
© 2012 Rose, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

Open Access Emergency Medicine 2012:4 5–15

Open Access Emergency Medicine

Management of critically ill patients receiving 
noninvasive and invasive mechanical ventilation  
in the emergency department

Louise Rose
Lawrence S Bloomberg Faculty  
of Nursing, University of Toronto, 
Toronto, Ontario, Canada

Correspondence: Louise Rose 
Lawrence S Bloomberg Faculty  
of Nursing, University of Toronto,  
155 College St, Room 276, Toronto,  
Ontario, Canada, M5T IP8 
Tel +1 416 978 3492 
Fax +1 416 978 8222 
Email louise.rose@utoronto.ca

Abstract: Patients requiring noninvasive and invasive ventilation frequently present to 

emergency departments, and may remain for prolonged periods due to constrained critical 

care services. Emergency clinicians often do not receive the same education on management 

of mechanical ventilation or have similar exposure to these patients as do their critical care 

colleagues. The aim of this review was to synthesize the evidence on management of patients 

requiring noninvasive and invasive ventilation in the emergency department including indications, 

clinical applications, monitoring priorities, and potential complications. Noninvasive ventilation 

is recommended for patients with acute exacerbation of chronic obstructive pulmonary disease 

or cardiogenic pulmonary edema. Less evidence supports its use in asthma and other causes of 

acute respiratory failure. Use of noninvasive ventilation in the prehospital setting is relatively 

new, and some evidence suggests benefit. Monitoring priorities for noninvasive ventilation 

include response to treatment, respiratory and hemodynamic stability, noninvasive ventilation 

tolerance, detection of noninvasive ventilation failure, and identification of air leaks around 

the interface. Application of injurious ventilation increases patient morbidity and mortality. 

Lung-protective ventilation with low tidal volumes based on determination of predicted body 

weight and control of plateau pressure has been shown to reduce mortality in patients with 

acute respiratory distress syndrome, and some evidence exists to suggest this strategy should 

be used in patients without lung injury. Monitoring of the invasively ventilated patient should 

focus on assessing response to mechanical ventilation and other interventions, and avoiding 

complications, such as ventilator-associated pneumonia. Several key aspects of management 

of noninvasive and invasively ventilated patients are discussed, with a particular emphasis on 

initiation and ongoing monitoring priorities focused on maintaining patient safety and improving 

patient outcomes.

Keywords: mechanical ventilation, emergency department, noninvasive ventilation, critical 

illness, acute respiratory failure

Introduction
Management of critically ill patients requiring mechanical ventilation is highly resource-

intensive and time-sensitive.1 These patients require a high level of care and are at high 

risk of adverse events. Insufficient monitoring and/or substandard management of these 

patients may pose a substantial threat to patient safety, leading to complications and 

adverse outcomes. Management of critical illness is now recognized as a continuum 

that begins with prehospital care, continues with emergency department intervention 

and culminates in intensive care unit admission and management.1 However, in 

the emergency department, clinician exposure to this high-risk patient population 
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may be variable. Moreover, emergency departments often 

lack the resources and personnel trained for longitudinal 

management of the critically ill.2–4 Training of emergency 

physicians and nurses in the ongoing management of 

invasively and noninvasively ventilated patients is generally 

limited,5 particularly in North America, where mechanical 

ventilation is usually initiated and managed by respiratory 

therapists. However, these clinicians with specialized 

training in the management of ventilation typically leave 

the emergency department once the patient is stabilized, and 

only return to reassess patients and to facilitate transfers at 

the request of emergency department staff.

