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Skull = ‘closed box’ Total Volume ; 1900ml

3 volume components

1.Brain Parenchyme 1300m|
IC space(1100ml) + EC space(200ml)

2.Blood 60ml

3.Cerebrospinal fluid 140ml

Each of the 3 componets contributes ICP(Monro-Kerlly Doctrin)
Normal ICP ; 10~15mmHg
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P.J. HUTCHINSON, P.J. KIRKPATRICK ; DECOMPRESSIVE CRANIECTOMY IN HEAD INJURY
CURRENT OPINION IN CRITICAL CARE 10:101-104, 2004
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Escalating cycle of brain swelling







Head elevation 30 degrees
Mannitol

Hyperventilation

Steroid

Hypertonic solution

CSF drainage

Decompressive craniectomy




Mean * standard deviation

Avg. dec. inICP (mm Hg)
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campalgn in 1812 in an effort to preserve
injured limbs as well as for its numbing effects
during amputation.




In 1937, Dr. Temple Fay “cooled” a patient to 32° C for 24 h, in an
attempt to prevent cancer cells from further multiplying.

Smith and Fay in 1940, reported the physiologic effects that induced TH
caused in a series of cancer patients.

In 1953, using canine and monkey models, Bigelow and McBirnie,
published a study reporting the beneficial effect of TH for the brain and
the heart during cardiac surgery.

Rosomoff and Gilbert demonstrated a direct effect between body
temperature, and intracranial pressure and brain volume in 1955. These
early investigators confirmed that TH reduced the cerebral oxygen
consumption, blood flow, and metabolic rate of a normal dog brain.

By 1959, induced TH was widely used by neurosurgeons for head and
spinal cord injuries as well as during cardiac surgery.




Effects of posttraumatic MgSO4 and hypothermia an animal
model of TBI. Journal of Korean Neurological Society
29(10)1296-1302, 2000
Hyun DK et al

Using Marmarou model(1m height weight drop)
hypothermia 32°C, | hour , MgSO4 750umol

hypothermia and MgSO4 significant improve pathological changes.
In all treated group, a significant reduction in TUNEL positive cells
and beta APP stainning were found in comparison with the control
group each time(12hrs, 24hrs, 1wk and 2wks).

Otherwise simultaneously-MgSO4-and-hypethermia-treatment group

is failed to provide additional neuroprotection.



B-APP immunoreactivity
12hrs 24hrs

Fig4. Photographs of B—APP immunohistochemical staining.Groups treated with MgSO4(B), or hypothermia(C), or MgSO4 and hypothermia combined(D)
show significant reduction of immunoreactivity (dark brown color and elongated or circular shape) compared with control group(A) at each times
(P<0.0001). Original magnification(x100)




POPTOSIS

12hrs 244hrs 2wks

Figs Photographs of TUNEL staining (showing apoptosi s). These showv significant
reduction of apoptosis (pin kish condensed cytoplasm, chromatin and membrane
blebbing) in treatment groups - MgSO4(B), hypothermia(C), MgSO4 and hypothe rmia
comb ined(D) - compared with control group(A) each times (P<0.001). As passing
time, siginificant reduction is seen all groups (P<0.001). Original magnification (x100).
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Apoptotic index of each group in TUNEL stain

control

MgSO4

Hypothermia

MgSO4 with
Hypothermia

12 hours

50x0.7

35.6x2.6

31+1.3

35.4x3.1

24hours

38.6x4.0

24+3.4

22.4x1.3

23+1.1

1 week 2 weeks

29.8£0.6 17.6x£1.7

20.6x2.2 11.4%£0.2

15£3.6 3.5x2.0

19.2x£3.7 5.4%£1.6




Cardiac arrest

Traumatic brain injury / Ischemic stroke
Perinatal asphyxia

Cardiac surgery

Neurosurgery

Vascular surgery




decreased
Celluar energy requirements (6%/1°C)
Excitatory neurotransmitter release
Oxygen free radical production

Ischemic depolarizations in the
penumbra

Cytoskeletal proteolysis

Neutrophil infiltration

Cytokine-and leukotriene production
Apoptotic signaling (cell death)

Epileptic-activity and seizures

increased
BBB stability

Calcium-dependent intracellular
signaling

Protein synthesis and gene expression
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The number of patients decreased over time as patients died or were discharged from

intensive care.
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Changes on drug metabolism
Coagulopathy

Electrolytes shifts/disturbances
lleus

Increased creatine/liver enzymes
Insulin resistance

Lactic acidosis

Pancreatitis

Pneumonia

Postcooling diuresis

Wound infection




Update of previous blanketrol |l device

Covers more surface area

Bedside unit allows for more programmabler options for depth/rate of cooling

Actual rates of cooling?




