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Clinical Aspects of Hypothermia

Chung-Shun Wong, MD; Kuo-Chih Chen, MD; Tzong-L uen Wang, MD, PhD

Abstract

Hypothermiaisgenerally defined asacore body temperaturelessthan 35°C (95°F). Itisone of
themaost common environmenta emergenciesencountered by emergency phys ciansandwasdocu-
mented asaspecia resuscitation situation in advanced cardiac life support (ACL S) and advanced
traumalifesupport (ALTS) guidelines on cardiopulmonary resuscitation and emergency cardiac

care. Thisconditionisfound in varied geographic regionsand during all seasons. Although cold
exposureislikdy themost common cause of hypothermiainemergency department patients, there
aremany other predisposing factorsaswell. Thisarticlereviewsthe etiology, pathophysiology,
clinical presentation, and management of hypothermia.(Ann Disaster Med. 2004; 2 Suppl 2: S69-

S79)
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Introduction

Thehumanbody functionsoptimaly withacore
body temperature between 36.4°C and 37.5°C
(97.5t0 99.5°F) and hypothermiaisgenerally
defined as a core body temperature less than
35°C(95°F). Primary hypothermia(accidenta
hypothermia) refersto a spontaneous reduc-
tion of core temperature as aresult of expo-
sure to cold environments without adequate
protection, whilesecondary hypothermiarep-
resents a complication of an underlying
disorder.?

Body temperature is closely regulated
through abal ance between heet productionand
heat dissipation. Approximately 90% of heat
| ost through the skin by radiation (non-particu-

|ate emission of heat from body), evaporation
(cooling by conversion of fluid to vapor), con-
duction (transfer of heat by direct contact) or
convection (transmission of heat by movement
of heated particles), withtheremainder lost via
thelungsby respiration.?

Etiology

The exposureto cold increases activity inthe
afferent fibersfrom cold receptors, located pe-
ripherally on the skin and centrally along the
great vessels, abdominal visceraand spinal
cord, which stimulatethe pre-optic nucleus of
theanterior hypothalamus. Direct reflex vaso-
congtriction reduces blood flow to the cooling
skin, and colder blood also reachestempera-

From Department of Emergency Medicine, Shin-Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
Address for reprints:Dr. Tzong-Luen Wang, Department of Emergency Medicine, Shin Kong Wu Ho-Su Memorial Hospital,

No 95, Wen Chang Road, Taipei, Taiwan
Received: Feb 10 2004.
TEL: 886-2-28389425

Revised: Feb 25 2004.
FAX: 886-2-28353547

Ann Disaster Med Vol 2 Suppl 2 2004

Accepted: Mar 10 2004.
E-mail: M002183@ms.skh.org.tw



ture-sengtiveneuronsinthehypothalamus. The
hypotha amustheninitiatesmmediateresponses
viathe autonomic nervous system that stimu-
late vasoconstriction of the peripheral and cu-
taneous blood vessels, delayed responses
through theendocrinesystem, adaptive behav-
loral responses, extra-pyramida skeletd muscle
stimulationandshivering.® Theseresponsesaim
either toincreasehesat production or reducehest
loss.

Elderly areparticularly susceptibleto hy-
pothermiabecause thermoregulatory ability is
progressively impaired with age. They may

Hypothermia S70

haveareduced ability to generate heat because
of reduced lean body mass, malnutrition,
immobilization, and reduced shiveringin re-
sponseto cold. Moreover, diminished ability
to sense external temperature changes, inabil-
ity to vasoconstrict appropriately, or abnormal
adaptive behavioral responses may resultsin
increases heat |oss of the elderly.*In addition
totheage-relatedimpairment of adaptability to
afall intemperature, many underlying condi-
tionsincrease aperson’s susceptibility to hy-
pothermiaarelistedin Table 1.%°

Therisk of mortdity fromhypothermiain-

Table 1. Factorsthat increase susceptibility to hypothermia

Mechanism

Clinical disorders

Decreased heat production |Insufficient fuel

shivering

myxedema,

- malnutrition, hypoglycemia
Neuromuscular inefficiency
- extremes of age (infant or elderly), immobilization, impaired

