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Asthma represents a chronic intlammatory process of the air- 
ways followed by healing, the end-result of which is an altered 
structure referred to as a remodeling of the airways. Repair 
usually involves 2 distinct processes: regeneration (which is the 
replacement of idrued tissue by parenchymal cells of the same 
type) and replacement by connective tissue and its eventual 
maturation into scar tissue. In many instances both processes 
contribute to the healing response and inflammation. In asth- 
ma the processes of cell dedifferentiation, migration, differenti- 
ation, and maturation and connective tissue deposition can be 
followed either by complete or altered restitution of airway 
structure and function, the latter often seen as fibrosis and 
increase in smooth muscle and mucus gland mass. These fea- 
tures result in an increased resistance to airtlow, particularly 
when there is bronchial contraction and bronchial hyperre- 
sponsiveness. The effect on airflow is compounded by the pres- 
ence of increased mucous secretion and inflammatory exudate, 
which not only blocks the airway passages but also causes an 
increased surface tension that favors airway closure. (J Allergy 
Clin 1mmunol2ooO;105:S514-17.) 

Chronic inflammation is a characteristic of many dis- 
eases of the airways. It is invariably associated with heal- 
ing, which begins very early in the inflammation process. 
Healing results in the repair and the replacement of dead 
or damaged cells by viable cells. Repair usually involves 
2 distinct processes: regeneration (which is the replace- 
ment of injured tissue by parenchymal cells of the same 
type) and replacement by connective tissue and its even- 
tual maturation into scar tissue.’ In many instances, both 
processes contribute to the healing response. Thus a 
chronic inflammatory disease can be followed by a wide 
variety of consequences from complete or partial restitu- 
tion of organ structure and function to fibrosis.2 

For many years the major basic mechanisms of asthma 
were bronchospasm, edema, and hypersecretion; but 
bronchial inflammation has been largely demonstrated in 
asthma and appears to be far more complex than a sim- 
ple eosinophilic inflammation.’ All cells of the airways 

From Ww Isliluto di Fisiopatologia Respiratoria, Palermo. and “the Clinique 
des Maladies Respintoires. Hopilal Amaud de Villeneuve. Monlpellier. 

Reprint requests: Pr Jean Bousquer , MD. PhD. Clinique des Maladies Res- 
piraloires. Hopital Amaud de Villeneuve. Centre Hospilalier Universike. 
34295 hlontpellier Cedex 5. France. 

Copyright 8 2CKKI by Mosby, Inc. 
OWI-6749/2000%12.00 + 0 l/O/WOO89 

s514 

are involved.4 Cells of the connective tissue and mes- 
enchymal cells (fibroblasts, endothelial cells, smooth 
muscle) are no longer quiescent and, at least some, 
appear to be in an activated state.’ Inflammatory cells 
(eosinophils, macrophages, lymphocytes, and mast cells) 
are increased in numbers and were shown to secrete 
inflammatory and noninflammatory products involved in 
inflammation and in healing and fibrogenic growth fac- 
tors.6.7 Extracellular matrix is also involved both at the 
basement membranes and submucosa levels. although 
more data is needed to fully appreciate inflammatory and 
reparative changes. 

Healing and repair. the consequences of chronic 
inflammation, take place in the asthmatic airways as sug- 
gested by the presence of myofibroblasts and the 
increased number of fibroblasts, collagen hyperplasia, 
and elastolysis and the deposition of tibronectin and 
laminin.9 It appears that bronchial epithelium regenerates 
ad integrum because there is no major squamous cell 
metaplasia in asthma. On the other hand, the regeneration 
of the submucosa appears to be, at least partly, abnormal. 
These features are seen in almost all patients with asth- 
ma whatever the severity or duration or cause of asthma, 
but their persistence under inflammatory treatment 
should be investigated. Smooth muscle hypertrophy and 
mucous gland enlargement, often observed in asthmatic 
airways, appear to be a permanent abnorma1ity.ta.t t The 
wall thickness is greater in subjects with fatal asthma 
compared with subjects with nonfatal asthma or subjects 
with no asthma. 1~13 These findings combine to indicate 
that asthma is a disease with airway remodeling that may 
lead to permanent tissue destruction. 

