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Chapter 18

RESPIRATORY SUPPORT OF THE NEUROCRITICALLY 
ILL: AIRWAY, MECHANICAL VENTILATION, AND 
MANAGEMENT OF RESPIRATORY DISEASES

Julian Bösel and David Seder

CLINICAL CASE

A 45 year-old woman presented to the ER after the sudden onset of severe headache and vomiting. 
On clinical exam, she exhibited meningismus and impaired concentration.  Her vitals were SpO2 95%, 
blood pressure (BP) 170/90 mmHg, heart rate (HR) 90 bpm, and respiratory rate (RR) 22. While await-
ing computed tomography (CT) of the head, she became increasingly obtunded, and when placed in 
the supine position for CT, vomited again. The CT showed diffuse subarachnoid hemorrhage. On her 
way back to the ER, she had a self-limited seizure and developed a dilated pupil on the right; in the 
Emergency Department she was comatose with dulled airway protective reflexes. The physican in 
charge decided to intubate, but did not use induction drugs because she was comatose. During laryn-
goscopy, however, she became agitated and bit the laryngoscope.  The BP rose and peaked at 220/110 
mmHg. Fentanyl and propofol were administered, which achieved sedation but decreased the BP to 
80/50 mmHg. After administration of volume and vasopressors the patient´s BP stabilized at 155/105. 
Despite the administration of rocuronium, intubation failed twice, but the physician was able to venti-
late by bag-mask, and placed an extraglottic airway device that was subsequently used as a conduit for 
endotracheal intubation. The patent was placed on a transport ventilator on continuous mandatory 
ventilation and taken to angiography. This showed a ruptured aneurysm of the right middle cerebral 
artery, right temporal hematoma, and hydrocephalus. A ventricular drain was placed, the aneurysm 
surgically clipped, and the patient returned to the neuro-ICU. For the next week, she had a clinical 
course complicated by aspiration pneumonia and acute lung injury, vasospasm, and elevated intracra-
nial pressure (ICP).  Lung-protective ventilation was initiated with low tidal volumes and an assisted 
ventilation mode, but not allowing hypercarbia due to concerns about ICP. The care team decided to 
start the weaning process, reduce analgesia and sedation, and initiated spontaneous breathing trials, 
which resulted in severe elevations of ICP.  Percutaneous tracheostomy was performed, and weaning 
initiated using pressure support ventilation. The patient was successfully weaned off osmotherapy 
and mechanical ventilation over another two weeks, decannulated, and transfered to a rehabilitation 
center breathing spontaneously.

INTRODUCTION

After brain or spinal cord injury itself, respiratory complications are the most important source of 
morbidity and mortality in the neuro-ICU.  Neurologically ill patients may develop respiratory com-
plications of their primary illness, such as aspiration pneumonitis and pneumonia following stroke 
or traumatic brain injury, may hypoventilate due to myasthenic crisis or advanced amyotrophic later-
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al sclerosis (ALS), may develop the Acute Respiratory Distress Syndrome (ARDS) due to any number 
of insults during their Intensive Care Unit (ICU) care, or may simply have significant underlying lung 
disease, making their respiratory care challenging for even the most experienced intensivist. Further-
more, because the lungs are an enormous source of cytokines and chemokines that fuel the systemic 
inflammatory response and contribute to remote organ failure, the lung may be an independent treat-
ment target in patients with brain injury [1,2].  As the severity of illness and complexity of patients 
managed in the neurological intensive care unit increases, neurointensivists are required to demon-
strate knowledge and expertise in the management of respiratory disease.  This chapter will review 
fundamental elements of respiratory physiology, pathophysiology, and support. 

Certain manuscripts published in the 1980s and 1990s suggested that neurological, and particularly 
cerebrovascular, patients requiring mechanical ventilation had an overall poor prognosis, and ques-
tioned the usefulness of life support in the neurocritically ill [3-6] while others indicated that even 
long-term ventilated neurological patients sometimes had a good outcome [7,8]. Mechanical venti-
lation in these studies was almost invariably used as an indicator of illness severity, and the key ele-
ments of its application were rarely described. 

Today, due to new medical and surgical therapies for cerebrovascular disease, improved mechanical 
ventilation and general ICU practices, more sophisticated prevention of secondary neurological injury, 
and dedicated treatment in specialized neurological intensive care units (NICUs), outcomes of the 
mechanically ventilated neurocritically ill have improved.  Accurate prognostication can rarely be per-
formed in the hours after presentation to the medical care system, and so airway and respiratory man-
agement must be initiated to prevent secondary brain injury during the stabilization phase of care.   
Although standard principles of airway and ventilation management from the general ICU can often 
by applied to the neurologically ill, some considerations specific to this population exist. These will be 
the focus of this chapter while general aspects will be briefly summarized or presented in tables.

FUNDAMENTAL PHYSIOLOGY AND PATHOPHYSIOLOGY OF THE RESPIRATORY SYSTEM

Control of breathing and neurogenic hypoventilation

Activity of respiratory pacemaker cells in the ventral and dorsal medulla is modulated by input from 
the pontine respiratory group, from chemosensitive areas of the brainstem that sense changes in 
hydrogen ion concentration locally, from afferent input arising in carotid and aortic chemosensors 
peripherally, and from afferent input arising in various receptors of the chest wall, lung, and airways.  
Although some redundancy in respiratory rhythm generators (RRGs) exists, lesions of the medulla 
and pons created by tumors, vascular malformations, radiation injury, multiple sclerosis, and other 
insults may lead to cessation of respiration or to unstable and irregular patterns of breathing such as 
those classically described in Figure 18-1. An increasing concentration of hydrogen ions, both centrally 
and peripherally, leads to increased rate and depth of breathing through efferent pontine inputs to 
the respiratory rhythm generators.  Although a hypoxic respiratory drive exists and may occasionally 
become important in the setting of chronic acidosis, hypoxia is a markedly less powerful stimulant of 
ventilation than acidosis.  Volitional input to breathing involves many areas of the basal ganglia and 
cerebral cortex.
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Figure 18-1. Classically described neurogenic patterns of respiration and their pathophysiological ori-
gins (a. Cheyne-Stokes, b. Central neurogenic hyperventilation,

c.  Apneustic breathing, d. Cluster breathing, e. Ataxic breathing) (From Kandel ER, Schwartz JH, Jessell 
TM, (2000).  Principles of Neural Science.  McGraw-Hill, New York, by permission.)

The respiratory impulse is conducted to muscles of respiration including the diaphragm (via the 3rd-5th 
cervical nerve roots), sternocleidomastoids, and intercostals and other accessory muscles (via cervical 
nerve roots below C5).  Following spinal stabilization, spontaneously breathing patients with spinal 
cord injuries involving the diaphragm should be placed in an upright position to maximize the activity 
of accessory muscles.  Patients with cord injury below C5 may have loss of intercostal function and be 
unable to splint the chest wall against diaphragmatic activity, leading to chest wall involution during 
inspiration.  This pattern resolves over weeks as the chest wall becomes rigid.

Central and Obstructive Apneas

Under ordinary circumstances, the human ventilatory drive depends on a robust chemoreceptor re-
sponse to elevated hydrogen ion concentrations, and an increase in systemic partial pressure of car-
bon dioxide (pCO2) of only a few mmHg results in a rapid increase in the rate and depth of respiration.  
Central apneas are manifested by either primarily decreased respiratory pacemaker activity, or by a 
blunted chemoreceptor response to acidosis.  The latter frequently occurs in disease states, such as 
advanced chronic obstructive pulmonary disease (COPD), neuromuscular respiratory failure, and ob-
structive sleep apnea, in which chronic hypoventilation and respiratory acidosis are present.  These 
patients typically have profound compensatory metabolic alkalosis, and in contrast to normal individ-
uals, may depend upon a heightened hypoxemic ventilatory drive to maintain adequate ventilation.  
When chronic hypoventilation is suspected, clinicians must remember to perform arterial blood gas 
analysis, and use caution when providing high concentrations of inspired oxygen in these patients.  Al-
though uncommon, it is possible to drive a chronically hypoventilating patient into hypercarbic coma 
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or even respiratory arrest by providing excessive oxygen.  Furthermore, as noninvasive positive pres-
sure ventilation (NPPV) is now frequently and appropriately utilized in this population, clinicians pro-
viding NPPV must remember to provide a backup respiratory rate, since the patient may fail to trigger 
the ventilator in response to rising systemic pCO2.  Finally, clinicians must remember that a “normal” 
or mildly decreased serum bicarbonate level in a sick patient with chronic respiratory acidosis and 
metabolic alkalosis may in fact reflect a profound metabolic acidosis, and must be aggressively inves-
tigated like any other metabolic acidosis.
 
Medications, especially narcotics, benzodiazepines, and barbiturates but also many other classes of 
commonly prescribed drugs, are by far the most common cause of central apnea, and should be sus-
pected whenever hypoventilation is present.  Narcotics suppress respiration by several mechanisms, 
but their effect on respiratory rhythm generation is perhaps most profound.  Sedating drugs are ex-
tremely dangerous and should be avoided whenever possible in patients with a tendency to hypoven-
tilation.  

Primary central apnea is uncommon in adults, but may be caused by lesions of the medulla and pons.  
Central apneas have been described in many neurodegenerative diseases, ischemic and hemorrhagic 
strokes, tumors, trauma, multiple sclerosis, as a side effect of surgery or radiation therapy, and many 
other conditions.  Because the ventilatory drive is weaker during sleep (and especially REM sleep) pa-
tients with impaired central ventilation may arrest during sleep – a phenomenon sometimes referred 
to as “Ondine’s Curse”, after a Greek myth in which an unfaithful lover is cursed to lose involuntary 
ventilation, so that he dies when he finally succumbs to sleep.  When central apnea seems to occur, it 
is important to distinguish the exact site of the lesion, since patients with lesions above the C2-C3 level 
and intact phrenic nerve and diaphragm function may benefit significantly from diaphragmatic pacing.

Obstructive sleep apnea (OSA) occurs when collapse of the upper oropharynx during sleep leads to 
airway obstruction, frequent arousals, distortion of normal sleep architecture, and progressively more 
profound episodes of hypoxia and hypercarbia which lead to complications in multiple organ systems.  
Sleep apnea in the general population is often due to a combination of congenital anatomical con-
siderations, obesity, and decreased pharyngeal dilator muscle tone, with many other potential con-
founding factors.  OSA is of fundamental concern in the neurocritically ill for two reasons: the severity 
of OSA in patients that suffer brain injury is typically worsened, and some patients may develop sleep 
apnea following brain injury.

Airway Protective Reflexes and Aspiration

Airway protective mechanisms include closure of the supraglottic folds and true vocal cords, upward 
and anterior displacement of the larynx, posterior propulsion (away from the airway) of solid and 
liquid materials in the oropharynx, and powerful cough reflexes at the glottis and vocal cords.  Should 
solids or liquids penetrate the trachea, cough receptors in the airway clear centrally positioned aspi-
rated materials, while mucus encapsulation and the continuous upward beating action of microvili 
lining the bronchial tree drive out more peripherally located foreign materials.  These defenses are 
impaired at multiple levels after brain injury, leaving the neurocritically ill at high risk for the develop-
ment of aspiration pneumonitis and pneumonia.
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Aspiration pneumonitis is classically described as caused by aspiration of large volume acidic gastric 
contents into the airways, causing tracheobronchitis and acid injury to the lung parenchyma.  This 
condition is rarely infectious, and does not usually require antibiotic therapy, though gas exchange 
abnormalities may be severe, and acute lung injury (ALI) ARDS may ensue.  Unfortunately, many inpa-
tients receive antacid medications, which lead to increased bacterial colonization of gastric contents.  
Neurological patients frequently aspirate stomach contents or oronasal secretions heavily colonized 
with bacteria, and these events are significantly more likely to develop into pneumonia than the “ster-
ile” aspiration episodes described above [9]. Two studies have demonstrated a decrease in the devel-
opment of pneumonia when patients with structural coma are treated empirically with a short course 
of broad spectrum antibiotics [10,11].

Avoidance of both large volume aspiration and chronic “microaspiration” of oropharyngeal secre-
tions is key to preventing pneumonia in the neurological patient, and strict measures are routinely 
taken to prevent aspiration.  Patients with bulbar dysfunction, decreased level of arousal, or ab-
normalities of voice or airway clearance, as well as all patients with stroke or traumatic brain injury 
(TBI), should have their swallowing function formally assessed prior to being fed by mouth. Further-
more, when patients are receiving tube feeds into the stomach, great caution should be taken with 
flat or Trendeleberg positioning.  Many brain injured patients require feeding tube placement, and 
some clinicians advocate for post-pyloric feeding tubes over gastric tubes [12,13]. Clinicians should 
avoid overuse of medications that impair GI motility, gastric acidity, or lower esophageal sphincter 
tone.

Neuromuscular Respiratory Failure 

Neuromuscular respiratory failure may occur in acute or chronic disease states such as Guillain-Barre 
syndrome and its variants, spinal cord injury, myasthenia gravis, amyotrophic lateral sclerosis ALS, 
muscular dystrophy, chronic idiopathic demyelinating polyneuropathy, and a host of other process-
es. Rapid identification of the etiology of weakness and initiation of appropriate treatment may pre-
vent progression to respiratory failure. Because atelectasis, retention of secretions, and subsequent 
development of pneumonia is a common pathway to respiratory failure in many of these disease 
states, aggressive early management of respiratory secretions and maintenance of an “open lung” 
with chest physiotherapy, cough assist, and noninvasive ventilation (NPPV) or continuous positive 
airway pressure (CPAP) administered intermittently by a face mask or nasal device, are early inter-
ventions that may prevent intubation and even the need for tracheostomy.  Unfortunately, many 
neuromuscular patients progress despite these interventions, have excessive secretions, or lack 
adequate bulbar function or consciousness to be safely managed in this way, and they should be 
intubated electively and under controlled circumstances to prevent catastrophic aspiration or even 
respiratory arrest [14-16].

It is routine and appropriate to monitor the progression of respiratory muscle weakness by measuring 
forced vital capacity (FVC) and negative inspiratory force (NIF) at intervals.  Although some clinicians 
use pulmonary function testing cutoffs to determine the need for intubation– for example a FVC < 
750cc or NIF > -20 mmHg, some of these individuals can be safely managed using noninvasive venti-
lation.  Newer noninvasive ventilators with alarms, mask-leak compensation software, and improved 
orofacial interfaces allow for successful noninvasive ventilation of many patients that previously re-
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quired intubation, so intubation criteria for patients with acute neuromuscular weakness should take 
into account disease physiology and the rate of worsening.  Many myasthenics in crisis can be man-
aged with closely monitored NPPV, either continuously or at intervals, because their condition often 
improves rapidly with treatment.  Conversely, Guillain-Barre patients or those with acute myelopathy 
are difficult to manage noninvasively, and frequently progress to require intubation and often trache-
ostomy.  