Triple lumen subclavian catheter (9.3 F)
Standard central catheter length (22 cm)
Three lumens for infusion

Two lumens to bedside unit for circulation of sterile saline through micro-balloons (closed-loop)

Quattro™ Catheter

lcy® Cathstar

e dl—

Cool Line® Cathatar

- e —

Fortius® Catheter

Inflow
\(aol Saline

MicroTherm~ Balloons
Cool Blood As It Passes By

\ ~——

[/ Mvailableln2&3
- Infusion Lumens

i Outflow

- Badk To Heat Exchanger




Extremely rapid cooling by ice water
immersion

Esophageal temperature probe

Await more extensive clinical
experience

Inflated Mode




« Chochrane study : hypothermia of traumatic head injury
* Multicenter, randomized controlled trials, 23 trials until 2009
* 1614 pts. enrolled

Study design
* Multicenter, randomized
 Any closed traumatic head injury requiring hospitalisation
* Hypothermia (35°C) at least 12 consecutive hours
* Whole body cooling or just the head
« Compare with normothermia group
* Primary outcomes
 Mortality & unfavorable outcome
« Secondary outcomes

* The frequency-of-pneumonia




ntervention Review]

Hypothermia for traumatic head in]ury eduction was small and non-significane (OR 093, 95% C1 0. 1.23). Hy was associared with a slight increase
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Editorial group: Cochrane Injuries Gro
Publication status and dates New search for studies and content updared (

Review content assessed as up-to-dater 6 April 2009

E, Roberts I, Alderson P Hypothermia PLAIN LANGUAGE SUMMARY

- CDODT048. DOL: 10.1002/1 4651858, C1 i8.pubd. Hypothermia (body temperature cooling) for tranmatic head injury
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There is no evidence that hypothermia is beneficial in the treatment of head injury




* Houston group, Clifton, 1993

* Phase Il study

« 33° C within 8 hrs, maintain for 48 hrs

« Good outcome (good recovery, mod disabiligy in GOS): 15% improvement
 Pittsburg group, Marion, 1997

* Phase Il study

« 33" C within 10 hrs, maintain for 24 hrs

« Good outcome: 24% improvement

 No significant hypothermia-related toxicity

NABIS:H (National Acute Brian Injury Study: Hypothermia) by NINDS, 1994

NIND(National Institute of Neurological Disorders and Stroke).



Randomized, prospective, multicenter trial, 500 pt

Surface cooling induced moderate hypothermia (33" C) within 6
hrs of severe TBI (GCS<8), maintain for 48 hrs

Functional outcome: GOS at 6 mos

Stop in May 1998 after enrolling 392 pt
 The Patient Safety and Monitoring Board

 Low probability of detecting a treatment effect (Class )
No difference in outcome between hypothermia & normothermia

Hypothermia blunt major elevations of ICP

NEJIM 2001; 344: 556-64



NABIS:H

* Result

* Poor in both groups
* Severe disability, vegetative, death

 Mortality
* hypothermia vs normothermia 28% V'S 27% (p=0.79)

* More hospital days and complication in hypothermia group

» Conclusion: No effect of hypothermia




NABIS:H

Pt with admission temp < 35°C

Pt with admission temp > 35°C

Tx group
No. ;ﬁ)tg?:wre p Value No. ;ﬁtgc?r?]re p Value

All Pt 102 0.09 264 0.7
hypothermia 62 61 127 54
normothermia 40 78 137 52

Pt<45 yrs 81 0.02 233 0.84
hypothermia 48 52 115 51
normothermia 33 76 118 50

Pt>45 yrs 21 0.60 31 0.23
hypothermia 14 93 12 83
normothermia 7 86 19 63

Outcome at 6 mos, poor outcome: severe disability, vegetative state or death in GOS




Hypothermia on admission NABIS:H

-« <35 C
* Envirionmental (Class Il or Ill)
 Winter month

Receipt of larger volumes of room-temp IV fluids
Positive blood alcohol level

Smaller body size

Increased age
* Prehospital hypotension
 Detrimental to rewarm hypothermic pt on admission




NABIS:H

* Treatment effect of hypothermia on |ICP (Class | & II)

- NABIS:H

« All pt group: reduce incidence of ICP>30 mmHg
 Qver 45 yrs, normothermic on admission: no effect

* Hypothermia to control [ICP improve outcome (Class | & |1

Selective use of hypothermia to treat established IICP treat the
early biochemical cascade occurring immediately after injury




NABIS:H

* Not possible to recommend (Level |)
* Use of hypothermia as a treatment for severe TBI
 Options

* Possible that very early induction of hypothermia may improve outcome
* Hypothermic (< 35%) pt on admission

« <45yrsof age

* Hypothermia may reduce marked [ICP (>30 mmHg) in selective pt

30



NABIS:H

» Marked inter-center variance
* Treatment effect of hypothermia
* Age of participants
« Severity of illness scoring between groups
« Management of [ICP
* Hemodynamic and fluid management
 More favorable outcome at large patient volume centers
« Different treatment quality between centers




- BTF/AANS, 1996 to 2002

* 8 trials, 781 patients
* With more than 48 hr hypothermia

« Reduction in risk of mortality RR 0.51
- Favorable neurologic outcome RR 1.91
* Risk of pneumonia RR 2.37

* National Guideline 2007

Recommendation for optional & cautious use of hypothermia
for adult TBI (Level Ill)

Peterson, J Neurotrauma 2008 25:62-71




Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:

