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Despite early and aggressive treatment, patients in status

asthmaticus (SA) have high morbidity and mortality

rates, which continue to pose a major medical problem.

Mortality rates in asthma have been steadily increasing in

many parts of the world. Canadian data show that approxi-

mately 90,000 asthmatic patients are admitted to hospital

each year, and 400 to 500 of these patients will die of the

disease (1). The rise in mortality rates worldwide appears

to be multifactorial; however, some investigators feel that

undertreatment in the acute phase may be largely responsi-

ble (2).

Unfortunately, many asthmatic patients who seek medical

attention have been experiencing worsening symptoms for

several days and relying increasingly on inhaled bronchodi-

lators. A subgroup of patients in SA will progress rapidly to

the sudden asphyxic asthma, and early identification of these

patients remains difficult. It has been shown that these pa-

tients have intrinsically low levels of eosinophils in airway

submucosa (3) and reduced intraluminal mucous (4). In-

creased airway resistance results in both inspiratory and ex-

piratory obstruction, pulmonary hyperinflation and high

levels of intrinsic or ‘auto’ positive end-expiratory pressure

(PEEP) (5). During acute exacerbations, reductions in forced

expiratory volume in 1 s (FEV1) of more than 50% of base-

line values have been associated with a 10-fold increase in

the work of breathing (6). Irrespective of the pathogenesis of
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Asthma continues to pose a significant medical problem in
terms of both morbidity and mortality. A number of patients
with a severe exacerbation of asthma fail medical therapy
and require urgent intubation and mechanical ventilation.
New modalities of ventilatory support, including noninva-
sive ventilation, have been shown to provide effective venti-
lation even in the presence of severe bronchoconstriction. An
intrinsically high level of auto positive end-expiratory pres-
sure in these patients requires a precise balance between res-
piratory frequency, tidal volume and inspiratory flow rates.
Pressure support ventilation reduces the risk of barotrauma
and lowers the work of breathing in these patients. Adjuvant
therapy with inhaled anesthetics and bronchoalveolar lavage
may also be indicated in patients requiring high pressures to
achieve adequate ventilation.

Key Words: Asthma, Auto PEEP, Intubation, Mechanical ventila-

tion, Noninvasive ventilation, Pressure support

Les soins ventilatoires en cas de mal asthma-
tique

RÉSUMÉ : L’asthme continue de représenter un problème mé-
dical important sur le plan de la morbidité et de la mortalité. Cer-
tains patients souffrant d’une grave exacerbation de l’asthme ne
réagissent pas à la pharmacothérapie et doivent être intubés
d’urgence et recevoir une ventilation mécanique. Il est démontré
que de nouvelles modalités de soutien ventilatoire, y compris la
ventilation non effractive, sont efficaces même en cas de bron-
choconstriction prononcée. Pour obtenir un taux intrinsèque éle-
vé de pression autopositive en fin d’expiration, il faut obtenir un
équilibre délicat de la fréquence respiratoire, du volume courant
et du débit inspiratoire. La ventilation assistée par pression ré-
duit le risque de barotraumatisme ainsi que le travail respiratoire
de ces patients. Un traitement d’appoint aux anesthésiques par
inhalation et un lavage bronchoalvéolaire peuvent également
être recommandés dans le cas des patients qui ont besoin d’une
pression élevée pour parvenir à une ventilation convenable.
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symptoms, any asthmatic patient presenting with respiratory

distress is at significant risk of impending respiratory failure

and death. This paper describes the treatment modalities

available for patients in SA who require ventilatory support

during the acute phase of their disease.

