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Abstract
Aim: Cardiac arrest often results in severe neurologic injury. Improving care for these patients is difficult as few noninvasive biomarkers exist that

allow physicians to monitor neurologic health. The amount of low-frequency power (LFP, 0.01–0.1 Hz) in cerebral haemodynamics has been used in

functional magnetic resonance imaging as a marker of neuronal activity. Our hypothesis was that increased LFP in cerebral blood flow (CBF) would

be correlated with improvements in invasive measures of neurologic health.

Methods: We adapted the use of LFP for to monitoring of CBF with diffuse correlation spectroscopy. We asked whether LFP (or other optical

biomarkers) correlated with invasive microdialysis biomarkers (lactate-pyruvate ratio – LPR – and glycerol concentration) of neuronal injury in the

4 h after return of spontaneous circulation in a swine model of paediatric cardiac arrest (Sus scrofa domestica, 8–11 kg, 51% female). Associations

were tested using a mixed linear effects model.

Results: We found that higher LFP was associated with higher LPR and higher glycerol concentration. No other biomarkers were associated with

LPR; cerebral haemoglobin concentration, oxygen extraction fraction, and one EEG metric were associated with glycerol concentration.

Conclusion: Contrary to expectations, higher LFP in CBF was correlated with worse invasive biomarkers. Higher LFP may represent higher neu-

rologic activity, or disruptions in neurovascular coupling. Either effect may be harmful in the acute period after cardiac arrest. Thus, these results

suggest our methodology holds promise for development of new, clinically relevant biomarkers than can guide resuscitation and post-

resuscitation care.

Institutional protocol number: 19-001327.
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Introduction

Cardiac arrest affects approximately 300,000 adults and 15,000 chil-

dren in the United States annually.1 Despite improvements in sur-

vival, poor neurological outcomes remain common.2–4 Neurologic
monitoring during early recovery could improve prognostication and

implementation of targeted neuroprotective strategies;5,6 however,

many such methods are invasive. Noninvasive optical neuromonitor-

ing methods (e.g., near infrared spectroscopy or diffuse optical spec-

troscopy, DOS) are attractive, but to-date they only indirectly detect

neurologic injury via effects on oxygen saturation.7 Measurement of
P,
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Fig. 1 – Experimental design of the post-arrest

monitoring study. (A) After a baseline period,

asphyxial cardiac arrest was induced by endotracheal

tube clamping. Cardiopulmonary resuscitation was

performed for up to 20 min. Return of spontaneous

circulation (ROSC) was induced by defibrillation, if

necessary. Animals that achieved ROSC were

monitored for 4 h with continuous optical methods and

EEG, and microdialysis was sampled every 30 min. (B)

Diagram of the placement of neurologic monitoring on

the head of the animals (viewed from above; the right

side of the image is the left side of the animal).
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signatures of neuronal activity in cerebral haemodynamics would

enable more comprehensive assessment of neurologic metabolism.

In this contribution, we adapt a neuronal activity metric from func-

tional magnetic resonance imaging (fMRI) called low frequency

power (LFP) and apply it to non-invasive optical monitoring of cere-

bral blood flow (CBF).

The temporal properties of cerebral haemodynamics reflect neu-

ronal activity through neurovascular coupling. Canonically, a stimu-

lus results in a rise in CBF, blood volume, and blood

oxygenation.8–9 However, the brain is highly metabolically-active

even at rest, accounting for 20–30% of the body’s energy consump-

tion.10–11 Seemingly random fluctuations in cerebral haemodynamics

reflect this resting-state brain activity, with vascular changes primar-

ily driven by low frequency local field potentials, usually analyzed in

the range of �0.01–0.1 Hz.10 Most famously, analysis of resting-

state brain activity is used in functional connectivity, where correla-

tion analysis identifies functional networks.12–14 In addition, the

amount of low frequency signal has been used in fMRI and optical

neuroimaging as a proxy for the amount of local neuronal activ-

ity.15–17.

Notably, LFP of CBF fluctuations, measured by transcranial Dop-

pler (TCD) of the middle cerebral artery correlated with neurologic

recovery in the days after cardiac arrest.18 Our objective in the pre-

sent work was to use a piglet model of paediatric cardiac arrest and

optical diffuse correlation spectroscopy (DCS, a measure of

microvascular CBF) to assess LFP as a biomarker of neurologic

injury in the acute period after cardiac arrest (up to 4 h post-

recovery). Our hypothesis was that higher LFP in the DCS signal

(as a presumed proxy for neuronal activity) would correlate with

improved invasive biomarkers of neurologic injury obtained from

microdialysis.