Hypothermia Il): a randomised trial

« RCT in US and Canada

g years old mes N Scott, Howard Yonas. David O Okokwe
Severe TBI (GCS<8) Lancet Neurol 2011 10:131-139

Hypothermia within 2.5 hr
35°C using iv 2L of cold crystalloid, wet sheets, gel packs
33°C using Arctic Sun (Medivance®), ventillated air, chilled cristalloid, gastric lavage with cold water

Maintain for 48 hr
Rewarming: 0.5°C every 2 hr

 Functional outcome: GOS at 6mos

 Stop in June 2009 after enrolling 232 patients

 No difference in outcome between hypothermia & normothermia
Surgical removal of ICH: fewer poor outcome in hypothermia




Pooroutcome

n (%) RR (95% CI)

Primary analysis
All patients (n=97) 56 (58%)
Hypothermia (n=52) 31(60%) 1.08 (076-153)
Normothermia (n=45) 25 (56%)
Subgroup analysis
Diffuse brain injury (n=69) 42 (61%)
Hypothermia (n=37) 26 (70%)  1-44 (0-95-2-17)
Nor mia (n=32) 16 (50%)
)

Surgically removed 14 (50%
haematomas (n=28

0-67

0-09

20(21%)
12 (23%)
8 (18%)

13 (19%)
10 (27%)
3 (%)
7 (25%]

Hypothermia (n=15) 5(33%) 044 (022-0-8 8:- 2 (13%)

MNormothermia (n=13) 9 (69%)

Data are number (%). RR=relative risk.

5 (39%)

130 (0-58-2-89)

2-88 (0-87-957)

0-35{0-08-1-50)

Table 2: Outcome and mortality rates




Standardization of selection criteria
Method of cooling

Depth and duration of cooling
Strategies for rewarming
Treatment of complication
Difference in outcome measure
F/U period




STUDY PROTOCOL

European society of intensive care medicine
study of therapeutic hypothermia (32-35°C) for
intracranial pressure reduction after traumatic
brain injury (the Eurotherm3235Trial)

Pragmatic multi-center randomised
controlled trial

Effect of TH 32~35°C

—> reduce ICP<20mmHg on morbidity and
mortality 6 month after TBI

manths. Enolment s

therapeutic hypothe

387 patients at 47 centers in 18 countries
(2009.11 ~2014.10)

The adjusted common odds ratio for the
GOS-E score was 1.53 (95% confidence
interval, 1.02 to 2.30; P = 0.04), indicating

The NEW ENGLAND

JOURNAL of MEDICINE

ESTABLISHED IN 1812 DECEMBER 17, 2015




Inclusion Criteria

1) Believed to be legal age for consent to take part in
esearch to 65 years of age

) Primary closed TBI

) Raised ICP >20 mmHg for =5 minutes after first
line treatments with no obvious reversible cause e.g.
patient position, coughing, inadequate sedation

4) 72 hours from the initial head injury

5) Cooling device or technique available for >48
hours

6) Core temperature >36°C (at the time of

randomisation)

7) An abnormal CT scan of the brain. This is
defined as one that shows haematoma, contusion,
swelling, herniation or compressed basal cisterns.

r
)
3

Exclusion Criteria

1) Patient already receiving therapeutic hypothermia
treatment

2) Administration of barbiturate infusion prior to
randomisation

3) Unlikely to survive for the next 24 hours in the
opinion of the ICU Consultant or Consultant Neuro-
surgeon treating the patient

4) Temperature <34°C at hospital admission

5) Pregnancy (all female patients of child bearing age
who meet the inclusion criteria will undergo a urine
pregnancy test. This is performed as part of the
screening for eligibility procedure by the investigator
or research nurse in the ICU).




.

STAGE 1
Admission to the ICU
Veantilation PaO2 =11kpa
PaCOz2 4.5-5.0kpa
Sedation
Analgesia =paralysis
30° head of bed elevation
Intravenous fluids =
motropes to maintain mean
arterial pressure =80mmHg

Ventriculostomy=+
cerebrospinal fluid drainage
Surgical removal of space
occupying lesions
+ prophylactic
anticonvulsants

STAGE 2
Mannitol (maintain serum
osmolarity <315 mOsnvkg)

Hypertonic saline (avoid in
hyponatraemic patients.
caution in patients with

cardiac or pulmonary
problems)

Inoftropes to maintain CPP
~60mmHg

Monitor blood magnesium
levels and replace as
required

Barbiturates not
permitted
= therapeutic hypothermia

STAGE 3

Barbiturate therapy

Decompressive
craniectomy

Figure 1 Stages of therapeutic management of raised
intracranial pressure after traumatic brain injury [37,43].