Many patients with chronic neuromuscular weakness that develops over a prolonged period have 
been safely managed using innovative ventilator strategies for years or even decades.  Utilizing a 
combination of nocturnal NPPV with a mask, an aggressive regimen of airway clearance includ-
ing cough assist, and daytime intermittent ventilation through an angled mouthpiece, one group 
has reported astounding success at keeping patients with certain forms of chronic neuromus-
cular weakness such as Duchenne muscular dystrophy and ALS adequately ventilated without 
tracheostomy and continuous mechanical ventilation.  These patients have better quality of life 
and fewer hospitalizations for pneumonia than similar patients who undergo early tracheostomy 
[17,18].

CENTRAL AND PERIPHERAL CAUSES OF VENTILATORY FAILURE IN NEUROLOGICAL DISEASE

Central ventilatory failure

All sorts of severe damage of the central nervous system, i.e. supra- and infratentorial brain or 
spinal cord lesions due to traumatic, vascular, infectious/inflammatory, metabolic, neoplastic or sei-
zure-related disorders, can cause respiratory failure. The complex connections between the cortical 
(volitional) respiratory centers and the autonomic centers in pons and medulla, as well as their con-
nections to the phrenic nerve and the upper motor neurons can be affected at every level. Injuries 
do not only result in changes to the respiratory rate or rhythm, but also dramatically affect airway 
protective reflexes and airway patency and thus impair ventilation (Table 18-1). Specific patterns 
of pathologic breathing (e.g. Cheyne-Stokes, Cluster, Biot) have been suggested for topographic 
diagnosis of lesion level. However, the correlation is not entirely reliable and also many patients 
with such impaired breathing arrive at the ER/NICU intubated and ventilated thus not allowing for 
breathing pattern recognition. 

Peripheral ventilatory failure

The connections (phrenic nerve, lower motor neurons) to the respiratory muscles, i.e. diaphragm 
(80% of ventilatory force), intercostal and accessory muscles, can be damaged by inflammatory, toxic 
or degenerative disorders (Table 18-2). Inflammatory neuromuscular diseases and myopathies are 
other causes of peripheral ventilatory failure. It has to be kept in mind that central ventilator drive is 
intact and only the efferent part of the system is compromised.  This has implications for the type and 
setting of mechanical ventilation, as well as for weaning strategies.
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GENERAL PRINCIPLES OF NEUROCRITICAL CARE AIRWAY MANAGEMENT
 
General principles for airway management in non-neurological ICU patients [19,20] and in the neuro-
critically ill [21] have been presented in various reviews.

Preintubation neurological assessment

Especially in the Emergency Department, the intubating physician or provider is likely to be the last 
person to assess the patient prior to administration of analgesic and sedative medications.  This is a 
grave responsibility, as many critical treatment decisions follow from the neurological findings, and it 
is incumbent upon the intubator to spend a few minutes, often while preparations for intubation are 
underway, to rapidly assess and document the neurological examination.  Although the neurological 
examination should never delay an emergency intubation, a routine pre-intubation neurological 
assessment should never be omitted in a neurologically ill patient when it is reasonable to do so.  In 
such patients, the following assessment is considered acceptable, and should take only 2-3 minutes 
to perform:

1. General level of arousal and interaction, and the presence or absence of cortical findings such 
as aphasia, neglect, gaze preference, or visual field deficits

2. Cranial nerve reflexes
3. Motor examination in each extremity and the face
4. Sensory findings in each extremity and sensory level, in the case of suspected or known spinal 

cord injury
5. Reflexes in each extremity
6. Motor tone
7. The presence or absence of subtle or overt convusions

Airway assessment, and consideration of the difficult airway

Because of the high risk involved, every airway should be regarded as potentially difficult in the ICU 
setting, and the situation ”can´t ventilate, can´t intubate“ anticipated, avoided, or adequately man-
aged. The reader is directed to reviews on this particular topic [22], including the recommendations 
of the American Society of Anesthesiologists [23] and the Difficult Airway Society [24,25] that contain 
helpful algorithms. These principles will not be repeated here in detail but their core elements will be 
empasized. As the guidelines primarily describe operation room (OR) or emergency department (ED) 
management, they require adaptation to fit the ICU scenario. Airway management in the ICU or the 
emergency room (ER) is different from the more elective OR situation. Twenty percent of all critical 
incidents in the ICU are airway-related [22]; difficult intubation is encountered in the non-OR setting in 
about 10% (about twice as often as in the OR setting) [20]. Complications associated with difficult air-
way management include hypoxemia, hypotension, esophageal intubation, aspiration, cardiac arrest 
and death, reported at rates between 5 and 40% [20]. In a prospective registry for England and Wales 
between 2005 and 2007, more than 1000 airway incidents in the ICU were reported, 18% at intuba-
tion, 5% during tracheostomy placement and 82% as postprocedural problems [26]. Implementations 
of difficult airway algorithms have been shown to half the number of intubation-related cardiac arrest 
[27] and substantially reduce the number of overall complications [28].
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The importance of adequate preparation for intubation cannot be overstated.  Multiple factors can 
make routine airway management in the ICU or ED challenging (Tables 18-3 and 18-4).

Five criteria are associated with difficult mask ventilation (DMV) in the OR setting (>2 criteria): age > 55 
years, body mass index >26 kg/m2, presence of beard, lack of teeth, history of snoring [29]. These can 
be memorized by the acronym OBESE (Obese, Bearded, Elderly, Snoring history, Edentulous). Although 
many scores and classifications (i.e. Mallampati, modified Mallampati, Cormack and Lehane, sterno-
mental distance, etc.) and the combination of these have been suggested for prediction of the difficult 
airway, most lack support from confirmatory studies and were insufficiently investigated in the ICU/
ED situation. More helpful in the latter time-pressing situation and validated at least in the emergency 
setting are easy-to-use scores such as LEMON (3 Look criteria, 3 Evaluate criteria, Mallampati score, 
airway Obstruction and Neck mobility) [30] or simple maneuvers such as putting three fingers into the 
mouth and between chin and thyroid bone of the patient.  Despite these commonly employed tools, 
prediction of the difficult airway remains unreliable, and it is important to be prepared, with special 
equipment and expertise available on short notice (Table 18-5). Two patient groups deserving special 
awareness and anticipation of airway difficulties are trauma patients with potential facial/pharyngeal 
injuries or spine fractures (manual and device-supported inline neck stabilisation necessary at intuba-
tion) and morbidly obese patients [19]. In both, fiberscopic airway management might be warranted.
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Initiating airway protection

In Critical Care, it may be necessary to intubate a patient as soon as the option has been considered. 
Criteria or indications for establishing an airway are shown in Table 18-6.

Means of airway protection

A multitude of means, techniques and devices for “securing” an airway exist, the choice of which de-
pends on the severity of the situation, the setting, the skills and experience of the team, and patient 
factors [19,20,22]. Most importantly, the techniques by which the airway is secured or established 
need to be practiced under supervision of an experienced airway manager, and the care team to 
familiarize itself with airway adjunct devices present in their practice environment (Tables 18-7 and 
18-8). Some traditional customs of airway management have recently been questioned. The so called 
”sniffing position“ that is meant to align oral, pharyngeal, and laryngeal axes did not appear to be 
superior to simple head extension in magnetic resonance imaging (MRI) [31] and clinical randomized 
studies [32]. The sniffing position might have advantages in obese and neck-fixed patients, but optimal 
positioning has not been clarified for ICU airway management. It is sometimes helpful to remove the 
board from the head of the bed, put the head of the bed in a ramped (reverse Trendelenberg) posi-
tion and place support under the occiput of the slightly extended and tilted head. A better view can 
sometimes be obtained by lifting and moving the head with the right hand while the left manipulates 
the laryngoscope.
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Rapid sequence intubation (RSI) that is traditionally recommended for emergency intubation of a 
patient with a full stomach and involves cricoid pressure to occlude the esophagus (Sellick maneuver) 
and simultaneous application of the fast-acting muscular blocker succinylcholine (i.e. rendering the 
patient completely apneic) is also controversial. Contrary to cadaver studies, more recent MRI studies 
showed that the esophagus is lateral to the larynx in > 50% of cases and left open by cricoid pressure, 
while the airway is compressed. In terms of cord visualization, cricoid pressure, as well as the other 
traditional maneuver BURP (thyroid cartilage Back, Upward, Right Pressure) were inferior to biman-
ual laryngoscopy where the free hand of the intubator (ideally leading the hand of a helper that then 
remains in place) moves the cords under vision into the perfect place. Overall, there seems to be little 
evidence that cricoid pressure reduces aspiration during intubation [19]. The drugs commonly used 
for airway management in the ICU are listed in Table 18-9.

Video laryngoscopy has dramatically improved urgent airway management because the camera lens in the 
distal part of the intubating blade provides an improved view of anterior airways, and eliminates some of 
the difficulty of poor mouth opening.  Used in conjunction with an angled intubating stylet (“Bougie” or 
“Eschmann stylet”) video laryngoscopy has made accessible to moderately experienced clinicians many 
airways previously accessible only to experts.  Video laryngoscopy also improves the safety of the training 
environment, as supervising clinicians can see what trainees are doing on the video screen [33].
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Among the many airway skills, high quality non-invasive mask ventilation is the most important. Most 
patients with respiratory failure can be managed safely for a prolonged time by mask ventilation, and 
an inexpert intubator can buy time until help arrives and a definitive airway solution can be provided. 
Nonetheless, many critically ill patients will at one point require endotracheal intubation, so this tech-
nique has to be mastered. At least one supraglottic airway device should also be available and familiar 
to the operator, in case intubation fails (for instance a laryngeal mask airway (LMA) has proved helpful 
[34]) – if an intubating LMA is utilized, it can later be used as a conduit for endotracheal intubation. 
Laryngoscope blades for tube loading, augmented by video/fiberscopic or patented lens systems can 
also be helpful, but have not been evaluated systematically in the ICU setting [19]. Retrograde intu-
bation is another somewhat more complex and less often applied alternative, if antegrade intubation 
fails. Fiberoptic intubation is typically employed in special situations such as anatomical obstructions 
of the airway, neck injuries, or awake and cooperative patients scheduled for a nasal intubation.  It is 
also a useful technique when the cervical spine is compromised.
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Cricothyroidotomy is the preferred emergency surgical airway strategy, and is preferable to tracheos-
tomy in emergency circumstances because of the proximity of the cricothyroid membrane to the skin, 
and higher likelihood of rapid and successful access.  Tracheostomy is sometimes urgently performed 
when surgeons with extensive tracheostomy experience prefer a familiar and rapid procedure in an 
emergency to one they rarely perform. 

A note on emergency airway management 

Even in an emergency, no clinican should go into an intubation without a well-conceptualized backup 
plan, in case a straightforward intubation turns out to be a difficult intubation or difficult bag-mask 
ventilation case.  Examples of such backup plans include application of an appropriate-sized laryngeal 
mask airway, fiberoptic intubation, equipment close at hand for a surgical airway, or other special 
equipment with which the intubator has experience and expertise.  When a difficult airway is predict-
ed or identified, especially in the setting of hypoxia or difficult bag-mask ventilation, a highly expert 
intubator should be present or immediately available.

Discontinuing airway protection 

Discontinuing airway protection after re-establishment of spontaneous breathing requires that the pa-
tient has regained some airway protective reflexes [35], has an adequate cough and minimal respiratory 
secretions [36,37]. Extubation should be performed as soon as safely possible, but timing can be difficult 
to predict in the ICU, particularly if the patient had presented a difficult airway before. Between 5-10% of 
extubated ICU patients require re-intubation [19,21], and the percentage among patients with neurolog-
ical injury may be higher, because of the difficulty in predicting airway protective reflexes in an intubated 
patient. Reasons for extubation failure include abnormal airway reflexes, prolonged effects of analge-
sics and sedatives, reduced pharyngeal tone, occluded airway (blood, secretions etc.), reduced oxygen 
stores, laryngeal edema, respiratory exhaustion, inadequately treated heart failure or COPD, etc. Both 
re-intubation after failed extubation and delayed extubation are associated with a longer ICU-length of 
stay (ICU-LOS), more infections, and higher mortality [36]. Removal of the orotracheal tube or the tra-
cheostomy cannula to allow spontaneous breathing and airway protection requires a successful weaning 
process and spontaneous breathing trials (Table 18-10), and a back-up strategy for re-intubation.
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A positive cuff-leak test, i.e. the absence of air leak on deflation of the tube cuff, can indicate laryn-
geal edema and subsequent extubation failure [38,39], although this criterion for extubation is highly 
controversial. It is probably a useful additional criterium to guide the extubation decision. Laryngeal 
edema has been subjected to pre-extubation treatment with steroids. After decades of controversy 
on this practice, a recent systematic review and Cochrane evidence analysis confirmed that short-term 
prophylactic corticosteroids reduce extubation failure in the adult critically ill [40,41]. 

The optimal timing of tracheostomy is still unclear [42], but it is customary in many ICUs to assess the 
option to discontinue airway protection at the end of the first week of ventilation and to proceed to 
tracheostomy if this appears unlikely for the following week. The decision to tracheostomize might 
also follow failed extubation trials.

Tracheostomy

Tracheostomy is a valuable ventilation weaning procedure required by 10% of all ICU patients. Per-
cutaneous dilational tracheostomy (PDT) has been shown in several studies to be equal to if not ad-
vantageous over the surgical technique and can be provided by the intensivist quickly, safely and at 
low cost at the bedside [43-46]. Early problems with tracheostomy (bleeding, misplacement) arise in 
about 3%, and late problems (tracheo-innominate fistula, cannula occlusion, tracheal stenosis) in 1% 
of patients. Although generally safe and more secure than orotracheal tubes, inadvertent dislodge-
ment can be dangerous, and particular care has to be taken when changing tracheostomy tubes, as 
these situations can be life-threatening, especially if the upper airway is compromised, and intubation 
cannot be successfully performed [20]. 

GENERAL PRINCIPLES OF ICU MECHANICAL VENTILATION 

General recommendations for ICU mechanical ventilation have been presented in several very helpful 
reviews [47-49]. Basic principles of modern ICU ventilation are as follows.
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Basic principles of ICU ventilation

1. Although live-saving and indispensable for the majority of ICU patients, positive pressure me-
chanical ventilation is  not physiological  and  carries risks, such as barotrauma, volutrauma, 
and atelectrauma to the lung, ventilation-associated pneumonia, atrophy of respiratory mus-
cles, ventilator dyssynchrony leading to increased work of breathing,  and inducing  stress and 
agitation in the patient. Its duration should thus be kept as short as possible. The option to 
discontinue mechanical ventilation has to be evaluated every day [35].

2. Except in unusual circumstances (e.g. brain herniation), the aim of mechanical ventilation is 
maintenance of physiological homeostasis, including adequate but not excessive oxygenation, 
maintenance of normal pH and pCO2, and decreased work of breathing, without inducing lung 
injury or metabolic stress.  In patients at risk, lung-protective ventilation, i.e. applying low tidal 
volumes (6 ml/kg IBW) and limited end-inspiratory plateau pressure (< 30 cm H2O), should be 
adopted whenever possible.  This strategy was established to decrease mortality in the first 
ARDSNet low tidal-volume study [50] and has been the standard of care since then.  In patients 
with elevated lung compliance or elevated ICP, however, “permissive hypercapnea” and re-
spiratory acidosis are NOT recommended, due to the detrimental effects on cerebral vascular 
tone and ICP [21].

