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Abstract

Objective: Outcome prediction in comatose patients with acute brain injury remains challenging.
Regional cerebral oxygenation (rSO,) derived from NIRS (near infrared spectroscopy) is a
surrogate for cerebral blood flow and can be used to calculate cerebral autoregulation (CA)
continuously at the bedside from the derived cerebral oximetry index (COx). We hypothesized that
COx derived thresholds for CA are associated with outcomes in patients with acute coma from
neurological injury.

Methods: A prospective cohort study was conducted in 88 acutely comatose adults with
heterogenous brain injury diagnoses who were continuously monitored with COXx for up to three
consecutive days. Multivariable logistic regression was performed to investigate association
between averaged COx and short (in-hospital and 3 month) and long-term (6 month) outcomes.

Results: Six month mortality rate was 62%. Median COx in non-survivors at hospital discharge
was 0.082 [IQR 0.045-0.160] compared to 0.042 [IQR -0.005 to 0.110] in survivors (P=0.012). At
6 months, median COx was 0.075 [IQR 0.27-0.158] in non-survivors compared to 0.029 [IQR
-0.015 to 0.077] in survivors (P=0.02). In the multivariable logistic regression model adjusted for
confounders, average COx =0.05 was associated with both in-hospital mortality (adjusted OR=2.9,
95% Cl1=1.15-7.33, P=0.02), mortality at 6 months (adjusted OR=4.4, 95%CI=1.41-13.7, P=0.01),
and severe disability (modified Rankin Score =4) at 6 months (adjusted OR=4.4,
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95%CI1=1.07-17.8, P=0.04). Area under the ROC curve for predicting mortality and severe
disability at 6 months were 0.783 and 0.825, respectively.

Conclusions: Averaged COx =0.05 is independently associated with short and long-term
mortality and long-term severe disability in acutely comatose adults with neurological injury. We
propose that COx =0.05 represents an accurate threshold to predict long-term functional outcome
in acutely comatose adults.
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INTRODUCTION

Advancements in neurocritical care monitoring have led to improved outcomes for patients
with acute neurological injury.! Cerebral autoregulation (CA) monitoring is one such
development that may not only provide prognostic information but also allow for
individualization of cerebral perfusion pressure (CPP) targets, which have been associated
with improved functional and mortality outcomes.2-6

For the most part, CA monitoring tools such as intracranial pressure (ICP) and brain tissue
oxygen partial pressure (PbtO,) monitors are invasive. Over the last decade non-invasive
near-infrared spectroscopy (NIRS) measured regional cerebral oxygenation (rSO,) has been
evaluated as a surrogate for cerebral blood flow (CBF) for CA monitoring.”- 8 rScO,
represents an indicator of cerebral O, supply versus demand. Over short periods of time
many determinants of cerebral O, balance, such as cerebral metabolic rate, O, saturation,
and hemoglobin concentration, are stable in the low frequencies associated with CA (i.e.
0.003 to 0.04 Hz).° The cerebral oximetry index (COX) is calculated as the moving
correlation between slow waves of rScO, and mean arterial pressure (MAP).19 The many
advantages of this technology include feasibility for continuous monitoring, no requirement
for special expertise, and negligible risk for infectious or hemorrhagic complications.1! In
laboratory and clinical investigations, COx has been found to have good correlation with
conventional invasive CA measurements derived from PbtO2 (brain tissue oxygen pressure
reactivity index),12 and ICP (pressure reactivity index [PRx]) measurements. 13- 14 We have
previously reported good correlation and agreement between TCD derived autoregulation
measurements — i.e. the mean velocity index (Mx) calculated as the coefficient between slow
waves of TCD-measured CBF velocity and MAP - and COx in a similar, but smaller, cohort
of adult comatose patients with acute neurologic injury,1° and in patients undergoing cardiac
bypass.18 We now hypothesize that COx derived thresholds can be determined, and are
significantly associated with neurologic outcomes in patients with acute coma from
neurological injury.

Several groups have investigated the relationship between neurologic outcomes from severe
neurologic disease and various autoregulation-related indices.1> 17 Both PRx and Mx were
found to be significantly associated with 3-month clinical outcomes, even in mixed cohorts
of neurocritical care patients with both traumatic and non-traumatic causes of brain injury.1’
At this time there is limited evidence to support the ability of NIRS to predict outcome after

J Neurosurg Anesthesiol. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rivera-Lara et al.