STRUCTURAL CONSEQUENCES OF AIRWAY 
WALL REMODELING 
Airway wall thickness and bronchial hyperre- 
activity 

In chronic obstructive disorders, bronchial hyperreac- 
tivity appears to be correlated with airway caliber; hista- 
mine or methacholine challenge appears to be associated 
with the prechallenge FEV, level.t43ts However, both 
studies differed because there was a linear relationship 
between baseline FEV, level and response to metha- 
choline in patients with asthma and patients with chron- 
ic bronchitis, although the response to methacholine was 
greater in the patient with asthma than in the patients 
with bronchitis for any baseline FEV, le\rel.l5 On the 
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other hand, there was a good correlation between 
FEVt/forced vital capacity and PD,,FEV, histamine val- 
ues in the 59 subjects with chronic obstructive pul- 
monary disease but not in the 17 subjects with asthma.14 
Moreover, bronchial hyperreactivity is not only depen- 
dent on airway caliber. 

Smooth muscle 

Benson16 and Freedman’7 proposed that the same 
degree of muscle shortening may cause considerably 
greater luminal narrowing in an airway with a thick wall. 
This has been confirmed by computer modeling. To 
examine the interaction between airway smooth muscle 
shortening and airway wall thickening on changes in pul- 
monary resistance, a model of the tracheobronchial tree 
that allows simulation of the mechanisms involved in air- 
way narrowing has been developed.ts-20 The model is 
based on the symmetric dichotomous branching tracheo- 
bronchial tree. By simulating progressive airway smooth 
muscle shortening, realistic pulmonary resistance versus 
dose-response curves were produced. We conclude that 
this model provides realistic estimates of pulmonary 
resistance and shows potential for examining the various 
mechanisms that could produce excessive airway nar- 
rowing in disease. As bronchoconstriction occurs, a 
marked increase in airway resistance is likely.t8+21 This 
computer analysis has also shown that resistance tends to 
reach a plateau in normal airways whereas it increases 
progressively in asthma because of airway closure. This 
particularly occurs in the smaller airways, in which 
excessive narrowing and closure can be predicted 
because of smooth muscle shortening.tg.20 This model 
has shown’0 that even the marked increase in airway wall 
thickness seen in asthma need not reduce the airway cal- 
iber when the airway smooth muscle is at its resting 
length because this thickening does not encroach on the 
airway lumen. However, even minimal increases in wall 
thickness reduce the airway lumen excessively when the 
muscle shortens. Smooth muscle is capable of shortening 
up to 70% of its resting length”; studies by James et aIt9 
of human lungs have shown that the smooth muscle in 
the airway of the patient with asthma needs to shorten by 
only 40% of its resting length to completely occlude the 
airway lumen. These calculations are consistent with 
observations made during bronchial challenges. Whereas 
in normal subjects the fall in FEV, level reaches a 
plateau, in patients with asthma the FEV, levels contin- 
ue to decrease without any plateau occurring.23 

These studies show that the substantial increase in air- 
way wall thickness in asthmatic lungs leads to narrowing 
and closure of the airway lumen when the smooth mus- 
cle shortening is well within its normal range. It also 
means that the smaller bronchi and bronchioles are par- 
ticularly vulnerable to closure because they are encircled 
by smooth muscle. 

Increased adventitial thickness was found to increase 
constriction by reducing parenchymal interdependence. 
Increased submucosal thickness led to greater luminal 
occlusion for any degree of smooth muscle shortening. 

