Neurocrit Care (2021) 35:662-668
https://doi.org/10.1007/512028-021-01240-1

NEUR#ECRITICAL

CARE SOCIETY

ORIGINAL WORK
®

Check for
updates

Impact of Head-of-Bed Posture on Brain
Oxygenation in Patients with Acute Brain Injury:
A Prospective Cohort Study

Laetitia Burnol''®, Jean-Francois Payen?, Gilles Francony?, Kristina Skaare?, Romain Manet®, Jéréme Morel?,

Jean-Luc Bosson* and Laurent Gergele'”

© 2021 Springer Science+Business Media, LLC, part of Springer Nature and Neurocritical Care Society

Abstract

Background: Therapeutic head positioning plays a role in the management of patients with acute brain injury.
Although intracranial pressure (ICP) is typically lower in an upright posture than in a flat position, limited data exist
concerning the effect of upright positioning on brain oxygenation and circulation. We sought to determine the
impact of supine (0°) and semirecumbent (15° and 30°) postures on ICP, brain oxygenation, and brain circulation.

Methods: An observational cohort study was conducted between February 2012 and September 2015. Twenty-
three patients with severe acute brain injury were successively observed at head elevations of 30°, 15° and 0°.
Postural-induced changes in ICP, cerebral perfusion pressure, brain tissue oxygenation pressure, and transcranial Dop-
pler findings were simultaneously measured during three repeated experiments: 24 h after admission to the intensive
care unit (exp1), 24 h later (exp2), and 96 h later (exp3). Cerebral perfusion pressure, arterial blood gases, hemoglobin
content, and body temperature remained unchanged during the three experiments.

Results: Using linear random-slope mixed models, we found that during the early phase of acute brain injury (exp1),
lowering the head posture from 30° to 15° and then to 0°, was associated with a gradual mean ICP increase of 2.6 mm
Hg (1.4-3.7 mm Hg; P<0.001); and from 30° to 0°, an increase of 7.4 mm Hg (6.3-8.6 mm Hg; P <0.001). Furthermore,
brain tissue oxygenation pressure and mean blood flow velocity improved when the head posture was lowered from
30°to 0° by 1.2 mm Hg (0.2-2.3 mm Hg) and 4.1 cm/s (0.0-8.2 cm/s), respectively (both P<0.05).

Conclusions: Changing the positioning of stable patients with acute brain injury resulted in opposite changes of
ICP versus brain oxygenation and circulation. This information supports the concept of an individualized approach to
head positioning that is based on the multimodal monitoring of brain parameters.
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Introduction

The management of patients with acute brain injury is
directed toward the detection, prevention, and/or cor-
rection of secondary brain injury. Multimodal monitor-
ing and treatments aim to lower intracranial pressure
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(ICP) and optimize brain perfusion [1]. Therapeutic head
positioning plays a part in this management, as it may
have beneficial effects on the brain physiology of these
patients. The standard posture for patients who are criti-
cally ill is a semirecumbent position with head elevation
at an angle of 30°. This allows for enteral nutrition to be
administered, with reduced risks of silent gastric reflux
and ventilator-associated pneumonia [2]. For decades,
studies have shown that elevating the head of the bed
can also lower ICP in patients with head injuries [3-5].
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However, these postural effects on ICP are attenuated
by concomitant changes in mean arterial blood pres-
sure (MAP) that keep cerebral perfusion pressure (CPP)
(in which CPP=MAP —ICP) unchanged [6, 7] or even
reduced [8].

There is a growing body of evidence that, alongside
ICP and CPP optimization, brain oxygenation should
be considered a target that can affect the outcome of
patients with brain injury [9-11]. Brain oxygenation can
be compromised when oxygen delivery to the brain tissue
is reduced, e.g., in cases of reduced cerebral blood flow
and/or reduced arterial oxygen content [12, 13]. These
conditions could be aggravated when patients are in an
upright position, considering its effect on pressure. How-
ever, limited data exist about the effects of head posture
on concomitant cerebral blood flow, brain oxygenation,
ICP, and CPP measurements after acute brain injury.
In patients with traumatic brain injury (TBI), elevating
the head from 0° (supine position) to 30° significantly
decreased ICP and was associated with no change in
brain oxygenation, as indicated by jugular bulb venous
oxygen saturation and/or brain tissue oxygenation pres-
sure (PbtO,) [3, 6, 14]. In patients with large hemispheric
stroke, a change in head elevation from 0° to 30° was
associated with a reduction in both ICP and mean blood
flow velocity (FVm) of the affected hemisphere [15]. In
these studies, measurements were performed only once,
even though cerebral hemodynamics may change over
time after acute brain injury. In addition, a head elevation
of 30° was the only upright posture compared with the
supine position.

