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Introduction

Asthma is a common chronic respiratory diseaseatiatts approximately 300
million individuals worldwide and brings a majorateh care burdeh Chronic
airway inflammation and characteristic structuttzimges, often described as “airway
remodeling”, are observed in the airways of pasienith asthma. Evidence from
surgically resected lung tissue, autopsy lung spes, and transbronchial biopsies
suggests that airway inflammation and structurahges (subepithelial fibrosis,
increased airway smooth muscle, increased blocgelem the walls of the airways,
and mucus hypersecretion) occurs in both the desmichperipheral airways’.
Further research indicates that pathological ababties in the peripheral
bronchioles and small airway dysfunction can bected in patients with asthma
regardless of severity and treatment statfeMoreover, treatment with small particle
inhaled corticosteroids is more effective than véitge particle inhaled
corticosteroids®*® Increasing attention is now focused on the rékae small
airways in asthma and small airway dysfunctiono rconsidered a distinct clinical
phenotype or a sensitive indicator of early distase

Many studies have assessed the structural chamdfes large airways of patients
with asthma using high-resolution computed tomolgyaipiRCT) and demonstrated
that the airway walls of these patients are thitken those of healthy subject&™
However, to the best of our knowledge, few stutliage explored the structural
changes in the large airways of patients with imgzhsmall airway function, i.e., the

small airway asthma phenotype. In this study, ajrdianension indices, such as
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luminal area(LA), wall area (WA), and wall area gantage (WA%), were measured
from the 2nd to 6th generation and compared betywagants with small airway
asthma and the healthy controls to investigate kdraghere are structural changes in
the large airways in patients with small airwayhas.

Methods

Participants

All the patients enrolled in the study were readifrom the asthma outpatient
department at our hospital between October 2016\Namveémber 2017. The following
inclusion criteria were applied: (1) asthma diagrbby a respiratory physician based
on the history of characteristic symptom pattem @vidence of variable airflow
limitation; (2) age>18 years; (3) lifetime nonsmoking status; (4) noeotrespiratory
disease (according to medical history and exanmana}j and (5) Forced expiratory
volume in the first second (FE)Wb6 predicted>80%, forced expiratory flow over the
middle half of the forced vital capacity (FlsE9% predicted <60%, resistance at 5
Hz (R5) >150%, and a difference between resistah&eHz and 20 Hz

(R5-R20) >0.10Kpa/L:s.

The severity of asthma was assessed according BIthA (Global Initiative for
Asthma) guidelines based on the level of treatmeuired to control symptoms and
exacerbatiorfs.

The healthy controls were lifetime nonsmokers wiesenfree from respiratory
symptoms and respiratory diseases. All the conwel® recruited from the health

examination center at our hospital. The study vgmsaved by our institutional ethics
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committee and written informed consent was obtafna all study participants.
Pulmonary function tests

The pulmonary function tests were performed byxgegenced technician in a
blinded manner using the Jaeger Master-Screeni8ystgaire Medical, Hochberg,
Germany). All study participants underwent standgnidometric measurements of
lung function. The following indices were recordettluding FEV{% (percent
predicted), forced vital capacity(FVC), and RER% (percent predicted).

The resistance of the respiratory system was medsusing impulse oscillometry
(I0S, Jaeger MasterScreen, Erich Jaeger GmbH &KGxH. Wurzburg, Germany)
according to standard recommendatférishe R5 and R5-R20 were recorded.
HRCT scan

HRCT scan was performed within 1 day of the pulmmgianction tests. Volumetric
whole-lung scans were performed using a multi-dete€T scanner (GE Light Speed
VCT, General Electric, Milwaukee, WI, USA) with ti@lowing parameters:
collimation, 64 x 0.625mm; 120 kVp; 160 mAs; rotatitime, 0.6s; pitch, 0.984. All
study participants were scanned in the supineipasdt full-inspiration (inspiratory
breath hold was rehearsed prior to the CT scan)athcthe arms held over the head.
The images were reconstructed using a high-sgeg@liency algorithm with a slice
thickness of 1.25 mm and an interval of 1.25 mnthree-dimensional bronchial
skeleton was automatically reconstructed using/themetric data. The
apicoposterior segmental bronchus in the left uppee (LB1+2) and the posterior

