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Abstract

Optimizing mechanical ventilation in patients with acute brain injury (ABI) presents a complex clinical challenge,
requiring a delicate balance between minimizing secondary cerebral injury and preventing ventilator-induced lung
injury (VILI). The intricate interplay between respiratory and cerebral physiology mandates an individualized approach
to ventilatory management. Core goals include maintaining normoxia and normocapnia to avert cerebral ischemia
from hypoxia or hypocapnia while avoiding intracranial hypertension associated with hypercapnia. However, evi-
dence guiding the ideal tidal volume and positive end-expiratory pressure (PEEP) settings in this population remains
limited, particularly regarding their impact on cerebral perfusion pressure and oxygen delivery. Advanced neuromoni-
toring modalities—such as transcranial Doppler ultrasound and brain tissue oxygen tension (PbtO,) monitoring—
offer critical real-time data to inform ventilation strategies. Additionally, emerging technologies, including automated
and adaptive modes of ventilation, show promise in enhancing patient-ventilator synchrony and gas exchange.

This narrative review synthesizes current physiological principles, discusses the challenges inherent in protecting
both the brain and lungs, and explores the evolving role of precision ventilation strategies supported by multimodal
monitoring. Integrating these approaches may improve neurological and respiratory outcomes and help close

the evidence gaps in ABI management.
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Introduction

Mechanical ventilation (MV) is a cornerstone of inten-
sive care, essential for ensuring adequate gas exchange
in critically ill patients [1]. While lifesaving, MV can
contribute to ventilator-induced lung injury (VILI), and,
more recently, ventilator-associated brain injury has
been recognized as a potential contributor to neurologi-
cal damage via systemic inflammation, impaired cerebral
perfusion, and hemodynamic instability [2].

MV is commonly employed in acute respiratory dis-
tress syndrome (ARDS), postoperative respiratory fail-
ure, and acute brain injury (ABI), a heterogeneous group
of disorders encompassing traumatic brain injury (TBI),
ischemic and hemorrhagic stroke, and subarachnoid
hemorrhage. In ABI, ventilatory management poses
unique challenges, requiring a careful balance between
lung-protective ventilation (LPV) strategies and cerebral
protection [3].

Maintaining normoxia and normocapnia is critical
to preventing secondary brain injury. Hypoxemia and
hypercapnia can elevate intracranial pressure (ICP) and
impair cerebral perfusion, whereas excessive hyperventi-
lation, although effective in transiently lowering ICP via
cerebral vasoconstriction, risks reducing cerebral blood
flow (CBF) if prolonged. Thus, precise control of arterial
oxygen and carbon dioxide levels is essential [4].

Key ventilatory parameters, including tidal volume
(VT), positive end-expiratory pressure (PEEP), driv-
ing pressure (AP), and mechanical power (MP), must be

Page 2 of 12

finely adjusted to minimize lung injury while preserving
systemic and cerebral oxygen delivery. Recent advances
in neuromonitoring techniques such as transcranial Dop-
pler ultrasound and brain tissue oxygen tension (PbtO,)
monitoring have enhanced understanding of brain-lung
interactions, providing real-time feedback on the cer-
ebral effects of ventilation [5, 6].

Despite these technological advancements, the optimal
ventilatory strategy for patients with ABI remains elu-
sive, with limited evidence to guide individualized care
[7]. This narrative review synthesizes current evidence on
mechanical ventilation in ABI, emphasizing physiological
principles, key ventilatory targets, and the role of mul-
timodal monitoring in achieving the dual goals of brain
and lung protection.

Pathophysiology of acute brain injury and ventilation
challenges
Acute brain injury profoundly disrupts the brain’s control
of respiration, primarily due to damage in the brainstem
respiratory centers, particularly the medulla oblongata
and its neural pathways [8]. Figure 1 illustrates the com-
plex, bidirectional interactions between ABI and respira-
tory physiology. Injury to these centers often impairs
ventilatory drive, resulting in hypoventilation and con-
sequent hypercapnia—characterized by elevated arterial
carbon dioxide tension (PaCQO,).

Hypercapnia typically causes cerebral vasodilation
by inducing cerebrospinal fluid (CSF) acidosis and pial
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arteriole relaxation, thereby increasing CBE. However, in
the context of impaired cerebral autoregulation, which
frequently occurs after ABI, this vasodilatory response
can be dysfunctional, potentially reducing effective cer-
ebral perfusion pressure [9]. Conversely, hypocapnia
(PaC0O:<35 mmHg) leads to cerebral vasoconstriction
via CSF alkalosis, decreasing CBF and increasing the risk
of ischemia if sustained. These opposing effects highlight
the critical need for individualized PaCO; targets, guided
by advanced neuromonitoring modalities such as PbtO,
and jugular venous oxygen saturation (SjvO;) [10]. Per-
missive hypercapnia—accepting elevated PaCO5, levels to
mitigate VILI—is generally contraindicated in ABI due to
its potential to increase ICP through cerebral vasodila-
tion. Exceptions may apply in carefully selected patients,
where continuous neuromonitoring confirms adequate
cerebral oxygenation and perfusion [11]. Importantly,
PaCO; autoregulation is usually preserved within a
range of 30-40 mmHg but deteriorates progressively at
levels >45 mmHg, raising concerns about permissive
hypercapnia increasing the risk of complications such as
intraventricular hemorrhage [12]. The Society of Neuro-
critical Care’s SIBICC guidelines recommend maintain-
ing PaCO, between 32 and 35 mmHg, advising caution
with levels below 32 mmHg unless neuromonitoring
data support safe oxygen delivery [13]. Therefore, precise
titration of PaCO; is essential to balance ICP control and
cerebral perfusion.

Advanced neuromonitoring techniques, including tran-
scranial Doppler ultrasound and PbtO, monitoring, offer
invaluable real-time insights into cerebral hemodynamics
and the impact of ventilatory changes on brain physiol-
ogy [14]. These tools facilitate the dynamic adjustment of
ventilation to maintain optimal cerebral oxygenation and
blood flow.

Arterial oxygen tension (PaO,) influences CBF primar-
ily through its role in determining arterial oxygen content
(Ca0y), defined as CaO,=[1.34xhemoglobin X arterial
oxygen saturation (SaO;)] +[0.003 X PaO,]. Cerebral oxy-
gen delivery (CDO,) is the product of CBF and CaO..
Pa0:<60 mmHg induces compensatory cerebral vaso-
dilation to preserve oxygen delivery, but when PaO, falls
below 50 mmHg, these mechanisms may be insufficient,
increasing the risk of cerebral ischemia. Conversely,
Pa0O:>300 mmHg can reduce CBF by 10-15%, largely due
to nitric oxide depletion and consequent vasoconstric-
tion, potentially compromising perfusion in vulnerable
watershed areas [15, 16]. PaO, 100—-200 mmHg generally
has minimal impact on CBE. While hyperoxia has been
investigated as a neuroprotective strategy in ischemic
stroke and traumatic brain injury, prolonged exposure
may exacerbate oxidative stress and impair blood flow to
sensitive brain regions [17]. Thus, careful optimization of
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PaO; is essential to avoid both hypoxemia and excessive
hyperoxemia, ensuring adequate cerebral oxygen delivery
and minimizing secondary injury [18].

