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ABSTRACT: Rapid bedside determination of cerebral blood pres-
sure autoregulation (AR) may improve clinical utility. We tested the
hypothesis that cerebral Hb oxygenation (HbDiff) and cerebral Hb
volume (HbTotal) measured by near-infrared spectroscopy (NIRS)
would correlate with cerebral blood flow (CBF) after single dose
phenylephrine (PE). Critically ill patients requiring artificial ventila-
tion and arterial lines were eligible. During rapid blood pressure rise
induced by i.v. PE bolus, �HbDiff and �HbTotal were calculated by
subtracting values at baseline (normotension) from values at peak
blood pressure elevation (hypertension). With the aid of NIRS and
bolus injection of indocyanine green, relative measures of CBF,
called blood flow index (BFI), were determined during normotension
and during hypertension. BFI during hypertension was expressed as
percentage from BFI during normotension (BFI%). Autoregulation
indices (ARIs) were calculated by dividing BFI%, �HbDiff, and
�HbTotal by the concomitant change in blood pressure. In 24 patients
(11 newborns and 13 children), significant correlations between
BFI% and �HbDiff (or �HbTotal) were found. In addition, the asso-
ciations between Hb-based ARI and BFI%-based ARI were signifi-
cant with correlation coefficients of 0.73 (or 0.72). Rapid determina-
tion of dynamic AR with the aid of cerebral Hb signals and PE bolus
seems to be reliable. (Pediatr Res 69: 436–441, 2011)

Intact cerebral blood pressure autoregulation (AR) describes
the intrinsic ability of the brain to maintain cerebral blood

flow (CBF) during changes in cerebral perfusion pressure. Di-
verse factors, such as age of patient, illness, injury, or vasoactive
drugs, have been found to impair this ability—often to an
unpredictable extent. Patients with impaired or even absent AR
are at increased risk for inadequate CBF and consequently for
cerebral ischemia. Measuring AR may provide clinically useful
information and permit more individualized critical care. Several
recent studies have demonstrated the potential of so-called dy-
namic AR to predict outcome in adult (1) or pediatric TBI (2) and
in premature infants (3). In addition, monitoring of dynamic AR
may allow determination of optimal cerebral perfusion pressure
(4) and determination of treatment efficacy in controlling intra-
cranial pressure (ICP) after head injury (5). Finally, AR-guided
treatment of cerebral perfusion pressure in patients suffering
severe head trauma carries the potential to improve outcome (6)
and has therefore been recommended in the new adult guidelines
(7). Nevertheless, further work is needed to delineate the clinical

utility of AR determination in critical illness, especially for the
child and newborn.
Determination of the classic, steady state (or static) AR in

intensive care medicine remains cumbersome and time con-
suming. In contrast, determination of the short-latency cere-
brovascular response (or dynamic AR) to rapid perfusion
pressure changes has been shown to be easily performed at the
bedside and allows for repetitive measures. Several studies
have shown that the findings of dynamic AR are associated
with the results of static AR (8,9). Dynamic AR may be
defined as an acute change in vascular resistance (10) or
arteriolar caliber (11) due to acute perfusion pressure changes.
This leads to acute changes in CBF, cerebral blood volume
(CBV), and ICP (12). In a previous study, we have demon-
strated that after a single dose of phenylephrine (PE) to
increase mean arterial blood pressure (MABP), the near-
infrared spectroscopy(NIRS)-derived Hb signals correlated
well with ICP as a surrogate for CBV (13). NIRS-measured
Hb signals after rapid increase in MABP may not only corre-
late with ICP but also with CBF. Therefore, aim of the study
was to investigate whether noninvasive NIRS-measured Hb
signals may correlate with CBF measures and may allow
reliable determination of dynamic AR after i.v. PE bolus.

METHODS

Patients. All patients admitted to the neonatal and pediatric ICU were
consecutively screened on a daily basis over a 14-mo period. Patients
requiring invasive ventilation, invasive arterial blood pressure monitoring,
and central venous catheter due to the underlying pathology were eligible for
the study. Exclusion criteria were active bleeding, hyperbilirubinemia and
phototherapy, extrapulmonary cardiovascular shunts, liver dysfunction with
hypoglycemia and hyperammonemia, iodine allergy, unstable cardiopulmo-
nary situation, or intracranial hemorrhage. All patients presenting with neu-
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rological abnormalities had appropriate imaging. Once the patient fulfilled all
criteria, written informed consent was obtained from parents. The study had
been approved by the ethic committee of the state of Berne.

