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Resuscitation from accidental hypothermia of 13-7°C with circulatory arrest
Mads Gilbert, Rolf Busund, Arne Skagseth, Paul Age Nilsen, Jan P Solbg

In a victim of very deep accidental hypothermia, 9 h of and winched her into the helicopter. CPR and positive-
resuscitation and stabilisation led to good physical and mental pressure manual ventilation bag-to-tube was continued
recovery. This potential outcome should be borne in mind for all during the 1 h flight to Tromse University Hospital. They
such victims. arrived at 2110 h.

Gilbert et al. Lancet. 2000

Sequela-free long-term survival of a 65-year-old woman after 8 hours

and 40 minutes of cardiac arrest from deep accidental hypothermia

Marie Meyer, MD," Nathalie Pelurson, MD,"” Ebrahim Khabiri, MD," Nils Siegenthaler, MD.“ and
Beat H. Walpoth, MD," Geneva, Switzerland, and Embrun, France Mever et al. J Thorac Cardiovasc Surg. 2014
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Cryobiology

journal homepage: www.elsevier.com/locate/ycryo

Survival of a cardiac arrested victim with hypothermia despite severely ()

elevated serum potassium (9.0 mmol/L) pasquier et al, Cryobiology. 2017



Beobachteter Stillstand

Available online at www.sciencedirect.com EUROPEAN
RESUSCITATION
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Resuscitation ¥) )comar
ELSEVIE journal homepage: www.elsevier.com/locate/resuscitation

Clinical characteristics and outcomes of
witnessed hypothermic cardiac arrest:

A systematic review on rescue collapse

 Am Unfallort Temperatur 23,9 +2,7°C, nie >30°C

* Am Unfallort GCS 5 (3-7), nie >10

* Initialer Rhythmus VF in 64% der Falle, Asystolie in 30%.
* CPR Dauer 132 (71-180)

e Bei Krankenhausaufnahme Kalium 4,3 + 1,5 mEqg/L, Laktat 10,4 + 5,4 mmol/L und pH-Wert 7,0 £ 0,2.

Adapted from Frei et al. Clinical characteristics and outcomes of witnessed hypothermic cardiac arrest. Resuscitation. 2019
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MAIN TEXT ARTICLE Orgms | WILEY

Outcomes of patients suffering unwitnessed hypothermic cardiac

arrest rewarmed with extracorporeal life support: A systematic
review

Variable (units; number of Overall Survivors Non-survivors CPC 1-2 CPC 3-5
patients with data) (n =221) (n = 60) (n = 161) P (survival) (n =50) (n =171) P (CPC)
Temperature °C (221) 243+ 3.7 2 .9 004 227+ 2.7 247+ 3.9 <.001

3.7[2.946] 5.8[4.2-8]

Potassium mmol/L (210) 5.0[3.7-7.1] <.001 3.7[3.2-4.5] 5.7[4-7.8] <.001
pH (187) 6.76 + 0.3 6.89 + 0.2 6.71 £0.3 <.001 6.91 +0.2 6.71 £ 0.3 <.001
Lactate mmol/L (89) 14.8 + 6.6 11+3.6 16.1 +6.9 .001 10.9 + 3.8 159 £ 6.9 .003
Initial rhythm (213)
Asystole 138 (65.1%) 2 110 (71%) <.001 22 (45.8%) 116 (70.3%) <.001
PEA 19 (9%) 12 1387 7 (4.5%) 10 (20.8%) 9 (5.4%)
VF 56 (26.4%) 18 (31%) 38 (24.5%) 16 (33.3%)  40(24.2%)
CPR duration min (206) 120 [90-163] 105 [75-140] 120 [95-168] 003 105 [71-144] 120[93-165] .02

Adapted from Podsiadfo et al. Artif Organs. 2021

27 % der Patienten uiberlebten, davon 83 % neurologisch intakt.




