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!.l.-Managing a Train Wreck -

eneral Physiology

gllgranial Vault
|

= Intracranial cavity: " ' 1500
Brainy(87%). 1300:-mi
CSF (9%) ' o 140 mi
Blood (4%) 60 m

= 420 mhCSF made Per day thus adults
cycle throughtCSF 3x per day




General Physiology
!.I.-Intracranial Pressure (ICP)

ICP is pressurewithin' the'cranial vault
'  activity but normal-ICPin
ts s arotind 0-10 mm Hg
ICP >'20.While at rest is considefed elevated
Several processes*canelevate ICP

Elevated ICP adverseljiiaffect the brain
function and-outcome Because of decreased
cerebral perfusion

General Physiology
gt W, Cerebral Perfusion Pressure

™. CPP = Mean arterial.pressure (MAP) — ICP
_ erebral perfusion is:@avery
important. priofity.in the management of CHI
CPP of less than Z0.mm Hg in Adultsi@nd 60
mm Hg in ¢hildren is generally;associated
with @ poor.outcome |

In the presence of elevated ICP, it is
absolutely. important f@'maintain normal or
supernormal BRuunless'a clinical source of
cerebral hemorrhage is identified

Watch out for drugs that may lower BP (i.e.
Propofol)

General Physiology
£..Cerebral Blood Flow (CBF)

CBF = CPP / CVR Z
(cerebrovascular res : nce)
Normal CBF is approximately.
50 ml/100g'of brain:/ min
Autoregulation maintains
CBF fairly constant within.a*"
Systolic Blood Pressure (SBP)
range of 50-160 mm Hi
unless there is elevated I€P
When oxygenation ./ CBF
falls substantially

Cushing’s‘Triad

HTN

Bradycardia
Respiratory Irregularities




General Physiology
!..._Cerebral Bloqd Flow (CBF) |

functional impairment ensyes:

= Less than 8 ml / 100 g-of brain / min
results.in cell deatifand irreversible
damage

General Physiology
!.l.-Cranial Volume v

g is non-expansilepthe total
volume of intracranial contents mustremain
constant ="Monre=Kellie, Doctrine®** -

= Additioniofia-mass such as a hematoma
results in removalkof an equal Volume of CSF
and venous blood up'to a-point

= Once this.compensatofy mechanism is
exhausted, there is exponential increase in
ICP

General Physiology
gllPressure Volume Relationship

INTRACRANIAL COMPENSATION FOR EXPANDING MASS

ol - -

Normal State - ICP Normal




General Physiology
.I.Flmds and Physiology

= 3 fluid compa
Intracellular

Extracellular’
Interstitial &k
Plasma

= Location ‘of Ions
K+ intracellular
Na* extracellular

Separation of ions createés electrochemical
gradient

Gradient set up by Na/K ATPase and maintained
by impermeability of cellular membrane to these
ions

HSD used in shock/trauma as volume expander

.l.CaIcuIatlng OSM

2"‘Na+ + BUN/2.8 '+ Glu/18 Mernbrane
Normal 280 =290 mOs! -
Serum OSM changes ma

with increases in I

with glucose whichtis €o-""
transported and-BUN which can*
freely cross'membranes

Other solutes cause osmotic
changes as'well

The difference between the
calculated (expected) and the
measured serum osm is known ast|
the osmolar gap (mannitol; toxins, Side 1
etc.)

200 ml 20% mannitol = 100 ml

7.5% Na* in 6% Dextran Solution
(Hypertonic Sodium Dextran)

gl.Brain Physiology and-Tonicity

= Blood Brain Barr!er
Tight junctions
Not'water-imp meable but'solute impermea
FléJIBd shifts with: osmonc @gents occur in areas WIth intact
B .
Osmotic agents may Iodge in areas of mcompetent BBB
worsening ICP
Thought to occur'with Iarger molecules (mannitol)

= The effectsof cellular dehydration are seen
principally in.the €NS, where stretching of shrunken
neurons and alteration,of membrane potentials from
electrolyte flux-lead to ineffective functioning




Hypotonic Hypertonic

Extracellular
Vasogenic‘— leaky*Vessels / tumor

Vasomotor instabilityd— trauma / reactive
hyperemia from CVA

Non Vasogenic
Intracellular/ Cytotoxic
= Hydrocephalus

gl.So Far...

= Brain in a fixed yolume, compartment (caivarlum)
As cohtents in cal m increase, pressure mcreases
exponentially

As pressure.increases,. blood flow decreases nd
ischemia oceurs. .

