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Scope

• TTM after cardiac arrest
– Main idea

– Methods

– Update

• TTM in Ischemic Stroke

• TTM in Traumatic Brain Injury

• TTM in Kidney Transplantation 

• Prognostication after cardiac arrest

Targeted Temperature Management in 
Neurological ICU

The jury opines that the term “targeted temperature 
management” replace “therapeutic hypothermia.”

Purpose of TH in Critical care 
Neurology

• Neuroprotective Therapy

• Decrease ICP
Theory
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Hypoxic/Ischemic cascade

• Lack of O2 → no ATP for energy.

• Cell switches to anaerobic metabolism, 
producing lactic acid.

• ATP-reliant ion transport pumps fail → cell 
depolarized, allowing Ca++ influx.

• ↑ intracellular calcium → release of the 
excitatory neurotransmitter glutamate

• Stimulates AMPA and NMDA receptors

Muengtaweepongsa S, Srivilaithon W. World J Methodol. 2017 Jun 26;7(2):55-67

Hypoxic/Ischemic cascade (2)

• ↑ free radicals, reactive O2 species, 
excitotoxicity (endonucleases, ATPases, 
and phospholipases)

• Cell's membrane & Mitochondria broken 
down by phospholipases

• Cell dies through necrosis → glutamate into 
environment → poison nearby neurons

Muengtaweepongsa S, Srivilaithon W. World J Methodol. 2017 Jun 26;7(2):55-67

Reperfusion Injury

• An inflammatory response is mounted, 
and phagocytic cells engulf damaged but 
still viable tissue

• Harmful chemicals damage BBB

• Cerebral edema due to leakage of 
large molecules like albumins from vessels 
through the damaged BBB → pull water 
into brain tissue by osmosis (vasogenic 
edema) → compression brain tissue

Muengtaweepongsa S, Srivilaithon W. World J Methodol. 2017 Jun 26;7(2):55-67

Ischemic cascade

Thank you Jennarong Muengtaweepongsa

Muengtaweepongsa S, Srivilaithon W. World J Methodol. 2017 Jun 26;7(2):55-67

Stroke. 2003;34:214-223

Mechanisms of neuroprotection by 
hypothermia

• counteract ischemic brain damage by 
several mechanisms
– prevention of the blood–brain-barrier disruption

– oxygen-based free-radical production

–  excitotoxicneurotransmitter release

– anti-inflammatory action

– delayed apoptosis
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2005 ILCOR

• There seems to be good evidence (level 
1) to recommend the use of induced 
mild hypothermia in comatose 
survivors of-out-hospital cardiac arrest 
caused by VF.

Level 1 evidence indicates one or more randomized clinical trials in which 
benefit was shown

PostCardiac Arrest Care: 2010

• In summary, we recommend that 
comatose (ie, lack of meaningful response 
to verbal commands) adult patients with 
ROSC after out-of-hospital VF cardiac 
arrest should be cooled to 32°C to 34°C 
(89.6°F to 93.2°F) for 12 to 24 hours (Class 
I, LOE B).

Therapeutic Hypothermia after Cardiac 
Arrest

(N Engl J Med 2002;346:557-63.)

The RCT of TH after cardiac arrest

HACA (European) Bernard trial (Australia)

Sample N=275 N=77

Cooled verses 
normothermia

137 cooled
138 normothermia

43 cooled
34 normothermia

Intervention Cooling blankets 
and ice packs

Ice packs

Target temperature 32-34 degrees 33 degrees

Initiation Prehospital ER

Duration 24 hours 12 hours

Follow up 6 months 30 days
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Benefit

• NNT of 7 to prevent 1 death with TH

• NNT of 6 to reduce neurologic 
impairment with TH

The NNT is the number of patients who need to be treated in order to 
prevent one additional bad outcome

Methods of Cooling

• Selective head cooling
– Cooling helmet: ineffective in adult

• Internal cooling by intravenous and 
intraarterial ice-cold saline
– Need large volume