Dynamic AR determination was performed when baseline MABP was
within normal range of age, end-tidal carbon dioxide (EtCO2) stable and at
low normocapnic range as determined by arterial PCO2, and transcutaneous
oxygen saturation (StO2) �96%. Normality of the “milieu intérieur” was
confirmed by determination of blood glucose and electrolytes, arterial pH, Hb,
and rectal temperature. Testing did not require additional sedation or neuro-
muscular paralysis of the patient. However, during most AR testing, patients
were sedated with a continuous infusion of an opioid or midazolam.

Near-infrared spectroscopy. This study was conducted with a four wave-
length spectrometer (NIRO 500; Hamamatsu Photonics, Japan), which is
unable to measure photon path length and therefore unable to quantify
absolute tissue chromophores concentration. However, because path length is
constant for any given subject after optodes are placed, absolute concentration
changes from an arbitrary zero are measured. In addition, the emitted light
intensity at the skin surface (power density of maximal 0.05 mW/mm2) is far
below those permitted by the International Electrotechnical Commission
allowing for safe application of the photosensitive indocyanine green (ICG)
dye during NIRS measurements.

The application of Niro 500 has been described earlier (13,14). In this
study, two fiberoptic bundles for conveying near-infrared light were placed
over the frontotemporal region of the head. Optodes were positioned at 4–5
cm from each other and fixed to the skin by using adhesive rings and elastic
bands. After the optode placement, the head was covered with a light-
impermeable drape. Light from pulsed laser diodes was conducted through the
emitting optode into the forehead. Transmitted light was collected by the
detecting optode attached to a photomultiplier tube. The number of received
photons at each wavelength (775, 830, 850, and 905 nm) was compared with
the light output of the four lasers. With the help of extinction coefficients of
the three chromophores, oxygenated Hb (HbO2), deoxygenated Hb, and ICG
at each wavelength (Table 1), specific attenuation is presented online at 2 Hz
with software ONMAIN (version 1.32b; Hamamatsu Photonics, Japan). The
unit of NIRS signals was chosen to be OD. HbDiff was calculated as HbO2

minus Hb and defined as cerebral Hb oxygenation. HbTotal was calculated as
the sum of HbO2 and Hb and defined as cerebral Hb volume. With constant
hematocrit, changes in HbTotal are indicative of CBV changes.

Dynamic AR by cerebral Hb signal. AR was assessed by i.v. bolus of PE
through a central venous catheter to rapidly and transiently elevate blood
pressure at least by 10% and maximally by 25% while continuously display-
ing (and simultaneously storing on a personal computer) HbDiff, HbTotal,
MABP, StO2, and EtCO2. The PE dose needed to reach the target blood
pressure elevation was carefully determined in each patient by stepwise dose
increase, starting from 0.5 �g/kg. Subsequent data analysis was performed
using custom software program (Labview 5.0; National Instruments, Austin,
TX). Two time series were defined by the arterial blood pressure behavior as

previously described (13) (Fig. 1). The first time series included a baseline of
60 s (normotension) ending with the start of blood pressure rise. This
relatively long baseline period was chosen to minimize the effect of the
physiological slow wave motion of cerebral vessels. The blood pressure
increase from start to peak elevation lasted 15 s on average. The second time
series (hypertension) started at the highest blood pressure elevation and lasted
5 s. This short time interval was chosen because of the short-lived peak blood
pressure elevation after central PE bolus in pediatric patients. Each 60 s
interval of MABP, StO2, EtCO2, HbDiff, and HbTotal at baseline was averaged
and used as normotension value. At the highest blood pressure elevation, the
5-s interval of the signals was averaged and used as hypertension value. Each
signal change was then calculated by subtracting normotension value from
hypertension value (e.g. �HbDiff � averaged HbDiff at hypertension � aver-
aged HbDiff at normotension). Finally, an cerebral autoregulation index (ARI)
was calculated by dividing the changes in HbDiff or HbTotal by the concomitant
change in MABP and expressed as either ARIHbDiff or ARIHbTotal. Such ARI
is the amount of relative CBF change per millimeters of mercury MABP
change. A negative ARI value means a CBF decrease at MABP peak elevation
and reflects an active cerebrovascular reactivity and intact AR (Fig. 1). A positive
ARI value means an CBF increase at MABP peak elevation and therefore a
diminished cerebrovascular reactivity and impaired AR.

