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1. Intredueton

2. Pathophysiclogmdccomiplications ot cefedema

3. Mamitoning
This discussion relates only to

posttraumatic neurological problen
In severe head injured patients!

@



GCS 3-8 9-12 13 - 15

distribution 24.% 10% 69%
mortality 4496 7% 2%
With shock
66Y%0

A Brain injury represents the main cause of death and disability:in children
young adults

A Annual mortality due to TBI is .around: 1 million

A Severe TBI:'GCS <8 (respiratory. support is:mandatory) and;|CP monito
recommended
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The primary focus of neurocritical care for CI
problems is the prevention, identification, an
Addenbrooke’s NCCU: ICP/CPP management algorithm treatment Of Secondary brain injury.

All patients with or atrisk of intracranial hypertension must have invasive arterial

monitoring, CYP line, ICP monitor at admission to NCCU.

= Algorithm to be used in conjunction with full protocols; stage Il interventions depend on clinical
picture & multimodality monitoring (to be established within six hours of admission).

= Early MRI in WBIC if no contraindications, clinical PET for selected patients.

= CPP>== 60 mmHgq is acceptable in most patients.
= Autaregulation, brain chemistry to individualise targets and titrate hyperoxia as a therapy

Evacuate significant SOLs & drain CSF before escalating medical Rx.

Rx in italics and Grades IV and ¥ only after approval by NCCU Consultant. U n i q u e aS p e CtS Of T B I m an ag e m e nt E

=10-15° head up, no venous obstruction; CPP 50 to 70 = = .
driven by this:

«2° targets: PRx < 0.2 (CPP> CPP__); BtpO2 > 25; LPR < 25
Tomp €37 51, 5 0% bioad sagar < 10 mmoln : :

ofol 2 mg/kg/h; Fentanyi 14 ESI A Brain oxygen delivery
A Cerebral perfusion

-Propofol 2.5 mg/kg/h; Fentanyl 1-4 ug/kg/h; atracurium 0.5 CRE RS0

mg/kg/h (consider midazolam, remifentanil)
—~—19 A Elevated intracranial pressure with herniat
et A Exaggerated inflammatory response and r

-Ranitidine 50mg iv 8 (or PPI), Phenytoin 15 mg/kg if indicated
- 5% NaCl 2ml/kg (repeat if Na< 155 mmol/l, Posm ~320) new SOL?
= (alternatively) 20% mannitol 2ml/kg X 3 or till Posm ~320 p -
-PAC, volume ,vasoactives: trial of TTCPP (>>70 mmHg) I nfe Ctl O n ?
Temp ~ 35°C, Daily lipids, ECG and CK if still on propofol
-EEG: ? fits -> Institute or escalate antiepileptic therapy

- JPaco, to ~ 4.0 kPa. Ensure SjO, >> 50% /Btp0, >15
«Consider T FIO, (see titration protocol) if BtpO2 < 15

v CPP < 60; ICP > 25 (Check probe, ? re-CT)

Temp 33°C ,change to midazolam (+ propofol, max 2 mgkg/h) Consider

) decompressive
V CPP < 60; ICP > 25 (Check probe, ? re-CT) craniectomy as
an atemative to

- - .. medical therapy
Try iv anaesthetic (eg Propofol 1mg/kg), maintain CPP P o

(ﬂu'“ & Vasoacti’/es). IfICP and CPP imprOVe, start thio intracranial
(250 mg boluses up to 3-5 g, then 3-8 mg/kgihr to Rttt fed
maintain burst suppression). Monitor raw EEG on BIS. P
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A Primary brain injury
(direct. impact)

A Secondary brain
Injury



Epidural Hematn.na .
- — Clinical Features TBI
Scalp Injuries
Skull Fractures
Depressed Skull Fractul
Basilar Skull Fractures
Vascular Injuries
Penetrating Head Injury

Intracranial Hemorrhage
I Epidural Hematoma
I Subdural Hematoma
I Subarachnoid Hemorrhag
i Intracerebral Hemorrhage




