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Therapeutic Hypothermia: Landmark Studies



Insufficient perfusion/Global Ischemia
A Decrease ATP
A Na/K pumps
A Impaired Cellular integrity
A Excitotoxicity - glutamate release
A Calcium influx

A Free radicals
A Cell death

15



http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18514823?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

lonic
Pump
Failure

Excitotoxicty
lutamate activation

Mitochondrial
- injury
Apoptasi

BBB Degradatiof
Edema formatior

Free radical
production

Intracellular

acidosis acrease Neutrgphil

infiltration

Polderman, K. (2009). Mechanisms of action, physiological effects, and complications of hypot@eitina.Care Medicine37,7:5186198.



Part Il:
Practical Aspects: Putting Theory into Practice:
¢ A Checklist



"\ Therapeutic Hypothermia

Admit to ICU

B \/ Cerebral resuscitation
V Minimize secondary injury
V Optimize neurologic function

Hemodynamic/cardiovascular support
V Ventilatory support

V Shivering management

V Fluids/Electrolyte monitoring

V Rewarming



Therapeutic Hypothermia: Induction

V Intravascular
cooling

Cold IV isotonic
fluids

V Peripheral IV x2

V 30-40 ml/kg (4°C)
Isotonic fluids

V Keep liters in your
medicine fridge

A Not sustainable



« lemperature Modulating Devices:
¢ Surface cooling

\
CONTROLLED cooling
V Easy applicability
V Single use pads

V Change q 5 days

V 4-5 pads for different
areas of the body

V Easy access to femore
and subclavian sites for
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Temp Modulating Devices: Endovascular Cooling

Intravascular catheter

V Precise regulation
of temperature
V Dual capability

V Central Venous |
Catheter

V *Crystallization of
Mannitol ;

V NOT MRI
compatible

A Risks:
A Infection
A Bleeding
ADVT
A Cost
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3 f\ Checklist: Neurological

Clinical assessment:

V Level of consciousness
V Pupils and cranial nerves
V Motor

V Head CT

V Monitor for seizures
U cEEG

: Seder, D.; Van der Kloot, T. (2009). Methods of cooling. Practical aspects of therapeutic temperature maragtcattare Medicing37,7 (Suppl).



« Checklist: Cardiovascular

A EKG: Cardiac rhythm
VT: 3635°C Tachycardia
V T:<-3532°C Bradycardia

VAR ESE32E incr. PR, wide
QRS, incr. QT

A Vitals signs:
V Q15 min, Q30 min, Qlhour
V Arterial line for BP monitoring
V MAP goal > 60 mmHg

ACore Temp:
V Esophageal
V PA
V Bladder
V Rectal
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Checklist: Pulmonary

W,

A ABG; Sa0O2; ETCO2
V Sao2- loss of signal
V Initiate VAP bundle

V HOB

V CXR - infiltrates

V Mouth care

V Antibiotics

V Gl prophylaxis



Checklist: Fluids/Glucose/Electrolytes

A Cold diuresis:

AMonitor volume status:
V Hypovolemia
V I/O g2hr
V CVP
V PA
V PICCO
V GEDI/ ELWI/SVV

A Insulin sensitivity:
Ancrease peripheral glucose:
V Monitor FSBG Qlhr

VInsulin requirement



| f\ Checklist: Fluids / Electrolytes
| y Antracellular shifts

Y Ancrease renal excretion

e\ Monitor lab data g@hrs
| V| Potassium

V| Magnesium

Vl Phosphosrus



« Checklist Immunomodulatory
i\ Eifects

o i AR Anhibits leukocyte migration and phagocytosis
' SR /Suppresses inflammatory response