• Surface cooling
• Endovascular cooling

Surface method of TH

Surface blanket

การประยุกต์ใช้นํา้แข็ง        ใน รพ. เจ้าพระยายมราช

CPR  30 นาที
ได้ adrenaline 20 amp
Defibrillation 200 joule X 3 
GCS = 4T
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Surface cooling Surface cooling 

Use with permission from the patient

Use with permission from the patient Use with permission from the patient
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Use with permission from the patient

De Georgia, M. A. et al. Neurology 2004;63:312-317

Figure 1. The Reprieve Endovascular Temperature Management System

Endovascular catheter Intravascular Hypothermic 
Machine

Intravascular Hypothermic 
Catheter
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แสดงการลดอุณหภูมิเพ่ือการรักษาของผูป่้วยจาํนวน 19 ราย

Unpublished data

Site of temperature probe

• PA cath
– Most accurate but high complication rate

• Esophagus
– High accuracy but may not comfortable to 

patient

• Rectum
– Medium accuracy with lag behind core temp 

10 – 15 min. but easy to use

Bedside Shivering Assessment Score (BSAS)

0 No shivering

1 Mild: Shivering localized to neck and/or 
thorax only

2 Moderate: Shivering involves gross 
movement of upper limbs

3 Severe: Shivering involves gross 
movement of trunk, upper and lower limbs

Introduction of thermoregulatory 
tolerance

• Nonpharmacological treatments
– Skin counterwarming

• Pharmacological treatments
– Anesthetics and Muscle relaxants

– Meperidine

– Drug combination
• Meperidine and Buspirone

• Meperidine and Dexmedetomidine
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With our protocol, we have found that 33% of patient days undergoing TTM do 
not need additional anti-shivering interventions beyond skin counterwarming, 
acetaminophen, buspirone and intravenous magnesium.

Conclusions
In unconscious survivors of out-of-hospital 
cardiac arrest of presumed cardiac
cause, hypothermia at a targeted temperature of 
33°C did not confer a benefit as
compared with a targeted temperature of 36°C.

CPC category Description

1 Conscious and alert with normal function or only slight disability 

2 Conscious and alert with moderate disability

3 Conscious with severe disability

4 Comatose or persistent vegetative state

5 Brain dead or death from other causes

Cerebral Performance Category Scale
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Targeted temperature management remains important
but there is now an option to target a temperature of
32 - 36 C.

2015 Recommendations—Updated
We recommend that comatose (ie, lack of meaningful response
to verbal commands) adult patients with ROSC after cardiac
arrest have TTM (Class I, LOE B-R for VF/pVT OHCA;
Class I, LOE C-EO for non-VF/pVT (ie, “nonshockable”) and
in-hospital cardiac arrest).
We recommend selecting and maintaining a constant
temperature between 32oC and 36oC during TTM (Class I,
LOE B-R).

ILCOR 2015 (1)

• For patients who remain comatose after 
return of spontaneous circulation (ROSC), 
should targeted temperature management 
be used? 
– We recommend targeted temperature 

management as opposed to no targeted 
temperature management for adults with 
OHCA / IHCA with an initial shockable / 
nonshockable rhythm who remain 
unresponsive after ROSC 

10.1016/j.resuscitation.2015.07.052.
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Therapeutic Hypothermia
after Cardiac Arrest

• Class I recommendation 
– In adult

– In children ?

• “Time is Brain”

• Ideal Temperature Pattern
– Multimodality of method

• Target temperature ??? (TTM not TH)
– 33 to 36 oC

Therapeutic hypothermia and temperature management 2016.

TTM for
Ischemic Stroke

59 y/o man presented to an outside 
hospital with sudden onset of right sided 
weakness and speech impairment. He 
arrived at the OSH at 90 minutes after 
onset. CT-brain was negative. He was 
transferred to our hospital. The i.v. rt-PA 
was started at 180 minutes after the 
onset.