Dynamic AR by blood flow index. ICG absorbs near-infrared light with an
absorption peak around 805 nm and is strongly protein bound in blood. This
enables monitoring of the passage of an injected ICG bolus through the
cerebral vasculature by NIRS. Moreover, its rapid clearance from blood by
hepatic uptake and biliary excretion combined with documented nontoxicity
(15) makes ICG a suitable tracer for repetitive measurements at short intervals
and good reproducibility (14). The blood flow index (BFI) method is a tissue
blood flow determination developed by Perbeck et al. (16) from fluorescein
flowmetry in the intestine. BFI was calculated from dye kinetics of each bolus
ICG injection according to the algorithm BFI � maximum change in ICG
absorption (�ICGmax indicated in OD) divided by rise time. The rise time was
defined by the time in seconds between 10% of �ICGmax and 90% of
�ICGmax. �ICGmax was calculated from a baseline value (mean of 15 s
baseline before rise) subtracted from peak value (Fig. 2). Three BFI were
taken during normotension, 5 min apart from each other, and averaged as
BFInormotension. Then, three BFI were measured during hypertension following
three PE boluses, 5 min apart, and averaged as BFIhypertension, and expressed
as percentage of BFInormotension (BFI%). We chose to express BFI changes as
BFI%, because BFI is as relative measure of CBF, where all constants are
excluded from calculation. That means that BFI is proportional to CBF with
an unknown factor of proportionality to absolute CBF numbers (14). In
addition, the autoregulation index ARIBFI% was calculated by subtracting 100
from BFI% and then dividing by the concomitant change in MABP. Negative
ARIBFI% values stand for intact AR and positive values for impaired AR. For
BFI measurements, the central venous line was first loaded with 0.1 mg/kg
body weight of ICG (Pulsion, Germany) at a concentration of 2.5 or 5 mg/mL
to keep the amount of dye smaller than the dead space of the catheter and then
flushed with 1 to 5 mL isotonic saline depending on the size of central venous
catheter. Both ICG and flush fluids were at 37°C. For one dynamic AR by BFI
(ARBFI) determination, the same central venous line, the same amount, and
dilution of tracer and flush were used. The patient parameters MABP, StO2,
and EtCO2 were averaged for 5 s during each BFI measurement; then the
mean at normotension or hypertension conditions were calculated.

As ICG may interfere with the interpretation of Hb signal (17) because of
its much higher OD changes, dynamic AR by cerebral Hb signal (ARHb) was

Figure 1. Cerebral Hb signal behavior after
blood pressure rise induced by PE bolus. A
decrease in HbDiff and HbTotal at peak MABP
elevation corresponds with cerebral vasocon-
striction and normal AR (A). An increase of Hb
signals corresponds with cerebral vasodilatation
and impaired AR (B).

Table 1. Specific extinction coefficients of NIRO 500

Wavelength (nm) 775 830 850 908

Hb 1.2474 0.7289 0.7151 0.7113
HbO2 0.7034 0.9813 1.0549 1.0711
ICG 0.1298 0.0681 0.0173 0.0035
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measured first, immediately followed by ARBFI. NIRS optodes were left in
place, and patient physiological parameters were kept as similar as possible
during both AR determinations.

Statistics. As �HbDiff (Shapiro Wilk test statistic � 0.904; p � 0.025) and
part of the physiological patient parameters were nonnormally distributed, and
because of the small number of patients studied, nonparametric exact tests
were used whenever possible, and medians together with interquartile ranges
(IQR) were calculated as summary measures (StatXact 6.0; Cytel Software
Corp., Cambridge, MA). Calculation of Spearman’s rank correlation coeffi-
cient with its 95% CI was used to assess associations between the changes in
Hb signals (�HbDiff and �HbTotal) and changes in BFI (BFI%). Calculation of
Spearman’s rank correlation coefficient was also used to assess associations
between ARIHbDiff (or ARIHbTotal) and ARIBFI%.

Wilcoxon’s signed-rank test was used to assess whether there were differences
in the physiological parameters between ARHb and ARBFI, such as differences in
baseline values of MABP, StO2, or EtCO2, and differences in chances of MABP,
StO2, or EtCO2. In addition, calculation of Spearman’s rank correlation coeffi-
cient was used to assess associations between these potentially confounding
differences in physiological parameters and the ARIs. Two-sided tests were used
throughout, and p � 0.050 were considered significant.