Because of the complex interplay between ICP, brain
oxygenation, brain circulation, and degrees of head ele-
vation, as well as the timing of these measurements, we
conducted a cohort study in which the ICP, CPP, PbtO,,
and transcranial Doppler findings of patients with acute
brain injury were simultaneously monitored. Monitor-
ing occurred when patients’ head elevations were at 30°,
15°, and 0° at three times during their stay in the intensive
care unit (ICU). We hypothesized that during the early
phase of acute brain injury, a 30° upright posture could
be detrimental to brain oxygenation and circulation. We
also studied a subgroup of patients who underwent a
decompressive craniectomy to investigate whether these
potential effects could be affected by changes in brain
compliance.

Methods

This prospective cohort study was conducted between
February 2012 and September 2015 in the ICUs of two
French university hospitals in Saint-Etienne and Greno-
ble, which had 23 general ICU beds and 9 neurological
ICU beds, respectively. The Institutional Review Board

of Saint-Etienne (Chairperson Professor P. Rusch; Saint-
Etienne University Hospital, Saint-Etienne, France)
approved the study design on December 26, 2011
(ref. 2011-A01565-36). Written informed consent was
obtained from patients’ relatives before inclusion, when
possible, or from a legally authorized representative.
Informed consent was obtained from all individual par-
ticipants included in the study. The study was retrospec-
tively registered on September 15, 2015, at ClinicalTrials.
gov (identifier NCT02549313).

Patients

Adult patients admitted to the ICU for acute brain injury,
i.e., traumatic, vascular, or other injury, were man-
aged according to international guidelines [16]. Patients
were considered for study participation if their ICP was
monitored with an intraparenchymal ICP device (Cod-
man Microsensor ICP Transducer; Codman, Saint
Priest, France; Johnson & Johnson, Issy-les-Moulineaux,
France; or Sophysa Pressio, Orsay, France). The physician
in charge determined whether the patient also required
a PbtO, probe to be inserted (Licox; Integra Lifes-
ciences, Saint Priest, France) to monitor brain oxygena-
tion. A PbtO, probe was inserted into the least injured
hemisphere, or in the contralateral side in cases of hem-
ispheric stroke. Noninclusion criteria were the persis-
tence of hemodynamic or respiratory instability despite
treatments, severe brain hypoxia (defined as PbtO, less
than 15 mm Hg) or refractory intracranial hyperten-
sion (defined as ICP more than 30 mm Hg) at baseline,
the development of cerebral vasospasm, and no cerebral
monitoring of ICP and PbtO,,.

Patients were continuously sedated with propo-
fol/midazolam and sufentanil/remifentanil and were
mechanically ventilated to obtain normocapnia (partial
pressure of carbon dioxide, arterial [PaCO,] 35-40 mm
Hg) and normoxia (partial pressure of oxygen, arte-
rial [PaO,] 80-120 mm Hg) status. Normothermia
(36-37 °C) was maintained using blankets or ice packs
on the femoral region, and the patients were maintained
in normal ranges of serum glucose (7-10 mmol/L) and
sodium (135-145 mmol/L). CPP was kept between 60
and 70 mm Hg via a vasoactive support with norepi-
nephrine and, if needed, plasma volume expansion with
crystalloids. Normal cardiac function and normovolemic
status were demonstrated using echocardiography (left
ventricular ejection fraction of more than 55%), central
venous pressure (more than 5 cm H,0), and spontaneous
urine output (more than 0.5 ml/kg/hour) measurements.