Methods

Cardiac arrest model

We used an established paediatric porcine asphyxial cardiac arrest

model. All procedures were approved by the Institutional Animal

Care and Use Committee (IACUC) of the Children’s Hospital of

Philadelphia and performed in accordance with the National

Research Council’s “Guide for the Care and Use of Laboratory Ani-

mals”, the PHS Policy on Humane Care and Use of Laboratory Ani-

mals, and the USDA Animal Welfare Act. The experiment is reported

according to the ARRIVE guidelines. The protocol was not pre-

published or registered.

The model has been described elsewhere.19–21 One-month-old

swine (Sus scrofa domestica, 8–11 kg) were anesthetized and endo-

tracheally intubated. Baseline monitoring was performed for five min-

utes. Asphyxia was induced by endotracheal tube clamping. After

seven minutes, ventricular fibrillation was induced by electrical pac-

ing. The endotracheal tube was then unclamped and

haemodynamic-directed CPR19–22 with manual chest compressions

was performed. As part of a larger study, these animals were ran-

domized to one of two CPR strategies: (1) compression depth

titrated to maintain a systolic aortic blood pressure (SBP) of

90 mmHg and vasopressor administration titrated to maintain a dias-

tolic aortic blood pressure (DBP) above 30 mmHg, and (2) resuscita-

tion titrated to higher targets (SBP of 110 mmHg. DBP above

40 mmHg). CPR was performed for up to 20 min with eligibility for

cardiac defibrillation beginning in the tenth minute. The present study
is a retrospective observational analysis. The researchers perform-

ing the present analysis were blinded to the clinical state of the ani-

mals and any prior study data.

Animals who achieved return of spontaneous circulation (ROSC)

were monitored for four hours (Fig. 1A) and survived to 5 days. Dur-

ing the monitoring period, care consisted of mechanical ventilation to

maintain an end-tidal CO2 of 38–42 mmHg and arterial oxygen sat-

uration (by pulse oximetry) of 94–99%. Isoflurane was titrated to

ensure absence of a toe-pinch reflex (requiring generally between

1% and 3%). Adrenaline (epinephrine) was used to maintain a mean

arterial pressure (MAP) of at least 45 mmHg.

Optical neuromonitoring

Optical neuromonitoring was performed throughout using DOS and

DCS. DOS data were acquired with a customized frequency-

domain instrument (Imagent, ISS Inc., Champaign, IL) at 10 Hz with

source-detector separations from 1.5 to 3.0 cm. DCS data were col-

lected at 20 Hz using a custom-built instrument and a source-

detector separation of 2.5 cm. These two modalities in a single probe

were secured over the left frontal cortex (Fig. 1B). The instrument

and initial pre-processing have been described previously.21,23

DOS was used to calculate wavelength-dependent absorption and

scattering coefficients and concentrations of oxy- and deoxy-

haemoglobin. These values and DCS were used to calculate the

blood flow index (BFI), a metric of CBF. Additional pre-processing

included the removal of non-physiologic data points (total haemoglo-

bin concentration (THC) below 25 lM or above 175 lM and BFI

below 0 cm2/s or above 10�7 cm2/s).

To calculate LFP, data were assessed in five-minute moving

intervals in five-second increments. Analysis was performed on inter-

vals where �95% of time-points were present. Missing data were lin-

early interpolated. The Fourier transform was calculated, and LFP

was the amount of power in the interval from 0.01 Hz to 0.1 Hz (as-

signed to the time-point at the end of the five-minute interval). After

Fourier analysis, BFI was smoothed with a 30-second rolling median

filter. Normalized (relative) versions of variables (e.g., rLFP) were

obtained by dividing their value by the median obtained over the

pre-asphyxial baseline.



Table 1 – Results of the univariate linear mixed
effects models for prediction of the lactate-pyruvate
ratio.

