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« Hypothermia for Traumatic Brain Injury in Children-A
Phase II Randomized Controlled Trial.)

Crit Care Med. 2015 Jul;43(7):1458-66
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« A systematic review of therapeutic hypothermia for adult
patients following traumatic brain injury.2)

Crit Care. 2014 Apr 17;18(2):R75
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* Role of therapeutic hypothermia in improving outcome
after traumatic brain injury: a systematic review.®)

Br J Anaesth. 2013 Mar;110(3):357-67
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 Very early hypothermia induction in patients with
severe brain injury (the National Acute Brain Injury
Study: Hypothermia II): a randomised trial.

Lancet Neurol. 2011 Feb;10(2):131-9.3)
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e Lack of effect of induction of hypothermia after acute
brain injury.”)

N Engl J Med. 2001 Feb 22;344(8):556-63.
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<Guidelines for the Management of Severe Traumatic Brain
Injury, 3rd edition (200745H) >
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<Guidelines for essential trauma care (WHOQO) >
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1 Death

2 Vegetative state

Lower severe disability

Upper severe disability

Lower moderate disability

Upper moderate disability

Lower good recovery
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Modified Oxford Handicap Scale

Handicap Lifestyle Grade
none no change 0
minor symptoms no interference 1
minor handicap some restrictions but able to look after self 2
moderate handicap significant restriction; unable to lead a totally 3
independent existence (requires some
assistance)
moderate-to-severe unable to live independently but does not 4
handicap require constant attention
severe handicap totally dependent; requires constant attention 3

day and night
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A% (Figure 1)

Stage 1D B IE
X9 17D

Traumatic Brain Injury
Stage 1 treatment:
Admission to ICU
Mechanical ventilation
Sedation
Analgesia with or without paralysis
Head of bed elevated to 30 degrees
Intravenous fluids with or without inotropes to maintain
mean arterial pressure =80 mm Hg
Stage 1 options:
Ventriculostomy with or without CSF drainage
Surgical removal of space-occupying lesions

;
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Intracranial pressure =20 mm Hg within 10 days after injury




A% (Figure 1)

Intracranial pressure =20 mm Hg within 10 days after injury

| |

Control Group Hypothermia Group
Continue stage 1 treatments and add stage 2 Continue stage 1 treatments and initiate
treatments without therapeutic hypothermia hypothermia
Stage 2 treatment: Add stage 2 treatments only if needed
Mannitol (maintain serum esmolarity Barbiturates not permitted
<315 mOsm per kilogram of water)

Hypertonic saline (aveid in hyponatremia,
caution with cardiac or pulmonary problems)
Inotropes to maintain cerebral perfusion
pressure =60 mm Hg
Barbiturates not permitted
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Stage 3 Options (if required)

Continued medical care

Sta ge 3 d) 5]%9? ‘j: ';HE E ‘ Barbiturate therapy with processed EEG monitoring

Decompressive craniectomy
Further surgical intervention if required

l

Day 28, Hospital Discharge, or Death
Trial Follow-up E_E,??jﬁf&length of stay in ICU and hospital
GOS-E score

Figure 1. Stages of Therapeutic Management and Trial Follow-up.

CSF denotes cerebrospinal fluid, EEG electroencephalographic, GOS-E Extended Glasgow Outcome Scale, ICU inten-
sive care unit, and MOHS modified Oxford Handicap Scale.
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, Exclusions
Patients Screened
2498 10
Fulfil inclusion/exclusion criteria or other reason for non-
participation:
*756 Failed inclusion criteria ICP < 20 mmHg
+234 Failed other inclusion criteria Age (88),>10 days
from Injury (74), Open TBI ( 40}, Normal CT scan (16),
Other (16)
+476 Failed Exclusion criteria Unlikely to survive
(167). Receiving hypothermia (130}, Temp < 34°C
degrees (121), Barbiturates (55), Other (3)
>‘ +*376 Operational reasons Enrolled other trial { 132),
Decompressive Craniectomy (95), Woken and extubated
(77), No relatives ( 33), No research staff (23), Other
(14)
+52  Other reasons
3 Unknown reason
Y
Potentially Eligible
601
> Declined Consent
81
Early Consent Trial
520
Exclusions
> 133
* 111 Failed inclusion criteria [CP< 20mmHg
Y + 22 Failed other inclusion criteria
Randomised

387
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Allocated Hypothermia
195

* 194 Received treatment
* 1 Withdrawn pre treatment

v

Reached follow up

{6 months after traumatic brain injury)
193

Reason for not reaching follow up:

* 1 Lostto follow up

Analysed
188

Excluded from Primary analysis :

