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ability requires

invasive rewarming
d IV fluids)
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Patient's trunk feels cold on examination
or core temperature is <35

'

‘ ital signs presant
1 Figure 1 (facing page). Management and Transport
: ' in Accidental Hypothermia.

The NEW ENGLAND JOURNAL of MEDICINE

Yes Mo
t ' HT I, HT Il, HT [, and HT IV refer to the four stages of
Impaired consciausness ﬂh:.':;’ signs ofimrrersible hypothermia as defined by the Swiss staging system.*®
Valid DN ardar To convert values for temperature to degrees Fahrenheit,

Conditions unsafe for rescuer

. lrplenlony multiply by 9/5 and add 32. Obvious signs of irreversible

pre death include decapitation, truncal transection, de-
and asystole composition of the whole body, and a chest wall that is
. ; ' . not compressible (i.e., the whole body is frozen solid).
h:‘ TJ:{’ Hemal fes to any Rigor mortis as well as fixed and dilated pupils may be
T 1 present in patients with reversible hypothermia. Active
Trarsport ta nearest hn".puul Frﬂwspl‘ﬂ carduac instabiliy Stast CPR, do not dalay Cormsder torrmenation L. . . . )
Finjured: consider on-site or sysaolic blood pressure transpart of CPR external and minimally invasive rewarming techniques
hespital treutment if uninjured ; ';:"‘I'"Hﬂ ) :’“:F"“"“ host loas . include placement of the patient in a warm environ-
‘entricular arrhythmias rosnde 3iraay managema R ) R B}
Cors temparaturs <28°C and upﬁjdu,f:uf ment; use of chemical, electrical, or forced-air heating
“F'I“;I_’d'”";}‘_* an I packs or blankets; and parenteral administration of
ar ose of L mg) . q
and defibrillation warm fluids (38 to 42°C [100 to 108°F]). A systolic
Mo to all Tes to any .
} 4 ) blood pressure of less than 90 mm Hg is a reasonable
HT1 Transport to || Transport 1o 1 prehospital estimate of cardiac instability, but for in-
F'N«"SEIWIrm-'ﬂ'-' ronment nearest haspital with Cardiac armest befare coaling hospital decisions, the minimum sufficient circulation
th te ||ECHIE ar CPB . .
Provide warm eweet drinks 'th;:r_ﬁ:; - x"" e for a patient with a core ternperature of less than 28°C
Encourage active move- arrest (82°F) has not been defined. Therefore, it is not known
want . . . . . . A
' e at what point a patient with refractory cardiac instabili-
HTM['D‘W ty should be transitioned to extracorporeal membrane
NNz Frcverments b Me bo all Yes ko ary . .
prevent archythrmias "'J‘ :‘ oxygenation (ECMO) or cardiopulmonary bypass (CPB).
EI"""-'“* further "“I“'“;‘ In remote areas, the transport adviser must balance
=e active external an Consider tests to Transport to nearest - n o . .
S r——— I S lwr:;ﬂ il the risk of increased transport time with the potential
Mary-apren.. bechmigues for ECMO ar ar treat per super- benefit of treatrment in a center that can provide ECMO
rovide diraay manage CPB wising doctor o . = -
rrent 3% reguired Core temperature - or CPB. For a patient with cardiac arrest in a remote
. =32 area, the need for ECMO or CPB can be confirmed by
Erurm ERL g - - o o
pr mﬂi‘;ﬁ measuring the serum potassium level at an intermedi-
T ate hospital, ideally en route toward a center that can
Yostoal Mo to ary provide ECMO or CPB. When transfer to such a center
is not feasible, active external and alternative internal
Transpost to hospital with ECAMC ar CPB: rewarming techniques should be used. DNR denotes
de:not terminste CPR do not resuscitate, 10 intraosseous, IV intravenous,
Jr and ROSC return of spontaneous circulation.
Prepare for muliorgan filure and need HT IV
for ECMIO respiratory support Cardiac Rawarm with ECMO or CPE
Provide post-arrest management w instabilityd If ECMO or CP8 not available, provide “nggc - {nnf.ulirrrg;:.m-.m
Conzider therapeautic hypathermia resohved CPR with active external and alter-
32-34°C for 24 hr native mternal rewarming
Rewarm to 3170 core ternperature

