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EIB in Humans


Exercise-Induced Bronchoconstriction (EIB) is a syndrome of transient airway obstruction in humans that occurs after strenuous exercise or hyperventilation.  During hyperventilation, the capacity of the upper airways to condition the inspired air is often exceeded, resulting in the exposure of peripheral airways to unconditioned (cool, dry) air.  EIB is often used synonymously with exercise-induced asthma (EIA), since the syndrome is commonly recognized in asthmatic patients with hyperreactive airways.  However, very mild airway obstruction can be measured in normal humans after hyperventilation, particularly if frigid air is inhaled.  This suggests that the response to hyperventilation in EIA is more a function of the inherent hyperreactivity of asthmatic airways, rather than a physiological response unique to asthmatics.


The acute phase response to exercise or isocapnic hyperpnea has been extensively characterized in humans.  The peak obstructive response typically occurs within 10 min after the completion of the challenge.  The severity of the response is dependent upon the strength of the challenge and the prechallenge reactivity of the airways.  Spontaneous resolution of the acute phase occurs within 30-60 min of the end of the challenge.  The acute phase obstruction can be attenuated or blocked by numerous agents, including mast cell stabilizers, antihistamines, -2 agonists, cyclooxygenase and lipoxygenase inhibitors, and furosemide.  Though the precise mechanism of HIB is unknown, the variety of effective preventative drugs attests to the complexity of the response.  The occurrence of a late-phase response to exercise is less common.  Most reports have found a 30-35% incidence of a late-phase response to exercise, though some reports have failed to demonstrate any occurrence.  The late-phase typically occurs from 5-7 hr after the acute-phase and is preceded by an increase in plasma neutrophil chemotactic activity.  In general, a late-phase reaction does not occur in the absence of an acute-phase reaction.


Recently attention has turned to the possibility that cold air hyperpnea can predispose people to the development of asthma.  A number of studies have described an increased incidence of airway hyperreactivity and/or asthma in winter athletes who routinely experience hyperpnea during training under frigid conditions.  For example, in a 1993 study by Larsson, et al, cross-country skiers had significantly higher rates of asthma (56% vs. 3%) and bronchial hyperresponsiveness (79% vs. 10%) than a non-skiing control group of healthy adults.  Cross-country skiers have also been shown to have higher numbers of eosinophils, T-lymphocytes, and macrophages in the bronchial mucosa compared to healthy controls.  A recent study found an increased incidence of asthma (19.2% vs. 4.2%) and bronchial hyperresponsiveness (34.6% vs. 20.8%) in ice hockey players when compared to athletes performing a similar level of aerobic exercise in milder environmental conditions (basketball players).  Together, these studies suggest that repeated exposure of peripheral airways to cold dry air during strenuous winter exercise may predispose humans to chronic asthma.  By extension, this raises the possibility that airway disease caused by repeated exposure of peripheral airways to unconditioned air is related to or an extension of exercise-induced late phase inflammation and hyperreactivity.

EIB in Dogs


A canine model of hyperpnea with cold dry air has been developed to investigate the mechanisms of HIB.  A dry air challenge (DAC) is produced by passing room temperature dry air through a bronchoscope into a wedged sublobar segment.  This stimulus has been shown to produce the same airway thermal profile as that measured in humans while hyperventilating with frigid air.  Similar to humans, acute phase airway obstruction is seen approximately 5 minutes after the end of the challenge.  Delivering the same flow rate of air that has been warmed to body temperature and completely humidified attenuates this increase.  DAC causes increased concentrations of epithelial cells, PGD2, TXB2, PGF2, PGE2, and sulfidopeptide leukotrienes in bronchoalveolar lavage fluid recovered 10-15 min after DAC.  During the acute-phase, canine airways exposed to DAC have more damaged mucosa, bronchovascular leakage, and degranulated mast cells and goblet cells than control airways.

Canine Model: Late-phase


In dogs, DAC causes a late phase of peripheral airway obstruction that is detectable approximately 5 hr after challenge, and is associated with influx of neutrophils and possibly eosinophils.  During this late phase response, airways are hyperreactive to histamine.  However, the challenged airways are not hyperreactive to hypocapnia, suggesting that persistent airway mucosal damage allows increased diffusion of histamine (and thus increased smooth muscle contraction).  No increase in prostanoids or leukotrienes was found in challenged airways, suggesting that these mediators do not play a direct role in the late phase airway obstruction and hyperreactivity.  However, if either cyclooxygenase or lipoxygenase is blocked prior to airway challenge (using indomethacin or MK-0591, respectively), airway obstruction and hyperreactivity during the late phase is attenuated.  More importantly, The drugs were administered as a bolus prior to DAC, and pharmacological activity of these drugs did not persist into the late phase.  Thus, it is possible that the airway obstruction and hyperreactivity is caused by a series of events that initially require the activity of both cyclooxygenase and lipoxygenase, but then proceeds independent of these enzymes.  Neither indomethacin nor MK-0591 affected late-phase airway inflammation, indicating that late phase neutrophil influx can occur independent of eicosanoids released during or immediately after DAC.  Furthermore, these data demonstrate that airway mechanical dysfunction is directly linked to granulocyte infiltration into the airways.  Rather, it appears that DAC-induced airway mechanical dysfunction and inflammation follow separate developmental pathways while sharing a common point of origin.

Canine Model: Chronic Changes

Repeated exposure of canine peripheral airways to unconditioned air causes a host of mechanical, biochemical, and histological changes that, in the end, appear strikingly similar to asthma.  DAC delivered every 48 hr for 2 weeks resulted in persistent airway obstruction and eosinophilia.  Daily DAC for 4 consecutive days also produced airway obstruction, as well as airway hyperreactivity.  Challenged airways had increased concentrations of neutrophils, eosinophils, and sulfidopeptide leukotrienes in BAL fluid.  Histologically, the challenged airways had marked increases in mast cells, eosinophils, and neutrophils, as well as thickened lamina propria.  Daily DAC also induced goblet cell hyperplasia and squamous metaplasia of the bronchial mucosa.  However, not all of these histological changes persisted when daily challenge was stopped.  In fact, only mast cells were still increased after one week of recovery.  Mast cells are one of the osmotically active cells in the airway capable of inducing the DAC-induced airway inflammation.  Thus, an increased population of mast cells could result in a more rapid return to the repeated DAC-induced airway inflammation if subsequently challenged.  Bronchial epithelium that has undergone squamous metaplasia does not produce PGE2 in culture.  Thus, it is possible that impaired release of this important bronchodilator contributes to repeated DAC-induced airway obstruction.  

EIB in Horses


Given that the magnitude of hyperventilation is related to the severity of EIB in humans, it is conceivable that horses, with an exercise-induced increase in relative ventilation more than double that of humans, experience a similar phenomenon.  To date there is no direct evidence that horses suffer from clinical EIB.  However, there is indirect evidence to suggest that respiratory heat and water loss in exercising horses is greater than humans, making the existence of the cooling and drying stimulus a distinct possibility.  Small pilot studies have detected markers of mucosal injury immediately after strenuous exercise, and attempts to adapt the canine DAC model to horses have shown that equine peripheral airways are capable of responding to unconditioned air similar to other mammals.  In summary, these data suggest that horses appear to be susceptible to hyperpnea-induced airway injury, similar to other species studied.  However, the relevance of airway cooling and drying to equine lower airway disease remains uncertain.  If horses express the full spectrum of injury described in humans and dogs, then hyperpnea may be an important cause of airway pathology in equine athletes.
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