
Acute lung injury (ALI) occurs in 20–25% of the patients 
with isolated brain injury and is associated with a poor neuro-
logical outcome [1]. Patients with ALI admitted to the intensive 
care unit (ICU) often develop neuropsychological changes, as 
do patients recovering from acute respiratory distress syndrome 
(ARDS) [2]. This implies that there are close interactions be-
tween the brain and lung.

The progression of brain injury to ALI is commonly ex-
plained by the “double hit” model [3]. After the brain injury, i.e., 
the “first hit,” a catecholamine storm and inflammatory reaction 
both occur. Inflammatory reactions lead to the migration of 
neutrophils and activated macrophages into the alveolar spaces 
and ultrastructural damage to type II pneumocytes [4], while 
catecholamine release leads to increased hydrostatic pressure 
and capillary permeability in the pulmonary vessels [5]. The 
normal lung becomes a primed lung, which is very susceptible 
to further injurious stimuli, the “second hit.” The second hit can 
be an infection, transfusion, or inappropriate ventilatory setting 
with a large tidal volume and inadequate positive end-expiratory 
pressure (PEEP). The potentially injurious ventilation leads to 
stress and strain in the primed lung and results in alveoli inflam-
mation with neutrophil recruitment and cytokine production; 
ultimately, ALI develops [3]. Potential risk factors for develop-
ing ALI are altered initial brain computed tomography, a low 
Glasgow Coma Scale score, low PaO2/FiO, and the use of vaso-
active drugs [6].

During mechanical ventilation, stimulation of the mechano-

receptors or chemoreceptors located in ALI lungs generates in-
formation that reaches the central nervous system via humoral, 
neural, or cellular pathways [7]. Risk factors for the development 
of neurocognitive deficits include the length of ICU stay, dura-
tion of mechanical ventilation, use of sedatives or analgesics, 
increased cytokine levels, hypoxemia, hypotension, and hyper-
glycemia [8,9].

Protective mechanical ventilation is needed to minimize pul-
monary damage, improve cerebral blood flow, and reduce the 
interaction between pulmonary and cerebral damage in patients 
with brain injury. We must consider oxygenation, tidal volume, 
PaCO2, and PEEP for the proper management of patients with 
acute brain injury on mechanical ventilation [7]. Hypoxemia not 
only decreases cerebral oxygen delivery but also leads to cerebral 
vasodilation and increases intracranial pressure (ICP). More 
than 20% of the patients with severe traumatic brain injury 
experience episodes of hypoxemia resulting in secondary brain 
injury. Hypoxemia should be avoided [10]. Whereas a large tidal 
volume causes pulmonary and systemic inflammation, a small 
tidal volume increases PaCO2 and ICP. While protective me-
chanical ventilation with permissive hypercapnia is needed for 
patients with ALI, tight control of O2 and CO2 is needed for the 
patients with brain injury. One size does not fit all and, therefore, 
treatment should be individualized. The priority can change 
over time, i.e., sometimes it is brain over lung and at others it is 
lung over brain [7]. PEEP has both sides for the patient with an 
injured brain during mechanical ventilation. PEEP decreases the 
arterial pressure and cerebral blood flow and it impairs venous 
return and increases ICP [11], while it can recruit collapsed al-
veoli and improve oxygenation. To minimize interference with 
venous outflow, the PEEP should be lower than the ICP [12]. 
The PEEP should be monitored to determine whether it causes 
alveoli recruitment or over-distension. If possible, head eleva-
tion may be considered and close monitoring of hemodynamic, 
respiratory, and cerebral parameters is helpful in head-injured 
patients on mechanical ventilation [13]. In ARDS patients, the 
prone position might improve oxygenation and reduce ventila-
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tor-induced lung injury (VILI), but it cannot improve mortality. 
In patients with brain injury, the effects of the prone position 
on ICP are still controversial. When hypoxemia is a concern, 
the prone position can be used for patients with severe ARDS 
and traumatic brain injury [14]. High-frequency ventilation can 
reduce VILI and barotrauma, and has a minimal effect on ICP. 
Of note, the PaCO2 should be monitored frequently [15]. It can 
be considered for patients with ARDS and an elevated ICP who 

have failed with conventional ventilation. Extracorporeal mem-
brane oxygenation may be another consideration, but it carries 
a potential risk of cerebral bleeding [16]. In conclusion, the 
pathogeneses of both ARDS and acute brain injury both involve 
inflammatory reactions. Protective mechanical ventilation can 
provide safe oxygenation and maintain brain homeostasis. Clini-
cians must understand the clinical issues surrounding ventilator 
management in brain injury. 