Mechanical ventilation in acute brain injury
The primary goals of MV in ABI are to ensure adequate
oxygenation and ventilation while minimizing second-
ary brain injury caused by hypoxemia, hypercapnia, or
VILI [19]. The complex interplay between respiratory
and cerebral physiology makes ventilatory management
particularly challenging [20]. Ventilatory settings such as
VT and PEEP have significant and sometimes opposing
effects on cerebral dynamics. Elevated PEEP increases
intrathoracic pressure, which can reduce venous outflow
and raise ICP, especially in patients with impaired intrac-
ranial compliance. Furthermore, when applied above a
critical threshold, high PEEP can cause overdistension
of relatively preserved lung regions, leading to increased
physiological dead space and impaired CO; elimination
[21]. Conversely, low VT, while contributing to LPV,
may lead to permissive hypercapnia, potentially exacer-
bating ICP. Achieving an optimal balance between cer-
ebral perfusion and lung protection is therefore critical
[19]. Figure 2 illustrates a stepwise approach to intuba-
tion, ventilator initiation, and monitoring strategies for
patients with ABL

Elevated ICP, a frequent complication in ABI, can be
influenced by positive-pressure ventilation, particu-
larly at high PEEP levels [22]. The effect of PEEP on
ICP depends on lung recruitability: in patients with
high recruitability, such as those with ARDS, PEEP may
improve oxygenation and reduce atelectrauma without
significantly increasing ICP [23]. In contrast, patients
with low recruitability—such as those with neurogenic
pulmonary edema—may experience impaired venous
return and elevated ICP with increased PEEP. Conse-
quently, individualized bedside assessment, including
PEEP trials with ICP monitoring or transpulmonary
pressure measurements, is essential to optimize ventila-
tor settings [2]. Electrical impedance tomography (EIT)
provides a real-time, noninvasive assessment of regional
lung ventilation and can guide individualized PEEP titra-
tion according to recruitability. By identifying the level of
PEEP that minimizes both alveolar collapse and overd-
istension, EIT may help balance oxygenation goals with
the risk of increased ICP in patients with ABL. However,
its clinical utility in this population remains to be fully
established [24]. Figure 3 provides a conceptual overview
of the interactions between VT, PEEP, hypoxia, and ICP
regulation in mechanically ventilated patients with ABL

Positive-pressure ventilation increases intrathoracic pres-
sure, potentially reducing venous return, cardiac output,
and cerebral perfusion pressure, especially in hypovolemic
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patients [25]. Hemodynamic monitoring tools, such as
stroke volume variation and pulse pressure variation, are
vital to guide fluid resuscitation and vasopressor use dur-
ing PEEP escalation [26, 27]. In ABI patients, hypovolemia
should be avoided, and a mean arterial pressure (MAP) >80
mmHg should be targeted, particularly when cerebral
autoregulation is impaired [16, 28].

Ventilatory strategies in ABI must balance optimal
oxygenation and carbon dioxide regulation with cerebral

protection [5]. Maintaining normocapnia (PaCO, 35-45
mmHg) avoids hypercapnia-induced cerebral vasodila-
tion that can increase ICP, as well as hypocapnia-induced
vasoconstriction that may reduce CBF [29].

Hypoxemia was defined as PaO:<80 mmHg, normox-
emia as PaO; 80-120 mmHg, mild to moderate hyperox-
emia as PaO; 121-299 mmHg, and severe hyperoxemia
as Pa0:>300 mmHg [30]. Recent evidence suggests that
PaO, values outside the approximate range of 92-156
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mmHg are associated with increased inhospital mortal-
ity, underscoring the need to refine optimal oxygenation
targets as additional clinical data become available [31].

Clinical scenarios and practical ventilation strategies

The VENTIBRAIN study, a large-scale, multicenter,
prospective observational investigation, evaluated the
impact of ventilation strategies on outcomes in patients
with ABI across 74 ICUs in 26 countries [32]. The study
included 2095 invasively ventilated patients with vari-
ous forms of ABI, including TBI, intracranial hemor-
rhage (ICH), subarachnoid hemorrhage (SAH), and acute
ischemic stroke (AIS). While LPV ventilation strate-
gies were commonly employed, their implementation
varied considerably among countries. Median ventila-
tory parameters included a VT of 6.5 mL/kg predicted
body weight (PBW), PEEP of 5 cmH,O, plateau pressure
(Pplat) of 15 cmH,0, and AP of 9 cmH,O.

Interestingly, despite the presence of intracranial
hypertension (ICP>20 mmHg) in some patients, venti-
lator settings were not consistently adjusted in response
to elevated ICP. The study found that higher Pplat, peak
inspiratory pressure (PIP), and AP were significantly
associated with increased ICU and 6-month mortal-
ity (e.g., ICU mortality hazard ratio for Pplat: 1.50; 95%
CI: 1.27-1.78). In contrast, higher VT was paradoxically
associated with reduced mortality [33]. This paradoxical
association may, in part, reflect confounding, as higher
VTs could indicate greater respiratory system compli-
ance and thus less severe lung injury. Notably, the study
did not stratify outcomes by compliance (Crs), limiting
the ability to assess whether unfavorable outcomes were
more frequent in patients with lower compliance and
greater difficulty achieving adequate gas exchange. These
findings highlight the critical influence of ventilatory
parameters on survival in ABI patients and underscore
the need for evidence-based, standardized ventilation
protocols [33].

The observed association between higher AP and
mortality in VENTIBRAIN may be confounded by the
underlying severity of lung injury, rather than reflecting a
causal relationship [32]. This confounding is plausible, as
patients with reduced compliance (higher driving pres-
sure) are more likely to encounter difficulties in achieving
gas exchange targets, leading to hypoxemia or hypercap-
nia that may worsen outcomes independently of driving
pressure. Likewise, the unfavorable results of the PRO-
LABI (Protect Lung in Acute Brain Injury) trial may have
been influenced by excessive sedation, which can impair
CO; clearance and exacerbate cerebral derangements
[34]. This emphasizes the necessity of individualized
approaches over uniform LPV protocols in ABL
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Emerging data suggest that the benefit of LPV is con-
text-dependent, particularly on the basis of respiratory
system compliance. In patients with low compliance,
such as in ARDS, lower VT combined with higher res-
piratory rates may be protective. However, in patients
with high compliance, such as those with isolated brain
injury, these strategies may be harmful. The PROLABI
[34] trial randomized ABI patients to LPV (VT'=6 mL/
kg PBW, PEEP=8 c¢mH,0) or conventional ventila-
tion (VT'>8 mL/kg PBW, PEEP=4 c¢mH,0). Surpris-
ingly, LPV was associated with worse clinical outcomes,
including higher 28-day mortality, ventilator depend-
ence, and ARDS incidence (61.5% vs. 45.3%, relative
risk [RR]=1.35, p=0.025), as well as increased rates of
death or persistent vegetative state (RR=1.55, p=0.044).
Although these findings challenge the universal applica-
tion of LPV in ABI, limitations such as sample size, miss-
ing data, and confounding variables warrant cautious
interpretation.

