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The opinions, views and com m ents The opinions, views and com m ents 
expressed during this presentat ion expressed during this presentat ion 
and any responses I m ay give to and any responses I m ay give to 
quest ions which m ay be asked are quest ions which m ay be asked are 
solely m y own and do not necessarily solely m y own and do not necessarily 
reflect the opinions or policies of reflect the opinions or policies of 
Novo Nordisk I nc., it s directors, Novo Nordisk I nc., it s directors, 
officer, em ployees, agents or officer, em ployees, agents or 
representat ives.representat ives.



1.1. I CP and CPPI CP and CPP

2.2. EEGEEG

3.3. Jugular venous Jugular venous 
oxygen saturat ion oxygen saturat ion 
(SjO(SjO22))

4.4. Transcranial Doppler Transcranial Doppler 
ult rasonographyult rasonography

5.5. LaserLaser -- Doppler Doppler 
Cort ical Cort ical Flowm etryFlowm etry

6.6. ETCOETCO22

7.7. Evoked Potent ialsEvoked Potent ials

8.8. Brain t issue Brain t issue 
oxygenat ion (SrOoxygenat ion (SrO22) ) 
m onitor ing by near m onitor ing by near 
infrared spect roscopy infrared spect roscopy 
(NI RS)(NI RS) **

9.9. MicrodialysisMicrodialysis**

10.10. Regional Brain Tissue Regional Brain Tissue 
O2 (Pt iO2) , CO2 O2 (Pt iO2) , CO2 
(Pt iCO2) and pH(Pt iCO2) and pH

*Both cleared by the US FDA for clinical use.



1.1. Standard of care in Standard of care in 
m any PI CUs.m any PI CUs.

2.2. Allows m easurem ent Allows m easurem ent 
of I CP and rem oval of I CP and rem oval 
of CSF.of CSF.

3.3. New catheters allow New catheters allow 
for I CP m easurem ent for I CP m easurem ent 
during CSF drainage.during CSF drainage.





2003 EBM report on severe TBI in children gives 2003 EBM report on severe TBI in children gives 
st rong support for the value in m onitor ing I CP st rong support for the value in m onitor ing I CP 
both in term s of outcom e and determ ining a both in term s of outcom e and determ ining a 
t reatm ent threshold (15t reatm ent threshold (15-- 25 m m Hg) .25 m m Hg) .
I nt ravent r icularI nt ravent r icular catheter: m ore frequent use, catheter: m ore frequent use, 
m ore accurate, provides m ethod of m ore accurate, provides m ethod of TxTx via CSF via CSF 
rem oval, assess PV/ com pliance status.rem oval, assess PV/ com pliance status.
Fiberopt icFiberopt ic t ransducert ransducer -- t ipped catheters (t ipped catheters ( FTCsFTCs))
•• monitor the variations in the amount of light reflected monitor the variations in the amount of light reflected 

from a pressurefrom a pressure-- sensitive diaphragm located at the sensitive diaphragm located at the 
catheter tipcatheter tip

•• Versat ilit y of placem ent , robust to art ifact , m onitor and Versat ilit y of placem ent , robust to art ifact , m onitor and 
drain sim ultaneously but requires dedicated equipm ent , drain sim ultaneously but requires dedicated equipm ent , 
more costly, and more costly, and ++ 6 m m Hg dr ift over 5 days.6 m m Hg dr ift over 5 days.



Cerebral perfusion pressure (CPP) = MAPCerebral perfusion pressure (CPP) = MAP-- I CPI CP
CPP drives the cerebral blood flow (CBF) and CPP drives the cerebral blood flow (CBF) and 
keeps oxygen and other essent ial nut r ients keeps oxygen and other essent ial nut r ients 
flowing to the brain, thus m aintenance of a flowing to the brain, thus m aintenance of a 
certain CPP value needed to m inim ize r isk of certain CPP value needed to m inim ize r isk of 
cerebral ischem ia. cerebral ischem ia. 
CPP is a cont inuous calculat ion derived from the CPP is a cont inuous calculat ion derived from the 
t im et im e-- averaged difference between two averaged difference between two 
physiologic signals (CPP = MAP physiologic signals (CPP = MAP -- I CP) . I CP) . 
2003 EBM report findings:2003 EBM report findings:
•• CPP CPP -- m inim um of 40 m m Hg in children vs. EBM of m inim um of 40 m m Hg in children vs. EBM of 

adult TBI supports a m inim um level of 70 m m Hgadult TBI supports a m inim um level of 70 m m Hg
•• Whether this m inim um should be adjusted depending on Whether this m inim um should be adjusted depending on 

a childa child’’s age remains undetermined.s age remains undetermined.