Page 3

brain injury,18 although several cohort studies suggest that NIRS-based monitoring has
predictive accuracy for outcomes in patients with traumatic brain injury and subarachnoid
hemorrhage.1% 20 The primary aim of the present study was to investigate the association of
NIRS-based measurements at the bedside with short and long-term outcomes in comatose
patients with different types of brain injury, and identify their most accurate thresholds.

METHODOLOGY

Study design

Patients

NIRS-based

A prospective observational cohort study was conducted in our neuroscience intensive care
unit from 2013 to 2017. Acutely comatose patients were monitored continuously for up to 3
days to calculate CA indices at the bedside starting within the first 12 to 48 hours from coma
onset. Patients who underwent withdrawal of life support within 48 hours from admission
were excluded. Other exclusion criteria included unresponsiveness not primarily due to brain
injury (i.e., aphasia, sedation or residual anesthesia, metabolic causes). The protocol was
approved by the Johns Hopkins Medical Institutions Review Board; written informed
consent was not required due to low risk and standard usage of this type of non-invasive
monitoring.

Coma status was defined as Glasgow Coma Scale (GCS) score < 8. Only patients who had
an indwelling arterial catheter placed for clinical indications for direct arterial pressure
monitoring were enrolled in the study. Arterial blood pressure (ABP) was monitored
continuously with pressure transducers leveled at the heart. Additional variables included
demographic characteristics, partial pressure of carbon dioxide (PaC0O2), drugs used for
sedation, hemoglobin concentration, modified Rankin Scale (mRS) score on admission, and
clinical outcomes including mortality and mRS during the index hospitalization, and at 3
and 6 months after hospital discharge. The primary outcome was blinded assessment of
mortality at hospital discharge, and at 3 and 6 months. The secondary outcome was blinded
assessment of severe disability (defined as mRS >4) at hospital discharge and at 6 months.
MRS at 3 and 6 months were obtained by telephone interview using the validated telephonic
mRS questionnaire?! and if not available, by reviewing the medical records for neurology or
neurosurgery clinic visits within 30 days of this time-point.

autoregulation monitoring

The patients were connected to an NIRS monitor (INVOS™ 5100, Covidien, Boulder, CO)
using self-adhesive sensors placed on each side of the forehead. Analog MAP signals were
obtained from the patient clinical hemodynamic monitor (General Electric, Solar 8000i) and
then processed with a DT9800 data acquisition module (Data Translation Inc, Marlboro,
MA). Digital NIRS signals were directly collected to a laptop computer and then analyzed
using the ICM+ software (University of Cambridge, Cambridge, United Kingdom), as
described previously.22 23 The MAP and NIRS signals were filtered to focus on the
frequency of slow vasogenic waves, which have been shown to be a valid objective measure
of CA.3:22.24 slow waves are produced by changes in CBF and cerebral blood volume, and
believed to occur in response to fluctuations in CPP or to local metabolic changes.?® It has
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been shown that slow fluctuations in cerebral oximetry as detected by NIRS coincide with,
and are implicated in the origin of, ICP slow waves; therefore NIRS may be used as a non-
invasive marker of increased ICP slow waves.2> The signals were filtered as non-overlapping
10-second mean values that were time-integrated, which is equivalent to having a moving
average filter with a 10-second time window and resampling at 0.1 Hz, thereby eliminating
high-frequency components resulting from respiration and pulse waveforms. A continuous,
moving Pearson’s correlation coefficient between changes in MAP and rScO2 was
calculated rendering a right and left-sided COx. Intact autoregulation is indicated by a COx
approaching zero or negative values (/.e., no correlation between rScO2 and ABP),whereas
COx approaching 1 indicates impaired autoregulation. COx and MAP were averaged for the
whole recording period (recordings lasted from 1 hour to 3 days after injury), thus obtaining
the overall autoregulatory status of a patient during the entire monitoring period. If one side
was not recorded (i.e. the cable got disconnected, the sensor moved and stopped recording),
then only the recorded side accounted for the calculated COx. The data were cleaned to
remove artifacts from movement, etc. before analysis. Monitored COx data was not available
to the bedside clinician, therefore outcomes were not affected by the recorded data.

