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Morphological studies of bronchial mucosal biopsies from asthmatics before
and after ten years of treatment with inhaled steroids. R. Lundgren, M. Soderberg,
P. Horstedt, R. Stenling.
ABSTRACT: To examine the inOuence of Inhaled s teroids on the bronchial
mucosa, biopsies from slx patient'> with severe bronchial ac;thms were studied
before and afte r ten years of dally treatmen t with Inhaled steroids. Biopsies
from six healthy subjects were also examined. l n the biopsies taken from
the asthmatic patients before treatme nt ther e was a signlflcant Increase In
lnnammatory ceU num bers compared wit h the biopsies from the control
s ubjects. ln all patients scanning electron microscopy s howed a reduced
coverage by cilia. Squamous cell metaplasia was seen In two patients. After
ten years of treatment t.he number of lnn nmmatory cells was significantly
r educed compared to that before treatment and was not different from the
control biopsies. Most of the epithelial ceiJs showed a clllated s urface. Small
focal areas with non-ciliated cells could still be seen In four patients. In the
two patients with squamous cell metaplasia before treatment, small areas
of metaplasia could stiU be seen. Despite the a bsence of lnnammation and
reduced epithelial damage d uring treatment all patlentc; still had bronchial
hyperresponsiveness.
Eur Respir J., 1988, 1, 883-889.

Bronchial mucosal inflammation and damage to the
airway epithelium is considered 10 play an important role
in the development and maintenance of bronchial aslhma
[1 -3] . Inhaled steroids have been shown tO control the
symptoms in many patients wilh bronchial asthma,
probably by !.heir anli-inflammatory effect. Histopathological studies of broncttiaJ mucosal biopsies from
patientS, Lreated for up to Lhree years with inhaled
steroids, have not shown bronchial mucosal damage associated with such therapy r4-7).
In a previous study [6]. bronchial mucosal biops ies
fro m eight palients with advanced bronchial asl.hma were
examined by scanning e lecLron microscopy (SEM). They
were examined before and after six mo nlhs of daily
therapy with up 10 400 j.l.g beclomethasone dipropionate
inhalations.
The present study focuses on long-term treatment and
examines Lhe e fficacy of steroid therapy on inflammalion
and epithelial damage. S ix of the eight palients have been
re-exami ned after more than ten years of da iJy trcaunem
wilh inhaled steroids.

Patients and methods

Patients
Eight non-smoking patientS, six men and two women
(aged 32-56 yrs, median age 50 yrs), entered the study
[6]. All patientS had severe intrinsic bronchial asthma.
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They had all been treated with oral steroids foe some
months during the year before treauncnt but only one
patient was treated wilh oral steroids at the Lime of Lhe
first examination r6l. One patient died from his asthma
six years after the frrsLexamination and was thus not reexamined. One patient was unwilling to partic ipate in Lhe
ten year re-examination. The re maining six patients are
included in Lhis study (table 1). During treatment
with inhaled ste roids, !.hey improved clinically wilh
fewer attacks of aslhma. Two patients, however,
needed a higher dosage after some years LO remain stable
(table 1). All examinations were performed with the
patients in a stable phase and without respiratory Lract
infections.

Control subjects
Six healthy non-smoking volunteers without asthma,
bronchitis or other bronchial disease served as normal
controls. One of the volunteers was a woman and five
were men (age 3~0 yrs, median age 37 yrs).
The patients and volunteers were examined after
giving !.heir informed consent. The study was approved
by the Ethical Commiuce of !.he University of UmeA.
Prior to bronchoscopy Lhc patients underwent clinical examinalion and spirometry. V ital capacity (VC)
and fo rced expiratory volume in one second (FEV 1)
was me.asurcd on a Vitalograph (Vitalograph Ltd,
Buckingham, UK).
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Table 1. - Vital capacity and forced expiratory volume before and after ten years of treatment with inhaled steroids
Patient

Sex

Age
yrs

Before treatment
FE VI
l
l

vc

After 10 yrs of treatment
vc
PC20
FEVI
mg·mJ·l
l
l

Treatment (at last examination)

ER

M

45

4.80
(5.24)

1.55
(4.14)

3.85
(5.02)

1.95
(3.78)

0.06

T 7.5 mgx2; S inh as req.
Bud inh 400 J.lgx2 last 4 yrs (BD 200 j.l.gx2
first 6 years)

ss

M

58

4.40
(5.06)