N ENGLJ MED 367;20 NEJM.ORG NOVEMEBER 15, 2012
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Patient's trunk feels cold on examination
or core temperature is <35°C

i

Vital signs present

1. 1s CPR required?

|
Mo

J

death

Obvious signs of irreversible

Valid DNR order

Conditions unsafe for rescuer

Avalanche burial 235 min,
airway packed with snow,
and asystole

|
Mo to all

f

Yes to any

J
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Absent Vital Signs

Start CPR, do not delay
transport

Prevent further heat loss

Provide airway management
and up to 3 doses of
epinephrine (at an IV
or 10 dose of 1 mg)
and defibrillation

Consider termination

of CPR

| N ENGL) MED 367;20 MNEJM.ORG

NOVEMEER 15, 2012



Absent Vital Signs

2. Transport decision:

Is hypothermia the likely
cause of cardiac arrest?

© Doug Brown

arrest

Cardiac arrest before cooling
Major trauma
Witnessed normothermic

Avalanche burial =35 min

[
Mo to all

\

I
Yes to any

'

Consider tests to
confirm neead
for ECMO ar
CPB

Core temperature
=32°C

Serum potassium
<12 mmel/liter

Transport to nearest
appropriate hospital
or treat per super-
vising doctor

|
Yes to all

'

do not terminate CPR

Transport to hospital with ECMO or CPB;

~50% ISu rvival

|
Mo to any

N ENGLJ MED 367;20 NEJM.ORG NOVEMEBER 15, 2012
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1 1 Consider tests to

Absent Vital Signs S
for ECMO or
CPB

Core temperature
=32°C

Serum potassium
<12 mmol/liter

| |
Yes to all MNo to any

Transport to hospital with ECMO or CPB;
do not terminate CPR

¢

Prepare for multiorgan failure and need HT IV L
for ECMO respiratory support Cardiac Rewarm with ECMO or CPB : N
. : o . : No Consider termination
Provide post-arrest management -— instability{ If ECMO or CPB not available, provide —RoSc ™ fCPR
Consider therapeutic hypothermia resolved CPR with active external and alter- ©
32-34°C for 24 hr native internal rewarming

Rewarm to 32°C core temperature

3. Supportive care & rewarm:
e quality CPR
* transport to ECMO
* prevent heat loss

N ENGLJ MED 367;20 NEJM.ORG NOVEMEBER 15, 2012
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UnCOHSCiOUS W|th V|ta| SlgnS Prehospital cardiac instability

Systolic bload pressure
=90 mm Hg
Ventricular arrhythmias

1. No CPR reqUirEd Core temperature <28°C

2. Transport to ECMO if Nﬂiﬂﬂ” Teﬂi}aﬂb‘

hypoten5|.on, ventricular Transport o || Transport
arrhythmla or temp<28°C nearest hospital with
appropriate ||[ECMO or CPB
hospital
3. Careful handling and : I
rewarm HT 11 or 1]

Minimize movements to
prevent arrhythmias
Prevent further heat loss
Use active external and
minimally invasive

rewarming techniques
Provide airway manage-
ment as required

N ENGL) MED 367;20 MNEJM.ORG NOVEMBER 15, 2012
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Normal LOC
'

Transport to nearest hospital
f injured; consider on-site or
hospital treatment if uninjured

1. No CPR required

2. Consider on-site
rewarming if uninjured™®

3. Rewarm

HT |
Provide warm environment
and clothing
Provide warm sweet drinks
Encourage active move-
ment

*Trauma & hypothermia are a deadly
combination. Prevention & rewarming can be
lifesaving for hypothermic trauma patients.