Traumatic Brain Injury Management

Admission to the ICU
Stage 1 therapy

ICP >20mmHg within 72 hours of injury - Check eligibility, obtain
consent then RANDOMISE the patient

Control Group Treatment Group

Day 28, hospital discharge

Standard Care d h
Standard Care (Stage 1+2) or deat

(Stage 1+2) HYPOTHERMIA 32- Madified Oxford Handicap Scale

35°C for = 48 hours ; :
without therapeutic 20-30 ml/kg infusion of Length of Stay in ICU and Hospital

hypothermia refrigerated 0.9% saline
then a cooling technique
available at the centre

Barbiturates not
permitted Barbiturates not
permitted

Extended Glasgow Cutcome

Stage 3 Options (if required) Scale questionnaire

Continued Medical Care
Barbiturate Therapy with processed EEG
monitoring
Decompressive Craniectomy
Further surgical intervention if required

6 month Follow-up
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Survey of Brain Temperature Management
in Patients with Traumatic Brain Injury
in the Japan Neurotrauma Data Bank

Eiichi Suehiro © Hiroyasu Koizumi,* Ichiro Kunitsugu,® Hirosuke Fujisawa, and Michiyasu Suzuki'~

Abstract

The goal of this study was to evaluate the clinical characteristics and effects of brain temperature management in patients
with severe traumatic brain injury (TBI). A total of 1091 patients were registered from the Japan Newrotrauma Data Bank
Project 2009. Those with a Glasgow Coma Scale (GCS) score of 9 or more, a GCS score of 3, bilateral dilated pupils, or
cardiopulmonary arrest on arrival were excluded. This left a total of 401 patients. Patients were classified into three
groups: no temperature management, with no intervention for brain temperature (225 patients, 56.1%), intensive nor-
mothermia (129 patients, 32.2%), and hypothermia (47 patients, 11.7%). Patient age, GCS score, pupillary abnormality,
Injury Severity Score (ISS), intracranial pressure (ICP) monitoring, and outcome according to CT classification (Trau-
matic Coma Data Bank classification) on admission were examined. Patients were significantly older in the no temperature
management group (average age 61.5 years) compared with normothermia (53.6 years) and hypothermia (46.9 years). ICP
monitoring was significantly decreased in 85.1% of patients with hypothermia, 42.6% with normothermia, and 14.7% in
no temperature management group. Favorable outcome rate was significantly higher with hypothermia (52.4%) compared
with normothermia (26.9%) and no temperature management (20.7%) with evacuated mass lesions In contrast to diffuse
injury. Multivariate analysis in patients with evacuated mass lesions showed that GCS ( 26 pts), and hypothermia were
independent factors related to a favorable outcome. Appropriate thermoregulation of the brain for individual patients with
various types of TBI are important.

Key words: brain temperature management; CT classification (TCDB classification); severe traumatic brain injury; survey



1091 pts Japan neurotrauma databank
GCS 4~8 enrolled
Total 401 pts classified 3 group
* No temp manage 225pts, 56.1%
(average age 61.5 yrs)

* Intensive normothermia 129 pts, 32.2%
(average age 53.6 yrs)

* Hypothermia 47 pts, 11.7%
(average age 46.9 yrs)

Patient age,

GCS score,

pupillary abnormality,
Injury Severity Score (ISS),

intracranial pressure (ICP)
monitoring

outcome according to CT
classification




*“no temperature management” group did not receive brain
temperature management, but received routine medical
management including ice packs or drugs to control high fever.

*Brain temperature was maintained strictly below 38C with cooling
blankets in patients with “normothermia.”

-Patients in the “hypothermia” group received temperature
treatments, with temperatures maintained below 35C.




TaBiE 1. SUMMARY OF RESULTS IN ALL PATIENTS

No temperature  Normothermia  Hypothermia
managemeni (C) (N) (H) p value

No. of cases (%) 225 (56.1) 129 (32.2) 47 (11.7)

Male (%) 157 (69.8) HE (68.2) 36 (76.6) NS

Age (years) 61.5+24.0 536226 46.9+24.6 0.01C ws. N, 0.0007C vs. H

GCS scome 6.2+14 62+13 63+1.4 NS

Pupil abnormality (%) 68 (30.2) 48 (37.2) 15 (31.9) NS

IS5 23.6%11.4 26312109 260+8.6 NS

ICP monitoring (%) 33 (14.7) 535 (42.6) 40 (85.1) <0001 Cws. N, <0.0001C vs. H, <0001 N vs. H
Favorable outcome (%) 57 (25.3) 43 (33.3) 21 (44.7) 00076 C va. H

Maortality (%) 69 (30.7) 31 (24.00 16 (34.0) NS

M3, not significant; GCS, Glasgow Coma Scale; IS5, Injury Severity Score; ICP, intracranial pressure.
TAERLE 2. SUMMARY OF RESULTS IN PATIENTS WITH DIFFUSE INTURY 1~ 1V

No temperature Normothermia Hypothermia
Parameters Total management (C) (N) (H) p value

No. of cases (%) 158 B8 (535.7) 49 (31.0) 21(13.3)

Male (%) 117 (74.1) 7 (76.1) 36 (73.5) 14 (66.7) NS

Age (years) 492+23 8 5424232 43 8+23.1 41.0+243 00456 C vs. N

GCS score hI+1.3 bdx1.3 6213 6.0+1.4 NS

Pupil abnormality (%) 33 (20,9 14 (15.9) 12 (24.5) T(33.3) NS

155 269125 27.1 %128 2761134 24685 NS

ICP monitoring (%) a4 (27.8) 8(9.1) 18 (36.7) 18 (85.7) <0001 C vs. N, <0.0001C vs. H
<02 N vs. H

Favorable outcome (%) 5 (35.4) 2 (33.00 19 (38.8) 8 (35.1) NS

Mortality (%) 42 (26.6) 21 (23.9 12 (24.5) Q(42.9 NS

M5, not significant; (GCS, Glasgow Coma Scale: 1S5, Injury Severity Score; ICP, intracranial pressure.

