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approaching 100% when core temperature falls below
32°C.12 Some authors advocate the use of a separate scale
for grading trauma-related hypothermia.13
The body’s initial response to cold stress is to generate

and conserve heat via activation of the sympathetic ner-
vous system. Shivering increases the metabolic rate and is

associated with tachypnea, tachycardia, and oxygen con-
sumption up to 6 times the basal rate.14 Blood pressure
rises as a result of peripheral vasoconstriction and increased
cardiac output. In contrast, with progression to moderate
and severe hypothermia the initially elevated cat-
echolamines return to baseline as the patient enters a state
of globally depressed organ function.15 It is unclear whether
this marked shift from elevated to depressed oxygen con-
sumption is protective or merely reflects limited physio-
logic response to the stress of cold.
Patients presentingwith accidental hypothermia do not cre-

ate a diagnostic conundrum when there is a clear history of
sustained exposure to a cold environment, but the presence of
comorbidities and absence of outdoor exposure can obscure
the diagnosis. Manifestations of individual organ dysfunction
viewed in isolation are a source of a broad, and misleading,
differential diagnosis. Patients with moderate and severe hy-
pothermia presentwith profoundneurologic deficits that could

Fig. 1. Rate of hypothermia-related death, by age and sex, in the United States, 1979–1996. (Adapted from Reference 2.)

Table 1. Sources of Heat Loss and Exacerbating Factors

Mechanism
Normal

Contribution
(%)

Exacerbating Factors

Skin
Radiation (nonparticulate emission of heat from body) 55 Vasodilation (eg, alcohol, spinal-cord injury)
Evaporation (cooling by conversion of fluid to vapor) 25 Skin disorders (eg, burns, psoriasis)
Conduction (transfer of heat by direct contact) 15 25-fold increase with water submersion
Convection (transmission of heat by movement of heated particles) minor Up to 5-fold increase in windy conditions

Respiratory
Evaporation 5 Cold, dry air

Table 2. Causes of Impaired Behavioral Response to Cold Stress

Impaired cognition
Dementia
Drug-induced: alcohol, sedatives
Other encephalopathies: central nervous system, metabolic

Inadequate shelter and clothing
Homelessness, poverty
Wilderness exposure

Immobility
Neonates
Neuromuscular failure: stroke, hip fracture, spinal-cord injury

THE EVALUATION AND MANAGEMENT OF ACCIDENTAL HYPOTHERMIA
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•USA > 650 decessi/anno per ipotermia 
primaria, 66% maschi

•temperatura più bassa misurata in 
sopravvissuto all'ipotermia:

➡ 14.2°C in un bambino

➡ 13.7°C in un adulto
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Definizione

Temperatura centrale < 35°C / 36°C

IPOTERMIA

EBMedicine.net • January 20093 Emergency Medicine Practice © 2008January 2009 • EBMedicine.net

variation of only 1ºC (33.8ºF). The body’s regulatory 
mechanisms are much more adept at cooling than 
warming, making humans especially susceptible to 
hypothermia.29, 33 Cooling of the human body, as it 
occurs in accidental hypothermia, causes a spectrum 
of physiologic effects on each organ system based 
on the magnitude of temperature change. As hypo-
thermia progresses past the mild stage into moderate 
and severe, the adaptations to counter heat loss begin 
to disappear, including the cessation of shivering. 
Systemic metabolic demands diminish, functionally 
shutting down and decreasing oxygen consumption. 
The physiologic effects of hypothermia are most eas-
ily understood if broken down by organ system and 
severity, as summarized in Table 2.