Increased muscle thickness allowed greater smooth mus- 
cle shortening against the elastic loads provided by 
parenchymal interdependence and airway wall stiffness. 
We found that for constant airway mechanics, as reflect- 
ed by the passive area-pressure curves of the airway, the 
increased muscle mass is likely to be the most important 
abnormality responsible for the increased resistance 
observed in response to bronchoconstricting stimuli in 
asthma and chronic obstructive pulmonary disease. For a 
given maximal muscle stress, greater muscle thickness 
allows the development of greater tension and thus more 
constriction of the lumen.24 

Mucous glands 
Widespread occlusion of the lumen of conducting air- 

ways by mucous plugs is common in fatal asthma. Most 
patients who died of fatal asthma have excessive mucus 
production25*26 leading to endobronchial mucus suffoca- 
tion. Over 50% of the airway may be occluded by mucus 
during fatal asthma.13 The large and small airways are 
stuffed with secretions so viscid that patients are poorly 
responsive to high-dose inhaled bronchodilators.27 Mucus 
plugs occur in airways of all sizes, from the second gener- 
ation airway to bronchioles,28 and consist of fluid, pro- 
teins, migrating inflammatory cells including degranulated 
eosinophils releasing eosinophilic cationic protein and 
major basic protein and desquamed epithelium. Charcot- 
Leyden crystals composed of pure eosinophil lysophos- 
pholipase29 associated with eosinophilic membranesjo are 
found in plugs. Distal bronchioles contain Curschmann 
spirals,31 which are small whorled mucus strands twisted 
in a common direction with a centrally highly refractile 
densely coiled or braided core,32 representing the cast of 
the airway. 

CLINICAL AND RADIOGRAPHIC CORRE- 
LATES OF AIRWAY REMODELING 
Abnomal pulmonary function in patients 
with asthma 

For decades, asthma has been considered a complete- 
ly reversible obstructive disease; in most patients, com- 
plete reversibility of long-standing abnormal spirometric 
measurements, such as FEV, level, may be observed 
after bronchodilators and/or a course of corticosteroids. 
On the other hand, many patients with asthma (both chil- 
dren and adults) have evidence of residual airway 
obstruction,33-35 which may even be noticed in some 
asymptomatic patients.36 However, this irreversible com- 
ponent of the airway obstruction is more prominent in 
patients with severe disease and even persists after an 
aggressive anti-inflammatory treatment or a long-term 
treatment with inhaled corticosteroids.37 Moreover, it 
may be observed months after the cessation of asthmatic 
symptoms in asymptomatic patients.33v36*38 Patients with 
asthma, children or adults, are heterogeneous with regard 
to complete reversibility of airflow limitation. Studies in 
which lung function changes have been examined 
showed that FEV, level was decreased mainly in subjects 
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with persistent asthma, but objective measu!es of the 
small airway were usually not performed.36J9q40 Wagner 
et al41 have shown that peripheral lung resistance (stud- 
ied with a bronchoscope wedged in a subsegmental 
bronchus) was increased in asymptomatic patients with 
asthma with normal FEV, levels and that this physiolog- 
ic abnormality was not decreased by isoproterenol. This 
study is of importance because the FEV,, but not the 
FEF,,,,, level of the patients was within normal range, 
suggesting that changes in the mechanical properties of 
the small airway only have a small influence on the over- 
all pulmonary function. 

During adult life, asthma is associated with an 
increase in the rate of decline in FEV, level.424 In the 
middle-aged and elderly smokers, it is virtually impossi- 
ble to separate chronic bronchitis and asthma by means 
of FEV, level. Bronchial hyperresponsiveness appears to 
be inconsistently associated with an increase in the rate 
of decline of lung function.39,45 However, the effect of 
asthma is variable, and not all subjects with asthma have 
steep rates of decline. It appears that asthma starting after 
the age of 50 years elicits a steeper rate of decline than 
asthma with an earlier onset.46 It has also been shown 
that patients with nonallergic asthma have a steeper rate 
of decline of FEV, levels.4947 

The prognostic implications of incomplete reversibili- 
ty seen in some patients with asthma remain to be deter- 
mined, but chronic sequelae of asthma may lead to com- 
plications including severe symptoms and work disabili- 
ty.48 Whether residual irreversible air-flow limitation in 
individuals with asthma or a history of asthma could have 
been prevented either by aggressive pharmacologic treat- 
ment or by limitation of exposure to smoke or other nox- 
ious environmental agents is another question that needs 
more data to be fully answered.37*49-52 

Taken together, these studies indicate that many 
patients with asthma have physiologic abnormalities even 
when they are asymptomatic and/or receiving anti-inflam- 
matory treatment. These may be due to bronchial inflam- 
mation and airway remodeling that is shown to be present 
in most patients even when they are asymptomatic. 