Statistical Analysis

Descriptive characteristics of the sample were analyzed using the statistical software Stata
version 13.0 (Stata Corp, College Station, TX). Data were checked for normality with
Shapiro-Wilk test and graphically using histograms. Non-normal distribution of the data was
observed; therefore the data were analyzed using non-parametric techniques. We obtained
standardized mean differences (SMD) of cerebral autoregulation indices (e.g., COx) to
evaluate the prediction of dichotomous outcome variables defined as mortality (mRS=6) and
poor outcome (MRS=4). After determining the level of significance of COx for the
prediction of both outcomes, we categorized COx by threshold sequential cut-off values (in
0.02 steps) and calculated adjusted Z-score values for age and GCS for each of these
threshold values. For each outcome measure, the respective COx threshold returning the
highest Z-score was assumed to have the best discriminative value per the method used by
Sorrentino et al.28 Additionally, we calculated negative predictive values (NPV) and positive
predictive values (PPV) manually using mortality and poor outcome tables at the defined
COx thresholds.

Continuous variables were analyzed using t-tests, and the Mann-Whitney U test for non-
normally distributed data. Categorical variables were analyzed using Chi square test (or
Fisher exact test when appropriate). Multivariable logistic regression was used to analyze the
relationship between the NIRS-based indices and functional outcome (mRS) adjusted for
GCS at the start of monitoring and age. Covariates for regression models were chosen based
on bivariate logistic regression with a significance of p<0.05. All analyses were two-tailed,
and significance level was determined by p<0.05. Additionally, we calculated area under
ROC curves for prediction of mortality and severe disability at 6 months.
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RESULTS

Patient characteristics

One hundred and five comatose patients were enrolled and monitored in the study. We
excluded 17 patients (10 who had corrupted recordings that could not be opened for
analysis, 6 who regained consciousness in less than one hour, 1 whose coma was due to
septic encephalopathy), leaving 88 patients eligible for analysis. The median recording
duration was 38 hours [interquartile range (IQR) 20-50]. At hospital discharge, 79 (89%)
subjects had severe disability (MRS >4) or had died (45 [51%]). At 6 months, mortality rate
was 48/73 (65%). Table 1 shows sociodemographic and clinical characteristics of the study
population. In the univariable analysis, non-survivors at hospital discharge had higher odds
of having suffered brain herniation compared to survivors (42% vs. 9%, P<0.001) and had a
lower median GCS at the start of monitoring compared with survivors (5 [IQR 3-7] vs. 7
[IQR 5 — 8], respectively; P=0.004). Forty-six percent of patients were receiving sedatives,
such as dexmedetomidine, fentanyl, pentobarbital and propofol, during the monitoring
period (table 1); however, there was no significant difference between survivors and non-
survivors (p=0.12). There was also no difference in COx in the group that received sedation
versus the group that did not, (0.06 + 0.09 vs. 0.07 + 0.09, respectively; P=0.88).

Autoregulation index cut-offs and prediction of short and long-term functional outcome

The median COx of non-survivors at hospital discharge was higher (0.082, IQR 0.045-
0.160) than that of survivors (0.042, IQR -0.005 to 0.110; P=0.012). Survival was
significantly associated with lower values of COx (P=0.012). At 6 months, median COx was
also higher in non-survivors (0.075, IQR 0.27-0.158) compared to survivors (0.029, IQR
-0.015 to 0.077; P=0.02). Furthermore, patients with severe disability at 6 months had
significantly higher median COx (0.072 [IQR 0.019-0.154] vs. 0.018 [IQR —0.035 to
0.066]; P=0.04). rSO, was not associated with mortality either at discharge (P=0.94) or at 6
months (P=0.86). Figure 1 shows values of COx for each mRS value at hospital discharge.

We found that COx of 0.05 was the optimal cutoff for predicting both short and long-term
mortality and severe disability. In the multivariable logistic regression model, after adjusting
for age and GCS at the start of monitoring, we found that average COx =0.05 was
significantly associated with mortality at hospital discharge (adjusted Odds Ratio [aOR]
=2.9, 95% Cl=1.15-7.33; P=0.024), at 3 months (aOR=4.72, 95% Cl=1.59-14.1; P=0.005)
and at 6 months (aOR=4.4, 95% CI1=1.41-13.7; P=0.01) (Table 3). In the multivariable
model adjusting for the same confounders, Cox =0.05 was significantly associated with mRS
>4 at 6 months (aOR=4.4, 95% CI=1.07-17.8; P=0.04), but not at hospital discharge (aOR
2.9, 95% CI 0.68- 12.8; P=0.145) nor at 3 months (aOR=2.64, 95% CI=0.67-10.5; P=0.167)
(Table 4). Areas under the ROC curve for predicting mortality and severe disability at 6
months were 0.783 and 0.825, respectively (Figure 2). COx accuracy to predict short and
long-term mortality and long-term poor functional outcome in this population of acutely
comatose adults showed an intermediate PPV (59-68%) and NPV (55-69%).
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Impact of COx variation on different coma etiologies

