation, and ultimately to asystole.

Pulmonary effects ‡√‘Ë¡μ—Èß·μà tachypnea, progressive decrease in res-

piratory rate and tidal volume. Cold-induced bronchorrhea, depression of

cough and gag reflexes ∑”„Àâ¡’ aspiration pneumonia ́ ÷Ëß‡ªìπ common compli-

cation.

Acid-base disturbances æ∫∫àÕ¬„π¿“«– hypothermia ·μà‰¡à¡’√Ÿª·∫∫∑’Ë

™—¥‡®π Hypothermia ∑”„Àâ¡’ leftward shift of the oxyhemoglobin dissociation

curve ‡°‘¥ potentially impairing oxygen release to tissues. ‡ ¡◊Õπ‡°‘¥¿“«–

Hypoxia ®÷ß®”‡ªìπμâÕß„Àâ oxygen supplement.

º≈μàÕ CNS ‰¥â·°à consciousness ®– progressively depressed μ“¡

Õÿ≥À¿Ÿ¡‘∑’Ë≈¥≈ß Mild incoordination, confusion, lethargy, coma; pupils Õ“®®–

dilated ·≈– unreactive ∑—ÈßÀ¡¥‡ªìπº≈¡“®“°°“√≈¥≈ß¢Õß cerebral blood flow

μ“√“ß∑’Ë 2

ECG Changes in Hypothermia

T-wave inversions

PR, QRS, QT prolongation

Muscle tremor artifact

Osborn (J) wave

Dysrhythmias

Sinus bradycardia

Atrial fibrillation or flutter

Nodal rhythms

Atrioventricular block

Premature ventricular contractions

Ventricular fibrillation

Asystole
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Hypothermia impairs renal concentrating abilities ·≈– induces a cold

diuresis, ‡°‘¥ volume loss ¥â«¬‡Àμÿπ’È urine flow ·≈– specific gravity ‰¡à

 “¡“√∂„™âª√–‡¡‘≥ intravascular volume ·≈– circulatory status ‰¥â

Immobile hypothermic patient ¡’‚Õ°“ ‡°‘¥ rhabdomyolysis ·≈– acute

renal failure ®“° myoglobinuria ·≈– renal hypoperfusion

Combination √–À«à“ß hemoconcentration, cold-induced increase in

blood viscosity, ·≈– poor circulation Õ“®‡°‘¥¿“«– intravascular thrombosis

and embolic complications. Disseminated intravascular coagulation ®“°°“√

release of tissue thromboplastins ‡¢â“‰ª„π blood stream ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡¡◊ËÕ

√–∫∫ circulation ‡√‘Ë¡°≈—∫¡“∑”ß“πÕ’°§√—Èß¢≥– rewarming. §«“¡‡¬Áπ¬—∫¬—Èß platelet

function ·≈– enzymatic reactions of the coagulation cascade ºŸâªÉ«¬®÷ß‡ ’Ë¬ß

μàÕ¿“«– bleeding

Endocrine function ¡—°®– preserved ∑’Ë low body temperatures ‡™àπ

Plasma cortisol, thyroid hormone levels ®–ª°μ‘ À√◊Õ  ÿß¢÷Èπ πÕ°®“°§π‰¢â®–¡’

hormone deficiency Õ¬Ÿà‡¥‘¡

Pancreatitis and pancreatic necrosis æ¬‰¥â„π hypothermia. Hepatic

function ≈¥≈ß drugs metabolized, conjugated, detoxified ≈¥≈ß ¡’ accumulate

¢Õß toxic levels Õ¬à“ß√«¥‡√Á«

Diagnosis

°“√ diagnosis hypothermia ∫“ß§√—Èß∑”‰¥â¬“° ‡π◊ËÕß®“°Õÿª°√≥å ¡—°«—¥

Õÿ≥À¿Ÿ¡‘‰¥â·§à 34.4oC (93.9oF, ¡—°®–μâÕß„™â Electronic thermometers with flex-

ible probes „π°“√„Àâ continuously monitor rectal, bladder, esophageal tem-

peratures.

