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Abstract Critical asthma syndrome represents the most se-
vere subset of asthma exacerbations, and the critical asthma
syndrome is an umbrella term for life-threatening asthma,
status asthmaticus, and near-fatal asthma. According to the
2007 National Asthma Education and Prevention Program
guidelines, a life-threatening asthma exacerbation is marked
by an inability to speak, a reduced peak expiratory flow rate of
<25 % of a patient’s personal best, and a failed response to
frequent bronchodilator administration and intravenous
steroids. Almost all critical asthma syndrome cases require
emergency care, and most cases require hospitalization, often
in an intensive care unit. Among asthmatics, those with the
critical asthma syndrome are difficult to manage and there is
little room for error. Patients with the critical asthma syndrome
are prone to complications, they utilize immense resources,
and they incite anxiety in many care providers. Managing this
syndrome is anything but routine, and it requires attention,
alacrity, and accuracy. The specific management strategies of
adults with the critical asthma syndrome in the hospital
with a focus on intensive care are discussed. Topics include
the initial assessment for critical illness, initial ventilation
management, hemodynamic issues, novel diagnostic tools
and interventions, and common pitfalls. We highlight the
use of critical care ultrasound, and we provide practical
guidelines on how to manage deteriorating patients such as
those with pneumothoraces. When standard asthma manage-
ment fails, we provide experience-driven recommendations
coupled with available evidence to guide the care team through
advanced treatment. Though we do not discuss medications in
detail, we highlight recent advances.
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Introduction

Adult asthma is commonly encountered in the medical sys-
tem. Most asthma that comes to clinical attention is managed
either out of the hospital or in the emergency department
(ED). A subset of asthma exacerbations, however, is severe
and requires hospitalization. Of the 2 million cases of adult
asthma seen in the ED, approximately 25,000–50,000 require
intensive care unit (ICU) level care, though most of these are
not intubated or mechanically ventilated [1, 2]. Another study
identified that out of 33,000 cases of asthma requiring hospi-
talization, 10.1 % required ICU level care and 2.1 % required
intubation and mechanical ventilation [3]. It is known that
these severely ill patients consume higher healthcare re-
sources, spend more days in the hospital, and have increased
morbidity and mortality [3, 4]. Despite an overall decrease in
asthma-related deaths in the USA, mortality is still elevated
and differentially affects women and black Americans [5].

Critical asthma syndrome (CAS) is an umbrella term used
to define a severe and sudden deterioration of asthma control
that requires aggressive and urgent treatment, and often CAS
runs the threat of respiratory failure. CAS is synonymous with
life-threatening asthma, status asthmaticus, and near-fatal
asthma, and most CAS requires intensive care unit admission.
CAS is recognized by deteriorating vital signs and clinical
appearance of an asthma patient regardless of underlying
asthma severity. The National Asthma Education and Prevention
Program (NAEPP) defines life-threatening asthma as an inability
to speak, a reduced peak expiratory flow rate (PEFR) of <25 %
of a patient’s personal best, and a failed response to frequent
bronchodilator administration and intravenous steroids [6].
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Whether respiratory failure develops in CAS, all asthmatic
patients admitted to an ICU require specialized care by
pulmonologists, intensivists, respiratory therapists, and criti-
cal care nurses trained to recognize the unique features of CAS
and identify the potential complications of CAS should they
arise. Here we discuss the management of CAS in the hospital
with a focus on ICU care. We explore the unique features of
CAS including adjuncts to standard short-acting bronchodila-
tors and systemic anti-inflammatories, the use of point-of-care
testing to assist in management, and the pitfalls of ventilating
the severely obstructed patient.

Initial ICU Assessment

It is incumbent for ICU providers and critical care action
teams to make a thorough and accurate, yet rapid, assessment
of all asthma patients. CAS patients present with a myriad of
respiratory and hemodynamic derangements, and a systematic
approach to the initial assessment and treatment is essential to
avoid fatal asthma. We outline our bedside approach for CAS
at the University of California, Davis Medical Center and
highlight pitfalls that lead to unwanted complications. Rapid
assessment of the airway and the likelihood of cardiopulmo-
nary collapse using vital signs, physical examination findings,
and laboratory data are all key steps.

Airway Management and Complications

The first step is to identify whether acute respiratory failure is
imminent in the next 20 to 30min in the CAS patient. Physical
examination signs of impending respiratory failure include:
inability to speak, upright posture, use of accessory muscles of
respiration, and, paradoxically, minimal wheezing (indicating
an impending loss of air movement) [7]. These patients can
quickly progress to respiratory failure—lethargy, loss of
wheezing, cyanosis, and reduced or paradoxical respiratory
efforts—requiring emergent airway management with endo-
tracheal intubation. Less obvious is the CAS patient who is
awake but whose course is expected to decline. This includes
patients with worsening hypercarbia, a failure to respond to
short-acting bronchodilator therapy, and early signs of respi-
ratory exhaustion (i.e., progressively shallow respirations,
weakness, and progressive loss of alertness). In general,
CAS patients who are in respiratory arrest or imminent respi-
ratory failure should undergo emergent endotracheal intuba-
tion using rapid sequence intubation (RSI) with the largest
diameter endotracheal tube available appropriate for the size
of the patient [8]. A large endotracheal tube (e.g., 8.0 mm
internal diameter for most average-sized adults) will facilitate
airway suctioning, mucous plug removal, and fiberoptic bron-
choscopy examination. The decision to intubate depends on a
number of factors including available staff (i.e., intensivist,

anesthesiologist, etc.), resources, and patient condition. Figure 1
provides a suggested algorithm for most practitioners, though
specialized techniques such as bronchoscopy intubation will
require trained operators. Though many CAS patients will be
intubated in the ED, somemay arrive from the floor and require
intubation upon presentation to the ICU. If the CAS patient is
awake but demonstrating a declining ICU course (e.g., failing
bronchodilator therapy for >20 min, requiring increasing staff
care, showing a worsening respiratory acidosis, or showing
signs of increasing fatigue), early elective intubation is
appropriate. This may be accomplished through RSI or
through fiberoptic techniques such as an endotracheal tube
over a bronchoscope. Intubation without the use of induction
or neuromuscular blocking agents will avoid the side effects
of these medications and allow the patient to provide assistive
respiratory efforts. As with all non-standard intubation
techniques, expertise is required.