Increased ischemia resultsiin incfe edema and
the cycle continues to inéréase ICP.

Understand the mechanisfils of edema and the
physiology behind them. ==

Evaluate patients often using physical exam and
image as necessary.

Maintain ACLS protocol throughout evaluation and
treatment.
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e l._EvaIuatlon Qverwew »‘
BC‘s documentediin the

irway(rem: b n=line immobi
reathing %
irculation

= Secondary survey and AMPLE his

llergies, edlcatlons, ast illness/"regnancy, | ast
meal and -vents

Pupils as Indicators of Brain
!.l.Functlon

W, ‘An enlarged non-reactive pupil may indicate
uncal herniatio
Tpsilateral
Kernohan's phe
= Bilaterally: enlarged puplls may also ndlcate
herniation.But BE CAREFUL ~ If'the patient
received atropineor sifilar drugs during CPR,
the pupils will be fixedsand dilated and will
NOT indicate brain stéfn function
appropriately
Check for ocular / orbital injury as the source
of pupillary irregularity / abnormal function or
for prosthetic placement

Evaluation - Initial
gl.GIassgow Coma Scale (GCS)

Eye Verbal Motor
Opening - response response

Oriented Obeys
Commands

Confused Localizes to
pain
Inappropriat |3 Withdrawal to
e pain




GCs<8

p
" WY

u Fluid Resuscitate

; +-PaCo,
Sedate with short

Resolution W2 hean
Deterioration <
‘Obtain CT Surgical Eesion

+I- PaCO, 35 J . '
Mannitol 1 g/kg ’ U

\ Monitor and
treat ICP

Reépeat. CTiscan. if condition deteriorates or
if hemorrhage / edema notedion CT-as
part of routinefollow-uprata scheduled
interval -

g L,[nvasive ICP Monitoring

A patient’s ICP:is monitored because elevated
ICP will reduce cerebral blood flow: .
The'consequences of decreased CPP.are
hypoxia‘and subsequent stroke =8

Stroke then leads to increasediswelling and
further elevation of ICP

This vicious cycle is extremely difficult to
rectify:and.often results in poor patient
outcome

Typically"I€P.> 20 mmHg sustained for over
5 minutes requires treatment




!.l=1nvasive ICP Monitoring

= CT.and MRI not able to determine pressure,

ventriculgstomy and < 1.5 for strain gauge
monitor i

= Platelets > 100k
= Indications - GCS < 7°
Eyes closed

No verbal (includes if ET tube placed)
Localizes to noxious stimulus

!.l=1nvasive ICP Monitoring

= Strain Gauge IC
Monitor
Codman
‘Works by altering small
resistance changes in=#
electrical‘eurrent ~

higher pressure = less
resistance

Camino
Works by altering light
path through a fiber
optic cable

= Ventriculostomy




Strain. gauge — ‘placed into brain parenchyma
superficially - \

Ventrictlostomy - depth is generaﬂy Iess than 7.5
cm

Both devices tunneled to reduce infection risk
= Pressure méasurement’is not a global
phenomenon; it reflects pressure in a specific
location in"the brain

!.l.lnvaswe ICP Monitoring

-Ventrlculosto con5|derat|ons
han & strain gauge Icp
monitor. and therefore has higher risk of
bleedingvand other complications*
Can. be used to'decrease ICP
Can be used to sen@hCSF for different
laboratory-studies

g L, Invasive Blood Flow Menitoring

= Jugular Ve Sampling 7
Measure of PO, and.PCO, in jugulaFvein
Refurns a mixed.venous assessment of the
extractioh ratio of oxygen, byithe brain
It is a.relatively'glgbal measurement




Invasive Cerebral Chemlstw
!...Monltorlng

= LICOX 9
Ansimplanted device similar to astfain
gauge-monitor.but'much larger
MeasUrés ICP; pH, 02 content
Is alocal‘meastrement only and will
generate false dataliif placed into injured

brain. Best placed’iit normal, functioning
brain for‘routine assessment

= If physical exam limited or if there isa
physiolegical guestion that.needs to be
answered continuously, ‘consider
invasive monitoring,strategies.

= Invasive monitoringfis not without risk.

= Choose the'monitoring strategy based
on risk benefit ratio for that patient and
the physiologigal needs of the situation.

Initial Management Strategies

gl.Genera/

= Infection.Surveillance :

= DVT prophylaxis:with venodynes
(SCD’s) at a'minimuim-7SQ heparin
(LMWH:etc.)