Pathophysiological events occur in minutes to days after primary injury

Netherlands Journal of Critical car. N@UFOMonNitoring of patients with severe traumatic brain
Accepted October 2014 iniury at the bedside
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A ischemia / reperfusion

A cerebraddema

A intracranial haemorrhage
A intracranial hypertension

autoregulation

A Furthedistructioof brain tissue

Essential role in increasing morbidity and mort



Aggravating factors

SYStemnic

A

A

A hyper/ hypocapnia
A hype/ hyperglycemia
A hyperthermia

A disturbances of water and
electrolyte balance

Intracranial

A mass lesion

A brain-edema, hyperemia
A ICPU, CPRP

A vasospasms

A epileptic seizures

A inflammation



A Early arterial hypotension increases mortality, significantly

(Chestnut:1993)

A Arterial hypotension has:a negative impact.0n outcome
(Fearnside:1993, Miller. 1978, Pietrapoli 1992)

A Minimization and prevention: of hypotension episodes impro
outcome In:-TBI
(Gentlemann 1992)

A Morbidity and mortality-close correlate: with 1CP:-increase anc
hypotension

(Marmarou, 1991)
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Chestnut RM et al. (1993). The role of secondary brain injury in determining outcome from
severe head injury. J Trauma 34:216-22



Effect of hypoxia (PaO2 torfjor nypotension: (SBR < 90 mmkig) [
to or:.during resuscitation (Fraumatic: Coma Data/t dipatien)s

Chesnwet al. JiTrauma 34:-222, 1999

Secondary % of Good / Mod Severe / Dead
Insults TotalPatientt Vegetative

Total Cases

Neither

Hypoxia

Hypotension

Both
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Systemic

A invasive arterial pressure (systemic lactate),-central venous
pressure (volemic status)

A cardiac rhythm (ST segment)
A ventilatory monitoring
A temperature; hourly urine output

A glycemia, plasmatic osmolarity



A Sympathethyperrreactivithiyperglycemiaydroelectrolites
disturbances;:protein catab@ldoesterosecretion

A Inappropriate secretion:of Aispittiabetes, ACTH :GH; cortisol
A Coagulation cascade activation by braitrdisbaplastin®|€

A Respiratory disturbances: (superior airwaysobsironfupiegia
apnoea)

A Cardiovascular disturbances (arrhytironadoembalic Tisk,
myocardial ischemia)



A intracrani@ressure

A jugulabulb venous oxycsaturation

A

orain tissue .0xyc

saturation

A near infrarespectroscopy

A EEG and evoksomatsensorigdotentials

A transcranial-Doppiltrasound

A microdialysis




A Advantages

O continuous monitoering of more thenone parameter can h
overcome:-some of the:limitations; of each-method alone

O better therapy guidance

A Disadvantages:
O Increases errors occurrence
O greater costs in equipment; personnel:-and time
O Increases the complexity of treatment



A CT scan

A Cerebral function assessment
I Neurological-status
I EEG
I evoquepotentials
A Blood flow assessment
I ICP monitoring
I transcranial eco Doppler
A Cerebral metabolism-assessment
I Bulbous venous jugoxymetriesvio)
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econdary; brain injury; atter epiduralinaematomea,



CT scan:acute left subduraCT scan: frontal right C T scan:right temporal

haematoma with left hemorrhageontusion;and  fracture and rght
hemispheredemand rightntraparenchimal hemispheredermavitn
midline shift haematoma and diffuse ipsitateral-ventricular
prairedema amputation {asymimetric
cerebreadema




C T scan: left panetal postaemorrnage: o' Nk t:s-io N N ¢
p:-e. P P €t antrapsgrenchinEenatoma waerilezional
edema




A Neurologicatatus
A GCSassessment cdunciousness

A Abbreviated mental score (AMTS) & Mini mental state
examination (MMSE)

A Nerve examinatiooranial & peripheinl
A EEG

A evoquepotentials



A Early: detection of seiziifirst 24h (high-incidence of subclinical
seizures In the'ICU); otherwise, best i late-diagnosis

A Indicative for:CBF, sspecifi¢ continuous; and regional monitor o
cerebral ischemia

A Adjunctive valuable role in interpreting focal physiologic data f
other MMM technigues

BUE . . .