3. ALI and ARDS are syndromes that identify patients at risk of ventilator-induced lung injury, and 
demand special methods of ventilation. The ’open-lung“ concept involves low tidal volumes, 
limited plateau pressure, high levels of positive end-expiratory pressure (PEEP) and recruit-
ment maneuvers [51] although the latter were not confirmed to be clearly beneficial in a re-
cent Cochrane analysis [52].

4. No particular mode of ventilation has been proved superior in studies on patient outcomes. 
However, being able to choose from different modes can be helpful in addressing the individ-
ual patient´s ventilation needs. Whenever clinically advisable, it is beneficial to let the patient 
participate actively in the ventilation process, i.e. to establish an assisted (as opposed to a 
fully-controlled) ventilation mode as soon as possible. The reasons are that respiratory muscle 
atrophy and critical illness myopathy/polyneuropathy (CIM/CIP) can start to develop within 
the first days of ventilation [53], and fully-controlled ventilation requires more sedation and at 
times neuromuscular blockade, confounding the neurological evaluation.

5. Non-invasive ventilation can help avoid endotracheal intubation, but is largely reserved for 
cooperative patients with respiratory compromise caused by exacerbated COPD, asthma, my-
asthenic crisis, or cardiogenic pulmonary edema. It can be useful to support patients with early 
myasthenic crisis. It may also serve to facilitate liberation from mechanical ventilation, or assist 
with stabilization of spontaneous breathing after extubation [54].

In principle, invasive mechanical ventilation can be pressure-cycled (pre-set inspiratory pressure, vary-
ing tidal volume according to compliance of lung and thorax, more common in Europe) or volume-cy-
cled (pre-set tidal volume, varying pressures according to compliance of lung and thorax, more com-
mon in the United States). It is not clear that one mode is superior, although each may have benfits in 
certain populations. Among those used most often in ICUs are synchronized intermittent mandatory 
ventilation (SIMV) and Pressure support ventilation (PSV) [55]. In practice, these modes are frequently 
combined – for example, volume cycled ventilation is often set to be pressure limited, meaning that 
although a certain volume is targeted, pressures above a certain level are not tolerated, and under 
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such circumstances the tidal volume goals are not achieved.  A selection of ventilation modes are sum-
marized in Table 18-11 and more detailed information can be found in dedicated monographs [56-58].

Common lung-protective settings of the ventilator in the ICU are listed in Table 18-12, they can be 
approached in a step-wise de-escalative fashion [56, www.ardsnet.org] and have to be adapted ac-
cording to results of regular blood gas analysis (aims SatO2 > 95%, PaO2 < 60 mmHg, PaCO2 35-45 
mmHg) and clinical criteria (comfortable patient-ventilator interaction, no agitation, no signs of exces-
sive work of breathing).

Applying low tidal volume-cycled ventilation may result in reduced elimination of CO2, resulting in 
hypercapnia and respiratory acidosis. While this is accepted in the situation of ARDS as the concept of 
’permissive hypercapnia“, it may be problematic in brain-injured patients. 

Monitoring proximal airway pressure during volume-cycled ventilation can help to recognize causes 
of acute respiratory deterioration. While the peak inspiratory pressure is unchanged in pulmonary 
embolism or extrathoracic processes, and decreased in hyperventilation, its increase signals either 
airway obstruction if plateau pressure is unchanged, or decreased compliance if plateau pressure is 
increased [56]. When utilizing pressure control ventilation, a patient’s tidal volume and minute venti-
lation depend directly on lung compliance.  A patient with pneumothorax or acute pulmonary edema 
may trigger alarms for “low minute ventilation” – because of decreasing compliance, the same pres-
sure generates a small tidal volume, and minute ventilation declines precipitously.

The application of adequate PEEP is part of the open-lung ventilation concept.  PEEP improves oxy-
genation, maintains small airways open, and decreases shear trauma at the alveolar level. PEEP has 
hemodynamic implications, however – it reduces venous return and ventricular filling (preload), and 
at the same time facilitates systolic cardiac emptying (reducing afterload) to enhance cardiac output. 
It depends on intravascular volume. If intravascular volume is reduced, the net effect can be a reduc-
tion of cardiac output diminishing the oxygenating effect on tissue despite PEEP-related improved 
gas exchange [59]. This means that hypovolemia needs to be avoided in ventilated patients requiring 
significant levels of PEEP.
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Instrinsic or auto-PEEP develops because of air trapping in the alveoli from certain underlying lung 
diseases, in association with some ventilation modes, or simply in the combination of high inflation 
volumes and rapid respiratory rates. Acute increases in auto-PEEP are detected by a sudden rise in 
proximal airway pressure on occlusion of the tracheal tube at the end of expiraton (or observing the 
flow curve not returning to baseline after expiration). Although counter-intuitive, application of exter-
nal PEEP can reduce intrinsic PEEP by its stenting effect on small airways that facilitate alveolar emp-
tying. High inflation volumes should be avoided and enough expiration time allowed. Certain special 
situations, complications, and challenges of mechanical ventilation are listed in Table 18-13. 
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Weaning

Liberating the patient from mechanical ventilation (weaning) can be very challenging, especially in 
patients with underlying pulmonary disease and after prolonged ventilation. [35,60-63] The weaning 
period is often exhausting for the patient both physically and mentally, and is associated with a high 
incidence of delirium. There is no optimal method of weaning. Patients can be put on an assisted ven-
tilation mode and ventilator support gradually reduced (continuous mode of weaning); or mechanical 
ventilation can be interrupted by periods of spontaneous breathing, and the intervals extended over 
time (discontinuous mode of weaning). Randomized trials support both gradual reduction in ventilator 
support [64] and spontaneous breathing trials [65]; in both trials the (S)IMV mode was least helpful. 
The question of an optimal weaning mode may require testing in physiological subgroups of patients 
[66]. The application of weaning protocols has consistently produced superior results compared to 
unsystematic weaning in different subgroups of ICU patients. A particularly effective adjunctive meth-
od in difficult ventilator weaning seems to be non-invasive ventilation (NIV). Predictors of a successful 
weaning include a Rapid Shallow Breathing Index (RSBI, RR/Vt) < 105, maximal inspiratory pressure 
(MIP) > -20 cmH2O and minute volume (Ve) < 10L [67], and a successful spontaneous breathing trial 
(SBT) [63]. Naturally, the weaning process has to go hand-in-hand with de-escalation of sedation, ide-
ally following a sedation protocol. Steps that can help to successfully wean a patient from the ventila-
tor are summarized in Table 18-14.
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AIRWAY MANAGEMENT IN THE NEUROCRITICALLY ILL

Many patients with central respiratory failure do not have a primary problem with lung mechanics or 
gas exchange, but fail due to disordered respiratory control and inability to maintain a patent airway 
reliably isolated from the digenstive tract.  Many brain-injured patients have decreased volitional and 
reflex clearing of the airways, upper airway obstruction, disordered swallowing apparatus, loss of 
pharyngeal and glossal sensation, and dysphagia – a dangerous series of disorders that often results in 
aspiration pneumonitis, airway obstruction, or pneumonia.  Peripheral nerve disorders, i.e. neuronal 
or neuromuscular disease such as Guillain-Barré Syndrome (GBS), amyotrophic Lateral Sclerosis (ALS) 
or mysthenia gravis (MG) crisis, can cause severe impairment of lung mechanics but may also cause 
airway compromise by way of reduced capacity to cough, swallow, and close the airway during swal-
lowing – impairing severely the ability to clear saliva, vomitus, or secretions.

Non-invasive airway support

The airway should be supported by advantageous head positioning, frequent suctioning, application 
of nasal prongs or an oronasal mask for O2 administration, and possibly the insertion of oro/nasopha-
ryngeal airways – these principles apply to almost all neurological patients with respiratory compro-
mise.  These measures may be sufficient to maintain an open and safe airway in some patients with 
decreased levels of arousal, while others immediately fail and require placement of an invasive airway.  
Airway patency must be confirmed repeatedly, to verify whether patients remain arousable, coopera-
tive, not respiratorily exhausted, and still have adequate protective reflexes. Otherwise, endotracheal 
intubation is warranted. Respiratory failure can develop quite rapidly in neuromuscular patients that 
have appeared stable over long periods, and must be anticipated.
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Patients with impaired respiratory muscle strength and cough (such as those with myasthenia 
gravis or muscular dystrophy), should receive aggressive airway clearance techniques, including 
frequent suctioning, frequent use of cough assist devices, intermittent noninvasive positive pres-
sure ventilation to decrease atelectasis and maintain open basilar lung segments, and advantan-
geous body positioning.  The aggressive and regular application of such measures may prevent 
intubation in many neuromuscular patients if applied before respiratory muscle exhaustion and 
pneumonia develop.
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Intubation

The general criteria for intubation listed in Table 18-6 are guidelines, and must be applied using com-
mon sense and a broader understanding of the patient’s anticipated disease course.  Neurological 
patients in a period of decline often require intubation to prevent respiratory arrest, large-volume 
aspiration, or secondary brain injury due to hypoxia or hypoventilation.  Conversely, a stable or recov-
ering patient may sometimes be safely extubated despite impaired airway reflexes or decreased level 
of arousal.  

Because of relative volume depletion, the use of vasodilator agents, and impaired venous return due 
to the institution of positive pressure ventilation, intubation always involves the risk of inducing hy-
potension or rapid changes in blood pressure and cerebral perfusion. Many neurocritically ill patients, 
such as those with acute ischemic stroke, depend on steady blood pressure, and cerebral autoregula-
tion is often impaired after brain injury, so that systemic hypotension may result in critically decreased 
cerebral perfusion pressure (CPP).  Conversely, sympathetic surges triggered by discomfort, agitation, 
or anxiety during intubation may cause tremendous increases in blood pressure, leading to rerupture 
of aneurysm in SAH, hematoma expansion in ICH, or hemorrhagic transformation in ischemic stroke. 
Maintaining hemodynamic homeostasis during intubation is therefore a top priority in neurocritical 
care [68].

Hypotension during pharmacological induction for intubation is more likely in patients with severe 
underlying disease, a baseline MAP < 70 mmHg, age > 50 years, and with use of propofol or high doses 
of fentanyl as induction drugs [69]. Thiopental is another agent that causes hypotension. Etomidate 
is often appropriate for induction of cerebrovascular patients due to its decreased tendency to cause 
vasodilation, though reports of etomidate lowering the seizure threshold make it a less ppealing in-
duction agent in status epilepticus or when the risk of seizures is high.[70-72] Ketamine does not 
cause decreased blood pressure, and prior reports of increases in intracranial pressure (ICP), appear 
to be unfounded. 

Rapid sequence induction (RSI) is commonly recommended to prevent vomiting and aspiration in 
non-fasting patients.  RSI calls for the administration of a short-acting neuromuscular blocker agent.  
Succinylcholine provides excellent intubation conditions (i.e. complete oropharyngeal and respiratory 
muscle relaxation and an open glottis), but intensivists should consider that succinylcholine can in-
duce small, but at times relevant (e.g. in traumatic brain injury) ICP increases, and can cause rhabdo-
myolysis and hyperkalemia in patients with seizures, neuromuscular disease, or following prolonged 
immobilization. As the non-depolarizing muscular blocker rocuronium has been found comparable to 
succinylcholine in a recent Cochrane analysis of almost 40 good-quality studies on the subject [73], 
the authors recommend rocuronium as an alternative to succinylcholine, and suggest that neuro-
muscular blockers can sometimes be safely avoided using adequate muscle relaxants, analgesics, and 
sedatives with amnestic properties. Other indications for neuromuscular blockade include invasive 
procedures (tracheostomy), states of severe muscular overactivity, inabilty to otherwise ventilate the 
patient, and early ARDS [74].

Intubation of TBI patients in the pre-hospital or early ED phase has been found beneficial in several 
studies, so this procedure has been included in the guidelines of the Brain Trauma Foundation [75] for 
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TBI patients with a GCS < 8. While there is little doubt in the overall value of these recommendations, 
some studies suggest that real-life adherence to this guideline is quite low and that improper techni-
cal skills and duration of the intubation process as well as early unintentional hyperventilation (with 
subsequent cerebral vasocontriction and compromised brain perfusion due to hypocapnia) can cause 
considerable harm. Intubating head trauma patients can be challenging, not only in the case of facial 
trauma with direct airway involvement, but also because about 10% have associated cervical spine 
injury.  Airway management in all trauma patients must involve in-line traction and stabilization of the 
neck (by hands of an assistant and then by using a stiff-neck-device).  As conventional laryngoscopy 
and intubation might be difficult or impossible in that situation, awake fiberoptic intubation, if feasi-
ble, is a reasonable option, and in cadaver models produces the smallest amount of anterior-posterior 
spinal displacement. Alternatively, urgent cricothyroidotomy may be indicated if major facial or airway 
trauma is present. Although these and other options seem appropriate and acceptable, no outcome 
studies exist to allow favoring one technique over the other [76].

Patients suffering acute ischemic stroke from large vessel occlusion require special consideration, es-
pecially those being intubated in anticipation of endovascular revascularization. Many intervention-
alists prefer to have these patients intubated and put on general aesthesia for several (unproven) 
technical and safety reasons [77]. A few retrospective studies, however, suggest possible harm when 
intubation for stroke intervention was compared to noninvasive airway management including con-
scious sedation [78-80], possibly owing to time delay, hypotension, and unintentional hyperventila-
tion with subsequent detrimental vasoconstriction in the penumbra.  A recent consuensus statement 
of the Society for Neuroscience in Anesthesiology and Critical Care suggested that patients suffering 
posterior circulation large vessel occlusions might be best managed with endotracheal intubation, due 
to the tendency of such patients to suffer central respiratory failure, while those with anterior circula-
tion compromise and a widely patent airway might be safely managed using conscious sedation [68].

Patients with status epilepticus need to be intubated if seizures cannot be terminated during the 
first steps of treatment and one has to proceed to the use of general anesthesic agents. However, 
respiratory depression by benzodiazepines, the accepted first-line treatment agents, can lead to early 
emergency intubation, especially if standard dose ranges are exceeded. In a study of more than 200 
patients with status epilepticus, 45% patients in the group receiving excessive doses of benzodiaze-
pines had to be intubated compared to only 8% in the standard dose group [81]. Lorazepam seems to 
be associated with less respiratory depression than other benzodiazepines. 