2.45
(3.75)

3.30
(4.84)

2.00
(3.38)

0.13

S 4 mgx.2; The 300 mgx2; S inh as req
BD 200 J.l.gx2

EH

F

42

3.75
(3.83)

2.30
(3.18)

3.15
(3.59)

2.00
(2.87)

0.30

T 7.5 mgx2; The 300 mgx2; S inh as req
BD 100-200 J.lgx2

IH

F

63

2.45
(2.85)

1.70
(2.21)

2.20
(2.60)

1.50
(1.97)

0.19

S 4 mgx2; S inh as req
BD100 J.lgx2

BM

M

63

2.65
(5.85)

2.00
(4.48)

4.70
(5.63)

3.20
(3.85)

0.30

T 7.5 mgx2; The 270 mgx2; S inh as req
Pred 10 mg every other day; Bud inh 400-800
J.l.gx2 last 6 yrs (BDlOO J.lgx2-4 before)

BO

M

42

5.40
(5.20)

3.00
(4.48)

4.46
(4.98)

3.00
(3.81)

1.50

S 2 mgx2; The 270 mgx2; S inh as req
BD 100 J.l.gx2

Numbers within brackets: predicted normal values; VC: vital capacity; FEV 1: forced expiratory volume in one second; P C20:
concentration of methacholine chloride causing a 20% fall in FEV1 ; T: terbutalinc tablets (slo w release); S : salbutamol tablets; The:
theophylline tablets (slow release); Pred: prednisolone tablets; S inh as req: salbulamo l inhala tions as required; BD: beclomelhasonc
dipropionate inhalations; Bud inh: budesonide inhalations; PC20<0.25 mg·ml"1: severely increased irritability; <2.0 mg·ml·1: moderatcly increased irritability.

Methacholine test

Bronchial responsiveness was tested by inhalation of
increasing dosages of methacholine chloride. A Wright
nebulizer (Roxon Medi-Tech Ltd, Quebec, Canada) with
an output of about 0.13 ml·min· 1 was used to nebulize
methacholine. The aerosol was inhaled by tidal breathing
over two minutes and methacholine was used in concentrations from 0.03 mg·ml·1 in doubling dosages to a
maximum of 16 mg·ml"1 [8]. The provocation concentration causing a fall in FEV 1 of 20% was expressed as the
PC20-value. A PC20-value of more than 8 mg·ml· 1 was
considered to be normal.

Flexible fibreoptic bronchoscopy (FFB)

Pre-medication with 0.5-0.75 ml of morphinescopolamine (10 mg·ml· 1+0.4 mg·ml·') was used and
all examinations were performed under topical anaesthesia using about 250 mg of lignocaine [9). Before
bronchoscopy, all patients were pre-treated with 4 mg
disodium betamethasone inlravenously two hours before
examination; 230 mg theophylline intravenously and
0.5 mg terbutaline sulphate subcutaneously 30 min before examination. The patients also had a continuous
infusion of theophylline and supplementary oxygen during
the examination. The healthy volunteers were only
pre-medicated with morphine-scopolamine or 0.5 mg of
alropine. Heart rate was monitored with a cardioscope.

FFB was performed with the patients in the supine
position and 3- 5 forceps biopsies were taken from the
proximal part of the right upper lobe bronchus and another
3-5 biopsies from the proximal part of the right lower
lobe bronchus using an Olympus BF-20C forceps through
an Olympus BF-5B2 or BF-lT fibreoptic bronchoscope
(Olympus Tokyo, Japan). To avoid mechanical damage
the bronchial mucosa was not touched by the bronchoscope before the biopsies were taken.
Light microscopy (LM)

