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Pediatric TBI

e A2 year old girl chased a ladybug
through her second story window. She
fell two flights, into a stairwell and hit
her head on the edge of a concrete step.

e She arrives seizing, without iv access,
without a measurable blood pressure,
and her lips are blue.

Secondary Injury

“There is no injury to the
head so trivial that it
can be ignored, and no
injury so severe that it
should invoke despair.”

-Hippocrates
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Hypoperfusion from high ICP or low ABP

*1820’s Monro-Kellie Doctrine: 1959 Lassen’s Curve
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~Monroe A, Observations on the structure and function of the nervous system, 1823
~Kellie G, ...Some reflections on the pathology of the brain... 1824
~Lassen NA, Physiological Reviews, 1959

The Cambridge Hypothesis
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The Cambridge Method: . ! .
Pressure Reactivity Index (PRx) Using the PRx to find optimal CPP

— Continuous measurements
— 1,440 measurements per day
— Can be sorted by CPP (or any other parameter)

PRx validation in piglets PRx in children with TBI

Survivor Non-survivor

4 year old, GCS 6 after 20 month old, GCS 7 after
motorcycle accident inflicted TBI
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PRx in children with TBI PRx in children with TBI

PRx is CPP-dependent High PRx is associated with death * 21 patients

— Single center
— 6 nonsurvivors
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Brain Injury and CPB

¢ Clinical Stroke: 1-3%

MRI Lesions: 30-75%

Neurocognitive
Dysfunction: 50%

Andropoulos D, et al JTCVS (2010)
Wernovsky G, et al Curr Opin Cardiol (2005)

Brain Injury from CPB is multifactorial

¢ Ischemic Vulnerability

— Delayed maturation
Clinical Insults
— Hypoxia

DHCA

Emboli

Anemia

Hypotension

NIRS can trend CBF and CBV non-invasively

Cerebral Oximetry Index
(Substitute rSO, for TCD in Cambridge Equation)

Intact Autoregulation Impaired Autoregulation

Cerebral Oximetry Index (COx)

* NIRS as a surrogate
measure of CBF

* NIRS-ABP correlation is low
above the LLA

¢ NIRS-ABP correlation is
high below the LLA

Brady K, et al: Stroke 2007

COx: Receiver Operator Characteristics

25 piglet experiments
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COx: Finding a Threshold Value

COx > 0.5:

— 89% Sensitive

— 81% Specific for ABP
below the LLA

Brady K, et al: A&A in press

NIRS can also trend CBV

¢ |ICP slow waves replicated
with measurements of
blood volume

* ICP and blood volume are
coherent at “slow wave”
frequency

Lee J, et al: Stroke 2009

Hemoglobin Volume Index
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¢ Substituting cerebral blood volume for ICP in the
Cambridge equation re-creates the PRx

Lee J, et al: Stroke 2009

Where is the pediatric LLA during CPB?

e COx is significantly ABP-
dependent

* Time below the cohort
LLA is overrepresented by
the recordings from CPB.
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COx: individual monitoring during CPB
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. 7-year-old: anomalous

Summary

. Autoregulation monitoring
can help optimize CPP for
patients with head trauma

NIRS can be used to monitor
autoregulation in patients
on CPB
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