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In COPD, airflow obstruction is caused by a mixture of small airways disease (which

increases airway resistance) and parenchymal destruction (emphysema, that reduces the

normal elastic recoil of the lung parenchyma), the relative contributions of which vary from

person to person.

Chronic inflammation causes structural changes, narrowing of the small airways, luminal

exudates in the small airways and destruction of the lung parenchyma that leads to the loss

of alveolar attachments to the small airways and decreases lung elastic recoil. In turn, these

changes diminish the ability of the airways to remain open during expiration. A loss of small

airways may also contribute to airflow obstruction and mucociliary dysfunction.
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Pathology samples of respiratory biopsies.

Eur Respir J. 2020 Mar 5;55(3):1902457

* FEF25–75 is highly sensitive to early lung changes leading to airflow limitation



CHEST 2013; 143(5 ): 1436 – 1443

Bronchogram from a normal human lung

Small airway (<2mm diameter)



CHEST 2013; 143(5 ): 1436 – 1443



Evidence for small airway disease in COPD

1. Direct assessment of small airway resistance

2. Pathology studies

3. Lung physiology

4. Imaging studies

Tuberc Respir Dis 2017;80:317-324



Direct assessment of small airway resistance

Brief historical overview showing the milestones that lead to the discovery of the nature of airway resistance and to small airways mechanics.

Respir Care. 2020 Sep;65(9):1392-1412



Direct assessment of small airway resistance

J Appl Physiol (1985). 1992 Mar;72(3):1016-23

Absolute values of pulmonary resistance 

Central airway resistance 

Peripheral airway resistance

Inspiration

Expiration

Bronchial asthma

Group A: FEV1 >80%, asymptomatic 

Group B: FEV1 < 70%



Direct assessment of small airway resistance

CHEST 2013; 143(5 ): 1436 – 1443

The increase in small airway resistance in COPD could be explained by airway narrowing or airway obliteration.

predominantly due to the overall reduction in the diameter of the small airways



Pathology studies

N Engl J Med. 2011 Oct 27;365(17):1567-75

Micro CT
Multidetector CT



Lung physiology

• The measurement of FEV1 by spirometry is not specific for SAD with the larger airways
contributing substantially to the expired volume.

• IOS uses sound waves of various frequencies to assess respiratory resistance and
reactance during tidal breathing.

Tuberc Respir Dis 2017;80:317-324



Imaging studies

Tuberc Respir Dis 2017;80:317-324

• CT imaging: presence and severity of emphysema

• Emphysema: percentage of voxels <-950 Hounsfield Units (HU) on an inspiratory CT scan

• Gas trapping (d/t SAD or emphysema): percentage of voxels <-856 HU on an expiratory CT scan

• Parametric response mapping (PRM): matches the CT images from inspiratory and expiratory scans to 
differentiate gas trapping due to emphysema and SAD. 

fSAD: functional small airway disease

★ SAD precedes the development of emphysema



Am J Respir Crit Care Med. 2022 Dec 1;206(11):1317-1325



Respir Res. 2021 Feb 24;22(1):68



Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692

Rationale: Small airway disease is an important pathophysiological feature of chronic obstructive pulmonary disease (COPD).

Recently, “pre-COPD” has been put forward as a potential precursor stage of COPD that is defined by abnormal spirometry findings

or significant emphysema on computed tomography (CT) in the absence of airflow obstruction.

Objective: To determine the degree and nature of (small) airway disease in pre-COPD using microCT in a cohort of explant

lobes/lungs.



Pre-COPD Gold stage I Gold stage II Gold stage III/IV

Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692

Overview of the computed tomography presentation of the different study groups

Control



Pre-COPD Gold stage I Gold stage II Gold stage III/IV

Overview of the micro-computed tomography presentation of the different study groups

Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692
TrB = transitional bronchiole; TB = terminal bronchiole

Control



SD = surface density

TB = terminal bronchiole

TrB = transitional bronchiole

Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692



Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692



Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-692

Small airway pathology in pre-COPD

Conclusions: Lungs of patients with emphysematous pre-COPD already show fewer small airways and

airway remodeling even in the absence of physiologic airway obstruction.