Routine histopathological preparative techniques
were used for light microscopical analysis. The
biopsies were fixed in phosphate buffered 4% formaldehyde, and embedded in paraffin. Four IJ.m thick
sections were cut and stained with haematoxylin-eosin
and Giemsa.
The amount of lymphocytes and plasma cells (% of
mucosal volume) within the subepithelial region were
quantitatively estimated stereologically [10]. The results
were obtained from measurements of 4-5 regions from
each biopsy using a square grid applied within the eye
piece of a light microscope. Measurements were made at
an objective lens magnification of x40. No correction for
shape or section thickness was made. Morphometric
analyses were also performed concerning the thickness
of both the epithelial layer and the basement membrane.
From each biopsy five measurements were made in
sections roughly perpendicular to the luminal surface.
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Scanning electron microscopy (SEM)
After gentle washing in normal saline to remove mucus,
the biopsies were fixed in 2.5% glutaraldehyde, critical
point dried, mounted on holders and vacuum coated wilh
gold [11]. The biopsies were examined in a Cambridge
S-4 scanning electron microscope (Cambridge Instruments
Ltd, Cambridge, England). The biopsies were studied at
four different magnifications: x60 for an overview of the
biopsies; x600 for an overview of the structure of lhe
epilhelial surface and for estimation of the proportion
between ciliated and non-ciliated cells. Cell surfaces and
cilia were studied at a magnification of x2,400 and
details of cilia and microvilli were studied at a magnification of x 12,000.
Statistics
For comparison between groups Wilcoxon's nonparametric rank sum test was used. A value of p<0.05
was considered to be statistically significant.

Fig. I. - Light microscopy of bronchial mucosal biopsy from patient
with bronchial asthma (IH) before treatment with inhaled steroids.
There are large numbers of inflammatory cells, mainly lymphocytes
(INF) in the lamina propria. BM: basement membrane. Stained with
haematoxylin-eosin. Bar: 20 J.lm.

Results
During bronchoscopy the bronchial mucosa appeared
macroscopically normal in all patients and volunteers. In
two patients a slight bronchospasm, which did not need
treatment, was noted after bronchoscopy, otherwise there
were no complications.
VC and FEV 1 as well as bronchial responsiveness
expressed as PC20-values are shown in table 1.
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Control subjects
Light microscopic examination of the biopsies from
the healthy control subjects showed a pseudostratified
airway epithelium with ciliated cells but also secretory
cells and basal cells. Only a few inflammatory cells,
mainly lymphocytes, could be seen in the subepithelial
tissue (table 2). Ciliated cells with a high density of cilia
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fig. 2. - Bronehill.l mucosal biopsy from a patient wilh bronchial
asthma (ER) After len yean or ln:atmenl with inhaled SI.Croids. By
light microscopy only a few inflammatory cells can be seen in the
lamina propria. BM: basement membrane. Hucmatoxylin-eosin x600.
Bar: 20 !.!Jn.

Table 2. - Inflammatory cells, thickness of epithelium and thickness of basement membrane in control subjects
and in asthmatic patients before and after ten years of treatment with inhaled steroids expressed as median
values and range (within brackets)
Control subjects
Control subjects
(n=6)
Asthmatic patients
(n=6)
Before treatment
with inhaled steroids
After treatment
with inhaled steroids

(% of mucosal volume)

Thickness of epithelium
(J.l.m)

Thickness of basement membrane
(J.l.m)

0.73 (0.30- 1.10)

33.1 (3 1.2-43.2)

4.8 (2.9-6.7)

X

NS

NS

3.46 (1.09-6.49)

34.7 (31.9-36.9)

7.0 (3.8-9.6)

t

NS

NS

36.0 (32.6-42.5)

5.8 (3.8-7.2)

Inflammatory cells

0.41 (0.30-0.79)

~
,.4<

n: number of patients. Statistical significance. N.S.: not significant; x: p<0.05, asthmatics before treatment compared with
control subjects; t: p<0.05, asthmatics after treatment compared with before treatment.
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Fig. 3a. - An oveJView of a bronchial mucosal biopsy from an aslhmat.ic patient (BO) treated for ten years with inhaled steroids. R: respiratory
surface epithelium. A: artefact where epithelial cells have been tom off. SEM x60. Bar: 200 )JlTI. Fig. 3b. - Area within the square in figure 3a
showing normal ciliated respiratory epithelium. The mucous layer has been washed away. M: fragment of mucus. SEM x600. Bar: 20 J.!lTI· Fig.
3c. - Area within the square in figure 3b showing normal ciliated epithelium. SEM x2,400. Bar: 5 )JlTI.Fig. 3d. - Area within the square in figure
3c showing normal cilia. SEM xl2,000. Bar: I J.l1!1.

dominated the field of view as seen by SEM. Secretory
cells could, only occasionally, be seen through the ciliated carpet. No cilial abnormality was observed.