Ethical Approval
All procedures performed in studies involving human
participants were in accordance with the ethical
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standards of the Institutional Review Board of Saint-
Etienne and with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

Study Protocol and Measurements

All patients were initially positioned in a 30° head-up
posture, with the head in a neutral, nonflexed, or rotated
position in relation to the torso. The degree of head ele-
vation was controlled by a goniometer and an adjustable
electric bed. After 10 min of stabilization in the position,
each systemic and brain parameter was recorded three
times during 5-min time periods, and the values were
averaged. Patients’ head elevations were subsequently
lowered to 15° and 0° positions in a nonrandomized
sequential order, and variables were recorded in a similar
time line. During these experiments, there was no change
in the administration of sedative drugs or the ventila-
tor setting. If the patient was receiving norepinephrine,
the drug dose was adjusted to keep CPP unchanged, i.e.,
within 60-70 mm Hg. The first experiments were initi-
ated once the patient was monitored with ICP and PbtO,
probes, i.e., 24 h after admission to the ICU (expl), and
then repeated 24 h (exp2) and 96 h later (exp3). If the
patient exhibited a decrease in MAP of more than 15%
from baseline, an ICP exceeding 30 mm Hg, or a PbtO,
below 15 mm Hg during the posture change, the ongo-
ing experiment was interrupted and the patient was
repositioned.

Variables included patient characteristics and brain
parameters collected every 5 min, i.e., mean ICP, CPP, and
PbtO, measurements. FVm, systolic blood flow velocity
(FVs), and diastolic blood flow velocity (FVd) over 5-s
recordings were measured in each of the two middle cer-
ebral arteries using 2D Doppler ultrasonography (Philips
CX50; Philips HealthSystems, Suresnes, France). Pulsatil-
ity index (PI) was calculated as PI=(FVs—FVd)/FVm.
Measurements of blood gases (PaO, and PaCO,) were
also collected during each head positioning. Because the
calculation of CPP can be markedly affected by whether
MAP is measured at the level of the right atrium or at
the level of the foramen of Monro [17, 18], we used MAP
measurements obtained at the foramen of Monro at both
a 30° and 15° head elevation. The Glasgow Outcome Scale
score was determined at discharge from the ICU, ranging
from 1 (dead) to 5 (good recovery).

Statistical Analysis

We estimated that 20 patients would be needed to detect
a 25% posture-induced change from baseline in PbtO,
values with a two-sided a risk of 0.05 and a power of
90%. Continuous variables were expressed as median and
interquartile range (25-75th percentile), and categorical
variables were expressed as frequencies and percentages,

unless stated otherwise. Statistical significance was
declared when P<0.05 (Stata 15.1; Stata Corporation,
College Station, TX). The variables PbtO,, ICP, CPP,
PI, and FVm were analyzed using linear random-slope
mixed models to account for repeated measures. The
mixed-effects models included the experiments (exp2 or
exp3 versus expl as reference), the sequential order of
the three head postures (30° to 15° to 0° versus 30° to 0° to
15° as reference), the degree of head elevation (0° or 15°
versus 30° as reference), and decompressive craniectomy
(present versus absent as reference) as covariate fixed
effects. Interactions between covariates were included in
the model if they were statistically significant and clini-
cally relevant. The other variables were compared using
the nonparametric Wilcoxon signed-rank test for paired
data, the Friedman test for repeated measurements, and
Bonferroni’s correction for multiple comparisons.

Results

Twenty-three patients with acute brain injury were
included consecutively in the two sites. Table 1 displays
their characteristics. Severe presentation, i.e., with an
initial Glasgow Coma Scale score less than 9, was found
in 16 patients with TBI, 3 patients with subarachnoid
hemorrhage, and 3 patients with stroke. Ten patients,
including five with TBI, had early decompressive craniec-
tomy due to refractory intracranial hypertension, despite

Table 1 Characteristics of the 23 patients

ariables N=23

Age (years) 37 (32-48)
Male sex, n (%) 18 (78)
Weight (kg) 73 (69-86)
Glasgow Coma Scale score on admission 6 (5-10)
Cause of brain injury, n (%)

Traumatic brain injury 16 (70)

Subarachnoid hemorrhage 3(13)

Stroke 3(13)

Other 1 (4)
APACHE score on admission 44 (41-55)
SOFA score on admission 9(8-11)
Decompressive craniectomy, n (%) 10 (44)
Outcome on day 28, n (%)

Death 4(17)

Still in ICU 12 (52)

Transferred to surgical or medical ward 3(13)

Transferred to rehabilitation unit 4(17)
Glasgow Outcome Scale score at discharge from the ICU 4 (2-4)

Data are expressed as median (25-75th percentile) unless otherwise specified

APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care
unit; SOFA, Sequential Organ Failure Assessment
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medical therapies. The median delay from injury to the
placement of intracerebral probes was 24 h (10-24 h).
Expl was initiated during the first 24 h after admission
to the ICU. There were 18, 21, and 15 patients who had
complete data for expl, exp2, and exp3, respectively.
Missing data were related to neurologic or respiratory
intolerance, technical problems with PbtO, measure-
ments, evolution toward brain death, or a rapid improve-
ment in the patient’s condition, allowing awakening. No
ongoing experiment was interrupted because of compro-
mised brain homeostasis.