Collectively, these results highlight the complexity of
lung-brain interactions and raise concerns about ven-
tilator-induced brain injury. Insights from ARMA, PRe-
VENT, RELAX, and PROLABI demonstrate how low VT
ventilation must be tailored to specific patient popula-
tions. For example, ARMA showed benefits in deeply
sedated, low-compliance ARDS patients [35], while
PROLABI suggested potential harm from LPV in high-
compliance ABI patients under deep sedation [34]. These
findings reinforce that strategies beneficial in ARDS may
not translate to ABI and should be applied with caution
in non-ARDS populations.

Prone positioning, a cornerstone of ARDS manage-
ment, remains controversial in ABI due to potential
adverse effects on cerebral hemodynamics [36].

Nevertheless, the lifesaving potential of prone position-
ing in severe ARDS may warrant its use even in patients
with ABIL The main cerebral hemodynamic concern is
impaired jugular venous drainage due to neck malposi-
tion, which can increase ICP. These risks can be reduced
through a systematic approach: proning should be under-
taken after optimization of intravascular volume and
with deep sedation, often combined with neuromuscular
blockade, to limit surges in intra-abdominal and intratho-
racic pressures. Careful head positioning in a neutral,
slightly elevated posture is essential to facilitate venous
outflow. Continuous ICP and hemodynamic monitor-
ing are mandatory. Although a transient rise in ICP dur-
ing the turning maneuver is often clinically acceptable, a
sustained elevation requires prompt reassessment and, if
necessary, supination. In patients with refractory hypox-
emia and stable ICP, the marked improvement in oxy-
genation and potential reduction in ventilator-induced
lung injury may justify prone positioning as a high-risk,



Al Sharie et al. J Anesth Analg Crit Care (2025) 5:75

high-reward intervention when performed in specialized
neurocritical care settings [37, 38].

When ABI and ARDS coexist, a dual-protection
approach is essential: preventing secondary brain injury
while minimizing VILI. Carbon dioxide levels should
be maintained within 30-40 mmHg, avoiding hyper-
ventilation unless required to manage life-threatening
intracranial hypertension. PEEP should be titrated to the
lowest level that achieves adequate oxygenation (SpO:
92-96%) without exacerbating ICP. Initial VT should be
set at 6 mL/kg PBW but can be increased to 7-8 mL/
kg if needed to control CO, and prevent ICP elevation.
Prone positioning should generally be avoided when ICP
exceeds 25 mmHg [39, 40].

Ventilation modes and their impact on ABI patients
Volume-controlled ventilation (VCV) delivers a fixed VT
with each breath, ensuring stable alveolar ventilation.
This stability is critical in patients with ABI, as PaCO,
directly influences CBF and ICP through its vasoregula-
tory effects [41].

In contrast, pressure-controlled ventilation (PCV)
delivers a set inspiratory pressure, allowing VT to vary
depending on lung compliance and airway resistance
[42]. By limiting inspiratory pressures, PCV reduces the
risk of barotrauma. However, the inherent variability of
VT with this mode can lead to fluctuations in PaCO, and
minute ventilation, particularly in patients with evolving
respiratory mechanics or reduced compliance and may
occasionally result in the delivery of excessively high VTs.
Because maintaining stable PaCO; is critical in ABI, cli-
nicians may need to frequently adjust the pressure con-
trol level or, in some cases, increase the set respiratory
rate to compensate for low VTs, as these adaptations are
not automated within the mode [43, 44].

Although PCV is commonly used in patients with
impaired compliance, close monitoring is essential in
ABI to ensure effective ventilation and ICP stability [20].
Regardless of the ventilator mode selected, individualized
management with frequent reassessment is required to
optimize both cerebral and pulmonary outcomes [45].

Pressure-regulated volume control (PRVC) is widely
available and delivers pressure-controlled breaths to
achieve a set VT while continuously monitoring deliv-
ered volumes. This allows real-time assessment of res-
piratory system compliance and facilitates adjustment of
ventilatory support to patient-specific mechanics [46].

Emerging modes of ventilation and their potential benefits
in ABI patients

Neurally adjusted ventilatory assist (NAVA) improves
patient—ventilator synchrony by delivering support in
proportion to diaphragmatic electrical activity. While
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NAVA can reduce asynchrony and preserve CBE, it
requires an intact central respiratory drive and functional
phrenic nerve activity—both of which may be impaired in
ABI, particularly with brainstem involvement [47]. Spon-
taneous breathing efforts during partial support modes,
such as pressure support ventilation (PSV), can generate
marked negative intrathoracic pressures that are trans-
mitted to the cerebral venous system. The resulting fall
in central venous pressure increases cerebral transmural
pressure (intravascular minus extramural pressure), pro-
moting venous engorgement, impairing CSF outflow, and
raising intracranial blood volume. These changes may
exacerbate cerebral edema and elevate ICP, a mechanism
particularly relevant in patients with reduced intracranial
compliance [48].

A study comparing NAVA with PSV in patients recov-
ering from ABI [49] demonstrated that both modes pre-
served CBF velocity, while NAVA significantly improved
ventilator synchrony. These results suggest that NAVA
may offer a safe and effective alternative to PSV in the
weaning phase, potentially reducing the risk of secondary
cerebral insults from dysregulated breathing. Its efficacy,
however, relies on an intact central respiratory drive and
functional phrenic nerve activity—both of which may be
impaired in ABI, particularly in cases involving the brain-
stem [50].

Separately, automated ventilation systems—such
as proportional assist ventilation+ (PAV+), adaptive
support ventilation (ASV), SmartCare, and INTEL-
LiVENT-ASV—are increasingly implemented in gen-
eral critical care, though their use in ABI patients
remains limited [51]. Among these, ASV, SmartCare,
and INTELLiVENT-ASV are true closed-loop modes,
while PAV+and PRVC are patient-driven or hybrid but
not fully closed-loop. INTELLIVENT-ASV, the most
advanced of these systems, may be particularly beneficial
in ABI. It automatically adjusts VT and respiratory rate
to maintain normocapnia and modifies FiO, and PEEP
based on continuous SpO, monitoring, thereby optimiz-
ing both oxygenation and ventilation while reducing the
risk of dysoxia and abrupt CBF shifts [52].