Prediction of lactate-pyruvate ratio (LPR)

Predictor Regression

coefficient (b)
p-

value

Relative cerebral blood flow (rBFI) �0.53 0.35

Relative low frequency power in

cerebral blood flow (rLFP)

0.079 0.019

Total haemoglobin concentration (THC) 0.16 0.84

Oxygen extraction fraction (OEF) 0.16 0.70

Mean arterial blood pressure �1.61 0.28

aEEG (Left) 0.40 0.35

aEEG (Right) 0.16 0.40

BSR (Left) �0.009 0.55

BSR (Right) �0.05 0.39
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The Imagent instrument collected data in 17.9 ± 2.2 second inter-

vals interrupted by 1.14 second gaps. These large gaps in the data

were not recoverable by interpolation. Thus, Fourier analysis was

uninterpretable, and LFP of DOS was not performed. Concentrations

for oxy- and deoxyhaemoglobin were calculated, and THC, tissue

oxygen saturation (StO2), and the oxygen extraction fraction (OEF)

were derived. Calculation of OEF used an arterial oxygenation satu-

ration obtained from pulse oximetry, the DOS-derived StO2, and the

venous sampling fraction (assumed to be 0.75).23

Electroencephalography

Electroencephalography (EEG) was performed with five electrodes

(two channels and a reference) at 256 Hz. Channels were located

on the left (C3-P3 according to the 10–20 system) and the right

(C4-P4, Fig. 1B). Non-physiologic data (amplitude above 200 mV)

was excluded along with a 10-second surrounding time period (to

avoid artifacts from defilbrillation and filtering). An amplitude-

integrated EEG (aEEG) was constructed using a low-pass filter

(15 Hz), a high-pass filter (0.5 Hz), rectification, and a final low-

pass filter (0.021 Hz).24,25 To calculate the burst suppression ratio

(BSR), the aEEG signals were divided into burst and suppressed

intervals. Suppression was defined as an EEG amplitude below

5 mV for at least 2.4 s.24,26 BSR was the fractional time spent in sup-

pression in moving one-minute intervals.

Invasive biomarkers of neurologic injury

Cerebral microdialysis was performed in the right frontal cortex (CMA

71 Elite, mDialysis, Sweden) with a probe placed 0.5–1 cm deep in

the brain parenchyma with the goal of placing it at the gray/white

matter junction (Fig. 1B). Sterile saline was perfused at 1 lL/min,

and equilibrated dialysate samples were collected in 30-minute inter-

vals after ROSC. Samples were frozen, and pyruvate, lactate, and

glycerol levels were subsequently analyzed (ISCUS Flex, mDialysis)

as cerebral interstitial space measures of cerebral cellular energy

metabolism (lactate, pyruvate) and cellular membrane degeneration

(glycerol). Our primary outcomes were the lactate/pyruvate ratio

(LPR) and glycerol concentration. In hypoxic conditions, or if mito-

chondrial function is compromised, pyruvate is metabolized to lac-

tate; thus, LPR provides a robust measure of redox status with

higher LPR indicating greater amounts of anaerobic metabolism.

Higher glycerol indicates cellular membrane degeneration, likely cor-

responding to neuronal damage.27

Statistical analysis

The primary analysis (for which CPR strategy was not a variable of

interest) assessed whether optical biomarkers (rBFI, rLFP, THC,

and OEF) were correlated with the microdialysis outcome variables

(LPR and glycerol) after ROSC. We also considered other possible

physiologic biomarkers, including MAP, aEEG, and BSR. For inclu-

sion, optical data had to be available for the baseline and after

ROSC, and EEG and microdialysis data had to be available after

ROSC. The median value for each variable was obtained over each

interval of microdialysis collection. All variables were log-transformed

prior to analysis. The correlation of each possible biomarker to each

outcome was assessed using univariate linear mixed effects models

(each biomarker was considered as a fixed effect with the addition of

subject-specific random effects). Results are presented as the fixed

effects estimator for each predictor (b) and a p-value.

Additionally, the above analyseswere repeatedexamining only the

animals in either the low- or high-target BPCPRcohorts. Furthermore.
we asked whether any of the variables differed between the two CPR

subgroups at any timepoint. For each 30 min interval, the values for

every biomarker were compared between the low- and high-target

BP cohorts using two-sample t-tests.

In a secondary analysis, we assessed the correlation between

cerebral and systemic physiologic parameters with rLFP, performed

as a series of univariable linear mixed effects models where the out-

come variable was rLFP (predictors: rBFI, THC, OEF, rMAP, aEEG,

and BSR). For this analysis, all piglets with both optical and EEG

data after ROSC available were included. This analysis was

repeated within each CPR subgroup.

All calculations were performed using MATLAB version 2020a

(Mathworks, Natick, MA). All statistical tests were two-sided. An

alpha level of 0.05 was assumed to represent statistical significance.