Table 2 shows the effects of the three head positions on
systemic and brain variables during exp1l, exp2, and exp3
after admission to the ICU. CPP, arterial blood gases,
hemoglobin content, and body temperature remained
unchanged during the three experiments. In expl and
exp2, norepinephrine doses were significantly lower at a
head elevation of 0° than at a head elevation of 30° (both
P<0.05). According to the linear mixed models, upright
posture and experiments had significant effects on ICP,
PbtO,, and brain circulation (PI and FVm; Table 3). Dur-
ing expl, lowering the head from 30° to 15° and 0° was
associated with a gradual elevation in ICP, with a mean
increase of 2.6 mm Hg (1.4-3.7; P<0.001) from 30° to
15° and of 7.4 mm Hg (6.3-8.6 mm Hg; P<0.001) from
30° to 0°. In addition, PbtO, and FVm improved from 30°

to 0° by 1.2 mm Hg (0.2-2.3 mm Hg) and 4.1 cm/s (0.0—
8.2 cm/s), respectively (both P<0.05). PbtO, and FVm
were significantly higher during exp2 than expl. Neither
decompressive craniectomy nor the order in which the
head position was changed affected brain parameters.

Discussion

In this study, we used a multivariate analysis to study
the effect of head position and timing of measurements
on brain parameters in stable patients with acute brain
injury. During the early phase of acute brain injury, low-
ering the elevation of a patient’s head from 30° to 15°
and 0° was associated with a gradual increase in ICP and
improved measurements of brain oxygenation and circu-
lation. Although limited in their amplitude, changes in
these brain parameters were observed in stable patients
with no severe brain hypoxia or refractory intracranial
hypertension. In a higher-risk patient population, cau-
tion should be exercised when positioning a patient’s
head at a 30° elevation during the early phase of acute
brain injury, unless brain oxygenation and/or circulation
has been directly measured. Interindividual variability
was also observed, making the expected effects of head
positioning on brain parameters difficult to predict for all
patients and favoring an individualized approach to head
positioning.

Table 2 Effects of head elevations of 30°, 15°, and 0° (flat) on systemic and brain variables during the three experiments

(exp1, exp2, and exp3) after admission to the ICU

Head posture (°) 30

MAP, right atrium 91(83-98)  90(81-94)  90(82-97) 85(80-101) 85(79-102) 83(76-101)  86(81-100) 83 (81-100) 83 (80-98)
(mm Hg)
MAP, Monro (mm 82 (75-94) 83(79-94) 90(81-100) 81(72-92) 81 (75-99) 83 (77-99) 80 (72-93) 81 (75-95) 83 (80-98)
Ho)
ICP (mm Hg) 15(11-18) 5(12-22) 22 (16-26) 5(10-18)  16(13-21) 18(17-24) 3(9-18) 6(12-22) 20 (17-26)
CPP (mm Hg) 70 (60-75) 0 (60-75) 70 (60-75) 65 (63-75) 65 (64-75) 65 (63-71) 65 (59-80) 69 (59-80) (59 80)
PbtO, (mm Hg) 22(17 28) 4 (18-30) 25(21-31)  25(22-30) 25(23-29) 5(23 29) 27 (25-30) 7(25-30) 28(26-31)
FVm (cm/s) 58 (47-87) (51 -82) 60 (52-94) 73 (63-109) 79 (65-101) 80 (71-111) 74 (64-83) (59 91) (65 91)
Fvd (cm/s) 36 (27-51) 35(30-58) 35(29-64) 41(33-65) 47(35-69) 52 (43 74) 48 (36-58) 43 (39-56) 43 (38-56)
PI .1(0.8-1.5) 10.7-16) 1.0(0.7-13) 1.2(05-16) 1.1(0.5-1.8) 1.0(0.6-1.6) 1.1 (0.6-1.7) 1(0.6-17) 1.2(06-1.8)
PaO, (mm Hg) 104 (93-122) 105 (95-124) 106 (91-119) 98 (82-116) 97 (82-119) 97 (82-120) 107 (101-118) 112(99 124) 114 (95-132)
PaCO, (mm Hag) 38 (35-40) 37 (34 39) 37(35-38) 39(37-41) 38(37-42) 38 (36 42) 37 (35-41) 38 (35 41) 38 (35 41)
Hemoglobin 1(10-12) (10-12) 11(10-12) 1(10-12)  11(10-12) 1(9-12) 10 (9-11) 0(9-11) 0(9-11)
(g/dl)
Temperature (°C) 37 (35-37) 36 (35-37) 36 (35-37) 37 (36-38)37 (36-37) 37 (36-37) 37 (36-38) 37 (36-38) 37 (36-38)
Norepinephrine 16 (5-31) 13 (6-31) 12 (6-26) 21(7-33) 19 (7-31) 12 (5-43) 16 (6-26) 13 (5-26) 15 (5-26)

