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Historie akcidentalni hypotermie
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Hypotermie

Zeman,V: Adaptace na chlad
u Clovéka, Galén 2006
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PFiginy HT—

normalni termoregulace

Turbo Hill avalanche runout zone.
FPhoto taken on March 16, 2010






Ztraty tepla

VyzafFovani:
elektromagnetické viny

Odparovani:
z povrchu kaze,

vydechovani vodnich
par plicemi

Vedeni: pfimé pfedani kinetické energie molekul
mezi dvéma pfedmeéty s rozdilnou teplotou,
vedeni urychluje pobyt ve studené vod &,
zvySena vihkost vzduchu. Cim vétsi je teplotni
gradient mezi kazi a okolim, tim vétsi jsou
tepelné ztraty
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Proud éni: vrstva teplého vzduchu (vody), ktera se ohrala od téla vyzafovanim a

vedenim je pasobenim proudéni (vétru /wind-chill /, pfi plavani) strhavana pry¢ od
téla a nahrazovana chladnéjSim z okoli, zvySuje se rozdil teplott élo-okoli,
urychluji se tepelné ztraty




Wind-chill - viiv proudéni na pocitovou teplotu
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Mimovolni

Odpoved organismu na chlad

Vazokonstrikce
= chladové zuzeni cév na
periferii v kazi, podkozi a
neaktivnich svalech, tvofi az
85% celkové izolace
organismu

Chladovy tfes — vzestup srdecni a
dechové frekvence, energeticky
nevyhodné - vysoka spotfeba energie
a kysliku, na ohréati téla 0 0,6 °C
vzroste spotfeba kysliku az o 360%,
svalova prace - tfes - zvySuje
prokrveni povrchovych oblasti téla,
které rusi chladovou vazokonstrikci

Netfesova termogeneze — metabolické
zvySeni produkce tepla,
termogeneticky nejucinnégjsi,
indukovana pusobenim
katecholaminl, u novorozencu
v hnédé tukové tkani, u dospélého
Clovéka pravdépodobné v bilém tuku
a kosternim svalstvu

hladem, redukce
U téla (schouleni), volba
)ydného odévu

Télesné cviCeni, dostatek energie

Omezeni tepelnych ztrat —
podlozka, alufolie, deky, vyména
mokrého obleceni za suché

Zevni ohrivani




Hypotermie - vazokonstrikce

Figure 54.
Infrared scan of the palmar hand surface. Blue = 43°C
(109.4°F); red = BE"C (154 4°F). A, At room temperature. B,
After & minutes in a cold room, with evidence of
vasaconstriction.

(Courtesy Naval Health Research Center, San Diega, CA)

Danzl D. Accidental hypothermia. In:Auerbach, P editor.
Wilderness Medicine. St.Louis: Mosby; 2007.p. 125-160




Klasifikace HT

NESILCERN Teplota SWES Klinicky stav = uziti Spotreba
dle teploty staging na misté nehody => 02
télesného system, ,on site triage” tkanémi
jadra REGA
Lehka, 35-32°C Jasné védomi, 35-32°C [fazo
nezavazna chladovy tfes 300% !!
Stredni 32-28°C ||| Postupny Gtlum védomi, | 32 -28 °C | |0 50%
' neni tfes, arytmie
Tézka <28 °C 11 Bezvédomi, zakladni 28 —24 °C
' zivotni funkce
zpomaleneg, ale
zachovany, arytmie
IV Bezvédomi, apnoe, KF, |24 -15°C | |0 75%
ASY (22°C)
V Ireverzibilni HT <13°C 1092%
' (13,7 °C)

(10°C)




Contents lists available at ScienceDirect

Resuscitation

A g
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ELSEVIER journal homepage: www.elsevier.com/locate/resuscitation

Review
Prognostic factors in avalanche resuscitation:
A systematic review™

Jeff Boyd®F-*, Hermann Brugger=¢, Michael Shuster?