We studied the variation of COXx in the different subgroups of acute coma. Patients with
ventriculitis and ischemic stroke had the highest median COx of 0.16 and 0.12 [IQR 0.01 -
0.18], respectively. This was followed by patients with intracerebral hemorrhage with COx
0.07 [IQR 0.03 — 0.15], aneurysmal subarachnoid hemorrhage with COx 0.06 [IQR 0.03 —
0.10] and traumatic brain injury with COx 0.06 [IQR 0.02 — 0.18]. The group with status
epilepticus had the lowest COx - 0.00 [IQR —0.07 — 0.04], suggesting the most intact
autoregulation.

Impact of MAP variation on cerebral autoregulation measurements

Differences in the strength of the correlation between NIRS oximetry and MAP could be
secondary to a greater spread of MAP in non-survivors and not necessarily due to inherent
differences in vascular reactivity, especially if the variation in MAP is small. However, we
found that the SD of MAP in those that survived to hospital discharge averaged 7.15 mmHg,
which was not significantly different from the average SD of 9.04 mmHg in non-survivors
(P =0.12). Likewise, the SD of MAP during the monitoring period of those that survived 6
months averaged 7.12 mmHg, which was not significantly different from that of non-
survivors (8.95 mmHg; P = 0.13). Thus, the 2 mmHg difference in the MAP SD averaged
across patients was unlikely to account for the differences in the COx between groups.

DISCUSSION

In this study we investigated the accuracy for outcome prediction of bedside continuous
NIRS-derived CA monitoring in comatose patients with acute brain injury. We demonstrated
that average COx values =0.05 in acutely comatose patients are an independent predictor for
short and long-term mortality, and long-term severe disability. These findings support the
use of bedside NIRS-derived COx as a potentially useful method of neuromonitoring to help
prognosticate functional outcome after acute coma.

Previous studies have demonstrated the predictive value of NIRS-derived CA indices in
prognostication among patients with traumatic brain injury, sepsis, hypoxic ischemic
encephalopathy, or patients undergoing cardiac surgery.18: 19. 22, 27-36 Qur study supports the
applicability of this CA index to a broader population of neuro-critically ill patients with
different coma etiologies, with a threshold value of COx apparently agnostic to the
underlying diagnosis. This may be plausible as COx depends on the proportion of
oxygenated hemoglobin and MAP, both important regulators of brain function. However, a
single index of CA or different indices may perform differently in different disease
conditions. Schmidt et al. studied 41 patients with both traumatic and non-traumatic causes
of brain injury and found that, although both PRx and Mx were significantly associated with
3-month clinical outcome, PRx performed better in TBI patients while Mx had stronger
correlation with outcomes in non-traumatic patients; prognostic values of indexes were also
affected by conditions such as diabetes and hypocapnia.l” Therefore, further investigation is
required to understand how outcome predictive values of COx may depend on patient
characteristics. The strength of the current study is that of opening a new opportunity for the
applicability of NIRS-derived CA measurements in comatose populations regardless of
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etiology, to assist in the prediction of short and long-term functional outcomes. In the near
future, we anticipate that more innovative optical technologies, such as diffuse correlation
spectroscopy, will permit measurement of actual CBF rather than just of rSO,. This new
technology allows CBF measurement by quantifying temporal fluctuations of NIR light
caused by the dynamic scattering of the moving red blood cells.3”