Asthma patients before treatment with inhaled steroids
There was a significant (p<0.05) increase in inflammatory cell numbers in the biopsies taken from asthmatic
patients before treatment compared with the biopsies from
the control subjects (fig. 1, table 2). The cells consisted

mainly of lymphocytes, some plasma cells and eosinophils while neutrophils were observed only occasionally.
There was no difference in the thickness of the basement
membrane or the thickness of the epithelium between
asthmatic patients and control subjects (table 2). In two
patients a small focal area with squamous metaplasia of
the epithelium was observed.
SEM showed reduced coverage by cilia in the biopsies
from all six patients (table 3). In three patients there
were large areas with non-ciliated cells. In the remaining
three patients the normal ciliated epithelium was mixed
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with areas showing both ciliated and non-ciliated cells or
areas covered with only non-ciliated cells. In all patients,
small areas with abnormal, usually short, cilia were found.
Table 3.- Proportion of non-ciliated epithelium as viewed
by scanning electron microscopy in bronchial mucosal
biopsies taken before and after ten years of treatment
with inhaled steroids
Patient

Before treatment

After 10 yrs of treatment

ER

4!5

EH

1/3
1/4
4/5

1/4
1/10
1/5
<1/10
<1/10
1/10

ss

JH
BM
BO

4!5
1/5

Asthma patients after ten years of treatment with inhaled
steroids
In the biopsies taken after ten years of treatment with
inhaled steroids there were few inflammatory cells, and
only isolated eosinophils could be seen in the subepithelial tissue (fig. 2). There was a significantly reduced
number of inflammatory cells after treatment {table 2).
There was no significant difference in inflammatory cell
numbers between the biopsies taken from the asthmatic
patients after treatment and the biopsies taken from the
control subjects. There was no significant difference in
the thickness of the epithelium or the thickness of the
basement membrane between control subjects and asthmatics treated with inhaled steroids {table 2). Small focal
areas of squamous cell metaplasia were seen in the same
two patients as before treatment.

Fig. 5. - Bronchial mucosal biopsy from an asthmatic patient (SS)
treated for ten years with inhaled steroids showing epithelium with
normal ciliated ceUs (to the right) and a focal area without ciliated
ceUs (to the left). SEM x600. Bar: 20 J.lm.

In all patients the non-ciliated areas had decreased in
the biopsies after treatment (table 3). As viewed by
SEM an almost normal ciliated epithelium (fig. 3) was
seen in two patients. In three of the six patients the
biopsies showed small focal areas with a mixture of nonciliated and ciliated cells among otherwise normal
ciliated epithelium (fig. 4). In four patients small focal
areas with non-ciliated columnar or flattened cells could
also be seen (fig. 5). Abnormal cilia were seen in four
patients. ln one of the patients a focal area with irregularly arra nged e longated cilia was observed.

Discussion

Fig. 4. - Biopsy from an asthmatic patient (80) treated for ten years
with inhaled steroids showing bronchial epithelium with a mixture of
ciliated and non-ciliated celis. S: secretory ceU; M: mucus. SEM x2,400.
Bar: 5 ~·