N ENGLJ MED 367;20 NEJM.ORG NOVEMEBER 15, 2012



© Doug Brown

Classical Staging

TABLE 5-2 Characteristics of the Four Zones of Hypothermia

Core

Temperature
Stage °C °F
H . Mild N6 997 £ 1
M||d <35 7.0 986z
3.0 968 se i metabollc rate, blood pressure, and preshluerlng muscle tone
35.0 e temperature 34.8°C (P4.6°F); maximal gf

3. Development of amnesia, dysarthria, a
maximal respiratory stimulatio i
Development of ataxia and agg

decrease in respirato

progressive bradycardia

bn of cerebral metabolism; tachypnea, tlgen D@
resis

ig=ring thermeogenesis
q lgment; maladaptwe behavior; normal blood pressure; E

Moderate: MO@

32.0 8%9.6 Stupar; 25% decrea orfumption
<_32 3.0 g878 Extinguis I =N eSS
- 30.0 86.0 Devela i and other arrhythrmias; poikilothermia; pua output two-thirds
o S | eWective
: creaze in level of consciousness, pulse, and re tlcn ated; paradeoxical undressing

ventricular fibrillation thresheld, 50% decrea n comMumption and pulse; hypoventilation

29.0 84.2
Severe 28.0 82. Eore
Seve re . 21.0 o M LEWSf reflexes and voluntary motion
. 26.0 g Major acid-base disturbances; no reflexes or“ &o ain
g c

25.0 = Cerebral blood flow one-third of normal ascular autoregulation; cardiac output 45% of
<=28 normal; pulmonary edema may
24.0 752 Slgancant hypotension and
23.0 734 Mo corneal or oculoceghali
22.0 1.6 Maxirnal risk of v i
P f d N Profound 20.0 &8.0 Lc-weet resu
ro O u n . 12.0 66 2 Electr
18.0

ceidental hypothermia survival'™

—_ 13.7 56?
<= 25 150 5% CI ant accidental hypothermia sunvival®™?
10 0 € ‘?2 decreasze in oxygen consumption

Lowest therapeutic hypothermia survival™?

Danzl cmdental hypothermia. In: Auerbach PS, ed. Wilderness medicine.
6th ed. Phlladelphla Mosby, 2012:116-42.



Table 2. Staging and Management of Accidental Hypothermia.*

Typical Core
Stage Clinical Symptoms Temperaturey

HT | Conscious, shivering 35 to 32°C

HT Il Impaired consciousness, <32to 28°C
not shivering

Unconscious, not shivering, <28 to 24°C
vital signs present

No vital signs <24°C

N ENGLJ MED 367;20 NEJM.ORG NOVEMEBER 15, 2012



© Doug Brown

—— |Hea Ily esophageal (distal to carina)

e Rectal (~15cm depth, may lag during rewarming)
e Can’t use oral or IR tympanic

Useful:

e Temp >32°C then hypothermia unlikely the cause
of cardiac arrest

e

"\»\

* Prognosis: double edged sword*

, ‘ S — o 3
*lower temperature increases ischemic protect n but on average increases

morbidity & mortality .. .




Secondary Hypothermia

Table 1. Conditions Associated with Secondary
Hypothermia.* Insufficient energy

. . Extreme physical exertion
Impaired thermoregulation

Hypoglycemia
Central failure

_ Malnutrition
Anorexia nervosa

_ Neuromuscular compromise
Cerebrovascular accident

Recent birth and advanced age with inactivity
Central nervous system trauma

Impaired shivering
Hypothalamic dysfunction

o Increased heat loss
Metabolic failure

Dermatologic disorder
Neoplasm

Burns
Parkinson's disease

_ Medications and toxins
Pharmacologic effects

. latrogenic cause
Subarachnoid hemorrhage

Emergency childbirth
Toxins

Cold infusions
Peripheral failure

. _ Heat-stroke treatment
Acute spinal cord transection

_ Other associated clinical states
Decreased heat production

Carcinomatosis
Neuropathy

_ o Cardiopulmonary disease
Endocrinologic failure

. o o Major infection (bacterial, viral, parasitic)
Alcoholic or diabetic ketoacidosis

Multisystem trauma

H d I
ypoadrenalism Shock

Hypopituitarism
Lactic acidosis | *Adapted from Danzl.® NEJM 2012:367:1930-8
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P hyS i O I Ogy P ri mer modified from Brugger

C§5“ .. Cerebral Oxygen Consumption Benefit:
RS « ¥ Cer0,M ~6%/°C
~ 100
- \
g 80
@]
2 N
E 60
2 \
N 40
O \
B 0
0
o
@ 0 . . . . . .
@) 36 32 28 24 20 16
X