Non-invasive positive pressure ventilation (NPPV) has
been used in selected patients with asthma exacerbations.
Advantages to NPPV are reduced rates of barotrauma,
improved patient comfort, and reduced rates of nosocomial
infections compared to invasive mechanical ventilation after
endotracheal intubation [9]. A case series demonstrated that
NPPV improved gas exchange and reduced rates of endotra-
cheal intubation [10], and a retrospective review of asthma
cases treated with NPPV showed an intubation rate of only
14 % [11]. Randomized trials looking at NPPV in CAS are
few. Two small studies showed decreased rates of hospital
admission [12] and ICU/hospital length of stay [13] for those
asthmatics treated with early NPPV. Though the data is sup-
portive, larger studies showing a benefit of NPPV in CAS are
needed before this modality will become a standard recom-
mendation. This is reflected in a recent Cochrane systematic
review which only identified 206 subjects for inclusion and
concluded that there is not enough rigorous data to support
NPPV in acute asthma exacerbations [14] compared to NPPV
use in acute exacerbations of COPD. NPPV should be
discontinued promptly whenever rapid clinical deterioration
or a failure to improve pH, PaCO2, or oxygenation within 2 h
occurs. RSI should be done and invasive mechanical ventila-
tion begun. NPPVis contraindicated in vomiting, obtunded, or
combative patients, and in those who develop imminent or
overt respiratory failure.

Endotracheal Intubation and Complications

Important considerations in the CAS patient include their
hemodynamic status, hypercarbia, and other concurrent
conditions at the time of intubation. They often have
intravascular volume depletion due to a tremendous work
of breathing with accompanying tachypnea and diaphoresis
resulting in significant insensible volume loss. Conditions
such as sepsis may compound hemodynamic compromise.
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Because of the increased intra-thoracic pressure incurred
through airway obstruction and dynamic hyperinflation,
CAS patients may become hypotensive from impaired right-
heart venous return. Endotracheal intubation may precipitate
hypotension through increased intra-thoracic pressure from
positive pressure ventilation and a loss of adrenergic vascular
tone due to sedation and induction [15]. Preemptive restitution
of intravascular volume is essential. Therefore, we recommend
an initial bolus of normal saline (500 mL or 20 mL/kg) given

rapidly before and during endotracheal intubation. As CAS
patients may have hypercarbia due to their airflow obstruction,
hypoxemia from ventilation/perfusion (V/Q) defects may soon
follow. We define hypoxemia in this population as a SpO2

<92 % or a PaO2 <60 mmHg. It is important to remember that
acute respiratory acidosis is a late finding in CAS patients who
are about to develop respiratory arrest whereas acute respiratory
alkalosis occurs early during a severe exacerbation. This
mandates that endotracheal intubation be quick and efficient

Fig. 1 Indications and recommendations for endotracheal intubation in
critical asthma (CAS). Note that these are general guidelines and any
decision to perform endotracheal intubation should be made on a
customized basis. All intubations should be performed by skilled and
qualified practitioners as a patient with CAS’s respiratory and hemody-
namic status is often tenuous. dagger Larger endotracheal tubes facilitate
improved ventilation, suctioning, and bronchoscopy. Many CAS patients
are at risk for mucous plugging and require frequent suctioning. double
dagger Overly aggressive ventilation with a bag-value mask or through
an endotracheal tube can lead to barotrauma; slow, even bagging is
preferred. integral symbol A thorough understanding of induction and
neuromuscular blocking agents is necessary before administering rapid
sequence intubation. A full discussion of these drugs is beyond the scope

of this review. section sign The decision to perform an awake, upright
fibrotic intubation should be made on a customized basis and requires a
skilled bronchoscopist or anesthesiologist. One advantage of this of
intubation in the awake but failing patient with CAS is allowing sponta-
neous respirations and avoiding side effects of induction or neuromuscu-
lar blocking agents. double asterisks Early volume resuscitation may
attenuate post-intubation hypotension and possibly other complications
(e.g., arrhythmias). Most CAS patients have some degree of intravascular
volume depletion due to overwhelming insensible loss: tachypnea,
diaphoresis, etc. Dynamic hyperinflation and increased intrathoracic
pressures may impair right-sided cardiac venous return, thus volume
resuscitation may help

Clinic Rev Allerg Immunol (2015) 48:31–44 33



as hypoxemia and acidemia leaves CAS patients with little
room for error.

In addition to arrhythmias, laryngospasm, worsening
bronchospasm, seizures, and pulmonary aspiration, one
must be vigilant for post-intubation pneumothorax or
pneumomediast inum. Though pneumothorax or
pneumomediastinum in adult asthmatics is uncommon
(only 2 % of those presenting to an ED in one study [16]
and 6.1 % of intubated asthmatics over 10 years in another
single center [17]), they can be rapidly fatal post-intubation.
These barotraumas are thought to be due to elevated intra-
thoracic pressures and hyperinflation leading to distal airway
and parenchymal injury [2]. Air may track along the
bronchovascular bundle into the central chest in the case of
pneumomediastinum, and distal airways may rupture due to
over-distention leading to pneumothorax and tension
pneumothorax when mechanically ventilated. Physical exam-
ination clues include tracheal deviation away from the affected
side, anterior chest or neck crepitus, a unilateral loss of lung
sounds, tachycardia, hypotension, and central cyanosis. Chest
computed tomography (CT) is the gold standard for
diagnosing pneumothorax, though point-of-care bedside
critical care ultrasound is emerging as a diagnostic tool [18].
The advantages to bedside ultrasound include rapid and real-
time diagnosis, a reliable sensitivity in trained hands, and
minimal harm related to ultrasound. Table 1 provides a
summary of studies comparing critical care ultrasound to
chest CT and chest radiography (CXR) in diagnosing pneu-
mothorax. Figure 2 shows two ultrasound images of a
normal lung and a pneumothorax. We recommend utilizing
point of care ultrasound in the management of CAS in
general and for rapid diagnosis of pneumothorax specifically.
If ultrasound is not immediately available, the clinical situa-
tion suggests a tension pneumothorax, and the CAS patient is
rapidly deteriorating, we recommend empiric placement of a
chest tube for decompression before obtaining a CXR.