A power calculation was not performed to generate the sample size.

Rather, this was a convenience sample of available piglets from the

larger study on CPR strategy.

Results

Thirty-seven piglets were considered for inclusion (57% female). Of

these, twenty received CPR titrated to 90/30 mmHg and seventeen

to 110/40. Three piglets (two high-target and one low-target) failed

to achieve ROSC. In 11 piglets, microdialysis was not available

(e.g., technical problems prevented analysis). Thus, 23 piglets were

eligible for the primary analysis (comparing biomarkers to microdial-

ysis) and 34 piglets were eligible for the secondary analysis (compar-

ing rLFP to other physiologic parameters). For the primary analysis

(where data was binned to match microdialysis), there were a med-

ian of 7 time-points per piglet (range: 6–7). For the secondary anal-

ysis, a median of 2652 time-points were available (interquartile

range: 2519–2812).

The primary analysis comparedmicrodialysis data with optical and

physiologic variables. Relative low frequency power (rLFP) was the

only biomarker correlated with LPR (Table 1, Fig. 2), with higher rLFP

associated with higher LPR (p = 0.019). In contrast, rCBF and rMAP

were not associated with LPR (p = 0.35 and 0.32, respectively). rLFP

was also highly correlated with a higher glycerol level (p = 0.0001,

Table 2). Again, rBFI and rMAPwere not correlatedwith glycerol levels

(p = 0.11 and 0.74, respectively). However, THC andOEFwere corre-



Fig. 2 – Example data (from a single piglet) after the return of spontaneous circulation (ROSC) demonstrating relative

blood flow index (rBFI) and relative low frequency power (rLFP) and their relationship to lactate-pyruvate ratio (LPR)

and glycerol concentration. The optical tracing is shown in blue with the median value of each 30-minute interval

shown in black dashed lines (left-sided axis). The red stars show the microdialysis data (right-sided axis). (A–B)

Comparison of rBFI with microdialysis data. There is substantial variability in BFI in the first hour after ROSC. But

overall, notice that rBFI is low after ROSC before recovering and then slightly falling, which does not match the

microdialysis time courses. (C–D) Comparison of rLFP with microdiaylsis. rLFP is initially volatile, but with a high

median that decreases over time before stabilizing below baseline levels. This time course follows a similar time

course to that from the microdialysis data.
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lated with glycerol levels (p = 0.01 and 0.003, respectively). Higher

BSR on the left (i.e., decreased neuronal activity) was associated with

lower glycerol (p = 0.038); other EEG markers (including ipsilateral

BSR) were not associated with glycerol.

Examining the two CPR subgroups individually, no predictors

were associated with LPR (likely due to small sample sizes). In the

low-target BP subgroup, rBFI, THC, and OEF were associated with

glycerol concentration (p = 0.04, 0.008, and 0.04, respectively). In

the high-target BP subgroup, rLFP, THC, and OEF were associated

with glycerol concentration (p = 0.0001, 0.02, and 0.009, respec-

tively). The only difference between the time courses of the two sub-

groups was that the low-target BP cohort had lower rBFI and rLFP

(p = 0.04 and 0.03, respectively) at the 1-hour post-ROSC timepoint.

The cohorts did not significantly differ in THC, OEF, MAP, any EEG

variable, LPR, or glycerol at any time point.

We next assessed which variables were correlated with rLFP

after ROSC. Greater rLFP was correlated with increased neuronal

activity, as assessed by both higher aEEG (p = 0.003 and 0.04 for

left and right, respectively) and lower BSR (p = 0.002 and <0.001,

respectively, Table 3). rLFP was correlated with cerebrovascular
physiology including increased rBFI, THC, and MAP (p < 0.001 for

all three). Conversely, rLFP was not associated with OEF

(p = 0.25). These same relationships held when examining the

low- and high-target BP subgroups. In both cases, rLFP was associ-

ated with all EEG variables, rBFI, THC, and MAP. In the low-target

BP cohort, rLFP was additionally associated with OEF.

Discussion

We found that LFP of CBF (obtained from DCS) was associated with

two invasive biomarkers of neurologic injury obtained from microdial-

ysis, higher LPR and higher glycerol, during the first four hours after

cardiac arrest. No other optical or physiologic biomarkers were asso-

ciated with LPR, and only increased THC, OEF, and lower contralat-

eral BSR were associated with higher glycerol. These results

demonstrate the promise of LFP as a biomarker of neurometabolic

dysfunction during the post-resuscitation period.