NONINVASIVE VENTILATION
Noninvasive ventilation (NIV) consists of intermittent

positive pressure ventilation through a face mask with the pa-

tient in the upright position, with or without continuous posi-

tive airway pressure (CPAP). Noninvasive mask ventilation

has been used to improve alveolar ventilation, obviating the

need for endotracheal intubation. It does not protect against

aspiration or gastric insufflation, but does reduce the need for

sedation and muscle paralysis. Several reports have shown

an improvement in gas exchange with NIV in acute respira-

tory failure (7,8). Meduri et al (9) reported on a population of

17 asthmatic patients who were admitted to the intensive care

unit and received noninvasive positive pressure ventilation

(NPPV). Respiratory acidosis was present in all patients on

admission (pH 7.25±0.07, PCO2 65±11 mmHg), and eight of

the 17 patients had been intubated for respiratory failure on

previous admissions. Patients were ventilated through a face

mask in synchrony with spontaneous respirations with added

pressure support ventilation (PSV) to give an exhaled tidal

volume greater than 7 mL/kg and CPAP of three to five cm

H2O. Pressure support was adjusted to achieve a respiratory

rate of greater than 25 breaths/min and patient comfort. The

mean duration of NPPV was 16 h, and there were no compli-

cations in this group. Only two of the 17 patients required

subsequent intubation for worsening hypercapnia.

NIV appears to be an acceptable alternative approach for

short term ventilatory support in asthmatic patients, although

more experience with this mode of ventilation is required be-

fore NIV becomes standard therapy in SA. This mode of ven-

tilation may not be appropriate for the severely dyspneic

patient or, obtunded or obese patients who are at high risk of

aspiration. Similarly, claustrophobic patients may not be

able to tolerate the face mask, even for short periods of time.

It may, however, provide support while pharmacological

therapy takes effect and, thus, eliminate the complications

associated with endotracheal intubation.

INTUBATION
The decision to intubate patients in SA is made on the ba-

sis of clinical deterioration. Intubation should be considered

for the patient who is severely dyspneic, has altered mental

status and/or an inability to protect the airway. An increasing

arterial PCO2 is an ominous sign and develops when the

FEV1 is less than 25% of age-predicted values (10). Patients

who develop hypercapnia in the presence of clinical deterio-

ration are in urgent need of ventilatory support, although

hypercapnia (PCO2 >40 mmHg) alone may not be an indica-

tion for intubation. Intubation and ventilation is not an in-

nocuous procedure, and has been associated with significant

morbidity and mortality (11). Zimmerman et al (12) reported

that one or more complications occurred in 46% of intubated

asthmatic patients. More than one-third of all complications

occurred during intubation and 47% during the intensive care

unit stay. Difficult and esophageal intubations were encoun-

tered in 15.7% of all patients, which emphasizes the need for

experienced personnel in the management of these poten-

tially difficult airways.

The method of securing the airway depends on the level of

obtundation, presence of a full stomach and anatomical fea-

tures, such as prominent incisors, short neck and reduced

mobility of the temporomandibular joint. Most clinicians fa-

vour the use of oral intubation in the obtunded or severely

dyspneic patient. In the spontaneously breathing patient, na-

sotracheal intubation, either blind or with the aid of a fiberop-

tic bronchoscope, may be considered. Complications of

nasotracheal intubation include esophageal intubation, nasal

trauma, sinusitis and bleeding, which may limit the useful-

ness of this approach. Nasotracheal tubes are usually better

tolerated in prolonged ventilation, but care must be taken to

avoid alar necrosis due to traction on the nasotracheal tube.

Oral intubation in a conscious patient may require the use of

sedation or paralysis to facilitate easy airway access and an

optimal view of the glottis. In the obtunded or cooperative

patient, the airway may be sprayed with lidocaine aerosol to

minimize gagging and discomfort. Sedation may be achieved

with short acting benzodiazepines, such as midazolam, a wa-

ter soluble agent with a potency two to three times that of di-

azepam. The elimination half-time (1 to 4 h) is also shorter

than diazepam and, thus, provides a rapid, smooth recovery.