Extubation

Extubation is considered in patients with cardiopulmonary stability and improving or stable neuro-
logical status. While classical extubation criteria prefer an awake and cooperative patient, this is not 
realistic in the neurological ICU, where patients might present with aphasia, anarthria, apraxia, agita-
tion, delirium or a reduced level of consciousness depending on their injuries. Even patients with neu-
romuscular disease or CIP/CIM that should have preserved cerebral capacity, can develop delirium, 
psychosis, mutism, cranial nerve-related communication deficits, agitation and especially anxiety (at 
times a kind of ventilator-dependency), making the extubation decision similarly challenging. There-
fore, extubation is often delayed in NICU patients [2].
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Classical extubation criteria (Table 18-14) have failed to predict extubation failures in the Neuro-ICU.  
Extubation failure occurs at a rate of 15-35% in patients with brain lesions [2,82-85]  and 30-40% in 
patients with neuromuscular disease such as MG [86].  Non-specific variables like sputum impac-
tion, secretion load and viscosity, duration of ventilation or underlying diaseases such as COPD or 
obstructive sleep apnea (OSA) have a predictive role for extubation failure, yet neurological disease 
adds many additional complex variables related to respiratory regulation, airway patency, protective 
reflexes, and pharyngeal sensory function. A few disease-specific predictors of extubation success are 
the ability to follow four simple commands or a higher GCS in patients with brain lesions, and a strong 
cough in neuromuscular patients. 

Extubation delay in the neurocritically ill, including patients not meeting classical extubation criteria, 
may lead to increased rates of ventilator-associated pneumonia (VAP) and prolonged ICU-length of 
stay (LOS), while patients extubated earlier or later do not seem to differ with regard to re-intubation 
rate [37].  A small pilot study randomized 16 brain-injured NICU patients and saw similar complications 
or functional outcome at discharge between patients extubated immediately after meeting respirato-
ry extubation criteria and those re-evaluated and extubated later because of coma [87]. Although the 
timing of extubation in the neurocritically ill requires further prospective research, coma should not 
be the only reason to withhold weaning or extubation from these patients. Rather, particular attention 
should be paid to the presence of adequate cough and minimal secretions [37].  Following extubation, 
all measures must be taken to avoid aspiration - a frequent event in the Neuro-ICU population [88]. 
Endoscopic swallowing tests that do not require cooperation of the patient have been successfully 
applied in stroke, and might help guide extubation decisions in other neurocritically ill patients [89]. 

Tracheostomy

While 10-20% of ICU patients receive a tracheostomy during their stay, this rate is about 35-45% in 
NICU patients [2, 90]. This may reflect that NICU patients often do not have compromised pulmonary 
function but rather lack capacity to protect the airway and handle secretions. A retrospective study 
suggested that among ICU patients, the neurological/neurosurgical ones were those fastest to be 
weaned from the ventilator [91]. Two restrospective studies in patients with intracerebral hemor-
rhage (ICH) found that ganglionic location, hematoma volume, hydrocephalus, midline-shift, low GCS 
and presence of COPD were predictors of traqueostomy requirement [92,93]. The optimal time point 
for tracheostomy was restrospectively investigated in cerebrovascular patients [8,94]; the studies sug-
gested that duration of ventilation and ICU-length of stays are reduced in patients recieving earlier 
tracheostomy. This could not be confirmed in the only prospective randomized trial on early tracheos-
tomy (up to day 3 vs day 7-14 from intubation) in ventilated NICU stroke patients [95]. However, the 
study showed that early tracheostomy is safe, feasible and reduces sedative demand.

Until the potential benefits of early tracheostomy in NICU patients are clarified in larger prospective trials, 
it is probably reasonable to proceed to tracheostomy as part of a weaning protocol if extubation trials failed 
or were deemed not feasible. Sometimes it becomes apparent within the first week of ventilation if NICU 
patients will have to receive a tracheostomy in their clinical course, such as those with severe axonal GBS 
rapidly proceeding to tetraplegia [96] or with extensive brainstem hemorrhage. If such a situation is not 
judged futile, if patient´s and family´s will is in accordance, and if the care team is convinced that tracheos-
tomy is necessary there is no reason why this should be delayed. Compared to an orotracheal tube, a tra-
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cheal cannula produces less respiratory dead space and can thus reduce work of breathing. In a small study 
in TBI patients, tracheostomy led to improved pulmonary mechanics, i.e. reduced peak airway pressure and 
better dynamic compliance [97]. It may thus serve as an adjunct to a difficult weaning process. The proce-
dure itself, regardless if surgical or percutaneous and regardless of the time point, can be associated with 
transient ICP increases and measures to prevent this should be undertaken (head of bed slightly elevated, 
avoidance of hypoventilation, sufficient sedation and analgesia etc.).
 
MECHANICAL VENTILATION IN THE NEUROCRITICALLY ILL 

The optimal method of mechanical ventilation has not been established for the neurocritically ill, and 
given the spectrum of neurological disease (e.g. central vs peripeheral), different patients ages (e.g. 
young TBI vs older stroke patients), and comorbidities (e.g. heart failure, COPD, asthma), an optimal 
method may not exist and must be individualized. Most principles of modern ICU ventilation apply in 
the NICU as well, and in particular there is no reason to withhold lung-protective (i.e. low tidal volume, 
limited plateau pressure) ventilation in the neurological patient. However, some pathophysiological 
aspects should be kept in mind.

Starting mechanical ventilation

Retrospective studies in cerebrovascular patients have shown mechanical ventilation is more com-
monly required because of progressive decline in consciousness with loss of airway protection, sei-
zures, and congestive heart failure with subsequent pulmonary edema [3,5,6,98]. The need to me-
chanically ventilate the NICU patient with central respiratory failure may become obvious rapidly, as 
criteria of respiratory failure and thus indications for intubation (see above) are often clearly evident. 
It might be less obvious in peripheral neuronal or neuromuscular disease, where respiratory failure 
can evolve in a more gradual fashion and then suddenly turn into an emergency situation [99]. These 
patients with GBS, botulism, myasthenia gravis (MG), Lambert-Eaton myasthenic syndrome (LEMS), 
ALS, or CIP/CIM need to be monitored very closely as not few of them have lost their lives due to a 
lack of attention on regular or intermediate care wards. Warning signs of peripheral respiratory failure 
are presented in Table 18-15.

In these patients, non-invasive ventilation (e.g. BiPAP via oronasal mask) may help to compensate a respi-
ratory crisis and avoid intubation. This has been shown particularly in patients with MG crisis [100,101]. 
Case reports and series on non-invasive ventilation in GBS do also exist. However, most severe GBS cases 
require long-term invasive ventilation as predicted by rapid progression of weakness  in upper and lower 
limb weakness, neck and bulbar weakness and bilateral facial palsy [102] or the combination of loss of 
foot flexion ability and sciatic nerve conduction block [103]. Non-invasive ventilation is very time-con-
suming, requires a higher therapist-patient ratio, wakefulness and cooperation on the side of the patient 
as well as fairly compensated blood gas and acid-base parameters and the presence of airway protective 
reflexes. Other than in MG crisis, it might be applicable in ALS, intoxications, as a support in weaning (see 
below) and to treat mild exacerbations of COPD and cardiogenic pulmonary edema. It can also be used in 
some less severely afflicted stroke patients to avoid intubation and ICU admission, but apart from these 
situations it plays a minor role in neurocritically ill patients. In a recent multicenter study on ventilation 
management in about 4968 ICU patients, non-invasive ventilation was used in only 1% of the 938 neuro-
logical patients, as compared to 12% in non-neurological patients [2].
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Maintaining mechanical ventilation: physiology and parameter settings

After invasive ventilation is initiated, the choice of ventilation modes and parameter settings should 
follow general principles (see above). Some aspects, however, deserve particular consideration in the 
neurocritically ill.

Oxygenation is the main goal of mechanical ventilation to provide the essential brain nutrient besides 
glucose. It is important to aim for tissue oxygenation and not for arbitrary levels of oxygen in the 
blood, however. Toxic levels of oxygen (as caused by FiO2 > 0.6 in patients that are not hypoxemic) 
should be avoided. There ample evidence from experimental and some human studies that hyperoxia 
is associated with tissue damage resulting from free oxygen radical formation, lipid peroxidation and 
other mechanisms. It might also impede brain perfusion by a not completely understood process 
called hyperoxia-related cerebral vasoconstriction that might theoretically even lead to secondary 
ischemia [104-107]. Although the clinical relevance of this hypothesis has not been confirmed suffi-
ciently in NICU patients [108], it seems reasonable to aim for normoxemia but not hyperoxemia. Im-
proving cerebral oxygenation is not limited to increasing the FiO2 or the aggressiveness of ventilation, 
but can also be achieved by reducing cerebral oxygen demand via reducing work of breathing, and 
treating infections, fever, agitation, delirium, shivering, and seizures, and employing certain sedatives 
that reduce the cerebral metabolic rate of oxygen (CMRO2). 
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Normocarbia may be an even more important aim in the NICU patient, as PaCO2 plays such a prominent role 
in determining cerebral blood flow (CBF) via pH changes in both directions, as long as  cerebral autoregulation 
is intact (which is often not the case in brain-lesioned patients but difficult to determine). Both hypercarbia 
with subsequent fall in pH, cerebral vasodilation, increase in CBF, rise in ICP and hypocarbia with subsequent 
rise in pH, cerebral vasoconstriction, decrease in CBF, risk of secondary ischemia might be detrimental, de-
pending on the extent and duration of the derangement, the specific neurological disease and its stage (acute 
vs subacute). Changes in PaCO2 may have very different implications for an SAH patient with vasopasm than 
for a TBI patient with brain edema. The concept of permissive hypercarbia used when treating ARDS may 
be problematic in brain-injured patients and neuromonitoring should be performed if this is performed. Hy-
perventilation is used to induce hypocarbia and high pH to reduce raised ICP rapidly. However, if applied 
chronically or prophylactically, it may be associated with higher morbidity and mortality, as was shown in TBI 
patients [109,110]. Based on the above considerations and because the ICP-reducing effect is short-lasting 
[111,112], hyperventilation should only be applied transiently for ICP lowering to gain time before more de-
finitive measures can be undertaken (e.g. while rushing patients to the OR for decompressive surgery). 

The application of increased PEEP in TBI patients with lung injury can lead to increased ICP, at times to 
dangerous levels [113].  Indeed, application of higher PEEP seems to be avoided by ICU physicians treat-
ing neurological patients [2]. The ICP-increasing effect has been linked to raised intrathoracic pressure 
with subsequently reduced venous return from the brain, based mainly on animal experiments and 
pathophysiological considerations. Alternatively or additionally, reduced cardiac output and reduced 
MAP, in itself potentially detrimentral via reduced CPP) can lead to raised ICP indirectly via reductions on 
cerebral blood flow (CBF) and brain oxygenation. However, the individual patient´s ICP reaction to raised 
PEEP seems to vary greatly, probably according to their lung and ventricular compliance, as those with 
normal or poor pulmonary compliance seem not to show relevant PEEP-associated ICP crises [114]. For 
NICU patients with lung injury already at critical baseline ICP levels, high-frequency ventilation (HFOV), 
separating oxygenation and ventilation without relevant impact on venous outflow, may be an alterna-
tive that, however, has hardly been studied in the NICU [115,116]. In patients with severe stroke, raised 
PEEP did not produce significant ICP changes (but did cause reductions in MAP and thus CPP) [117]. Also, 
PEEP application can be of paramount value to achieve adequate oxygenation, i.e. the primary prereq-
uisite for brain integrity, and should not be subordinated to potential changes in ICP. Furthermore, no 
increase in mortality has been linked to the use of PEEP in brain-injured patients so far. In essence, NICU 
patients that are in need of improved oxygenation should not be denied a higher PEEP. Ideally, neuro-
monitoring should be performed in these patients to detect changes in ICP and CPP and be able to take 
measures to achieve a reasonable compromise, such as raising MAP.

Changing the I:E ratio to 1:1 or even higher to improve oxygenation has also been thought to reduce 
venous return from the brain and raise ICP. Studies in ventilated patients with ischemic stroke, intra-
cerebral hemorrhage and TBI have not confirmed this [118-120]. 

Discontinuing mechanical ventilation: weaning

Weaning should certainly not be delayed in NICU patients, whether they are comatose or not, al-
though this seems to be common practice [2]. The best method of weaning, i.e. continuous vs discon-
tinuous, is unclear (as in general ICU patients). Discontinuous weaning methods, however, involve suc-
cessive spontaneous breathing trials (SBTs) and thus wake-up trials. These have been associated with 
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a release of stress hormones [121] and rises in ICP [122] in brain-injured patients, particularly those 
with a higher ICP [123]. Overall, it seems prudent to do spontaneous breathing trials (SBTs) in patients 
fulfilling the general criteria (see above), but refrain from further SBTs if they are accompanied by ICP 
crises or other physiological derangements; in such cases continuous weaning method is advisable. In 
a subgroup of NICU patients, such as those with advanced ALS or extensive brainstem injury, wean-
ing will not be successful. In those cases, surgical tracheostomy and application of a home-ventilator 
might be adequate, if this is the patient´s or family´s will.

COMMON RESPIRATORY DISEASES AND THEIR BASIC MANAGEMENT

Upper airway obstruction

Upper airway compromise may result from burns, trauma, infection such as Ludwig’s angina, retropha-
ryngeal abscess, or epiglottitis, from aspiration of a foreign body, from an obstructing lesion such as tu-
mor, mucus plug, or airway cast, from vocal cord spasm, laryngeal edema, angioedema, a buildup of scar 
tissue, or simply poor muscle tone and collapse of normal anatomical structures.  Although insensitive, 
the characteristic flow-volume loop of variable extrathoracic obstruction (such as vocal cord paralysis) 
on close examination is flat bottomed, while a fixed extrathoracic obstruction (such as tracheal stenosis) 
may be flat both on top and the bottom (Figure 18-2).  Stridor is the hallmark of these conditions, and 
clinicians must be cautious at all times not to destabilize an already compromised airway.

Rapid diagnosis and management are critical to safely manage the disorder.  An accurate and detailed 
history and physical examination can determine the prodrome and circumstances, and may reveal 
drooling, swelling or deformity of the neck, trismus, signs of infection, or respiratory anxiety.  When 
increased work of breathing or respiratory distress is present, urgent evaluation by otolaryngology 
and anesthesia consultants is warranted.  The critical point in managing upper airway obstruction is 
that the airway may be lost at any moment, and clinicians must be prepared to secure a definitive (of-
ten surgical) airway emergently.  If endotracheal intubation is attempted, it should be under optimal 
conditions and by the most experienced clinician available, since the airway is usually difficult and 
may be lost entirely with a failed attempt, resulting in respiratory arrest, anoxic brain injury, or death. 

Figure 18-2.  Classically described normal and abnormal flow-volume loop (FVL) patterns. A. Normal 
FVL, B. FVL changes suggesting a variable extrathoracic flow restriction (ie: vocal cord paralysis), C. FVL 
changes suggesting fixed upper airway obstruction (ie: tracheal stenosis), D. FVL changes suggesting 

neuromuscular weakness.
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Physical examination, neck radiography, CT and MR imaging, and laryngoscopy or tracheoscopy are 
the critical diagnostic modalities employed in management of an upper airway obstruction.  Clini-
cians should consider the use of intravenous corticosteroids and/or nebulized racemic epinephrine 
to reduce airway edema.  Heliox, a mixture of helium and oxygen that promotes laminar gas flow 
and markedly relieves dyspnea, can help stabilize a distressed patient prior to definitive therapy.  
The full array of special airways equipment should be available at the time of intubation to improve 
visualization of a distorted airway.  Rigid bronchoscopy under general anesthesia allows for careful 
evaluation of the airway while permitting mechanical ventilation and providing surgical access for 
abscess drainage, tumor debridement, or foreign body removal.