Vital Signs and Physical Examination

CAS patients almost universally have vital sign abnormalities
upon admission to an ICU. Tachycardia >120 beats per minute
and tachypnea >30 breaths per minute are commonly seen
[19]. Some may have hypertension [20], likely owing to high
adrenergic tone, though hypotension may develop as dynamic
hyperinflation and increased intra-thoracic pressures attenuate
right heart venous return. As described above, many CAS
patients have intravascular volume depletion due to insensible
fluid losses. Hypotension and tachycardia may be among the
first clues to this, and expectant management with volume
resuscitation is paramount. Mountain and colleagues identi-
fied that asthmatics with hypercapnia versus normocapnia
during an exacerbation had wider degrees of pulsus paradoxus
(23 vs. 14 mmHg), likely reflecting dynamic hyperinflation
and volume status [21]. A low pulsus paradoxus should alert
physicians to the presence of severe hyperinflation which can
cause extracardiac tamponade. Atrial and supraventricular
arrhythmias are frequently seen in stable asthmatics [22],
and it is very possible to see arrhythmias during an exacerba-
tion where patients receive high-dose beta-2-agonists and
develop electrolyte abnormalities, e.g., hypokalemia [23].

Other Physical Examination Findings

The remainder of the physical examination should focus on
identifying triggers of CAS, complications of CAS and their
management, and mimics of CAS. Examples of triggers of
CAS include pulmonary infections with viral or bacterial
pathogens, sepsis, pulmonary aspiration, gastroesophageal
reflux, inhaled foreign body, ischemic cardiac disease, and
anaphylactoid or anaphylactic reactions to drugs or foods. For
example, if a CAS presents with a purulent cough, a prompt
search for a pulmonary infection is mandatory as CASwithout
an infection does not usually present this way. Indications of

Table 1 Performance of bedside
ultrasound to indentify
pneumothorax

Reproduced with permission
from Ashton-Cleary DT. Br I
Anaesth, 2013. Citations for
table: [18, 70–76]

n/N number affected/number in
study, PPV positive predictive
value, NPV negative predictive
value, DA diagnostic accuracy
a n /N in terms of lung regions or
hemithoraces rather than patients

Paper Reference Comparison n /N Sensitivity Specificity PPV NPV DA

Fragou CXR CCUS 37/100 99.0 100.0 n/a n/a n/a

Galbois CT CCUS 44/44a 100.0 90.9 97.1 100.0 97.7

CXR 60.6 100.0 100.0 64.9 70.5

Zhang CT CCUS 29/135 96.2 97.2 89.3 96.3 94.8

CXR 27.6 100.0 100.0 83.5 84.4

Soldati CT CCUS 25/218a 92.0 99.5 95.8 98.9 98.6

CXR 52.0 100.0 100.0 94.1 94.5

Rowan CT CCUS 11/27 100.0 93.8 91.7 100.0 96.3

CXR 36.4 100.0 100.0 69.6 74.1

Xirouchaki CT CCUS 8/84a 75.0 93.4 54.5 97.3 91.7

CXR 0.0 98.7 0.0 90.4 89.3

Lichtenstein CXR/CT CCUS 9/260 88.9 100.0 100.0 99.6 99.6
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an aspirated foreign body (i.e., a tooth in a patient who fell)
may include broken teeth and a radio-opaque structure seen on
plain chest imaging. Complications of CAS may include
pneumothorax or pneumomediastinum, which likely occur
as intra-thoracic pressures increase. Findings of tracheal devi-
ation, diminished unilateral breath sounds, crepitus on the
anterior chest, and progressive hypotension may be seen.
Inspissated mucous plugs are common in asthma may cause
atelectasis with its associated physical examination findings.
Early recognition of these complications is essential when
caring for CAS patients.

Several conditions may mimic asthma and a brief survey to
help identify these is useful. In fact, up to 10 % of ICU
admissions for asthma may be misdiagnosed [24]. Identifica-
tion of the site of wheezing (i.e., upper airway, lower airway,
or focal) may provide clues to alternate or concomitant diag-
noses (see Table 2). Vocal cord dysfunction is commonly
mistaken for asthma and can present as CAS [25, 26]. Patients
may demonstrate stridor over the trachea without associated
lower airway wheezing. Flow–volume loop assessment, if a
patient is able to perform this, will typically demonstrate a
truncated (flattened) inspiratory limb. The gold standard diag-
nostic evaluation is laryngoscopy which can be performed via
a flexible fiberoptic laryngoscope at bedside with minimal

risk. This would reveal abnormally adducted vocal cords with
a posterior “chink” evident upon inspiration. Other mimics of
CAS, which are also triggers, include myocardial ischemia
and an aspirated foreign body.

Initial Laboratory, Spirometry, and Imaging Tests

Arterial blood gas (ABG) measurement is essential in the
management of CAS patients. ABGs provide important infor-
mation of gas exchange including a CAS patient’s ability to
ventilate (PaCO2) and oxygenate (PaO2). They also help to
determine if concomitant acid–base disturbances are present
including a metabolic acidosis (lactic acidosis, or other meta-
bolic acidosis), metabolic alkalosis (resulting from intravas-
cular volume depletion), or respiratory alkalosis (pulmonary
embolism). ABGs should be checked immediately after a
CAS patient presents to the ICU and routinely thereafter. We
suggest placing intra-arterial catheters to facilitate frequent
ABG draws, particularly during the first few hours and days.
The most common ABG abnormality seen in CAS patients is
an acute respiratory alkalosis [27], though after the PEFR falls
below 30 % predicted, hypercarbia and a respiratory acidosis
develop [28]. A “normal” ABG seen in a CAS patient who
demonstrates an increased work of breathing is an ominous

Fig. 2 Bedside critical care ultrasound images of a normal inflated lung
(left) and a pneumothorax (right). In the normal lung, a shimmering
horizontal line is seen (white arrow) indicating that the visceral and
parietal pleura are together. In real-time bedside critical care ultrasound,

the horizontal line would be sliding as the visceral pleura is sliding
against the parietal pleura. In the image showing the pneumothorax, there
is a loss of apposition between the pleural surfaces, and no sliding lung is
seen

Table 2 Non-asthma causes of
wheezing which may complicate
or mask critical asthma syndrome

a Churg-Strauss syndrome or
endobronchial Wegener’s
b As may result from sarcoid,
pulmonary fibrosis, etc.
c Aspirated foreign body, bronchial
tumors, congenital cysts, etc.