In carefully titrated doses (1 mg to 2 mg every two to three

mins), midazolam provides effective sedation with minimal

hemodynamic disturbance. Morphine, even in small doses

(1 mg to 2 mg), may result in hypotension and bronchocon-

striction due to histamine release. Propofol, a nonbarbiturate

hypnotic and anaesthetic drug, may cause significant hy-

potension because it reduces systemic vascular resistance.

There is no change in plasma histamine levels following in-

jection of propofol. If used for sedation, this drug must be

used with caution because of the risk of profound respiratory

depression, especially in the presence of opioids. Ketamine,

a phencyclidine derivative, increases central sympathetic

drive (13) in addition to increasing the plasma concentrations

of both epinephrine and norepinephrine (14). Upper airway

reflexes remain intact, and bronchodilation results from its

sympathomimetic properties. Ketamine elicits a dissociative

state in which the eyes remain open with a slow nystagmic

gaze, and both amnestic and analgesic properties are intense.

In doses of 1 mg to 2 mg/kg, ketamine may provide adequate

sedation for intubation. Should trismus or agitation prevent

access to the airway, muscle paralysis with succinylcholine

(1 mg/kg) may be necessary. Protection against regurgitation

and aspiration before the onset of muscle relaxation is af-

forded by cricoid pressure (firm downward pressure on the

cricoid cartilage) until confirmation of the endotracheal tube

in the trachea and inflation of the cuff.

Management of the airway in an awake, struggling, hy-

poxemic patient can be stressful and carries an extremely

high potential for mishap. Careful preparation is imperative
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and the pneumonic ‘MIDSOLES’ summarizes the equipment

necessary for airway management (Table 1).

If possible, the airway should be secured with either a

blind nasal or oral approach using a minimum of sedation.

Preference of nasal versus oral approach depends on the de-

gree of familiarity with each technique and the presence of

trismus, which necessitates a nasal approach to the airway.

One method uses topical anesthesia to the upper airway with

aerosolized lidocaine followed by intravenous sedation with

ketamine 1 mg/kg. Oxygen should be applied to the patient’s

face with a resuscitation bag-mask (Laerdal Company),

which ensures 90% to 100% inspired oxygen. Muscle paraly-

sis should only be considered in the case of extreme tris-

muser/agitation and should be administered by a physician

familiar with the use of these drugs.

MUSCLE PARALYSIS
To optimize chest wall compliance and reduce peak inspi-

ratory pressure, muscle paralysis has been used during me-

chanical ventilation. Some investigators feel that following

intubation, the respiratory muscles should be rested with pa-

ralysis (11). However, Griffin et al (15) described an acute

myopathy that developed after prolonged paralysis with non-

depolarizing muscle blockade in three asthmatic patients.

The patients had received either pancuronium or vecuronium

for 10 to 14 days, in addition to moderate doses of corticos-

teroids (methylprenisolone 320 mg to 750 mg/day). Weaning

all three patients from these drugs was difficult because of

proximal and distal muscle weakness. Muscle biopsies con-

sistently showed muscle necrosis and degeneration of both

the type 1 and type 2 muscle fibers. Elevated levels of cre-

atine kinase (CK) and myoglobinuria were also reported in

one patient. This is in contrast to steroid myopathy, which

primarily involves the proximal muscles with a normal CK

(16). The steroid structure of both pancuronium and vecu-

ronium is believed to interact with corticosteroids (17). Pro-

longed muscle paralysis results in a ‘denervated state’ (18),

in which the muscle develops an increased number of steroid

receptors (19). This may help to explain the additive effect of

neuromuscular blockers and corticosteroids in the develop-

ment of myopathies in these patients. Atracurium besylate, a

nonsteroidal, nondepolarizing muscle relaxant, has also been

shown to result in prolonged muscle weakness. Tousignant et

al (20) reported onset of acute quadriparesis in an 18-year-

old asthmatic patient after seven days of therapy with atracu-

rium and methylprednisolone. At that time, electrical nerve

stimulation monitoring indicated full return of neuromuscu-

lar function. No muscle biopsy was performed, but electro-

physiological studies showed evidence of denervation and

CK had risen from admission levels of 112 U/L to 763 U/L.