-> No significant favorable outcome among 3 group




TABLE 3. SUMMARY OF RESULTS IN PATIENTS WITH EVACUATED Mass LESION

No temperature Normothermia Hypothermia

Parameters Total

management (C)

(N

(H)

p value

160

106 (66.3)

60.7+24.2
60x£1.3
72 (45.0)
251 £8.0
67 (41.9)
43 (26.9)
) (2507

MNo. of cases (%)
Male (%)

Age (years)
GCS score

Pupil abnormality (%)
ISS
ICP monitonng (%)

Favorable outcome (%)
Mortality (%)

87 (54.4)
36 (64.4)
649 £25.7
6.0x1.4
36 (41.4) 0 (558
2417
19 {21.8)
18 (2H.7)
24 (27.6)

52 (32.5)

33 (63.5)

5782190
1.3

)
9 BE72

21 (13.1)
17 (810}

50.6+26.3

6.3£1.4
T7(33.3)
272+09.46

NS
NS
NS
NS
NS

S <0001C ws. N, <0001 C vs. H 006N vs. H

Q003C vs. H, LM N vs. H
NS

NS, not significant; GCS, (:luh;_)1;.F avorajblefeutc@me.i.n ph

pothermia

TapeLE 4. SUMMARY OF RESULTS IN PATIENTS WITH NONMEVACUATED Mass LESION

FParameters Toral

No temperature
management (C)

Normaothermia
(N

Hypothermia
(H)

p value

83

59 (71.1)
658 £19.8
63x1.4
26 (31.3)
255+1246
17 {20.5)
2 (26.5)
M o41m

No. of cases (%)

Male (%)

Age [yedrs)

GCS score

Pupil abnommality (%)
ISS

ICP monitoring (%)
Favorable outcome (%)
Mortality (%)

50 (60.2)
35 (70.0)
68.4£18.7
6.1+1.5
18 (36.0)
5.7+13.7
6 (12.0)
10 (20.0)
24 (45.00

28 (33.7)
19 (67.9)
62922210
fbo+]1.2
T (2500
240+11.8
8 (28.6)
10 (35.7)
T (2510

5 (6J1)
5 (10d1)
356144
6.8+ 1.6
I (2000
274+19
3 (600
2 (40.0)
3 (60.0)

NS
NS
NS
NS
NS

0.006C vs H,

NS

0M7IC vs N

M3, not significant; GCS, Glasgow Coma Scale;

IS5, Injury Severity Score;

ICP, intracranial pressure.




Results
Favorable outcome rate
hypothermia (52.4%)
normothermia (26.9%)
no temperature management (20.7%)

with evacuated mass lesions in contrast to diffuse injury.




Conclusion

» patient outcomes with diffuse injury were not
iImproved by hypothermia induction

* but hypothermia therapy was significant in
protecting the brain of patients with evacuated
mass lesions.




NABIS-H1 (>35°C) at 73
admission

NABIS-H1 (<35°C) at 36
admission

NABIS-H2 (Hematoma) 28

hypothermia (52.4%)

normothermia (26.9%)

no temperature management (20.7%)
with evacuated mass lesions in contrast to diffuse
Injury




B-HYPO 2015

Prolonged Mild Therapeutic Hypothermia versus Fever
Control with Tight Hemodynamic Monitoring and Slow

Rewarming in Patients with Severe Traumatic Brain Injury:
A Randomized Controlled Trial

Tsuyoshi Maekawa,>™ Susumu Yamashita?" Seigo Nagao? Nariyuki Hayashi/!
and Yasuo Ohashi® on behalf of the Brain-Hypothermia (B-HYPQ) Study Group’




PROLONGED MILD THERAPEUTIC HYPOTHERMIA VERSUS FEVER CONTROL
WITH TIGHT HEMODYNAMIC MONITORING AND SLOW REWARMING IN
PATIENTS WITH SEVERE TRAUMATIC BRAIN INJURY: A RANDOMIZED

CONTROLLED TRIAL
JOURNAL OF NEUROTRAUMA 32:422-429 (APRIL 1, 2015)

To determine the effect of therapeutic hypothermia, while
which included

Methods:
Therapeutic hypothermia ( , N =98) or fever control (35.5-37 °C, n = 50),
for more than
The primary outcome: GOS at 6 months
Conclusions: Tight hemodynamic management and slow rewarming, together with prolonged therapeutic
hypothermia (32-34 °C) for severe TBI,

compared with strict temperature control (35.5-
37 °C).




