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Monroe Kellie Doctrine’

Compensated Uncompensated

Brain 80% Erain 80%

Blood 4% CSF 4%

ICP 10mmHg ICP 15mmHg ICP 30mmHg
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Secondary Injury




Briet Episodes of Intracranial Hypertension and Cerebral
Hypopertusion Are Associated With Poor Functional Outcome
After Severe Traumatic Brain Injury

Deborah M. Stein, MD, MPH, Peter F. Hu, MS, Megan Brenner, MD, MS, Kevin N. Sheth, MD,
Keng-Hao Liu, MS, Wei Xiong, MS, Bizhan Aarabi, MD, and Thomas M. Scalea, MD

Conclusions: This study demonstrates that the number of brief 5-minute
episodes of ICH and CH 15 predictive of poor outcome after severe TBI. This

finding has important implications for management paradigms which are
currently targeted to treatment rather than prevention of ICH and CH. This
study demonstrates that these brief episodes may play a significant role n
outcome after severe TBL

(J Trauma. 2011:71: 364-374)
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Neurological Deterioration

eGCS |
e Pupil size 1
e Headache

e Unilateral weakness







normative data and preliminary observations
in patients with acute head injury

Quantitative pupillometry, a new technology:
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13:1% 13:40 13:59 14:17 14:32 14:41 14:46 14:50  ;
MaxA ‘
1.8mm 1.7mm 1.%mm Lmm | Lomm | 1.Tmm | Lémm [ 1.5mm
MinA
1. 7mm 1.5mm | Kmm 1. Timm 1 Smm Ldmm | L3mm | 1.3mm
Reduction |
| 8% 11% RS 4% 4% | 13% 0 12% | 1d4%
Latency
Bi2sec | G20sec | O.24see | O36zec | 032sec | 0L.24sec | 0. 20sec
1151 .32 A1 =[S EINES )43 .73
mmiser | movsee | mmiset | mmiSec | mm/sec | mmsec | mmsec
31:E1EH|1; 17mmHyg | 17TmmHg | 19mmHg  22mmHg | 22mmHg [ Open | ISmmHg
I eve R eye R eve K eve R eye R eve R eve R eve
Mannital Vent Drainage

B ~curosurg 98:205-213, 2003
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* CPP VDmx / Vmxy X mABP -+ 14
* |[CP mABP — CPP
 |CP mABP - (VDmx / Vmxy X mABP + 14)

VDmx : £F 51k HA M 77t 1
Vimxy : J 15 115

Czosnyka M,et al. J Neurosurg, 1998,88:802-808
A, & PEMB RS 20065 16
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Box 2: Indications for ICP Monitoring
GCS Score: 3-8 (after resuscitation)
1. Abnormal Admussion Head CT Scan
a. Hematoma
b. Contusion
¢c. Edema
d. Hermation

e. Compressed basal cisterns

2. Normal Admission Head CT Scan PLUS 2 or more of the following

a. Apge =40 years
b. Motor posturing

c. Systolic blood pressure <= 90 mm Hg
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ICP < 20
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First-tier
therapies
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CIP < 20 mm Hg
CPP = 60-70 mm Hg




(1) LEEE
v'30° FIFmEfe
(2) WRHR 7 FF

vSp0, > 92 %
vPaC0, = 35 - 40 mm Hg
(3) PAHA ¥

v VAEEMAP:  MXi¥EEE= 60 - 70 mm Hg
vATERIM: Hb >= 10g / 100 ml




(4) EFHNHER
v'Na+t 140 - 150 mmol /L

vif

FBELE 290 - 320 mosm / kg

v TR .....
(5) YYIEEMIIEERH
(6) BiIEFVE YT BN K AE




(D #=HliNE (lmE<37.5C)

(8) ki SMHERE (Glu<10mmol /L)




Glycaemic control
+

B Good outcome

B Pooroutcome
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*p<0.001

Glucose >200 mg/dl Glucose <200 mg/dl
(n=124) (n=60)

Rovlias A et al. Neurosurgery 46:335-343, 2000
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Wolfson Brain Imaging Centre

Acute head injury (6 hrs post |m pact)

(Coles etal. Crit Care Med. 2002)
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PaCO2: 5.0 kPa (38 mmHq) . 3.3 kPa (25 mmHg)
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35-45 mmHg (4-4.6 kPa)

- mild therapeutic hypothermia
ut-of-hospital cardiac arrest™

louni Kurola®, Tero Varpula“©,

\cta Anaesthesiol Scand 2009; 53: 926-934

< 30 mmHg (4 kPa)

PaCO2 of 122 pts
(1627 measurements)

25%
30-34 mmHg (4-4.6 kPa)
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>3l & = 0.25 21g/kg in 30 min
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Figure 1. Cooling Device Used in the Hypothermia after Cardiac Arrest
Study, Which Operates by Circulating Cool Air over the Patient.
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K= ERR) BIMHTE 7 7GCSTE3 ~8HY
TBI EZBYFF (NABIS: Hypothermia)
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Lack of effect of induction of hypothermia after acute
brain injury. (see next)

Clifton GL, et al. N Engl J Med; 2001; 344: 556-563.




TaeLe 4. Bates oF POoOR OUTCOME AND DEATHD 518 MONTIS AFTER SEVERE BRAIN INTURY IN PATIENTS
TREATED WITH INDUCTION OF HYPOTHEERMIA OR NORMOTHERMIA.