The possibility of performing FFB on patients with
bronchial asthma has been discussed because of the
potential danger. SAHN and ScoGGIN [12] reported three
severe complications among asthmatics examined with
FFB. The National Heart, Lung and Blood Institute
workshop summaries [13] concluded that bronchoaJveolar lavage performed via FFB o n volunteer subjects with
asymptomatic asthma receiving minimal medication can
be performed safely. The patients examined in the present study had rather severe asthma, but were in a stable
stage at the time of examination, and they were all carefully prc-ticatcd with steroids and bronchodilators.
In two of the patie nts , a s lig ht bronchospasm was noted
after bronchoscopy, but otherwise t11ere were no complications.
Bronchial epithelial damage has been observed in
patients with bronchial asthma and, in recent years, Lhc
role of epithelia l damage and bronchial mucosal innammation has been discussed as a possible pnthogenetic
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factor in bronchial asthma [2, 3, 14-16]. DUNNU..L [1]
noted mucosal oedema and separation of mucosal cells
in patients dying from asthma. CUTZ et a/. [17] showed
changes in the lungs of children with severe asthma even
when they were asymptomatic. They noted goblet cell
hyperplasia, "thickening of the basement membrane",
peribronchial smooth muscle hypertrophy and eosinophilic
infiltration. The luminal surfaces of ciliated cells showed
cytoplasmic blebs and abnormal cilia. We could not
measure any thickening of the basement membrane but
eosinophils were noted before treatment and abnormal
cilia were seen before as well as after treatment.
BARNEs [16] has discussed possible mechanisms
whereby epithelial damage could cause bronchial hyperresponsiveness. LAITINEN et a/. [2) observed epithelial
changes in eight patients with mild to severe bronchial
asthma. Major epithelial damage appeared as focal lesions and different stages of damage could be seen in the
same biopsy specimens. In our study all patients had
focal areas of epithelial changes in the biopsies taken
before treatment with inhaled steroids. Even after ten
years of treatment epithelial changes with reduced
numbers of ciliated cells could be seen in biopsies from
aU but two patients. The changes were, however, less
pronounced in the biopsies taken after ten years of treatment compared with biopsies taken before treatment.
It has been suggested that inflammation plays an important role in the pathogenesis of bronchial
hyperresponsiveness. HoLTZMAN et al. [19] noted an
increase in the number of neutrophils in the epithelium
in biopsies from dogs that became hyperresponsive after
ozone inhalation. LAITINEN et at. [2], although observing
epithelial changes in all the asthmatic patients examined,
rarely noted mast cells, leucocytes were found only
occasionally and eosinophils were not reported. In our
study an increase in inflammatory cells above normal
was seen in the biopsies taken from asthmatics before
treatment. Lymphocytes and plasma cells were common,
cosinophils could also be seen and neutrophils were rare.
The number of attacks of asthma decreased during the
years of treatment compared with the year before treatment with beclomethasone dipropionate inhalation had
commenced. It is tempting to suggest that the decreased
number of inflammatory cells following treatment is the
result of the anti-inflammatory effect of inhaled steroids,
and that there is a relationship between bronchial hyperreactivity and bronchial inflammation [18, 19]. On the
other hand, following treatment all patients were still
hyperresponsive to methacholine, despite the absence of
histological evidence of inflammation in the biopsies.
Unfortunately, no examinations of bronchial reactivity
were performed before treatment for comparison. All
patients were examined when their asthma was stable. It
is possible that the degree of inflammation is increased
during an acute attack of asthma but assessment by biopsy
is difficult to take during such attacks.
In two patients small areas of metaplasia were seen in
the biopsies taken after ten years of treatment, in contrast
to the majority of the biopsies from these patients which
had a normal ciliated epithelium. During the last years
these two patients had increased their daily dosage of

inhaled steroids (table 1). The fact that the biopsies taken
from these two patients before treatment also showed
metaplasia of the epithelium suggests that the metaplasia
was not caused by the treatment with inhaled steroids.
The biopsies taken from the bronchial mucosa were
small and it is difficult to be sure that they were
representative of the whole bronchial mucosa. During
bronchoscopy there were, how_ever, no macroscopic signs
of change in the epithelium and several biopsies were
taken to obtain material as representative as possible.
In conclusion the present study showed bronchial mucosal inflammation and epithelial damage in asthmatics.
Long-term treatment with inhaled steroids significantly
decreased inflammation and also reduced epithelial
damage, but the patients still had bronchial hyperresponsiveness.
Rererences
1. Dunnill MS. - The pathology of asthma with special reference to changes in the bronchial mucosa. J ClinPathol, 1960,
13, 27- 33.
2. Laitinen LA, Heino M, Laitinen A, Kava T, Haahtela T.
- Damage of the airway epithelium and bronchial reactivity in
patients with asthma. Am Rev Respir Dis, 1985, 131, 599- 606.
3. Metzger WJ, Hunninghakc GW, Richerson HB. - Late
asthmatic responses: inquiry into mechanisms and significance.
Clin Rev Allergy, 1985, 3, 145- 165.
4. Andersson E, Smidt CM. - Bronkieslimhinden efter langtidsbehandling med beclometasondipropionat (Becotide).
Ugeskr Laeg, 1974, 136, 1192- 1194.
5. Thringer G, Eriksson N, Malmberg R, Svedmyr N,
Zettergren L. - Bronchoscopic biopsies of bronchial mucosa
before and after beclomethasone dipropionate therapy. Postgrad Med J, 1975, Suppl. 4, 30-31.
6. Lundgren R. - Scanning electron microscopic studies of
bronchial mucosa before and during treatment with beclomethasone dipropionate inhalations. Scand J Respir Dis, 1977,
Suppl. 101, 179- 187.
7. Nakhosteen JA. - Histologische undersuchung von
bronchial-schleimhautbiopsie nach inhalation von beclometasondipropionat Uber 31 monate. Prax Pneuma/, 1979, 33, 172- 176.
8. Hargreave FE, Ryan G, Thomson NC, O'Byrne PM,
Latimer K. Juniper EF, Dolvich J. - Bronchial responsiveness
and clinical significance. J Allergy Clin Jmmunol, 1981, 68,
347- 355.
9. Lundgren R, Grubbstr<>m J, Philipson K, Haglund S,
Mossberg B, Camner P. - Tracheobronchial clearance after
flexible fiberoptic bronchoscopy. Eur J Respir Dis, 1983, 64,
3- 8.
10. Weibel ER. - Stereological methods. In: Practical methods for biological morphometry, Vol I. Academic Press, London, 1979, pp. 4~2.
11. Lundgren R, H<>rstedt P, Winbald B. - Respiratory mucosal damage by flexible fiberoptic bronchoscopy in pigs. Eur
J Respir Dis, 1983, 64, 24-32.
12. Sahn SA, Scoggin C. - Fiberoptic bronchoscopy in bronchial asthma. A word of caution. Chest, 1982, 69, 39~2.
13. NHLB workshop summaries. - Summary and recommendations of a workshop on the investigative use of fiberoptic
bronchoscopy and bronchoalveolar lavage in asthmatics. Am
Rev Respir Dis, 1985, 132, 180-182.
14. Boushey HA, Holtzman MJ, Sheller JR. Nadel JA. Bronchial hyperreactivity. Am Rev Respir Dis, 1980, 121,
389~13.