Bronchopulmonary infections

Pneumonia is common in the neurocritically ill, the leading cause of hospital readmission following 
stroke, and a major source of morbidity in subarachnoid hemorrhage, intracerebral hemorrhage, 
TBI, and most other neurological diseases.  It requires prompt and expert intervention to prevent a 
host of complications including septic shock, bacteremia, empyema, end-organ damage (including 
worsening of neurological injury) and death.  

For epidemiologic purposes and to correctly select antimicrobial therapies, pneumonia should be 
characterized at the time of diagnosis as one of the following:

1.  Community acquired: Without exposures or comorbid conditions to suggest infection 
with an unusual or resistant organism. May include atypical (intracellular) bacterial and 
viral infections.

2. Hospital acquired: occurs 48 hours or more after admission 
3. Ventilator associated: occurs 48 to 72 hours or more after endotracheal intubation
4. Healthcare associated: occurs in a non-hospitalized patient with extensive healthcare 

contact
5. Pneumonia in an immune-compromised or otherwise abnormal (ie, with preexisting lung 

disease) host.

 The clinical criteria for pneumonia are typically considered to include:
1.  Infiltrates determined by chest imaging or physical examination findings
2. Signs or symptoms of systemic inflammation: fever or hypothermia, elevated or low WBC
3. Impairment of gas exchange
4. A change in the quantity or character of secretions

Patients with pneumonia typically manifest between two and four of these clinical criteria; no stan-
dard exists for the requisite number to make a diagnosis – when all four are required, the sensitivity 
is low but specificity is high, when only two of four are required the sensitivity is high but specificity 
is low.  Additionally, since microbiology from sputum or blood cultures is positive in half or fewer of 
patients with proven invasive parenchymal lung infection, the isolation of pathological bacteria may 
be useful to guide therapy, but is not required for the diagnosis. Because of these diagnostic diffi-
culties, these criteria and others have been codified into a Clinical Pulmonary Infection Score (Table 
18-16).  The CPIS is a validated, quantitative, reproducible tool for diagnosis of pneumonia [124].  
Some authors advocate that it be used to quantify the likelihood of a diagnosis of pneumonia, and 



Neurocritical Care Society 406

repeated at 72h so that antibiotic coverage can be narrowed, broadened, or discontinued based on 
the results of that re-evaluation [125].

Principles of the diagnosis and management of pneumonia include:
1. Determination of the most likely pathogen, and rapid administration of targeted empiric 

antimicrobial therapy.
2. Support of oxygenation and ventilation, and verification of adequate systemic tissue perfu-

sion.
3. Cultures of sputum and blood, if possible prior to antibiotic administration, but not delaying 

antibiotic administration.
4. Consideration of special populations and unusual organisms, with emphasis on 

a. The immune-compromised host, susceptible to a different spectrum of pathogens, 
including treatable viruses and fungi that may require special diagnostic techniques

b. Multidrug resistant organisms, especially
 i. Pseudomonas species
 ii. ESBL producing gram negative rods
 iii. MRSA
 iv. Mycobacterium tuberculosis

c. Consideration of Legionella pneumophilia, an atypical community or institution-ac-
quired pneumonia necessitating fluoroquinolone, macrolide, or tetracycline cover-
age, with a high case fatality rate in patients receiving inappropriate antimicrobial 
therapy

5. Reassessment of the need for therapy and the response to empirical therapy after 48-96 hours 
of treatment.

6. Targeted empirical antimicrobial therapy under a protocol whenever possible, based on local 
susceptibility patterns, and immediately narrowed to reflect culture results and in-vitro sensi-
tivities of the organism.

7. 7-10 days of therapy in most situations. Exceptions include identification of nonfermenting 
gram-negative bacilli such as Pseudomonas species, in which case 14-21 days may be superi-
or, or recognition of an incompletely treated source of infection, such as heart valves, pleural 
space, intra-abdominal abscess, or bone) [126].

Chronic Obstructive Pulmonary Disease

COPD is a disorder of incompletely reversible airflow obstruction and is usually smoking-related, but 
may also be caused by asthma, enzyme deficiency, viral infection, bone marrow transplantation, and 
connective tissue diseases.  It is diagnosed by pulmonary function testing including spirometry, lung 
volumes, diffusion capacity, and bronchodilator responsiveness.  The diagnosis of COPD requires an 
FEV1/FVC ratio less than predicted based on norms related to age, gender, height, and sometimes 
race.  Severity is determined by clinicians according to a variety of factors including the absolute FEV1 
as a percentage of predicted, the need for supplemental oxygen, identification of chronic hypoven-
tilation with respiratory acidosis, frequency of hospitalizations, and the extent of disability.  A Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) criteria has been proposed (and criticized) as a 
simple tool for assessment of COPD severity (Table 18-17) [127].
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COPD manifests with a variety of different phenotypes.  In emphysematous-type, or flow-preserved 
COPD, airflow obstruction may be minor in comparison to abnormalities of gas exchange and bullae or 
emphysematous lung parenchyma noted on CT scan.  Bronchitic-type COPD is characterized primarily 
by airflow obstruction.  Mucopurulent bronchitis is common, and there may be significant bronchodi-
lator and steroid responsiveness.  In both phenotypes, air trapping, hyperinflation, and distorted re-
spiratory mechanics may be a prominent feature of the disease, and may make for difficult mechanical 
ventilation. COPD exacerbation is a common reason for hospitalization and is associated with progres-
sion of the disease.  It may be triggered by infection, aspiration, sinus disease, allergies, medication 
changes, or other irritants.  Exacerbation is treated with inhaled bronchodilators (B-agonist or anticho-
linergic agents), and corticosteroids. Recent data suggest that low dose oral corticosteroids may be as 
effective as high dose intravenous alternatives. [128] Antibiotics are indicated in moderate and severe 
COPD exacerbation, or when heavy mucopurulent secretions are present.  

Oxygen therapy is important in the treatment of COPD exacerbation, and should not be routinely with-
held to prevent suppression of the central respiratory drive.  Patients at significant risk of having a pre-
dominantly hypoxic respiratory drive and developing central hypoventilation in the presence of normal 
PaO2 are typically those with severe chronic hypercarbia.  Most clinicians agree that targeting a PaO2 of 
60-70mmHg and oxyhemoglobin saturation of 88-94% is safe. However, when a recent brain injury is 
present, higher PaO2 may be indicated and should be cautiously pursued even in chronic CO2 retainers, 
while monitoring for evidence of hypoventilation by frequent arterial blood gas analysis and observation.

Noninvasive positive pressure ventilation by face mask has become a standard part of the routine 
treatment of severe COPD exacerbation, and when administered to patients in whom pCO2 is > 
45mmHg and pH < 7.35, it decreases mortality by almost half, the need for endotracheal intubation 
by more than half, and improves many other measures of disease severity.  [129,130] Withholding 
NPPV from patients with serious COPD exacerbation and evidence of early respiratory failure is rarely 
appropriate, and does not meet the standard of care.

Asthma and Status Asthmaticus

Unlike COPD, asthma is a disease of airway hyperreactivity and inflammation, and is characterized by 
largely reversible airway obstruction.  When chronic airway inflammation is well controlled, severe 
asthma exacerbations are rare, but when disease is poorly controlled, flares may be life-threatening.  
Risk factors for a fatal asthma exacerbation include previous severe exacerbations, recent hospitaliza-
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tions, multiple recent emergency department visits, heavy use of short-acting beta agonists, difficulty 
perceiving symptoms or the severity of exacerbations, various psychosocial issues, and serious medi-
cal or psychiatric comorbidities.

Severe asthma exacerbations are routinely treated with inhaled B-agonists and glucocorticoids, and 
sometimes with infusion of intravenous magnesium.  Occasionally, anticholinergic agents or antibiotics 
with atypical coverage, such as fluoroquinolones or macrolides, are additionally employed.  When in-
tubation is required, mechanical ventilation may be difficult due to air trapping, high airway pressures, 
barotrauma, and acidosis, and should be performed with expert guidance.  Rescue strategies that have 
shown some success in these patients include intravenous B-agonist infusions, inhaled helium-oxygen 
admixture (Heliox), general anesthesia, and even extracorporeal membrane oxygenation (ECMO).

Pneumothorax

Pneumothorax is categorized as primary or secondary (to underlying lung disease), and as sponta-
neous or iatrogenic.  The diagnosis can be appropriately made based on the physical examination 
alone (Table 18-18), and under emergency circumstances it should be made without awaiting a chest 
radiograph.  Pneumothorax can be subtle, or may present as a catastrophic event with tension phys-
iology.  Diagnosis and treatment depend on many factors including the health of the individual, the 
severity and acuity of the presentation, and the clinical circumstances.

When circumstances allow for a brief delay in diagnosis, then chest radiography may be very helpful.  
A decubitus view with attention to the “up” lung, or a CT scan will reliably show a small simple pneu-
mothorax, and CT imaging reveals complexities of the pleural space.  Stable pneumothorax without 
evidence of tension can be conservatively managed (without a thoracostomy tube) by observation, 
high FiO2, or air aspiration.  Chest tube thoracostomy is usually necessary in unstable patients, those 
with tension physiology, those with large or complete pneumothorax, and those receiving positive 
pressure ventilation.  Urgent decompression of a tension pneumothorax can be performed by insert-
ing a 14-16 gauge angiocath or needle over the top of the rib and into the 2nd/3rd intercostal space 
(roughly at the angle of the manubrium) in the anterior midclavicular line.  
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Chest tube thoracostomy is performed using a variety of techniques including surgical chest tube 
placement, pigtail catheter insertion over a trocar, and Seldinger-type guidewire-based insertion.  
Chest tubes are routinely inserted without imaging, or can be placed utilizing CT or ultrasound guid-
ance – particularly useful when the pleural space is complex, and the lung is tethered to the chest wall 
by scar, infection, tumor, or other pleural disease.  Smaller catheters (< 24 Fr) are now routinely used 
for management of pneumothorax, and nonrandomized data suggest equivalent clinical outcomes to 
larger bore tubes with less pain [131,132].

The goals of chest tube insertion in the management of acute pneumothorax are to decompress tension 
and improve respiratory function, encourage reinflation of the injured lung, and provide access to the pleu-
ral space in the event that pleuradesis becomes necessary.  There is controversy as to the best manage-
ment of chest tube drainage systems in pneumothorax.  When continuous suction is applied to the pleural 
space, the lung will often reinflate completely, but continuous negative pressure in the pleural space may 
encourage the bronchopleural fistula (BPF) to remain open – especially when employed in combination 
with positive pressure ventilation.  Conversely, when water seal or a Heimlich valve is applied, the lung 
may remain partially collapsed, though positive pressure cannot accumulate in the pleural space because it 
escapes through the water seal.  Common practice is to transition rapidly from suction to water seal unless 
the patient is unable to tolerate partial lung collapse, in order to facilitate closure of the BPF.

Clinicians responding to respiratory or hemodynamic instability in a patient with a chest tube placed 
for management of pneumothorax should strongly suspect that the tube has failed and tension pneu-
mothorax has developed – rapid assessment of the function of the tube should ensue by looking for 
tidal variation of the system, checking all potential sites of air leakage, and flushing air through the 
system using sterile technique.  If after these assessments there remains a high level of concern for 
recurrent pneumothorax, the chest tube should be immediately replaced.

Pleural Effusion and Empyema

Pleural effusions are common, and appropriate management is based on a rapid determination of the 
underlying pathophysiology.  When an infectious etiology is likely, thoracentesis should be urgently 
performed to rule out pleural space infection.  When these infections are rapidly treated with defin-
itive drainage, septic shock is unlikely and the pleural space remains simple, rarely requiring surgical 
decortication.  Conversely, delay in diagnosis and drainage can lead to bacteremia, septic shock, for-
mation of loculations leading to the need for surgical decortication, and permanent loss of pulmonary 
function.  These concerns have led to the (oversimplified) adage that “the sun should not be allowed 
to set on an undrained pleural effusion.” Table 18-19 provides a list of common pleural processes and 
their corresponding management strategies.

Chronic aspiration is associated with anaerobic empyema, and when anaerobic infection is suspected 
(usually on the basis of odor), it is important to provide anaerobic antibiotic coverage even if these 
organisms are not recovered on culture.  Because the microbiology of pleural space infections is some-
what different than that of pneumonia, and because of various subtleties in management, empyema 
may be best managed in cooperation with a pulmonary or infectious disease specialist when there is 
nonresolving infection, unusual or resistant organisms, lack of an identified organism, or a multilocu-
lated (complex) pleural space.
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Hemoptysis and Pulmonary Hemorrhage

Pulmonary hemorrhage may arise from three anatomical sources: bronchial artery bleeding, which is 
often high-volume due to systemic blood pressure, pulmonary arterial bleeding which occurs at lower 
pressures and is less often massive, and arteriolar or capillary hemorrhage, due to small artery vascu-
litis or the entities causing diffuse alveolar hemorrhage.  In all circumstances, urgent reversal of any 
underlying coagulation defects is critically important.  

 

Hemoptysis is categorized as massive or non-massive.  Massive hemoptysis is life threatening, and 
defined variously as greater than 100-600cc expectorated blood/24h.  Most hemoptysis is caused by 
infections, including tuberculosis, fungal infection (especially Aspergillus and Mucor), lung abscess, 
and simple bacterial pneumonia or tracheobronchitis.  Other causes include bronchiectasis and bron-
chogenic carcinoma, vasculitis, chemotherapy and bone marrow transplantation, and foreign bodies.  

Diffuse alveolar hemorrhage (DAH), a very different clinical entity, results from widespread but het-
erogeneous leakage of capillary beds into the alveolar spaces, and may result in massive amounts of 
blood loss and progressive gas exchange abnormalities without much or any expectoration of blood.

The primary risk to life in massive hemoptysis is by asphyxia, and routine management of the disorder 
is characterized by concurrent stabilization of the patient and an accelerated diagnostic workup.  Pro-
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tection of the nonbleeding lung is achieved by placing the patient in a “bleeding side down” lateral de-
cubitus position, lung isolation via preferential intubation of the mainstem bronchus of the unaffected 
lung, intubation with a double-lumen endotracheal tube, or bronchoscopic placement of an endo-
bronchial blocker device.  Early elective intubation under controlled circumstances with a large-lumen 
endotracheal tube is preferred for patient safety and to facilitate bronchoscopy.

Diagnostic workup of hemoptysis depends on stability of the patient, clinical circumstances, and other 
factors.  Both CT angiography of the chest and bronchoscopy are helpful in localizing and defining the 
bleeding source.  Although low and moderate volume hemoptysis may resolve with medical therapy, 
angioembolization is frequently applied and often successful at stopping hemorrhage, infrequently 
resulting in significant pulmonary infarction due to the lung’s dual blood supply.  Because of good 
success with angioembolization, lung resection is now infrequently utilized, but remains an important 
option in certain circumstances, such as invasive fungal or mycobacterial infection, or bronchogenic 
carcinoma.  