Hoey et al (21) reported similar findings in two patients

treated with corticosteroids and atracurium. Electromyogra-

phy showed changes identical to those described earlier. One

case report also described muscle paralysis persisting for 50

h after discontinuation of atracurium in a patient who did not

receive corticosteroids (22). Therefore, it appears that pro-

longed muscle weakness may result following the use of

various nondepolarizing muscle relaxants and that the mo-

lecular structure may not be the only contributing factor. The

association with concomitant corticosteroid use is not well

defined. Routine neuromuscular monitoring should be em-

ployed in all patients receiving muscle relaxants, and drug

dosages should be titrated to elicit a visible response to the

electrical nerve stimulation. Newer modes of ventilation

(NIV and PSV) may eliminate the need for muscle relaxation

and reduce the risks associated with prolonged muscle pa-

ralysis.

MECHANICAL VENTILATION
The aim of mechanical ventilation in asthmatic patients is

to decrease the work of breathing, maintain adequate oxy-

genation and augment alveolar ventilation in the face of air-

way edema, anddiffuse mucous plugging of the small

airways. Mechanical ventilation is not an innocuous proce-

dure and has been associated with significant morbidity and

mortality (11). The ability to achieve adequate alveolar venti-

lation is difficult due to the intrinsically high airway pres-

sures and the need for a prolonged expiratory phase.

Strategies such as permissive hypercapnia and reduced inspi-

ratory to expiratory (I:E) ratio may help minimize lung

hyperinflation. Other methods used to prolong expiratory

time include reductions in respiratory rate, decreasing tidal

volume, increasing inspiratory flow rate (decreases inspira-

tory time) and using a square wave flow pattern. Tuxen and

Lane (23) showed that by increasing ventilation from 10

L/min to 26 L/min end-expiratory lung volume was in-

creased by a factor of three to four times. This could be par-

tially offset by increasing the inspiratory flow rate, but

expiratory time was significantly shortened and lung hyper-

inflation still occurred. They found that the most important

variables in minimizing hyperinflation were a low minute

volume, high inspiratory flow rates and a low tidal volume

(Figure 1).

Certain lung units may require a long expiratory time due

to mucous plugging and bronchial wall edema. As a result,

the lung becomes hyperinflated with an increased risk of ba-

rotrauma and hypotension. In the presence of dynamic lung

hyperinflation, this is a positive pressure at end-expiration
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TABLE 1
Mneumonic ‘MIDSOLES’ used to summarize equipment
neccessary for airway management

M Monitors (blood pressure, electrocardiogram, oxygen
saturation)

I Intravenous access
D Drugs (sedatives, muscle relaxants and appropriate

resuscitation drugs)
S Suction
O Oxygen and delivery system
L Laryngoscope
E Endotracheal tubes (reduce interal diameter size by

1 mm if using a nasal approach)
S Stylet
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so-called auto-PEEP (24). Auto-PEEP has been shown to in-

crease the work of breathing by several mechanisms. The

lung operating on a flatter portion of the pressure-volume

curve requiring greater swings in intrathoracic pressures for

a given change in lung volume, and the chest wall is on a

more noncompliant portion of the pressure-volume curve

and more resistant to outward movement. This becomes most

evident in lung units with long time constants (volume of a

lung unit/flow rate into it) and may also increase alveolar

dead space if alveolar pressure exceeds perfusion pressure.

Auto-PEEP has typically been measured by occluding the

expiratory valve at end-expiration, thus allowing alveolar

pressure to equilibrate with proximal airway pressure (Figure

2). In the ventilated patient, lung hyperinflation may reduce

venous return when intrathoracic pressure exceeds pulmo-

nary venous pressure. During hyperinflation, delivery of me-

chanical breaths may become difficult and result in higher

peak airway pressure, diminished breath sounds, and jugular

venous distension may become evident.