Endocrinologic failure
- hypopituitarism,

hypoaldosteronism,  hypothyroidism,

Increased heat |0ss

Skin disorders

latrogenic

Environmental exposure
- homelessness, poverty, wilderness exposure, immersion, high
altitude, trauma causing immobility,

- burns, psoriasis, exfoliative dermdtitis,
Induced vasodilation
- alcohal, lithium toxicity, toxins

- cold intravenous infusion, emergent deliveries

Impaired thermoregulation |CNS pathology

Drugs

- trauma, stroke, hemorrhage, subarachnoid hemorrhage,
Parkinson's disease, Wernicke's encephaopathy, multiple
sclerosis, neoplasms, hypothalamic dysfunction

- barbiturates, benzodiazepines, opioids,
tricyclic antidepressants, antimanic agents, a cohol

phenothiazines,

Peripheral failure
- neuropathies, spinal cord transactions, diabetes

Miscellaneous

Sepsis,  pancredtitis,  diabetic  ketoacidosis,  uremia,
carcinomatosis, vascular insufficiency, multi-system trauma,
anorexianervosa
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creases with age. People older than 75 years

mortality rates.3®

old arefivetimesaslikely to diefrom hypoth-

ermiaasthoseyounger than 75 yearsold.*Also
the presences of hypothermiain trauma pa-
tientsor sepsiswere associated with ahigher

Pathophysiology
Hypothermiacan havemarked physiologic ef-
fectson the body’svital organ systems. They

Table 2. Physiologic changes and clinical manifestations associated with hypothermia

Systems Mild hypothermia M oderate hypothermia Severe hypothermia
Cardiovascular Theart rate, lheart rate, | blood pressure,
Tcardiac output, Jcardiac output, Jcardiac output,
Tsystemic vascular| | blood pressure, lheart rate
resistance,
1blood pressure
-prolong PRand QT |- J(Osborn) wave, - Ventricular
intervals - Junctional rhythm, atrial |arrhythmias,
- sinus rhythm| and ventricular|- heart block,
predominate arrhythmia - pulseless €ectrica
activity,
- Asystole at <24°C
Neurologic - Confusion, amnesia, -|- lethargy, - coma
dysarthria, - pupils dilate - loss of cerebrovascular
- aaxia, - hallucinations regulation,
- hyperreflexia - hyporeflexia - loss of ocular reflex
lcerebral metabolism |- EEG abnormalities - areflexia
- declinein EEG activity
and silent at < 26°C
Respiratory Trespiratory rate, lrespiratory rate, - pulmonary edema,

Tminute ventilation, Jminute ventilation, - acute  respiratory
- bronchorrhea Joxygen consumption and| distress syndrome,
CO2 production, - apneaat < 24°C
- atelectasis
- loss of cough reflex and
airway protection
M etabolic/endocrine| T metabolic rate, lmetabolic rate, - progressive| to 20% of
1 catecholamines, - hyper/hypoglycemia basal metabolic rate
- hyperglycemia - hyper/hypoglycemia
Renal/electrolytes |- cold diuresis, - cold diuresis Lrenal perfusion,
- bladder atony - hyperkalemia, loglomerular  filtration
- lactic acidosis rate,
- oliguria
- hyperkalemia
- lactic acidosis
Hematologic Thematocrit (hemoconcentration),
| platelet count and function,
lwhite blood cell count,
lenzyme function in coagulation cascade,
- coagul opathy
- disseminated intravascul ar coagulation
Gastrointestinal - ileus, pancreatitis, gastric stress ulcers, hepatic dysfunction
Musculoskeleta - hypertonia - rigidity - rhabdomyolysis,
- ‘pseudo-rigor mortis
Thermoregulatory |- Shivering intact - Shivering logt, rapid cooling
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are varied with the severity of hypothermia,
whichisclassified based onthecorebody tem-
perature as mild (35°C - 32.2°C), moderate
(<32.2°C - 28°C), and severe (<28°C).2 Be-
causethe prognosi sassociated with hypother-
miain thetraumapatient iSso poor, aseparate
classification of hypothermiahas been devel-
oped for thetraumapatient that isclassified as
mild (36°C — 34°C), moderate (<34°C -
32°C), and severe (<32).%’ Increasing sever-
ity of hypothermiaproducesa predictable pat-
tern of organ dysfunction and associated clini-
ca manifestationsaresummarizedin Table 2.

