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High-resolution computed tomography
scan and airway remodeling in children

with severe asthma

Jacques de Blic, MD,? Isabelle Tillie-Leblond, MD, PhD,® Sophie Emond, MD,°
Bruno Mahut, MD,? Thanh Lan Dang Duy, MD,? and Pierre Scheinmann, MD?

Paris and Lille, France

Background: Children with severe asthma have a significantly
higher bronchial wall thickness (BWT) on high-resolution
computed tomography scan than control children.

Objective: We sought to determine whether a BWT score
correlates with markers of airway remodeling and
inflammation.

Methods: In 37 children with severe asthma, we determined
reticular basement membrane thickness; number of intra-
epithelial neutrophils and eosinophils on bronchial biopsy;
IFN-v, IL-4, IL-5, and eosinophil cationic protein levels and
IFN-v/IL-4 ratio on bronchoalveolar lavage specimen; and
alveolar nitric oxide (NO) concentration and the maximum
airway wall NO flux.

Results: The BWT score significantly correlated with reticular
basement membrane thickening (r = 0.34; P = .04) and NO
production by the airway wall (r = 0.45; P = .02). The
correlation with the eosinophil cationic protein level was just
significant (r = 0.40; P = .05), whereas there was no correlation
with IFN-y/IL-4 ratio (r = —0.31; P =.08). The BWT score did
not correlate with FEV, or forced expiratory flow at 25% to
75% of forced vital capacity.

Conclusion: High-resolution computed tomography scan is a
noninvasive technique that might be valuable for quantifying
airway remodeling in children with severe asthma. The new
generations of multislice computed tomography scanners will
allow higher definition and lower radiation exposure and
probably give a better assessment of airway remodeling and
efficacy of treatment in children with asthma. (J Allergy Clin
Immunol 2005;116:750-4.)
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Abbreviations used
ATS: American Thoracic Society
BWT: Bronchial wall thickening
Calvno: Alveolar nitric oxide concentration
ECP: Eosinophil cationic protein
eNO: Exhaled nitric oxide
HRCT: High-resolution computed tomography
Jawno: Maximum airway wall nitric oxide flux
NO: Nitric oxide
RBM: Reticular basement membrane

Airway inflammation and remodeling are 2 important
mechanisms in the pathophysiology of asthma.! Evaluation
of these mechanisms requires invasive techniques, in
particular bronchoscopy with bronchoalveolar lavage
and bronchial biopsy, although noninvasive techniques,
including induced sputum, exhaled breathe condensate,
and exhaled NO (eNO) measurement, have been devel-
oped. We recently reported that eNO was associated with
both inflammation and remodeling variables, indicating
that in some conditions, eNO reflects the 2 major features
of the disease.” Moreover, evaluations of high-resolution
computed tomography (HRCT) in adults have shown that
abnormalities of the airways, and particularly the extent of
bronchial wall thickening (BWT), correlate with lung
functions, reticular basement membrane (RBM) thick-
ness,” and metalloproteinase 9/tissue inhibitor of metal-
loproteinase 1 production imbalance.”*

Children with severe asthma represent a subgroup at
high risk of developing an irreversible airflow obstruction.
We recently showed that bronchial wall thickening (as a
score) was significantly higher in children with severe
asthma than in control children.’

Here we investigated whether the BWT correlates with
markers of bronchial inflammation and remodeling in a
group of children with severe asthma. These children
belong to a cohort study in which patients are followed
prospectively. Some of the data for this cohort have been
published.z’6 We determined RBM thickness; number of
intraepithelial neutrophils and eosinophils on bronchial
biopsy; INF-v, IL-4, IL-5, and eosinophil cationic protein
(ECP) levels and IFN-y/IL4 ratio on bronchoalveolar
lavage specimen; and alveolar nitric oxide (NO) concen-
tration (Calvyp) and the maximum airway wall NO flux
(J’awno)-
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METHODS

