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    Introduction  

   Airway management is one of the core fundamental skills of the emergency • 
medicine or critical care physician.  
  Airway management is time-critical and can literally mean the dif erence • 
between life and death.  
  Airway management encompasses the overlapping management of oxygen-• 
ation, ventilation, and airway protection.     

    Airway principles ( Table 3.1 )  

   Planning, recognizing failure, and decision-making are top priorities.  • 
  Maintenance of calm permits proper decision-making. Undue haste is detri-• 
mental to critical decision-making.  
  Specii c time-sensitive exceptions include acidosis, impending airway obstruc-• 
tion, and hypoxia.  
  Each aspect of airway management is modular. Components can be mixed as • 
needed (e.g., video laryngoscopy with a bougie; awake intubation at er preoxy-
genation with noninvasive ventilation).         

    Recognizing failure ( Figure 3.1 )  

     When i rst-line techniques fail to result in intubation, early identii cation of fail-• 
ure is paramount.  

   Airway  management    
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 Figure 3.1.      (© Reuben Strayer & emupdates.com, used with permission. Adapted from: 

Reuben Strayer. Emergency Department Intubation Checklist v13. 2012.  http://emupdates.

com/2012/07/08/emergency-department-intubation-checklist-v13/ ; accessed July 23, 

2012).  

 Table 3.1.       Principles for safe emergency airway management 

 Judicious use of rapid sequence intubation (RSI) versus awake technique 

 Back-up planning 

 Prioritization of oxygenation 

 Early recognition of failure 

 Early use of surgical technique if necessary 

 Avoidance of ED intubation if necessary 

  If unsuccessful, laryngoscopy should be abandoned and oxygen restored with • 
mask ventilation.  
    Extraglottic airways (EGA) can be placed quickly and may provide better venti-• 
lation than bag-mask ventilation.  
  If an intubation attempt fails  • and  reoxygenation fails,  a cricothyroidotomy 

must be performed immediately .  
  Failure to recognize a “can’t intubate, can’t oxygenate” scenario will result in the • 
patient’s death.            

    Decision to intubate ( Table 3.2 )  

   Many factors at play must be balanced, including: • 
   Early management of a sick patient  • 
  Potential danger of paralyzing a patient  • 
  Limited clinical evaluation of an intubated patient              • 

    Noninvasive ventilation  

   In patients protecting their airway, noninvasive ventilation (NIV) may be • 
appropriate.  
  Many patients will improve dramatically with NIV and avoid intubation.  • 
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 Table 3.2.       Indications for  intubation 

  Indication    Rationale    Comments  

 Ventilation  h e patient is not safely breathing on 

their own 

 Circumstances make it dii  cult 

to match the patient’s 

inherent drive (e.g., salicylate 

toxicity) 

 Oxygenation  Intubation allows high FiO 2  and 

positive end-expiratory pressure 

 Noninvasive ventilation may 

sui  ce for many patients 

 Protection  Alterations in mental status may 

blunt protective airway rel exes, 

and conditions such as vomiting 

may result in aspiration 

 Obstructive processes (e.g., 

expanding hematoma) may 

threaten tracheal patency 

 Expected 

course 

 A presently stable patient may be 

expected to deteriorate 

 Early intubation is ot en safer 

prior to deterioration 

 Metabolic 

demand 

 Decrease work of breathing in 

critically ill patients (e.g., severe 

sepsis) 

 Oxygen consumption from 

respiration alone can rise 

from baseline of 5% to 50% 

  NIV provides: • 
   Up to 100% FiO • 2   
  Pressure-support, decreasing the work of breathing  • 
  PEEP, overcoming shunt physiology (e.g., severe pneumonia, acute pulmo-• 
nary edema).    

    Although alteration in mental status is a traditional relative contraindication to • 
NIV, critically ill emergency department (ED) patients can be closely monitored 
by experienced airway operators.  
  NIV can be used to achieve two simultaneous goals: • 

   It can potentially improve the patient sui  ciently to obviate the need for • 
intubation.  
  Barring sui  cient improvement, NIV will optimize preoxygenation if intuba-• 
tion is necessary.            

     Oxygenation  

   Oxygenation is the primary concern in airway management.  • 
    As hemoglobin and oxygen bind cooperatively, desaturation is slow above SpO • 2  
90%.  
  Below 90%, hemoglobin molecules quickly lose bound oxygen, and critical hyp-• 
oxia can occur in seconds.  
    Due to the technical aspects of pulse oximetry, there is a lag of up to 2 minutes • 
in the measured SpO 2 . h erefore, a reading in the 80–90% range may indicate 
that the actual SpO 2  is much lower.  
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20 Section 1: General critical  care

  Laryngoscopy should be abandoned when SpO • 2  reads 90% in order for the 
patient to be reoxygenated.       