Upper airway/extra-thoracic Central airways Lower airways

Anaphylaxis Tracheal stenosis Bronchiectasis/COPD

Vocal cord dysfunction Tracheo-bronchial tumors Bronchiolitis

Other vocal cord (e.g., edema) Tracheo-bronchiomalacia Bronchiolitis obliterans

Laryngeal stenosis Relapsing polychondritis Cardiac

Laryngocoele Tracheobronchial amyloid Carcinoid

Tonsillar hypertrophy Mucous plugging Parasitic infections

Epiglottic swelling Vascular rings Vasculitisa

Goiter Mediastinal masses Anatomic airway distortionb

Focal wheezingc
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signal that respiratory arrest is imminent, as illustrated in
Table 3.

PEFR and bedside spirometry may help identify degrees of
airflow obstruction in acute asthma exacerbations in non-
intubated patients. These studies are often not obtained in
CAS patients with impending respiratory failure as they gen-
erally cannot perform the required maneuvers. However, CAS
patients will often have values similar to patients with
NAEPP-defined life-threatening values, namely an FEV1 or
PEFR <25 % predicted [6]. Serial measurements can aid in
assessing therapeutic response. In addition, the flow–volume
loops may reveal extra-, intra-thoracic, or fixed obstructions
that provide clues to alternate or additional diagnoses (see
Table 2).

Chest imaging, most commonly portable plain chest radi-
ography, may provide important clues in CAS and should be
performed upon ICU admission if not already done in the ED.
Mostly, CXRs in acute asthma exacerbations are normal or
show hyperinflation orminor subsegmental atelectasis [29]. In
<5 % of cases, CXRs show other abnormalities including
infiltrates and pnenumothoraces. Given the high morbidity
associated with severe asthma, especially CASwhich presents
to the ICU, CXR is a potentially high-yield study with
minimal downside. If a CAS patient develops respiratory
failure requiring intubation and mechanical ventilation,
CXR will be helpful for identifying endotracheal tube
position and developing infiltrates. However, if a CAS patient
is rapidly deteriorating and the clinical situation suggests a
tension pneumothorax, empiric chest tube placement should
precede CXR.

As discussed previously, bedside critical care ultrasound is
becoming a routine procedure in the ICU, and its use in CAS

is no exception. In CAS the most obvious use of critical care
ultrasound is to assist in determining if a pneumothorax is
present, especially in the decompensating CAS patient (see
Fig. 2). In fact, point-of-care ultrasound is more sensitive for
pneumothorax in the supine patient than CXR (see Table 1),
likely owing to the fact that portable CXRs may miss
anterior or loculated pneumothoraces [30]. Critical care
ultrasound is generally available rapidly and can be used
by non-technicians (i.e., trained intensivists and house
staff). Bedside critical care ultrasound has many other
uses including identification of pleural effusions, atelec-
tasis, and consolidations which may complicate CAS [31].
Additionally, bedside ultrasound can assist in determining
intravascular volume status both in spontaneously breath-
ing and mechanically ventilated patients [32]. This is of
particular interest in the CAS patient as volume status is
often compromised and augmented by high intra-thoracic
pressures.

Other laboratory and bedside testing should be utilized as
suspected by the patient’s presentation. For example, ECGs
are useful in middle-age to older adults, especially since CAS
promotes a tremendous catecholamine surge and may poten-
tiate cardiac ischemia or arrhythmias. Blood count testing may
indicate an infection, and particular attention should be given
to the absolute eosinophil count greater than 1,500 cells/mm3,
which may alert the intensivist to allergic bronchopulmonary
aspergillosis, helminthic infection (Loeffler’s syndrome), or
eosinophilic granulomatosis with polyangiitis (Churg-Strauss
syndrome). Chemistries may reveal electrolyte disorders and
an elevated creatine kinase and give clues to concomitant
disorders including hyperglycemia, renal dysfunction, and
metabolic acidosis.

Ongoing ICU Care

After the initial assessment is complete and acute issues are
addressed, CAS must be monitored closely in the ICU. Ther-
apy with bronchodilators and systemic anti-inflammatory
agents ideally starts in the ED or the hospital ward, and these
should be continued and reassessed for effectiveness. Volume
status should be monitored frequently either by clinical exam-
ination, central venous catheter if needed, bedside ultrasound
of the inferior vena cava, or a combination of these modalities.
Resuscitation should aim to maintain adequate perfusion and
cardiac output, though indiscriminant and aggressive hydra-
tion is not recommended [6]. Serial ABGs should be checked
to determine if the CAS patient is deteriorating with respect to
gas exchange. This is important for both intubated and non-
intubated CAS patients. For CAS patients on mechanical
ventilation, optimization based on flow–volume loop assess-
ment and ABG analysis is critical. If the CAS patient’s re-
sponse to treatment is poor, the pulmonologist and intensivist

Table 3 Example arterial blood gas (ABG) measurements seen in the
initial evaluation of CAS

ABG valuesa Comment

pH 7.50, PaCO2 28, PaO2 98 Acute respiratory alkalosis with normal
oxygenation

Appropriate response to CAS

pH 7.42, PaCO2 38, PaO2 98
b Mild respiratory alkalosis with normal

oxygenation

Respiratory fatigue

pH 7.36, PaCO2 45, PaO2 95 Mild respiratory acidosis with normal
oxygenation

Impending respiratory failure

pH 7.30, PaCO2 52, PaO2 88 Acute respiratory acidosis with
widening A-a gradient

Respiratory failure

a Assume all measurements are on room air
b This ABG appears “normal”, though in CAS this signifies respiratory
fatigue and/or severe bronchospasm leading to inadequate ventilation
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should consider advanced treatment strategies including
anesthetic medications and potentially extra-corporeal CO2

removal (ECCO2R). It is important to remember that manag-
ing CAS, especially CAS patients who are poorly responsive
to therapy, requires frequent reassessment and revision to
the treatment strategy. We discuss several of these treatment
paradigms next.