Initial Management Strategles

.l. Ventilation

™, See that patientis protecting their aifway

= Check that patient,is moving air appropriately
(chest rise and fall,.adequate respiratory GLG))

= Sedatives.on board?

= Pulse’oximetry )

= ABG to evaluate RO, and PCO2
Goal PO, > 60
Goal CO, 33 - 37

Hypocapniasincreases iS€hemia risk but may be
useful as-an adjunct‘to'€mergent surgical
decompression

= Better to intubate rather than risk poor
ventilation

Initial Management Strateg|es
.l. Ventilation

= Remember; intubating 'a patient’often
invelves sed d paralytic agents that
will have serious implications when trying to
assess neurologicfunction Iater on

= Thus, if it is absolutely; necessary “to intubate
a patient, use'short acting-medications

= An adequate. intubatiol history is imperative
(What drugs were used? When were they
last used on the patient?)

Initial Management Strategies
gl.Blood flow basics

= Elevate HOB'> 45; degrees if adequate blood
pressure present 0 prevent mtracrama} venous

See that the neck is not kinked as this may increase
ICP: bysresisting venous outflow in the jugular veins
Avoid'internal jugular.central lines if'possible -
especially.introducer / Swan -Ganz catheter. (better
used in subclavian vein) &

Avoid vasoedilating agents'Such as nitroprusside
unless absolutely necessary

Maintain adequate MAP — may need ICP device for
this for goal CPP > 70mmHg. Typically SBP > 90
mmHg




Initial Management Strategles
!...Stem/ds

. Not definitive tablished in‘adults

= Not for cytotexic edema (stroke/trauma)

= Potential candldates are those with
organisms’on gram stain, espegcially with
high ICP (Clin-InfiDis, 1993 17:603:610)

= Dexamethasone 10 mg-eVery 6 hours for 4
days improyed outcomie in patients with
cloudy CSF,-bacteria’©n gram stain, or CSF
WBC count->1000/mm?3 (NEJM, 2002;
347:1549-1556)

Initial Management Strategles
!.l. Temperature

ure < 37°C (ngrmal)

Use in patients -already vent|lated

May need paralyticsito keep’ from shlvering
which«will'raise ICR&Y

Risks.include decreésed cardiac output,
coagulopathy, pancreatitis

Initial Management Strateg|es
g \Flectrolytes

= Normal Na* Ievel 1354145

= Keep glucosevn Srmal L elevated g]ucose
WOrsens cerebral edema and ICP~~ -
= Maintain normal levels of blcarbonate and
CO, ‘
CO, crosses BBB andigets converted into H* and
CO; T\
The lower. pH will incréase pressure (cause

vasodilatation)'and will'cause potentially
irreversible damage;/ denaturation.




& "yBrain Physiology and-Tonicity

;ré /

:

‘ORTOI\
(230 SAV

PLIES 10DIDE, A NECES

%07 1002) B0
i

!.l.Br_ain Physiology and-Tonicity

incompetent but most is not, the Crease in
Nat (or other extracellular osmotie

component) will effectively dehydrate cells in
the intact regions
When large areas are: effected the reverse
may occur-andICP. may paradoxically
increase

= This may be partially responsible for the
rebound effects,of bolus osmotic therapy

g ,Brain Physiology and Tonicity

= After.an hour effhypernatremia,’ mtracellular
organic,solutesare generated |n effort to
restore cell volu 2

= If shrinkage i is severe enough,, stretchmg and
rupture of brldglng vems calisés subarachnoid
hemorrhage -

= Cerebraledema ensues |f water replacement
proceeds at a rate that does not allow for
excretion of accumulated solutes




Osmotic Approaches to
e LDecreasing ICP.,

= Diuresis /:Indil
Osmoalarity

Mannitol
Urea
Lasix / HCTZ

= Direct Increases'in Extracellular Osmolarity
Mannitel
Hypertonic Na*
Hydroxyethyl Starch (HES) or Colloid

!.l._Diuresis

Decrease water free water

Retained solutes draw. mi uid backlin to the extracellular space
EE%UItmg in decreased |ntracellular water and hopefutly decreased

Kidneys mustiwork: excephonalty hard to retain solutes agamst
gradients set up by.the diuresis of plasma volume{OSM>"320 can
cause ATN and renal failure that usually resolvesover time)
however, dead nephrons can‘rémain dead nephrons