Temperature °C

Wood SC. Annu Rev Physiol 1991;53:71-85
Ehrlich MP. Ann Thorac Surg. 2002 Jan;73(1):191-7
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Physiology Primer ™

Cerebral Oxygen Consumption ~ Benefit:
« § Cer0,M ~6%/°C

=
N
o

AN

\ ~50% CerO,M at 28°C

____________ \

36 32 28 24 20 16

Temperature °C

=
o
o

[o2e]
o

(o))
o

D
o

N
o

o

% Cerebral O, metabolism (CerO,M)

1. CPR provides ~50% of normal cerebral blood flow
2. Below 28°C, outcome may be completely independent of CPR duration

Wood SC. Annu Rev Physiol 1991;53:71-85 Rubertsson, Resuscitation 2005: 65 357-363
Ehrlich MP. Ann Thorac Surg. 2002 Jan;73(1):191-7
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Physiology Primer

Cerebral Oxygen Consumption ~ Benefit:
« § Cer0,M ~6%/°C

100 \

Clotting time (sec) Risks:

80 -

-1 clotting time

40 \ +f bleeding ~16%*
\ - transfusion ~22%*

-4 mortality 2.4*

0 T T T T T 1 *in trauma patients
36 32 28 24 20 16

% Cerebral O, metabolism (CerO,M)

Temperature °C

1. Trauma & hypothermia are a lethal combination

Wood SC. Annu Rev Physiol 1991;53:71-85 Dirkmann D, Hanke AA, Gorlinger K, Peters J. Anesthesia & Analgesia 2008;106:1627-1632
Ehrlich MP. Ann Thorac Surg. 2002 Jan;73(1):191-7 Rajagopalan S et al. Anesthesiology 2008;108:71-77
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*Transport issues

*Building the BC chain of survival
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ffness that resembles rigor mo

* Respiratory arrest

e Cardiac arrhythmias including asystole
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s

of arrest prior
. |

re temp >32°C (hypothermia not the cause)

* Frozen solid (chest not compressible)
e K>12mmol L1

e Special circumstances
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e No brogh St‘i,E‘ u

‘use history, not K to make decisions

K>?8, 10, ?12
e possible marker of cell death prior to cooling
e Qutliers / Survivors:
e 2.5yr child K=11.8
2 yr child K=9.5

Py R
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*Transport issues

*Building the BC chain of survival




Trauma Mortality by Temperature

< (raw retrospective data, not adjusted, 1,921 patients)

Admission Temperature (deg C)

AdJUSted OddS Of Death 24 (all comers)

temperature < 35C _ -
adjusted for: age, 1SS, mechanism 1.5 (isolated head injury)

Admission hvpothermia and outcome after major trauma. Crit Care Med 2005 Vol. 33. No. 6



e Surgical cu
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about Neuroprotection: g
late deplete ATP stores P
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pothermic metabolism offset by traumatic -
etabolic state & increased bleeding
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* +/- Warm (38-42°C) bladder lavage
e Cardiac monitoring, minimal & cautious

movements

-
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* body cavity lavage, endovascular devices

e extracorporeal heating systems without CV
support
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1Severe acmdental hypothermia with or W|thout hemodynamlc instability: rewarming without the use of
extracorporeal circulation. Wien Klin Wochenschr 2002;114:315-20.
2Efficacy of portable and percutaneous cardiopulmonary bypass rewarming versus that of conventional internal
rewarming for patients with accidental deep hypothermia. Crit Care Med 2011;39:1064-8.




Transport: Cold vs. Warm

* Prehospital rewarming is important to prevent further
cooling but is unlikely to significantly rewarm the patient!

e Opinion: simplify management by recommending
minimally invasive rewarming for all patients (controversial
with cardiac arrest patients)

e Risk of Not Rewarming:

* Further temperature drop increases risk of multi-organ
failure, coagulopathy, arrest and death

* Risk of Warming:

* |f brain rewarmed prior to provision of adequate blood
“ flow then neuroprotection may be lost

~

ILundgren et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2011, 19:59
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Thank You