COx thresholds from NIRS-based technology have previously been described in a
cardiopulmonary bypass (CPB) patient population. Brady et al. reported a cut-off of 0.36 as
the threshold of impaired autoregulation using the INVOS pediatric cerebral oximeter probe
(Somanetics) in piglets anesthetized with inhaled isoflurane and nitric oxide and fentanyl.10
In patients with aneurysmal SAH using a NIRO 300 [Hamamatsu Photonics, Hamamatsu
city, Japan],38 the threshold for predicting delayed cerebral ischemia was found to be 0.1 for
the tissue oximetry index (TOx).24 These two NIRS devices use different measurement
techniques for measuring regional tissue oxygen saturation and different algorithms for rSO,
calculation.3® Ours is the first study of NIRS derived CA index thresholds using the INVOS
device in comatose patients, and identified an even lower cut-off of 0.05, which requires
further explanation. Donegan et al.#0 investigated CA in adult sheep with induced coma and
found that the CA plateau extended over a wider CPP range compared to awake sheep;
consequently the CA indices were more negative and closer to zero. By lowering the brain’s
oxygen demand, the cerebral vessels constrict at normal MAP and thereby have a greater
vasodilatory reserve to handle a low MAP, resulting in a plateau for CA which extends over
a wider CPP range. Another factor impacting the plateau is the type of brain injury. Patients
with severe brain injury and poor brain compliance may have a smaller plateau compared to
those without intrinsic brain injury on imaging, such as patients with well treated status
epilepticus. This can be seen in table 2 which shows that patients with status epilepticus in
our study were always autoregulated, with a median COx of 0.00. Compared to studies of
patients undergoing CPB, we would not expect comatose patients in the neurocritical care
unit to have the same COx threshold for prognostication. The physiology of the former is
impacted by exposure to inhalational anesthesia which vasodilates the cerebral blood
vessels; however this effect may be counteracted by the vasoconstrictive effects of
hypothermia use during CPB. Finally, Moerman et al. assessed CA patterns with NIRS
during pharmacologically induced pressure changes in patients undergoing cardiac surgery.
41 In the group with higher MAP, COx was significantly more negative and closer to zero. In
our population, 23.8% of patients had brain herniation. These patients required a higher CPP
to counteract elevated ICP, and indeed the average MAP was higher in this study (91.2 £
10.8 mmHg) compared to other populations, for example 72.2 = 11.1 mmHg in Brady’s
study.34. When MAP increases and CA is intact, arteries and arterioles increase their tone to
prevent distension from increases in transmural pressure. If the increase in tone is sufficient
to decrease arteriolar diameter, vascular resistance increases. This limits the increase in CBF
associated with an increase in CPP. If the increase in tone is very large, the decrease in
diameter may be so severe as to actually decrease CBF in the face of increased CPP. This
“super-autoregulation” response could yield a negative CA index in patients with severe
brain injury.40

COx accuracy to predict short and long-term mortality and long-term poor functional
outcome in this population of acutely comatose adults showed an intermediate PPV (59—
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68%) and NPV (55-69%). These findings may be related to the averaging of COx over the
duration of monitoring. Patients may have started with intact autoregulation which later
worsened, and the average levels of COx diluted the prediction accuracy. Alternatively, the
clinical condition could have deteriorated after the completion of the 3 days of monitoring,
and subsequent changes in COx were not captured.

In this prospective cohort, rSO, was not associated with mortality or severe disability. This
is in line with prior literature showing that absolute rSO, values are less accurate, whereas
changes in rSO,, which are used to derive COXx, are more valid.*2 Conversely, some studies
have shown a significant association between these measurements and mortality in TBI, risk
of extubation failure in pediatric patients undergoing cardiac surgery, delayed cerebral
ischemia in subarachnoid hemorrhage,20 and neurologic outcomes post-cardiac arrest.

19, 43-45 \/jlke et al. showed that rSO, provides a stronger predictive value for hospital
mortality in traumatic brain injury than traditional parameters such as admission GCS.1?
However these authors did not perform multivariable analysis to adjust for possible
confounders and their study had a small sample size. The predictive value of COXx has been
demonstrated in patients undergoing abdominal and cardiac surgery for postoperative
cognitive dysfunction and acute kidney injury.22: 34, 35, 46

Given the low threshold of 0.05 in the heterogeneous cohort in our study, further
investigation of COx in more homogeneous disease populations will be needed before COx
assessment could become a clinically useful guide for predicting patient outcomes or
counseling families of unconscious patients. Our data do, however, support the need to
assess CA and calculate optimal MAP at the bedside,? with the goal of optimizing CPP in
these critically ill patients using non-invasive devices.23