- Pouze jeden pripad preziti u ditéte s inicialnim K* = 11,8 mmol/I

|
WESHISCITATIONN

- U dospélich Ize uvazovat o ukonéeni KPR: K*> 7 mmol/l + asystolicka

zastava + dalSi okolnosti




HT IV XHT V

Zivy nebo mrtvy?
VYSETRENI: HT IV HT V

Klinické vyéetfeni Bezvédomi Bezvédomi APILIR S ezl

Zadné znamky zivota Zadné znamky zivota

Stlacitelny hrudnik Hrudnik nestla ¢itelny

Zranéni neslu €itelna se zivotem
Nevylé €itelna choroba

Doba zasypani lavinou > 35min,
nejsou volné DC

Teplota > 13 °C? <13 °C? (13,7 °C)
EKG ASY, KF ASY
Laboratorni < 12 mmol/l > 12 mmol/l (=> asfyxie)

vySetieni K* KPCR Ize ukongit




Hypotermie - diagnostika




1. Diagnostika — anamneéza,
okolnosti




2. Diagnostika — klinické vysetreni

Hypotermie | Svalovy t fes | Stav Puls Centréini
Stadia dle védomi teplota
REGA

| + (1) + (1)

I + (V) + (V)

apatie, ES, FS
spavost

10 + (V)

Osbornova
J-vina

IV

FK, ASY

V




3. Diagnostika — mereni teploty




4. Hypotermie — EKG

Nespecificka, pfi€ina zpozdéna

il s “f.'%%r?‘“:;3?5335*‘?‘3 depolarizace nebo dasna repolarizace LK
ol 520 {LOT ) -:'T RCETVA g or I

aga. (T uenepeciic miBase ¥ o . )

Ges i3 - hypotermie, leze centralniho nervoveho

systému, fokalni kardialni ischémie, sepse

OMIVERSITY OF LOUISVILLE HOSPITAL - UNIDENT:

Osbornova J-vina,

. viditelna pfi poklesu T< 32T (ll, V6), T< 25T (V3, V4)
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Danzl D. Accidental hypothermia. In: Auerbach, P 25 mm/ase 10,0 mymy | F = % 050150 |
editor. Wilderness Medicine. St.Louis: Mosby; 67 by ey, (.. A adiiiste oF Risevier ha:
2007.p. 125-160




HT — arytmie

(c) Copyright 2007 by Mosby, Inc., an atfiliate of Elsewvier Inc.

igure b,
In thiz patient, ventricular fibrillation developed during a code
3 transport by emergency medical services to the

emergency department. Mote the pronounced J wave after the
RS complex.

Danzl D. Accidental hypothermia. In:Auerbach, P
editor. Wilderness Medicine. St.Louis: Mosby;
2007.p. 125-160




JAfter drop” syndrom

Prabéh télesné teploty po 40 minutovém pobytu ve vodé
1,5C, BMI 32, pouzit Hibler tiv zabal

38

40 minut ve vod é -

37 s’ \

typ
\ / T improvizovaného
36

ohfevu pacienta

2)
% % Hibler @v zabal 2 hodiny / | /[ odehod dom &
g, \ J/
SIEGER, L. Hibler(v zabal v
praxi. Medicina Sportiva
33 .
Bohemica et
i Slovaca, 2008, 17 (2), 90-93.
0 50 100 150 200 250 ISSN 1210-5481.
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Expozice 2 hodiny ve vode 12<C

[«1 82 T2 pravé chodidlo

e e 34

55 ~_chodidlo T
- I 24 32
360 . | — 0

358

J—za

| 2
rekium W
M’m — 24

Fribeh teplot po 2 h expozicive vode 12'C i

256

O - |

¢ h expozice M :
wvevode 12'C : : — 29

w2 - |
-1 20

1 .Il'! 1 I

/O o ' | |
: - 18

.4,_,,.-1“"# !
48 i
M I I I | I I I "\"' I | I

20 21 22 23 Y 1 z
Subperiod: 29.6.2003 20:41:05 to 30.6.2003 ¥:00:00 hiours

18

. héh do schodi |

.+ 80 dfepd, 10 minut | i
i spanek v Zimnim spacaku
I













Danzl D. Accidental hypothermia. In:Auerbach, P editor.
Wilderness Medicine. St.Louis: Mosby; 2007.p. 125-160

Paal P, Beikircher W, Brugger H. Avalanche
emergencies. Rewiew of the current
situation. Anaesthesist 2006;55:314-24