    Laryngoscopy and intubation 

         h e following steps are necessary to place an endotracheal tube (or an EGA): • 
   Positioning  • 
  Oxygenation  • 
  Equipment and discussion of back-up plan  • 
  Medication administration  • 
  Laryngoscopy and intubation (or EGA placement)  • 
  Postintubation management.       • 

  Positioning  

   Proper positioning is essential for laryngoscopy.  • 
  h e same positioning principles will aid in preoxygenation and mask • 
ventilation.  
  Proper positioning lit s the anterior pharyngeal structures of  the posterior • 
pharynx and optimizes glottis view.  
  A combination of head, neck, and body positioning can be used to optimize • 
both of these goals. 

     Jaw thrust: lit ing the jaw anteriorly by the angles of the mandible to open the • 
pharynx.  
    Ear-to-sternal-notch: the patient’s head should be elevated in order for the • 
external auditory meatus to be at the same level as the manubrium, in a plane 
parallel to the ceiling ( Figure 3.2a ).    

    Some patients (including: obese, with pleural ef usions, at risk for vomiting) • 
may benei t from elevating the head of the bed to 30 degrees while maintaining 
the same positioning principles ( Figure 3.2b ).  
    Positioning for a video laryngoscope  (VL): • 

   VL with conventional blades: positioning is unchanged.  • 
  VL with an angulated blade: completely neutral head and neck position, with • 
the head l at on the bed and the face plane parallel to the ceiling.              

 

(a) (b)

   Figure 3.2.      Patient positioning.  
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    Preoxygenation  

     h e goal of preoxygenation is not merely to achieve an SpO • 2  of 100%, but also 
to de-nitrogenate the lungs, completely i lling the lungs with oxygen to act as an 
oxygen reservoir during laryngoscopy.  
    Preoxygenate with a non-rebreather mask (NRB) set to 15 liters per minute or • 
higher, for at least 3 minutes.  
    If hypoxia persists despite high-l ow oxygen, the patient is likely shunting and • 
may require PEEP delivered via NIV.  
  Obtunded hypoxic patients, if still ventilating on their own, may be safer to ven-• 
tilate with NIV under close supervision than with bag-mask ventilation.  
    In the apneic patient, bag-mask ventilation (BMV) should be performed. • 

   Two-operator technique will provide a better mask seal as one operator can • 
use both hands to secure the mask to the patient’s face.  
  Nasal trumpets and oral airways, if tolerated, can be invaluable in maintaining • 
pharyngeal patency.  
  Use slow, smooth, controlled breaths of only half the volume of a standard bag.  • 
    Patients obtunded due to severe metabolic acidosis will require a much faster • 
respiratory rate, and must be ventilated during the apneic period to avoid car-
diac arrest.  
  Most bags accept a PEEP valve if necessary.  • 
  Ventilators can be attached to masks, allowing for control of tidal volumes, • 
respiratory rate, and PEEP if needed.      

  Fully obtunded and apneic patients oxygenate better with the rapid placement • 
of an EGA.       

    Apneic oxygenation and oxygenation during laryngoscopy  

     NRB should be let  in place during the apneic period.  • 
  As the oxygen in the lungs is i ltered into the body, an O • 2 -gradient is estab-
lished allowing passive l ow of oxygen from the high-FiO 2  of the NRB to the 
lungs.  
  A nasal cannula set to 15 lpm will similarly provide high-l ow oxygen during • 
laryngoscopy.  
  If there are insui  cient oxygen wall adaptors to provide three sources of oxygen • 
(bag-mask, NRB, and nasal cannula), place a portable oxygen tank under the 
bed to provide a third source.         

    Extraglottic  airways  

   Numerous EGA options exist, primarily laryngeal tubes (mainly used in the pre-• 
hospital setting) and laryngeal masks.  
  EGA are typically used as rescue devices when it is dii  cult to provide BMV.  • 
    Laryngeal masks do not fully “secure” the airway as vomit may dislodge them.  • 
  Many second-generation laryngeal masks permit intubation through the mask.       • 
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    Laryngoscopy  

   Principles of laryngoscopy are identical for direct and video laryngoscopy, with • 
the exception of dif erent positioning.  
  Suction should be available under the patient’s right shoulder. Two or more • 
Yankauer suction tips may be necessary if blood, vomit, or copious secretions 
are expected.  
    Various devices exist for video laryngoscopy. • 

   Many devices use traditional curved blades and may be used either directly or • 
with the video monitor.  
  Devices with angulated or indirect blades are operated similarly but do not • 
allow for direct visualization.  
  Angulated blades will ot en insert too far; if the glottis cannot be seen, with-• 
draw slowly.  
  Lit ing the handle straight toward the ceiling may also improve the view.  • 
  Video devices improve views but may be defeated by blood, mucus, or vomit.  • 
  Tube delivery may be more dii  cult as the angle of attack to the trachea is • 
steeper.    