This study has several limitations, notably related to the relatively small sample size and
inherent limitations of the methodology. These may explain the significant overlap between
COx distributions in patients with poor and good outcomes and therefore the relatively low
predictive values. Moreover, the heterogeneity of the study pathology, including
parenchymal hematomas, cerebral edema and subarachnoid blood, may affect
interpretability of the results. However, our aim was to assess the predictive value for a
general population of comatose patients. Future analysis of COx by coma etiology, lesion
location and underlying pathophysiology (vasospasm, edema, ischemia, etc.) will require
larger populations. Secondly, the use of rSO, as a surrogate of CBF for CA monitoring is
based on assumptions that other determinants of rSO5 (i.e. tissue oxygen diffusivity,
CMRO,, temperature) are relatively stable over the low frequencies of vasoreactivity that
mediate CA. Other physiologic variables that alter brain oxygen supply and demand may
also affect rSO, These include cardiac output, pulmonary function, systemic hypoxemia,
acid-base status and PaCO,, which affect not only the hemoglobin saturation for a given
PO2 but also CBF.#’ Cerebral oximetry monitors a mixed vascular bed dominated by gas-
exchanging vessels, especially venules.*8 The arterial/venous ratio is assumed to be 16:84,
but this may be different in the injured brain. The variable duration of monitoring per patient
(from 1 hour through 3 days) could also affect the results; however, we found no significant
difference in duration of monitoring between survivors and non-survivors (table 1). NIRS
measurements are also contaminated by the extracranial vasculature. In one study, the
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change in rSO, due to extracranial contamination was be up to 16.6+9.6%.4% Anatomically,
our study was not powered to account for differences in autoregulatory measurements
between patients with frontal lesions and those without.

CONCLUSION

Average COx = 0.05 is independently associated with short and long-term mortality and
long-term severe disability in acutely comatose adults with neurological injury. Further
studies with larger populations should be performed with this technology to refine
recommendations for disease-specific clinical use.
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mRS

Figure 1.
Mean COx with standard error values distributed by modified Rankin scale (mRS) at

hospital discharge. Numbers of patients in each mRS group was: 1 (2 patients), 2 (3
patients), 3 (4 patients), 4 (16 patients), 5 (18 patients), 6 (45 patients).
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Figure 2.
(A) ROC curve for mortality at 6 months (n=73).

(B) ROC curve for poor outcome (mMRS=4) at 6 months (n=73).

J Neurosurg Anesthesiol. Author manuscript; available in PMC 2021 July 01.

0.75

1.00



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rivera-Lara et al. Page 16

Table 1.

Acutely comatose patients with neurological injury: demographics and clinical characteristics (1= 88)

Survivors at hospital Non-survivors at discharge
Variable Overall (n=88) discharge (n=43) (n=45) p value

Gender (F/ M), n 43/ 45 23/20 20/25 0.39
Age (Mean + SD), years 57.8+14.4 57.6 £13.6 57.9+153 0.93
Race, n (%) 0.26

African American 46 (52%) 24 (54%) 22 (50%)

Caucasian 36 (41%) 15 (34%) 21 (47%)

Asian 4 (4.6%) 3 (7%) 1(2.3%)

Hispanic/Latino 2 (2.3%) 2 (5%) 0 (0%)
Coma Etiology, n (%) 007"

Ischemic stroke 10 (11%) 4 (9%) 6 (13%)

Intracerebral hemorrhage 28 (32%) 9 (21%) 19 (42%)

Aneurysmal subarachnoid hemorrhage 24 (27%) 13 (30%) 11 (24%)

Traumatic brain injury 11 (13%) 6 (14%) 5 (11%)

Status epilepticus 7 (8%) 6 (14%) 1(2.2%)

Meningitis 1(1.1%) 1(2.3%) 0 (0%)

Hypoxic ischemic encephalopathy 2 (2.3%) 0 (0%) 2 (4.4%)

Ventriculitis 1(1.1%) 0 (0%) 1(2.2%)
Sedation during monitoring, n (%) 48 (54%) 23 (54%) 25 (56%) 0.12

None 40 (46%) 20 (46%) 20 (44%)

Propofol 8 (9%) 2 (5%) 6 (13%)

Fentanyl 32 (36%) 15 (35%) 17 (38%)

Dexmedetomidine 5 (5%) 5 (12%) 0 (0%)