In patients with severe TBI, INTELLiVENT-ASV was
associated with more stable PaCO, regulation and fewer
episodes of hypo- or hypercapnia compared to conven-
tional pressure-controlled ventilation while requiring
fewer manual adjustments [53]. The ongoing ACTiVE
trial, a multicenter randomized controlled study that
includes ABI patients, is expected to provide further
insights into the efficacy of INTELLiVENT-ASV in this
population [54]. Although the study’s primary outcome
was the percentage of time within the target PaCO;
range, the resulting improvement in PaCO; stability—a
critical determinant of cerebral vasomotor tone—likely



Al Sharie et al. J Anesth Analg Crit Care

(2025) 5:75

Table 1 Comparison of ventilation modes and their impact on acute brain injury patients
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Ventilation mode

Mechanism

Benefits

Limitations

Volume-controlled ventila-
tion (VCV)

Pressure-controlled ventila-
tion (PCV)

Pressure-support ventilation
(PSV)

Neurally adjusted ventila-
tory assist (NAVA)

Proportional assist ventila-
tion (PAV)

Proportional assist ventila-
tion plus (PAV+)

INTELLIVENT-ASV

Delivers a fixed tidal volume
regardless of airway pressure

Maintains set inspiratory pressure
during each breath

Delivers pressure-limited,
time-cycled breaths to support
spontaneous effort. Breaths may
be triggered by patient-generated
pressure or flow changes

Synchronizes ventilatory support
with diaphragmatic electrical
activity

Adjusts support in proportion

to the patient’s inspiratory effort

Advanced PAV mode with auto-
mated adjustments for changing
mechanics

Closed-loop mode that automati-
cally adjusts ventilation and oxy-

Ensures consistent PaCOy levels

Limits peak airway pressures
and reduces barotrauma risk

Improves comfort during weaning
and enhances synchrony in coop-
erative patients

Improves patient-ventilator
synchrony and may reduce ICP
fluctuations

Reduces work of breathing
and enhances comfort

Optimizes synchrony and adapts
support to dynamic respiratory
needs

Optimizes gas exchange and may
reduce ventilator-induced lung

May increase risk of barotrauma and volu-
trauma in patients with low lung compliance

Variable tidal volume may cause inconsistent
PaCO, control and requires close VT monitor-
ing to prevent hypo- or hyperventilation

Excessive respiratory effort may raise intrac-
ranial pressure and requires intact respiratory
drive, contraindicated in brainstem injury

or severe agitation

Requires intact diaphragm function and spe-
cialized equipment needed

Limited applicability in sedated or paralyzed
patients

Requires specialized equipment and limited
evidence in ABI

Limited direct evidence in acute brain injury
and requires advanced monitoring capabili-

genation parameters injury

ties

translates into more consistent CBF and a reduced risk
of secondary insults from hypocapnia-induced vaso-
constriction or hypercapnia-induced vasodilation with
elevated ICP. Direct measurements of CBF or cerebral
perfusion pressure during INTELLiVENT-ASV in
patients with ABI, however, remain an important focus
for future research [54].

Integration of advanced neuromonitoring

Advanced neuromonitoring tools—including brain tissue
oxygen pressure (PbtO;), ICP, and cerebral autoregula-
tion indices—can guide real-time titration of ventilatory
parameters. For example, a decrease in PbtO, despite
adequate FiO, may prompt clinicians to increase PEEP
to improve oxygenation, though this must be weighed
against the risk of ICP elevation [10]. Similarly, end-tidal
CO; and cerebral oximetry may help guide PaCO, man-
agement to ensure optimal CBF without inducing intrac-
ranial hypertension.

Limitations and challenges

Despite the promise of these advanced modes, several
limitations exist. In particular, patients with severe ABI
may experience myoclonus or erratic breathing patterns
that are not linked to gas exchange needs, interfering
with closed-loop algorithms. These disturbances may
limit the applicability or reliability of automated systems
and require algorithm overrides or temporary reversion
to controlled ventilation modes.

In summary, emerging ventilation strategies such as
NAVA and INTELLiVENT-ASV offer promising oppor-
tunities to optimize oxygenation, reduce ventilator-
induced lung injury, and improve CO, regulation in ABI
patients. However, direct evidence in this population
remains limited. Further studies are essential to clarify
their role in neurocritical care. Table 1 provides a com-
parative overview of conventional and advanced ventila-
tion modes, outlining their mechanisms, advantages, and
limitations in the management of ABI.

Monitoring techniques in mechanical ventilation for acute
brain injury

Intracranial pressure monitoring

ICP monitoring remains a cornerstone in the manage-
ment of ABI Elevated ICP is a major contributor to
secondary brain injury and is directly influenced by
mechanical ventilation parameters [20]. Continuous ICP
monitoring, using intraventricular catheters or intra-
parenchymal sensors, enables real-time guidance of ven-
tilatory strategies, including the adjustment of PEEP, VT,
and PaCQO; levels.

Ventilator settings exert a significant influence on ICP.
Elevated levels of PEEP increase intrathoracic pressure,
which may impede cerebral venous return and elevate
ICP—particularly in patients with reduced intracranial
compliance [55]. Evidence from a meta-analysis suggests
that PEEP>10 cmH,O is associated with increased ICP,
whereas moderate levels (5-8 cmH,0) achieve adequate
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pulmonary support with minimal adverse effects on cer-
ebral dynamics.

PaCO; control is equally critical. Hypocapnia induces
cerebral vasoconstriction, decreasing CBF, while hyper-
capnia causes vasodilation, potentially elevating ICP [3].

Similarly, PaCO; control is crucial, as hypocapnia leads
to cerebral vasoconstriction and reduced cerebral perfu-
sion, while hypercapnia causes vasodilation and potential
ICP elevation [3]. A retrospective study analyzing 28,644
paired PEEP and ICP data points from 341 ICU patients
with severe ABI evaluated the effects of PEEP strati-
fied by lung injury severity [56]. In most patients, PEEP
exerted no clinically significant impact on ICP or cerebral
perfusion pressure (CPP). However, in those with severe
lung injury (PaO,/Fi0,<100), each ¢cmH,O increase
in PEEP was associated with a modest rise in ICP (0.31
mmHg; p=0.04) and a decline in CPP (-0.85 mmHg;
p=0.02). Although statistically significant, these changes
were minor and likely not clinically relevant.

Brain tissue oxygen monitoring
PbtO, monitoring provides direct, continuous measure-
ment of regional cerebral oxygenation via a parenchymal
probe [57]. This modality enables real-time titration of
ventilatory and hemodynamic parameters to optimize
cerebral oxygen delivery [57].

Ventilatory settings, particularly PEEP, influence PbtO,
indirectly through their effects on CPP [10]. Elevated
PEEP may reduce MAP, thereby lowering CPP and com-
promising oxygen delivery. As such, PbtO; values should
always be interpreted in the context of concurrent MAP
and ICP measurements to guide appropriate ventilatory
adjustments.

In a study involving 425 patients with traumatic brain
injury (TBI), PbtO; values below 20 mmHg occurred
during 17% of the monitoring time, frequently without
parallel alterations in ICP, CPP, or the pressure reactiv-
ity index (PRx). Notably, PbtO, declined sharply when
CPP dropped below 30 mmHg or when deviations from
optimal CPP (ACPPopt) exceeded 30 mmHg—suggest-
ing that impairments in oxygen diffusion and micro-
circulatory function may independently affect cerebral
oxygenation [58].