Cardiovascular System
Exposure to a cold environment and the subsequent 
initial attempt to maintain temperature homeostasis 
causes a sympathetic surge and increased level of 
circulating catecholamine. This leads to tachycardia 
and vasoconstriction, initially resulting in an in-
creased cardiac output. As hypothermia progresses, 
there is a decrease in cardiac pacemaker depolariza-
tion with resultant bradycardia and decreased car-
diac output; bradycardia occurs in a linear relation-
ship to decreasing core temperature.36, 37 

 There are numerous cardiac arrhythmias, including 
atrial and ventricular fibrillation, that occur in the setting 
of hypothermia. The His-Purkinje fibers, as well as the 
myocardium, are sensitized and increasingly irritable 
in the cold patient, most significantly below 30ºC (86ºF). 
This irritability, as well as the electrolyte derangements 
that occur with hypothermia, likely contributes to the 
etiology of these common cardiac arrhythmias.31, 38

Respiratory System
Much like the initial response in the cardiovascu-
lar system, the respiratory system is stimulated 
by exposure to the cold, prompting an increase in 
respiratory drive. However, with further cooling 
and subsequent impaired metabolism, the respira-
tory rate slows significantly. If the hypothermia is 
profound enough to impair brainstem functioning, 
the patient may become apneic.31, 39

 Other noted effects of cold exposure and sub-
sequent hypothermia on the respiratory system 
include increased secretions and decreased ciliary 
motility which can lead to impaired ability to clear 
secretions. In the context of decreased mental status 
and impaired cough reflex, hypothermic patients 

are at increased risk of aspiration and pulmonary 
infections. Finally, as with many other severe sys-
temic insults, severely hypothermic patients have 
an increased incidence of acute respiratory distress 
syndrome (ARDS).31, 39, 40

Neurologic System
The overarching theme of initial stimulation fol-
lowed by subsequent profound decreased metabo-
lism also holds true for brain function in hypotherm-
ia. Early in hypothermia, neurons are stimulated 
by the first 1º drop in core temperature. However, 
below 35ºC (95ºF), the cerebral metabolism and thus 
oxygen requirement decreases by about 10% for 
every 1º drop.31

Renal System
Even those of us who have never experienced sig-
nificant hypothermia have likely experienced the 

Table 1. Classification Of Hypothermia
Mild  32°C to 35°C (90°F to 95°F)

Moderate  28°C to 32°C (82°F to 90°F)

Severe  less than 28°C (82°F)

Table 2. Physiologic Effects Of Hypothermia 
By Organ System And Severity

Mild 
32° C to 35° 
C (89.6° F to 
95° F)

Moderate 
28° C to 32°C 
(82.4° F to 89.6° 
F)

Severe 
<28°C (82.4 
° F)

Cardiovascular  HR
 CO

 HR,  BP,  CO
Prolonged 
   cardiac conduc-
   tion intervals, 
   Osborn wave, 
   Afib

Vfib  
   asystole32

Hypotension

Respiratory RR 
   Respiratory 
   alkalosis

 VO2; RR  
   Respiratory 
   Acidosis, 

brochorrhea, 
cough reflex, 
 ciliary fxn

VO2
Pulmonary 
   Edema33, 34

Neurologic Ataxia  
   Apathy  
   amnesia, 
   dysarthria

Pupils dilate, 
pupillary reflex, 

   paradoxical un-
   dressing, stupor, 
   LOC

Areflexia,  
   EEG activity; 
    Corneal, 
   OC reflex, 
    CBF; no 
   movement/
   pain re-
   sponse34

Renal Cold diuresis Cold diuresis,  
   GFR, metabolic 
   acidosis

Oliguria

Metabolic  Insulin 
   release/up-
   take  
   hyperglyce-
   mia35

 Shivering No shivering31

Afib: Atrial Fibrillation; BP: Blood Pressure; CO: Cardiac Output; CBF: 
Cerebral Blood Flow; GFR: Glomerular Filtration Rate; HR: Heart 
Rate; OC: Oculocephalic; RR: Respiratory Rate; Vfib: Ventricular 
Fibrillation; VO2: Oxygen Consumption

Classificazione secondo la gravità
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try excludes drownings, poisonings, isolated
asphyxiation, isolated hip fractures (ICD-9-CM
820.0), patients who are discharged from the
trauma center after initial presentation, and
patients who are admitted to a regular hospital
floor for !48 hrs. The PTOS contains compre-
hensive and demographic information encom-
passing patients: demographic characteristics,
prehospital care, process of acute care, clinical
data, outcome data, final anatomical diag-
noses, and procedure codes.

