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The asthmatic airway wall is characterized by thickening of all three of its layers.  Of particular importance is thickening of the airway smooth muscle (ASM) layer.  There has been no data to suggest whether thickened ASM in asthmatics results from increases in the amount of contractile proteins and hence an increased ability to generate force, or whether the thickening is a result of increased connective tissue.  A model was developed to determine what effect thickening of the airway wall has on airway narrowing (JAP 1993:2771).  However in that study it was assumed that the thicker ASM in asthmatic airways was inherently stronger, and also that the thicker airway wall was not stiffer than the airway wall in healthy subjects.  This model was used to define the load against which ASM must constrict in vitro by Fabry et. al. (ATS 2003, A18).   The goal of this project was to modify the model set forth by Lambert et. al. to determine whether the ASM of the asthmatic has to be able to generate greater forces to create constrictions seen in vivo and what effect stiffening the airway wall has on luminal narrowing in the asthmatic and non-asthmatic airway.  The key feature of the model developed by Lambert et. al. is that it defined the tension ASM must overcome to constrict.  These loads are the result of the transpulmonary pressure, parenchymal tethering, and passive pressure-area relationships of the airway.  The model also takes into account the maximum stress ASM can develop, so as to limit the maximal tension the ASM can generate to physiologically realistic values.  To modify this model the slope of the pressure-area relationship was modified to increase wall stiffness.  Secondly when calculating the stress that the ASM must generate the thickness of the ASM was set to be the thickness of the healthy ASM, this was done to probe the effect thickening of the ASM layer would have if the thickening did not result in more contractile protein.  Through this modeling study it was determined for luminal constrictions seen in asthmatics in vivo that ASM in asthmatic airways has to generate more force than the ASM of a healthy person.  Secondly we found stiffening the airway wall, promotes airway luminal diameter reduction at baseline, but inhibits airway luminal diameter reduction after stimulation.