Treatment

§◊Õ°“√ rewarming techniques π”ºŸâªÉ«¬ÕÕ°®“° environment ∂Õ¥
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‡ ◊ÈÕºâ“‡ªï¬° ·≈– ∑”„Àâμ—«·Àâß ¥â«¬§«“¡√–¡—¥√–«—ß‡æ√“– “¡“√∂ precipitate ventricular

fibrillation ™’æ®√¡—°§≈”‰¥â¬“° °“√∑” chest compressions  “¡“√∂∑”„Àâ‡°‘¥ ven-

tricular fibrillation ®÷ß§«√„™â‡«≈“Õ¬à“ßπâÕ¬ 30-45 «‘π“∑’ ‡æ◊ËÕ§≈”™’æ®√ ·≈– ¥Ÿ°“√À“¬„®

Oxygen and IV fluids §«√ warmed, monitor core temperature, car-

diac rhythm, and oxygen saturation indications „π°“√„ à endotracheal intu-

bation ‡À¡◊Õπª°μ‘ ·μàÕ“®°√–μÿâπ„Àâ¡’ dysrhythmias ‰¥â ·μà¡—°®– revert spontane-

ously with rewarming hypothermic heart ¡—°®– resistant μàÕ atropine, pacing

·≈– countershock. Ventricular fibrillation ®–‡ªìπ·∫∫ refractory ®π°«à“®–∑” re-

warmed The American Heart Associationûs 2005 guidelines suggest ∑” single

defibrillation ∂â“‰¡à ”‡√Á®„Àâ‡√‘Ë¡ CPR ·≈– rapid rewarming Õ“®®–∑” Defibrilla-

μ“√“ß∑’Ë 3

Rewarming Techniques

Passive rewarming

Removal from cold environment

Insulation
Active external rewarming

Warm water immersion

Heating blankets set at 40oC (104oF)
Radiant heat

Forced air

Active core rewarming at 40oC (104oF)
Inhalation rewarming

Heated IV fluids

GI tract lavage
Bladder lavage

Peritoneal lavage

Pleural lavage
Extracorporeal rewarming

Mediastinal lavage by thoracotomy



«—πª√’¥’  μ—π‡ π’¬å 327

tion ‰¥âÕ’§√—Èß‡¡◊ËÕ core temperature 30oC (86oF).7

Rewarming Techniques

¡’«‘∏’°“√À≈“¬·∫∫μ“¡μ“√“ß ·μà¬—ß¡’ prospective, controlled studies com-

paring rewarming methods in humans πâÕ¬

IV fluids ·≈– blood §«√ warmed 40oC (104oF) ¬‘Ëß∂â“‰¥â massive volume

resuscitation

Prognosis

§π‰¢â çuncomplicatedé hypothermia ®–¡’ low mortality rate §π‰¢â∑’Ë¡’

significant associated diseases ¡—°®–¡’ prognosis ∑’Ë‡≈«°«à“21 ·μà‚√§∑’Ë¡’√à«¡¡’

º≈μàÕ prognosis πâÕ¬°«à“ initial temperature ·≈– rewarming method ∂â“¡’ as-

phyxia À√◊Õ near-drowning √à«¡¥â«¬ prognosis ®–‡≈«∑’Ë ÿ¥22

°“√®–∫Õ°«à“ºŸâªÉ«¬‡ ’¬™’«‘μ„π hypothermia §◊Õ ‰¡àøóôπ§◊π μ‘À≈—ß®“° rewarm-

ing πÕ°®“°π—Èπ∂â“‰¡à¡’ strong evidence «à“ºŸâªÉ«¬‡ ’¬™’«‘μÕ¬à“ßÕ◊Ëπ μâÕß∑” resuscita-

tion ®π°√–∑—Ëß core temperature μË”°«à“ 30oC to 32oC (86.0oF to 89.6oF).

ºŸâªÉ«¬ hypothermic  à«π¡“°®”‡ªìπμâÕß admit ∑—Èß‡æ◊ËÕ√—°…“Õ“°“√®“° Hy-

pothermia ·≈– Underlying Õ◊ËπÊ
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