EFFECT OF EARLY SUSTAINED PROPHYLACTIC HYPOTHERMIA ON NEUROLOGIC
OUTCOMES AMONG PATIENTS WITH SEVERE TRAUMATIC BRAIN INJURY:
THE POLAR RANDOMIZED CLINICAL TRIAL.
JAMA. 2018 DEC 4,;320(21):2211-2220

Effect of Early Sustained Prophylactic Hypothermia
on Neurologic Outcomes Among Patients

With Severe Traumatic Brain Injury
The POLAR Randomized Clinical Trial

A multicenter RCT in 6 countries

. both out-of-hospital and in ER after severe TBI.
(2010.12.05 ~ 2018.05.15)
o for at
and If ICP were elevated, followed by

The primary outcome:
g (GUS- 70 [scale range, 1-

8]) at after injury.




RECENT META-ANALYSIS




META-ANALYSIS OF THERAPEUTIC HYPOTHERMIA FOR
TRAUMATIC BRAIN INJURY IN ADULT AND PEDIATRIC

PATIENTS.
CRIT CARE MED 2017; 45:575-583

Records identified through
database searching
(n=1437)

l

Additional records identified
through bibliography searching
(n=86)

Records screened
(n=1523)

Records excluded (n = 1324)

340 Animal

72 Stroke

108 Cardiae or Circulatory Arrest
160 Neonatal Hypoxic [schaemic
F.rl(:l.‘p]h'ln]m}t'y

65 [nduction of Cooling

143 Cooling in General

214 Incorrect Topic

222 Conference Procecdings (After
screening for accompanying journal articles)

Full4ext articles assessed for
eligibility
(n=199)

Studies ineluded in quantitative
synthesis (me la-analysis)
(n=49)

Full-text articles excluded (n = 150)

83 Reviews

24 No Normothermic Control

2 Did Not Induee Hypothermia

6 Did Not Have GOS and/or Mortality Data
3 Introdugtions to Trials

2 Preliminary/Pilot Phasc Data

2 Ongoing Trials

6 Secondary Analysis of Provious Trial
8 Include Same Patients in Another Trial
3 Abstraet Only

11 Unable to Access

TABLE 1. Relative Benefit of Hypothermia Versus Normothermia Patients for Favorable
Neurologic Outcome Within Subgroup Analyses of Adult Patients

Induction of cool ng
Selective brain cooling 236(135-419) 0003 () 091 (0.34)

Systemic cooling 130(1.14-148) 00001 2 £2.90 (0.0004)
_a'ﬁet tsmEE'a'_Lrs
Moderate (below 33°C) 136(106-170) 001 319(0002)
Mid (above 33°C) 133(1.12-157) 00009 3557 (0.008)
Duration, hr
1(1.11-206)  0.009 28 038(098)
(075-1.18) 15.72(0.07)
1(1.32-1.96) 3 153(0.82)
>72 1.41(109-182) 0008 11.26(0.08)
Rewarm ng rate
Natural 162(129-1.78)  0.00001 i 406 (067)
1°C every 1-6 hr 124(085-161) 0N 2842 (0.0004)
1°C every 12-24 br 1.14(082-158) 042 2 1766(0.02)
Intracranial pressure cointerventions
Barbiturates 102(083-128) 087 2067 (0.02)
No barbiturates 1.63(1.36-147) 365(098)

Decompressive craniectomy/ 143 (1.13-183) 1082 (0.09)
cranictomy

No decompressive 121 (098-1.48) 07 } 1, 3364 (0.009)
craniectomy/craniotomy

CSF drainage 1.11 (087-1.40) 9059 (0.02)
No CSF drainage 1.44(1.14-181) 1852(0.07)




Hypothermia  Normethermia Risk Ratio

Risk Ratio
M-H, Randam, 95% C|

Study or Subgro Events Total Events  Total Weight M-H, Random, 95% CI
2.2.1 Adults