Stillstandmechanism

Variable (units; number of Overall Survivors Non-survivors CPC 1-2 CPC 3-5
patients with data) (n = 221) (n = 60) (n = 161) P (survival) (n = 50) (n=171) P (CPC)
Mechanism of cooling (217)

Exposure 68 (31.3%) 30 (51.7%) 38 (23.9%) <.001 28 (57.1%) 40 (23.8%) <.001

Immersion 15 (6.9%) 9 (15.5%) 6 (3.8%) 9 (18.4%) 6 (3.6%)

Submersion 95 (43.8%) 76 (47.8%) 12 (24.5%) 83 (49.4%)

39 (17%) 39 (24.5%) 0 39 (23.2%)
on-asphyxia- 83 (38.2%) 44 (27.7%) <.001 37 (75.5%) 46 (27.4%) <.001

related mechanism
\(exposure + immersio

T

(217)

Adapted from Podsiadto et al. Outcomes of patients suffering unwitnessed hypothermic CA rewarmed with ECLS. Artif Organs. 2021
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INT/ERNATIONAL HYPOTHERMIA REGISTRY

Variable Survivors Non-survivors P
n=26 n =47
N Data available Data available
Temperature at hospital arrival (median [IQR] n=26 24.9 [22.2, 25.5] n=47 25.6 [23.0, 28.1] 0.14
ECG at hospital arrival n=24 n=38 0.35
- asystole n=1 n=16
- ventricular fibrillation n=10 n=19
- PEA n=4 n=2
- Sinus n=9 n=1
Witnessed cardiac arrest n=24 n=17 (71%) n=27 n =8 (30%) 0.005
Asphyxia confirmed n=22 n=>5 (23%) n=39 n=19 (49%) 0.059
ROSC before rewarming n=26 n =9 (35%) n=42 n=3(7%) 0.007
Successful defibrilation n=8 n =4 (50%) n=10 n=1(10%) 0.12
Major trauma n=26 n=11 (42%) n=38 n= 11 (29%) 0.30
Pre-rewarming lab findings
- Ph n=17 6.96 +14 n=33 6.85 + 0.39 0.30
- Potassium, mMol/L n=22 3.5+0.9 n=37 6.5+25 0.001
- Lactate, mMol/L n=19 111 +£52 n=20 16.2 £ 5.1 0.003

Adapted from Walpoth et al. Hypothermic Cardiac Arrest - Retrospective cohort study from the International Hypothermia Registry. Resuscitation. 2021
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Prognostic Factors of Survival

Journal of Cardiothoracic and Vascular Anesthesia

Variable OR 95% CI p
journal homepage: www.jcvaonline.com Univariate ana]ysis

Age 0.959 (0.93-0.99) 0.01"

.. . Female 1.909 (0.535-6.815) 0.32

. Original Article . Tc 0.853 (0.20-1.011) 0.068

Prognostic Factors for Nonasphyxia-Related Cardiac L) Rescue collapse 2.143 (0.893-5.144) 0.088

- : ke Use of MCCD 0.895 (0.225-3.555) 0.875

Arrest Patler_lts Undergoing ]?lxtracorporeal Asystole L Lo (0.471-2.799) 076

Rewarming - HELP Registry Study PEA 0.161 (0.018-1.431) 0.1

VE/pVT 1319 (0.57-3.055) 0.52

CPR time 0.995 (0.99-1) 0.06

pH 8.343 (1.094-63.617) 0.04

PaCO, 1.002 (0.98-1.025) 0.83

. BE 1.04 (0.986-1.098) 0.15

0 0

53 % survival, davon 94 % CPC 1-2. Initial glycemia 0.987 (0.927-1.05) 0.67

Initial potassium 0.743 (0.5352-1) 0.05
Initial lactate 0.882 (0.8-0.968) 0.008

.e . Multivariate Analysi

“Initial lactate concentration (<11.9 mmol/L) proved to nee AN o5y (0924-0.991) 0.014"
.y *

be the strongest predictor of both survival and a lack of Initial lactate 0871 (©-785-0901 0.006

neurologic deficit.” Darocha et al. J Cardiothorac Vasc Anesth. 2020 Feb




Initiales Kalium

Allgemein gilt K >12mmol/L bei AH (Lawine >8mmol/L) als Indikator fiir schlechtes Outcome

Hyperkalemia
A Prognostic Factor During Acute Severe Hypothermia
o
16 [e]
o}
E 12 °
:
3 o
T . s *‘.
Plasma potassium and arterial pH were dinh victims of snow aval (group A: open

circles) and in patients with hy ia following acute drug intoxication and/or cold exposu :
e R T e o o S sem i 92t Schaller et al. JAMA. 1990
and pH.
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Review
The impact of hypothermia on serum potassium concentration: A @ CrosMark
systematic review
Sarah Buse?, Marc Blancher®”, Damien Viglino”, Mathieu Pasquier ¢, Maxime Maignan?®,
Pierre Bouzat?, Thorsten Annecke?, Guillaume Debaty >
Milde Hypothermie - Hypokaliamie 19 Tiefe Hyperthermie - Hyperkaliamie