Data for the PTOS are abstracted from pa-
tients’ charts by trained registrars at each
trauma center, using a customized trauma
registry software package (Collector Trauma
Registry, Digital Innovation, Forest Hill, MD).
Data are transmitted centrally to the Pennsyl-
vania Trauma Systems Foundation on a
weekly basis. Rigorous quality control mea-
sures are applied before individual site data are
merged into the main data set. For example,
entries are subject to extensive computer and
manual verification, 10% of charts are ran-
domly selected for reabstraction, and selected
data entries from each site are reviewed on a
monthly basis. Consistency of computer en-
tries is verified with customized diagnostic
software (Tricode, Digital Innovation). Only
data passing quality reviews are merged into
the master data set. To ensure quality of ab-
straction, the Pennsylvania Trauma Systems
Foundation conducts regular site visits and
semiannual continuing education sessions for
trauma registrars statewide. The PTOS has
been used in several prior studies (20–24).

Selection of Participants. We used data on
trauma patients from the 3-yr study period of
January 1, 2000, through December 31, 2002.
We excluded pediatric patients (aged !16 yrs)
and patients whose age was unknown. We ex-
cluded patients who were transferred from an-
other hospital or trauma center because the
admission temperature would be biased by in-
hospital interventions performed at the refer-
ral facility. We excluded patients whose admis-
sion body temperature or route of
temperature measurement was not known, as
well as the few outliers with a reported tem-
perature of !26°C.

Identification of Exposure Groups. The
primary exposure in this analysis was binary
variable admission hypothermia (body tem-
perature, !35°C), which was determined from
the first measurement obtained within 30
mins of presentation to the trauma center.
This definition was chosen by consensus of the
study team and is consistent with definitions
of hypothermia used in prior studies and cur-
rent Advanced Trauma Life Support standards
(7, 10).

Methods of Measurement. Admission body
temperature was determined by the oral, axil-
lary, tympanic, rectal, or core (bladder cathe-
ter, esophageal probe) route. There are no
defined standards for adjusting temperature
measurements obtained by different routes
(25–28). Therefore, we accounted for the po-

tential confounding effect of temperature
route in the multivariate analysis.

Outcome Measures. The primary outcome
of interest was mortality, defined as death at
hospital discharge. Because of prior evidence
suggesting that induced hypothermia may be
beneficial in head-injured patients, we as-
sessed outcomes separately for the full cohort
and the subset of patients with an isolated
severe head injury, defined by Abbreviated In-
jury Scale scores "3 for the head/neck and !2
for all other body regions (17, 29).

Analytic Methods. We evaluated the ad-
justed association between mortality and hy-
pothermia, using multivariate logistic regres-
sion. The dependent outcome for each
regression model was death at hospital dis-
charge. The primary exposure was binary vari-
able admission hypothermia (body tempera-
ture, !35°C). We adjusted for the covariates of
age, the natural-log transformation of the New
Injury Severity Score, head/neck Abbreviated
Injury Scale, mechanism of injury (blunt, pen-
etrating, or burn), admission systolic blood
pressure, and temperature measurement
route (29, 30).

We chose the New Injury Severity Score to
adjust for severity of injury because it ac-
counts for multiple injuries to a single body
region (30 –32). We used the natural-log-
transformed New Injury Severity Score on the
basis of recommendations of prior authors
(33). Admission systolic blood pressure was
determined from the first blood pressure mea-
surement at admission and was converted to
an ordinal scale. Prehospital systolic blood
pressure was not used because of the large
number of missing values ("50%).

Patients exposed to long transport times or
aggressive intravenous fluid therapy may be
more susceptible to hypothermia, and mortal-
ity may be related to all of these factors (34,
35). Therefore, we considered additional co-

variate adjustment for the following variables:
elapsed injury-to-emergency-department
time, volume of administered prehospital in-
travenous fluids, and their interaction (injury
to emergency department time # prehospital
intravenous fluids). We considered these pre-
dictors in a separate regression model because
of a priori knowledge that many values for
these parameters (approximately 40% of those
for injury-to-emergency-department time and
70% of those for volume of prehospital intra-
venous fluids) were missing; this was due to
the fact that these parameters were relatively
new to the trauma registry and were still being
phased into use at the time of the study. De-
spite these limitations, we felt it was impor-
tant to evaluate the potential confounding ef-
fects of these covariates, given their plausible
biological connections with both hypothermia
and mortality.