Mannitol can have'direct toxiCity to the repal tubules

When plasma volume is low, renal bl@@d flow is decreased and thus
less O, is deliveredito the cells to produce ATP for the ATPase
Na*/K* pumps that areiactively.trying o reabsorb Na* to maintain
plasma volume

Eventually renal failure will ‘occur

l.Direct Increase in Plasma Tonicity

AIbumm/ HES / Na* etc :
Cause diuresis by d|rect xpanding plasma volume

Increase inyblood flow to kidneys and potentlally blood
pressure increases GFR and.diuresis

Increase in Atrial Natriuretic Factor (ANF) released by
atria due to stretch from'increased plasma volume

If Na* is used, ATPase Will slow down (less metabolic
demand since plasma volume iSthigh and Na* is high

Na+ is thus spilled‘ifite, the uring




Difference Between Hypovolemic
!.l.and Hypervolemic Hypernatremia
u PR e el

= Diuresis

Higher renal metabolic demaniWith lower
renal bloodfl w N -

= Hypervolemia:

Lower renal metabollc demand with higher
renal blood flow

CNS Benefits of Hypervolemlc
!. LHypernatremia ,

= Improved C
Decreased!

Increased MAP--...
Vasospasm
Ischemia

= Unlike mannitol or €olloid solutions, Na*+
is dialyzable by CVVH (as is Urea)

Problems With Osmotlc

gl.Therapy

= Rapid changes in y can lead to'CRPM,
especially with'Na 2 Y
Do not let Na#change by mare than 12'mmoI/L up or
down eachiday.
Most CPM cases'in thlamlne deficient patlents (i.e.
EtOH abuse) and.in patients: w1th rapid correction of
chronic hyponatremia
Patients that develop sudden DI even with Na* of >
170 mmol/L often.do not ‘dévelop CPM but the risk
does remain
= Consider maintenance drip of hypertonic solution
as opposed to bolus doses




Problems With Osmatic
!.l.Therapy

= Rebound effect after osmoticbelus, or
sudden, cess. ion of’ contmuous osmotlc
agent .-

= Rebound effect thought tojbe worse
with bolus*Na* thanfwith other osmotic
agents (Javid 1964)

!.l._Benefits of Hypertonic Na*

= Improved gas ¢

= Improved cardiac output

= Improved MAP =

= Hemodilution / Rheostatlcs beneflt
= Immunomodulations ~

g A dverse Effects of Na*

= Electrolyte 2
Mild acidosis' tis often clinically mStgmf cant

Concomltant se- with THAM or acetate to
normalize.pH 279 to" hyperchlorem|c acudosm

= Congestive Heart-failure
= Bleeding diathesis

= Phlebitis

Use hypertenic'Na* through a central line only
unless using 1.8% Na* solution




= Cause certain metabollc derangements
in a controlled fashion to-hélp manage
ICP but-do'so to preserve other organs
as best as possibles

= Use basic physiology to decide when to
treat and. what to treat with.

!.lISedation

= Decreases brain metabolism
certain,sedative medications:

= Relaxes patlent/ less agltatlon

= If ventilator dependent,,can help blunt
coughing / “bucking’the ventilator”

g LParalytic Medications’

No. muscle’ related vascular tone 1

No ventilator'/ ventllatlon 1GP related
problems

Must have 1-2 tWItches to avoid myopathy

Must limit'length of tise and concomitant
use with steroids;to help avoid myopathy




!.l.Barbituate / PropofolComa

= Decreases cereb“ | metabolic rate &
Decreases ne functionidirectly™*

Decreases temperature which |ndxrectly decreases
neuron function

CSF has:3 components
Choroid plexus 70%
Transudate 18% »
Metabolic praductlon of water
= Forces fullrelaxation ©f CNS if burst
suppression‘obtained
= Neuroprotective — decreased demand for
resources

Maintain“normothermia — hypothermla inrare
instancesy .-

Maintain normal Na+ Ievel

Use hypernatremia’/ mannitol when ICP is
being measured or asia bridge to when ICP
can be measured

+/- usage Of other cheémistry measuring
devices for allpatients but in certain
situations these devices may be valuable

Place ICP device.when necessary

gl.ConcIusmn

= ICP managemen issues'can be basu: or. very
complex
= Control those thlngs that are W|th|n your
realm
Elevate‘head of bed
Head should be mid-p@sition
Ensure appropriate ventilation
Normalize temperature™
Normalize electrolytes -
= Call for help when you’re not sure what to do
next