Leatherman and Ravenscraft (25) showed that measure-

ment of auto-PEEP may significantly underestimate the de-

gree of lung hyperinflation due to widespread airway closure

at end-expiration. Measured auto-PEEP only assesses end-

expiratory pressure define Palv in communicating airways

and is basically an estimate of the average end-expiratory

Palv in the communicating airways. The efficacy of exter-

nally applied PEEP during mechanical ventilation of asth-

matic patients remains an issue for debate (26). Qvist et al

(26) employed high levels of PEEP (up to 25 cm H2O) in two

asthmatic patients in an attempt to open closed lung units.

There was marked reduction in peak airway pressure and im-

proved arterial oxygenation. Marini (27) states that hyperin-

flation and, therefore, flow limitation may be improved by

adding low levels of PEEP (less than 8 cm H2O), which may

redefine the anatomical location of airway compression. This

would allow narrowed or collapsed airways to expand with-

out increasing Palv. However, Tuxen et al (28) warn that

PEEP greater than 5 cm H2O may increase end-expiratory

lung volume and compromise venous return.

PSV provides a therapeutic alternative to controlled ven-

tilation in asthmatic patients that reduces the risk of baro-

trauma secondary to high inspiratory pressures. With this

mode of ventilation, the spontaneously breathing patient

sets his or her own respiratory rate, tidal volume and I:E ra-

tio. Augmented inspiratory flow initiated by negative inspi-

ratory pressure (–1 to –2 cm H2O) decreases the work of

breathing by unloading the respiratory muscles (29,30) and

by reducing the work required to overcome the resistance

provided by the breathing circuit and endotracheal tube

(31). The proper level of respiratory muscle unloading with

pressure support may also promote muscle reconditioning

and prevent muscle fatigue. Tokioka et al (33) studied six

patients with SA using both PSV and assist-controlled ven-

tilation (ACV) at minute intervals. They found that as inspi-

ratory flow was increased with PSV, tidal volume increased

and respiratory rates were reduced. There were no differ-

ences in the oxygen cost of breathing (estimated from oxy-

gen consumption), tidal volume or minute ventilation. Peak

airway pressures, however, were 40% lower with PSV

(30±10 cm H2O PSV, 50±13 ACV) at comparable tidal vol-

Smyth
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Figure 1) Patients with status asthmaticus were ventilated using
three inspiratory flow rates (100 L/min, 70 L/min and 40 L/min)
during three different levels of minute ventilation (10 L/min,
16 L/min and 26 L/min). Low inspiratory flow rates at constant tidal
volume shortened expiratory time and resulted in lung hyperinfla-
tion (increased end inspiratory volume). Hyperinflation was most
pronounced with low inspiratory flow rates and high minute venti-
lation. VE Minute ventilation; VEE End expiratory volume; TE
Expiratory time; VT Tidal volume. Reproduced with permission
from reference 23

Figure 2) Under normal conditions airway opening pressure (Pao)
equals alveolar pressure (Palv) and atmospheric pressure at end
expiration. In the obstructed airway Palv is increased at end inspi-
ration due to gas trapping (increased auto positive end-expiratory
pressure [auto-PEEP]). At end expiration Palv>Pao and airway
flow will continue around the obstruction. After an expiratory hold
manoeuvre Pao will increase until it equals Palv. This provides a
measurement of auto-PEEP). Reproduced with permission from
reference 25
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umes of 10 mL/kg. Respiratory muscles are allowed to assist

in exhalation enabling better lung emptying. In the presence

of hyperinflation, the elastic recoil forces become impaired

due to overstretching of the lung, accentuating gas trapping

and alveolar hypoventilation. By decreasing the inspiratory

work of breathing, PSV reduces muscle fatigue and improves

patient assisted ventilation (33). In the SA lung, hyperinfla-

tion may still occur with PSV; however, by optimizing tidal

volume dangerous levels of hyperinflation are avoided.