RESULTS

Twenty-seven children had ARHb and ARBFI measured.
Three of them were not included in the analysis because of
unstable blood pressure after chlorpromazine, abnormal tracer
kinetics secondary to residual shunting, and prolonged ICG
elimination time secondary to ischemic hepatopathy in each.
We thus report on the results of 24 children (Table 2), 15 boys
and 9 girls. Eleven were neonates with GAs �36 wk, whereas
13 were older (2 mo to 15 y). Their main diagnoses were
either cranial pathologies [six perinatal asphyxia, four severe
head trauma (one death), one stroke, and one meningitis] or
noncranial pathologies (five surgery of congenital heart dis-
ease, three sepsis, two repair of congenital diaphragmatic
hernia, one hyaline membrane disease, and one bronchiolitis).
All patients had three BFI determinations at normotension and
three BFI at hypertension, except for three patients who had
only two BFI determination because of time restrains.
The physiological parameters EtCO2 and StO2 remained

stable throughout the experiments. Their median changes from
baseline to hypertension, and the differences between the two
AR determinations were �0.5 mm Hg EtCO2 or 0.5% StO2

and were all nonsignificant (data not presented except for
EtCO2 at baseline). Median �MABP was 11.9 mm Hg (IQR,
10.3 to 15.4) during ARHb and 9.5 mm Hg (IQR, 6.9 to 13.6)
during ARBFI. The median blood pressure increase was 17.6%
(IQR, 15.2 to 30.4) for ARHb and 15.0% (11.2 to 22.5) for
ARBFI. Between the two AR determinations, MABP at base-
line was comparable (median difference, �0.5 mm Hg; IQR,
�1.8 to 1.2; p � 0.86), but �MABP was higher during
determination of ARHb when compared with �MAB during

Figure 2. Determination of BFI. BFI is calculated by maximal light absorp-
tion change after i.v. bolus of ICG (�ICGmax) divided by rise time.

Table 2. Characteristics of the patients and results of the cerebral autoregulation indices

Patient Sex Age

AR by cerebral hemoglobin signals AR by blood flow index

�HbDiff �HbTotal

Base
EtCO2

Base
MABP �MABP

ARI �
HbDiff

ARI �
HbTotal BFI%

Base
MABP �MABP ARI-BFI%

24 M 2 d 5.6 2.1 29 41 9 0.61 0.23 127 43 6 4.3
23 M 40 mo 0.4 �0.8 30 59 10 0.04 �0.08 96 66 12 �0.3
22 F 160 mo 0.2 �0.5 31 79 11 0.01 �0.05 98 81 6 �0.4
21 M 4 d 1.7 0.3 37 51 7 0.23 0.05 98 52 4 �0.5
20 M 2 d �0.1 �2.0 38 49 12 �0.01 �0.16 73 49 5 �5.0
19 M 4 d 2.1 0.6 46 49 7 0.30 0.08 106 50 6 1.0
18 F 4 d 5.2 0.6 32 49 18 0.30 0.04 110 48 11 0.9
17 F 96 mo �1.0 �1.3 16 82 17 �0.06 �0.08 67 83 16 �2.1
16 M 3 mo 2.8 0.2 41 64 10 0.29 0.03 111 62 8 1.3
15 F 1 d 1.9 �0.7 33 46 15 0.13 �0.05 112 46 13 0.9
14 M 7 d 3.3 0.4 44 41 11 0.29 0.04 106 44 11 0.5
13 M 12 mo 0.3 0.4 35 79 12 0.03 0.03 99 74 11 �0.1
12 F 20 mo �0.6 �0.2 33 75 12 �0.04 �0.01 105 70 14 0.3
11 M 46 mo �0.1 �0.7 45 65 9 �0.01 �0.08 99 66 9 �0.1
10 M 7 d 1.1 1.0 51 49 17 0.07 0.06 112 47 10 1.2
9 M 2 d 3.1 0.8 29 45 15 0.21 0.05 136 48 7 5.1
8 F 2 mo 1.0 �0.1 30 75 13 0.08 �0.01 112 74 17 0.7
7 F 184 mo �0.2 �0.6 32 75 23 �0.01 �0.03 64 72 21 �1.7
6 M 64 mo �0.5 �0.5 28 89 11 �0.05 �0.04 79 91 4 �5.7
5 F 3 mo 1.2 �0.1 26 65 10 0.12 �0.01 107 67 7 1.0
4 M 49 mo 0.4 0.5 38 72 13 0.04 0.04 100 73 8 0.0
3 M 13 mo 0.5 �1.3 34 66 11 0.05 �0.12 99 66 7 �0.2
2 M 7 d 2.5 0.7 33 51 16 0.15 0.05 135 44 15 2.4
1 F 3 d 5.2 1.8 34 44 22 0.23 0.08 166 43 24 2.8