Cardiovascular Manifestations
Theinitia effect of hypothermiaisasympathetic
response that causes tachycardia, peripheral
vasoconstriction, and aconsequent increasein
cardiac output, blood pressureand myocardia
oxygen consumption. Asthetemperaturefall
tomoderate hypothermia, aprogressive brady-
cardiawill be devel oped and decreased spon-
taneous depolarization of the pacemaker cells
makesatropineineffective. Meanarterid pres-
sureand myocardia contractility and cardiac
output fall dramatically at |ower temperatures.
Hypothermiais associated with various
atrial and ventricular dysrhythmias. At mild
hypothermia, sinusrhythm predominates® De-
creased AV conduction velocity often causes
sinus bradycardia. With progressive
hypothermia, junctional rhythmsand atrial ar-
rhythmia may occur. More than 50% of pa-
tientswithmoderatehypothermiadevel opatria
fibrillationwithadow ventricular respone’As
the coretemperaturefal below 30°C, thereis
increased myocardial irritability and ectopic
ventricular beat are common. Patients are at
highriskfor development of ventricular fibrilla-

Hypothermia S72

tionthatisrefractory toelectrical cardioversion.
Attemperaturelessthan 24°C, therisk of asys-
toleincreasessignificantly.

Electrocardiographic(ECG) findingsare
nonspecific but include prolonged PR, QRS,
and QT intervals, and aclassic “J’ (Osborn)
wave. Jwave appears asapositive deflection
in the terminal portion of the QRS complex,
usually best seeninthelateral precordial leads
and tendsto increasein amplitudewithfalling
temperature.® J wave is not diagnostic of
hypothermia, but canalso seeninsubarachnoid
hemorrhage, other cerebral injuriesand myo-
cardid ischemia®

Central Nervous System Manifesta-
tions
Mild hypothermia may be associated with
confusion, dysarthria, impairedjudgement and
memory. Asthetemperaturefallsfarther, pro-
gressivedepression of consciousnessand ulti-
mately comadevel op below 30°C. The cere-
brovascular autoregulationismaintained until
25°C and cerebral blood flow and metabolism
decrease 7% for each degree decline in
temperature.®

The electroencephal ogram (EEG) be-
comesabnormal below 34°C and silent below
26°C.*° Ataxiaand loss of fine motor control
areseeninmild hypothermia; hyporeflexia, an
extensor plantar response and pupillary sug-
gishness occurred in moderate hypothermia;
rigidity, loss of pupillary reflex and ocular re-
flex and areflexiaappeared asthetemperature
falsbelow 28°C. Therefore, onehastobevery
careful not to declare a hypothermic patient
brain dead before rewarming the patient and
re-eval uating theconditiontheresfter.
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Respiratory Manifestations

In mild hypothermia, there is an initial
tachypnea, followed by areduction in minute
volume and oxygen consumption; broncho-
gpasm and bronchorrheamay occur. In mod-
eratehypothermia, respiratory ratesfall andthe
associated hypoventilation and carbon dioxide
retention produce hypoxia and respiratory
acidosis. Thereisalso loss of the protective
airway reflexes because of theimpairment of
ciliary function, and thispredisposesto aspira
tion pneumonia.'*Locd gasexchangeisnot af -
fected by hypothermia, but thereisanincrease
inpulmonary vascular resistance and adegree
of ventilation-perfusionmismatchinthelungs.
In severe hypothermia, progressive
hypoventilation, apnea, pulmonary edemaand
acute respiratory distress syndrome may also
occur.?