Not frequent ly used in PI CU due to:Not frequent ly used in PI CU due to:
I nfrequency of seizures in pediat r ic TBII nfrequency of seizures in pediat r ic TBI
Difficulty in placingDifficulty in placing-- rem oving leadsrem oving leads
No prospect ive data to support clinical ut ilit yNo prospect ive data to support clinical ut ilit y
Difficult to interpret at bedsideDifficult to interpret at bedside

EEG is used for:EEG is used for:
TBI pat ients with seizure or suspected seizuresTBI pat ients with seizure or suspected seizures
Tit rat ion of Tit rat ion of pentobarbpentobarb com acom a
HypoxicHypoxic-- ischem ic encephalopathyischem ic encephalopathy
BI S use increasing in OR and I CUBI S use increasing in OR and I CU



Most com m on is a 20 lead EEG with Most com m on is a 20 lead EEG with 
cont inuous recording and sim ultaneous cont inuous recording and sim ultaneous 
digital video recording with clinical digital video recording with clinical 
annotat ions m ade by bedside observers annotat ions m ade by bedside observers 
(PI CU RN or parent ) .(PI CU RN or parent ) .
System s can acquire 32, 64, 128, or m ore System s can acquire 32, 64, 128, or m ore 
channels, with higher num bers used for channels, with higher num bers used for 
large arrays of elect rodes.large arrays of elect rodes.
I nstant I nstant rem ontagerem ontage for bet ter localizat ion for bet ter localizat ion 
and interpretat ion of focal or generalized and interpretat ion of focal or generalized 
abnorm alit ies abnorm alit ies 
Autom ated software for seizure detect ion Autom ated software for seizure detect ion 



Motor mapping and resection

Continuous ICU EEG monitoring





The BI S m onitor integrates t im e dom ain, The BI S m onitor integrates t im e dom ain, 
frequency dom ain, and higher order spect ral frequency dom ain, and higher order spect ral 
analysis of lim ited EEG signals to create a analysis of lim ited EEG signals to create a 
univariateunivariate descriptor of the level of sedat ion descriptor of the level of sedat ion 
which is represented as a dim ensionless num ber which is represented as a dim ensionless num ber 
ranging from 0 to 100. ranging from 0 to 100. 
Unclear whether BI S use im proves pat ient Unclear whether BI S use im proves pat ient 
outcom es, sat isfact ion, cost , decrease drug outcom es, sat isfact ion, cost , decrease drug 
dosage, dim inishes the incidence of withdrawal, dosage, dim inishes the incidence of withdrawal, 
or m inim izes side effects of sedat ives. or m inim izes side effects of sedat ives. 
Lim itat ions: paradoxical increase in BI S score Lim itat ions: paradoxical increase in BI S score 
with som e m edicat ions including with som e m edicat ions including ketam ineketam ine, , 
chloral hydrate, chloral hydrate, hydroxyzinehydroxyzine, and , and m eperidinem eperidine;  ;  
var iat ion with age; NMB; com fort vs. sedat ion.variat ion with age; NMB; com fort vs. sedat ion.
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Physiologic pr incipal: [ SjOPhysiologic pr incipal: [ SjO22 –– SaOSaO22] = ] = 
Global CBF as SOGlobal CBF as SO22[ a[ a-- v] is inversely v] is inversely 
proport ional to CMR0proport ional to CMR022..
Norm al SjONorm al SjO22 ranges between 60%ranges between 60% -- 80% .80% .
SjOSjO22 desaturat ionsdesaturat ions are associated with are associated with 
poor outcom e and decreased CBF.poor outcom e and decreased CBF.
Fiberopt icFiberopt ic SjOSjO22 allows for cont inuous allows for cont inuous 
m onitor ing.m onitor ing.
Lim itat ions:Lim itat ions: im proper placement , changes im proper placement , changes 
in head posit ion, requires precise in head posit ion, requires precise in vivoin vivo
calibrat ion.calibrat ion.



AP radiograph and diagram shows catheter tip in correct position
within space between line extending laterally from atlantooccipital
joint (1) and lower margin of orbit (2).

Bankier et al. AJR 1995;164:437-441
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During respiratory therapy Response to Mannitol



Position of TCD probes and a sample tracing of normal Middle 
Cerebral Artery (MCA) waveform



Mult idirect ional Mult idirect ional 
ult rasound probe ult rasound probe 
const ruct ion for const ruct ion for 
sim ultaneous TCD sim ultaneous TCD 
of of suprat rochlearsuprat rochlear
artery (STA) , artery (STA) , 
opthalm icopthalm ic artery artery 
(OA) , and m iddle (OA) , and m iddle 
cerebral artery cerebral artery 
(MCA) .(MCA) .