A case scenario

57 58
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A case scenario (cont.)

He was alert and awake, but aphasic. 
NIHSS was 14 with:

LOCb 2, LOCc 2
partial hemianopia, 
right arm weakness, 
some effort against gravity on right leg, 
partial sensory loss on the left side
Severe aphasia. 

Without either intubation or sedation, 
therapeutic hypothermia with Arctic Sun 
was started at 8 hours after onset. Target 
core temperature of 33oC was reached 
within 5 hrs. Shivering was under control 
with combination of surface 
counterwarming and meperidine plus 
fentanyl. Gradual rewarming was applied 
after target temperature was maintained 
for 24 hrs.

A case scenario (cont.)

He was discharged with home rehab after 
12 days of admission with NIHSS of 7 and 
mRS of 3.

At 3 months, he walked by himself to follow 
up at OPD. NIHSS was only 5 including 
mod aphasia, partial hemianopia and 
partial sensory loss. mRS was 2. 

63 64
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EuroHYP-1 treatment

Cooling will be maintained at 34–
35°C for 24 h with a surface or 

endovascular technique.

Hypothermia for Malignant 
MCA Infarction

Application of TTM in 
Traumatic Brain Injury (TBI)

TTM in animal model with TBI

• Protective effects of TTM against 
neurometabolic cascade of TBI were 
proved with many studies in animal 
models.

• The leakage of endogenous vascular 
proteins from the disrupted BBB was 
reduced with hypothermia = ↓ ICP

69 70
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Clinical trials of TTM in 
patients with TBI

We concluded that tight 
hemodynamic management and 
slow rewarming, together with 
prolonged therapeutic 
hypothermia (32–34C) for 
severe TBI, did not improve the 
neurological outcomes or risk of 
mortality compared with strict 
temperature control (35.5–37C).

TTM and ICP in TBI ICP is a strong predictor of
outcome from severe TBI
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Pitfalls of previous trials in ICP

• Most trials began rewarming patients after 
a pre-determined length of time regardless 
of ICP. 

Critical Care 2010;14:204

TTM in TBI

• Neurometabolic cascade is a key of 
primary pathologic damage in TBI.

• Available methods for TTM are feasible 
and effective to apply in TBI.

• Absolute benefit is still controversial 
for TTM in patients with TBI due to lack 
of evidence from large scale clinical 
trials.

Conclusion

• The main purpose of TTM is 
neuroprotection

• TTM is a standard treatment in selected 
patients after cardiac arrest.

• TTM should be benefit for penumbra 
salvaging / reperfusion defense in acute 
ischemic stroke.

• TTM is one of treatment options for 
increase ICP.
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Prognostication

After cardiac arrest

Neurology. 2006;67(2):203-10.

Confounding factors in prognostication

• Post-cardiac arrest syndrome (PCAS)
– Multiple organ damage (kidney, liver, shock)

• Drugs: inotropic, vasopressor, sedative, 
muscle relaxant
– Metabolic derangement

• TTM
– Temperature, CYP activity, drug etc.
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Neurological Examination

Mandatory and Practical

But interfered by many confounders

Assessment of Brainstem
Reflexes

• Absence of pupillary or corneal reflex at 72 
hrs → poor outcomes (0% false-positive 
rate) in pt without TTM

• After TTM 72 hrs absence of pupillary 
reflex still → poor outcomes (0% false-
positive rate) 

• But some absence of corneal reflex at 72 
hrs after TTM → good outcomes (5% 
FPR) Prognosis of Coma After Cardiac Arrest in the Era of 

Therapeutic Hypothermia.
De Georgia, Michael; Raad, Bassel

CONTINUUM: Lifelong Learning in Neurology. 18(3) 
Critical Care Neurology:515‐531, June 2012.
DOI: 10.1212/01.CON.0000415425.68900.c6