Oxygen

Many CAS patients will have some degree of hypoxemia,
largely due to hypercapnia and V/Q mismatching. A PaO2

level below 55 mmHg is uncommon and should prompt a
search for additional processes (e.g., intrapulmonary shunt
from a pneumonia or atelectasis) [33]. Supplemental oxygen
should be administered to correct underlying V/Q mismatch,
but providing of excessive levels of oxygen may be harmful
[34]. In general, using a fractional percent of inspired oxygen
between 30 and 50 % should correct hypoxemia associated
with CAS. If not, a search for additional causes of hypoxemia
is mandated (e.g., pneumothorax, pulmonary aspiration, or
acute pneumonia).

Short-Acting Bronchodilators

Short-acting bronchodilators are the initial therapeutic main-
stay for acute asthma treatment, including CAS [2]. Multiple
delivery routes exist including nebulization, metered-dose
inhaler (MDI) of dry powder, subcutaneous, and intravenous.
Most non-intubated CAS cases will require nebulized beta-2-
agonists as this mode does not require a coordinated breathing
effort for effective drug delivery. This is the delivery route of
choice in CAS during the first several hours to days until the
patient can tolerate using an MDI. In the non-intubated CAS
patient, continuous instead of intermittent beta-2-agonist may
be a superior choice. Continuous delivery may confer a more
rapid clinical improvement and reduced personnel utilization
compared to intermittent dosing, even for similar amount
of drug used [35]. The question of high- versus lower-dose
albuterol in acute asthma was addressed by Emerman et al.
in 160 ED cases of acute asthma of varying severity [36].
No benefit in lung function change or hospital admission
rate was seen between groups receiving 2.5 vs. 7.5 mg of
albuterol, though CAS patients were underrepresented. In
acute asthma exacerbations, adding a continuous short-
acting antimuscarinic to a beta-2-agonist may not improve
outcomes in ED patients [37], though in other patients dual
therapy may improve hospitalization rates [38]. Similarly,
limited data suggest that adding intravenous to inhaled
beta-2-agonist does not confer benefit in adults [39]. Intrave-
nous or subcutaneous (SQ) beta-2-agonists, such as epinephrine
or terbutaline, are not routinely used for bronchospasm in adult
ICUs in the USA [6]. However, they may be appropriate in the

patient failing inhaled therapy or whose bronchospasm is so
severe that inhaled bronchodilators cannot deposit into the
airways. See Table 4 for drug dosages. In this group, there is
some data that using a helium–oxygen (Heliox) gas mixture to
deliver bronchodilators may improve drug deposition [40].

Intubated CAS patients should receive short-acting bron-
chodilators through the ventilator circuit, either in nebulized
or MDI forms [41]. In our experience, MDIs inserted into the
ventilator circuit is an effective and quick way to deliver
bronchodilators, though MDIs cannot provide continuous
medications. We recommend four to six puffs of MDIs every
1–2 h initially with a taper as the CAS patient improves.

Systemic Corticosteroids

Systemic corticosteroids are the other therapeutic mainstay in
CAS treatment that should be given as soon as possible during
CAS. Their use improves several outcomes including lung
function, rates of hospitalization, death, and relapse after
discharge [42, 43]. As corticosteroids exert their effects slow-
ly, between 6 to 24 h, they should be given up front. Most
guidelines suggest that lower doses of corticosteroids are
appropriate for mild and moderate asthma exacerbations,
though in the CAS population, we recommend very early
use. This recommendation is supported by a small randomized
blinded study where patients with status asthmaticus were
given low-, medium-, and high-dose methylprednisolone up-
on admission to the hospital [44]. The groups receiving the
high- and medium-dose steroids had significantly improved
lung function after 24 and 48 h, respectively. There were
minimal medication side effects. Our practice is to give
60 mg intravenous methylprednisolone every 6 h for at least
24 h [2]. If there is clinical improvement, this dose is reduced
to 60 mg every 12 h for the next 2 days until the patient is
switched to oral prednisone at 1 mg/kg/day with a maximum
of 60 mg. Following this, the patients are placed on a 10–14-
day steroid taper.

Leukotriene Receptor Antagonists

Montelukast, a leukotriene receptor antagonist, is currently
used for long-term control of asthma but its use in CAS in

Table 4 Adult dosing of subcutaneous terbutaline and epinephrine for
the refractory CAS patient

Drug Dose Comment

Terbutaline
(1 mg/mL)

0.25 mg every 20 min
up to 3 doses

No proven advantage of
systemic over aerosolized
therapy

Epinephrine
1:1,000
(1 mg/mL)

0.3–0.5 mg every 30 min
up to 3 doses

No proven advantage of
systemic over aerosolized
therapy
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particular is less well described. Montelukast has been used
via the intravenous [45, 46] and oral routes [47, 48] in acute
asthma. Intravenous montelukast appears to improve lung
function when added to standard therapy compared to placebo
in moderate to severe asthma exacerbations [46]. Though this
study did not assess the ICU use of IVmontelukast, the benefit
contributed by the addition of montelukast alone and the large
sample size (N =583 adults) provide compelling evidence that
montelukast will confer additional benefits. Further study in a
critically ill CAS group is needed. Oral montelukast prepara-
tions improved PEFR in hospitalized acute asthmatics when
given daily [48], though other studies found no difference
[47].