Because different temperature ranges
might have varying effects on mortality, we
re-executed the multivariate analyses with an
ordinal descriptor of hypothermia (1, "38°C;
2, 38°C to 37.01°C; 3, 37°C to 36.01°C; 4, 36°C
to 35.01; 5, 35°C to 34.01°C; 6, 34°C to
32.01°C; and 7, !32°C). We confirmed good-
ness of fit for the resulting models by means of
the Hosmer-Lemeshow test (36). All analyses
were conducted with the use of Stata software
(8.2, Stata, College Station, TX).

RESULTS

Of 69,200 patients, we excluded 10,216
who were !16 yrs of age and 37 whose
age was not known. We excluded an ad-
ditional 5,191 patients whose tempera-
ture data were missing, 3,501 for whom
the temperature measurement route was
not known, and 22 whose reported tem-
perature was !26°C. We excluded an ad-

Figure 1. Mortality rates associated with different admission temperatures.
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Admission hypothermia and outcome after major trauma
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U ncontrolled exposure hypo-
thermia is believed to be del-
eterious in the setting of ma-
jor trauma (1–9). Current

trauma resuscitation guidelines call for
aggressive prehospital and in-hospital
measures (for example, the use of warm-
ing blankets and warmed intravenous flu-
ids) to prevent hypothermia in severely

injured patients (10). However, these
standards are based on studies in which
investigators used relatively limited pa-
tient series and did not adequately adjust
for variations in patients’ characteristics,
injury patterns, or clinical severity. In a
series of 71 patients stratified by injury
severity, Jurkovich et al. (2) found that
among patients with a temperature
!34°C, mortality was 7%, in comparison
with 40% among those with a tempera-
ture "34°C. Luna et al. (3) found a sim-
ilar relationship in a series of 170 pa-
tients. In a series of 173 patients,
Steinemann et al. (9) found that hypo-
thermia was associated with increased
mortality but not when patients were
stratified by physiologic and anatomical
parameters. Further confounding these
prior findings are recent animal and hu-
man data suggesting that therapeutically
induced hypothermia may actually be
beneficial in certain subsets (11–19).

Because of its potential application as
a therapy, it becomes critical to differen-
tiate whether hypothermia has a primary
association with trauma outcome or sim-

ply reflects the end-consequence of se-
vere injury and exposure. In this study we
used large-scale, statewide data to evalu-
ate the independent association of admis-
sion hypothermia with mortality after
major trauma, with adjustment for the
presence of important clinical confound-
ers.

MATERIALS AND METHODS

Study Design and Setting: Data Collection
and Processing. This study was approved by
the University of Pittsburgh Institutional Re-
view Board. We used data from the Pennsyl-
vania Trauma Outcome Study (PTOS), a state-
wide administrative registry of all patients
presenting to the 27 specialty trauma centers
of the Commonwealth of Pennsylvania. The
PTOS is operated and supervised by the Penn-
sylvania Trauma Systems Foundation, an in-
dependent nonprofit agency that oversees
trauma care in Pennsylvania. The PTOS in-
cludes patients presenting with a primary
ICD-9-CM (International Classification of Dis-
eases, Ninth Revision, Clinical Modification)
injury code of 800–995, including patients
referred or transferred from other medical fa-
cilities and trauma-related deaths. The regis-
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Objective: Uncontrolled exposure hypothermia is believed to be
deleterious in the setting of major trauma. Prevention of hypo-
thermia in the injured patient is currently practiced in both
prehospital and in-hospital settings. However, this standard is
based on studies of limited patient series that were not designed
to identify the independent relationship between hypothermia and
mortality. Recent studies suggest that therapeutically applied
hypothermia may benefit selected patient subsets. The goal of
this study was to evaluate the independent association between
admission hypothermia and mortality after major trauma, with
adjustment for clinical confounders.