When titrating PEEP, trends in PbtO, must be care-
fully interpreted alongside ICP and MAP. A decrease in
PbtO; despite stable ICP may indicate impaired cerebral
perfusion due to compromised venous outflow from
increased intrathoracic pressure [10]. In such scenarios,
reducing PEEP or optimizing systemic hemodynamics
with fluid resuscitation or vasopressors may help restore
cerebral oxygenation. Conversely, a rise in ICP with pre-
served PbtO, may reflect compensatory cerebral vaso-
dilation; in these cases, interventions such as controlled
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hyperventilation or sedation may be necessary to lower
ICP and maintain cerebrovascular reserve.

Jugular venous oxygen saturation

SjvO. monitoring provides insights into global cerebral
oxygen utilization by measuring oxygen saturation in the
jugular bulb [59]. Declining SjvO, indicates increased
cerebral oxygen extraction, often reflecting inadequate
oxygen delivery [60].

Ventilatory parameters—particularly those affecting
PaCO,—significantly influence SjvO, [61]. Hypocapnia
may reduce SjvO; due to vasoconstriction, while hyper-
capnia raises SjvO, through vasodilation, though exces-
sive CO; retention can elevate ICP.

A study involving 63 patients with severe TBI assessed
the relationship between SjvO, and the Full Outline of
Unresponsiveness (FOUR) score. While a weak, nonsig-
nificant positive correlation was observed at admission
(r=0.246, p=0.052), significant negative correlations
emerged at 48 and 72 h (r=-0.751, p<0.001; r=—-0.49,
p=0.002). Both lower FOUR scores and abnormal SjvO,
values independently predicted mortality. These findings
suggest that combining neurological assessments with
SjvO. monitoring enhances prognostication in intubated
TBI patients [62].

Brain ultrasonography

Brain ultrasonography offers a noninvasive method for
assessing ICP, CPP, and cerebral hemodynamics, par-
ticularly in patients where invasive techniques pose risks
or are impractical [63]. Two key modalities are optic
nerve sheath diameter (ONSD) and transcranial Doppler
(TCD) ultrasonography [64].

The optic nerve sheath communicates with the suba-
rachnoid space, and its diameter increases in response to
elevated CSF pressure [65]. As a result, ONSD measure-
ment serves as a surrogate for estimating ICP, with val-
ues >5.0 mm suggestive of elevated pressure [66].

TCD ultrasonography measures CBF velocities—pri-
marily in the middle cerebral artery (MCA)—and can
estimate ICP and CPP indirectly [67]. The pulsatility
index (PI), calculated as (systolic-diastolic velocity)/mean
flow velocity, correlates with ICP. A PI>1.2 suggests
elevated ICP (>20 mmHg), while a PI>1.4 may indicate
dangerously high ICP (>30 mmHg), potentially signaling
impending herniation [67].

TCD is also useful in assessing the cerebral effects
of ventilator changes. For instance, hyperventilation-
induced hypocapnia reduces CBF, which can be dynami-
cally observed as decreased flow velocities or increased
PI [68]. This feedback enables clinicians to fine-tune
ventilation strategies while monitoring cerebrovascular
impact [69].
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Near-infrared spectroscopy

Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nique that measures regional cerebral oxygen saturation
(rSO,) using light in the near-infrared spectrum [70].
Although limited to superficial cortical regions, NIRS
provides continuous cerebral oxygenation data, which
can be particularly valuable during interventions or in
settings where invasive monitoring is not feasible [70].

NIRS complements other neuromonitoring modalities
by providing real-time feedback on oxygenation status.
When used alongside ICP monitors, TCD, or PbtO,, it
enhances clinicians’ ability to detect and respond to cer-
ebral hypoxia [71]. For example, a decline in rSO; during
mechanical ventilation adjustments may signal impaired
perfusion, guiding changes in PEEP, FiO,, or hemody-
namic support.

Ventilation also impacts systemic hemodynamics,
influencing CPP through changes in MAP and ICP. Neu-
romonitoring systems—including NIRS—detect these
fluctuations, enabling early intervention to maintain cer-
ebral homeostasis and reduce the risk of secondary brain
injury [72].

Sedation and paralysis during mechanical ventilation

in ABI patients

Sedation plays a critical role in the management of
mechanically ventilated patients with ABI, exerting both
direct and indirect effects on cerebral physiology and ven-
tilatory synchrony. Commonly used agents, such as propo-
fol and midazolam, differ substantially in their profiles.
Propofol reduces the cerebral metabolic rate and facilitates
ICP control but may impair CO, clearance—potentially
worsening intracranial hypertension in patients with com-
promised autoregulation. Midazolam offers greater hemo-
dynamic stability but is associated with prolonged sedation
and delayed neurological evaluation [73].

Sedative selection and depth should be individual-
ized based on multimodal neuromonitoring, particularly
PbtO, and ICP, to optimize patient—ventilator interac-
tion, CO; clearance, and cerebral perfusion. A multina-
tional cohort study of 262 patients with severe TBI found
that propofol was the most frequently administered seda-
tive (35.4%), followed by midazolam (25.6%) [74]. Propo-
fol use was more common in patients with lower illness
severity, whereas midazolam was often co-administered
with opioids. Sedative choice was not independently
associated with 60-day mortality; rather, higher APACHE
II and Injury Severity Scores were the main predictors of
adverse outcomes.

Recent reviews have emphasized the importance of
tailoring sedation strategies to the evolving needs of ABI
patients. Propofol remains the agent of choice for ICP
control but carries a risk of propofol infusion syndrome
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at high doses. Midazolam is preferred in hemodynami-
cally unstable patients, although it may delay awakening
and prolong mechanical ventilation. A stepwise, indi-
vidualized approach—guided by ICP trends, cerebral
compliance, and multimodal data—has been proposed to
optimize sedation titration [75].

Recent reviews have emphasized the importance of
tailoring sedation strategies to the evolving needs of ABI
patients. Propofol remains the agent of choice for ICP
control but carries a risk of propofol infusion syndrome
at high doses. Midazolam is preferred in hemodynami-
cally unstable patients, although it may delay awakening
and prolong mechanical ventilation. A stepwise, indi-
vidualized approach—guided by ICP trends, cerebral
compliance, and multimodal data—has been proposed
to optimize sedation titration [76]. Bolus NMBA admin-
istration is effective in reducing transient ICP elevations
during tracheal suctioning or physiotherapy, but not
during bronchoscopy. A systematic review of 34 stud-
ies on NMBA use in TBI reported that non-depolarizing
agents such as atracurium variably reduced ICP, CPP, and
MAP, with inconsistent effects across studies [77]. Con-
tinuous NMBA infusions were associated with adverse
outcomes, including longer ICU stays, increased risk of
ventilator-associated pneumonia, and sustained peri-
ods of ICP>20 mmHg. While NMBAs may offer short-
term ICP control, their long-term impact on functional
and neurological outcomes remains uncertain, warrant-
ing careful risk—benefit assessment and intermittent
reassessment.