Assessment of the Best
Motor Response

• absent motor response or the presence of 
decerebrate at 72 hrs → poor outcomes 
(FPR 0%)

• After TTM at 72 hrs absent motor 
response or the presence of decerebrate 
may have good outcomes (FPR 5 – 24%)

Prognosis of Coma After Cardiac Arrest in the Era of 
Therapeutic Hypothermia.
De Georgia, Michael; Raad, Bassel

CONTINUUM: Lifelong Learning in Neurology. 18(3) 
Critical Care Neurology:515‐531, June 2012.
DOI: 10.1212/01.CON.0000415425.68900.c6

Myoclonus

• Myoclonus Status Epilepticus at 24 hrs → 
poor outcomes (FPR 0%)

• Presence of myoclonus pts with TTM may 
have good outcomes (FPR 5 [3–8] %; 
sensitivity 33%)

• Some TTM patients may display brief 
myoclonic jerks or tonic-clonic activity after 
rewarming and d/c of sedation and 
paralytic agents.

C. Sandroni et al. / Resuscitation 85 (2014) 1779–1789

Myoclonus Status Epilepticus

• continuous andgeneralised myoclonus 
persisting for ≥30 min

• Using the presence of a status myoclonus 
within 48 h from ROSC in combination 
with other predictors to predict poor 
outcome in comatose survivors of cardiac 
arrest, either TTM or non-TTM

C. Sandroni et al. / Resuscitation 85 (2014) 1779–1789
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Neurophysiologic studies

EEGs and SSEPs

Cerebral Function Monitoring
Amplitude-Integrated EEG – aEEG

aEEG

• Displays minimum and maximum 
amplitude of all background activities over 
a preset time interval (generally 1-2 secs)

• Provides a good measure of background 
activity; hence it is also known as Cerebral 
Function Monitor (CFM)

What is CFM

• Single EEG Lead (3 wires)

• Bi-parietal or bi-temporal

• Monitor Global Electrocortical Activity

• Special Filtering

• Compression

• Very Slow, Trend Display

109 112
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Single EEG Lead

• 3 Electrodes
– 2 Active

– 1 Noise Suppression

• Bi-parietal placement with Needles or 
Disks

• Bi-Temporal (forehead) with Hydrogel

Global Electrocortical Activity

• Limited number of electrodes

• Global activity only

• Will not localize lesion

• May not see focal seizures

• High level = high activity

• Low level = suppression

Normal CFM

• Sleep/Wake Cycling

• Upper Margin > 10 µvolts

• Lower Margin > 5 µvolts

• Limited Variability

Sleep/Wake Cycling

μ

Moderately Abnormal

• No Sleep/Wake

• Upper Margin > 10 µVolts 

• Lower Margin < 5 µVolts

• Increased variability

Moderately Abnormal

117 118
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Severely Abnormal

• No Sleep/Wake

• Upper Margin < 10 µVolts

• Greatly reduced variability

Severely Abnormal

Burst Suppression

The time to normal trace (TTNT) 
<24 hours was associated with 
good neurological outcome

Circulation. 2015;132:1094-1103

EEGs

• predictive of poor outcome

• diagnose seizures and status epilepticus

• differentiate seizures from myoclonus and 
shivering

Predictive value of EEGs

• malignant EEG patterns → poor outcomes 
(FPR 3%)

• Some pts with malignant EEG patterns 
after TH may have good outcomes

• EEG severity grading during both TH and 
NT statistically correlated with outcome 
(grade 1 = good, grade 3 = poor). 

• Other EEG features correlating with poor 
outcome included seizures, nonreactive 
background, and epileptiform discharges.