LFP and its equivalent formulation, amplitude of low frequency

fluctuations (ALFF), were developed for (blood oxygen level depen-



Table 2 – Results of the univariate linear mixed
effects models for prediction of glycerol concentra-
tion.

Prediction of glycerol

Predictor Regression

coefficient (b)
p-value

Relative cerebral blood flow (rBFI) �0.36 0.11

Relative low frequency power in

cerebral blood flow (rLFP)

0.20 0.0001

Total haemoglobin concentration

(THC)

4.22 0.01

Oxygen extraction fraction (OEF) 2.61 0.003

Mean arterial blood pressure 0.31 0.48

aEEG (Left) 0.05 0.69

aEEG (Right) 0.0006 >0.99

BSR (Left) �0.062 0.038

BSR (Right) 0.002 0.96

Table 3 – Results of the univariate linear mixed
effects models for associations with relative low
frequency power (rLFP).

Prediction of rLFP

Predictor Regression

coefficient (b)
p-

value

Relative cerebral blood flow

(rBFI)

1.64 <0.001

Total haemoglobin concentration

(THC)

6.36 <0.001

Oxygen extraction fraction (OEF)�0.41 0.64

Mean arterial blood pressure 1.64 <0.001

aEEG (Left) 0.10 0.004

aEEG (Right) 0.10 0.003

BSR (Left) �0.45 0.004

BSR (Right) �0.46 <0.015
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dent) BOLD-fMRI.15 To date the neurologic underpinnings of LFP

have not been fully elucidated, but haemodynamic fluctuations have

been linked to local field potentials.28,29 Although our measurements

weremoremacroscopic than these prior analyses, we did find that the

amount of electrical activity correlated with increased LFP. In addition

to EEG metrics, LFP was also associated with BFI, THC, and MAP.

Thus, in the context of this study (where neurovascular interactions

could be affected by anaesthesia and cardiac arrest) LFP was also

correlated with systemic physiologic variation. LFP may also reflect

information about cerebral autoregulation.18 Despite these caveats,

ALFF has been used as a biomarker for localized neuronal activity

in psychiatric illness,15,30–31 white matter injury,32 and stroke.17,33

At least one prior study has examined LFP after cardiac arrest;

van den Brule et al.18 used TCD to assess CBF in adult cardiac

arrest patients in the intensive care unit 6–72 h after cardiac arrest.

Interestingly, the direction of the effect that we observed in predicting

outcomes was the opposite of their study. They found that increased

LFP was a good prognostic sign; LFP was higher in patients who

survived to 72 h. This discrepancy might be explained by the fact that

we assessed LFP in the first four hours after cardiac arrest, whereas

they assess LFP 6–72 h after cardiac arrest. In the longer-term,

increased neuronal activity is likely indicative of a recovering brain,
and hence survival. However, assuming that LFP reflects brain activ-

ity, our results suggest that increased neuronal activity in the imme-

diate post-recovery period may be detrimental. Our findings are

consistent with the concept of preventing excess neuronal metabo-

lism after cardiac arrest, which has been one motivation for thera-

peutic hypothermia, targeted temperature management, and other

therapeutics.34,35 In the TCD study, all patients received therapeutic

hypothermia, which may explain their relatively low LFP measure-

ments at the early time-points.

While we examined differences between the two CPR strategies,

there were only minor differences between the two cohorts (limited

by small sample sizes). Note that both CPR strategies were hemody-

namically directed, providing high-quality CPR as compared to con-

ventional depth-guided strategies.19,20 Future studies using more

disparate CPR strategies will investigate whether LFP or other

biomarkers are associated with CPR quality.

Caution is necessary regarding interpretation of our results.

The proposed relationship between neurologic activity and LFP

depends on intact neurovascular coupling. It is unknown whether

neurovascular coupling remains intact after cardiac arrest. Addi-

tionally, after ROSC, isoflurane was titrated as needed. The

dosage range included doses known to allow continued neurovas-

cular coupling as well as higher doses where neurovascular cou-

pling is likely impaired. Furthermore, during periods of

hemodynamic instability, MAP and CBF might be low (or high)

enough to exhaust the ability to compensate, resulting in no cere-

brovascular variation (i.e., minimal LFP) regardless of neurovascu-

lar coupling (of note, we did find that lower MAP and CBF were

associated with lower LFP). As our electrical and CBF measure-

ments were macroscopic, we were unable to study individual neu-

rovascular units and assess whether neurovascular coupling

remained intact at any given time.

