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Neuromonitoring

|CP and CPP
EEG

Jugular venous
oxygen saturation

(S1O2)
Transcranial Doppler
ultrasonography

Laser-Doppler
Cortical Flowmetry

*Both cleared by the USFDA for clinical use.

ETCO,
Evoked Potentials

Brain tissue
oxygenation (SrO,)
monitoring by near
Infrared spectroscopy
(NIRS)*

Microdialysis*

. Regional Brain Tissue

O2 (PtiO2), CO2
(PtiCO2) and pH




ICP. Monitoring —
\Ventriculostomy Catheter:

1.

Standard of care In
many PICUs.

Allows measurement
of ICP and removal
of CSFE.

New catheters allow
for ICP. measurement
during CSF drainage.




ICP. Monitoring —
Parenchymal Catheter




ICP

= 2003 EBM report on severe TBI in children gives
strong support for the value in monitoring |ICP
both In terms of outcome and determining a
treatment threshold (15-25 mm Hg).

Intraventricular catheter: more frequent use,
more accurate, provides method of Tx via CSFE
removal, assess PV/compliance status.

= Fiberoptic transducer-tipped catheters (FTCs)

e monitor the variations in the amount of light reflected
from a pressure-sensitive diaphragm located at the
catheter tip

» Versatility of placement, robust to artifact, monitor and
drain simultaneously but requires dedicated equipment,
more costly, and + 6 mmHg drift over 5 days.




CPP

Cerebral perfusion pressure (CPP) = MAP- [CP

CPP drives the cerebral blood flow (CBF) and
keeps oxygen and other essential nutrients
flowing to the brain, thus maintenance of a
certain CPP value needed to minimize risk of
cerebral iIschemia.

CPP is a continuous calculation derived from the
time-averaged difference between two
physiologic signals (CPP = MAP - |CP).

2003 EBM report findings:

e CPP- minimum of 40 mm Hg in children vs. EBM of
adult TBI supports a minimum level of 70 mmHg

« Whether this minimum should be adjusted depending on
a child’s age remains undetermined.
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> Not frequently used in PICU due to:
" Infrequency of seizures in pediatric TBI
® Difficulty in placing-removing leads
®" No prospective data to support clinical utility
" Difficult to interpret at bedside

> EEG Is used for:

" TBI patients with seizure or suspected seizures
" Titration of pentobarb coma

® Hypoxic-ischemic encephalopathy

" BIS use increasing in OR and ICU
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Most common Is a 20 lead EEG with
continuous recording and simultaneous
digital video recording with clinical
annotations made by bedside observers
(PICU RN or parent).

Systems can acquire 32, 64, 128, or more
channels, with higher numbers used for
large arrays of electrodes.

Instant remontage for better localization
and interpretation of focal or generalized
abnormalities

Automated software for seizure detection




Intra- and Post-operative EEG

all =| G wmm

G4-REF
58 REF
(SR
GH-HEF
GH-REE
Ci0-REF
O12-REF
e
51 d-HE
G

T T-RFF
C1E&REF
Ci-REF
G0 RL
G2 1-RT
GIRRFF
CIREF
[EE N
G5 REF
G RO
GIT-REF

GME-RFE
TEd1 6

Continuous ICU EEG monitoring

Motor mapping and resection




Bispectral Index (BIS)

EEG Signal Descriptor
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BIS

= [he BIS monitor integrates time domain,
frequency domain, and higher order spectral
analysis of limited EEG signals to create a
univariate descriptor of the level of sedation
which Is represented as a dimensionless number
ranging from O to 100.

Unclear whether BIS use improves patient
outcomes, satisfaction, cost, decrease drug
dosage, diminishes the incidence of withdrawal,
or minimizes side effects of sedatives.

Limitations: paradoxical increase in BIS score
with some medications including ketamine,

chloral hydrate, hydroxyzine, and meperidine;
variation with age; NMB; comfort vs. sedation.




Jugular Venous Oxygen
Saturation (SjO,)

Physiologic principal: [SJO, — Sa0;] =
Global CBF as SO,[a-v] Is inversely
proportional to CMRO,.

Normal SjO, ranges between 60% -80%.

SJO, desaturations are associated with
poor outcome and decreased CBF.

Fiberoptic SjO, allows for continuous
monitoring.

Limitations: improper placement, changes
In head position, requires precise in VIivo
calibration.




Jugular Venous Oxygen
Saturation (SjO2)

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




Jugular Venous Oxygen
Saturation (SjO,)
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Transcranial Doppler
Ultrasound

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

" = Multidirectional

.~ ultrasound probe
construction for
simultaneous TCD

of supratrochlear
artery (STA),
opthalmic artery
(OA), and middle
cerebral artery
(MCA).




Transcranial Doppler
Ultrasound

Advantages: portable, invasive repeatable,
measures regional CBF

Adult studies: Mean blood flow velocity of the
MCA Iincreased patients with good vSs. poor
outcome and restoration of BFV s/p

decompressive craniotomy
Pediatric Studies: adjunct Dx of brain death

Limitations: adequate windows may be difficult
especially in children, only asseses medium-to-
large sized vessels, repeatablility of studies
difficult, only velocity is actually measured and
flow Is inferred




Laser Doppler Flowmetry

LDF measures the freqguency shift reflected off
red blood cells to calculate regional cerebral
blood flow velocity.

LDF measures blood flow velocity in the
microvessels of a small volume of brain tissue
rather than in a large artery such as with TCD.

A small optical fiber Is placed in brain
parenchyma through same site as |CP monitor.

LDF provides real time, non-invasive and
continuous semi-quantitative data on cortical
cerebral blood flow (cCBF).




Laser Doppler Flowmetry
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Gu et al. J Neuroscience Methods 1999:90:23-32




End-Tidal CO,
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End-Tidal CO,

Hyperventilation improves CPP due to a
reduction in CBF and thus ICP.

Mild hyperventilation is often used In
severe pediatric TBI.

However, a decrease in PtiO, may also

occur due to decreased CBF.

Prolonged hyperventilation on outcome
has been shown in comatose patients
after severe head injury.

The response of SjvO, and brain tissue
PO, to CO, changes is widely variable and
unpredictable.

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




Evoked Potentials

Infrequently used in PICU except on
discharge.

Vision, hearing, sensory, and motor
function testing available.

Variable use in pediatric TBI for assessing
level of sedation, vegetative state, brain
death, peripheral nerve damage, or
stroke.

Some reports in children to diagnose brain
death or SSEP as prognostic indicator.




Regional Brain Tissue Oxygenation
Monitoring by Near Infrared
Spectroscopy (NIRS)

Transcranial brain tissue oximetry through
placement of optical arrays over the frontal
cortex bilaterally.

Uses light between 700-1000nm wavelength.

Can detect differences between sides at 2-3 cm;
extracranial blood flow can be subtracted from
signal.

Pediatric TBI studies: Sickle Crisis; used in adult
TBI to detect ICH, EDH, SDH.

Limitations: poor absolute measurements,
validity to detect CBF, false positives; poor
correlation with PtiO, and SjvO..
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