123 124
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Somatosensory-Evoked
Potentials

SSEPs

• bilateral absence of N20 responses 
recorded 1 to 3 days after cardiac arrest 
→ poor outcomes

• Some pts after TH with absence of N20 
responses reported good outcomes

BIOCHEMICAL MARKERS 
OF

CEREBRAL INJURY

Serum Neuron Specific Enolase
(NSE)

• NSE level > 33 µg/L at 24, 48, or 72 hrs 
after arrest → poor outcome (FPR 0%)

• In pts with TTM → NSE level > 33 µg/L 
may have good outcomes (FPR 22 – 29%)

Journal of the American College of Cardiology. 2015;65(19):2104-14.
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Assessment of Procalcitonin to Predict Outcome in 
Hypothermia-Treated Patients after Cardiac Arrest 
Pascal Stammet,1 Yvan Devaux,2 Francisco Azuaje,2 ChristopheWerer,
Christiane Lorang,1 Georges Gilson,3 andMartinMax1 , 2011

แสดงวา่ PCT สามารถ
เป็นตวัวดัเพื่อแยก 

Good and Bad 
outcome ได้

A receiver operating characteristic 
curve (ROC) analysis revealed a 
capacity of PCT to predict 
neurological outcome with an 

AUC of 0.84 (95% CI 0.73–0.96; 
P < 0.0001)

NEUROIMAGING

CT or MRI

© 2012 American Academy of Neurology.  Published by LWW_American Academy of Neurology. 8

Prognosis of Coma After Cardiac Arrest in the Era of 
Therapeutic Hypothermia.
De Georgia, Michael; Raad, Bassel

CONTINUUM: Lifelong Learning in Neurology. 18(3) 
Critical Care Neurology:515‐531, June 2012.
DOI: 10.1212/01.CON.0000415425.68900.c6

FIGURE 1 ‐6. Brain MRI (diffusion‐weighted, apparent diffusion coefficient, and fluid‐attenuated inversion recovery) of two 
patients in the good outcome group (A, B) and two patients in the poor outcome group (C, D) between 55 and 99 hours after 
the arrest. The cortical and deep gray structures were qualitatively  rated as normal and possibly abnormal in A, possibly and
mildly abnormal in B, moderately and severely abnormal in C, and severely abnormal in D.FIGURE 1‐6. Reprinted with 
permission from Mlynash M, Campbell DM, Leproust EM, et al. Temporal and spatial profile of brain diffusion‐weighted MRI 
after cardiac arrest. Stroke 2010;41(8):1665‐1672.47 stroke.ahajournals.org/content/41/8/1665.long.

Transcranial Doppler (TCD)
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Cerebral Circulatory Arrest 

• Systolic spikes or oscillating flow
• Absent flow

– ? Transmission difficulty

• Confirmation with extra- and intra-cranial 
doppler, bilaterally on 2 exams 30 min 
apart

• Disappearance of intracranial flow signals 
together with typical extracranial signs can 
be accepted

Initial cooling 
down During 33Oc Rewarm at 

37Oc

Wilcoxon signed-rank test 

Survival (n=8) Non Survival (n=8)VSMann-Whitney U Test 

HRV for 16 cases LF

27.7

20.3

35.1

20.8

17.9

23.8

33.8

46.6

16.8

0.0

10.0

20.0

30.0

40.0

50.0

60.0

All Sur NonSur

LF Initial cooling down LF during 33c LF Rewarm at 37c

LF(nu)
p=0.02

p=0.67

p=0.03

Prognostication is now undertaken using a multimodal
strategy and there is emphasis on allowing sufficient
time for neurological recovery and to enable sedatives
to be cleared.
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The earliest time for prognostication using clinical examination
in patients treated with TTM, where sedation or paralysis could 
be a confounder, may be 72 hours after return to normothermia

This approach minimizes the possibility of obtaining false-positive
results (ie, inaccurately suggesting a poor outcome)

Summary

• Multimodal prognostication
– Neurological examination

– Neuroelectrophysiologic tests

– Biomarkers

– Neuroimaging

– Others

• When uncertainty      FU

Thank you for your attention
sombatm@hotmail.com
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