Design: Retrospective analysis of a statewide trauma registry.
The primary outcome was death at hospital discharge. The key
exposure was hypothermia, defined as body temperature <35°C
at admission. Multivariate regression was used to risk-adjust for
age, severity and mechanism of injury, and route of temperature
measurement. Additional adjustment for prehospital exposure
time and intravenous fluid therapy was also evaluated.

Setting: Trauma centers of the Commonwealth of Pennsylvania.
Patients: All trauma patients >16 yrs of age for the years

2000–2002. Transferred patients were excluded. Patients were
excluded if temperature or route of temperature measurement
was not known. Both the full cohort and a subset with isolated
severe head injury were evaluated.

Interventions: None.
Measurements and Main Results: Of 38,520 patients, 1,921

(5.0%) were hypothermic at admission. Admission hypothermia
was independently associated with increased odds of death in
both the full cohort (odds ratio, 3.03; 95% confidence interval,
2.62–3.51) and the subset with isolated severe head injury (2.21;
1.62–3.03), with adjustment for age, severity and mechanism of
injury, and route of temperature measurement.

Conclusions: Admission hypothermia is independently associ-
ated with increased adjusted odds of death after major trauma.
The increase in mortality is not completely attributable to phys-
iologic presentation or injury pattern or severity. (Crit Care Med
2005; 33:1296–1301)

KEY WORDS: wounds and injuries; hypothermia; induced hypo-
thermia; multivariate analysis; emergencies; emergency medical
services
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variation of only 1ºC (33.8ºF). The body’s regulatory 
mechanisms are much more adept at cooling than 
warming, making humans especially susceptible to 
hypothermia.29, 33 Cooling of the human body, as it 
occurs in accidental hypothermia, causes a spectrum 
of physiologic effects on each organ system based 
on the magnitude of temperature change. As hypo-
thermia progresses past the mild stage into moderate 
and severe, the adaptations to counter heat loss begin 
to disappear, including the cessation of shivering. 
Systemic metabolic demands diminish, functionally 
shutting down and decreasing oxygen consumption. 
The physiologic effects of hypothermia are most eas-
ily understood if broken down by organ system and 
severity, as summarized in Table 2.

Cardiovascular System
Exposure to a cold environment and the subsequent 
initial attempt to maintain temperature homeostasis 
causes a sympathetic surge and increased level of 
circulating catecholamine. This leads to tachycardia 
and vasoconstriction, initially resulting in an in-
creased cardiac output. As hypothermia progresses, 
there is a decrease in cardiac pacemaker depolariza-
tion with resultant bradycardia and decreased car-
diac output; bradycardia occurs in a linear relation-
ship to decreasing core temperature.36, 37 

 There are numerous cardiac arrhythmias, including 
atrial and ventricular fibrillation, that occur in the setting 
of hypothermia. The His-Purkinje fibers, as well as the 
myocardium, are sensitized and increasingly irritable 
in the cold patient, most significantly below 30ºC (86ºF). 
This irritability, as well as the electrolyte derangements 
that occur with hypothermia, likely contributes to the 
etiology of these common cardiac arrhythmias.31, 38

Respiratory System
Much like the initial response in the cardiovascu-
lar system, the respiratory system is stimulated 
by exposure to the cold, prompting an increase in 
respiratory drive. However, with further cooling 
and subsequent impaired metabolism, the respira-
tory rate slows significantly. If the hypothermia is 
profound enough to impair brainstem functioning, 
the patient may become apneic.31, 39

 Other noted effects of cold exposure and sub-
sequent hypothermia on the respiratory system 
include increased secretions and decreased ciliary 
motility which can lead to impaired ability to clear 
secretions. In the context of decreased mental status 
and impaired cough reflex, hypothermic patients 

are at increased risk of aspiration and pulmonary 
infections. Finally, as with many other severe sys-
temic insults, severely hypothermic patients have 
an increased incidence of acute respiratory distress 
syndrome (ARDS).31, 39, 40

Neurologic System
The overarching theme of initial stimulation fol-
lowed by subsequent profound decreased metabo-
lism also holds true for brain function in hypotherm-
ia. Early in hypothermia, neurons are stimulated 
by the first 1º drop in core temperature. However, 
below 35ºC (95ºF), the cerebral metabolism and thus 
oxygen requirement decreases by about 10% for 
every 1º drop.31