basal segmental bronchus in the left lower lobel@)Bwvere selected and
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automatically converted to curved multiplanar restaurction images. These bronchi
were selected because they are relatively perpeliadio the HRCT images and less
affected by cardiac motion artifacts. The 2nd to@¢neration airways of each
bronchus were identified and analyzed. The LA, \@Ad WA% values of each
generation were calculated automatically. The WA ¥MA% were derived from the
total area (TA) and LA as follows: WA = TA — LA, WA = WA / TAx100%. The
processes of bronchus selection, identificationcaldulation were inspected
carefully using the longitudinal and short-axis gea simultaneously by one author
(DJ) who was blinded to the participants’ inforroati

Statistical analysis

The normally distributed data were analyzed pardoadiy and expressed as the
mean and standard deviation. Age and body masg {igMI) were compared
between the patients with small airway asthma hadealthy controls using
unpaired-tests or chi-squared tests. The LA, WA, and WA%erxmmpared between
the two study groups using analysis of varianc@-value <0.05 was considered
statistically significant. All statistical analyse&re performed with SPSS version
17.0 software (IBM Corp., Armonk, NY, USA).

Results

9 patients with small airway asthma and 20 heaitintrols were included in the
study. The characteristics of the study participame shown in Table 1. In 9 patients
5 were classified as mild (medication: as-neededtsdcting betgagonist (SABA) or

Budesonide 200 mcg bid plus as-needed SABA), therat were classified as
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moderate (medication: budesonide 160 mcg /formbteomcg 1~2 press bid)
according to the GINA guidelines. There was no ificgmt difference in age, sex,
BMI, FEV,, FVC, or FEM/FVC between the patients with small airway astlame
the healthy controls.

The 2nd to 6th generation of LB1+2 and LB10 wemnidied in 7 and 9 patients
with small airway asthma, and in 20 and 19 heattimtrols, respectively,. The only
significant difference found between the patienith wmall airway asthma and the
healthy controls was in the WA% of the 6th genera{LB1+2,P = 0.040; LB10P =
0.033). The WA% of the 6th generation in the patiemith small airway asthma was
higher than that in the healthy controls. Tabl&é@wss the LA, WA, and WA% values
from the 2nd to 6th generation of LB1+2 and LB10.

Discussion

In this study, we compared the airway dimensioncieslof LB1+2 and LB10 from
the 2nd (lobar) generation to the 6th generatidwéen patients with small airway
asthma and healthy controls using HRCT. We fousidj@ificant structural difference
in the 6th generation airway between the patiemtiscantrols, even though these
patients had preserved FEWPrevious studies that measured large airway diraen
indices using HRCT found that airway wall thickepimccurred from the 3rd to 6th
generation airways in patients with asthma andnefased to air-flow obstructiotf”
19.21, 22,28 frthermore, airway remodeling in asthma has beported to be more
prominent in the distal airwa$/s Therefore, we speculated that the structural gasin

in the large airways in patients with small airvesghma might be an early stage of
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the disease.

The only significant difference found between tlagignts with small airway asthma
and the healthy controls was in the WA% of thedsheratiorbronchus The larger
WA% was a common consequence of the smaller LAtlaadarger WA and should
be considered as an integrated indicator of airsteyctural changes in both the
airway wall and lumen rather than simply as theltesf airway wall thickening.

In this study, as the patients have a relative abfiV,% predicted, FE5_726
predicted <60% was regarded as airflow limitatimmg average daily diurnal PEF
variability >10%was regarded as excessive variability in lung fiamctWe used
FEV>80%, FEF25-75<60%, R5>150%, and R5-R20>0.10kPaA.the diagnostic
criteria for small airway asthma as recommenfesb far there is still no universally
accepted method or algorithm for detection of abradities in the small airway,
therefore various functional techniques and inflaatory markers have been used as
surrogates. FEk 75is the most commonly used marker of small airnwaction,
however it is a volume-dependent measurement witentain reproducibility and
reliability ® ° Therefore, we used 10S in addition to an abnoffihs_7sto

confirm the diagnosis of small airway dysfunctit@S is an effort-independent test
that is performed during normal quiet tidal breaghand requires minimal patient
cooperatioft. R5 represents the resistance of the large antl aimveays, whereas
R20 only represents the resistance in the largemags, hence, R5-R20 is the
resistance in the peripheral small airways.