In the US, the proportion of critically ill patients 

presenting to emergency departments is rising and their 

length of stay in the emergency department is increasing.6–8 

Delayed admission to an intensive care unit from the 

emergency department may occur due to hospital crowd-

ing and a lack of available intensive care unit beds.1,2 

Urban US emergency departments report providing more 

than 150  days of critical care annually.2,9 A single-center 

retrospective Canadian study10 reported that critically ill 

patients accounted for 0.26% of all emergency department 

admissions, with a median length of stay of 4.9 hours. This 

may be an underestimation of the prevalence of critically 

ill patients, because those admitted from the emergency 

department to the intensive care unit for surgical, cardiac, 

or trauma diagnoses were excluded. A more recent prospec-

tive, multicenter Canadian study11 identified that ventilated 

patients (invasive and noninvasive) represented 0.5% of all 

emergency department presentations, but were not infrequent 

(0.8 patients per study day per emergency department). 

Patients remained in the emergency department for a median 

(interquartile) duration of 6.4 (2.8–14.6) hours, with 11.5% 

having a length of stay in the emergency department longer 

than 24 hours, demonstrating the need for emergency clini-

cians to provide longitudinal intensive care unit level care in 

the emergency department. The aim of this narrative review 

is to summarize the indications, clinical applications, moni-

toring priorities, and potential complications for critically 

ill patients receiving noninvasive and invasive ventilation 

in the emergency department.

Noninvasive ventilation
Physiological benefits
Noninvasive ventilation is effective for patients with acute 

respiratory failure due to reduced inspiratory muscle work 

and thus fatigue through the addition of inspiratory posi-

tive pressure.12 Positive pressure increases transpulmonary 

pressure, inflates the lungs, augments alveolar ventilation, 

and unloads the inspiratory muscles.13 The increased tidal 

volume as a result of augmented alveolar ventilation increases 

carbon dioxide (CO
2
) elimination and reverses acidemia. The 

use of positive end-expiratory pressure (PEEP) increases 

functional residual capacity, recruits collapsed alveoli, and 

improves oxygenation.14 Positive pressure also increases 

intrathoracic pressure, which may improve cardiac perfor-

mance by reducing myocardial work and oxygen consump-

tion through reduced venous return and ventricular preload, 

as well as left ventricular afterload.14–16

Indications
Over recent years, use of noninvasive ventilation in the 

emergency department has increased, particularly for the 

management of acute cardiogenic pulmonary edema and 

exacerbation of chronic obstructive pulmonary disease 

(COPD).17 Noninvasive ventilation minimizes some of the 

complications associated with invasive ventilation, such as 

ventilator-associated pneumonia, ventilator-associated lung 

injury, and pneumothorax. Indications for noninvasive venti-

lation include dyspnea, moderate to severe tachypnea, signs 

of increased work of breathing, such as accessory muscle 

use and abdominal paradox, acute (or acute on chronic) 

ventilatory failure, and hypoxemia. Potential candidates 

for noninvasive ventilation should have an intact level of 

consciousness with the ability to maintain a patent airway 

and spontaneous breathing efforts.

Acute exacerbation of COPD
A recent meta-analysis of use of noninvasive ventilation for acute 

exacerbation of COPD identified 16 randomized controlled 

trials evaluating noninvasive ventilation plus standard therapy 

compared with standard therapy alone, and reported a lower 

incidence of endotracheal intubation and hospital mortality 

for patients receiving noninvasive ventilation.18 COPD patients 

most likely to respond favorably to noninvasive ventilation are 

those with an intact level of consciousness, moderate acidemia, 

respiratory rate prior to initiation of ,30 breaths/minute, 

and those who demonstrate improvement within 2 hours of 

commencement of noninvasive ventilation.12,19 Noninvasive 

ventilation can be delivered as either noninvasive positive 

pressure ventilation (NIPPV) or continuous positive airway 

pressure (CPAP; see “ventilator modes and settings”). Because 

the majority of trials have been conducted using NIPPV, 

guidelines recently developed by the Canadian Critical Care 

Trials Group do not make a recommendation regarding use of 

continuous positive airway pressure for COPD exacerbation.18
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Acute exacerbation of cardiogenic  
pulmonary edema
Early use of noninvasive ventilation, either as NIPPV or 