Pentobarbital 3 (3%) 1 (2%) 2 (4.4%)
Brain herniation during monitoring, n (%) 23 (26%) 4 (9.3%) 19 (42%) <0.001
Midline shift at septum, mm 0[0-4] 0[0-3] 1[0-6] 0.08
Hemoglobin on admission, g/dL 122+2.6 122+27 123+26 0.89
Hemoglobin during monitoring, g/dL 10.1+19 10016 102+21 0.59
Glasgow coma scale score (median, IQR) 6[3-7] 5[3-7] 7[5-8] 0.004
Admission mRS 0[0-1] 0[0-2] 0[0-1] 0.97
MAP during monitoring (mean + SD), mmHg  90.1 £ 10.5 90.1+10.4 90.4+11.0 0.91
pCO; during monitoring (mean £ SD), mmHg 38.3+7.7 382+7.2 38.3+8.2 0.96
Average rSO, (median, IQR) 60 [51 - 70] 59 [51-70] 61 [50 - 70] 0.94
Median COx (median, IQR) 0.06 [0.02-0.14] 0.04 [-0.01 - 0.11] 0.08 [0.04 — 0.16] 0.012*
Duratio8n of monitoring (hours) 38.3+24.2 38.4+26.9 38.2+21.7 0.97

Abbreviations: F: female, M: male, SD: standard deviation, IQR: interquartile range, pCO2: arterial pressure of carbon dioxide, ICP: intracranial
pressure, MAP: mean arterial pressure, rSO2: regional cerebral oxygen saturation.

*
across all categories
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Table 2.

Different acute coma etiologies and their respective median COx and interquartile range.

Coma etiology (n) Median COx (median, IQR)

Ischemic stroke (10) 0.12[0.01 -0.18]
Intracerebral hemorrhage (28) 0.07 [0.03 - 0.15]
Aneurysmal subarachnoid hemorrhage (24)  0.06 [0.03 - 0.10]

Traumatic brain injury (11) 0.06 [0.02 — 0.18]

Status epilepticus (7) 0.00 [-0.07 - 0.04]
Meningitis (1) 0.05

Hypoxic ischemic encephalopathy (2) 0.02 [0.00 - 0.05]
Ventriculitis (1) 0.16

Abbreviations: COx, cerebral oximetry index; IQR: interquartile range.
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Table 3.

Logistic regression multivariable model for prediction of mortality

Variable aOR 95% ClI P

At hospital discharge (n=88)

COx >0.05 290 115-7.33 0.024

GCS at start of monitoring 0.69 0.54-0.89 0.004

Age 1.01 098-105 0471
At 3 months (n=74)

COx > 0.05 472 159-141 0.005

GCS at start of monitoring 0.64 0.47-0.87 0.004

Age 1.01 0.97-1.05 0.644
At 6 months (n=73)

COx >0.05 440 141-137 0.010

GCS at start of monitoring  0.63  0.46-0.88 0.006

Age 098 094-1.02 0.381

Abbreviations: aOR: adjusted odds ratio; Cl: confidence interval; GCS: Glasgow Outcome Scale.
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Table 4.

Logistic regression multivariable model to predict poor outcome (MRS >4)

Variable aOR 95% ClI P

At hospital discharge (n=88)

COx >0.05 296 0.68-128 0.145

GCS at start of monitoring 1.05 0.72-152 0.796

Age 1.00 0.95-1.05 0.901
At 3 months (n=74)

COx > 0.05 264 0.67-105 0.167

GCS at start of monitoring 0.62 0.39-0.97 0.038

Age 1.02 0.66-105 0.405
At 6 months

COx > 0.05 438 1.08-17.8 0.039

GCS at start of monitoring 054 0.33-0.89 0.016

Age 097 0.93-1.03 0.359

Abbreviations: mRS: modified Rankin Score; aOR: adjusted odds ratio; Cl: confidence interval

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

J Neurosurg Anesthesiol. Author manuscript; available in PMC 2021 July 01.



	Abstract
	INTRODUCTION
	METHODOLOGY
	Study design
	Patients
	NIRS-based autoregulation monitoring
	Statistical Analysis

	RESULTS
	Patient characteristics
	Autoregulation index cut-offs and prediction of short and long-term functional outcome
	Impact of COx variation on different coma etiologies
	Impact of MAP variation on cerebral autoregulation measurements

	DISCUSSION
	CONCLUSION
	References
	Figure 1
	Figure 2
	Table 1.
	Table 2.
	Table 3.
	Table 4.