TREATMENT GROUP

All patientsg
Hypothermia
Mormothermia

Matients with Glasgow

scores of 3—4 on

ad i ssiomn
Hypothermia
Mormothermia

Matients with Glasgow

scores of 3-8 on
Hypothermia
Mormothermia

IMatients = 45 years old
Hypothermia
Mormothermia

LT

CoT1
acimnssion

ToTaL

Mo,

14100
141
52
26
26

Mo, (%) WiITH

ReLatvE Risk

Poor OuTcomE"® 95% Clit PWaLuEe
L.O(0E-1.2) ().
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1.1 fOB-14y (.64
A0 (TR
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09712y (.55
f‘l"] |'é|-":| i
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(21
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L (38
L (38

ReELaTivE RIsSK
(age Clit

L0 (0714

L4 (04-2.4)

L0 (D o-1.5)

1.0 (053210

P WaLuEe

0.7
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.'\—I'
s ]
mn

071

1.0

'I']'I

score on admission.

conbidence interval.

oor outcome was defined as severe disabaliny,

vegetative state, or death and was adjusted for age and Glasgow coma
tvalues indicate the relatve misk in the hypothermia group as compared wath the normothermia group,. Cl denotes

fDat are presented for 368 patients becanse outcome data were missing for 7 patients and Glasgow coma score on
admission, age, or both were missing for 17 patents.
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Figure 2. Mortality in Therapeutic Hypothemmia

Hypothermia, No. Naommothemmia, No. _
r 1 . Favors : Favors
Study Patients Events Patients Events Hypothermia - Nonmothenmia
Shiozaki et al,*” 2001 45 8 46 6 -
GCifton et al,3 2001 190 53 178 48 —-
Yan and Tang,52 2001 24 13 20 16 -
Jiang et al,*® 2000 43 11 44 20 e
Aibiki et al,5% 2000 15 1 11 3 -
Zhang and Wang,5® 2000 123 41 123 50 -
Shiozaki et al,*® 1999 a 0 8 0 .
Marion et al,'' 1997 39 g 42 10 —
Hirayama et al,5! 1994 12 4 10 5 -
Ciifion et al,32 1993 23 8 22 8 S -
Shiozaki et al,> 1993 16 8 17 14 .
Cifton et al,'2 1992 5 1 5 1 .
Total 543 157 526 181 -
LA S R L AL S R S S S R R
0.01 0.1 1.0 10 100

Relative Risk, 95% Cl
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Figure 4. Poor Neurologic Outcome for Therapeutic Hypothermia™

Study
Shiozaki et al,*” 2001
Ciifton et al,3* 2001
Jiang et al,*8 2000
Aibiki et al,%° 2000
Shiozaki et al,*® 1999
Marion et al,'! 1997
Hirayarma et al,5' 1994
Ciifton et al,32 1993
Shiozaki et al,3® 1993
Ciifton et al,'2 1992
Total

Hypothemnia, No. Nomothermia, No.

I s B 1 Favors Favu's .
Patients Events Patients Events Hypothermia | Nommothermia
45 24 46 19 .
190 108 178 102 -
43 23 44 32 e
15 3 11 7 ]
8 2 8 1 -
39 15 42 26 .
12 4 10 7 SRS ¥
23 11 22 14 -
16 8 17 14 i
5 1 5 2 -~
396 199 383 224 -
B A T”""i: LB E AL L S N B LR L
0.01 0.1 1.0 10 100

Relative Risk, 95% Ci

Outcome Scale score.

*Poor neurologic outcome is defined as severe disability or vegetative state or death according the Glasgow
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The NEW ENGLAND
JOURNAL o MEDICINE

Decompressive Craniectomy in Diffuse Traumatic Brain Injury




Standard care

Decompressive craniectorTmy
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Figure 1. Imtracranial Pressure before and after Randomization.

Showr are the mean measuremeaents of iNntracranial pressure in the wo
study groups during the 12 hours before and the 36 hours after randomiza-
ticsr. The I bars indicate stamdard errors.




Decompressive  Standard

Craniectormy Care
Outcome (N=T3) (N=82)  PValuej

Intracranial pressure and cerebral perfusion pressure

Intracranial pressure after randomization — mm Hg 144168 191589 <0001

No. of hr of intracranial pressure >20 mm Hg — median (IQR) 92 (44-27.0)  30.0(143-600)  <0.001

niracranial hypertension indec — median (IQR)3 115(39-203) 199(125-378)  <0.001
Cerebral hypoperfusion index — median (IQR) 3T (25-102)  86(40-138) 003




Decompressive  Standard
Craniectomy Care
Outcome (N=73) (N=82)  PValuej
Duration of hospital intervention
Days of mechanical ventilaton  median (QR) 11(8 15) 15(1220)  <0.001
Days of ICU stay —median (1QR) B(10-18)  18(13-24)  <0.001
Days of hospitalizafion — median (1QR) 28 (20-62)  37(24-44) 0.82




Extended Glasgow Outcome Scale
Score — no. (%)
1 (dead)
2 (vegetative state)
3 (lower severe disability)
4 (upper severe disability)

lower moderate disability)

lower good recovery)

(
(
(
(upper moderate disability)
(
(

8 (upper good recovery)
Median score (IQR)

Unfavorable score of 1 to 4 — no. (%)

D. James et al , The New England Journal of Medicine,2011
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