+ 2 Primary outcome data could
not be collected

» 3 GOS data instead

N

Allocated Control
192

= 192 Received treatment

v

Reached follow up
(6 months after traumatic brain injury)
191
Reason for not reaching follow up:
« | Lostto follow up

Analysed
188

Excluded from Primary analysis :

* 2 Primary outcome data could
not be collected

* 1 GOS data instead




#£ B (baseline characteristics)

Table 1. Baseline Characteristics of the Study Patients.*

Hypothermia Control

Characteristic (N=195) (N=192)
Age <45 yr— no. (%) 131 (67.2) 131 (88.2)
Age —yr 37.4£154 36.7£14.9
GCS motor score— no. (%) T

lor2 56 (28.7) 51 (26.6)

3-6 139 (71.3) 141 (73.4)
Pupillary response — no. (%)

Both reacting 144 (73.8) 143 (74.5)

One or neither reacting 51 (26.2) 490 (25.5)
Time from injury — no. (%)

<12 hr 19 (9.7) 15 (7.8)

=12 hr 176 (90.3) 177 (92.2)
Intracranial pressure at randomization — mm Hg 25.2+4.8 25.5+6.4
Core temperature at randomization — °C 37.020.72 37.1+0.72
Isolated TBI — no. (%) 123 (63.1) 133 (89.3)
Marshall classification — no. (%) 3

Diffuse axonal injury =11 72 (36.9) 78 (40.6)

Diffuse axonal injury IV 21 (10.8) 15 (7.8)

Any lesion surgically removed 46 (23.6) 52 (27.1)

High-density or mixed-density lesion 56 (28.7) 47 (24.5)
Mechanism of injury — no. (%)

Road-traffic accident, pedestrian 22 (11.3) 31 (16.1)

Road-traffic accident, motor vehicle 68 (35.1) 51 (26.6)

Bicycling accident 7 (3.6) 10 (5.2)

Fall 78 (40.2) 78 (40.6)

Sports injury 1(0.5) 1 (0.5)

Assault 18 (9.3) 21 (10.9)




#£8  (#hDbaseline characteristics)

CT scan appearanced{n[%]:l Diffuse injury | 2(1.0) 0
—_ i Diffuse injury 11 31(15.9) 36 (18.8)
= 7‘-~ 7‘-s ‘
CTFEE%%'“" d‘% FL Diffuse injury Il 39 (20.0) 42 (21.9)
Diffuse injury IV 21 (10.8) 15( 7.8)
Surgical lesion 46 (23.6) 52 (27.1)
High,/ mixed density lesion 56 (28.7) 47 (24.5)
Hypothermia Control
Parameter Category (N=195) [(N=192)
Any Neurosurgery in this admission {n{%)) Yes 83 (42.6) 73(38.0)
No 112 (57.4) 119 (62.0)
Number of Neurosurgeries (n(%:)) 0 112 (57.4) 119 (62.0)
1 68 (34.9) 51 (26.6)
o~ 2 12 (6.2) 18(9.4)
AEBNTALEGL | 3 3(15) 4(21)
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Hypothermia Control
Parameter Category (N=195) [(N=192)
First occurrence (n{%)) 3tDayl 15 ( 7.8) 31 (16.4)
2t Doy 2 14 (733 17 (50
at Day 4 13 { 5.8) 14 ( 7.4)
at Day 5 71 3.6) FL3.7)
at Day & 11 (5.7 4 2.1)
at Day 7 9 4.7) T13.7)
Mewver occurred (Days 1- 7) 108 (56.3) BT (46.0)

Missing
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#£8 (Table 2)

Table 2. Analysis of Primary and Secondary Outcomes for Hypothermia versus Control.*

Variable Estimate (95% Cl) P Value
® Primary analysis: adjusted common odds ratio for GOS-E score at 6 mozf 1.53 (1.02 to 2.30)9 0.04
a o e 4 s £ LMo e __l 1 F£0F1 A o 1 Tl Al
5 Table S9A
faR (Table )
Hypothermia Control

Parameter Category (N=195) (N=192)
GIO5E score (n{%) Dead 65 (34.9) 51 (26.6)

Vegetative State 0 4(2.1)

Lower Sewvere Disability 46 (23.6) 43 (22 .4)

Upper Severe Disability 26 (13.3) 21(10.9)

Lower Maoderate Disability 16(8.2) 17 (8.9

Upper Moderate Disability 12(6.2) 15 (7.8)

Lower Good Recovery 10(5.1) 20(10.4)

Upper Good Recovery 10(5.1) 17 (8.3

GOS 3 - Severe Disability 2 (1.0 1{0.5)

G054 - Moderate Disability 1{0.5) (1]