Thirty-seven children were prospectively included between July
2000 and January 2002. These children attended the clinic every 2
to 3 months for at least 2 years, and symptoms, bronchodilator use,
exacerbations, and pulmonary function test results were regularly
recorded. Asthma was diagnosed according to American Thoracic
Society (ATS) criteria.” All children had severe asthma in accordance
with the ATS workshop recently reviewed by Wenzel.® Severe
asthma was defined as the presence of 1 major criterion—need for
high-dose inhaled corticosteroids—and at least 2 of the following
5 minor criteria: (1) requirement for daily long-acting [-agonist
or leukotriene antagonist in addition to inhaled corticosteroids,
(2) asthma symptoms requiring short-acting 3-agonist use on a daily
or nearly daily basis, (3) persistent airway obstruction (FEV; < 80%
predicted), (4) 1 or more emergency care visits for asthma per year,
and (5) 3 or more oral steroid bursts per year. Eleven children had no
airway obstruction but persistent symptoms (defined before the study
as the use of more than 3 bronchodilator rescue treatments per week)
and/or exacerbations defined as asthma attacks requiring systemic
corticosteroids and/or hospitalization (more than 3 exacerbations in
the past year). Twenty-six children had persistent airway obstruction
with FEV; < 80% of predicted value whatever their clinical
symptoms. All had a trial course of corticosteroids (2 mg/kg/d
prednisolone for 14 days) that proved negative, defined as an increase
in FEV, of no more than 15%.

The study was approved by the local ethical committee of Necker
Enfants Malades Hospital. Written consent for participation was
obtained from the parents and verbal assent from the children.

Bronchoscopy and endobronchial biopsies

All flexible bronchoscopy procedures were performed with a
4.9-mm external diameter bronchoscope (Olympus Winter IBE GMBH,
Hamburg, Germany) under deep sedation. Bronchial biopsy samples
were taken from segmental or subsegmental bronchi of the right or
left lower lobes by using cupped forceps. Biopsy samples were fixed
in 10% formaldehyde and embedded in paraffin blocks. They were
stained with hematoxylin and eosin staining and May-Griinwald-
Giemsa by standard methods. The numbers of inflammatory cells
in the epithelium were assessed as previously described.® Results are
expressed as the number of cells per millimeter length of basement
membrane.” RBM thickness was determined as the average of 20
measurements in sections where the epithelium was oriented in such
a way that measurement artifacts did not occur.”

Bronchoalveolar lavage was performed in the right middle lobe by
using 3 X 1 mL-kg ™' aliquots of normal saline.'' Return fluid was
collected into sterile polypropylene vials (Falcon 50 mL; Becton
Dickinson, Rutherford, NJ). We determined the concentrations of
IL-4, IFN-y (Diaclone, Besangon, France), and IL-5 (Coulter-
Immunotech, Villepinte, France) by ELISAs according to the man-
ufacturers’ protocols. ECP levels were evaluated by means of a
competitive radioimmunoassay (Pharmacia & Upjohn Diagnostics,
Uppsala, Sweden). Results are expressed in pg/mL for IL-4, IL-5, and
IFN-v; the sensitivity of these assays was 0.3, 1, and 3 pg/mL,
respectively. For ECP, the results are expressed in pg/L, and the limit
of detection was 1 pg/L.

Spirometry

Spirometry was performed and flow volume curves obtained
according to the ATS guidelines (Gould 9000; Sensormedics;
Dayton, Ohio).'?

NO measurements

A multiple constant exhalation flow approach was used to assess
alveolar NO concentration and J’awyo. The theoretical basis, tech-
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nical aspects, and feasibility in children have been reported previ-
ously.z’l3 Briefly, 4 to 6 FExo (fractional exhaled NO) values were
obtained at several expiratory flow rates between 50 and 200 mL/s.
FEno was measured by using a chemiluminescent NO analyzer
(EVA4000; Seres, Aix en Provence, France). Each NO measurement
was performed as recommended by ATS guidelines.'3 At each
expiratory flow (V), the NO output was calculated as Qno = FEno X
V X 0.06, where Qo is expressed in nL/min, FEyo in parts per
billion, and V in mL/s (0.06 is a unit-correcting factor).

The slope of this regression line between NO output and expira-
tory flow rates is Calvyo, and the intercept to 0 flow is J’awyo.'*

HRCT scan

All patients underwent HRCT of the chest on a helical scanner
(ProSpeed; General Electric Medical Systems, Milwaukee, Wis).
HRCT scans were obtained at full inspiration. The following
parameters were used: 1-mm sections at 8-mm intervals, 120 kV,
100 mAs, and a 512 X 512 matrix. Lung window settings were
photographed at a width of 1600 H and a level of —600 H. BWT was
assessed as previously described by Marchac et al.> Two BWT scores
were obtained, in the right and the left lung at 5 levels each, and a
simplified score at 3 levels in the right lung. The 3-level score proved
to be as satisfactory as the 5-level score and therefore was used for this
study. This score was based on the number of visible sections of
bronchi (all circular and longitudinal bronchi except hilar bronchi) at
3 levels in the right lung on HRCT: 1 cm below the carina, 2.5 to 3 cm
below the top of the right pulmonary vein, and above the right side
of the diaphragm. All computed tomography scans were analyzed by
2 physicians blinded to the characteristics of the asthma.