Radiographic findings 
Paganin et al53 studied chest radiographs and high-res- 

olution computed tomography scans in 57 adult patients 
with chronic asthma of variable severity and cause. Com- 
puted tomography scans were abnormal in 71.9% of the 
patients with asthma. Reversible abnormalities included 
mucoid impactions, alveolar syndrome, and lobar col- 
lapse. Irreversible abnormalities included bronchiecta- 
sis54 without clinical implication, bronchial wall thicken- 
ing, sequellar line shadows, and emphysema. These were 
significantly more prevalent in severe asthma than in 
mild asthma. Most of these abnormalities were likely to 
be related to bronchial destruction. This study showed 
that destructive lesions are observed in asthma. Most of 
these lesions are related to bronchial abnormalities and 
emphysema is only minimally present, in most cases 
because of a cicatricial peribronchial fibrosis. These 
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results are in accord with the study of Neeld et als5 in a 
smaller number of patients with asthma. In a further 
study that examined the patterns of high-resolution com- 
puted tomography scans in 126 patients with asthma of 
variable severity and cause, it was found that there was 
an increase in permanent abnormalities depending on the 
severity of asthma and that patients with nonallergic 
asthma had a significantly greater number of permanent 
abnormalities than those patients with allergic asthma.53 

Modulation of airway remodeling by drugs 

The effects of anti-inflammatory drugs on airway 
remodeling are not fully understood yet.56 In occupational 
asthma, cessation of exposure to isocyanates leads to a 
reduction in the size of the basement membrane.s7 In 
chronic asthma, except in 1 study,58 it has been shown that 
inhaled steroids do not reduce the size of the basement 
membrane,59 even after a long-term treatment course.60Jj1 

Prevention of airway remodeling 
The effect of anti-inflammatory treatment on the nat- 

ural course of asthma is still a matter of debate because 
the longest prospective studies available do not exceed 5 
years. It seems that inhaled corticosteroids can reduce the 
accelerated decline of the pulmonary function both in 
children and adults,50.51,6*.63 but the effects appear to be 
incomplete in some patients.37 However, there is no def- 
inite proof that undertreatment of asthma would induce 
deterioration in the long term. Moreover, it is not known 
whether very long treatment courses with inhaled 
steroids (for 20-30 years) may not induce bronchial and 
systemic side effects, especially when the treatment is 
started very early in life. 

REFERENCES 

1. Cotran R. Kumar V, Robin S. Inflammation and repair. In: Cotran R, 
Kumar V, Robin S. editors. Robbins pathologic basis of disease, Philadel- 
phia: WB Saunders: 1989. p. 39-87. 

2. Bousquet I. Chanez P. Lacoste JY, et al. Asthma: a disease remodeling the 
airways. Allergy 1992;47:3-1 I. 

3. Bouquet J. Chanez P, Lacoste JY. et al. Eosinophilic inflammation in 
asthma. N Engl J Med 1990;323:1033-9. 

4. Poston RN. Chanez P, Lacoste JY. Litchfield T. Lee TH. Bousquet J. 
Immunohistochemical characterization of the cellular infiltration in asth- 
matic bronchi. Am Rev Respir Dis 1992;145:918-21. 

5. Brewster Cl?. Howarth PH. Djukanovic R. Wilson J. Holgate ST, Roche 
WR. Myofibroblasts and subepithelial fibrosis in bronchial asthma. Am J 

6. 

7. 

8. 

9. 

10. 

II. 