While, increased LFP was associated with EEG metrics of neu-

ronal activity, the EEG metrics themselves were not associated with

the microdialysis outcomes. This result is consistent with prior human

studies where the relationship between EEG and outcomes is

unclear.6,36 The global EEG parameters we used may not reflect the

metabolic demand of individual neurons. LFP more closely approxi-

mates local field potentials than other electroencephalographic mea-

sures, which may explain its closer relationship with the outcome.

Alternatively, this discrepancy may be an effect of sample size; the

relationship between EEG parameters and LFP was assessed at

every post-ROSC time point, while the comparison with microdialysis

was conducted in 30-minute blocks. Since piglets differed in clinical

course (e.g., anaesthestic exposure), we might expect time periods

wherein neurovascular coupling was intact and LFP and EEG corre-

lated with outcomes and other times periods wherein no correlation

would be present. The mixed effects model can address some

piglet-to-piglet differences, but an analysis of only on periods when

neurovascular coupling was likely to be intact might show more

associations.

Alternatively, the haemodynamic contributors to LFP might

explain some of the association with outcomes. Especially during

periods of impaired cerebral autoregulation, cerebral LFP may reflect

variations in systemic physiology rather than local neurometabolic

demand. However, the absolute value of CBF has not been associ-

ated with neurologic outcomes,6,37 and haemodynamic measures

were not consistently associated with microdialysis in our study.

Future work should focus on the mechanism by which LFP reflects

outcomes.
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Our technique has several limitations. The DCS measure of

absolute CBF is difficult to calibrate. For this reason, all data was

normalized to baseline, which is not always clinically practicable.

Improved absolute quantification of LFP may offer better results

and more utility. In fMRI, adjustments to ALFF have been proposed,

such as normalizing to the overall power in the BOLD signal.38 Care

must be taken in adapting such methods to optical techniques, where

the sampling rate is much higher and aliasing of physiologic signals

into low frequencies is not as prevalent. We plan to study methods to

better normalize and quantify optical LFP.

Additionally, we assumed that changes in predictors would be

associated with the microdialysis outcomes in the same 30-minute

window. If neuronal injury takes longer to be reflected in the micro-

dialysis biomarkers, then we might not capture that association.

Given the limited number of piglets and time-points, we elected to

not add an additional fitting variable to account for delay.

We assessed the reliability of LFP during the post-resuscitation

period, but noninvasivemeasures of neuronal activity could potentially

aid active resuscitation. Physiology-directedCPR improves outcomes

in animalmodels of cardiac arrest,19,20,39,40 and consensus guidelines

recommend physiologic monitoring during CPR.41–43 These tech-

niques focus on systemic haemodynamics to increase coronary perfu-

sion pressure and optimize the likelihood of ROSC.19,20,39,41 Ideal

biomarkers would not only optimize the chances of survival but also

of favorable neurologic outcomes. Diffuse optical neuromonitoring

holds promise to provide more direct measures of neuronal health

and thus the adequacy of CPR.21 LFP could supplement these met-

rics. However, DCS is strongly affected by motion artifacts; thus, we

did not analyze LFP during CPR. Improved algorithms to remove

motion artifacts in DCS will aid its use as a real-time clinical tool.

We were unable to assess LFP in DOS due to artifacts from inter-

mittent acquisition. LFP would be straight-forward to calculate for

DOS were its acquisition continuous, which is technically achievable.

Assessment of LFP with DOS could aid resuscitation monitoring

because DOS is less sensitive to motion artifacts and has been used

during active resuscitation.21 In the future, we intend to extend the

present analysis to DOS as well as other optical neuroimaging tech-

niques in animals and humans.

Conclusions

LFP in CBF measured by DCS is correlated with microdialysis

biomarkers of neuronal injury during the first four hours after cardiac

arrest in a piglet model. While interpreting LFP as reflective of neu-

ronal activity must be done with caution pending further studies,

these results offer promise that LFP analysis of optical neuromonitor-

ing signals may provide a more direct biomarker of neuronal health to

supplement measurements of cerebrovascular physiology or meta-

bolism. Advanced optical neuromonitoring may improve diagnosis

and prognosis in acutely ill patients.
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