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Overview of Normal Respiration

 Upper airway muscles

 Palatal, pharyngeal, laryngeal, lingual

 Innervated by lower cranial nerves

 Inspiratory muscles

 Diaphragm (Phrenic nerve: C3-C5)

 Parasternal intercostals (T1-T7)

 Accessory muscles: sternocleidomastoid (CN Xi, C2), scalenes (C4-C8)

 Expiratory muscles

 Internal intercostal muscles (T1-T12)

 Abdominal muscles (T7-L1)



Central Regulation of Respiratory 
Function
 Medulla 

 Generates basic respiratory pattern

 Pons

 Regulates respiratory pattern

 Cerebral cortex

 Active control of respiratory 
function

Ciumas Front Neural Circuits 2022



Causes of Respiratory Failure

 Hypoxic Respiratory Failure

 Impaired oxygenation

 Hypercapnic Respiratory Failure

 Impaired ventilation

 Apnea

 Absence of respirations

 Impending Respiratory Failure

 Inability to protect airway

 Bulbar dysfunction

 Poor level of arousal (GCS < 8)



Indications for Intubation

 Inadequate gas exchange

 Inability to protect airway

 Anticipation of need for secured airway

 Anticipated clinical course

 Intubation for procedure, imaging, transfer



Airway Assessment in Stroke: AHA 
Guidelines

 2022 AHA ICH Guidelines:
 In patients with potential spontaneous ICH, first responder training in stroke evaluation 

and care with the ability to provide airway and circulatory support when necessary is 
reasonable to detect and manage prehospital neurological deterioration. (2a, C-LD). 
 Reasonable for ACLS trained clinicians to respond to patients with suspected stroke

 Unknown if prehospital BLS or ACLS yields better outcomes

 Initial physical examination should include assessment of airway, breathing and 
circulation

 In hospitalized patients with spontaneous ICH who require hospital transfer but do not 
have adequate airway protection, cannot support gas exchange, and/or do not have a 
stable hemodynamic profile, appropriate life-sustaining therapies should be initiated 
before transportation to prevent acute medical decompensation in transport (1, C-EO)
 Indications for invasive mechanical ventilation: Airway protection, adequate gas exchange

 Consider patients with decreased level of consciousness or a declining neurological examination 
for mechanical ventilation. 

Greenberg, Stroke 2022



Airway Assessment in Stroke: AHA 
Guidelines

 2019 AHA Acute Ischemic Stroke Guidelines

 Airway support and ventilatory assistance are recommended for the treatment of 
patients with acute stroke who have decreased consciousness or who have bulbar 
dysfunction that causes compromise of airway (1, C-EO)

 Supplemental oxygen should be provided to maintain oxygen saturation >94% (1, C-
LD)

 Supplemental oxygen is not recommended in nonhypoxic patients with AIS (III, B-R)

 In patients undergoing fibrinolytic therapy, physicians should be prepared to treat 
potential emergent effects, including bleeding complications and angioedema that 
may cause partial airway obstruction (1, B-NR)

Powers, Stroke, 2019



Fibrinolytic Associated Angioedema

 Angioedema secondary to thrombolytic therapy occurs in 2-8% of patients

 Rate of ~5% in alteplase

 Limited data in Tenecteplase, likely 0-2.8%

 Likely related to 

 Increased bradykinin leading to increased vascular permeability, vasodilation, 
accumulating fluid in interstitial tissues

 Activation of complement system resulting in mast cell degranulation and 
histamine release

 Risk is 6x higher in patients also taking angiotensin-converting enzyme (ACE) 
inhibitors

 ACE-I result in slower rate of bradykinin degradation

Dellabella, Stroke, 2024
Hutten, Stroke, 2024



Dellabella, Stroke, 2024



Treatment of Angioedema

 Discontinue fibrinolytic, hold ACE-I

 Consider intubation (awake, fiberoptic)

 Administer methylprednisolone, diphenhydramine, 
and ranitidine or famotidine

 Consider epinephrine

 Consider icatibant
 Bradykinin B2 receptor antagonist

 Consider C1 esterase inhibitors
 Inactivate kallikrein

 Consider fresh frozen plasma (not endorsed by AHA)
 Contains kininase II

 Leads to degradation of accumulated bradykinin

Powers, Stroke, 2019



Dysphagia and Aspiration

 Dysphagia is associated with an increased risk of pneumonia

 2022 AHA ICH Guidelines: 

 Dysphagia screening before the patient begins eating, drinking or receiving oral 
medications is effective to identify patients at increased risk for aspiration (1, C-
LD)

 Implementing oral hygiene protocols to reduce the risk of pneumonia after stroke 
may be reasonable (IIb, B-NR)



Prevention and Management of 
Aspiration

 Head of bed elevated to 15-30 degrees

 NPO pending swallow screen

 Pneumonia

 3-10% of patients with acute stroke

 Aspiration is the cause of ~60% of cases of pneumonia in stroke patients

 Increases risk of mortality

 Differentiating pneumonitis from pneumonia

 Treatment with antibiotics

 May vary – community acquired vs hospital acquired

 Consider piperacillin-tazobactam in hospital acquired pneumonia; narrow antibiotics to 
cultures

Johnston, Stroke, 1998
Ingeman, Stroke, 2011



Role of Non-Invasive Oxygen Therapies

 Non-invasive positive pressure ventilation

 Only to be used in awake patients with intact cough, gag, protective reflexes

 Rarely used in acute stroke unless underlying neuromuscular condition

 If unable to remove on their own due to paralysis, consider 1:1 sitter

 Role of supplemental oxygenation

 Nasal canula to maintain Oxygenation >94% in AIS

 No role for supplemental oxygen if O2 sats are >94%



Tracheostomy in Stroke

 15-45% of stroke patients in the ICU require tracheostomy

 In patients with large MCA territory acute ischemic strokes

 30% of patients require tracheostomy

 65% of patients require gastrostomy

 If patient requires prolonged mechanical ventilation (>14 days), tracheostomy 
should be considered

 Can often be assessed after  7 days, projected course

 Early tracheostomy may have benefit in LOS, VAP

Walcott, Neurocrit Care, 2014
Bosel Stroke 2017
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