CPAP, in combination with standard therapy for acute 

cardiogenic pulmonary edema, has been shown to reduce 

endotracheal intubation and mortality when compared 

with standard therapy alone in a number of meta-analyses 

published prior to 2009.20–25 More recently, the largest trial 

of noninvasive ventilation in acute cardiogenic pulmonary 

edema (the 3CPO trial) conducted to date did not demon-

strate reduced rates of endotracheal intubation or short-term 

mortality.26 A subsequent meta-analysis of 31 studies that 

included the 3CPO trial, 17 of which were conducted in the 

emergency department setting, reported reduced mortality 

and need for intubation with CPAP and reduced endotra-

cheal intubation but no effect on mortality with NIPPV.27 

Based on an early study comparing NIPPV with CPAP 

that reported a higher incidence of myocardial infarction,28 

practice guidelines for acute cardiogenic pulmonary edema 

have been hesitant to recommend NIPPV in this patient 

population.29 However, no difference in the incidence of 

myocardial infarction, endotracheal intubation, or inhospital 

mortality rates was found in a meta-analysis of 16 studies 

comparing NIPPV with CPAP.27 Therefore, early institution 

of noninvasive ventilation in combination with standard 

therapy should be considered routine treatment for acute 

cardiogenic pulmonary edema and respiratory failure in the 

absence of acute coronary syndrome that requires urgent 

revascularization or shock.18

Exacerbation of asthma
Currently, evidence on the role of noninvasive ventilation 

for acute exacerbation of asthma is limited to a few trials 

with small participant numbers. Soroksky et al30 found that 

patients treated with noninvasive ventilation in combination 

with bronchodilator therapy were less likely to be admitted to 

hospital compared with those managed with standard therapy 

alone. NIPPV using high inflation pressures without bron-

chodilator therapy has been shown to improve lung function 

(measured by forced expiratory volume in the first second) 

compared with patients who received bronchodilator therapy 

alone.31 More recently, Gupta et al32 demonstrated similar 

improvements in lung function between NIPPV and standard 

therapy, with lower bronchodilator requirements and shorter 

intensive care unit and hospital stay in the NIPPV group. 

Until larger well designed trials of noninvasive ventilation 

in asthma exacerbation are available, recommendations for 

its use in this patient population remain guarded18 and are 

reflected in the infrequent use of noninvasive ventilation for 

exacerbation of asthma in US emergency departments.33

Other causes of acute respiratory failure
Other potential indications for noninvasive ventilation 

include hypoxemic respiratory failure, community-acquired 

pneumonia,34,35 and blunt chest trauma,36,37 though the relevant 

trials have been conducted in the intensive care unit as 

opposed to the emergency department setting. Noninvasive 

ventilation may be useful in the management of patients with 

pneumonia but should be used with caution because they 

may be at higher risk of noninvasive ventilation failure.38 

Another potential role for noninvasive ventilation in the 

emergency department setting is as a palliative measure for 

symptom relief in patients who choose to forego endotracheal 

intubation and other life support measures.39 In a prospective 

observational study of mechanical ventilation in four 

Canadian emergency departments, 20% of patients who 

received noninvasive ventilation in the emergency department 

refused invasive ventilation, 48% of whom survived to 

hospital admission.11

Use of noninvasive ventilation  
in the prehospital setting
Availability of lightweight portable systems means noninvasive 

ventilation can now be delivered in the prehospital setting. 