Conclusions

Mechanical ventilation in patients with ABI demands
a delicate balance between optimizing respiratory sup-
port and preserving cerebral physiology. Advances
in ventilatory strategies and neuromonitoring have
enhanced our capacity to individualize care, mitigate
secondary brain injury, and improve clinical outcomes.
Key parameters, including VT, airway pressures, and
PaCO,—must be meticulously adjusted to ensure lung
protection while maintaining adequate cerebral perfu-
sion and oxygenation.

Emerging approaches, such as multimodal brain moni-
toring and personalized ventilatory modes, offer promising
avenues for refining management. Future research should
focus on validating these strategies across diverse ABI phe-
notypes and integrating novel technologies that bridge the
interface between respiratory and neurological care.

By embracing a multidisciplinary, physiology-driven,
and evidence-based approach, clinicians can meaning-
fully influence the trajectory of recovery in ABI patients,
transforming critical care into a platform for both protec-
tion and repair.



Al Sharie et al. J Anesth Analg Crit Care (2025) 5:75

Acknowledgements
We would like to thank Moira Elizabeth Schottler, MBA, Rio de Janeiro, Brazil,
for editing assistance.

Authors’ contributions
SAS, CR, MS, PRMR wrote the main manuscript. SAS and PRMR prepared the
Figs. 1-3. All authors reviewed the manuscript.

Funding

PRMR received personal grants from the Brazilian Council for Scientific and
Technological Development (CNPg; grant 0306599/2023-6) and the Rio de
Janeiro State Research Foundation (FAPERJ; grant E-26/210.338/2022), none of
which supported the present work.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 6 August 2025 Accepted: 6 October 2025
Published online: 03 November 2025

References

1. Rubulotta F, Blanch Torra L, Naidoo KD, Aboumarie HS, Mathivha LR, Asiri
AY et al (2024) Mechanical ventilation, past, present, and future. Anesth
Analg 138(2):308-325

2. Pelosi P, Ball L, Barbas CSV, Bellomo R, Burns KEA, Einav S et al (2021) Per-
sonalized mechanical ventilation in acute respiratory distress syndrome.
Crit Care 25(1):250

3. Vella MA, Crandall ML, Patel MB (2017) Acute management of traumatic
brain injury. Surg Clin North Am 97(5):1015-1030

4. Beitler JR, Malhotra A, Thompson BT (2016) Ventilator-induced lung injury.

Clin Chest Med 37(4):633-646

5. Goossen RL, Schultz MJ, van Meenen DMP, Horn J, Rocco PR, Robba
C (2024) Optimizing protective ventilation in adults with acute brain
injury—challenging misconceptions and prioritizing neuromonitoring.
Expert Rev Respir Med 18(12):929-933

6. Paudel R, Trinkle CA, Waters CM, Robinson LE, Cassity E, Sturgill JL et al
(2021) Mechanical power: a new concept in mechanical ventilation. Am J
Med Sci 362(6):537-545

7. Yoon S, Zuccarello M, Rapoport RM (2012) PCO(2) and pH regulation of
cerebral blood flow. Front Physiol 3:365

8. North JB, Jennett S (1974) Abnormal breathing patterns associated with
acute brain damage. Arch Neurol 31(5):338-344

9. Battisti-Charbonney A, Fisher J, Duffin J (2011) The cerebrovascular
response to carbon dioxide in humans. J Physiol 589(Pt 12):3039-3048

10. Gouvea Bogossian E, Cantos J, Farinella A, Nobile L, Njimi H, Coppalini G
et al (2023) The effect of increased positive end expiratory pressure on
brain tissue oxygenation and intracranial pressure in acute brain injury
patients. Sci Rep 13(1):16657

11. Armstead WM (2016) Cerebral blood flow autoregulation and dysau-
toregulation. Anesthesiol Clin 34(3):465-477

12. Gomez JR, Bhende BU, Mathur R, Gonzalez LF, Shah VA (2025) Individual-
ized autoregulation-guided arterial blood pressure management in
neurocritical care. Neurotherapeutics 22(1):¢00526

13. Ito H,Kanno |, Ibaraki M, Hatazawa J, Miura S (2003) Changes in human
cerebral blood flow and cerebral blood volume during hypercapnia and
hypocapnia measured by positron emission tomography. J Cereb Blood
Flow Metab 23(6):665-670

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 10 of 12

Hawryluk GWJ, Aguilera S, Buki A, Bulger E, Citerio G, Cooper DJ et al
(2019) A management algorithm for patients with intracranial pressure
monitoring: the Seattle International Severe Traumatic Brain Injury Con-
sensus Conference (SIBICC). Intensive Care Med 45(12):1783-1794

Coles JP, Minhas PS, Fryer TD, Smielewski P, Aigbirihio F, Donovan T et al
(2002) Effect of hyperventilation on cerebral blood flow in traumatic
head injury: clinical relevance and monitoring correlates. Crit Care Med
30(9):1950-1959

Carney N, Totten AM, O'Reilly C, Ulliman JS, Hawryluk GW, Bell MJ et al
(2017) Guidelines for the management of severe traumatic brain injury,
fourth edition. Neurosurgery 80(1):6-15

Hoiland RL, Bain AR, Rieger MG, Bailey DM, Ainslie PN (2016) Hypoxemia,
oxygen content, and the regulation of cerebral blood flow. Am J Physiol
Regul Integr Comp Physiol 310(5):R398-413

Floyd TF, Clark JM, Gelfand R, Detre JA, Ratcliffe S, Guvakov D et al (2003)
Independent cerebral vasoconstrictive effects of hyperoxia and accom-
panying arterial hypocapnia at 1 ATA. J Appl Physiol 95(6):2453-2461
Robba C, Poole D, McNett M, Asehnoune K, Bosel J, Bruder N et al (2020)
Mechanical ventilation in patients with acute brain injury: recommenda-
tions of the European Society of Intensive Care Medicine consensus.
Intensive Care Med 46(12):2397-2410

Frisvold S, Coppola S, Ehrmann S, Chiumello D, Guérin C (2023) Respira-
tory challenges and ventilatory management in different types of acute
brain-injured patients. Crit Care 27(1):247

Papadakos PJ, Apostolakos MJ (1996) High-inflation pressure and posi-
tive end-expiratory pressure. Injurious to the lung? Yes. Crit Care Clin
12(3):627-34

Zunino G, Battaglini D, Godoy DA (2024) Effects of positive end-expira-
tory pressure on intracranial pressure, cerebral perfusion pressure, and
brain oxygenation in acute brain injury: friend or foe? A scoping review. J
Intensive Med 4(2):247-260

