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Introduction: Hypoxic-ischemic brain injury occurs when
the brain receives inadequate oxygen to meet its metabolic
needs. Due to its high metabolic demand, the brain is very
sensitive to changes in cerebral blood flow (CBF) and com-
pensatory mechanisms are employed to preserve adequate
cerebral perfusion. In response to hypoxemia, chemorecep-
tors in the carotid bodies transmit information regarding
decreased arterial oxygen to the medulla oblongata, result-
ing in increased sympathetic activity, which cause in-
creases in cardiac output and vasoconstriction of peripheral
vessels to divert blood flow towards vital organs (e.g.,
brain and heart). Diffuse correlation spectroscopy (DCS) is
a novel, noninvasive optical technique used to quantify a
blood flow index (BFI). The DCS probe consists of a co-
herent 785nm near-infrared light which diffuses through
the tissue and is reflected to the device’s detectors by mov-
ing red blood cells (RBCs) within the cerebral microvascu-
lature. Within the device itself, the amount of light that is
received by the detector at a given time is autocorrelated
with a time-shifted version of itself. A BFI reflective of
CBF is then derived by fitting an analytical model to these
experimentally derived autocorrelations. Our objective is
to assess the ability of DCS to measure CBF during differ-
ent stages of hypoxic shock.

Methods: DCS measurements of CBF, near-infrared spec-
troscopy (NIRS) measures of cerebral hemoglobin concen-
trations, ECG measures of heart rate (HR), and amplitude
integrated EEG (aEEG) were recorded continuously from
anesthetized, ventilated, and instrumented Yorkshire pig-
lets between 3-5 days old. Blood pressure (SBP) was man-
ually recorded every 15 minutes in all animals. The animals
included in this analysis were assigned either the protocol
for hypoxia-induced brain injury (n=10) or sham-control
(n=6). Animals assigned to the hypoxia cohort underwent
a gradual reduction in the fraction of inspired oxygen
(FiO2) they received (i.e., 28%, 21%, 15%, 11%, 8%,
6(a)%, 6(b)%, and 6(c)% FiO2). We used surgically placed
intracranial Laser Doppler flowmetry (LDF) as a verifica-
tion technique for DCS-derived BFI in a subset of hypoxia
animals (n=2). Averages of DCS-derived BFI (cm2/s) and
LDF-derived blood perfusion units (BPU) were taken at
each level of FiO2. LDF-derived BPU and DCS-derived
BFI were divided by their respective averages at 21% FiO2
to obtain relative BPU (rBPU) and relative BFI (rBFI). A
Pearson’s correlation coefficient was calculated between
the means of rBPU and rBFI at each level of FiO2. Upper
and lower normative thresholds were derived for each pa-
rameter at normoxic baseline. Arterial blood gases and

cerebral lactate were also measured. A linear mixed effects
model was used to fit the data for each dependent measure
and post hoc pairwise comparison testing was used to make
comparisons between and within experimental cohorts.
P-values < 0.05 were considered significant.
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Figure 1. rBFI from representative hypoxia and sham animals.

Results: We observed acceleration in the DCS signal dur-
ing mild hypoxia followed by deceleration in severe hy-
poxia. There was a significant, strong, positive correlation
between rBFI and rBPU (r(10) = 0.86, p < 0.001). In hy-
poxia animals, there was an increase in NIRS-derived de-
oxygenated and a decrease in oxygenated hemoglobin with
reductions in FiO2 as expected. We observed that rBFI in-
creased from 21% during 11% FiO2 and decreased during
6% FiO2 (p < 0.05), and HR increased from 21% during
11% FiO2, then decreased during 6% FiO2 (p < 0.05) when
compared to both sham animals and 21% normoxic base-
line. Both SBP and aEEG decreased from 21% during 6%
FiO2 (p < 0.05). Hypoxia also resulted in significant meta-
bolic acidosis, and cerebral lactic acidosis (p < 0.05).

Conclusions: The results demonstrate that DCS-derived
BFI can be used to assess hemodynamic response of the
cerebral microvasculature during hypoxic injury. Also,
changes in DCS-derived BFI could represent acceleration
and deceleration of CBF that occurs during progression
from compensated to uncompensated shock from hypoxia.
Our findings also suggest that DCS has the potential to be
a reliable, noninvasive optical tool to monitor cerebral he-
modynamics during hypoxia.
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