Renal System
Even those of us who have never experienced sig-
nificant hypothermia have likely experienced the 

Table 1. Classification Of Hypothermia
Mild  32°C to 35°C (90°F to 95°F)

Moderate  28°C to 32°C (82°F to 90°F)

Severe  less than 28°C (82°F)

Table 2. Physiologic Effects Of Hypothermia 
By Organ System And Severity

Mild 
32° C to 35° 
C (89.6° F to 
95° F)

Moderate 
28° C to 32°C 
(82.4° F to 89.6° 
F)

Severe 
<28°C (82.4 
° F)

Cardiovascular  HR
 CO

 HR,  BP,  CO
Prolonged 
   cardiac conduc-
   tion intervals, 
   Osborn wave, 
   Afib

Vfib  
   asystole32

Hypotension

Respiratory RR 
   Respiratory 
   alkalosis

 VO2; RR  
   Respiratory 
   Acidosis, 

brochorrhea, 
cough reflex, 
 ciliary fxn

VO2
Pulmonary 
   Edema33, 34

Neurologic Ataxia  
   Apathy  
   amnesia, 
   dysarthria

Pupils dilate, 
pupillary reflex, 

   paradoxical un-
   dressing, stupor, 
   LOC

Areflexia,  
   EEG activity; 
    Corneal, 
   OC reflex, 
    CBF; no 
   movement/
   pain re-
   sponse34

Renal Cold diuresis Cold diuresis,  
   GFR, metabolic 
   acidosis

Oliguria

Metabolic  Insulin 
   release/up-
   take  
   hyperglyce-
   mia35

 Shivering No shivering31

Afib: Atrial Fibrillation; BP: Blood Pressure; CO: Cardiac Output; CBF: 
Cerebral Blood Flow; GFR: Glomerular Filtration Rate; HR: Heart 
Rate; OC: Oculocephalic; RR: Respiratory Rate; Vfib: Ventricular 
Fibrillation; VO2: Oxygen Consumption

CLASSIFICAZIONECLASSIFICAZIONE
Lieve 34°C - 36°C

Moderata 32°C - 34°C
Severa < 32°C

Jurkovich, Surg Clin N Am 2007

+2°C
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IPOTERMIA

• ipotermia accidentale

• Ipotermia controllata - indotta

• Ipotermia endogena

Eziologia
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➡Convezione 	
	
 minimo (↑OH, ↑vento)
➡Conduzione	
 	
 2-15% (⇾ 50%, immersione)
➡Radiazione	
 	
 55-60%
➡Evaporazione	
	
 25%

Superficie corporea esposta all’ambiente freddo
∆T°C Paziente-Ambiente

IPOTERMIA

EBMedicine.net, January 2009
Kempainen, Resp Care 2004

Ipotermia accidentale

Problema estrinseco senza disfunzione metabolica, del derma o della 
termoregolazione intrinseca
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IPOTERMIA
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BSTRACT

 

Background

 

Cardiac arrest outside the hospital is
common and has a poor outcome. Studies in labora-
tory animals suggest that hypothermia induced short-
ly after the restoration of spontaneous circulation may
improve neurologic outcome, but there have been
no conclusive studies in humans. In a randomized,
controlled trial, we compared the effects of moder-
ate hypothermia and normothermia in patients who
remained unconscious after resuscitation from out-
of-hospital cardiac arrest.

 

Methods

 

The study subjects were 77 patients who
were randomly assigned to treatment with hypother-
mia (with the core body temperature reduced to 33°C
within 2 hours after the return of spontaneous circula-
tion and maintained at that temperature for 12 hours)
or normothermia. The primary outcome measure was
survival to hospital discharge with sufficiently good
neurologic function to be discharged to home or to
a rehabilitation facility.