A recent position statement from the National Association 

of Emergency Medical Service Physicians40 recommends 

noninvasive ventilation in the prehospital setting for the 

management of moderate to severe dyspnea and early 

respiratory failure arising from acute cardiogenic pulmonary 

edema, COPD, asthma, and pneumonia. Four randomized 

controlled trials of acute cardiogenic pulmonary edema,41,42 

COPD,43 and a mixed population44 with small participant 

numbers suggest that prehospital noninvasive ventilation 

may achieve a reduction in endotracheal intubation and a 

mortality benefit. However, despite the recommendation 

of the National Association of Emergency Medical Service 

Physicians, the current evidence must be weighed against 

the significant operational costs associated with prehospital 

noninvasive ventilation.45

Clinical application
Interfaces
The delivery of noninvasive ventilation requires an interface 

that connects the patient to a compressed gas supply deliv-

ered either via a ventilator, portable compressor, or flow 

generator. Oronasal masks that cover the mouth and nose 
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are the preferred interface for the management of acute 

respiratory failure in the emergency department.46 Other 

interface types include nasal masks, nasal pillows, total 

face masks that seal around the perimeter of the face, and 

helmets consisting of a transparent plastic hood attached to 

a soft neck collar.47

Ventilator modes and settings
As stated above, noninvasive ventilation can be delivered 

as NIPPV or CPAP. NIPPV incorporates inspiratory pres-

sure support (also referred to as inspiratory positive airway 

pressure) to assist ventilation, and is used in combination 

with PEEP (also referred to as expiratory positive airway 

pressure). Inspiratory positive airway pressure generally 

increases tidal volume in proportion to the amount of pres-

sure applied and is usually set between 8 and 20 cm H
2
O, 

and expiratory positive airway pressure is set between 4 

and 10  cm H
2
O. Selection of pressure settings is based 

on improved gas exchange and reduced work of breath-

ing while avoiding the increased air leak and discomfort 

associated with higher pressures.19 The difference between 

inspiratory positive airway pressure and expiratory positive 

airway pressure is the level of pressure support delivered; 

this must be taken into consideration when changing 

expiratory positive airway pressure settings. The terms 

bilevel positive airway pressure, biphasic positive airway 

pressure (BiPAP®), and noninvasive pressure support 

ventilation are also used to refer to NIPPV. CPAP does not 

actively assist inspiration but provides a constant positive 

airway pressure (generally set between 5 and 15 cm H
2
O) 

throughout inspiration and expiration.48 NIPPV requires 

a specialized ventilation unit to generate inspiratory 

pressure support, whereas CPAP can be delivered via a 

flow generator attached to a high flow oxygen outlet in 

conjunction with a mask fitted with a PEEP valve. Due 

to the inclusion of inspiratory pressure support, NIPPV 

will produce greater improvements in oxygenation and 

respiratory acidosis, as well as decreased work of breath-

ing compared with CPAP.49

Monitoring
Previous consensus conference statements and guidelines 

indicate that noninvasive ventilation can be delivered in the 

emergency department depending on staff experience and 

the availability of resources.29,50 Once noninvasive ventila-

tion is commenced, monitoring priorities include response 

to noninvasive treatment, respiratory and hemodynamic 

stability, tolerance of ventilation, detection of noninvasive 

failure, and identification of air leaks around the interface. 

Physiological measures used to monitor patient response 

include gas exchange parameters (SpO
2
, PaO

2
), ventilatory 

parameters, and work of breathing (pH, end tidal CO
2
, PaCo

2
, 

respiratory rate, accessory muscle use, chest wall motion), 

level of consciousness, and hemodynamic status (heart rate, 

blood pressure, capillary refill). Some noninvasive units 

such as BIPAP Vision (Respironics, Murrayville, PA) enable 

monitoring of exhaled tidal and minute volume as well as 

waveform graphics. Published guidelines recommend that 

arterial blood gas analysis should be performed in the first 

hour of treatment to gauge patient response.29

Dyspnea,51 anxiety,52,53 and pain scoring tools54 may 

also be useful in assessment of response to and tolerance of 

noninvasive ventilation. High gas flow in combination with 

a tight fitting mask may cause claustrophobia and patient 

discomfort, resulting in poor coordination of respiratory 

cycling between the patient and the noninvasive ventilation 

unit.12 Tolerance of noninvasive ventilation may be achieved 

by explanation of the therapy and its benefits, use of an 

appropriately sized mask, delayed securing of the mask with 

straps/headgear, and ongoing coaching. Patients should not 

be left unattended in the initiation and stabilization phases. 