Respir Cell Mol Biol 1990;3:507-11. 
Vignola A. Chanez P, Chiappara G, et al. Transforming growth factor-8 
expression in mucosal biopsies in asthma and chronic bronchitis. Am J 
Respir Crit Care Med 1997;156:591-9. 
Vignola AM. Chanez P, Chiappara G. et al. Release of transforming 
growth factor-beta (TGF-beta) and fibronectin by alveolar macrophages 
in airway diseases. Clin Exp lmmunol 1996:106:114-9. 
Roche WR, Beasley R. Williams JH, Holgate ST. Subepithelial fibrosis 
in the bronchi of asthmatics. Lancer 1989:1:520-4. 
Altraja A. Laitinen A, Virtanen I. et al. Expression of laminins in the air- 
ways of various types of asthmatic patients: a morphometric study. Am J 
Respir Cell Mol Biol 1996;15:482-9. 
Dunnill M. Massarella G. Anderson J. Comparison of the quantitative 
anatomy of the bronchi in normal subjects. in status asthmaticus, in 
chronic bronchitis. and in emphysema. Thorax 1969;24:176-9. 
Carroll N. Elliot J. MO~~OII A. James A. The structure of large and small air- 
ways in nonfatal and fatal asthma. Am Rev Respir Dis 1993;147:405-10. 



J ALLERGY CLIN IMMUNOL 
VOLUME 105. NUMBER 2. PART 2 

Vignola et al S517 

12. Heir H. K~-~ssler K. The pathology of bronchial asthma. Arch Intern 
Med 1922:30:689-96. 

13. Saelta M. Di-Stefaoo A. Rosina C. Thiene G, Fabbri LM. Quantitative 
SWctUml analysis of peripheral airways and arteries in sudden fatal asth- 
ma. Am Rev Respir Dis 1991;143:138-43. 

14. Yan K. Salome CM, Woolcock AJ. Prevalence and nature of bronchial 
hyperesponsiveness in subjects witb chronic obstructive pulmonary dis- 
ease. Am Rev Respir Dis 1985;132:25-9. 

15. Ramsdale EH. Roberts RS. Morris MM, Hargreave FE. Differences in 
responsiveness to hyperventilation and methacholine in asthma and 
chronic bronchitis. Thorax 1985;40:422-6. 

16. Benson M. Bronchial hyperreactivity. Br J Dis Chest 1975;69:227-39. 
17. Freedman B. The funclional geometry of the bronchi. Bull Physiopath 

Resp 1972;8:545-51. 
IS. Wig@ BR. Moreno R. Hogg JC, Hilliam C. Pare PD. A model of the 

mechanics of airway narrowing. J Appl Physiol 1990;69:849-60. 
19. James AL. Pare PD. Hogg JC. The mechanics of airway narrowing in 

asthma. Am Rev Respir Dis 1989;139:242-6. 
20. Wiggs BR, Bosken C. Pare PD. James A, Hogg JC. A model of airway 

narrowing in asthma and in chronic obstructive pulmonary disease. Am 
Rev Respir Dis 1992;145:1251-8. 

21. Moreno RH. Hogg JC, Pare PD. Mechanics of airway narrowing. Am 
RevRespirDis 1986;133:1171-80. 

22. Stephens N, Van-Nieckerk W. Isometric and isotonic contractors in air- 
way smooth muscle. Can J Physiol Pharmacol 1977;55:833-8. 

23. Holloway L. Beasley R. Roche W. The pathology of bronchial asthma. In: 
Busse W. Holgate S. editors. Asthma and rhinitis. Oxford: Blackwell Sci- 
entific Publications; 1995. p, 109-18. 

24. Lambert RK. Wiggs BR. Kuwaoo K. Hogg JC, Pare PD. Functional sig 
niticaoce of increased airway smooth muscle in asthma and COPD. J 
Appl Physiol 1993:74:277 1-8 I. 

25. Cardell B. Pearson R. Deaths in asthmatics. Thorax 1959:14:341-52. 
26. Messer J. Peters G, Bennett W. Causes of deaths and pathological find- 

ings in 304 cases of bronchial asthma. Brit J Dis Chest 1960:38:616-24. 
27. Reid LM. The presence or absence of bronchial mucus in fatal asthma. J 

Allergy Clin Immunol 1987;80:415-6. 
28. Houston J, de-Nevasquez S. Trounce J. A clinical and pathological study 

of fatal cases of status asthmaticus. Thorax 1953:8:207-13. 
29. Weller PF, Goetzl U, Austen KF. Identification of human eosinophil 

lysophospholipase as the constituent of Charcot-Leyden crystals. Proc 
Nat1 Acad Sci U S A 1980;77:7440-3. 