Statistics

Data are expressed as median and 25th to 75th percentiles.
Differences between groups were assessed by using the Mann-
Whitney U test for continuous variables and Fisher exact test for
qualitative variables. Correlations were evaluated by using a non-
parametric test: the Spearman rank correlation coefficient.

Probability values less than .05 were considered statistically
significant.

RESULTS

The characteristics of the patients are described in
Table I, and results of tests for non-HRCT variables are
given in Table II.

BWT score

Agreement between the 2 observers was good. The
interclass correlation coefficient was 0.997.

The median BWT score was 14 (10-19). There was no
difference between children with and without persistent
obstruction and between symptomatic children and those
with few symptoms (Table III). The BWT score did not
correlate with FEV, FEV /forced vital capacity, or forced
expiratory flow at 25% to 75% of forced vital capacity.

Correlation between BWT score and
bronchial biopsy variables

There was a weak but significant relationship (r = 0.34;
P = .04) between BWT score and RBM thickness (Fig 1).
There was no correlation between the BWT score and

intraepithelial polynuclear neutrophil or eosinophil infil-
tration (Table IV).
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TABLE I. Characteristics of the 37 children with
severe asthma*
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TABLE lll. Bronchial wall thickening score in the
37 children with severe asthma*

Age (y) 10.4 (9-13)

Sex ratio (M/F) 21/16

Duration of asthma (y) 8.8 (7.2-11)

Positive skin prick test result or positive 25
specific IgE (n)

Children with obstructive disease 26

Children with nonobstructive 11

symptomatic disease

FEV, (% predicted) 71.5 (70.5-87)

Forced expiratory flow at 25% to 75% 50 (41-70.5)
of forced vital capacity (% predicted)
FEV /forced vital capacity (%) 75 (67-83)

Inhaled corticosteroids (pug-dfl) 1000 (800-1000)

*Data are expressed as medians and 25th and 75th centiles or absolute
results (n).

TABLE Il. Non-HRCT variables in the 37 children with
severe asthma*

Median 27*-75" centiles n

RBM (pm) 36 6.7 (5.37-1.7)

Intraepithelial neutrophils 32 6.5 (5.0-11.2)
(per mm length of RBM)

Intraepithelial eosinophils 32 2.5 (0.0-5.0)
(per mm length of RBM)

IL-4 (pg/mL) 30 1.4 (0.8-1.6)

IL-5 (pg/mL) 30 2 (2.0-4.8)

IFN-y (pg/mL) 30 8.53 (2.0-15.7)

IFN-y/IL-4 30 5.1 2.0-9.7)

ECP (ng/L) 24 4.2 (1-29)

Calvno (ppb) 27 5.2 (3.0-7.9)

Jawno (nL/min) 27 51 (29.7-125.6)

*Data are expressed as medians and 25th and 75th centiles.

Correlation between BWT score and
bronchoalveolar lavage variables

Bronchial wall thickening score did not correlate with
IFN-vy, IL-4, or IL-5. The correlation with IFN-vy/IL-4
(r = —0.31; P = .08) did not reach significance, whereas
that with the ECP level was just significant (r = 0.40;
P = .05; Table IV).

Correlation between BWT score
and NO variables

The BWT score correlated with J’awno (r = 0.45;
P = .02), but not with Calvyo (Table IV; Fig 2).

DISCUSSION

In children with severe asthma, bronchial thickening as
assessed by the BWT score on HRCT was correlated with
RBM thickening and NO production by the airway wall.
Although these correlations were not strongly significant
and did not remain significant when correcting for mul-
tiple comparisons using the Bonferroni procedure, to our

Median  25th-75th

n score Centiles

All children 37 14 10-19

Children with persistent airway 26 14 11-19

obstruction

Children with persistent symptoms 25 12 9.75-19

Children without airway obstruction 11 12 9.2-16
but persistent symptoms

Children with persistent airway 12 14 11-17

obstruction but few symptoms

*Data are expressed as medians and 25th and 75th centiles.
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FIG 1. Correlation between BWT score and RBM thickness
(r=0.34; P =.04).

knowledge, this is the first pediatric study suggesting
a concordance between radiological findings and both a
classic parameter of remodeling (RBM thickness) and
a relatively new marker (eNO).

The corresponding coefficient of determination of the
change in W3 score explained by a change in RBM
thickening was 11%. The relative weakness of our study
appears mainly related to a lack of power because of our
limited sample size, because a timed complete data set was
not available in all children. Further studies are needed to
confirm the values of these radiological measurements.