Metabolic and Endocrine Manifesta-
tions
Total body metabolismreduceswithincreasing
hypothermia, as measured by afall in oxygen
consumption, whichisabout 6% for every de-
greeCelsiusfal intemperature.’ Pituitary, ad-
rend and thyroidfunctionarethought to benor-
mal but should be measured to exclude them
as the underlying causes. In the initial of
hypothermia, sympatheticactivity isincreased,
withrai sed plasmanorepinephrineandfreefatty
acidleves, andthecatecholamine-inducedgly-
cogenolysi sand gluconeogenes scontributeto
thehyperglycemia

Inaddition, periphera uptakeof insulinat
thetissuesisimpaired andinsulinreleaseisin-
hibited by increased corticosteroid level and
direct cooling effect ontheidetsof Langerhans,
resultin hyperglycemia®Whenhypothermiais

Ann Disaster Med Vol 2 Suppl 2 2004

long lasting, glycogen storesmay be depleted
and hypoglycemiawill develop.

Renal Manifestation
Inpatient withmild hypothermia, cold diuresis
occurs that may be the results of increasein
renal blood flow consequent on periphera
vasocondriction, lossof distal tubular ability to
reabsorb water and resistance to the action of
vasopressin (ADH). In severe hypothermia,
glomerular filtrationratefalsascardiac output
and hencerena bloodflowfall andoliguriamay
develop. About 40% of patient will develop
acuterenal failurein severe hypothermia, es-
pecialy in patientswith acutetubular necrosis
secondary torhabdomyolysis.®
Plasmasodium, calcium, magnesiumand
chloride concentrations do not change signifi-
cantly above 25°C. Hyperkaemiamay beseen
insaverehypothermiaand of tenassociatedwith
metabolicacidos's, rhabdomyolysis, rena fail-
ureand cell death. Therefore, itisanindicator
of poor prognosis.®

Hematologic Manifestations

Withfallincoretemperature, theincreased vas-
cular permeability and vasoconstriction result
in the loss of plasma to extravascular
compartments, leading to blood viscosity and
hematocrit (hemoconcentration)increase. The
hematocrit increases by about 2% for every
1°Cdeclineintemperature.* Hypothermiaim-
pairscoagul ation by directly inhibiting theen-
zymaticreactionsof bothintrinscandextrinsc
pathways of the clotting cascades.™ A small
drop in temperature to 34°C can decrease up
t0 40% of the enzymatic activity of the coagu-
lation factors. The prothrombin and partial
prothrombopl astintimecan bedeceptively nor-



mal if measuredat 37°C but canbesignificantly
prolonged if measured at lower temperature.
Thereforerewarming, rather than administra-
tion of exogenous clotting factors, isthe ap-
propriatemanagement.

Hypothermiadirectly affectsplateletfunc-
tion by decreasing thromboxane B2 produc-
tion and platel et surfacemol ecul esexpression.
Thrombocytopeniamay also result from se-
questration in theliver and spleen, bone mar-
row suppression or disseminated intravascul ar
coagulation.® Fibrinolysisisalso enhancedin
hypothermicanimalsasaresult of impairedin-
hibitorsof clot lysis, such asplasminogen acti-
vator inhibitor or d pha-2-antiplasmin.*’

Hypothermiacanresultingranulocytopenia
Inanimal and vitro studies, neutrophil migra-
tion and bacteria phagocytosisareimpaired,
predisposi ngtoinfection. Theseeffectshavenot
been demongtrated in human.®

Gastrointestinal Manifestations
Temperature below 34°C will dow intestinal
motility. Anileuswill be devel oped whentem-
perature falls below 28°C. Therefore a
nasogastric tube should be placed to reduce
therisk of aspiration. Theabsorption of drugs
givenorally or by nasogastric tubewill aso be
impaired in this situtation.® Animal study has
shown that hypothermiaincreasesgastricacid
production and reduces duodenal bicarbonate
secretion, predisposing tothemucosa damage
in both the stomach and duodenum.*® Autopsy
studies have found gastric erosions and sub-
mucosal hemorrhage to be common but not
dinicdlysignificant.

Hepatic impairments from reduced car-
diac output and the decreased clearance of lac-
tic acid contributesto metabolic acidosis. The
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liver functionsof detoxificationand conjugeation
areasoimpaired in hypothermia, causing re-
duced clearance of many drugsand toxins. Pan-
cregtitismay aso bedeveloped, being found at
autopsy in 20-30% of cases.?