Magnesium

Magnesium acts as a smooth muscle bronchodilator by
inhibiting calcium channels and blocking parasympathetic
tone, and it may have anti-inflammatory properties. Intrave-
nous magnesium is currently recommended by the NAEPP
EPR-3 as adjunct therapy to those patients failing standard
bronchodilator and corticosteroid therapy [6]. A recent meta-
analysis assessed the roles of both intravenous and inhaled
magnesium on lung function and hospitalization in acute
asthma [49]. Sixteen trials using intravenous magnesium and
nine using nebulized magnesium were assessed, comprising a
total of 1,754 adults and children. Though there was signifi-
cant heterogeneity between studies, the authors identified a
small but significant improvement in lung function in adults
with intravenous magnesium. They also identified significant
improvements in lung function and hospital admissions in
adults with nebulized magnesium. An older meta-analysis
supports the use of intravenous magnesium in severe exacer-
bations due to a reduction in hospitalization [50]. Powell et al.
assessed nebulized magnesium for the treatment of acute
asthma in a recent Cochrane systematic review and meta-
analysis [51]. They identified ten of 16 trials that included
inhaled magnesium for the treatment of adult acute asthma,
and there was considerable heterogeneity between study
design and outcome measures. Lung function changes and
hospital admission rates did not appear to change when
nebulized magnesium was added to or compared to inhaled
short-acting beta-2-agonists. The authors concluded that the
evidence was insufficient to recommend inhaled magnesium.
Overall, intravenous magnesium sulfate is a reasonable
adjunct therapy in CAS when other standard therapies are
failing, and we suggest 1–2 g given over 20 min.

Therapies Not Currently Recommended: Methylxanthines,
Heparin, and Furosemide

Methylxanthines, including aminophylline and theophylline,
are not recommended as front-line therapy in CAS [52]. Their

toxicity profile makes them unsuitable, though there is data
suggesting anti-inflammatory and bolstered corticosteroid re-
sponse with methylxanthines [53]. Future use in CAS, partic-
ularly in corticosteroid-resistant CAS, may become important.
Inhaled heparin [54, 55] and furosemide [56] have been
proposed as adjunct agents in asthma due to their anti-
inflammatory effects [57]. To date, no convincing clinical data
has emerged regarding these treatments in CAS, and at present
we do not recommend them outside of an experimental
setting.

Mechanical Ventilation

Around 2 % of CAS patients will go on to develop respiratory
failure and require mechanical ventilation. Unlike other forms
of respiratory failure, CAS patients have unique consider-
ations that must be fully understood by the ICU team to
optimize management. The goals of mechanical ventilation
in the CAS patient are to decrease work of breathing, reduce
dynamic hyperinflation, deliver oxygen to prevent hypoxic
tissue injury, improve acidemia by improving ventilation,
allow optimal delivery of bronchodilators, and prevent both
volutrauma and barotrauma. In this section we describe respi-
ratory failure and its management with mechanical ventilation
in the CAS patient.

Figure 3 is a representation of the abnormal ventilation present
in CAS. These patients have tremendously elevated airway
resistance and mucous plugging which lead to airflow
obstruction. Over time, this obstruction leads to dynamic
hyperinflation as gas is not able to escape the lungs. As
dynamic hyperinflation progresses, inspiratory capacity (IC)
and inspiratory reserve volume (IRV) fall and the functional
residual capacity (FRC) increases. As IC approaches total lung
capacity, inspiratory efforts are thwarted by over-stretched
inspiratory muscles and a flattening diaphragm, all in the face
of increased ventilatory demands. This mechanical disadvan-
tage leads to respiratory fatigue and ultimately failure. In
addition, the increased intra-thoracic pressure seen in dynamic
hyperinflation may lead to impaired venous return to the right
heart and hemodynamic compromise. Plus, high intra-thoracic
pressures may worsen dead space by reducing blood flow to
alveolar units thereby worsening ventilation (known as West
zone 1 lung). As ventilation is impaired, a respiratory acidosis
may develop and hypercarbia ensues. This hypoxemia may
lead to brain injury, myocardial injury, and death.

After intubation and the initiation of mechanical ventila-
tion, the pathophysiologic processes are still present. In short,
intubation alone does not help the CAS patient. In fact, CAS
patients may worsen immediately post-intubation as described

38 Clinic Rev Allerg Immunol (2015) 48:31–44

Physiology of Ventilation in CAS



above. Simply adding positive pressure to a system with high
pressures to begin with may worsen the situation. Efforts must
be made to “decompress” the CAS patient by reducing dy-
namic hyperinflation to improve their respiratory mechanics
and gas exchange. As dynamic hyperinflation is determined
byminute ventilation (Ve; Ve=respiratory rate×tidal volume),
inspiratory/expiratory (I :E ) time, and airway resistance, a
focus on these parameters becomes important.

Setting Mechanical Ventilation

In general, the initial settings on the mechanical ventilator
should aim to treat the dynamic hyperinflation first and the
gas exchange abnormalities second. Many physicians focus
on correcting the hypercarbia and respiratory acidosis, often
utilizing a high Ve strategy (respiratory rate × tidal volume).
This strategy may be harmful in the CAS patient for two

Fig. 3 a Flow-time graph of a mechanical ventilator in a critical asth-
matic. The two breaths after the initial breath (solid arrowheads) are in
quick succession indicating a high respiratory rate. As the patient is
unable to exhale completely (i.e., persistence of expiratory flow during
the subsequent inspiration), air is “trapped” causing intrinsic positive end-
expiratory pressure (intrinsic PEEP). Once the respiratory rate is reduced,
open arrowheads , the patient is allowed enough time to exhale thus
diminishing the intrinsic PEEP. b Lung volumes of the same patient.
Note as the patient has intrinsic PEEP, the FRC rises and the IRV

decreases. This is called dynamic hyperinflation and can result in
increases in intra-thoracic pressure, decreases in venous return, and
hemodynamic compromise. Once the respiratory rate is reduced and
the patient is given enough expiratory time, the FRC begins to
approach normal. c Corresponding rise in intra-thoracic pressure
seen with air trapping and increased FRC, and fall in intra-thoracic
pressure seen when an appropriate expiratory time is provided. IRV
inspiratory reserve volume, Vt tidal volume, FRC functional residual
capacity
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reasons. First, an increased set respiratory rate in an
effort to increase Ve will often lead to increasing
intra-thoracic pressures in the CAS patient and actually
worsen PaCO2. This occurs because of the intrinsic
positive end-expiratory pressure (PEEPi) generated when
an obstructed CAS patient does not have enough time to
exhale before another ventilator-delivered breath (see
Fig. 3a). Second, increasing the tidal volume in order to
increase the Ve may lead to unacceptably high airway
pressures and potentially barotrauma.