— Intrazellularer shift und Liver pooling

— Membran stabilisierender Effekt — Intrazelluldrer shift |,

— Passiver Efflux T

 Respiratorische Alkalose
P — Zelllyse

* Beta2 adrenerge Stimulation .
 Kaltediurese und Tubulusdysfunktion Kalium
» Stoffwechsel {, 39,10

Buse et al. The impact of hypothermia on serum potassium concentration: A systematic review. Resuscitation. 2017



Lokale Erfrierungen
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Regli et al. Long-Term Sequelae of Frostbite-A Scoping Review. Int J Environ Res Public Health. 2021

Bei Asphyxieanamnese kann ein K 4 hinweisend fiir Diagnose ,,Todeseintritt vor Abkiihlung“ sein




Initiale Temperatur

A

good prognosis

reasonable prognosis

poor prognosis

Y
no asphyxia or significant
cooling before
cardiac arrest likely

Accidental Hypothermia and Cardiac Arrest

death preceeded
cooling or
history of asphyxia
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COUNCIL

Core temperature <35°C or cold to touch

Vital signs present

* Obvious signs off irreversible death (1)

Impaired consciousness E YES TO ANY Consider
*Valid DNR order withholding
» Conditions unsafe for rescuer or termination

» Avalanche burial >60 min, airway packed of CPR
with snow and asystole

H jaci ili Witnessed NO TO ALL
Transport to nearest hospital Prehospital cardiac instability hy‘po(hcvmi:

if injured; consider onsite or * SBP <90 mm Hg (2) [SILIETEUEE S « Start CPR, do not delay transport
hospital treatment if uninjured * Cardiocirculatory instability Start CPR * If continuous CPR is not possible, consider intermittent
* Core temperature <32°C in old and or delayed CPR in difficult or dangerous rescue
multimorbid or <30°C in young and healthy * Airway management

* Core temperature <30°C max 3 defibrillations,
HT1(3) NOTO ALL YES TO ANY Lt ep’“_""’h”“e_ ) :
* Warm environment and dry clothing * Gather information of mechanism of accident

* Warm sweet drinks

* Active movement

. P g Transport to nearest
Cardiac l'srrest rom alternative appropriate hospital or
cause prior to cooling

Transport to nearest Transport to hospital AR manage as per
. v
appropriate hospital with ECLS (4) NEIRACHE DUTIB SOU D supervising MD

Transport to hospital with ECLS

HT llor I (3) (4); do NOT terminate CPR
* Minimal and cautious movements to avoid rescue

collapse
* Prevent further heat loss Consider prognostication to NO TO ANY
* Active external and minimally invasive rewarming determine benefit of ECLS (6)

techniques (5) * HOPE survival probability 210
= Airway management as required * |CE score <12

YES TO ANY

Cardiac
instability HTIV(3)
* Prepare f Iti-organ failure and resolved id

repare for multi-organ failur v Rt alE Consider

need for ECLS respiratory support termination
« Post-resuscitation care * If ECLS not available within 6 hrs, CPR and of CPR
non-ECLS rewarming in peripheral hospital

No ROSC

* Rewarm to core temperature 232°C




Contents lists available at ScienceDirect

ReSUSCitatlon @'Iiﬂesusclmnou

COUNCIL

journal homepage: www.elsevier.com/locate/resuscitation

Clinical paper

Hypothermia outcome prediction after extracorporeal life support for n
hypothermic cardiac arrest patients: The HOPE score™ | s

Mathieu Pasquier™”, Olivier Hugli", Peter Paal”, Tomasz Darocha®, Marc Blancher®, Paul Husby®,
Tom Silfvast’, Pierre-Nicolas Carron®, Valentin Rousson®

Bestimmung der Uberlebenswahrscheinlichkeit nach Wiedererwarmung
hypothermer CA Patienten auf Grundlage von:

e Alter

e Geschlecht

* Temperatur

e Serumkalium

* CPR Dauer
AbkUhlungsmechanismus



HOPE Score
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Pasquier et al. Hypothermia outcome prediction after extracorporeal life support for hypothermic cardiac arrest patients - The HOPE score. Resuscitation. 2018




HSPE

Hypothermia Outcome Prediction after ECLS

Hypothermia Outcome Prediction after Extracorporeal Life Support for Hypothermic
Cardiac Arrest Patients. Estimation of the survival probability using HOPE.

o S

HOPE is the result of an international collaborative project initiated and led by the Emeargency Department of the University Hospital of Lausanne, Switzerland.