Resuscitace

Klasifikace Teplota YIS Klinicky stav = uziti Spotreba
dle teploty staging na misté nehody => 02
télesného system, ,on site triage* tkanémi
jadra REGA
Lehka, 35-32°C Jasne védomi, My |35-32°C |Tazo
nezavazna chladovy tfes ( 300% !
ot
Stredni 32-28°C ||| Postupny Gtlum védomi, | 32 -28 °C | |0 50%
' neni tfes, arytmie
Tézka <28 °C 11 Bezvédomi, zakladni 28 —24 °C
' zivotni funkce
zpomalené, ale
zachovany, arytmie
\V/ Bezvédomi, apnoe, KF, |24 -15°C | |0 75% B\
ASY (22°C)
V Ireverzibilni HT <13°C 1092%
(13,7 °C) (10°C)

.-




G, ECHO,

vydeje
 Pochybnost o pritomnosti srdecni akce =>
zahajit KPR, potvrdit hypotermil

« BLS, ACLS (pomery a frekvence) ~
Guidelines 2010



J.Soar et al.: Cardiac arrest in
special circumstances/Resuscitation
81 (2010) 1400 - 1433




J.Soar et al.: Cardiac arrest in special
circumstances/Resuscitation 81 (2010)
1400 - 1433







Scandinavian Journal of Trauma, 0)

Resuscitation and Emergency Medicine BioMed Central
Table I: Patient characteristics (all time measures in min).
Case report ( ) E
. . Patient | Patient 2
Submersion, accidental hypot e e
mechanical chest compressiol s male male
case report Age (years) 27 34
Hans Friberg* and Malin Rundgre
Rescue team on scene 1 11
Address: Department of Anesthesia and Intensive Care, Lund U Submersion time 20 21
Email: Hans Friberg® - hans.a.friberg@spray.se; Malin Rundgrer J
* Corresponding author Time to CPR 21 22
—__
Initial rhythm asystole asystole
Chest compressions manual mechanical
Secured airway in hospital in ambulance
Time to ROSC MN/A 47
[ QOutcome & months dead alive ]
Initial temperature 29.0°C 27.9°C

Initial pH (ct-stat) 6.7 6.8




Pasivni ohrivani + chemické balicky

revencl
Ini az tézka)




Aktivni ohrivani (ICU)

after-drop
eneho ohratého
leuralni lavaz, lavaz

a zaludku, mimotélni obéh
dilatace => expanze

0 prostoru, nutné podat

/ objem ohratych tekutin + kontinualni
ynamicky monitoring
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Prolonged extracorporeal membrane oxygenation-assisted
support provides improved survival in hypothermic patients
with cardiocirculatory arrest

Elfriede Ruttmann, MD,* Annemarie Weissenbacher, MD,” Hanno Ulmer, PhD? Ludwig Miiller, MD," Danie! Héfer, MD,?
Juliane Kilo, MD,® Walter Rabl, MD,® Birgit Schwarz, MD, Giinther Laufer, MD,” Herwig Antretter, MD,*
and Peter Mair, MD®

ECC vs. ECMO

The Journal of Thoracic and Cardiovascular Surgery « September 2007

TABLE 3. Causes of death in patients with restoration of
spontaneous circulation (ROSC) (n = 21 patients)

ECC group ECMO group
n = 14 patients n = 7 patients

Pulmonary edema 9 (64.3%) 0 {0%)

Multiorgan failure 2 114.3%) 3 (50%]

Brain death 2 (14.3%) 3 (42.9%)

Aortic dissection/retroperitoneal 0 (0%) 1(16.7%)
hematoma

Bleeding 1(7.1%) 0 (16.7%)

Median time from ROSC to 23{0.5-110} 42 {18-216)

death (hours, range)

ECC, Extracorporeal circulation; ECAMO, extracorporeal membrane oxygen-
ation; ROSC, return of spontaneous circulation,






.no one Is dead until warm and dead*

NIKDO PODCHLAZENY

NENI MRTVY DOKUD NENI
OHRATY NA NORMALNI
TEPLOTU A MRTVY




ACCIDENTAL DEEP HYPOTHERMIA WITH CARDIAC ARREST. PROMPT
COMPLETE RECOVERY AFTER REWARMING BY EXTRACORPOREAL
CIRCULATION. CASE REPORT

Martin Simek®*, Roman Hajek?, Vilem Bruk?, Karolina Fabikova®, Petr Nemec?, Jakub Raimr*,
Roman Husar?, Petr Hubacek”

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2007, 151(1):95-97.