Giardina A, Cardim D, Ciliberti P, Battaglini D, Ball L, Kasprowicz M et al
(2023) Effects of positive end-expiratory pressure on cerebral hemody-
namics in acute brain injury patients. Front Physiol 14:1139658
Maciejewski D, Putowski Z, Czok M, Krzych +J (2021) Electrical imped-
ance tomography as a tool for monitoring mechanical ventilation. An
introduction to the technique. Adv Med Sci 66(2):388-395

Magder S (2012) Bench-to-bedside review: an approach to hemody-
namic monitoring—Guyton at the bedside. Crit Care 16(5):236

Monnet X, Teboul JL (2013) Assessment of volume responsiveness during
mechanical ventilation: recent advances. Crit Care 17(2):217

Michard F, Teboul JL (2002) Predicting fluid responsiveness in ICU
patients: a critical analysis of the evidence. Chest 121(6):2000-2008
Aries MJ, Elting JW, De Keyser J, Kremer BP, Vroomen PC (2010) (2010)
Cerebral autoregulation in stroke: a review of transcranial Doppler stud-
ies. Stroke 41(11):2697-2704

Stocchetti N, Maas Al, Chieregato A, van der Plas AA (2005) Hyperventila-
tion in head injury: a review. Chest 127(5):1812-1827

Robba C, Poole D, McNett M, Asehnoune K, Bésel J, Bruder N et al (2020)
Mechanical ventilation in patients with acute brain injury: recommenda-
tions of the European Society of Intensive Care Medicine consensus.
Intensive Care Med 46(12):2397-2410

Robba C, Battaglini D, Cinotti R, Asehnoune K, Stevens R, Taccone FS

et al (2024) Individualized thresholds of hypoxemia and hyperoxemia
and their effect on outcome in acute brain injured patients: a secondary
analysis of the ENIO study. Neurocrit Care 40(2):515-528

Robba C, Giardiello D, Aimondo C, Asehnoune K, Badenes R, Cinotti R

et al (2025) Ventilation practices in acute brain injured patients and asso-
ciation with outcomes: the VENTIBRAIN multicenter observational study.
Intensive Care Med. https://doi.org/10.1007/500134-025-07808-1
Sahetya SK, Mallow C, Sevransky JE, Martin GS, Girard TD, Brower RG et al
(2019) Association between hospital mortality and inspiratory airway
pressures in mechanically ventilated patients without acute respiratory
distress syndrome: a prospective cohort study. Crit Care 23(1):367
Mascia L, FanelliV, Mistretta A, Filippini M, Zanin M, Berardino M et al
(2024) Lung-protective mechanical ventilation in patients with severe


https://doi.org/10.1007/s00134-025-07808-1

Al Sharie et al. J Anesth Analg Crit Care

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

(2025) 5:75

acute brain injury: a multicenter randomized clinical trial (PROLABI). Am J
Respir Crit Care Med 210(9):1123-1131

Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A
(2000) Ventilation with lower tidal volumes as compared with traditional
tidal volumes for acute lung injury and the acute respiratory distress
syndrome. N Engl J Med 342(18):1301-1308

Le Gall A, Eustache G, Coquet A, Seguin P, Launey Y (2024) End-tidal
carbon dioxide and arterial to end-tidal carbon dioxide gradient are
associated with mortality in patients with neurological injuries. Sci Rep
14(1):19172

Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T et al (2013)
Prone positioning in severe acute respiratory distress syndrome. N Engl J
Med 368(23):2159-2168

Roth C, Ferbert A, Deinsberger W, Kleffmann J, Késtner S, Godau J (2014)
Does prone positioning increase intracranial pressure? A retrospective
analysis of patients with acute brain injury and acute respiratory failure.
Neurocrit Care 21(2):186-191

Humayun M, Premraj L, Shah V, Cho SM (2022) Mechanical ventilation in
acute brain injury patients with acute respiratory distress syndrome. Front
Med 9:999885

Young N, Rhodes JK, Mascia L, Andrews PJ (2010) Ventilatory strategies for
patients with acute brain injury. Curr Opin Crit Care 16(1):45-52
Vasconcelos RS, Sales RP, Lino JA, Gomes LGC, Sousa N, Marinho LS et al
(2021) Influences of assisted breathing and mechanical ventilator set-
tings on tidal volume and alveolar pressures in acute respiratory distress
syndrome: a bench study. Rev Bras Ter Intensiva 33(4):572-582

Song SY, Jung JY, Cho MS, Kim JH, Ryu TH, Kim Bl (2014) Volume-con-
trolled versus pressure-controlled ventilation-volume guaranteed mode
during one-lung ventilation. Korean J Anesthesiol 67(4):258-263

Chacko B, Peter JV, Tharyan P, John G, Jeyaseelan L. Pressure-controlled
versus volume-controlled ventilation for acute respiratory failure due

to acute lung injury (ALI) or acute respiratory distress syndrome (ARDS).
Cochrane Database Syst Rev. 2015;1(1):Cd008807.

Kallet RH, Campbell AR, Dicker RA, Katz JA, Mackersie RC (2005) Work

of breathing during lung-protective ventilation in patients with acute
lung injury and acute respiratory distress syndrome: a comparison
between volume and pressure-regulated breathing modes. Respir Care
50(12):1623-1631

Campbell RS, Davis BR. Pressure-controlled versus volume-controlled
ventilation: does it matter? Respir Care. 2002;47(4):416-24; discussion
24-6.

Singh G, Chien C, Patel S (2020) Pressure regulated volume control
(PRVC): set it and forget it? Respir Med Case Rep 29:100822
Ducharme-Crevier L, Beck J, Essouri S, Jouvet P Emeriaud G (2015) Neu-
rally adjusted ventilatory assist (NAVA) allows patient-ventilator synchrony
during pediatric noninvasive ventilation: a crossover physiological study.
Crit Care 19(1):44

Frisvold S, Coppola S, Ehrmann S, Chiumello D, Guérin C (2023) Respira-
tory challenges and ventilatory management in different types of acute
brain-injured patients. Crit Care 27(1):247

Cammarota G, Verdina F, Lauro G, Boniolo E, Tarquini R, Messina A et al
(2021) Neurally adjusted ventilatory assist preserves cerebral blood flow
velocity in patients recovering from acute brain injury. J Clin Monit Com-
put 35(3):627-636

Shah SD, Shah M, Anjum F. Neurally adjusted ventilatory assist (NAVA).
StatPearls. Treasure Island (FL): StatPearls Publishing Copyright © 2025,
StatPearls Publishing LLC,; 2025.