Totally lost to follow-up 1(0.5) 1(0.5)

Alive at follow-up but GOSE data not available 2 (1.0 2(1.0)

Withdrawn pre treatment 1(0.5) 0
Illl:ulla;:u:uald1 GOSE score (nf%) Dead, Vegetative State, LSDisability 114 (60.6) 98 (52.1)

Upper Severe Disability 26 (13.8) 21(11.2)

Lower Maoderate Disability 16 ( 8.5) 17 (39.0)

Upper Moderate Disability 12 [ 6.4) 15 (8.0)

Lower Good Recovery 10(5.3) 20 (10.6)

Upper Good Recovery 10(5.3) 17 (9.0)

(D GOS-E scores|FEMR;BEEEZFD AN KYEIVAANITRLTLNS
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Table S9B. Outcomes. MOH at 28 days

Hypothermia Control
Parameter Stats/ category (N=195) (N=192)
MOH (n(%:)) Dead &0 (30.8) 42 (21.9)
Fully dependent, requiring attention day and night 73 (37.4) g4 (43.8)
Dependent, but not requiring constant attention 39 (20.0) 33 (17.2)
Some restriction in lifestyle, but independent 14(7.2) 18(9.4)
Minor symptoms 4(21) 12 (6.3)
Ma symptoms 4(2.1) 3({1.6)
Withdrawal-data not to be collected 1(05) 0
Collapsed® MOH (n(%)) Dependent, Fully dependent or Dead 172 (88.2) 159 (82.8)
Some restriction in lifestyle, but independent 14 (7.2) 18 (9.4)
Minor symptoms 4(2.1) 12 [ 6.3)
Mo symptoms 4(21) 3({1.8)
Withdrawal-data not to be collected 1({0.5) Q
Table 2. Analysis of Primary and Secondary Outcomes for Hypothermia versus Control.*
Variable Estimate (95% Cl) P Value
Primary analysis: adjusted common odds ratio for GOS-E score at 6 mox| 1.53 (1.02 to 2.30)9 0.04
Adjusted odds ratio for unfavorable outcomej:| 1.69 (1.06 to 2.70)9 0.03
Unadjusted hazard ratio for death at 6 mo 1.45 (1.01 to 2.10) 0.047
Adjusted mean difference in squared proportion of ICP measurements of <20 mm Hg on days 1-77 440 (-160 to 1000) 0.47
Adjusted odds ratio for presence of pneumonia on days 3-71 1.04 (0.69 to 1.58)9 0.84
Adjusted mean difference in log-transformed length of ICU stay — log hours3 0.05 (0.11 to 0.22) 0.54
Adjusted common odds ratio for MOHS grade at 28 daysg** 1.65 (0.91 to 3.02)9 0.10
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Figure S7. Survival curve for mortality between randomization and 6 months by
intervention

Product-Limit Survival Estimates
With Number of Subjects at Risk

1.0 4 + Censored
Logrank p=0.0454
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Table S8. Action taken due to Stage 2 Therapy Failure (first Occurrence) by time-point
(note: This table is only applicable to patients with a therapy failure in a determined timepoint in table 57)

Parameter Category Hypothermia Control

Action DAY 1 (n (%)) Decompressive Craniectomy 8(53.3) 11(35.5)
Barbiturate infusion 5(33.3) 14 (45.2)
Other 2(13.3) 6 (19.4)

Action DAY 2 (n (32)) Missing 1 0
Decompressive Craniectomy g8(57.1) 5(22.7)

—Babitucate infision 40228.6] 1205450,

Other 2(14.3) 5(22.7)

Action DAY 3 (n (35)) Missing 1 1
Decompressive Craniectomy 6(46.2) 6(37.5)
Barbiturate infusion [ Mﬁi?] 8 (30.0)
Other 1{7.7) 2{125)

Action DAY 4 (n (%)) Missing 1 0
Decompressive Craniectomy 5(41.7) 5({35.7)
Barbiturate infusion 5(41.7) 7 (50.0)
Other 2(16.7) 2({14.3)

Action DAY 5 (n (%)) Missing 1 1
Decompressive Craniectomy 2(33.3) 4{66.7)
Barbiturate infusion 3(50.0) 2(33.3)
Other 1(16.7) 0

Action DAY 6 (n (%)) Missing 2 0
Decompressive Craniectomy 3(33.3) 1{25.0)
Barbiturate infusion 3(33.3) 3(75.0)
Other 3(33.3) 0

Action DAY 7 (n (%)) Missing 3 0
Decompressive Craniectomy 4(66.7) 1{14.3)
Barbiturate infusion 1({16.7) 4{57.1)
Uther 1(16.1] Z12B8.6)
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