Until now, remodeling of the airway could be demon-
strated only by using endobronchial biopsies. Thickening
of the lamina reticularis is diagnostic of asthma'® and
appears to reflect thickening of the entire airway wall,
including the airway smooth muscle.'® However, bron-
choscopy is an invasive procedure that is admitted in
children with severe asthma but cannot be repeated.

Technical improvements have increased the spatial
resolution of HRCT sufficiently to quantify the extent of
airway remodeling.'”'® In adults, qualitative or semi-
qualitative analyses measured airway wall dimensions,
particularly thickness or area of the bronchial wall, and
bronchial area.®*'*> The main result is the finding of
a correlation between the degree of thickening and sever-
ity of the disease®'>*2% and airflow 0bstructi0n,3’21
but the relationship is not strong.® Some studies found
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TABLE IV. Correlations between BWT score and bronchial
biopsy, bronchoalveolar lavage, and NO variables in the
37 children with severe asthma

Correlation P
RBM thickness 0.35 .04
Intraepithelial PNN —0.08 .6
Intraepithelial PNE 0.03 .87
ECP 0.40 .05
IFN-y —0.25 17
1L-4 0.13 5
IFN-v/IL-4 —0.31 .08
IL-5 —0.09 .6
Jawno 0.45 .02
Calvno 0.11 .56

correlations between HRCT variables and markers of
inflammation/remodeling,>* and others not.”* In agree-
ment with previous pediatric studies,”?” we did not find
correlations with airway obstruction. This may be because
other factors such as distension (measured by residual
volume) are also important.28

The relative contributions of airway remodeling and
persistent airway inflammation to the bronchial alterations
detected by HRCT are unknown. Children with persistent
airway obstruction and few symptoms had less intraepi-
thelial inflammatory cell infiltration but comparable RBM
thickening.® Here, the BWT score in the group of children
with few symptoms was not different from that for
symptomatic children. Only 1 study correlated the metal-
loproteinase 9/tissue inhibitor of metalloproteinase 1 ratio
with the magnitude of HRCT scan abnormalities,* but
these mediators are also responsible for an increase in
bronchial permeability.*’

Measurement of eNO is an alternative approach to
airway inflammation and structural changes. Airway
inflammation is sustained by the relationships between
eosinophilic infiltration and eNO.?° Structural changes
seem to be a consequence of the multiple intracellular and
extracellular roles of NO.*! In our study, J’awno corre-
lated with the BWT. Correlations between BWT score
and RBM thickness might be secondary to correlations
between J’awno and RBM thickness.> Nevertheless,
although weak, the BWT score was more closely corre-
lated with J’awyo than with RBM thickness, an observa-
tion that could be explained by 2 mechanisms. First,
HRCT score depends not only on RBM thickness but also
on other remodeling factors—for example, hyperplasia
of bronchial smooth muscle and myofibroblastic hyper-
trophy. Increased exhaled NO has both relaxation®' and
antiproliferative”’33 effects on airway smooth muscle and
may reflect an adaptive response to the airway remodeling.
Second, possible persistent airway inflammation, poorly
detected in our biopsies, may influence both HRCT score
and NO production by the airways.®*> In fact, inflamma-
tion and remodeling may act in parallel in chronic asthma
but interact each other.! ECP, which is a classic marker of
eosinophil-driven airway inflammation, is also involved in
remodeling.*** The higher levels of ECP in children with
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FIG 2. Correlation between BWT score and J'awy (r= 0.45; P=.02).

higher BWT scores may be related to persistent inflam-
mation and remodeling.

In conclusion, this pilot study shows that a simple BWT
score on HRCT correlates with RBM thickness on endo-
bronchial biopsy and with eNO measurement. Further
prospective studies are necessary to confirm whether
HRCT scanning will prove to be valuable. Until now,
grading severity of asthma was based on clinical score,
pulmonary function, and perhaps eNO testing, and the
major contribution of HRCT scanning was to eliminate
alternative diagnosis. Our results were obtained in a
selected population of children with severe asthma and
cannot necessarily be generalized to children with less
severe asthma. However, the longitudinal prospective
study of our cohort of children with severe asthma will
help to determine whether a high BWT score is associated
with acceleration in the decline of FEV, and to determine
the respective role of other parameters of remodeling
implicated in BWT such as airway smooth muscle
hypertrophy.*® Finally, the new generations of multislice
computed tomography scanners will allow higher defini-
tion and lower radiation exposure and probably give a
better assessment of airway remodeling and efficacy of
treatment.'®
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