Advantages:Advantages: portable, invasive repeatable, portable, invasive repeatable, 
m easures regional CBFm easures regional CBF

Adult studies: Mean blood flow velocity of the Adult studies: Mean blood flow velocity of the 
MCA increased pat ients with good vs. poor MCA increased pat ients with good vs. poor 
outcom e and restorat ion of BFV outcom e and restorat ion of BFV s/ ps/ p
decom pressivedecom pressive craniotom ycraniotom y

Pediat r ic StudiesPediat r ic Studies: adjunct : adjunct DxDx of brain deathof brain death

Lim itat ions:Lim itat ions: adequate windows m ay be difficult adequate windows m ay be difficult 
especially in children, only especially in children, only assesesasseses m ediumm edium -- toto--
large sized vessels, large sized vessels, repeatablilit yrepeatablilit y of studies of studies 
difficult , only velocity is actually m easured and difficult , only velocity is actually m easured and 
flow is inferredflow is inferred



LDF m easures the frequency shift reflected off LDF m easures the frequency shift reflected off 
red blood cells to calculate regional cerebral red blood cells to calculate regional cerebral 
blood flow velocity. blood flow velocity. 
LDF m easures blood flow velocity in the LDF m easures blood flow velocity in the 
m icrovesselsm icrovessels of a sm all volum e of brain t issue of a sm all volum e of brain t issue 
rather than in a large artery such as with TCD.rather than in a large artery such as with TCD.
A sm all opt ical fiber is placed in brain A sm all opt ical fiber is placed in brain 
parenchym a through sam e site as I CP m onitor.parenchym a through sam e site as I CP m onitor.
LDF provides real t im e, nonLDF provides real t im e, non-- invasive and invasive and 
cont inuous sem icont inuous sem i-- quant itat ive data on cort ical quant itat ive data on cort ical 
cerebral blood flow (cerebral blood flow ( cCBFcCBF) . ) . 



Gu et al. J Neuroscience Methods 1999; 90: 23-32 
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I .I . I nspiratoryI nspiratory
baseline baseline 

I I .I I . Expiratory Expiratory 
upst roke upst roke 

I I I .I I I . Expiratory Expiratory 
plateau plateau 

I V.I V. I nspiratoryI nspiratory
downst rokedownst roke
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Hypervent ilat ion im proves CPP due to a Hypervent ilat ion im proves CPP due to a 
reduct ion in CBF and thus I CP. reduct ion in CBF and thus I CP. 
Mild hypervent ilat ion is often used in Mild hypervent ilat ion is often used in 
severe pediat r ic TBI .severe pediat r ic TBI .
However, a decrease in Pt iOHowever, a decrease in Pt iO22 m ay also m ay also 
occur due to decreased CBF. occur due to decreased CBF. 
Prolonged hypervent ilat ion on outcom e Prolonged hypervent ilat ion on outcom e 
has been shown in com atose pat ients has been shown in com atose pat ients 
after severe head injury.after severe head injury.
The response of SjvOThe response of SjvO22 and brain t issue and brain t issue 
POPO22 to COto CO22 changes is widely variable and changes is widely variable and 
unpredictable.unpredictable.

Schneider et al. Acta Neurochir Suppl. 1998;71:62-65
Imberti et al. J Neurosurg. 2002;96:97-102



I nfrequent ly used in PI CU except on I nfrequent ly used in PI CU except on 
discharge.discharge.
Vision, hearing, sensory, and m otor Vision, hearing, sensory, and m otor 
funct ion test ing available.funct ion test ing available.
Variable use in pediat r ic TBI for assessing Variable use in pediat r ic TBI for assessing 
level of sedat ion, vegetat ive state, brain level of sedat ion, vegetat ive state, brain 
death, peripheral nerve dam age, or death, peripheral nerve dam age, or 
st roke.st roke.
Som e reports in children to diagnose brain Som e reports in children to diagnose brain 
death or SSEP as prognost ic indicator.death or SSEP as prognost ic indicator.



Transcranial brain t issue oxim et ry through Transcranial brain t issue oxim et ry through 
placem ent of opt ical arrays over the frontal placem ent of opt ical arrays over the frontal 
cortex bilaterally.cortex bilaterally.
Uses light between 700Uses light between 700-- 1000nm wavelength.1000nm wavelength.
Can detect differences between sides at 2Can detect differences between sides at 2 -- 3 cm ; 3 cm ; 
ext racranial blood flow can be subt racted from ext racranial blood flow can be subt racted from 
signal.signal.
Pediat r ic TBI studiesPediat r ic TBI studies: Sickle Crisis; used in adult : Sickle Crisis; used in adult 
TBI to detect I CH, EDH, SDH.TBI to detect I CH, EDH, SDH.
Lim itat ions:Lim itat ions: poor absolute m easurem ents, poor absolute m easurem ents, 
validity to detect CBF, false posit ives; poor validity to detect CBF, false posit ives; poor 
correlat ion with Pt iOcorrelat ion with Pt iO22 and SjvOand SjvO22..
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