Aibiki et al., 2000 1 15 3 11 0.5% 0.24[0.03,2.00]
Andrews eral, 2015 6 191 51 189 5% 132 (0,96, 1.79]
Chen et al., 2001 3 ] 3 i 13 038[0.11,1.28]
Clark et al., 1996 3 T 3 B L3 L.14[0.33,3.94]
Clifton et al,, 1992 1 § 1 5 0.4% 1.00 [0.08, 11.93]
Clifton et al., 1993 [ 23 8 22 15% 0.96 [0.44, 2.10
Clifton e al.,, 2001 53 190 a8 178 4.9% 103 [0.74, 1.44]
Clifton etal, 2011 12 51 § 45  14% 1.30[0.58, 2.89]
Gal et al,, 2002 2 15 5 15 L0% 0.40[0.09, 1.75]
Harris et al., 2009 6 12 4 13 13 163 [0.60, 4.38]
Hashiguehi et al,, 2003 1 o 1] B0 2.70 1013, 58.24]
Hayashi et al., 2005 7 20 12 21 LE¥ 0.61[0.30, 1.24]
Hirayama et al,, 1994 L3 12 5 0 18 0.67[0.24, 1.83]
Ishikiwa et al, 2000 8 1] 500 0.3 g 20,64 [1.23, 347.29]
Jiang et al., 1998 [ 1 2 451021, 0.96]
Jiang et al., 2000 11 ! ai 2 1.03]
Lew &t al., 2010 2 1 5 1.58]
Liu et al., 1393 9 28 3 L6
Liu et al,, 2006 1 43 12 I 0.45[0,26,0.91]
Maekawa et al,, 2015 3 94 11 48 14% 1.53 [0.85, 2.76]
Marion et al, 1993 0 2 o 0.3k 020[0.01,3.92]
Marlon et al, 1997 9 EL] 10 42 15K 0.97[0.44,2.13]
Meissner et al., 2008 3 11 3 13 11% 1.18[0.30, 4.72]
Nara et al,, 1397 1 ] 4 14 0.6% 0.39[0.05, 2.95]
Polderman et al., 2002 0 64 52 7L 0.87[0,68, 1,101
Qi et al., 2005 1l 4 22 43 148 0.50[0.28, 0.90]
i et al., 2007 9 4 13 0 LM 0.68[0.33, 1.43]
Shinzaki et al., 1993 8 16 14 17 1% 0.61[0.35, 1.04]
Shiozaki et al.,, 1399 1] B 0 B Not estimable
Shinzaki et al., 2001 B 45 i 46 1.9% 136 [0.51, 3.62]
Smrcka et al., 2005 5 15 11 ELS: 1 0.48[0.19, 1.24]
Soukup et al., 2002 5 25 12 2 Ll 032[0.13,077
Suehira et al.. 2014 16 47 3118 i 1.42 [0.86, 2.34]
Tokutemi et al, 2004 2 1 11 EE I 205[1.30,3.23]
Yamamato et al., 2002 4 21 3 17 1.B% 034 [0.13,0.93]
Yan et al,, 2010 21 71 29 3 4.2% 0.81[0.52,1.27
Zhao et al,, 2011 1 L1 4 41 0.5% 0.26[0,03,2.1%
Zhi et al., 2003 51 198 71 ¥ 0.71[0.52, 0.96]
Zhu et al., 2003 L] 58 3 58 4.5% 0.74[0.50, 1.10]
Subtotal (95% C1) 1710 1716 92.0% 0.82 [0.70, 0.96)
Tatal events 491 565

Heterogeneity: Taw’ = 0.09; Chi* = 72,53, df = 37 (F = 0.0004); I = 43%
Test for overall effact: £ = 2.44 (P = 0.01)

2.2.2 Children

Adelion et al., 2005 5 32 7 36 1% 0.80 [0.2E, 2.28]
Adelson et al,, 2013 1 2 B 0.0K .00 [0.65, 13.94]
Beca etal, 2015 H | 3,25 [0.36, 29,16
Biswas et al,, 2002 3 1 0 o 3
Bourdages et al., 2010 3 1 EX K 1|
Hutehison et al., 2008 0 4 g 1) .M
Lietal, 2009 1 12 2 10 0.5% 0.42[0.04,3.95]
Salonia et al,, 2010 3 19 ] 15 0.3%  5.60[031,100.70]
Subtotal (95% CI) 244 248 8.0% 1.66 [ 1.06, 2.59]
Total events 47 27

Heterageneity: Tau® = 0.00; ChP = 6.75, df = 7 (P = 0.46), P = 0%
Test for overall effeer: = 2.20(F = 0.03)

Total {95% C1) 1954 1964 100.0%
Total events 538 582

Heterogeneity: Tau® = 0.11; Chi’ = 86,91, df = 45 (P = 0.0002); F = 48%
Test for overall effect: 2 = 1.78 (F = 0.08)

Test for subaroun differences: Chi* = 838, df = 1(P = 0.004), = §8.1%

047 [0.74, 1.01]
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Hypothermia  Normothermia

Study or Subgroup Events  Total Events

Total Weight M-H,

Risk Ratio
Random, 95% CI

Risk Ratio
M-H, Randam, 95% CI

2.1.1 Adults

Albikl et al,, 2000 12 15 4 11 15%
Andrews etal., 2015 49 191 69 189 3.8%
Clark et al., 1996 i T i B 0.Ex
Clifton etal, 1332 4 § 3 5 15%
Clifton et al,, 1993 12 n B 2 1%
Clifton et al., 2001 B2 190 76 178 4.2%
Clifton et al,, 2011 3 V) 0 45 10%
Gal et al., 2002 13 15 7 15 2.3%
Hashiguehl et al., 2003 f (] 7 B 15
Hayashi et al., 2002 4 T 1 7 0.4k
Hayashi et al., 2005 1m0 § i 14
Hirayama et al., 1994 f 12 3 10 L%
Idris eral., 2014 19 2 0.7%

fiang et al., 2000

Lee et al., 2010

Liui ot al., 1999 17

Liul &1 al., 2006 28 43 B 23 L2k
Maekawa et al, 2013 44 94 25 48 1.6%
Marion et al.. 1993 12 20 B 0 Lk
Marian et al., 1997 24 ki) 16 42 1.9%
Naraetal., 1997 B ] 5 14 1.7%
Polderman et al,, 2002 10 G4 7 LW
Qu et al., 2005 28 43 18 43 30%
Chiu et al., 2007 kL] L1 19 LI
Shiozaki et al,, 1993 f 16 1 17 03
Shiozakl et al,, 1999 H ] 7 B 13
Shiozaki et al,, 2001 21 45 27 4  3.3%
Smircka el al., 2005 i EH 18 EF S
Soukup et al., 2002 15 % ] 2 LM%
Suehiro et al., 2014 ki | 47 4 183 1M
Tokutarmi et al., 2004 B il 5 LE} 1.0%
Yamamoto et al., 2002 l 21 3 17 0.9%
Yan et al., 2010 30 73 2B 73 3.2%
Zhaoetal., 2011 i0 40 21 41 1%
Thi et al,, 2003 122 19 7SO198  44%
Subtotal (35% CI) 1561 1548 80.0%
Total avents 770 580