 

Results

 

The demographic characteristics of the
patients were similar in the hypothermia and normo-
thermia groups. Twenty-one of the 43 patients treat-
ed with hypothermia (49 percent) survived and had
a good outcome — that is, they were discharged
home or to a rehabilitation facility — as compared
with 9 of the 34 treated with normothermia (26 per-
cent, P=0.046). After adjustment for base-line differ-
ences in age and time from collapse to the return of
spontaneous circulation, the odds ratio for a good
outcome with hypothermia as compared with normo-
thermia was 5.25 (95 percent confidence interval,
1.47 to 18.76; P=0.011). Hypothermia was associated
with a lower cardiac index, higher systemic vascular
resistance, and hyperglycemia. There was no differ-
ence in the frequency of adverse events.

 

Conclusions

 

Our preliminary observations suggest
that treatment with moderate hypothermia appears to
improve outcomes in patients with coma after resus-
citation from out-of-hospital cardiac arrest. (N Engl J
Med 2002;346:557-63.)
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ARDIAC arrest outside the hospital is a
major cause of unexpected death in devel-
oped countries, with survival rates ranging
from less than 5 percent to 35 percent.

 

1-3

 

In patients who are initially resuscitated, anoxic neu-
rologic injury is an important cause of morbidity
and mortality.

 

4

C

 

Currently, the treatment of patients with coma af-
ter resuscitation from out-of-hospital cardiac arrest
is largely supportive. Because cerebral ischemia may
persist for some hours after resuscitation,

 

5

 

 the use of
induced hypothermia to decrease cerebral oxygen de-
mand has been proposed as a treatment option.

 

6

 

 Al-
though this suggestion has been supported by studies
in animal models,
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 the studies in humans that have
been reported to date have been uncontrolled or ret-
rospective.

 

13-18

 

After a pilot study that suggested the feasibility,
safety, and possible efficacy of this treatment,

 

16

 

 we
conducted a prospective, controlled trial comparing
moderate induced hypothermia with normothermia
in comatose survivors of out-of-hospital cardiac arrest.

 

METHODS

 

Study Design

 

The study was performed in Melbourne, Australia, between
September 1996 and June 1999. The ambulance service has treat-
ment protocols that follow the recommendations of the Australian
Resuscitation Council.

 

19

 

 Patients were enrolled in the study when
the following criteria were fulfilled: an initial cardiac rhythm of
ventricular fibrillation at the time of arrival of the ambulance, suc-
cessful return of spontaneous circulation, persistent coma after the
return of spontaneous circulation, and transfer to one of four par-
ticipating emergency departments. The exclusion criteria were an
age of less than 18 years for men, an age of less than 50 years for
women (because of the possibility of pregnancy), cardiogenic shock
(a systolic blood pressure of less than 90 mm Hg despite epineph-
rine infusion), or possible causes of coma other than cardiac arrest
(drug overdose, head trauma, or cerebrovascular accident). Patients
were also excluded if an intensive care bed was not available at a
participating institution.

After the return of spontaneous circulation had been accom-
plished outside the hospital, eligible patients were randomly as-
signed to hypothermia or normothermia according to the day of the
month, with patients assigned to hypothermia on odd-numbered
days. For these patients, the paramedics began measures in the field
to initiate hypothermia by removing the patient’s clothing and ap-
plying cold packs (CoolCare, Cheltenham, Victoria, Australia) to
the patient’s head and torso. The treatment of patients assigned
to normothermia followed usual prehospital treatment protocols.

On arrival at a participating emergency department, the pa-
tients underwent routine initial assessment and treatment, includ-
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the following criteria were fulfilled: an initial cardiac rhythm of
ventricular fibrillation at the time of arrival of the ambulance, suc-
cessful return of spontaneous circulation, persistent coma after the
return of spontaneous circulation, and transfer to one of four par-
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age of less than 18 years for men, an age of less than 50 years for
women (because of the possibility of pregnancy), cardiogenic shock
(a systolic blood pressure of less than 90 mm Hg despite epineph-
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Ipotermia controllata

Raffreddamento attivo del paziente

Shankaran, N Engg J Med, 2005
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➡termoregolazione (p.es. trauma cerebrale, disturbi neurovegetativi...)

➡disturbi metabolici con diminuita produzione di calore 
(ipoglicemia, ipotiroidismo,...)

➡aumentata perdita di calore a causa di disfunzione del derma 
(p.es. ustioni, eritrodermia,...)