  Stylets vastly improve tube control and delivery and should be shaped straight to • 
the cuf , then angled to 35 degrees.  
  Deliver the tube from the side (3-o’clock): rotation about the long axis will give • 
subtle control in the vertical axis, and the tube will not obscure the glottic view.  
  A partial glottic view is sui  cient if the tube can be directed above the posterior • 
cartilages   ( Figure 3.3 ).  
  Tube delivery with angulated VL is ot en facilitated with malleable stylets shaped • 
similarly to the blade, or with proprietary stylets.          

    Bimanual  laryngoscopy  

   Bimanual laryngoscopy includes both external laryngeal manipulation (ELM) • 
and head mobilization.  
  ELM is best achieved with the aid of an assistant.  • 
  ELM is not cricoid pressure. • 

 Grade I Grade II Grade III Grade IV

   Figure 3.3.      View of the vocal cords. Grade I: the entire glottis opening is visualized. Grade 

II: only the posterior aspect of the glottis opening is visualized. Grade III: only the tip of the 

epiglottis is visualized. Grade IV: only the soft palate is visualized.  
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   Cricoid pressure ostensibly occludes the esophagus to avoid passive • 
regurgitation.  
  Cricoid pressure is unlikely to work, and may worsen the glottis view.         • 

    Bougie  

   h e bougie is a valuable adjunct, particularly in partial glottis views.  • 
  h e bougie is threaded through the glottis and the tube is delivered “over the • 
wire.”  
  When advanced gently, the bougie will be stopped by a terminal bronchus at er • 
40 cm of insertion if it is properly located in the airway. If in the esophagus, the 
bougie will advance indei nitely.       

    Confi rmation of placement  

   Traditional indicators such as chest rise, auscultation, humidity in the tube, • 
chest radiography, and SpO 2  are helpful but unreliable.  
  h e preferred method for coni rmation of endotracheal intubation is • 
capnography.  
    Colorimetric capnography: disposable litmus-paper devices that change color • 
from purple to yellow. 

   Only accurate if color change persists over 6 breaths.  • 
  Inaccurate if the airway is soiled by vomit.    • 

    Waveform capnography: nearly 100% accurate, end-tidal capnography is near • 
gold-standard.  
    Capnography should also be used to coni rm ventilation with EGA  .      • 

    Rapid sequence intubation  (RSI)  

   RSI is the simultaneous administration of a paralytic and an induction • 
agent.  
  h e overwhelming majority of ED intubations use RSI.  • 
  Adequate preoxygenation is a prerequisite for safe RSI.  • 
  One goal of RSI is to avoid positive-pressure ventilation during the apneic period • 
to minimize the risk of vomiting by avoiding gastric insul  ation.  
  RSI has been proven to be safe and ef ective as paralysis optimizes intubating • 
conditions.    

  RSI medications ( Table 3.3 )  

   h e cornerstone of RSI is the simultaneous use of a potent sedative and fast-• 
acting paralytic.  
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    Etomidate, propofol, and midazolam may precipitate hypotension. For potential • 
hypotension or hypovolemia, reduce the induction dose by 50% or more.  
    Earlier concerns about use of ketamine in elevated intracranial pressure are • 
unfounded.  
    Onset of paralysis is 30–45 seconds with either succinylcholine or high dose • 
rocuronium.  
    Succinylcholine is widely used but may precipitate hyperkalemia. At-risk popu-• 
lations include: 

   Neuromuscular disorders (acquired and congenital)  • 
  Sepsis, burns, and crush injuries (generally only vulnerable >3 days at er • 
onset)  
  Preexisting hyperkalemia    • 

  While succinylcholine has a shorter duration of action than rocuronium (8–10 • 
minutes vs. 45 minutes), the patient will critically desaturate prior to return of 
muscle tone if the tube cannot be placed.            

    Hemodynamics  

   Induction of anesthesia may be detrimental to hemodynamics.  • 
  Sedation blunts the sensation of noxious stimuli, decreasing endogenous • 
catecholamines.  
  Intubation and mechanical ventilation results in the shit  from physiological • 
negative-pressure ventilation to positive-pressure ventilation, which decreases 
preload.  
  Hemodynamics should be optimized prior to intubation, through l uid resusci-• 
tation and/or vasopressors as indicated.          