Heterogeneity. Tau® = 0.07; Chi* = 7160, df = 34 (P = 0.0002); I = 53%
Test for gverall effect; = 4,48 (P < 0.00001]

2.1.2 Children
Adelson ek al., 2005 14 b) 14 3 2.4%
1.3%

3 6
Adelson et al,, 2013 3 22 L] \
Beca etal, 2015 F 23 L] %
Biswas et al, 2002 1 1 1
Hutchison et al,, 20 0
Salonla et al,, 2010 11 ol

1 3
Subtotal (95% CI) 25 129 20.0%
Todal events 143 161
Heterogeneity: Tau® = 0.00; Chi* = 3.52,df = 5 (P = 0.62); F = 0%
Test for overall effect: 7 = 1.86 (P = 0.06)

"

Tatal (95% C1) 1777 100.0%

Toual avents 913 41

Heterogeneity: Tau® = 0.08; Chi* = 102.66, df = 40 (P < 0.00001); I* = 61%
Test for overall effect; Z = 3,53 (P = 0.0004)

Tast Fr suhgronp differences: Chi* = 2007, df = 1 (P < 01.00001], 1F = 95 2

1786

2.2010.87, 5.00]
0.70[0.52, 0.95]
1.14[0.33,354]
133 [0.58, 3.08)
143[0.73, 282
1.01 [0.80, 1.28]
0.9110.57, 1.45]
186 [1.04,3.30]
0.76 [0.45, 1,301
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Figure 3. Relatie risk of martality in the hypotharmia treatment group versus normothermia group

for adult and pediatric shudies.

Figura 2. Risk ratio of favorable nevrclogic outcome in the hypathermia treatment group versus normathermia group for adult and padiatric studies.
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META-ANALYSIS OF THERAPEUTIC HYPOTHERMIA FOR

TRAUMATIC BRAIN INJURY IN ADULT AND PEDIATRIC PATIENTS.
CRIT CARE MED 2017; 45:575-583

(RR, 0.82; 95% Cl, 0.70-0.96: p = 0.01)
(RR, 1.35; 95% CI, 1.18-1.54: p < 0.001).

“The optimal management strategy for adult patients included cooling patients
to

Adverse outcomes were observed in children who underwent hypothermic
treatment with
(RR, 1.66; 95% Cl, 1.06-2.59; p = 0.03)
(RR, 0.90; 95% Cl, 0.80-1.01; p =
0.06).

Conclusions: Therapeutichypothermiars= ==t
but



THERAPEUTIC WHOLE-BODY HYPOTHERMIA IN SEVERE
TRAUMATIC BRAIN INJURY IF THE COOLING INDEX IS SUFFICIENTLY HIGH

: META-ANALYSES OF THE EFFECT OF SINGLE COOLING PARAMETERS AND THEIR
INTEGRATED MEASURE.

J NEUROTRAUMA. 2018 OCT 15;35(20):2407-2417.

- We extracted data on TBI severity, body temperature, death, and cooling
parameters; then we calculated the cooling index, an integrated measure of
therapeutic hypothermia.

« Therapeutic hypothermia

By analyzing methodologically homogenous studies, we show that
and this beneficial effect depends on
certain cooling parameters and on their integrated measure, the cooling index.




BRAIN TRAUMA FOUNDATION GUIDELINES 4™ ED

Prophylactic Hypothermia

Mot significantly associated with decreased mortality when
compared with normothermic controls.

Target temperature 32-33 °C or >33 °C

Rewarming ldegress/hr

However, preliminary findings suggest that a greater decreased in

mortality risk 1s observed when target temperatures are
maintained for more than 48hrs(IIl)

-E-ar.11.r (within 2.5 hours), shori-term (48 hours post-injury) prophylactic
hypothermia is not recommended to improve outcomes in patients with
diffuse injury.




Induced hypothermia protocol

;target temperature, cooling time, rewarming time
patient selection, cooling method

Treatment target

Jintracranial pressure

Prognosis ; lowering ICP not means prognosis
Pathophysiology and multi-factorial monitoring

Cardiac arrest vs diffuse brain injury vs focal ecacuated mass???




World wide RCT with standard protocols
based on effectiveness results at animal models

More detailed monitoring for perfusion, ICP, blood flow, 02
saturation etc

Developed more safer induction, maintenance and
rewarming techniques

Combined management with variable neuroprotective
agents

Prehospital hypothermic induction manuals
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