If a patient is unattended, they must be taught to release the 

mask from the straps/headgear in the event of vomiting or 

expectoration of secretions.

Complications of noninvasive ventilation
Common complications of noninvasive ventilation are listed 

in Table 1. More serious complications include aspiration 

pneumonia, pneumothorax, and hemodynamic compromise 

associated with increased intrathoracic pressures, but fre-

quency rates are less than 5%.13 Ongoing or new onset of 

rapid shallow breathing, worsening gas exchange, hemo-

dynamic instability, and a decreased level of consciousness 

are indicative of failure of noninvasive ventilation and the 

need for intubation.

Invasive ventilation
Indications
Indications for intubation and mechanical ventilation 

include apnea, lack of airway protection due to decreased 

level of consciousness, upper airway obstruction or injury, 

hypoxemic respiratory failure unresponsive to other 

therapies, hypercapnic respiratory failure unresponsive to 

other therapies, clinical signs of increased work of breathing 

and worsening respiratory distress, such as tachypnea,55 

activation of accessory and expiratory muscles, abnormal 
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chest wall movements,56 tachycardia, and hypertension. 

As discussed above, noninvasive ventilation is an appropriate 

first-line treatment in the management of hypoxemic or 

hypercapnic respiratory failure in patients with acute 

cardiogenic pulmonary edema or COPD.

Clinical application
Since its introduction in the 1960s, positive pressure ventila-

tors have undergone a continuous evolution, with the advent 

of new modes and features that may challenge clinicians’ 

understanding of the technology, particularly in the emer-

gency department setting where exposure to ventilated 

patients may be variable. A comprehensive description of 

ventilator modes, settings, and applications is beyond the 

scope of this review. However, emergency department 

clinicians managing ventilated patients should have sufficient 

knowledge so that injurious ventilation is not applied.

Ventilator modes describe how the ventilator controls 

pressure, volume, and flow during a breath and describes how 

breaths are sequenced.57 Each breath is triggered (started) 

either by the patient or by the ventilator. During inspiration, 

breath size is limited to a set target of pressure, volume, or 

flow which cannot be exceeded. At the end of inspiration, 

the cycling variable, ie, pressure, flow, volume, or time, 

determines the end of the inspiratory phase. Breath sequenc-

ing refers to the sequencing of mandatory and spontaneous 

breaths. Mandatory breaths are either triggered or cycled 

by the ventilator.58 Spontaneous breaths are both started 

(triggered) and stopped (cycled) by the patient. Spontane-

ous breaths may be assisted by the ventilator to achieve a 

set volume or pressure. Table 2 describes the features of five 

common ventilator modes.

Regardless of the mode selected, injurious ventilation 

should be avoided. A landmark international, multicenter, 

randomized controlled trial demonstrated a mortality ben-

efit for patients with acute respiratory distress syndrome 

using a ventilation strategy of tidal volumes set at #6 mL 

per kg of predicted body weight while targeting a plateau 

pressure of ,30 cm H
2
O compared with a tidal volume of 

12 mL/kg.59 More recently, a randomized controlled trial 

comparing tidal volumes of 6–10 mL/kg of predicted body 

weight in patients without acute lung injury at the onset 

of ventilation reported increased development of acute 

lung injury in the 10 mL/kg group.60 This style of lung-

protective ventilation may be delivered by close monitoring 

of plateau pressure with a volume-control mode such as 

Table 1 Complications of noninvasive ventilation

Complication Reason for complication

Pressure injury/ulceration  
of nose or above ears

Tight fitting mask and head gear

Conjunctival irritation Air leaks around interface
Dry mucous membranes High flow of dry medical gas
Nasal congestion and thick  
secretions