30. Ackerman SJ, Weil GJ. Gleich GJ. Formation of Charcot-Leyden crystals 
by human basophils. J Exp Med 1982;155:1597-609. 

3 I. Conchmann H. Ueber bronchiolitis exsudativa und ihr ve&iltois zum 
asthma nervosum. Dtsch Arch KJin Med 1882;32:1-34. 

32. Dail D. Eosinophilic infiltrates. In: Dail D, Hammar S. editors. Pul- 
monary pathology. New York: Springer-Verlag; 1988. p. 359-78. 

33. Brown PJ. Greville HW, Finucane KE. Asthma and irreversible airflow 
obstruction. Thorax 1984:39:131-6. 

34. Greenough A. Loftus BG. Pool J. Price IF. Abnormalities of lung 
mechanics in young asthmatic children. Thorax 1987;42:500-5. 

35. Connolly MJ. Avery AJ, Walters EH. Hendrick DJ. The relationship 
between bronchial responsiveness to metbacholine and bronchial mspon- 
siveness to histamine in asthmatic subjects. Pulm Pharmacol 1988;1:53- 
8. 

36. Cade J, Pain M. Pulmonary function during clinical remission of asthma. 
How reversible is asthma ? Aust NZ J Med 1973;3:545-51. 

37. van-Essen-Zandvliet EE. Hughes MD, Waalkens HJ. Duivennan EJ. Ker- 
rebijn KF, Remission of childhood asthma after long-term treatment with 
an inhaled corticosteroid (budesonide): Can it be achieved? Dutch 
CNSLD Study Group. Eur Respir J 1994;7:63-8. 

38. Ferguson AC. Persisting airway obstruction in asymptomatic children 
with asthma with normal peak expiratory flow rates. J Allergy Clin 
Immunol 1988;82: 19-22. 

39. Kelly WJ. Hudson 1, Raven J. Phelan PD. Pain MC, Olinsky A. Child- 
hood asthma and adult lung function. Am Rev Respir Dis 1988;138:26- 
30. 

40. Blackhall M. Ventilatory function in subjects with childhood asthma that 
have become symptom free. Arch Dis Child 1970;45:363-6. 

41. Wagner EM, Liu MC, Weinmaon GG. Permutt S, Bleecker ER. Periph- 
eral lung resistance in normal and asthmatic subjects. Am Rev Respir Dis 
1990;141:584-8. 

42. Peat JK, Woolcock AJ, Cullen K. Rate of decline of lung function in sub- 
jects with asthma. Eur J Respir Dis 1987;70:171-9. 

43. Bousquet J. Godard P, Michel F. Asthma in adults. In: Michel F, Bous- 
quet I, Godard R editors Highlights in asthmology. Munich: Springer 
Verlag; 1987. p. 394-8. 

44. Ulrik CS. Backer V, Dirksen A. A IO year follow up of 180 adults with 
bronchial asthma: factors important for the decline in lung function. Tho- 
rax 1992;47: 14-8. 

45. Van-Schayck CP, Dompeling E. Van-Hewaarden CL, Wever AM, Vao- 
Wee1 C. Interacting effects of atopy and bronchial hyperresponsiveness 
on the annual decline in lung function and the exacerbation rate in asth- 
ma. Am Rev Respir Dis 1991;144:1297-301. 

46. Vergnenegre A, Antonini MT, Bonnaud F, Melloni B, Mignonat G. Bous- 
quet J. Comparison between late onset and childhood asthma. Allergol 
Immunopatbol (M&r) 1992:20:190-6. 

47. Ubik CS. Backer V, Dirksen A. Mortality and decline in lung function in 
213 adults with bronchial asthma: a ten-year follow up. J Asthma 
1992:29:29-38. 