Musculoskeletal Manifestations
Shiveringinmild hypothermiacanincreaseto-
tal metabolism and basal metabolicratetwoto
fivetimesnormd.: Theshivering activity islost
inmoderateand severehypothermia. Synovia
fluid becomes more viscous at lower
temperature, so stiffnessof musclesandjoints
will bedevel opedinmoderatehypothermia. In
severehypothermia, muscleandjoint stiffness
may S mulaterigor mortis.

Managements

Initial stabilization

Moderate to severe hypothermiaisamedical
emergency necessitatingmaintenanceof airway,
breathing and circulation. The core body tem-
perature should be monitored by esophaged,
bladder or rectal routes.

Standard ACL S and ATL S protocols
shouldbeinitiated,includingsping immobiliza:
tionif traumais suspected. Supplemental oxy-
genshouldbegivenempiricaly. Endotracheal
intubation isindicated if apnea, coma, or loss
of airway reflexesoccurred. Orotracheal intu-
bation is preferred because hypothermic pa-
tientsare coagul opathic and proneto traumatic
nasal bleeding vianasal route. Neuromuscular
blocking agentsshoul d beavoided becausethey
areineffective when core temperature below
30°C. Impaired rend, hepatic and plasmaen-
zymefunction makemetabolismand clearance
unpredictable.?

Cardiopulmonary resuscitation (CPR)
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should beinstituted if the patient isnot breeth-
ing or pulseisabsent. Defibrillation should be
attemptedforventricularfibrillationorventricular
fibrillationor pulsalessventricular tachycardia,
although attemptsmay beunsuccessful at tem-
peraturebelow 30°C. If initia defibrillationis
unsuccesstul, initiaterewarming and reattempt
defibrillation every 1-2°C increase in core
temperature. Ingenera, all resuscitation medi-
cationsshould bewithheld until coretempera-
ture higher than 30°C. Most hypothermiain-
duceddysrhythmiasconvert spontaneoudy with
rewarming and transvenous pacing is not
recommended, asit may precipitateventricular
dysrhthmias. The use of vasopressor agentsin
moderate or severe hypothermic patient with
hypotension should also be avoided owing to
theseagentshaveminimal effect onaready con-
stricted vessal sand may inducedysrhythmias.

Patient with moderate and severe hypo-
thermiaare volume depleted and required in-
travenous fluids throughout the warming
process. Crystalloids should bewarmed to 40-
42°C in a microwave or commercial fluid
warmersto avoid exacerbating heat loss. Lac-
tated Ringer’s solution should be avoided be-
cause of decreased ability of theliver to me-
tabolizelactate * Arteria cathetersprovidecon-
tinuous blood pressure and arterial blood gas
monitoring. Pulmonary artery catheterization
and centra venouspressuremonitoringthrough
internd jugular or subclavian arteriescatheter-
ization should also be avoided owing to poten-
tial dysrhythmias and the risk of vascular
perforation.

Moreover nasogasiric or orogastric tube
should be placed to relieve gastric distention
andileus. A urinary catheter isalso essential to
monitor urineoutput and assessvolumeresus-
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citationefforts. Wet clothes, contri butingtocon-
ductive heat |oss, should be removed and the
skin should be kept dry and covered with insu-
latingmaterias. Empirical antibioticsaregppro-
priatefor patientswith suspected aspiration or
sepsis. The patient should also be handle gen-
tly because movement and mani pul ation may
precipitatedysrhythmias.

Rewar ming methods. Rewarming isthe pri-
mary trestment for hypothermia. It may bepas-
sveexterna, activeexterna or activeinterna
and which methods should be chosen depend
onthepatient’scondition, hypothermiasever-
ity or ingtitutional expertiseand capability.
Passive exter nal rewar ming. Passive exter-
nal rewarming consistsof optimizing environ-
mental conditionswhileallowingthepatient’s
own hest generating capabilitiestorewarm core
temperature. Thisincludesremoval of the pa-
tient from the cold environment, protection
againgtwind chill, remova of wet clothing, and
insulationof patientinawarmenvironment. The
warming rate of thismethod may be 0.5-2°C
per hour depending on the shivering thermo-
genesisof thepatient.*