High flow of dry medical gas

Gastric distension Insufflation of air associated  
with high flow

Claustrophobia Tight fitting mask and dyspnea
Aspiration pneumonia Emesis or decreased level of 

consciousness resulting in loss  
of airway reflexes

Hemodynamic compromise Increased intrathoracic pressure 
causing decreased venous return

Pneumothorax Increased intrathoracic pressure

Table 2 Common ventilator modes

Mode Description Clinical implications

Controlled mechanical  
ventilation

All breaths are mandatory, no patient triggering is enabled.  
Also called volume-controlled ventilation (volume-targeted)  
and pressure-controlled ventilation (pressure-targeted)

Patients with respiratory effort require sedation 
and neuromuscular blockade. Risk of respiratory  
muscle atrophy due to disuse

Assist-control Breaths may be either machine or patient triggered but all  
are cycled by the ventilator. Assist control may be  
delivered as volume-targeted or pressure-targeted

Activation of the diaphragm with patient triggering.  
Risk of respiratory alkalosis if tachypnea develops

Synchronized intermittent  
mandatory ventilation

Mandatory breaths are delivered using a set rate and  
volume or pressure. Mandatory breaths are synchronized  
with patient triggers within a timing window. Between  
mandatory breaths the patient can breathe spontaneously

Reduced need for sedation. Activation  
of the diaphragm with patient triggering

Pressure support  
ventilation

All breaths are patient triggered and cycled.  
Pressure applied by the ventilator during inspiration  
(pressure support) augments patient effort

Reduced need for sedation. Facilitates ventilator  
weaning. Level of pressure support can be adjusted  
to achieve desired tidal volume. Sustains respiratory  
muscle tone and decreases work of breathing

Continuous positive  
airway pressure

All breaths are patient triggered and cycled.  
Positive pressure is applied throughout inspiratory  
and expiratory phases of the respiratory cycle

Requires intact respiratory drive and patient  
ability to maintain adequate tidal volumes
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assist control (volume control), or using pressure-control 

ventilation with titration of inspiratory pressure to achieve 

6 mL/kg of predicted body weight. Volume-control ventila-

tion enables easy regulation of minute ventilation and CO
2
, 

but does not provide control over peak airway pressures, so 

careful monitoring is required to avoid injurious pressures. 

In contrast, pressure-control ventilation allows control over 

peak inspiratory pressures and inspiratory time, but does 

not guarantee tidal volumes. Another important consider-

ation for tidal volume selection is the correct calculation 

of predicted body weight. Lung size correlates with lean 

body mass, which is a function of height and not actual 

body weight.61 Unfortunately, tidal volume targets are often 

determined using clinician estimation of ideal or actual body 

weight, which is generally inaccurate and leads to exces-

sive volumes.62 To assist with appropriate selection of tidal 

volumes, the ARDSnet group provide tables of predicted 

body weight and tidal volume for males and females63 that 

can be made readily available on ventilators or emergency 

department bays used for ventilated patients.

Low volume, pressure-targeted strategies alone may be 

insufficient to limit lung injury.64 Zero or low PEEP may 

cause lung injury due to cyclic opening and closing of 

alveoli.65 PEEP prevents alveolar collapse, increases residual 

lung volume, and thereby recruit collapsed alveoli, improving 

ventilation/perfusion (V/Q) match and enhancing movement 

of fluid out of the alveoli.66 Though the optimal PEEP setting 

in patients with acute respiratory distress syndrome remains 

controversial, a PEEP of 5–10 cm H
2
O is generally safe and 

acceptable for most patient presentations in the emergency 

department.

Monitoring
Monitoring of the ventilated patient should focus on assessment 

of patient response to and titration of mechanical ventilation 

and other interventions, while avoiding complications. 