Base, signal at baseline (� normotension); �, averaged signal at hypertension minus averaged signal at normotension.
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ARBFI (median difference, 1.7 mm Hg; IQR, 0.4 to 4.6; p �
0.003). However, there was no association found between
these differences in �MABP and the three ARI (nonsignificant
Spearman rank correlation coefficients).
We found high positive correlations between changes in Hb

signals (�HbDiff and �HbTotal) and changes in BFI expressed
as BFI% (Fig. 3). The Spearman’s rank correlation coefficient
� between �HbDiff and BFI% was 0.78 (95% CI, 0.65 to 0.92;
p � 0.001) and between �HbTotal and BFI% was 0.73 (95%
CI, 0.51 to 0.95; p � 0.001). In addition, we found high
positive correlations between the three ARI (Fig. 4): the
Spearman’s rank correlation coefficient � between ARIHbDiff

and ARIBFI% was 0.73 (95% CI, 0.53 to 0.94; p � 0.001) and
between ARIHbTotal and ARIBFI% was 0.72 (95% CI, 0.51 to
0.93; p � 0.001).

DISCUSSION

In this study, we found a highly significant correlation
between cerebral Hb signals (HbDiff and HbTotal) and direct
CBF measures (BFI) after rapid blood pressure rise induced
by single dose PE. Other studies have also validated NIRS-
derived cerebral Hb signals during acute cerebral perfusion
pressure manipulations with independent CBF measures such
as CBF velocities (18,19), microspheres (20), or laser-Doppler
flowmetry (21,22). All those studies support the hypothesis
that Hb signals are reliable CBF surrogates during pressure
maneuvers and may therefore allow assessment of dynamic
AR. This is the first study to validate dynamic AR based on
cerebral Hb signals and after an induced rapid blood pressure
rise. We found significant correlations between the autoregu-
lation indices ARIHbDiff, ARIHbTotal, and ARIBFI%, which con-
firm the hypothesis that during such blood pressure increase,
determination of AR based on cerebral Hb signals may be
reliable.
The notion of cerebral Hb signals being surrogates of CBF

has led investigators to use the associative relationship be-
tween continuously monitored cerebral Hb signals and spon-
taneous fluctuations in arterial blood pressure for dynamic AR
determination by analysis in the frequency domain (3,23,24)
or by analysis in the time domain (25–27). In addition, Brady
et al. (25) and Lee et al. (26) verified the reliability of such AR
determination by NIRS with AR determination by laser Dopp-
ler flowmetry during slow induction of hypotension in anes-
thetized piglets. Using spontaneous fluctuations for assess-
ment of dynamic AR seems clinically attractive, because it
does not require any additional blood pressure manipulation.
Such technique is based on the presence of CBF waves
preferably at 0.004 to 0.05 Hz with enough frequency and
amplitude. These physiological, very slow waves are probably
part of the well-described spontaneous oscillations or vaso-
motion of the cerebral vasculature, which are regulated not
only by myogenic (or transmural pressure) but also by neu-
rogenic and metabolic factors. Vasomotion has been shown to
disappear, e.g. under inhalational anesthetics, hypercapnia, or
ischemia (28). It is therefore obvious that this AR technique
runs the risk to have low signal-to-noise ratios and has shown
in clinical settings to require prolonged sampling times, ex-
tensive averaging, or incorporation of exclusion rules for
adequate AR calculation (3,23–27). In contrast to dynamic AR
determinations based on spontaneous blood pressure fluctua-
tions, the PE technique is performed faster, has a better
signal-to-noise ratio, and evaluates only CBF-changes specific
to systemic blood pressure changes. Comparison of the two
dynamic AR techniques has not been done as of now.
PE is commonly used for evaluation of static AR, because

this �-1 vasoconstrictor is supposed to have no direct effect on
the cerebral vasculature. For dynamic AR determination in
contrast, this study and our previous study (13) are the only
two studies using PE bolus. The classic maneuver for dynamic

Figure 3. Changes in Hb signals correlate with changes in CBF. NIRS
measured �HbDiff and �HbTotal after rapid blood pressure rise induced by PE
bolus were compared with changes in BFI expressed as BFI%. The associa-
tion between �HbDiff (F), and BFI% was positive and highly significant (� �
0.78 with 95% CI, 0.65 to 0.92; p � 0.001). The association between �HbTotal
(E) and BFI% was as well positive but slightly weaker (� � 0.73 with 95%
CI, 0.51 to 0.95; p � 0.001).