The main limitation of our study was its small sé&ngize of 9 patients. Persistent
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small airway dysfunction was detected in at le@86®f patients with asthma
receiving British Thoracic Society treatment st&fis 42 However no more than
10% of our patients with asthma met the criteriasfoall airway asthma, i.e., small
airway dysfunction with preserved FEVIherefore, there is a need for multicenter
prospective studies with large sample size to condiur findings. We are continuing
to monitor the patients in our present study t@wbinore information on the natural
history of airways involvement in patients with shaarway asthma.

In summary, our findings indicate that airway staual changes occur in the large
airways of patients with small airway asthma, whitaly be an indicator of early

asthma.
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Table 1 Characteristics of subjects.

Asthma (N=9)  Control (N=20) P value

Age (years) 35.22 (9.04)  38.25(6.64)  0.361*
Sex (Male/Female) 3/6 11/9 0.348
BMI (kg/m?) 23.02(2.31) 2459(2.81)  0.650*

Disease severity (Mi/Mo) 5/4

FEV; (% predicted) 91.22 (6.14)  103.15(4.79)  0.372*
FVC 94.67(6.82)  102.15(5.08)  0.161*
FEVY/FVC (% ) 82.79(4.33)  84.60(4.59)  0.448*

FER5_726 (% predicted) 29.89 (12.43) 90.35(4.65) 0.008*
R5 (% predicted) 203.47 (38.20)

R5-R20 (Kpa/L-s) 0.32 (0.12)

Abbreviations:N, number; BMI, body mass index; FEV1, forced eafwry volume in 1
second; FVC, forced vital capacity; Mi, mild; Mopnaterate; Se, severe.

* unpairedt-test

"x%-test

Table 2 Comparison of LA, WA and WA% of LB1+2 anB10

N G2 G3 G4 G5 G6

LB1+2
LA (mn?) Asthma 7 47.83(3.35) 24.72(3.42) 12.43(1.08) 6.07 (0.58) 4.64 (0.55)
Control 20 48.42(5.67) 25.35(2.03) 13.69(1.83) 7.19(0.98) 3.79(0.32)

Pvalue* 0.929 0.876 0.558 0.335 0.192




WA (mn?) Asthma 7 27.32(2.43) 20.20(1.94) 16.12(1.51) 13.52(1.12) 13.16(1.11)
Control 20 26.73(1.44) 19.44 (1.15) 15.07 (0.89) 12.28 (0.66) 10.96 (0.65)
Pvalue* 0.836 0.739 0.554 0.351 0.099
WA% Asthma 7 0.37(0.01) 0.48(0.01) 0.64(0.03) 0.73(0.02) 0.81(0.03)
Control 20 0.35(0.02) 0.46 (0.02) 0.61(0.02) 0.70(0.01) 0.73(0.02)
Pvalue* 0.464 0.395 0.326 0.248 0.040
LB10
LA (mnd  Asthma 9 43.70(5.56) 24.69(2.99) 14.23(2.17) 7.78(1.25) 5.16 (0.51)
Control 19 44.08 (3.83) 26.81(2.06) 16.52 (1.49) 9.65(0.86) 6.51 (0.74)
Pvalue* 0.955 0.565 0.393 0.227 0.141
WA (mn?) Asthma 9 25.79(1.58) 19.53(1.19) 15.39(0.79) 13.12(0.64) 11.38 (0.77)
Control 19 25.26(2.30) 18.77 (1.73) 14.56 (1.15) 12.37(0.93) 10.32 (0.53)
Pvalue* 0.851 0.720 0.554 0.513 0.267
WA% Asthma 9 0.39(0.02) 0.47(0.02) 0.57(0.03) 0.65(0.02) 0.71(0.01)
Control 19 0.37(0.01) 0.45(0.01) 0.53(0.02) 0.61(0.02) 0.65(0.02)
Pvalue* 0.482 0.313 0.273 0.150 0.033

Abbreviations:G2 (3-6), the 2nd (3rd-6th) generation airway; U&ninal area; N, number;

WA, wall area; WA%, wall area percent

* multivariate ANOVA