Active external rewarming. Thisinvolves
direct exposureof the patient to exogenoushest
sources, such asimmersion in a40°C bath,
warming blankets, heating pads, radiant heat
andforcewarmedair. Thewarmingrateof this
method may be 1-2.5°C per hour.* Periph-
eral vasoconstriction makesthe skin of hypo-
thermic patientsespecialy vulnerableto burn
injuresfrom externally applied heat sources.
Activeinternal rewar ming. Active corere-
warming methodsareindicated for any patient
withsaverehypothermia Heated humidifiedair
or oxygen, up to 45°C viaendotracheal tube
and theadministeringwarmintravenousfluids



(heated to 40-42°C in amicrowave or com-
mercia fluid warmers) will raisethe coretem-
perature 1-2.5°C per hour.?

Pleural cavity lavagecan beperformed by
infusing serilesalineupto42°Cthrough atho-
racostomy tube placedinthe 2 or 3 anterior
intercostal paceinthemidclavicular line. The
fluidisdrained viaasecond thoracostomy tube
inthe4™, 5" or 6" intercostal spacein the pos-
terior axillary line Alternatively, warmsaline
can berepeatedly infused and drained through
asinglechest tube, usingal15-20 minutesdwell
time.?Mediagtind irrigationandmyocardid la-
vage could be considered in patientswho have
severe hypothermia and no spontaneous
perfuson. Thewarmingrateof thismethod may
be 2-4°C per hour.

Peritoned lavageby infusingserilesaine
up to 45°C through two or more cathetersin
theintraperitoneal spacewithaflow rateof 6L/
h. Direct irrigation of theliver can accelerate
therecovery of hepatic function and facilitate
theclearanceof toxinsandlacticacidos's. When
warmdialysateisused, it allowstheremoval of
dialyzabletoxinsand trestment of concomitant
rena failure or rhabdomyolysis.? Thewarm-
ing rate of thismethod may be 2-4°C per hour.

Irrigation of the stomach, bladder or co-
lon haslimited utility becausethe surface area
availablefor heattransferisminimal . Moreover,
gadtriclavagemay predisposeto aspirationand
must bediscontinued during chest compression.

Extracorpored circulatory rewarmingpro-
videsinfusonof warmintravenousfluidandre-
circulation of the patient’s blood. It includes
hemodialysis, arteriovenous rewarming,
venovenousrewarming, and cardiopulmonary
bypassand usually reservedfor thecritical hy-
pothermicpatient.
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Cardiopulmonary bypass can provide
very rapid rewarming (7-10°C per hour), cir-
culatory support, oxygenation and can becom-
bined with hemodiaysisfor thetreatment of re-
nal failure. However, it has some drawbacks
such asconsiderabletimeto institute, unavail-
ableinal ingtitutions, and requiring systemic
anticoagulationthatiscontraindicatedintrauma
patients.

Continuousarteriovenousrewarming can
provides rapid rewarming (3-4°C per hour),
and can be more rapidly initiated. It requires
less specialized equipments and personnel to
operate as compared with cardiopulmonary
bypass. Also heparin-coated arterial and
venous catheters are available and additional
systemic anticoagulation is not necessary.
However, it may require adequate blood pres-
sureof the patient and cannot oxygenateor dia-
lyzeblood.

Hemodialysis and hemofiltration are
widely available, rapidinitiation and useful in
the setting of renal insufficiency, electrolyte
abnormdlities, volumeoverloador followingin-
gestionof adidyzabletoxin 2 Thewarmingrate
may be 2-3°C per hour.

Conclusion

Hypothermiacanbefoundinvariedgeographic
regionsand during all seasons. Prompt recog-
nition of the clinical presentation, advanced
knowledge of the pathophysiology andingtitu-
tion of appropriate management strategiesare
imperativefor asuccessful outcomewithmini-
mal complications. The prognosisof hypoth-
ermia.isrelated to age, preexisting illness, nu-
tritiond Status, preci pitatingevents, durationand
severity of cold exposure.® All hypothermic
patients should be rewarmed to at least 35°C
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before declaring futility and withdrawing
support. Prevention of hypothermiathrough
patient education and provision of shelter to at-
risk individuals remains an important public
hedthstrategies.
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