Buiteman-Kruizinga LA, Serpa Neto A, Schultz MJ (2022) Automation to
improve lung protection. Intensive Care Med 48(7):943-946

Arnal JM, Garnero A, Novonti D, Demory D, Ducros L, Berric A et al (2013)
Feasibility study on full closed-loop control ventilation (IntelliVent-ASV™)
in ICU patients with acute respiratory failure: a prospective observational
comparative study. Crit Care 17(5):R196

Piquilloud L, Polupan A, Matskovskiy I, Oshorov A, Novotni D, Laubscher
Tetal (2015) In neuro critical care, capnia can be optimally controlled
using a closed-loop ventilation system based on end-tidal CO2 signal
(IntelliVent-ASV®): preliminary results of a prospective interventional
study. Intensive Care Med Exp 3(1):A662

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

Page 11 of 12

Botta M, Tsonas AM, Sinnige JS, De Bie AJR, Bindels AJGH, Ball L et al
(2022) Effect of automated closed-loop ventilation versus conventional
ventilation on duration and quality of ventilation in critically ill patients
(ACTIVE) - study protocol of a randomized clinical trial. Trials 23(1):348
Barea-Mendoza JA, Molina-Collado Z, Ballesteros-Sanz M, Corral-Ansa

L, Misis Del Campo M, Pardo-Rey C et al (2024) Effects of PEEP on
intracranial pressure in patients with acute brain injury: an observational,
prospective and multicenter study. Med Intensiva 48(10):594-601

Boone MD, Jinadasa SP, Mueller A, Shaefi S, Kasper EM, Hanafy KA et al
(2017) The effect of positive end-expiratory pressure on intracranial pres-
sure and cerebral hemodynamics. Neurocrit Care 26(2):174-181

Hani L, Ropelato MD, Wagner F, Nowacki A, SoII' N, Haenggi M et al (2021)
Individualized brain tissue oxygen-monitoring probe placement helps
to guide therapy and optimizes outcome in neurocritical care. Neurocrit
Care 35(1):197-209

Svedung Wettervik T, Beqiri E, Bogli SY, Placek M, Guilfoyle MR, Helmy A
et al (2023) Brain tissue oxygen monitoring in traumatic brain injury: part
I-to what extent does PbtO(2) reflect global cerebral physiology? Crit
Care 27(1):339

Robertson CS, Gopinath SP. Goodman JC, Contant CF, Valadka AB,
Narayan RK (1995) SjvO2 monitoring in head-injured patients. J Neuro-
trauma 12(5):891-896

Siwicka-Gieroba D, Robba C, Gotacki J, Badenes R, Dabrowski W (2022)
Cerebral oxygen delivery and consumption in brain-injured patients. J
Pers Med. https://doi.org/10.3390/jpm 12111763

Boussarsar M, Thierry G, Jaber S, Roudot-Thoraval F, Lemaire F, Brochard L
(2002) Relationship between ventilatory settings and barotrauma in the
acute respiratory distress syndrome. Intensive Care Med 28(4):406-413
Senapathi TGA, Wiryana M, Sinardja K, Nada KW, Sutawan |, Ryalino C

et al (2017) Jugular bulb oxygen saturation correlates with Full Outline
of Responsiveness score in severe traumatic brain injury patients. Open
Access Emerg Med 9:69-72

Cardim D, Robba C, Bohdanowicz M, Donnelly J, Cabella B, Liu X et al
(2016) Non-invasive monitoring of intracranial pressure using transcranial
Doppler ultrasonography: is it possible? Neurocrit Care 25(3):473-491
Robba C, Cardim D, Tajsic T, Pietersen J, Bulman M, Donnelly J et al

(2017) Ultrasound non-invasive measurement of intracranial pressure

in neurointensive care: a prospective observational study. PLoS Med
14(7):21002356

Sheng J, Li Q, Liu T, Wang X (2022) Cerebrospinal fluid dynamics along the
optic nerve. Front Neurol 13:931523

Padayachy L, Brekken R, Fieggen G, Selbekk T (2016) Pulsatile dynamics
of the optic nerve sheath and intracranial pressure: an exploratory in vivo
investigation. Neurosurgery 79(1):100-107

O'Brien NF, Lovett ME, Chung M, Maa T (2020) Non-invasive estimation
of cerebral perfusion pressure using transcranial Doppler ultrasonog-
raphy in children with severe traumatic brain injury. Childs Nerv Syst
36(9):2063-2071

D’Andrea A, Conte M, Cavallaro M, Scarafile R, Riegler L, Cocchia R (2016)
Transcranial doppler ultrasonography: from methodology to major clini-
cal applications. World J Cardiol 8(7):383-400

Kaloria N, Panda NB, Bhagat H, Kaloria N, Soni SL, Chauhan R et al (2020)
Pulsatility index reflects intracranial pressure better than resistive index
in patients with clinical features of intracranial hypertension. J Neurosci
Rural Pract 11(1):144-150

Scheeren TW, Schober P, Schwarte LA (2012) Monitoring tissue oxygena-
tion by near infrared spectroscopy (NIRS): background and current
applications. J Clin Monit Comput 26(4):279-287

Steiner LA, Andrews PJD (2006) Monitoring the injured brain: ICP and CBF.
Br J Anaesth 97(1):26-38

Schranc A, Daniels J, Stidy R, Fontao F, Bijlenga P, Plourde G et al (2024)
Safety of flow-controlled ventilation with positive and negative end-
expiratory pressure in a swine model of intracranial hypertension.
Intensive Care Med Exp 12(1):117

Paramsothy J, Gutlapalli SD, Ganipineni VDP, Mulango |, Okorie 1, Arrey
Agbor DB et al (2023) Propofol in ICU settings: understanding and
managing anti-arrhythmic, pro-arrhythmic effects, and propofol infusion
syndrome. Cureus 15(6):e40456

Russo G, Harrois A, Anstey J, Van Der Jagt M, Taccone F, Udy A et al (2022)
Early sedation in traumatic brain injury: a multicentre international obser-
vational study. Crit Care Resusc 24(4):319-329


https://doi.org/10.3390/jpm12111763

Al Sharie et al. J Anesth Analg Crit Care (2025) 5:75

75. Oddo M, Crippa IA, Mehta S, Menon D, Payen JF, Taccone FS et al
(2016) Optimizing sedation in patients with acute brain injury. Crit Care
20(1):128

76. Ho ATN, Patolia S, Guervilly C (2020) Neuromuscular blockade in acute
respiratory distress syndrome: a systematic review and meta-analysis of
randomized controlled trials. J Intensive Care 8:12

77. Sanfilippo F, Santonocito C, Veenith T, Astuto M, Maybauer MO (2015) The
role of neuromuscular blockade in patients with traumatic brain injury: a
systematic review. Neurocrit Care 22(2):325-334

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12



	Bridging brain and lung: optimizing mechanical ventilation in acute brain injury
	Abstract 
	Introduction
	Pathophysiology of acute brain injury and ventilation challenges
	Mechanical ventilation in acute brain injury
	Clinical scenarios and practical ventilation strategies
	Ventilation modes and their impact on ABI patients
	Emerging modes of ventilation and their potential benefits in ABI patients
	Integration of advanced neuromonitoring
	Limitations and challenges
	Monitoring techniques in mechanical ventilation for acute brain injury
	Intracranial pressure monitoring
	Brain tissue oxygen monitoring

	Jugular venous oxygen saturation
	Brain ultrasonography
	Near-infrared spectroscopy

	Sedation and paralysis during mechanical ventilation in ABI patients

	Conclusions
	Acknowledgements
	References