We advocate for a low-Ve strategy to treat CAS associated
with dynamic hyperinflation. Figure 3a illustrates that by
slowing the respiratory rate, full exhalation can be achieved
thereby reducing PEEPi and dynamic hyperinflation (see
Fig. 3c). In general, a respiratory rate of eight to ten breaths
per minute should help to achieve this, but a customized
approach based on an individual CAS patient’s respiratory
mechanics is essential. This customized approach can be
achieved for each patient by observing the flow–time curve
on the ventilator and setting a rate that still allows flows to
reset to zero before the next breath, if possible. Occasionally, it
is necessary to disconnect a CAS patient from the ventilator to
provide an exceptionally long expiratory time. The concomi-
tant use of sedating medication may facilitate the goal of
lowering the Ve, especially in CAS patients with a high
respiratory drive. Although the NAEPP does not recommend
the use of sedating medications in asthma exacerbations [6],
we feel that the CAS patient on mechanical ventilation often
requires it (e.g., propofol if tolerated). In addition, the
application of extrinsic positive end-expiratory pressure
(PEEPe; i.e., the PEEP applied by the ventilator during
exhalation) may improve the CAS patient’s ability to
exhale by augmenting their obstruction and improving
patient-ventilator dyssynchrony. In general, we recommend
measuring the patient’s PEEPi on the ventilator every 6 to 8 h
(or more frequently up-front) and matching PEEPe to the
measured PEEPi. Typically this requires 5 to 10 cm H2O of
PEEPe, though higher PEEPe early may help offload severe
hyperinflation.

Once Ve is acceptably low and the CAS patient’s PEEPi is
minimized, the next goal is to improve CO2 gas exchange
(V-dot-CO2, abbreviated here as VCO2). VCO2 will improve
slightly by reducing dynamic hyperinflation, but ongoing
bronchospasm and remaining high intra-thoracic pressure will
confound efforts to improve VCO2. This may be disconcert-
ing, but CAS patients can often tolerate high levels of CO2

(e.g., PaCO2 <100 mmHg) over the first few days with sur-
prising ease [58].More aggressive ventilation may be required
if the resulting pH is <7.20. It is unclear if a lower PaCO2 is
required in patients with hypoxic brain injury.

Oxygen should be given judiciously after intubation while
the CAS patient equilibrates, but quickly de-escalating from a
FiO2 of 1 to 0.5 over the first few hours is appropriate. If the

CAS patient requires an elevated FiO2 (i.e., FiO2 >0.55), the
pulmonologist and intensivist should search for addi-
tional causes of hypoxemia, e.g., intrapulmonary shunts
(pneumonia, atelectasis, and mucous plugging), V/Q
mismatching, or pulmonary embolism (PE). Avoidance
of oxygen-induced lung injury is important in CAS as
with all critically ill patients [34].

When choosing an initial mode of mechanical ventilation,
we recommend a semi-controlled mode rather than a support
or spontaneous mode. Two such modes are volume-cycled
and pressure-cycled assist-control. In these modes the venti-
lator delivers breaths customized by the pulmonologist and
intensivist with the respiratory therapist, all of whom can
manipulate respiratory rate, tidal volume, inspiratory pressure,
flow rate, and I:E ratio. In the recently intubated CAS patient,
these manipulations are essential. Though in an assist-control
mode the patient is able to trigger breaths, often heavy seda-
tion is required initially to alleviate dynamic hyperinflation.
Once the CAS patient has improved in terms of airflow
obstruction, dynamic hyperinflation, and PEEPi, a trial of a
spontaneous mode is appropriate.

Whether to use a volume-cycled or pressure-cycled mode
of assist-control is a matter of preference, and there are ad-
vantages and limitations to both. Volume-cycled ventilation
uses a set volume target with variable peak pressures and fixed
flow rates. In CAS, peak pressures can be very high when the
airway resistance is increased making volume-cycled ventila-
tion problematic. However, many ventilators allow for a
decelerating flow pattern which effectively reduces the flow
as the volumes increase (see Fig. 2a). Pressure-cycled venti-
lation allows for control of the peak inspiratory pressures, but
minute ventilation is harder to control as tidal volumes may
vary. Regardless of the ventilation strategy, the key to
successful ventilation in CAS is frequent assessment of
the flow–time curves to assess for PEEPi and dynamic
hyperinflation (see Fig. 3a).

With proper and vigilant ventilation in conjunction
with bronchodilators and corticosteroids, most CAS pa-
tients will improve on the ventilator in 24 h. In general,
CAS patients will require an average of 3 days on
mechanical ventilation [2], though some will follow a
refractory course [59]. The next sections discuss the refractory
CAS patient and adjunct measures to aid in bronchodilation
and ventilation.

The Refractory CAS Patient

In CAS patients who have persistent hypercapnea, broncho-
spasm, and dynamic hyperinflation with elevated PEEPi
despite receiving all of the medications listed above and opti-
mal mechanical ventilator settings, there are some potentially
effective adjunct therapies.
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Helium–Oxygen

NAEPP guidelines recommend considering helium–oxygen
(Heliox) mixtures when patients are failing standard therapy
[6]. Heliox decreases turbulent airflow in the large airways
and it may have benefit in smaller obstructed airways [60].
Because helium is non-soluble in blood or human tissues,
Heliox has minimal toxicity. A Cochrane systematic review
identified ten trials of which seven included adults with acute
asthma and three were of high quality [61]. The authors
concluded that Heliox may confer benefit in lung function in
severe asthma exacerbations, but numbers were small in this
group. Nevertheless, Heliox is a viable choice in the failing
CAS patient as it may improve airflow, ventilation, and drug
delivery [40]. Practical considerations when choosing Heliox
include patient oxygenation and gas delivery set up. Heliox
comes in 80:20 and 70:30 mixtures of helium–oxygen. As
such, the overall FiO2 does not exceed 20–30 % and patients
with higher FiO2 requirements will not benefit from the lower
FiO2 found in Heliox. In the non-intubated patient, Heliox
may be delivered by facemask, non-rebreather mask, or
through a nebulizer.