DAH should be suspected when diffuse pulmonary infiltrates and gas exchange abnormalities progress 
in conjunction with a rapid decrease in the serum hemoglobin concentration, especially in patients 
with hematologic malignancies.  The diagnostic gold standard is bronchoscopy with bronchoalveolar 
lavage, in which sequential lavages with saline return with increasing quantities of heme.  Dozens 
of potentially causative medications, including chemotherapeutic agents have been identified, and 
clinicians should carefully review all drugs and discontinue any that are associated with the disorder.  
Treatment is based entirely on supportive care and rapid treatment of the underlying medical con-
dition.  Rapid identification of ANCA vasculitis and initiation of immune suppressant therapy may be 
lifesaving, while urgent plasmaferesis is the treatment of choice in Goodpasture’s or anti-GBM disease 
– associated DAH.

REFERENCES

1. Holland MC, Mackersie RC, Morabito D, Campbell AR, Kivett VA, Patel R, Erickson VR, Pittet JF, 
(2003) The development of acute lung injury is associated with worse neurologic outcome in 
patients with severe traumatic brain injury. J Trauma 55: 106-111 

2.  Pelosi P, Ferguson ND, Frutos-Vivar F, Anzueto A, Putensen C, Raymondos K, Apezteguia C, 
Desmery P, Hurtado J, Abroug F, Elizalde J, Tomicic V, Cakar N, Gonzalez M, Arabi Y, Moreno R, 
Esteban A, (2011) Management and outcome of mechanically ventilated neurologic patients. 
Crit Care Med 39: 1482-1492 

3.  Berrouschot J, Rossler A, Koster J, Schneider D, (2000) Mechanical ventilation in patients with 
hemispheric ischemic stroke.  Crit Care Med 28: 2956-2961 

4.  Steiner T, Mendoza G, De Georgia M, Schellinger P, Holle R, Hacke W, (1997) Prognosis of stroke 
patients requiring mechanical ventilation in a neurological critical care unit. Stroke 28: 711-715 

5.  Wijdicks EF, Scott JP, (1997) Causes and outcome of mechanical ventilation in patients with 
hemispheric ischemic stroke. Mayo Clin Proc 72: 210-213 



413 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

6.  Mayer SA, Copeland D, Bernardini GL, Boden-Albala B, Lennihan L, Kossoff S, Sacco RL, (2000) 
Cost and outcome of mechanical ventilation for life-threatening stroke. Stroke 31: 2346-2353 

7.  Roch A, Michelet P, Jullien AC, Thirion X, Bregeon F, Papazian L, Roche P, Pellet W, Auffray JP, 
(2003) Long-term outcome in intensive care unit survivors after mechanical ventilation for in-
tracerebral hemorrhage. Crit Care Med 31: 2651-2656 

8.  Rabinstein AA, Wijdicks EF, (2004) Outcome of survivors of acute stroke who require prolonged 
ventilatory assistance and tracheostomy. Cerebrovasc Dis 18: 325-331 

9.  Marik PE (2001) Aspiration pneumonitis and aspiration pneumonia.  N Engl J Med 344: 665-71

10.  Sirvent JM, Torres A, El-Ebiary M, Castro P, de Batlle J, Bonet A, (1997) Protective effect of intra-
venously administered cefuroxime against nosocomial pneumonia in patients with structural 
coma. Am J Respir Crit Care Med 155: 1729-34.

11.  Acquarolo A, Urli T, Perone G, Giannotti C, Candiani A, Latronico N, (2005) Antibiotic prophy-
laxis of early onset pneumonia in critically ill comatose patients. A randomized study. Intensive 
Care Med 31:510-516

12.  Marik PE, Zaloga GP, (2003) Gastric versus post-pyloric feeding: a systematic review.  Crit Care 
7: R46-51

13.  White H, Sosnowski K, Tran K, Reeves A, Jones M, (2009) A randomised controlled comparison 
of early post-pyloric versus early gastric feeding to meet nutritional targets in ventilated inten-
sive care patients. Crit Care 13: R187.

14.  Rabinstein A, Wijdicks EF, (2002) BiPAP in acute respiratory failure due to myasthenic crisis may 
prevent intubation. Neurology 59: 1647-9.

15.  Seneviratne J, Mandrekar J, Wijdicks EFM, Rabinstein AA, (2008)  Noninvasive ventilation in 
myasthenic crisis.  Arch Neurol 65: 54-58.

16.  Racca F, Del Sorbo L, Mongini T, Vianello A, Ranieri VM, (2010) Respiratory management of 
acute respiratory failure in neuromuscular diseases.  Minerva Anestesiol 76: 51-62. 

17.  Gomez-Merino E, Bach JR, (2002) Duchenne muscular dystrophy: prolongation of life by noninva-
sive ventilation and mechanically assisted coughing.  Am J Phys Med Rehabil 81: 411–415.

18.  Bach JR, Bianchi C, Finder J, et al, (2007)  Tracheostomy tubes are not needed for Duchenne 
muscular dystrophy. Eur Respir J 30: 179-80.

19.  Walls R, Murphy M (2008) Manual of emergency airway management. Lippincott Williams & 
Wiklins, Philadelphia.

20.  Adnet F, Borron SW, Dumas JL, Lapostolle F, Cupa M, Lapandry C, (2001) Study of the “sniffing 
position” by magnetic resonance imaging.  Anesthesiology 94: 83-86



Neurocritical Care Society 414

21.  Seder DB, Riker RR, Jagoda A, Smith W, Weingart S., (2012) Emergency Neurological Life Sup-
port: Airway, Ventilation, and Sedation. Neurocrit Care 17 Suppl 1: 4-20.

22.  Lavery GG, McCloskey BV, (2008) The difficult airway in adult critical care. Crit Care Med 36: 
2163-2173

23.  (1993) Practice guidelines for management of the difficult airway. A report by the American 
Society of Anesthesiologists Task Force on Management of the Difficult Airway. Anesthesiology 
78: 597-602

24.  Henderson JJ, Popat MT, Latto IP, Pearce AC, (2004) Difficult Airway Society guidelines for man-
agement of the unanticipated difficult intubation. Anaesthesia 59: 675-694

25.  Popat M, Mitchell V, Dravid R, Patel A, Swampillai C, Higgs A, (2012) Difficult Airway Society 
Guidelines for the management of tracheal extubation. Anaesthesia 67: 318-340

26.  Thomas AN, McGrath BA, (2009) Patient safety incidents associated with airway devices in 
critical care: a review of reports to the UK National Patient Safety Agency. Anaesthesia 64: 358-
365

27.  Mort TC, (2004) The incidence and risk factors for cardiac arrest during emergency tracheal 
intubation: a justification for incorporating the ASA Guidelines in the remote location. J Clin 
Anesth 16: 508-516

28.  Jaber S, Jung B, Corne P, Sebbane M, Muller L, Chanques G, Verzilli D, Jonquet O, Eledjam JJ, 
Lefrant JY, (2010) An intervention to decrease complications related to endotracheal intuba-
tion in the intensive care unit: a prospective, multiple-center study. Intensive Care Med 36: 
248-255

29.  Crosby ET, Cooper RM, Douglas MJ, Doyle DJ, Hung OR, Labrecque P, Muir H, Murphy MF, Pres-
ton RP, Rose DK, Roy L, (1998) The unanticipated difficult airway with recommendations for 
management. Can J Anaesth 45: 757-776

30.  Walls R, Murphy M (2008) Manual of emergency airway management. Lippincott Williams & 
Wiklins, Philadelphia

31.  Adnet F, Borron SW, Dumas JL, Lapostolle F, Cupa M, Lapandry C, (2001) Study of the “sniffing 
position” by magnetic resonance imaging. Anesthesiology 94: 83-86

32.  Adnet F, Baillard C, Borron SW, Denantes C, Lefebvre L, Galinski M, Martinez C, Cupa M, Lapos-
tolle F, (2001) Randomized study comparing the “sniffing position” with simple head extension 
for laryngoscopic view in elective surgery patients. Anesthesiology 95: 836-841

33.  Griesdale DE1, Liu D, McKinney J, Choi PT. Glidescope® video-laryngoscopy versus direct laryn-
goscopy for endotracheal intubation: a systematic review and meta-analysis. Can J Anaesth. 
2012 Jan;59(1):41-52. 



415 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

34.  Ferson DZ, Rosenblatt WH, Johansen MJ, Osborn I, Ovassapian A, (2001) Use of the intubating 
LMA-Fastrach in 254 patients with difficult-to-manage airways. Anesthesiology 95: 1175-1181

35.  MacIntyre NR, Cook DJ, Ely EW, Jr., Epstein SK, Fink JB, Heffner JE, Hess D, Hubmayer RD, Schein-
horn DJ, (2001) Evidence-based guidelines for weaning and discontinuing ventilatory support: 
a collective task force facilitated by the American College of Chest Physicians; the American 
Association for Respiratory Care; and the American College of Critical Care Medicine. Chest 
120: 375S-395S

36.  Esteban A, Alia I, Gordo F, Fernandez R, Solsona JF, Vallverdu I, Macias S, Allegue JM, Blanco J, 
Carriedo D, Leon M, de la Cal MA, Taboada F, Gonzalez de Velasco J, Palazon E, Carrizosa F, To-
mas R, Suarez J, Goldwasser RS, (1997) Extubation outcome after spontaneous breathing trials 
with T-tube or pressure support ventilation. The Spanish Lung Failure Collaborative Group. Am 
J Respir Crit Care Med 156: 459-465

37.  Coplin WM, Pierson DJ, Cooley KD, Newell DW, Rubenfeld GD, (2000) Implications of extuba-
tion delay in brain-injured patients meeting standard weaning criteria. Am J Respir Crit Care 
Med 161: 1530-1536

38.  Ochoa ME, Marin Mdel C, Frutos-Vivar F, Gordo F, Latour-Perez J, Calvo E, Esteban A, (2009) 
Cuff-leak test for the diagnosis of upper airway obstruction in adults: a systematic review and 
meta-analysis. Intensive Care Med 35: 1171-1179

39.  Jaber S, Chanques G, Matecki S, Ramonatxo M, Vergne C, Souche B, Perrigault PF, Eledjam JJ, 
(2003) Post-extubation stridor in intensive care unit patients. Risk factors evaluation and im-
portance of the cuff-leak test. Intensive Care Med 29: 69-74

40.  McCaffrey J, Farrell C, Whiting P, Dan A, Bagshaw SM, Delaney AP, (2009) Corticosteroids to pre-
vent extubation failure: a systematic review and meta-analysis. Intensive Care Med 35: 977-986

41.  Khemani RG, Randolph A, Markovitz B, (2009) Corticosteroids for the prevention and treat-
ment of post-extubation stridor in neonates, children and adults. Cochrane Database Syst Rev: 
CD001000

42.  Scales DC, Thiruchelvam D, Kiss A, Redelmeier DA, (2008) The effect of tracheostomy timing 
during critical illness on long-term survival. Crit Care Med 36: 2547-255737.

43.  Higgins KM, Punthakee X, (2007) Meta-analysis comparison of open versus percutaneous tra-
cheostomy. Laryngoscope 117: 447-454

44.  Seder DB, Lee K, Rahman C, Rossan-Raghunath N, Fernandez L, Rincon F, Claassen J, Gordon E, 
Mayer SA, Badjatia N, (2009) Safety and feasibility of percutaneous tracheostomy performed 
by neurointensivists. Neurocrit Care 10: 264-268

45.  Polderman KH, Spijkstra JJ, de Bree R, Christiaans HM, Gelissen HP, Wester JP, Girbes AR, (2003) 
Percutaneous dilatational tracheostomy in the ICU: optimal organization, low complication 
rates, and description of a new complication. Chest 123: 1595-1602



Neurocritical Care Society 416

46.  Delaney A, Bagshaw SM, Nalos M, (2006) Percutaneous dilatational tracheostomy versus sur-
gical tracheostomy in critically ill patients: a systematic review and meta-analysis. Crit Care 10: 
R55

47.  Tobin MJ, (2001) Advances in mechanical ventilation. N Engl J Med 344: 1986-1996

48.  Fan E, Needham DM, Stewart TE, (2005) Ventilatory management of acute lung injury and 
acute respiratory distress syndrome. JAMA 294: 2889-2896

49.  Branson RD, (2005) Functional principles of positive pressure ventilators: implications for pa-
tient-ventilator interaction. Respir Care Clin N Am 11: 119-145

50.  (2000) Ventilation with lower tidal volumes as compared with traditional tidal volumes for 
acute lung injury and the acute respiratory distress syndrome. The Acute Respiratory Distress 
Syndrome Network. N Engl J Med 342: 1301-1308

51.  Meade MO, Cook DJ, Guyatt GH, Slutsky AS, Arabi YM, Cooper DJ, Davies AR, Hand LE, Zhou 
Q, Thabane L, Austin P, Lapinsky S, Baxter A, Russell J, Skrobik Y, Ronco JJ, Stewart TE, (2008) 
Ventilation strategy using low tidal volumes, recruitment maneuvers, and high positive end-ex-
piratory pressure for acute lung injury and acute respiratory distress syndrome: a randomized 
controlled trial. JAMA 299: 637-645

52.  Hodgson C, Keating JL, Holland AE, Davies AR, Smirneos L, Bradley SJ, Tuxen D, (2009) Recruit-
ment manoeuvres for adults with acute lung injury receiving mechanical ventilation. Cochrane 
Database Syst Rev: CD006667

53.  Latronico N, Bolton CF, (2011) Critical illness polyneuropathy and myopathy: a major cause of 
muscle weakness and paralysis. Lancet Neurol 10: 931-941

54.  Keenan SP, Sinuff T, Burns KE, Muscedere J, Kutsogiannis J, Mehta S, Cook DJ, Ayas N, Adhikari 
NK, Hand L, Scales DC, Pagnotta R, Lazosky L, Rocker G, Dial S, Laupland K, Sanders K, Dodek P, 
(2011) Clinical practice guidelines for the use of noninvasive positive-pressure ventilation and 
noninvasive continuous positive airway pressure in the acute care setting. CMAJ 183: E195-214

55.  Esteban A, Anzueto A, Alia I, Gordo F, Apezteguia C, Palizas F, Cide D, Goldwaser R, Soto L, 
Bugedo G, Rodrigo C, Pimentel J, Raimondi G, Tobin MJ, (2000) How is mechanical ventilation 
employed in the intensive care unit? An international utilization review. Am J Respir Crit Care 
Med 161: 1450-1458

56.  Marino P (2007) Mechanical ventilation. The ICU book. Lippincott, Williams & Wilkins, Phila-
delphia, Baltimore, New York

57.  Wijdicks E (2010) “Short of breath” & Mechanical ventilation. The practice of emergency and 
critical care neurology. Oxford University Press, New York

58.  Stewart NI, Jagelman TA, Webster NR, (2011) Emerging modes of ventilation in the intensive 
care unit. Br J Anaesth 107: 74-82



417 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

59.  Gainnier M, Michelet P, Thirion X, Arnal JM, Sainty JM, Papazian L, (2003) Prone position and 
positive end-expiratory pressure in acute respiratory distress syndrome. Crit Care Med 31: 
2719-2726

60.  Nevins ML, Epstein SK, (2001) Weaning from prolonged mechanical ventilation. Clin Chest Med 
22: 13-33

61.  Scheinhorn DJ, Chao DC, Stearn-Hassenpflug M, (2002) Liberation from prolonged mechanical 
ventilation. Crit Care Clin 18: 569-595

62.  Macintyre NR, (2013) The ventilator discontinuation process: an expanding evidence base. Re-
spir Care 58: 1074-1086

63.  Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot C, Pearl R, Silverman H, Stanchina M, 
Vieillard-Baron A, Welte T, (2007) Weaning from mechanical ventilation. Eur Respir J 29: 1033-
1056

64.  Brochard L, Rauss A, Benito S, Conti G, Mancebo J, Rekik N, Gasparetto A, Lemaire F, (1994) 
Comparison of three methods of gradual withdrawal from ventilatory support during weaning 
from mechanical ventilation. Am J Respir Crit Care Med 150: 896-903

65.  Esteban A, Frutos F, Tobin MJ, Alia I, Solsona JF, Valverdu I, Fernandez R, de la Cal MA, Benito 
S, Tomas R, et al., (1995) A comparison of four methods of weaning patients from mechanical 
ventilation. Spanish Lung Failure Collaborative Group. N Engl J Med 332: 345-350

66.  Vitacca M, Vianello A, Colombo D, Clini E, Porta R, Bianchi L, Arcaro G, Vitale G, Guffanti E, Lo 
Coco A, Ambrosino N, (2001) Comparison of two methods for weaning patients with chronic 
obstructive pulmonary disease requiring mechanical ventilation for more than 15 days. Am J 
Respir Crit Care Med 164: 225-230

67.  Yang KL, Tobin MJ, (1991) A prospective study of indexes predicting the outcome of trials of 
weaning from mechanical ventilation. N Engl J Med 324: 1445-1450

68.  Talke PO, Sharma D, Heyer EJ, Bergese SD, Blackham KA, Stevens RD, (2104)  Society for Neu-
roscience in Anesthesiology and Critical Care Expert Consensus Statement: Anesthetic Man-
agement of Endovascular Treatment for Acute Ischemic Stroke*.  Neurosurg Anesthesiol 26: 
95-108.