A Does not reflect activity in deep structures suckstesrbrain

A Very sensitive to sedative drugs, hypothermia; metabolic
abnormalities

A Artifacts from-the environment (mains, ventilator, beds; intrave
pumps; personnel; endotracheal tube vibrations,:neon lights)



. ICP CPR

Iﬂ.ll:l.ll_l.l._]l.l.l.ﬂl. LES i.'EI]tI'I'.'."I.IIE.I'

ICP = 20 mmHg; CPP = &0
mm-Hg

Indirect swrrogate for CBF

Bram oxygenatior- CBF Brain metabolis

LoolTieyas

Jugular bulb

Fbt; = 20 mmHg
Spedy = 55 %

Indwect surrogate for CBF and
oxygen demand

Focal brain tissue
oxygenation
(perfusion and
diffusion)

Global cerebral
oXVEgen exfrachion

LirTiiiual d.'IEI.]SIﬂﬂ pr-:rbe LrApogumdial ¥y s

=20 em? /100 gfmin . LPR=23or
=40

Glhucose 1.5-2
mhd

Glhutamate =10
uhd

Glycerol =50
uld

Direct regional Brain energy crisis
measurement of CBF




Monro-Kellie-Doctrine

Vintracranial = Vbrain i VCSF+ VbIood i Vmass lesion — Ct

Vol of intracranial compartment must remain cor
because of inelastance of skull

Normal State
ICV is a balance b/n Blood, brain & CSF.

With ICSOL
ICP remains normal till compensation can

Uncompensated state — ICP elevated




The brains compensatory reserve is called
Compliancé, Pressure Volume Index ( PVI) =V/ LOG P1P2

Pressure-Volume

Response Curve

Intracranial

Pressure

Intracranial Volume

At the Point of decompensation
The ICP starts to increase.

Intracranial Voltrpresure€urve . As
ICP rises,.eqtivalent;changes In
volume produce increasing pressure
response A{r<<pb)

(Adapted From Jones et al
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Cerebral blood flow
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ml/200g/min

50055 normal’value

20025 changes in consciousness .and& pattern

18020 severe neurological deficEEG; flat

disappearance of evoked potentialspartial-brake down of

e2ond Na/K-pump

complete brake .down offifk& pump withiniminutes, cell

Sfee2 death




CPP = MAP - ICP

Indications:
A GCSO8 iif @ Hpathological
A GCS>3 8 if Ghtpathalogicahandngurelogic reassessment impc

A neuralogic=deficitdfineuarologicreassessmeritiimpossible,
iIndlependent Of €&krscan

A Sewerd BIBliwithrnertiah @ Eandassadiate2 ofithe following:

A > 40years,
A uni/bilateralasturing
A systolicanteriab pressuSOnmmidg

ICP. > 20 mmHg, > 5 min = intracranial hypertension



Ventricular

Subarachnoid

N\

Intraparenchymal
[/

Epidural

A P a r e n C h y m al Adapted from Kerr and Crago,” with permission from Elsevier.
fiberoptic AMBMoOmMEdric
(intraparenchyrsalbduratitraventricu)aNo Drainage. Minimal

Invasive, no in vivo calibration pd€sainenaCodmanii
A Ventricular catheter

NDrai ned C Srodyctions =>indt drainage.Qvedsurin
of brain compliance possible

1 Subdural Probe
No Drainage. Minimal lesions, narrow ventricle systegmifnidline

1 Epidural Screw



Intraventricular Catheter

C . N - - r a . YC "Q y "I-" ) l" Yo J\\ W7\ /1 4 AN Y .'r: ~ ag @,
s; accu ate measuremensirdiiistge (therapyvivecaliorationposs)
e .

Disadvantage: invasive, riskfor:mn



Subdural Probe