V Survelllance cultures

VIncrease in WBC

V Institute VAP bundle

V Monitor wounds/pressure ulcers



Thermostat in brain
activates cooling
mechanisms

Temperature rises
above normal

Temperature
increases

Skeletal muscles rapidly
contract, causing shivering,
which generates heat

==

__Sweat glands secrete sweat
_that evaporates, cooling body

Blood vessels in
skin dilate and

heat escapes

Thermostat shuts off

cooling mechanisms Temperature

decreases

Homeostasis:
Internal body temperature
of approximately 36-37C

Thermostat shuts off

warming mechanisms Temperature falls

below normal

Blood vessels in skin
constrict, minimizing
heat loss

—=

Thermostat in
brain activates
warming
mechanisms



Metabolic Impact of Shivering During Therapeutic
Temperature Modulation

The Bedside Shivering Assessment Scale

Neeraj Badjatia, MD, MSc; Evangelia Strongilis, RD; Errol Gordon, MD; Mary Prescutti, RN;
Luis Fernandez, MD; Andres Fernandez, MD; Manuel Buitrago, MD, PhD; J. Michael Schmidt, PhD;
Noeleen D. Ostapkovich, MSc; Stephan A. Mayer, MD, FCCM

U 50 neurocritical care patients
U Most (80%) underwent surface cooling for fever control
U 64% had detectable shivering
U Low serum was magnesium associated with shivering
U Higher BSAS scores significantly associated with
U Resting energy expenditure
U Hypermetabolic index
U O2 consumption
U CO2 production
U High inter-rater reliability
U Weighted kappa 0.84

Badjatia et al. 2008Metabolic Impact of Shivering During Therapeutic Temperature Modulation: Stroke. The Bedside Shsesimgi{sScale. 39;3242247.



Bedside Shivering Assessment Scale
BSAS

.y .
. \

NONE: No shivering noted on palpation pf
0 the masseter, neck or chest wall

MILD: Shivering localized to the neck
1 and/or thorax only

MODERATE: Shivering involves gross
2 movement of the upper extremities (in
addition to neck and thorax)

SEVERE: Shivering involves gross
3 movements of the trunk and upper and loyver
extremities

Badjatia et al. 2008;39;3242247; Stroke. The Bedside Shivering Assessment Scale
Metabolic Impact of Shivering During Therapeutic Temperature Modulation:
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Relationship between shivering (BSAS) and
energy expenditure (EE) during,induced normothermia
{Patient

. Bedside Shivering Assessment Scale anc
e \\\ Resting Energy Expenditure
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C L\ Shivering: HARMFUL - -

SR A Predictors of shivering

) A A Male gender

B8 A Low magnesium level

e WA Altered hypothalmic set point

A Activates autonomic response:
A Cardiovascular/sympathetic stress

A Systemic metabolic stress

Alncreases BP; HR; RR; ICP
Adinders the cooling process

MPainful and uncomfortable

Badjatia Net alPredictors and clinical implications of shivering during therapeutic normothermia.Neurocrit Care2007;6(3):18691..
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The detection and
management of shivering Is
the single most important
bedside activity when coolint
IS applied!
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U Ongoing metabolic stress during shivering

Key Points:
Compare serial assessments

Establish the efficacy of both pharmacological and non
pharmacological interventions.

Monitor patientos conscioushne
Monitoring:

Goal: BSAS<or=to 1

V Every hour assessment

V Discuss with MD/NP/PA and/or if shiver score is >1

V Institute counter measures to decrease shivering

V Continue to reassess patient status with the BSAS as needed

VDocument interventions and p
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| Interventions for BSAS >1

STANDING
A Acetaminophen 650 mg gq4H
V NG/ PR route
A Buspirone 30 mg PO g8H
V NG route
A Mg**infusion
V 20gm/1L- 0.51 gm/hr
V Hypotension
V Serum level q 8 hr
V Serum level 31 mg/dl
A Skin Counterwarming
A Set at 43degrees (BAIR Hugger)
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Interventions for BSAS >1

PRN SHIVERING 2

ADexmedetomidine 0.B 1.5 pg/kg/hr
V Bradycardia

AVieperidine 25100 mg IV
| V Creatinine clearance
V Seizures
VMAOI use

Aentanyl 56200ug/hr
V Hypotension

Vlleus

Aropofol 25100 pg/kg/min
V Hypotension
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« Interventions for BSAS >1

A Neuromuscular blockers

Increased risk of critical illnesayopathyor prolonged
neuromuscular junction blockade (if CRI is present)

Requires concomitant anesthdewel sedation
(and increased potential foversedatioh

Does not address the problem of increased
cerebral metabolism that occurs with shivering
Continued potential for cerebral metabolic stress

A Vecuronium 0.1 mg/kg
A Rocuronium 1mg/kg
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N Therapeutic Hypothermia: BSAS Documentation
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