IPOTERMIA
Ipotermia endogena

Disfunzione intrinseca
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•Alcool

- aumento della convezione per interazione con la 
termoregolazione

-↑vasodilatazione periferica

-↓shivering e termogenesi per alterazione talamica

•Malnutrizione

•Medicamenti

•Età

-↓termoregolazione

IPOTERMIA
Fattori di rischio
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Effetti sul sistema cardiovascolare

Ipotermia lieve
32-35°C

Ipotermia moderata
28-32°C

Ipotermia severa
<28°C

⬆FC ⬇FC Fibrillazione ventricolare

⬆CO ⬇CO Asistolia

Intervallo di conduzione 
prolungato Ipotensione

Osborn-wave

Fibrillazione atriale

IPOTERMIA

Hildebrand, Am J Surg, 2004
Morris, Ann Intern Med, 1985
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J-wave - Osborn wave
in 80% dei pazienti ipotermici

IPOTERMIA
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Ipotermia lieve
32-35°C

Ipotermia moderata
28-32°C

Ipotermia severa
<28°C

⬆FR ⬇FR Apnea

Alcalosi respiratoria ⬆Acidosi respiratoria Edema polmonare

⬇Riflessi di protezione ARDS

⬇Riflesso della tosse

⬆Secrezioni bronchiali

⬇Funzione ciliare

IPOTERMIA

Effetti sul sistema respiratorio

Giesbrecht, Aviat Space Environ 1995
Taniguchme, Intensive Care Med, 2001 
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Ipotermia lieve
32-35°C

Ipotermia moderata
28-32°C

Ipotermia severa
<28°C

Atassia ⬇Riflesso pupillare Ariflessia

Apatia Midriasi ⬇Attività EEG

Amnesia Stupor ⬇Cerebral blood flow

Disartria Svestirsi paradossalmente ⬇Riflesso corneale

⬇Stato di coscienza ⬇Riflesso oculocecfalico

⬇Movimenti

⬇Risposta al dolore

IPOTERMIA

Effetti sul sistema neurologico

Mallet, Q J Med, 2002
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Ipotermia lieve
32-35°C

Ipotermia moderata
28-32°C

Ipotermia severa
<28°C

Diuresi del freddo Diuresi da freddo ⬇ Perfusione renale

⬇GFR Oliguria

Acidosi metabolica

IPOTERMIA

Effetti sul sistema renale

Mallet, Q J Med, 2002
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IPOTERMIA

Effetti metabolici ed endocrini

Mallet, Q J Med, 2002

Ipotermia lieve
32-35°C

Ipotermia moderata
28-32°C

Ipotermia severa
<28°C

⬆Catecolamine ⬇Attività metabolica
progressiva ⬇ dell’attività

metabolica fino a 20%

di quella basale

⬆Consumo O2 ⬇Consumo O2
progressiva ⬇ dell’attività

metabolica fino a 20%

di quella basale
Shivering Stop shivering

progressiva ⬇ dell’attività

metabolica fino a 20%

di quella basale
Iperglicemia

progressiva ⬇ dell’attività

metabolica fino a 20%

di quella basale

19sabato, 31 marzo 12



Effetti sul sangue

•↑ematocrito (2% / 1°C)

•Funzione compromessa dei leucociti / macrofagi
-↑ rischio infettivo (ipotermia > 24h)

•Coagulazione compromessa
-↓ attività dei fattori
-↓ numero e funzione dei trombociti
-↓ efficacia della terapia
- processi enzimatici rallentati
- attivazione della fibrinolisi

IPOTERMIA
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Core temperature afterdrop:

continua diminuzione della temperatura centrale associata a 
peggioramento clinico malgrado i pazienti siano stati tolti 
dall’ambiente freddo ed il riscaldamento attivo sia stato iniziato

IPOTERMIA
Particolarità
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Lieve

Moderata

Severa

IPOTERMIA

I mezzi di 
adattamento per 

contrastare 
l'ipotermia 

scompaiono 
progressivamente 

con il 
peggioramento 
dell'ipotermia
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Una persona non è morta finché non è
calda e morta

IPOTERMIA
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