48. Blanc PD. Jones M, Besson C. Katz P, Yelin E. Work disability among 
adults with asthma. Chest 1993;10411371-7. 

49. Dompeling E. van-Schayck CP, Molema J. Folgeting H. van-Gnmsven 
PM, van-Wee1 C. Inhaled beclomethasone improves the course of asthma 
and COPD [see commenu]. Eur Respir J 1992:5:945-52. 

50. Dompeling E. van-Schayck CR van-Gmnsven PM, et al. Slowing tbe 
deterioration of asthma and chronic obstructive pulmonary disease 
observed during bronchodilator therapy by adding inhaled corticos- 
temids: a Cyear prospective study. Aon Intern Med 1993;l IS:7708. 

51. van-Essen-Zandvliet EE. Hughes MD, Waalkens HJ, Duivermao W. 
Pocock SJ, Kerrebijn KF. Effects of 22 months of treatment with inhaled 
corticosteroids and/or beta-2-agonists on lung function. airway respon- 
siveness. and symptoms in children with asthma. The Dutch Chronic 
Non-specific Lung Disease Study Group. Am Rev Respir Dis 
1992;346:547-54. 

52. Kerstjens HA, Overbeek SE, Schouten JP, Brand PL, Postma DS. Air- 
ways hyperresponsiveness, bronchodilator response. allergy and smoking 
predict improvement in FEV, during long-term inhaled corticosteroid 
treatment. Dutch CNSLD Study Group. Eur Reapir J 1993;6:868-76. 

53. Paganin F. Trussard V. Seneterre E. et al. Chest radiography and high res- 
olution computed tomography of the lungs in asthma. Am Rev Respir Dis 
1992;146:1084-7 

54. Sobonya RE. Quantitative structural alterations in long-standing allergic 
asthma. Am Rev Respir Dis 1984:130:289-92. 

55. Neeld DA, Goodman LR, Gurney JW, Greenberger PA, Fink JN. Com- 
puterized tomography in the evaluation of allergic bmnchopulmonary 
aspergillosis. Am Rev Respir Dis 1990;142:1200-5. 

56. Laitinen LA, Laitinen A. Remodeling of asthmatic airways by glucocor- 
ticostemids. J Allergy Clin Immunol 199697: 153-8. 

57. Saetta M, Maestrelli P, Di-Stefaoo A. et al. Effect of cessation of exPo- 
sure to toluene diisocyanate (TDI) on bronchial mocosa of subjects witb 
TDI-induced asthma. Am Rev Respir Dis 1992;145:169-74. 

58. Wang JH. Trigg CJ. Devalia JL, Jordan S, Davies RI. Effect of inhaled 
beclomethasone dipropionate on expression of proinflammatory 
cytokines and activated eosinophils in tbe bronchial epithelium of 
patients with mild asthma. J Allergy Clin lmmunol 1994;94:1025-34. 

59. Jeffery PK. Godfrey RW. Adelroth E, Nelson F, Rogers A, Johansson SA. 
Effects of treatment on airway inflammation and thickening of basement 
membrane reticular collagen in asthma: a quantitative light and electron 
microscopic study. Am Rev Respir Dis 1992;145:890-9. 

M). Lundgren R, Soderberg M, Hontedt P, Stenling R. Morphological stud- 
ies of bronchial mucosal biopsies from asthmatics before and after ten 
years of treatment with inhaled steroids. Eur Respir J 1988;1:883-9. 

61. Saetta M. Maestrelli R Turato G. et al. Airway wall remodeling afterces- 
sation of exposure to isocyanates in sensitized asthmatic subjects. Am J 
Respir Crit Care Med 1995;15 11489-94. 

62. Agenoft L, Pedersen S. Effecta of long-term treatment with an inhaled 
corticosteroid on growth and pulmonary function in asthmatic children. 
Respir Med 1994:88:373-81. 

63. Haahtela T. Jarvinen M. Kava T. et al. Effects of reducing or discontinu- 
ing inhaled budesonide in patients with mild asthma. N Engl J Med 
1994;331:700-5. 


