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ABSTRACT

The role of small airways in the pathogenesis of interstitial lung diseases is not well understood because this lung area
is overlooked in conventional lung function testing methods. Only in recent years new approaches has been
developed allowing us to investigate in more detail this silent lung zone. Small airways are membranous bronchi with
diameter less than 2 mm which are incorporated into elastic lung network and which patency changes depending of
respiratory phase. Pathologic changes in lung parenchyma influence patency of small bronchi and vice versa-the
closure of small bronchi induces ventilation/perfusion mismatch in lungs that results in hypoxemia. High Resolution
Computed Tomography (HRCT) can visualize small airways, detect wall thickness and presence of pathologic
processes in and around airways walls but cannot evaluate the impact of the lesion into overall lung function. At the
present time two methods are recognized to be able to detect obstruction in small airways-Forced Oscillation
Technique (FOT) and Nitrogen Washout Test (NWT). FOT is based on the introduction of air waves of different
frequencies into the airways during quiet breathing. The penetration of airwaves depends on their frequencies and
allows selecting for measurement selected level of bronchial tree for measurement of resistance and reactance. NWT
is based on equilibration of nitrogen concentration among lung regions after inhalation of pure oxygen. Sloping of
alveolar Plato indicates on uneven gas distribution among lung units that may be caused by closure of part of small
airways.
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INTRODUCTION

Different Connective Tissue Diseases (CTD) use to affect lungs
and manifest with non-specific respiratory symptoms, like dry
cough, shortness of breath and are diagnosed as Interstitial Lung
Diseases (ILD). Most commonly lung involvement occurs in
Systemic Sclerosis (SSc), myosites (DM/PM) and Rheumatoid
Arthritis (RA), but less commonly-in Sjoegren Syndrome (S;jS)
and Systemic Lupus Erythematosus (SLE) [1]. High Resolution
Computerized Tomography (HRCT) is a golden standard for
diagnosis of ILD, this method can visualize small airways, detect

the localization of the lesion, measure bronchial wall thickness
and presence of pathologic processes in and around the airways
walls but cannot evaluate the impact of particular lesion into
overall lung function [2,3]. Lung function examination typically
reports on restrictive pattern of ventilatory failure and reduced
transfer factor or diffusion capacity [4]. Lung biopsy of patients
with idiopathic pulmonary fibrosis revealed reduction of small
airways diameter, peribronchiolar inflammation, fibrosis,
epithelial metaplasia and Bronchus-Associated Lymphoid Tissue
(BALT) suggesting that small airways may be involved primarily
in ILD [5].
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Methods of small airways diagnostics

Small airways are considered a “silent zone” because these
airways are overlooked in conventional respiratory function tests
[6]. Conventional methods like body
plethysmography were based on airflow measurements generated

spirography  or

by respiratory muscles in breathing requencies or during forced
expiratory manoeuvres. Under these conditions small airways are
in series with the rest of the airways and their impact in total
airways resistance is hardly detectable [7]. Invention by DuBois et
al. of Forced Oscillation Technique (FOT) in 1956 made a
background for further improvements and implementation in
clinical practice [8]. The method is based on introducing air
waves of different frequencies into the patient’s airways.
Typically for human airways examination are used frequencies
between 5 Hz and 35 Hz. Oscillations-induced air flow and
pressure swings are recorded for calculation of resistance to
airflow. Total resistance called Impedance consists of three
components: Resistive, elastic and inertial ones. Resistive
components arise from friction of air by airways walls and its
magnitude depends on the radius of airways. Elastic one is
created by lung and airways elastic recoil and depends on the
stiffness of these tissue. The inertial component depends on the
frequency of oscillations but does not depend on the measured
object. Inertial components grow with increasing the frequency
of oscillations and dies gradually along the airways. Only waves
of lowest frequencies pass the small airways and reach alveoli [9].
It is empirically detected that healthy human airways allow to
path to alveoli frequencies in the range from 5 Hz to 20 Hz. So,
this is the basis for isolated resistance measurement of small
airways. R5 resistance at 5 Hz, indicates resistance of all airways,
R20 is the highest frequency that reaches small airways and
correspondingly R5-20 is the measure of resistance of small
airways.

The elastic component of impedance, named reactance (X)
reflects the rebound response of airways and lung and is
recorded as airflow of opposite direction; therefore reactance at
lower frequencies has a negative value. Inertial forces kill the
pressure created by lung elastance; therefore, reactance gradually
drops with increase of oscillation frequencies [10]. Small airways
have a diameter less than 2 mm and their walls do not contain
cartilaginous elements. These membranous bronchi are tightly
incorporated into elastic network of lungs and their patency is
determined by the balance between constricting and dilating
forces. During inspiration when lung elastance grows their
diameter increases, but during expiration-decreases [11,12].
Additional forces that tend airways to collapse are smooth
muscle tone and the pressure of blood in neighboring capillaries.
This pressure in healthy lungs is influenced by gravity, so in
vertical position capillary pressure is higher in the lower parts of
the lungs that exert pressure towards small airways tending them
to collapse at the end of expiration when opposing traction
forces from lung elastic network are minimal [12]. In pathologic
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conditions when damming of blood occurs in lung interstitium,
or in emphysema, when elastic recoil of lungs is reduced, small
airways by the end of expiration collapse totally and air trapping
occurs. Lung volume at which air trapping starts during the
expiration is named a Closing Volume (CV) and it can be
measured by Nitrogen washout technique [13]. The test is
performed following way: After maximally deep expiration
patient inhales 100% oxygen up to the Total Lung Capacity
Level (TLC) and after short breath holding starts slow expiration
until reaching Residual Volume Level (RV). Nitrogen sensor
measures the changes in N, concentrations which run through 4
stages. First one containing pure oxygen reflect the air from
anatomic dead space, second is transitional zone when N,
concentration sharply grows reaching so called alveolar Plato.
During Plato phase (or 3™ phase) nitrogen concentration is
slowly sloping until 4™ phase starts with next sharp raise of N,
concentration. The volume of air remaining in lungs at the
moment of IV phase onset is named Closing Volume (CV). CV
indicates the moment during the course of expiration when the
airways start to close and air trpping occur. The III phase slope is
used to measure the air distribution heterogeneity in the lungs.
In healthy lungs the 3™ phase slope is very small, but it becomes
significant if different parts of lungs do not distribute oxygen
equally. N, slope is expressed as N, concentration change per
liter of expired air. The usefulness of nitrogen washout test for
diagnosis of small airways was studied by Panagopoulos and
Author’s
spirometry, body plethysmography, Impulse Oscillometry (I0S)