Anesthetics

Several anesthetic agents may be considered in the failing
CAS patient. Both intravenous and inhaled anesthetics offer
bronchodilatory properties, and they may further reduce work
of breathing, metabolic demand, and patient–ventilator
dyssynchrony by relaxing the CAS patient [62]. Anesthetic

agents should work quickly and if a clinical response is not
seen early in their use (i.e., 2–4 h), they are not likely to be
effective. Intravenous anesthetics are attractive for ICU use in
that CAS patients do not need specialized ventilators which
are required for delivery of gas anesthetics. Ketamine and
propofol are intravenous anesthetics with potential benefit in
CAS [62]. Ketamine is a dissociative anesthetic related to
phencyclidine which exerts a catecholamine effect on bron-
chial smooth muscle resulting in bronchodilation [63]. Side
effects include hypertension, tachycardia, an increase in oral
and respiratory secretions, and elevated intra-cranial hyper-
tension, so caution is required for use in CAS patients with
cardiovascular disease or elevated intra-cranial pressure. In
addition, the increased respiratory secretions may promote
bronchospasm and ketamine is often administered with an
anti-cholinergic agent such glycopyrrolate. Clinical data with
ketamine in CAS is sparse, and a recent Cochrane review
identifying just one study in non-intubated children did not
find a beneficial effect [64]. Nevertheless, in our experience
ketamine has been effective in selected CAS patients, and it
remains a reasonable choice in the refractory CAS patient.
Propofol is also associated with bronchodilatory properties,
though clinical data is sparse [63, 65]. Available clinical data
suggests that airway resistance [66] and wheezing are reduced
with propofol [67]. Adverse effects include hypotension,
propofol infusion syndrome, and a potential for allergic reac-
tion in patients with yolk allergies [62]. Inhaled anesthetics
which may improve respiratory mechanics in CAS include
halothane, enflurane, isoflurane, and diethyl ether.
Sevoflurane may have some bronchoconstrictive effects

Fig. 4 Anesthetic algorithm as an
adjunct to the treatment of
refractory CAS. *Intravenous
(IV) anesthetics are preferred if
available and appropriate for the
CAS patient. IV anesthetics are
easier to administer and do not
require specialized ventilators to
administer. Also, IV anesthetics
typically do not require
consultation with an
anesthesiologist if an intensivist is
familiar with their use. double
dagger Suggested ranges. In
addition, familiarity with all drug
toxicities, adverse effects, and
contraindications to use is
required
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and desflurane is contraindicated [62]. If gas anesthesia is
considered, consultation with an anesthesiologist and use
of an appropriate ventilator are required. See Fig. 4 for an
algorithm in choosing anesthetic agents for CAS.

Extra-corporeal CO2 Removal (ECCO2R)

A rarely used but potentially effective strategy in refractory
CAS is the extra-corporeal removal of CO2 or ECCO2R. In
this technique, the CAS patient is placed on respiratory
“bypass” where the function of the lung to exchange gas is
circumvented and gas exchange takes place at an external site.
Most ECCO2R employed for asthma is veno-venous, mean-
ing that the external circuitry would run from a vein (e.g., the
internal jugular) to the gas-exchanging surface and back to
another vein (e.g., the femoral vein). However, in the face of
concomitant cardiac pump dysfunction, the system could be
veno-arterial. In a retrospective cohort study of 24 asthmatics
placed on ECCO2R compared to over 1,200 refractory CAS
cases, the odds ratio for survival was 4.86 (95 % CI, 1.65–
14.31, p =0.004) favoring ECCO2R [68]. The small number
of cases indicates the relative infrequency of ECCO2R use in
refractory CAS, though survival may actually increase as
ECCO2R techniques improve. Despite limited data, ECCO2R
may be an important adjunct in refractory CAS.

Liberation from Mechanical Ventilation

Most CAS patients who undergo intubation and mechanical
ventilation will be weaned in a mean of 3.5 days [2]. Once
dynamic hyperinflation, gas exchange, work of breathing, and
the need for sedation improve, changing the CAS patient to a
spontaneous ventilation mode is appropriate. As the require-
ment for ventilator assistance decreases, the pulmonologist and
intensivist may challenge the CAS patient with a spontaneous
breathing trial such as a CPAP of 5 cm H2O or a T-piece trial
[69]. Recently extubated CAS patients will need careful obser-
vation over the next 24 h as bronchospasm can recrudesce. If
the CAS patient remains stable after 24 h, transfer out of the
ICU to the hospital ward is appropriate.

Conclusions

CAS requires coordinated ICU care, especially in the first few
hours to days of presentation. Recognition of complications
that can accompany CAS—including dynamic hyperinflation,
intravascular volume depletion, and the risk of pneumothorax
and pneumomediastinum—is paramount. Attention to details,
alacrity, and accurate assessment and reassessment are vital.
Keeping a broad differential diagnosis may uncover alternate
or additional conditions with similar presentation to CAS such

as vocal cord dysfunction. Utilizing technologies such as
point-of-care bedside critical care ultrasound may enable
faster delivery of care, and correlating ABG findings to the
clinical condition of the CAS patient (even when the ABG
appears “normal”) is essential. Though most CAS does not go
on to develop respiratory failure, early recognition of those
CAS patients with impending respiratory failure is crucial.
Also, most CAS patients improve with standard therapy such
as bronchodilators and intravenous steroids. However, the
pulmonologist and intensivist must be aware of adjunct med-
ications and ventilation strategies to help the refractory CAS
patient. With a high level of vigilance, awareness of possible
complications and a familiarity with the armamentarium of
useful treatments, patients can receive optimal ICU care to
survive and recover from CAS.
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