References

1.	Holland MC, Mackersie RC, Morabito D, Campbell AR, Kivett VA, Patel R, et al. The development of acute lung injury is associated with 
worse neurologic outcome in patients with severe traumatic brain injury. J Trauma 2003; 55: 106-11.

2.	Hopkins RO, Jackson JC. Long-term neurocognitive function after critical illness. Chest 2006; 130: 869-78.
3.	Mascia L. Acute lung injury in patients with severe brain injury: a double hit model. Neurocrit Care 2009; 11: 417-26.
4.	McKeating EG, Andrews PJ, Signorini DF, Mascia L. Transcranial cytokine gradients in patients requiring intensive care after acute brain 

injury. Br J Anaesth 1997; 78: 520-3.
5.	 Inamasu J, Sugimoto K, Yamada Y, Ganaha T, Ito K, Watabe T, et al. The role of catecholamines in the pathogenesis of neurogenic 

pulmonary edema associated with subarachnoid hemorrhage. Acta Neurochir (Wien) 2012; 154: 2179-84.
6.	Contant CF, Valadka AB, Gopinath SP, Hannay HJ, Robertson CS. Adult respiratory distress syndrome: a complication of induced 

hypertension after severe head injury. J Neurosurg 2001; 95: 560-8.
7.	López-Aguilar J, Fernández-Gonzalo MS, Turon M, Quílez ME, Gómez-Simón V, Jódar MM, et al. Lung-brain interaction in the 

mechanically ventilated patient. Med Intensiva 2013; 37: 485-92.
8.	Hopkins RO, Weaver LK, Pope D, Orme JF, Bigler ED, Larson-LOHR V. Neuropsychological sequelae and impaired health status in 

survivors of severe acute respiratory distress syndrome. Am J Respir Crit Care Med 1999; 160: 50-6.
9.	Hopkins RO, Weaver LK, Chan KJ, Orme JF Jr. Quality of life, emotional, and cognitive function following acute respiratory distress 

syndrome. J Int Neuropsychol Soc 2004; 10: 1005-17.
10.	Stocchetti N, Furlan A, Volta F. Hypoxemia and arterial hypotension at the accident scene in head injury. J Trauma 1996; 40: 764-7.
11.	Huseby JS, Luce JM, Cary JM, Pavlin EG, Butler J. Effects of positive end-expiratory pressure on intracranial pressure in dogs with 

intracranial hypertension. J Neurosurg 1981; 55: 704-5.
12.	McGuire G, Crossley D, Richards J, Wong D. Effects of varying levels of positive end-expiratory pressure on intracranial pressure and 

cerebral perfusion pressure. Crit Care Med 1997; 25: 1059-62.
13.	Feldman Z, Kanter MJ, Robertson CS, Contant CF, Hayes C, Sheinberg MA, et al. Effect of head elevation on intracranial pressure, cerebral 

perfusion pressure, and cerebral blood flow in head-injured patients. J Neurosurg 1992; 76: 207-11.
14.	Reinprecht A, Greher M, Wolfsberger S, Dietrich W, Illievich UM, Gruber A. Prone position in subarachnoid hemorrhage patients with 

acute respiratory distress syndrome: effects on cerebral tissue oxygenation and intracranial pressure. Crit Care Med 2003; 31: 1831-8.
15.	Salim A, Miller K, Dangleben D, Cipolle M, Pasquale M. High-frequency percussive ventilation: an alternative mode of ventilation for head-

injured patients with adult respiratory distress syndrome. J Trauma 2004; 57: 542-6.
16.	Bein T, Weber F, Philipp A, Prasser C, Pfeifer M, Schmid FX, et al. A new pumpless extracorporeal interventional lung assist in critical 

hypoxemia/hypercapnia. Crit Care Med 2006; 34: 1372-7.