69.  Reich DL, Hossain S, Krol M, Baez B, Patel P, Bernstein A, Bodian CA, (2005) Predictors of hypo-
tension after induction of general anesthesia. Anesth Analg 101: 622-628

70.  Modica PA, Tempelhoff R, White PF, (1990) Pro- and anticonvulsant effects of anesthetics (Part 
II) Anesth Analg 70: 433-44. 

71.  Hansen HC, Drenck NE, (1988) Generalised seizures after etomidate anaesthesia. Anaesthesia 
43:805-6. 



Neurocritical Care Society 418

72.  Krieger W, Copperman J, Laxer KD, (1985) Seizures with etomidate anesthesia. Anesth Analg 
64: 1226-7. 

73.  Perry J, Lee J, Wells G, (2003) Rocuronium versus succinylcholine for rapid sequence induction 
intubation. Cochrane Database Syst Rev: CD002788

74.  Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A, Jaber S, Arnal JM, Perez D, 
Seghboyan JM, Constantin JM, Courant P, Lefrant JY, Guerin C, Prat G, Morange S, Roch A, (2010) 
Neuromuscular blockers in early acute respiratory distress syndrome. N Engl J Med 363: 1107-1116

75.  Gabriel EJ, Ghajar J, Jagoda A, Pons PT, Scalea T, Walters BC, (2002) Guidelines for prehospital 
management of traumatic brain injury. J Neurotrauma 19: 111-174

76.  Crosby ET, (2006) Airway management in adults after cervical spine trauma. Anesthesiology 
104: 1293-1318

77.  McDonagh DL, Olson DM, Kalia JS, Gupta R, Abou-Chebl A, Zaidat OO, (2010) Anesthesia and 
Sedation Practices Among Neurointerventionalists during Acute Ischemic Stroke Endovascular 
Therapy. Front Neurol 1: 118

78.  Abou-Chebl A, Lin R, Hussain MS, Jovin TG, Levy EI, Liebeskind DS, Yoo AJ, Hsu DP, Rymer MM, 
Tayal AH, Zaidat OO, Natarajan SK, Nogueira RG, Nanda A, Tian M, Hao Q, Kalia JS, Nguyen TN, 
Chen M, Gupta R, (2010) Conscious sedation versus general anesthesia during endovascular 
therapy for acute anterior circulation stroke: preliminary results from a retrospective, multi-
center study. Stroke 41: 1175-1179

79.  Jumaa MA, Zhang F, Ruiz-Ares G, Gelzinis T, Malik AM, Aleu A, Oakley JI, Jankowitz B, Lin R, Red-
dy V, Zaidi SF, Hammer MD, Wechsler LR, Horowitz M, Jovin TG, (2010) Comparison of safety 
and clinical and radiographic outcomes in endovascular acute stroke therapy for proximal mid-
dle cerebral artery occlusion with intubation and general anesthesia versus the nonintubated 
state. Stroke 41: 1180-1184

80.  Davis MJ, Menon BK, Baghirzada LB, Campos-Herrera CR, Goyal M, Hill MD, Archer DP, (2012) 
Anesthetic management and outcome in patients during endovascular therapy for acute 
stroke. Anesthesiology 116: 396-405

81.  Spatola M, Alvarez V, Rossetti AO, (2013) Benzodiazepine over treatment in status epilepticus 
is related to higher need of intubation and longer hospitalization. Epilepsia 54: e99-e102.

82.  Ko R, Ramos L, Chalela JA, (2009) Conventional weaning parameters do not predict extubation 
failure in neurocritical care patients.  Neurocrit Care 10: 269-273

83.  Anderson CD, Bartscher JF, Scripko PD, Biffi A, Chase D, Guanci M, Greer DM, (2011) Neurologic 
examination and extubation outcome in the neurocritical care unit. Neurocrit Care 15: 490-497

84.  Wendell LC, Raser J, Kasner S, Park S, (2011) Predictors of extubation success in patients with 
middle cerebral artery acute ischemic stroke. Stroke Res Treat 2011: 248789



419 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

85.  Vallverdu I, Calaf N, Subirana M, Net A, Benito S, Mancebo J, (1998) Clinical characteristics, re-
spiratory functional parameters, and outcome of a two-hour T-piece trial in patients weaning 
from mechanical ventilation. Am J Respir Crit Care Med 158: 1855-1862

86.  Wu JY, Kuo PH, Fan PC, Wu HD, Shih FY, Yang PC, (2009) The role of non-invasive ventilation and 
factors predicting extubation outcome in myasthenic crisis. Neurocrit Care 10: 35-42

87.  Manno EM, Rabinstein AA, Wijdicks EF, Brown AW, Freeman WD, Lee VH, Weigand SD, Keegan 
MT, Brown DR, Whalen FX, Roy TK, Hubmayr RD, (2008) A prospective trial of elective extuba-
tion in brain injured patients meeting extubation criteria for ventilatory support: a feasibility 
study. Crit Care 12: R138

88.  Langmore SE, (1996) Dysphagia in neurologic patients in the intensive care unit. Semin Neurol 
16: 329-340

89.  Dziewas R, Warnecke T, Olenberg S, Teismann I, Zimmermann J, Kramer C, Ritter M, Ringelstein 
EB, Schabitz WR, (2008) Towards a basic endoscopic assessment of swallowing in acute stroke 
- development and evaluation of a simple dysphagia score.  Cerebrovasc Dis 26: 41-47

90.  Kurtz P, Fitts V, Sumer Z, Jalon H, Cooke J, Kvetan V, Mayer SA, (2011) How does care differ for 
neurological patients admitted to a neurocritical care unit versus a general ICU? Neurocrit Care 
15: 477-480

91.  Van der Lely AJ, Veelo DP, Dongelmans DA, Korevaar JC, Vroom MB, Schultz MJ, (2006) Time to 
wean after tracheotomy differs among subgroups of critically ill patients: retrospective analysis 
in a mixed medical/surgical intensive care unit. Respir Care 51: 1408-1415

92.  Huttner HB, Kohrmann M, Berger C, Georgiadis D, Schwab S, (2006) Predictive factors for tra-
cheostomy in neurocritical care patients with spontaneous supratentorial hemorrhage. Cere-
brovasc Dis 21: 159-165

93.  Szeder V, Ortega-Gutierrez S, Ziai W, Torbey MT, (2010) The TRACH score: clinical and radio-
logical predictors of tracheostomy in supratentorial spontaneous intracerebral hemorrhage. 
Neurocrit Care 13: 40-46

94.  Qureshi AI, Suarez JI, Parekh PD, Bhardwaj A, (2000) Prediction and timing of tracheostomy in 
patients with infratentorial lesions requiring mechanical ventilatory support. Crit Care Med 28: 
1383-1387

95.  Bosel J, Schiller P, Hook Y, Andes M, Neumann JO, Poli S, Amiri H, Schonenberger S, Peng 
Z, Unterberg A, Hacke W, Steiner T, (2012) Stroke-Related Early Tracheostomy Versus Pro-
longed Orotracheal Intubation in Neurocritical Care Trial (SETPOINT): A Randomized Pilot 
Trial. Stroke 

96.  Ali MI, Fernandez-Perez ER, Pendem S, Brown DR, Wijdicks EF, Gajic O, (2006) Mechanical ven-
tilation in patients with Guillain-Barre syndrome.  Respir Care 51: 1403-1407



Neurocritical Care Society 420

97.  Sofi K, Wani T, (2010) Effect of tracheostomy on pulmonary mechanics: An observational study. 
Saudi J Anaesth 4: 2-5

98.  Cold G, Enevoldsen E, Malmros R, (1975) Proceedings: Ventricular fluid lactate, pyruvate, bi-
carbonate and pH in unconscious brain injury patients under controlled ventilation. Acta Neu-
rochir (Wien) 31: 266-267

99.  Rabinstein A, Wijdicks EF, (2003) Warning signs of imminent respiratory failure in neurological 
patients Semin Neurol 23: 97-104

100.  Seneviratne J, Mandrekar J, Wijdicks EF, Rabinstein AA, (2008) Noninvasive ventilation in myas-
thenic crisis. Arch Neurol 65: 54-58

101.  Wu YK, Lee CH, Shia BC, Tsai YH, Tsao TC, (2009) Response to hypercapnic challenge is associat-
ed with successful weaning from prolonged mechanical ventilation due to brain stem lesions.  
Intensive Care Med 35: 108-114

102.  Paul BS, Bhatia R, Prasad K, Padma MV, Tripathi M, Singh MB, (2012) Clinical predictors of me-
chanical ventilation in Guillain-Barre syndrome. Neurol India 60: 150-153

103.  Fourrier F, Robriquet L, Hurtevent JF, Spagnolo S, (2011) A simple functional marker to predict 
the need for prolonged mechanical ventilation in patients with Guillain-Barre syndrome. Crit 
Care 15: R65

104.  Iscoe S, Fisher JA, (2005) Hyperoxia-induced hypocapnia: an underappreciated risk. Chest 128: 
430-433

105.  Ashkanian M, Borghammer P, Gjedde A, Ostergaard L, Vafaee M, (2008) Improvement of brain 
tissue oxygenation by inhalation of carbogen. Neuroscience 156: 932-938

106.  Johnston AJ, Steiner LA, Gupta AK, Menon DK, (2003) Cerebral oxygen vasoreactivity and cere-
bral tissue oxygen reactivity. Br J Anaesth 90: 774-786

107.  de Jonge E, Peelen L, Keijzers PJ, Joore H, de Lange D, van der Voort PH, Bosman RJ, de Waal RA, 
Wesselink R, de Keizer NF, (2008) Association between administered oxygen, arterial partial 
oxygen pressure and mortality in mechanically ventilated intensive care unit patients. Crit Care 
12: R156

108.  Diringer MN, (2008) Hyperoxia: good or bad for the injured brain? Curr Opin Crit Care 14: 167-
171

109.  Bouma GJ, Muizelaar JP, Choi SC, Newlon PG, Young HF, (1991) Cerebral circulation and metab-
olism after severe traumatic brain injury: the elusive role of ischemia. J Neurosurg 75: 685-693

110.  Muizelaar JP, Marmarou A, Ward JD, Kontos HA, Choi SC, Becker DP, Gruemer H, Young HF, 
(1991) Adverse effects of prolonged hyperventilation in patients with severe head injury: a 
randomized clinical trial. J Neurosurg 75: 731-739



421 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

111.  Unterberg AW, Kiening KL, Hartl R, Bardt T, Sarrafzadeh AS, Lanksch WR, (1997) Multimodal 
monitoring in patients with head injury: evaluation of the effects of treatment on cerebral ox-
ygenation. J Trauma 42: S32-37

112.  McLaughlin MR, Marion DW, (1996) Cerebral blood flow and vasoresponsivity within and 
around cerebral contusions. J Neurosurg 85: 871-876

113.  Nyquist P, Stevens RD, Mirski MA, (2008) Neurologic injury and mechanical ventilation. Neuro-
crit Care 9: 400-408

114.  Caricato A, Conti G, Della Corte F, Mancino A, Santilli F, Sandroni C, Proietti R, Antonelli M, 
(2005) Effects of PEEP on the intracranial system of patients with head injury and subarachnoid 
hemorrhage: the role of respiratory system compliance. J Trauma 58: 571-576

115.  Salim A, Miller K, Dangleben D, Cipolle M, Pasquale M, (2004) High-frequency percussive ven-
tilation: an alternative mode of ventilation for head-injured patients with adult respiratory 
distress syndrome. J Trauma 57: 542-546

116.  Fuke N, Murakami Y, Tsutsumi H, Aruga T, Mii K, Toyooka H, Takakura K, Inada Y, (1984) [The ef-
fect of high frequency jet ventilation on intracranial pressure in the patients with severe head 
injury]. No Shinkei Geka 12: 297-302

117.  Georgiadis D, Schwarz S, Baumgartner RW, Veltkamp R, Schwab S, (2001) Influence of positive 
end-expiratory pressure on intracranial pressure and cerebral perfusion pressure in patients 
with acute stroke. Stroke 32: 2088-2092

118.  Georgiadis D, Schwarz S, Kollmar R, Baumgartner RW, Schwab S, (2002) Influence of inspira-
tion:expiration ratio on intracranial and cerebral perfusion pressure in acute stroke patients. 
Intensive Care Med 28: 1089-1093

119.  Clarke JP, (1997) The effects of inverse ratio ventilation on intracranial pressure: a preliminary 
report. Intensive Care Med 23: 106-109

120.  Stewart AR, Finer NN, Peters KL, (1981) Effects of alterations of inspiratory and expiratory pres-
sures and inspiratory/expiratory ratios on mean airway pressure, blood gases, and intracranial 
pressure. Pediatrics 67: 474-481

121.  Skoglund K, Enblad P, Hillered L, Marklund N, (2012) The neurological wake-up test increases 
stress hormone levels in patients with severe traumatic brain injury. Crit Care Med 40: 216-222

122.  Skoglund K, Enblad P, Marklund N, (2009) Effects of the neurological wake-up test on intra-
cranial pressure and cerebral perfusion pressure in brain-injured patients. Neurocrit Care 11: 
135-142

123.  Jaskulka R, Weinstabl C, Schedl R, (1993) [The course of intracranial pressure during respirator 
weaning after severe craniocerebral trauma]. Unfallchirurg 96: 138-141



Neurocritical Care Society 422

124.  Ibrahim EH; Ward S; Sherman G; Schaiff R; Fraser VJ; Kollef MH, (2001) Experience with a clini-
cal guideline for the treatment of ventilator-associated pneumonia.  Crit Care Med 29: 1109-15

125.  Singh, N, Rogers, P, Atwood, CW, et al, (2000) Short-course empiric antibiotic therapy for pa-
tients with pulmonary infiltrates in the intensive care unit: a proposed solution for indiscrimi-
nate antibiotic prescription.  Am J Respir Crit Care Med 162:505.