Full recovery of an avalanche victim with profound
hypothermia and prolonged cardiac arrest

treated by extracorporeal re-warming”

Rosmarie Oberhammer®!, Werner Beikircher®2,

Christoph Hormann®?, Ingo Lorenz %3, Roger Pycha®?,
Liselotte Adler-Kastner®*, Hermann Brugger®*

abilni, puls
(tymp.) 22°C,

, alufolie, deky,

oci jefabovani

j neproveden — selhani baterie,
do pfiletu do nejblizSi

ze UPV!, 1. vyboj ihned po pfistani

7 °C, pCO2 111mmHg, pO2 23,3 mmHg,
y/dl, BE -12.3 mmol/l

transport do spec. centra s moznosti
, kde za 225 min po zasypani. Kontin. Femoralni
pypass, ECMO

dce celkem 150min
en 17. den bez neurologickeho deficitu, rozvoj PTSD
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Sance na preziti?

Opilec Skialpinista Brusla F
Teplota 24,8 T 22 C 17 € M
Doba zastavy 98 min 150 min > 180 min
obéhu
Laktat 14,1 mmol/l 105 mg/dI 30,58 mmol/l
[K+ 4,52 mmol/Il 4,3 mmol/l hemolyza
pH 7,0 6,88 7,23
BE -17,2 -12,3 - 13,5
pO2 23,5 kPa 23,3 mmHg 14,7 kPa
pCO2 4.64 kPa 111 mmHg 4,07 kPa
prezil prezil zemrel



Algoritmus péce o
hypotermického
pacienta na ZZS
KV

POSOUZENI STAVU PACIENTA A OKOLNOSTI — JE PREDPOKLAD MOZNOSTI VZNIKU HYPOTERMIE?

ANO

ZRANENI NESLUCITELNA SE
ZINOTEM, ZMRZNUTI CELEHO
TELA?

NE

CENTRALNI TEPLOTA
2 32"C(2ZS KV >34 C)

NE

PACIENT REAGUIE? ANO

NE

ZIVOTNI FUNKCE?

NE

ANO MNEKRISIT

ANO PROCHLADANI, TERAPIE A

PREVENCE DALSIHO

TRANSPORT OLE STAVU

NEJBLIZSI URGENTNI
PRIJEM fuP, CP/

VYLOUCIT DALSI PRICINY
BEZVEDOMI, NEMOCNICE
S MOZNOSTI AKTIVNIHO
OHREVU {ARD)

KONTROLA RYTMU -
ASYSTOLIE?

ANO!!

NEIBLIZSI ARO —

KONTROLA DRASLIKU
V SERU, TEPLOTY

K* < 8 (dospéli)/ 12 (déti) mmol/]

¥

K" > 8 (dospéli)/ 12 (d&ti) mmol/l, teplota > 32°C




LaVI n OVé. n e h Od a Brugger H, Etter HJ, Zweifel B, Mair
P, Hohlrieder M, Ellerton J,

Elsensohn F, Boyd J, Suman G, Falk

M. The impact of avalanche rescue

devices on survival. Resuscitation
2007; 75:476-483

Evropa USA - Utah British Columbia,
P”Ct'_“a Univ. Innsbruck | (1989 — 2006) Alberta
smrti =
(1996 — 2005) n=56 (1984 — 2005) -
91,7% - 85,7/% 5%
5.6% (koncetiny, 1 D,4% 2450 (hlava, hrudnik)
hrudnik, C-péter) (8,9% komb.asfyxie + trauma) -
S
1 1< 1%
ﬂﬂ-‘ - E Pattern and severity of injury Cause of death iI:l L
SRS 5 - 8 in avalanche victims. avalanche fatalities. PRI OF CeRil Smong
.| Honhlrieder M, Brugger H et Mclntosh, Grissom et || @valanche falalities: a 21-year
T all, High Alt Med Biol, 2007 | | all, Wildernes Envir rewiev. Boyd.J et all,
A 8(1):56-61 B8 Med 2007, 18(4):293-7 | WWW.cmaj.ca, Feb., 2009
L : = ;