HOPE provides a prediction of the survival probability in hypothermic cardiac arrest patients undergoing Extra-Corporeal Life Support (ECLS) rewarming. The
survival probabilities range from 0% to 100% chance of survival to hospital discharge.

A cutoff of 10% to decide which hypothermic patients in cardiac arrest would benefit or not from ECLS rewarming was evaluated in an external validation study.
The negative predictive value of a HOPE probability <10% was of 97%, and the AUC undear the ROC curve was of 0.825 which suggast excellent discrimination.

HOPE should not be considered a substitute for clinical judgment or assessment. Of note, one is of coursa fres to use a different cut-off than the proposed
threshold of 10% for different subgroups of the population (e.qg. for children). The proportion of avalanche victims was low in the validation HOPE study (4%). We
recommend to use HOPE cautiously in this specific group of patients.

Estimates are desirable if variables are not known (e.g. age, CPR duration and temperature).

Age (in years) 50
Sex @ Male () Female
Hypothermia (") with asphyxia (head fully covered by water or snow) AND in cardiac

arrest at extrication
(@ without asphyxia (immersion, outdoor or indoor cold exposure)

% CPR duration (min) 120
& Serum Potassium (mmol/L) 57
Temperature scale @ Celsius () Fahrenheit

&# Temperature 74




HSPE

Hypothermia Outcome Prediction after ECLS

Hypothermia Outcome Prediction after Extracorporeal Life Support for Hypothermic
Cardiac Arrest Patients. Estimation of the survival probability using HOPE.

The HOPE survival probability is: 22 %.

The submitted data were:

Age: 50, sex: male, hypothermia without asphyxia, CPR duration: 180 min, potassium: 5.7 mmol/l, temperature: 24 Celsius




HOPE

Hypothermia Outcome Prediction after ECLS

Hypothermia Outcome Prediction after Extracorporeal Life Support for Hypothermic
Cardiac Arrest Patients. Estimation of the survival probability using HOPE.

¢v

HOPE is the result of an international collaborative project initiated and led by the Emergency Department of the University Hospital of Lausanne, Switzerland.

HOPE provides a prediction of the survival probability in hypothermic cardiac arrest patients undergoing Extra-Corporeal Life Support (ECLS) rewarming. The

survival probabilities range from 0% to 100% chance of survival to hospital discharge.

A cutoff of 10% to decide which hypothermic patients in cardiac arrest would benefit or not from ECLS rewarming was evaluated in an external validation study.
The negative predictive value of a HOPE probability <10% was of 97%, and the AUC under the ROC curve was of 0.825 which suggest excellent discrimination.

HOPE should not be considered a substitute for clinical judgment or assessment. Of note, one is of course free to use a different cut-off than the proposed
threshold of 10% for different subgroups of the population (e.g. for children). The propertion of avalanche victims was low in the validation HOPE study (4%). We

recommend to use HOPE cautiously in this specific group of patients.

Estimates are desirable if variables are not known (e.g. age, CPR duration and temperature).

Age (in years) 50
Sex @ Male () Female
Hypothermia (") with asphyxia (head fully covered by water or snow) AND in cardiac

amrest at extrication
(@ without asphyxia (immersion, outdoor or indoor cold exposure)

& CPR duration {min) 240
¥ Serum Potassium {mmol/L) 57
Temperature scale @ Celsius () Fahrenheit

& Temperature 24




HSPE

Hypothermia Outcome Prediction after ECLS

Hypothermia Outcome Prediction after Extracorporeal Life Support for Hypothermic
Cardiac Arrest Patients. Estimation of the survival probability using HOPE.

The HOPE survival probability is: 18 %.

The submitted data were:

Age: 50, sex: male, hypothermia without asphyxia, CPR duration: 240 min, potassium: 5.7 mmol/l, temperature: 24 Celsius




Conclusio

* CPR von akzidentell hypothermen Patienten ist keine Routine

 Selbst ein nicht-beobachteter hypothermer Stillstand kann mit einem
gutem Outcome einhergehen

* Asystolie tritt in tiefer Hypothermie haufig auf und kann mit einem
guten Outcome einhergehen

* Je kalter desto eher ECLS
* Ein Parameter alleine darf die Therapie nicht entscheiden
* Scores kdnnen in der Entscheidungsfindung (ECLS ja/nein) helfen