126.  Chastre J; Wolff M; Fagon JY; Chevret S; Thomas F; Wermert D; Clementi E; Gonzalez J; Jus-
serand D; Asfar P; Perrin D; Fieux F; Aubas S, (2003) Comparison of 8 vs 15 days of antibiotic 
therapy for ventilator-associated pneumonia in adults: a randomized trial. JAMA 290: 2588-98.

127.  Global Initiative for Chronic Obstructive Pulmonary Disease, Executive Summary: Global Strat-
egy for the Diagnosis, Management, and Prevention of COPD: www.goldcopd.com

128.  Lindenauer PK, Pekow PS, Lahti MC, Lee Y, Benjamin EM, Rothberg MB, (2010)  Association of 
corticosteroid dose and route of administration with risk of treatment failure in acute exacer-
bation of chronic obstructive pulmonary disease. JAMA 303: 2359-67.

129.  Brochard L; Mancebo J; Wysocki M; Lofaso F; Conti G; Rauss A; Simonneau G; Benito S; Gaspar-
etto A; Lemaire F, (1995) Noninvasive ventilation for acute exacerbations of chronic obstructive 
pulmonary disease.  N Engl J Med 333: 817-22

130.  Ram FS; Picot J; Lightowler J; Wedzicha JA (2004) Non-invasive positive pressure ventilation 
for treatment of respiratory failure due to exacerbations of chronic obstructive pulmonary 
disease. Cochrane Database Syst Rev: CD004104

131.  Baumann MH, Strange C, Heffner JE, et al, (2001) Management of spontaneous pneumotho-
rax*: an American College of Chest Physicians Delphi consensus statement.  Chest 119: 590-
602.

132.  MacDuff A, Arnold A, Harvey J, BTS Pleural Disease Guideline Group, (2010) Management of 
spontaneous pneumothorax: British Thoracic Society Pleural Disease Guideline. Thorax 65 
Suppl 2:ii18.

133.  Kandel ER, Schwartz JH, Jessell TM, (2000).  Principles of Neural Science.  McGraw-Hill, New 
York. 



423 Chapter 18: Respiratory Support of the Neurocritically Ill: Airway, Mechanical Ventilation, and Management of Respiratory Diseases 

AIRWAY AND MECHANICAL VENTILATION QUESTIONS

1. A core element of mechanical ventilation in the ICU that improves outcome is
a) The avoidance of PEEP
b) The use of low tidal volumes (6 ml/kg IBW)
c) The acceptance of unlimited peak pressures
d) The avoidance of assisted ventilation modes
e) Permissive hyperoxia

2. Mechanical ventilation should
a) Be applied as long as possible
b) Be using fully-controlled ventilation modes, if feasible
c) Involve generous administration of muscular blockers
d) Be discontinued as soon as possible
e) Be regarded as a form of lung therapy

3. Factors predicting weaning success are
a) The use of vasopressors
b) A rapid shallow breathing index < 105
c) A maximum inspiratory force < 10 cmH2O
d) A temperature > 38°C
e) A vital capacity < 10 ml/kg

4. Factors associated with difficulties in airway management are
a) Obesity
b) Long teeth
c) Short neck
d) Old age
e) A-d

5. Which of the following drugs used for induction cause(s) the least hypotension?
a) Thiopental
b) Propofol
c) High doses of fentanyl
d) Etomidate
e) A+b

6. PEEP
a) Should never be used in TBI patients
b) Should never be used in stroke patients
c) May lead to ICP elevations in patients with high lung compliance
d) Leads to increased mortality in NICU patients
e) PEEP counteracts the „open-lung-concept“
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7. Warning sings of respiratory failure in myasthenia gravis are
a) Weak cough
b) Use of accessory breathing muscles
c) Bradycardia
d) A+b
e) A+c

8. What has to be avoided when intubating stroke patients?
a) The use of analgesics
b) The use of sedatives
c) Hypothermia
d) Hypotension
e) Hypophosphatemia

9. Weaning neurocritically ill patients
a) Is generally futile
b) Has to involve continuous weaning methods
c) Has to involve discontinuous weaning methods
d) Should not be delayed due to coma
e) Is associated with a low incidence of delirium

10. When extubating NICU patients, one should be aware
a) That ”classical“ extubation criteria might not work
b) Of a high incidence of dysphagia
c) That re-intubation may worsen prognosis
d) That delayed extubation may worsen prognosis
e) A-d

Clinical Scenarios

11. A 56 year old male smoker is intubated at the time of admission following a 25cc right thalamic 
ICH complicated by IVH, hydrocephalus, EVD placement, and atrial fibrillation.  On hospital day #6 
he develops fever, leukocytosis, purulent sputum, and right apical infiltrate on chest X-ray.  What 
is the diagnosis and appropriate next series of steps?

a) He has nosocomial pneumonia.  Sputum and blood cultures should be obtained, and 
treatment initiated with a fluoroquinolone and vancomycin.
b) He has nosocomial pneumonia.  Sputum and blood cultures should be obtained, along 
with 3-4 liters of crystalloid resuscitation fluid over 24 hours and the initiation of a carbap-
enem, vancomycin, and a fluoroquinolone.
c) He has ventilator-associated pneumonia.  Sputum and blood cultures should be ob-
tained, intravenous fluid administered, and antimicrobial therapy withheld until culture 
results are available and therapy can be targeted according to the microbiology.
d) He has ventilator associated pneumonia.  Sputum and blood cultures should be ob-
tained, crystalloid administered until tissue perfusion is verified, and empiric broad-spec-
trum antibiotics initiated according to protocol based on local resistance patterns.
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12. A 67 yo woman with severe COPD is admitted after a motor vehicle accident resulting in traumatic 
brain injury.  She was intubated by EMS in the field and remains mechanically ventilated with GCS 
6, and intracranial pressure of 20-25 mmHg despite a fairly aggressive medical regimen to control 
ICP.  On hospital day 3 breath sounds are globally diminished, peak airway pressures are increased 
at 54mmHg, and expiratory wheezing is noted in all lung fields.  Air trapping is noted on ventilator 
waveforms, and the intrinsic PEEP is measured at 16mmHg.  The patient appears well synchro-
nized with the ventilator.  ABG shows pH 7.30, pCO2 62 mmHg, pO2 65 mmHg, HCO3 28 mmol/L.  
There is no infiltrate on chest X-ray, and secretions are minimal.  The most appropriate medical 
therapy to introduce at this juncture is:

a) Scheduled inhaled anticholinergic and beta-agonist medications, and doxycycline 100mg 
twice per day.
b) Intravenous nitroglycerine titrated to a systolic BP of 120mmHg, furosemide 80mg, and 
morphine sulfate.
c) IV methylprednisolone or enteral prednisone 40mg daily, inhaled anticholinergic and 
B-agonist medications, and a trial of increased PEEP to decrease air trapping and improve 
ventilation.
d) Pentobarbital infusion to bring the ICP down below 15 mmHg and improve patient-ven-
tilator interactions

13. A 28 year old man with mantle cell lymphoma and pancytopenia following induction chemother-
apy is admitted to the neurological intensive care unit following a small spontaneous left frontal 
ICH.  He is transfused multiple units of platelets and FFP to correct severe thrombocytopenia and 
a moderate coagulopathy, and his ICH remains stable, with minimal neurological disability.  The 
patient develops wheezing, multifocal rales, and dyspnea over the next several days, unresponsive 
to furosemide.  The hemoglobin drops from 12.8 g/dl to 7.3g/dl.  Chest radiograph demonstrates 
multifocal bilateral infiltrates.  On bronchoscopy the airways are friable, and sequential broncho-
alveolar lavage returns increasingly bloody fluid.  All cultures from the bronchoscopy are negative, 
as are viral studies and silver stain for Pneumocystis.  The most likely diagnosis is:

a) Congestive heart failure due to blood product administration
b) Transfusion-related acute lung injury (TRALI)
c) Diffuse alveolar hemorrhage
d) Legionella pneumophilia or other atypical pneumonia
e) None of the above

14. You are called urgently to the bedside to evaluate the respiratory status of a patient receiving 
mechanical ventilation who had a left subclavian central venous catheter successfully placed one 
hour ago.  On arrival, you note SpO2 84%, BP 78/58 mmHg, HR 124 bests per minute, and RR 38 
breaths per minute.  The ventilator is alarming because peak airway pressure is 58 despite tidal 
volume of 450cc, and when you check the plateau pressure you find it is 42 mmHg.  On physical 
examination, the left chest is hyperinflated and hyperresonant to percussion, with near absent 
breath sounds.  The next appropriate move is:

a) STAT CXR and if there is evidence of a tension pneumothorax, placement of a thoracos-
tomy tube.
b) Urgent surgical consultation
c) Needle decompression of the left hemithorax followed by urgent thoracostomy place-
ment
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d) left lateral decubitus radiograph, discontinue infusion of medications through the left 
central venous catheter, and request surgical consultation

15. Which of the following organisms can be detected on routine sputum culture?  Circle all that apply.
a) Legionella pneumophilia
b) ESBL-producing Klebsiella pneumoniae
c) Pneumocystis jiroveci
d) Mycoplasma pneumoniae
e) Mycobacterium tuberculosis
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AIRWAY AND MECHANICAL VENTILATION ANSWERS

1. The correct answer is B. Lower tidal volumes and limitation of inspiratory pressures constitute 
lung-protective ventilation that translates in reduced morbidity and mortality. 

2. The correct answer is D. Mechanical ventilation, although live-saving and indispensable, is 
not physiological, and can be a potentially damaging procedure that puts the patient at risk of 
substantial lung-injury, ventilation-associated pneumonia and other complications. Therefore, 
discontinuiation has to be considered every day and weaning must be started as soon as is 
feasible.

3. The correct answer is B. An RSBI < 105 has been shown to predict successful weaning and 
extubation in the general ICU population. It is only one among other predictors, however. The 
other distractors are rather associated with weaning failure.

4. The correct answer is E. All of these patient factors are associated with difficult airway man-
agement, particularly intubation.

5. The correct answer is D. Etomidate hardly influences circulation and thus does not usually 
cause hypotension. In contrast, propofol, thiopental and higher doses of fentanyl and have 
all found to cause potentially detrimental hypotension, especially if baseline MAP is low (< 70 
mmHg) already.

6. The correct answer is C. In patients with high lung compliance, higher PEEP might cause con-
siderable reduction of venous return from the brain and thus translate into raised ICP. This 
problem might have less relevance than thought in the past, however, as most patients re-
quiring high PEEP have a low lung compliance. PEEP application has been questioned in NICU 
patients prone to ICP elevations, such as those with TBI and large stroke, but more recent 
studies have not confirmed relevant ICP increases in these groups of patients. PEEP is part of 
the open-lung concept and often necessary to achieve adequate oxygenation, i.e. one core 
element of support in brain-lesioned patients. The application of PEEP has not been found to 
be associated with higher mortality in NICU patients. Neuromonitoring is still recommended in 
NICU patients with lung injury demanding higher PEEP, and attention to MAP and CPP decreas-
es warranted.

7. The correct answer is D. Weak cough (and thus problems to handle secretions) as well as the 
use of accessory breathing muscles (e.g. the sternocleidomastoid) are typical warning sings of 
imminent respiratory failure in MG. There are several others, such as tachycardia (not brady-
cardia).

8. The correct answer is D. Because stroke patients often have compromised cerebral perfusion 
and oxygenation, even transient hypotension should be avoided when intubating them. Al-
though analgesics and sedatives may cause hypotension, they have to be used for intubation, 
even if the patient is comatose, as laryngoscopy causes extreme stress. Avoidance of over-dos-
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ing, choice of less circulatory active agents, and counterbalancing with volume and vasopres-
sores can all help to keep these patients hemodynamically stable. Distractors E and C might be 
present but are not relevant with regard to the intubation process, C might even be beneficial 
in stroke. 

9. The correct answer is D. NICU patients can often breathe with very little assist even if they 
have not (yet) regained their baseline level of consciousness. Therefore, weaning can be start-
ed in many of these patients without problems. The ability to protect the airway is an issue 
that may have a lot more to do with the level of consciousness and has to be dealt with later 
in the weaning process. The optimal method of weaning has not been established in (N)ICU 
patients. The weaning period has a high incidence of delirium (although this is often neglected 
or not even recognized), but weaning is certainly not generally futile. 

10. The correct answer is E. All these aspects are true and make extubating NICU patients a highly 
individual and at times difficult decision. 

11.  The correct answer is D. The pneumonia is a ventilator-associated pneumonia since it oc-
curred after 48 hours.  Antimicrobial therapy is empiric, broad-spectrum, and based on local 
resistance patterns.

12. The correct answer is C. The patient has acute exacerbation of COPD, and should be treated 
with corticosteroids, bronchodilators, and increased PEEP to stent open airways and augment 
exhalation, resulting in lower pressures and less air trapping.  Antibiotics can be used in this 
scenario, but are not mandatory, since secretions are minimal and there is no evidence of in-
fection.

13. The correct answer is C. This patient has diffuse alveolar haemorrhage due to coagulopathy 
and hematologic malignancy.  DAH is characterized by increasingly bloody return on bronchos-
copy and a drop in haemoglobin levels.  In contrast, TRALI occurs within 6 hours of a transfu-
sion, and Pneumocystis pneumonia does not cause alveolar haemorrhage.  He does not have 
an appropriate history for Legionella infection or CHF.

14. The correct answer is C. The diagnosis of acute tension pneumothorax does not require chest 
radiography (though ultrasound can be used to confirm the diagnosis) and the urgent treat-
ment is immediate decompression, typically by placing a large-bore angiocath into the 2nd/3rd 
intercostal space, over the top of the rib, in the midclavicular line, followed by chest tube 
placement.

15. The correct answer is B. Klebsiella is an extracellular bacterial pneumonias that grow in rou-
tine culture preparations.  Legionella can be tested by urinary antigen testing, or by culture 
on a special growth medium (charcoal agar).  Pneumocystis is identified by a silver stain (also 
used for fungus) of a sputum cytology specimen.  Mycoplasma is identified by testing for cold 
agglutinins, or by PCR for the bacterium.  Mycobacteria are seen on acid fast smear (also spe-
cial-ordered) and cultures may take up to 6 weeks to grow.