e . e R



| avinova nehoda

Resuscitation, 2001;51:7-15, Brugger

H, Durrer B, Adler-Kastner L, Falk M,

100%% Tschirky F. Field management of
avalanche victims

%

e Analyza 638 obéti
lavinovych nehod v
otevieném terénu

| * 97 obéti v
g \ﬁ uzavieném prostredi
I = e Svycarska data

0 0 §0 60 80 100 120 140 160 180 200 220 240 (1981 — 1998)
Time buried under avalanche (min) o 4TI ST

e, otevieném terénu
' (1981 — 1991, Faiket. an

Survival probabllity
3

8. minut preziva 90%

_fﬁiﬂl Hlavinové nehody
a;iSM_RT Pat%,& 18 MINUT
R

“+[>.35 min =>
1Ziko hypot_e_rmie
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CMAJ COMMENTARY

Should strategies for care of avalanche victims change?

Hermann Brugger MD

Published at www.cmaj.ca on Feb. 12, 2009.

« Lavinovy vyhledavac = trychlost vyhledani (snizeni rizika t 55,2% vs. 70,6%)
e Avalung = prodlouzi dobu preziti pod snéhem

« ABS system = prevence kompletniho zasypani (sniZeni rizika t 2,9% vs. 18,9%)

Prilba = prevence traumatu hlavy



ASSESSMENT OF THE EXTRICATED PATIENT"

’— Conscious? Yo

Hypothermia IHI:

with intensive care unit

v

— Breathing?

No Yes

Hypothermia Ili:

e intubate, ventilate with warm
humidified oxygen

e transport to hospital with
hypothermia experience or
unit with cardiopulmonary bypass

v
= Obnious fatal injuries?
Yes No

Start CPI'\l intubate

e administer hot, sweet drinks
o change clothing if practicable
@ transport to nearest hospital

Resuscitation, 2001;51:7-15, Brugger
H, Durrer B, Adler-Kastner L, Falk M,
Tschirky F. Field management of
avalanche victims

Check < 35 min and/or > 32°C

burial time and/or

core temperature v
Continue resuscitation,

> 35 min and/or < 32°C follow standard ACLS
protocol
v Ventricular fibrillation
ECG
Asystole
No Air p:c:cket i Yes or uncertain
and free airway?

Pronounce
patient dead

Hypothermia IV:

® continue resuscitation

¢ VF: apply 3 DC shocks

® transport to unit with
cardiopulmonary bypass**

Hypothermia I: patient alert, shivering (core temperature about 35-32°C [95-89.6°F])
Hypothermia li: patient drowsy, non-shivering (core temperature about 32-28°C [89.6-82.4°F])
Hypothermia lll: patient unconscious (core temperature about 28-24°C [82.4-75.2°F])
Hypothermia IV: patient not breathing (core temperature < 24°C [< 75.2°F])

Avalanche
resuscitation
algorithm

Verze algoritmu z roku 2001



ICAR MEDCOM ALGORITMUS 2011 — KRISENI PRI ZASYPANI LAVINOU

Tento algoritmus vynechdawva zjistovani pFitomnosti “vzduchové kapsy™ u zasypanych lavinou

Posouzeni z laviny vyproiténého pacienta

¥

|
Smrtelna zranéni @
Zmrznuti celého téla
MNE l

Doba zasypani
(teplota télniho jadra)

>35 min I <3X°C r

Pacient reaguje AMNO MNejblizsi
emergency

MNE

— ANO
Zivotni funkce ﬁ MNemocnice

T s aktivnim

zahFivanim

l MNE MNemocnice
EKG: asystolie s mimoté&lnim

ANO ob&hem

S

| <8 / <12 mmuol/I]

Volné dychaci cesty ﬁ Draslik v séru /

' =8 / >12 mmol/I ALS: roziifeni neodkladnéd resuscitace

Zivotni funkce: dychani + krevni ob&h

Ukonéeni
KPR KPR: Kifiseni
(kardiopulmonalni resuscitace)
Emergency: neodkladna nemocnicni
pédce

1
. Rotman podle: Herrmann Brugger

22. Internationale Bergrettungsdirztetagung.
Innsbruck 5.11.2011