Appropriate staffing ratios of clinicians with experience 

in the management of ventilated patients are essential to 

ensure patient safety. Pulse oximetry, continuous heart 

rate, and frequent blood pressure monitoring are minimum 

monitoring requirements. End-tidal CO
2
 monitoring should 

be used to confirm endotracheal tube placement during all 

intubations,67,68 and to detect endotracheal tube migration 

and integrity of the ventilator circuit during transport.69 

End-tidal CO
2
 is also useful in identifying hyperventilation 

and hypoventilation in patients with traumatic brain injury, 

both of which should be avoided due to potential adverse 

outcomes.70 During pressure-control ventilation, end-tidal CO
2
 

monitoring is useful in detecting changes in minute ventilation 

due to alterations in airway resistance and dynamic 

compliance. Arterial blood gas analysis should be used when 

possible to quantitate response to therapeutic interventions, 

such as mechanical ventilation.71

Ventilator alarms and graphics
All mechanical ventilators are equipped with alarms designed 

to detect technical events such as patient disconnection from 

the ventilator (low inspiratory pressure) and changes in 

patient status. Alarms should be set so that they appropriately 

alert clinicians to evaluate the patient and ventilator and do 

not result in alarm fatigue.72 High-pressure alarms indicate 

changes in resistance to gas flow due to airflow obstruction 

and decreased lung compliance. Airflow obstruction may 

result from airway secretions, bronchospasm, endotracheal 

tube migration, kinking of the ventilator circuit, and biting on 

the endotracheal tube. Decreased pulmonary compliance may 

be as a result of atelectasis, pulmonary edema, pneumonia, 

pneumothorax, and pulmonary fibrosis. Minute ventilation, 

tidal volume, and apnea alarms alert clinicians to changes 

in a patient’s respiratory rate and tidal volume that warrant 

further investigation.

Ventilator graphics may be available on more advanced 

ventilators used in the emergency department. These assist 

with assessment of patient-ventilator synchrony, patient 

triggering, appropriateness of inspiratory/expiratory times, 

presence of gas trapping, appropriateness and adequacy 

of flow, lung compliance, airway resistance, and circuit 

leaks.73,74 The pressure-time scalar (pressure on x axis and 

time on y axis) reflects airway pressure during inspiration 

and expiration and can be used to evaluate peak, plateau, 

and end inspiratory pressures, inspiratory and expira-

tory times, appropriateness of flow, and patient-ventilator 

synchrony. The flow-time scalar assists with detection of 

gas trapping as well as response to bronchodilators. In the 

absence of gas trapping, the expiratory limb drops sharply 

below baseline then gradually returns to zero before the 

next breath. Gas trapping is indicated by failure to return 

to baseline before the next inspiratory phase. Gas trapping 

may occur with airflow limitation in association with COPD 

and asthma. Consequences of gas trapping include dynamic 

hyperinflation, reduced respiratory compliance, respiratory 

muscle fatigue, and hemodynamic compromise.75

Analgesia and sedation
Frequently critically ill patients require analgesia and seda-

tion for management of pain and anxiety associated with their 
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presenting condition as well as to facilitate tolerance of life-