EFFECTS OF INHALED STEROIDS ON BRONCHIAL MUCOSA

15. Hogg JC, Eggleston PA. - Is astluna an epithelial disease?
Am Rev Respir Dis, 1984, 129, 207-208.
16. Barnes PJ. - Astluna as an axon reflex. Lancet, 1986, i,
242-245.
17. Cutz E, Levison H, Cooper DM. - Ultrastructure of airways in children with astluna. HistopaJhology, 1978, 2, 407-421.
18. Holtzman MJ, Fabbri LM, O'Byme PM, Gold BD, Aizawa
H, Walters EH, Alpert SE, Nadel JA. - Importance of airway
inflammation for hyperresponsiveness induced by ozone. Am
Rev Respir Dis, 1983, 127, 686- 690.
19. Holtzman MJ, Fabbri LM, Skoogh B-E, O'Byme PM,
Walters EH, Aizawa H, Nadel JA. -Time course of airway
hyperresponsiveness induced by ozone in dogs. J Appl Physiol:
Respirat Environ Exercise Physiol, 1983, 55, 1232-1236.

Etudes morphologies des biopsks de Ia muqueuse bronchique
chez les patienls asthmatiques avalll et apres dix ans de
traitemenJ avec /'inhalation de sterotdes. R. Lundgren, M.
Soderberg. P. Horstedt, R. Stenling.
REsUME: Pour examiner I'influence de I'inhalation de steroides
sur Ia muqueuse bronchique, nous avons examine des biopsies
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de six patients aneints d'astlune bronchique severe, avant et
apres dix ans de traitement quotidien par steroides. Les biopsies de six sujets normaux ont egalement ete examinees. Dans
les biopsies pnilevees chez les patients astlunatiques avant
traitement, on note une augmentation significative du nombre
de cellules inflammatoires, par comparaison avec les biopsies
des sujets controles. Chez tous les patients, Ia microscopic
electonique a balayage montre une couverture ciliare reduite.
Chez chaucun de deux patients, une mctaplasie epidermoide a
eli observee. Apres dix ans de traitment:. le nombre de cellules
inflammatoires etait reduit de fayon significative, par comparaison avec Ia situation avant traitement, et il ne differe plus de
celui des biopsies con troles. La plupart des cellules epitheliales
ont une surface ciliCe. De petites zones focales recouvertes de
cellules non ciliees existent encore chez quatre patients. Chez
chacun des deux patients atteints d'une metaplasie epidcrmoide
avant traitement, on pouvait toujours voir de petites zones de
metaplasie. Malgre !'absence d'inflarnmation et la diminution
des lesions epitheliales au cours du traitement, tous les patients
avaient encore une hyperrcactivite bronchique.
Eur Respir 1., 1988, 1, 883-889.