(ng/kg/h)

Experiments were performed 24 h after admission to the ICU (exp1), and then repeated 24 h (exp2) and 96 h later (exp3). Data are expressed as median (25-75th

percentile). See text for statistically significant results

CPP, cerebral perfusion pressure; FVd, diastolic blood flow velocity; FVm, mean blood flow velocity; ICP, intracranial pressure; ICU, intensive care unit; MAP, mean
arterial pressure; PaCO,, partial pressure of carbon dioxide, arterial; PaO,, partial pressure of oxygen, arterial; PbtO,, brain tissue oxygenation pressure; Pl, pulsatility

index
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Table 3 Linear random-slope mixed models for PbtO,, ICP, CPP, Pl, and FVm

PbtO, (mm Hg) ICP (mm Hg)
Measurements (n) 167 158
Fixed effects parameters
Exp2 26(0.7 to 4.5)** 0.8(—19t03.5)
Exp3 48(—141t011.0) 46 (—53t0 14.5)
30°to 15° to 0° order —22(—57t013) 43(—=121099)
0° position 1.2(0.2t023)* 74 (6.3 t0 8.6)**
15° position 06(—05t01.6) 26 (141to3.7)**
Decompressive craniectomy —29(—641t006) —40(—9.7t01.6)

Constant 257 (21.7t0 29.7) 129(8.0t0 17.8)

CPP (mm Hg) Pl FVm (cm/s)

158 167 167
—02(=3.1t026) 0.0(=0.1t00.1) 18.1 (13.1 to 23.0)**
—1.1(=741t0523) 0.2 (0.0to 0.4)* 3.7(=75t0149)
78(1.71013.8)* 0.1(=001t00.3) —46(—256t016.5)

—04(=291020)
00 (—25t025)
50(=1.1t011.2)
61.7 (55910 67.5)

—0.1(=0.1t0o—0.0)**
—0.0(—=0.1t0 0.00)*
00(=02t00.2)
1.0(08t0 1.2)

4.1 (0.0to 8.2)*
23(—18t064)
—46(—2581016.6)
713 (51.61091.1)

Each model includes covariate fixed effects, i.e., the experiments (exp2 or exp3 versus exp1), the sequential order of the three head postures (30° to 15° to 0° versus
30° to 0° to 15°), the degree of head elevation (0° or 15° versus 30°), and the decompressive craniectomy (present versus absent). Covariance coefficients are expressed

as mean (95% confidence interval)

CPP, cerebral perfusion pressure, exp1, performed 24 h after admission to the ICU, exp2, repeated 24 h later, exp3, repeated 96 h later; ICP intracranial pressure;

FVm, mean blood flow velocity; PbtO,, oxygenation pressure, Pl, pulsatility index

*P<0.05 compared to covariate at baseline; **P<0.001 compared to covariate at baseline

Although positioning patients in an upright 30° pos-
ture is a common practice in the ICU, recent guidelines
do not provide guidance on optimal head positioning for
the management of patients with acute traumatic or non-
TBI [19-22]. This could be due to inconsistency in the
literature and/or the negligible impact of head position
on neurological outcome. This latter point was recently
addressed in a trial that revealed no difference in the neu-
rological outcomes after acute stroke between patients
positioned in a flat posture and those positioned in a 30°
upright posture [23]. In addition, the complex interplay
between ICP, brain oxygenation, and circulation, as well
as the timing of measurements, required appropriate sta-
tistics (i.e., linear random-slope mixed models), which
were not used in previous studies [3, 6, 14, 15].