Figure 4. Determination of ARI by cerebral Hb signals correlate with ARI
by BFI%. After rapid blood pressure rise induced by PE bolus, ARIHbDiff and
ARIHbTotal were compared with ARIBFI%. The association between ARIHbDiff
(f) and ARIBFI% was positive and high (� � 0.78 with 95% CI, 0.65 to 0.92;
p � 0.001). The association between ARIHbTotal (�) and ARIBFI% was as well
positive but slightly weaker (� � 0.73 with 95% CI, 0.51 to 0.95; p � 0.001).
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AR determination has been induction of a transient blood
pressure fall by thigh cuff release (8). However, the maneuver
of rising systemic blood pressure transiently seems to be less
of a risk than lowering blood pressure for most critically ill
children and neonates at a time when the brain may least be
able to tolerate blood pressure drops and when blood pressure
is typically in the lower range of normal. However, uncon-
trolled hypertension may provoke intracranial hemorrhage,
especially in the premature infant (29). To minimize such risk,
we aimed to increase blood pressure only by 10 to 25%, an
increase which is within the physiological range of spontane-
ous blood pressure variations seen in the ventilated neonate
and child. Because �MABP did not contribute significantly to
the linear association between ARIs, we speculate that even
lower doses of PE with less increase in systemic blood
pressure may already suffice for dynamic AR determination.
Transcranial Doppler flow velocity is an established tech-

nique for bedside assessment of short latency CBF changes. A
clinically attractive alternative is the NIRS-based determina-
tion of BFI as a relative but very rapid CBF measurement
within a few seconds. BFI has a good reproducibility (14) and
has been validated in diverse studies, where it showed signif-
icant correlations with CBF measured by microspheres and by
transcranial Doppler ultrasound during hemorrhagic shock
(30,31) and during antegrade selective cerebral perfusion (32).
One clinical study, in contrast, found no correlation between
BFI and 133Xenon clearance techniques (33). However, in that
study, BFI was not considered as relative measure of CBF.
Nevertheless, published interindividual variations of BFI mea-
surements remain in all studies rather large despite high
accuracy when using BFI for intraindividual repetitive CBF
measurements over time (34).
We believe that the unique technique of dynamic AR

assessment by i.v. PE bolus makes noninvasive NIRS mea-
sured Hb signals especially sensitive to intracerebral chro-
mophores changes with little extracerebral contamination.
This technique should have a high specificity for detection of
AR impairment, which is the clinically important aspect: an
increase in HbDiff or HbTotal during blood pressure rise can
only be secondary to intracerebral vasodilatation because all
extracerebral vessel vasoconstrict under the effect of the se-
lective alpha-1 agonist PE. In addition, during this very rapid
AR determination time of �2 min, cerebral Hb concentration
changes other than due to CBF (such as due to Hb or oyxgen
metabolic rate) should be minimal. Nevertheless, despite the
significant correlations between the ARI, rather large interin-
dividual variabilities occur. These are probably not only be-
cause of imperfect timing of BFI determination at peak blood
pressure elevation but are also due to limited spacial reso-
lution and limited absolute quantification of the NIRS
instrument used in this study. There is hope that by using
the new generation of NIRS instruments (35) the accuracy
may increase.
In this study, ARI is defined by CBF change per MABP

change, a definition widely used for dynamic AR (3,8). This
definition differs from classic AR relating CBF to CPP and not
to MABP. Indeed, the role of ICP in the assessment of
dynamic AR remains controversial. However, the three stud-

ies comparing dynamic AR determination by CPP or by
MABP found significant agreement between both methods
(26,36,37). These results support the notion that MABP may
reliably replace CPP or ICP for noninvasive assessment of
dynamic AR.
In conclusion, noninvasive NIRS and single dose PE allows

for reliable determination of dynamic AR. This rapidly per-
formed test combined with simple bedside interpretation may
motivate clinicians for large-scale dynamic AR evaluation in
clinical settings and may help to further delineate the value of
knowing the actual state of dynamic AR in intensive care
management.
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