supporting technology including mechanical ventilation.76 

Adequate provision of analgesia for ventilated patients unable 

to communicate due to sedation, altered level of conscious-

ness, and endotracheal intubation is challenging and often 

inadequate in both emergency department and intensive care 

unit settings.77,78 Sedative agents may be administered more 

frequently than analgesia in the emergency department,79 

but professional society guidelines recommend sedation in 

ventilated patients should be commenced only after provi-

sion of adequate analgesia.76 Various tools are now available 

to assess pain80,81 in patients unable to communicate and 

sedation level,82,83 and can be used in the emergency depart-

ment setting. Behaviors such as facial grimacing, wincing, 

guarding, and restlessness are also recognized indicators of 

pain84 and should be monitored. Physiological indicators 

such as blood pressure, respiratory rate, and heart rate, lack 

specificity for pain,85 and therefore should serve as a stimu-

lus for further assessment of behavioral pain indicators and 

analgesic management and not as an independent marker of 

the presence of pain.86

Oversedation should be avoided in the intubated, venti-

lated patient due to the potential for increased duration of 

ventilation and adverse consequences, including delirium, 

delayed mobilization, persistent psychological dysfunc-

tion, and cognitive impairment.87–89 Sedative administration 

strategies that potentially reduce oversedation include use 

of: agents such as propofol with ultrashort therapeutic half-

lives, intermittent bolus dosing versus continuous infusions, 

sedation protocols with sedation titrated to a sedation score,90 

and daily sedative interruption.91 One randomized controlled 

trial comparing propofol infusion with intermittent bolus 

doses of lorazepam demonstrated fewer median ventilator 

days in the infusion arm,92 but different pharmacokinetic, 

pharmacodynamic, and bioaccumulation profiles of these two 

drugs makes interpretation difficult. Adverse events related to 

sedation and analgesia occur more frequently in the intensive 

care unit than in the emergency department due to administra-

tion of higher doses for prolonged periods.93 However, emer-

gency department clinicians should be aware of interventions 

to facilitate appropriate sedation, particularly for ventilated 

patients with a prolonged emergency department stay.

Positioning
Frequent repositioning of ventilated patients is essential for 

prevention of atelectasis and maintenance of skin integrity. 

Due to the risk of ventilator-associated pneumonia associated 

with aspiration of abnormally colonized oropharyngeal 

and gastric contents,94,95 semirecumbent positioning 

with head of bed elevation between 30 and 45 degrees is 

recommended in numerous guidelines and care bundles.96,97 

Because supine positioning within the first 24  hours of 

ventilation has been shown to be a risk factor for ventilator-

associated pneumonia,98 emergency department clinicians 

should be mindful to employ semirecumbent positioning 

at every opportunity in patients without contraindications. 

Contraindications relevant to the emergency department 

setting include suspected or existing spinal injury, intracranial 

hypertension (for 45 degree head of bed elevation), unstable 

pelvic fractures, and large abdominal wounds. Given that 

some degree of semirecumbent position is preferable, patients 

with contraindications can have their head elevated by tilting 

the whole bed.

Cuff pressure
Endotracheal tubes have a balloon-like cuff that circumfer-

entially surrounds the lower exterior portion of the tube to 

facilitate delivery of positive pressure ventilation without loss 

of tidal volume and to prevent aspiration of oropharyngeal 

contents.99 Appropriate cuff inflation is required at all times 

to prevent bronchial aspiration of secretions100 that may lead 

to ventilator-associated pneumonia.101–104 Cuff pressure moni-

toring using a pressure manometer during the inspiratory 

phase105 provides an objective estimate of cuff pressure that 

does not involve cuff deflation. Cuff pressure should be 

maintained at 20–30 cm H
2
O, assessed after intubation as 

soon as practicable, and reassessed at four-hourly intervals 

due to the potential for pressure to decrease over time and 

alter due to tube migration, coughing, and changes in lung 

compliance, airway, and intrathoracic pressures.99,105,106

Complications
Initiation of positive pressure ventilation may result in 

transient hypotension due to insufficient venous return.107 

Ventilator-associated lung injury may occur in both 

injured and healthy lungs by perpetuating alveolar and 

systemic inflammatory response systems through alveolar 

overdistension and cyclic opening and closing.108–111 

Barotrauma due to excessive peak inspiratory pressures 

may result in extra-alveolar gas causing pneumothorax or 

subcutaneous emphysema. As discussed above, ventilator-

associated pneumonia is a frequent and potentially deadly 

complication of mechanical ventilation that may be prevented 

by appropriate positioning and endotracheal cuff inflation. 

Regular oral care with 2% chlorhexidine antiseptic also 

has been shown to reduce ventilator-associated pneumonia 
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emphasis on initiation and ongoing monitoring priorities, 

and focused on maintaining patient safety and improving 

patient outcomes.
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