Using a multivariate approach, we confirmed that
ICP is markedly affected by head posture, independent
from the timing of measurements. ICP was lower when
patients were in an upright position than when they
were in a flat position, as reported elsewhere [3-5, 14,
24]. This effect was proportionally related to the degree
of head elevation. The effect of the flat position on ICP
could be explained by the redistribution of intracranial
venous blood to lower parts of the body, i.e., a reduced
cerebral blood volume, or by cerebrospinal fluid redis-
tribution to the spinal subarachnoid space. This second
hypothesis is probably the most prominent mechanism;
the creation of a hydrostatic pressure gradient in an
upright posture allows cerebrospinal fluid to circulate
from the cranial to the spinal space [25, 26]. In such a
model, the cerebrospinal fluid pressure behaves accord-
ing to the law of fluid mechanics. On the other hand, no
major changes in cerebral blood volume are observed
in volunteers after standing from a supine position [27].

Accordingly, we found that decompressive craniectomy
had no effect on these postural-induced ICP changes,
even though decompressive craniectomy can reduce
cerebral blood volume [28].

In our stable patients, we found transient, but sig-
nificant, differences in brain oxygenation and brain
circulation between the two head elevations (30° and
0°). This occurred while all systemic factors that can
alter PbtO, measurements were normalized or kept
unchanged during the experiments, e.g., sedation, CPP,
PaCO,, PaO,, hemoglobin content, and temperature
[12, 13]. No patient showed evidence of cardiac failure
or hypovolemia. The significant reduction in norepi-
nephrine doses between 30° and 0° to keep CPP within
60-70 mm Hg could be due to the disappearance of the
hydrostatic column created by upright posture with
MAP measurements obtained at the foramen of Monro.

In the study by Ng et al. [14], which found that PbtO,
values did not differ significantly by head elevation,
PbtO, measurements ranged from 6 to 100 mm Hg at
a 0° head elevation and from 4 to 92 mm Hg at a 30°
head elevation, making it difficult to draw any conclu-
sions about the true effects of head positioning. In the
present study, FVm was higher in a flat position than at
a 30° head elevation, as observed previously [15]. This
may reflect increased brain perfusion in a flat position.
Interestingly, PbtO, and FVm measurements were sig-
nificantly improved in exp2 compared with expl, as if a
cerebral hyperemic reaction developed without affect-
ing ICP. Again, no changes in systemic parameters or
drug administration were observed during exp2. There-
fore, these changes might reflect a temporal course of
brain perfusion after brain injury that includes an ini-
tial phase of hypoperfusion, followed by a hyperemic
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phase [29]. These findings underscore the importance
of the timing of measurements taken after acute brain
injury.

Our study has several limitations. First, the number
of included patients is relatively small (n=23), although
it might be offset by the number of assessments col-
lected (n=158-167). Second, these experiments were
performed in stable patients with no evidence of severe
brain hypoxia or uncontrolled intracranial hypertension.
Our findings, therefore, need to be validated in patients
with more severe conditions. Indeed, previous studies
have reached opposite conclusions regarding the impact
of head elevation on brain perfusion in patients with high
ICP versus low ICP at baseline [6, 8]. Accordingly, head
positioning to control ICP should be viewed as a means
to restoring brain perfusion and then adjusted according
to the results of a direct measurement of brain oxygena-
tion and/or circulation. Third, our patients had various
brain injuries, although the majority had TBI. The spe-
cific role of the nature, localization, and volume of brain
lesions on head-posture-related changes is unknown.
Fourth, we did not measure the cerebral autoregulation
status during each experiment. We can only formulate
conjectures to explain the attenuated effect of head ele-
vation on norepinephrine doses in exp3; this could be
mediated through an improvement of cerebral compli-
ance and/or recovery of cerebral autoregulation at a later
phase of brain injury. Fifth, there were no simultaneous,
beat-by-beat measurements of ICP, CPP, PbtO,, and FVm
during the experiments along with the use of specific
software, preventing us from determining other indexes,
such as critical closing pressure.

Conclusions

In conclusion, changing the positioning of stable patients
with acute brain injury from a head elevation of 30° to 15°
and 0° resulted in a significant gradual increase in ICP.
Concomitantly, even if the differences were minor, brain
oxygenation and brain circulation were improved at a
head elevation of 0° during the early phase of brain insult.
Because interindividual variability exists in brain param-
eters over time after acute brain injury, an individualized
approach to head positioning should be favored.
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