colleagues. measured lung function by classic
di using capacity for carbon monoxide, performed single breath
nitrogen washout test detecting the phase III N; slope and CV/
VC on two groups of SSc patients with and without signs of ILD
approved by HRCT. Authors found that Phase III slopeN2SBW
and R50-R20 showed the highest diagnostic performance for
detecting small dysfunction among all the group of SSc patients
airways (61% and 37.5%, respectively). At the same time
radiographic features of SAD on HRCT were observed only in
22% of SSc-ILD patients and in none of SScnon-ILD patients.
Authors concluded that R5-R20, phase III slopeN2SBW are

more sensitive for early detection of ILD than HRCT [4].

Takeishi and colleagues with their study gave a significant impact
in understanding the differences between obviously similar
causes of small airways obstruction. Authors compared two
groups of patients: One with Obstructive Lung Disease (OLD)
and another with ILD-typical restrictive disorder. Lung static and
dynamic compliances significantly differed between the groups.
Static compliance was three times higher in ILD group compared
to OLD and healthy control group. At the same time in all
groups taken together significant correlation between
oscillometric parameters R5,R5-20, X5, Fres and Phase III N,
slope was found. Reactance indices X5, Fres, as well, significantly
correlated with spirograhic parameters VC and FEV-1. However,
no correlation was found between lung compliance and any of
oscillometric indices. These results confirm that oscillometric
reactance parameters are not substantially influenced by lung
elastance.
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Pathogenesis of respiratory failure in interstitial
lung diseases

Respiratory failure in ILD that manifests as resting or exertional
hypoxemia has several pathogen etic sources. Restrictive changes
in lungs due to pathologic processes in lung interstitium;
affected gas diffusion gas-blood interface, ventilation/perfusion
mismatch and pathologic changes in pulmonary vasculature.
Restrictive changes in lung parenchima during exacerbation
period may develop due to inflaimmatory edema and infiltration
with leukocytes, but during chronic course due to fibrosis. These
changes increase the work of breathing that overloads the
respiratory muscles and lead to their fatigue. Typical indicators
of this process are reduced Vital Capacity (VC) in spirogrphic
examination, reduced Total Lung Capacity (TLG) and Residual
Volume (RV) in body plethysmography and the decrease of
Static (Cst) and Dynamic Compliance (Cdyn) in examination of
lung mechanics [7] .

Affected gas diffusion through gas-blood barrier occur due to
thickening of alveolo-capillary membrane due to inflammatory
process in lung parenchima, deposition of hyaline membranes
on alveolar walls during acute process and due to shrinkage of
alveolar surface in chronic process. Such changes are reflected as
reduced transfer factor (diffusion capacity) DLco and DLco/VA,
but more precise indicator is alveolo-arterial gradient for oxygen
P(A-a)O,, or FiO,/Pa0; [14]. Ventilation/perfusion mismatch is
an important factor that determines the oxygenation of arterial
blood. In healthy lungs there acts so-called alveolar-vascular reflex
which over distribute blood from alveoli which are not well
ventilated to areas of good ventilation [15]. HRCT images show
that in ILD alveolar involvement in gas exchange is mosaic-like
[16]. Besides of atelectatic regions that are not aerated there are
over distended areas. In inflammation arterioles under the
influence of inflammatory mediators are kept open and this
induces blood shunting.

DISCUSSION

This in turn gives venous admixture to arterial blood. From
another side, over distended alveoli create parallel dead space
that increases work of breathing. These way small bronchi
passively evoke ventilation/perfusion mismatch [17]. Besides of
arterial blood deoxygenation mismatch may be suspected from
mosaic pattern of attenuation and bronchial wall thickening in
HRCT scans, indicating on air trapping and from indicators of
small airways obstruction in oscillometric measurements [9-20].

CONCLUSION

Pathologic changes in blood vessels most commonly are found in
SSc. Leasons manifest as vasculites, endothelilitis and alveolar
hemorrhage Specific palmary vasculitis are Granulomatosis with
Polyangiitis (GPA), or Wegener granulomatosis, Eosinophilic
Granulomatosis with Polyangiitis (EGPA) or ChurgStrauss
syndrome. These diseases fall out of our topic and will not be
discussed in more detail. For succesful patient-focused treatment
of ILD important role plays understanding the pathogenesis of
lung affections in each individual case.
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