 Table 3.3.       RSI  medications 

 Sedative agents  Dose   Properties 

 Etomidate  0.3 mg/kg  Linked to adrenal suppression of unclear clinical 

importance 

 Ketamine  1.5–2 mg/kg  Releases endogenous catecholamines; avoid in CAD; 

bronchodilator 

 Propofol  1.5–2 mg/kg  Antiepileptic; bronchodilator 

 Midazolam  0.3 mg/kg  Antiepileptic 

 Paralytic agents  Dose  Properties 

 Succinylcholine  1.5–2 mg/kg  May precipitate hyperkalemia in vulnerable patients 

(e.g., neuromuscular disorders) 

 Rocuronium  1.2 mg/kg  Time of onset and intubating conditions identical to 

succinylcholine if dosed 1.2 mg/kg 
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    Assessing airway diffi culty ( Table  3.4 )  

   In the potentially dii  cult airway, awake intubation allows for an increased • 
safety margin.  
  Predicting the dii  cult airway is dii  cult.  • 
  h e gestalt of an experienced physician is likely equal to or superior to specii c • 
rules, and is usually informed by similar elements.  
  Features that potentially increase intubation dii  culty include: • 

   Obesity  • 
  Short neck  • 
  Decreased neck mobility  • 
  Small mouth opening  • 
  Recessed chin    • 

  As most ED intubations utilize RSI, comfort and skill with awake technique may • 
be limited.  
  While maintaining the patient’s respiratory drive confers a clear level of safety, • 
intubating conditions are not optimized.  
    Awake intubation is straightforward, adds only a few minutes of time, and even • 
if unsuccessful, has taken little from the patient.  
    A failed awake intubation can easily be converted to an RSI, but a paralyzed • 
patient requires dei nitive airway control.  
  Most patients are safe for  RSI.  • 
    Some potentially dii  cult patients may be safe for paralysis but will benei t from • 
a double setup: 

   Fully prepared for cricothyroidotomy  • 
  Equipment open at the bedside  • 
  Cricothyroid membrane marked  • 
  Neck sterilized  • 
  While one physician is ready to immediately perform the surgical airway if • 
needed, a separate physician takes a single attempt at RSI    

  A double setup will help overcome the cognitive burden of identifying the need • 
for surgical airway if necessary  .  
  If time allows, some patients may benei t from techniques not possible in the ED • 
and should be considered for dei nitive control in the operating room (OR).  

 Table 3.4.       Technique for increasing levels of  risk 

 Risk scale  Technique  Example 

 Low risk  RSI  Most patients 

 Predicted dii  cult  Awake  Obese patient with short neck 

 Predicted dii  cult, 

potentially unstable 

 Double setup  Lateral neck trauma 

 High risk, currently stable  OR  Ludwig’s angina, epiglottitis 
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26 Section 1: General critical  care

    Sedative-only intubation, while seemingly attractive, is potentially dangerous. • 
   Intubating without paralysis means conditions are not optimized.  • 
  h e dose of sedative necessary for the patient to tolerate laryngoscopy will • 
obliterate respiratory drive, eliminating the benei t of avoiding paralysis.  
  Sedation alone is unlikely to diminish airway rel exes; the risk of vomiting and • 
aspiration caused by laryngoscopy is high.  
  Accordingly, all ED patients undergoing intubation should receive sedation • 
and either paralytics or topicalization.                

    Alternative airway techniques 

    Awake intubation  

   Awake intubation refers to the use of topical anesthetic instead of paralytic • 
agents to facilitate intubation, while maintaining the patient’s respiratory drive 
and protective airway rel exes.  
  “Awake intubation” is a misnomer, as patients require some level of sedation.  • 
  Most sick patients can be intubated  awake.  • 
  Awake intubation takes minimal extra time and provides a wide safety margin • 
in the potentially dii  cult airway.  
  Ketamine, ketofol, or dexmedetomidine are optimal agents as they maintain • 
respiratory drive and airway rel exes.  
    Video laryngoscopy should be used if available, as the intubating conditions will • 
not be optimized via paralysis.       

    Delayed sequence intubation (DSI)  

     Hypoxic patients may not tolerate preoxygenation due to delirium.  • 
  Under close monitoring, these patients may benei t from delayed sequence intu-• 
bation; the use of a sedative to allow for proper preoxygenation, followed by 
paralysis and intubation.  
  Sedative dosing should be adjusted to maintain the patient’s airway rel exes and • 
respiratory drive.  
    Ketamine is the i rst-line agent for DSI as it will not blunt airway rel exes or • 
respiratory drive.            
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