Banner et al (34) describe a technique for setting optimal

levels of PSV using intrapleural (esophageal) pressure re-

cordings. Inspiratory work of breathing is reflected in large

swings in intrapleural pressure. As PSV is increased, eso-

phageal pressure will decline until it reaches a nadir at

PSVmax. Further increases in PSV will not reduce esophageal

pressure. At this point, the work of lung inflation is essen-

tially zero, and the respiratory muscles have to work only to

provide the small amount of inflation associated with chest

wall expansion.

ADJUVANT THERAPY FOR
THE INTUBATED PATIENT

Inhaled anaesthetics: Tracheal intubation and mechanical

ventilation are used to improve alveolar ventilation, and ag-

gressive adjuvant therapy is often required to optimize bron-

chodilation. In cases of refractory hypoxemia with or without

hypercapnia, inhaled anaesthetics may improve oxygenation

and ventilation, while allowing time for pharmacological

therapy to reduce airway inflammation. Volatile anaesthetic

agents have been used in the intensive care setting to facili-

tate sedation and improve gas exchange through their power-

ful bronchodilatory properties. Inhalational agents from both

the alkane (halothane) and ether (isoflurane, ethrane) groups

have unique physical and chemical properties producing re-

ductions in airway resistance in a dose-dependent manner

(35). Early reports described the use of cyclopropane and tri-

bromethanol in the treatment of severe bronchial asthma

(36,37); and more recently, authors cited a beneficial role of

halothane in SA (38). Halothane has a direct inhibitory effect

on bronchial smooth muscle, probably through reduction in

vagal tone (39). Halothane also sensitizes the myocardium to

circulating catecholamines, producing ventricular arrhyth-

mias. The dosage of submucosally administered epinephrine

that produced ventricular arrhythmias in 50% of patients was

2.1, 6.7 and 10.9 µg/kg for halothane, isoflurane and ethrane,

respectively (40). The threshold dose of epinephrine causing

ventricular arrhythmias during sevoflurane anaesthesia is 5

µg/kg (41). Children are able to tolerate larger doses of epi-

nephrine under halothane anesthesia compared with adults

(10 µg/kg versus 7.8 µg/kg) (40). Administration of anaes-

thetic agents is not a common procedure in the intensive care

unit; however, Sullivan and Robbins (42) described a deliv-

ery system that is easily attached to an intensive care unit

ventilator enabling delivery of isoflurane.

Bronchoscopy and alveolar lavage: Despite aggressive

chest physiotherapy, hydration and bronchodilator admini-

stration, mucous impaction of small airways may persist and

limit optimal gas exchange. Earlier reports described the use

of bronchoscopy and saline lavage in SA. Henke et al (43)

presented a case using bronchoscopy and instillation of ace-

tylcysteine (20%) and albuterol into selective airways over

several days. Dissolution of the mucous plugs became clini-

cally apparent with improved gas exchange, reduced peak

airway pressures and lower auto-PEEP. In addition to its mu-

colytic properties, acetylcysteine is a powerful bronchocon-

strictor that requires the addition of a bronchodilating agent.

The presence of a pediatric bronchoscope into the lumen of an

adult endotracheal tube (8 mm or larger) will cause a transient

elevation in airway pressure, but this may be offset by manual

positive pressure ventilation with increased flow rates. An adult

bronchoscope (outer diameter 4.8 mm or larger) may further in-

crease expiratory resistance and lead to dangerous levels of

hyperinflation. Suction of mucous plugs may be difficult

through a pediatric bronchoscope, and direct suction on the air-

ways may result in airway collapse and hypoxemia. To mini-

mize these effects, Henke et al (43) performed daily lavage on

separate lobes of the lung. Bronchoscopy and lavage, how-

ever, have not been accepted as standard therapy for venti-

lated SA patients. Larger studies in this patient population

need to be undertaken to evaluate the safety and effectiveness

of this therapy.
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