Am J Respir Crit Care Med. 2024 Mar 15;209(6):619-621



Small airway assessment



Chest. 2021 Jul;160(1):114-134



• Spirometry

✓ Maximum Mid-Expiratory Flows (FEF 25-75%): poor reproducibility and sensitivity

Small correlation between MMEF and gas trapping and small airway inflammation

• Plethysmography

✓ Residual volume (RV) and RV/total lung capacity (TLC): assess small airway function,

provide accurate information about gas trapping and lung hyperinflation

✓ Small airway dysfunction: RV > 120% of predicted value or RV/TLC >35%

✓ Simple operation, better accuracy, high reproducibility

✓ Not specific to small airways, expensive equipment



• Forced Oscillation Technique and Impulse Oscillometry

✓ simple and noninvasive novel method of lung function assessment

✓ assess small airways.

✓ IOS parameters: total airway resistance (R5)-central airway resistance (R20), peripheral

capacitance, resonant frequency (Fres) and reactance area (AX) are significantly correlated

with FEF25-75%,

✓ particularly Fres, which is more sensitive than FEF25-75% in the diagnosis of small airway

dysfunction

✓ effort-independent



• Gas washout technique



• Gas washout technique

✓ Single breath nitrogen washout (SBNW): reflect the small airway functions of the

closed volume (CV), closing capacity (CC) and third phase slope III (SIII)

▪ increase in CV and CC in patients with COPD was related to gas trapping caused by the

premature closure of small airways

▪ SIIII is correlated with FEV1%, RV/TLC and diffusion capacity to carbon monoxide

(DLCO)

✓ Multiple breath nitrogen washout (MBNW): improvement over the SBNW test

▪ The MBNW test requires a low level of patient cooperation, but it has not been widely

used in clinical practice due to the requirement for standardized techniques



• Peripheral Exhaled NO

✓ reflect the level of inflammation in the lung, particularly eosinophilic airway

inflammation

✓ At low speed, NO mostly reflects the fractional exhaled NO (FENO) which comes

from the central airway, whereas at high speed, it reflects the alveolar concentration

of exhaled NO (CANO) which arises from the peripheral airway

✓ Further research is required to determine its value



• Imaging

✓ Ratio of mean lung density between expiratory and inspiratory CT (MLED/I):

quantitively evaluate the degree of gas trapping

✓ Parametric response mapping (PRM): small airway dysfunction

✓ Disadvantages: lack of consensus on the best index for small airways disease

assessment, and exposure of subjects to ionizing radiation

• Cytology of Induced Sputum









Available noninvasive and invasive assessment tools for small airway assessment.

Respir Care. 2020 Sep;65(9):1392-1412



Exp Ther Med. 2021 Dec;22(6):1386



Treating small airways in COPD
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Delivery Systems Targeting Small Airways

• The size of inhaled particles determines their fate within the respiratory tract,

with larger particles being deposited in the oropharynx, trachea, and upper

bronchial tree, while smaller particles can reach the distal airways.

Respiration 2012;84:441–453



For drug delivery to the lower respiratory tract and lungs, particle size (mass-median aerodynamic diameter) can be fine (2-5µm)

or extra-fine (< 2µm), which influences the total respirable fraction (particles < 5 µm) and the amount and site of drug deposition

(more peripheral deposition with extra-fine particles)
Eur Respir J. 2012 Apr;39(4):1054-5



Effect of MMAD on lung deposition using monodisperse salbutamol   

MMAD 1.5 µm MMAD 3 µm MMAD 6 µm

Am J Respir Crit Care Med. 2005 Dec 15;172(12):1497-504



Pharmacologic Targeting Small Airways in COPD

• Compared with nonextrafine formulations, the intrapulmonary deposition of extrafine

particles studied with the gamma scintigraphy technique, multi-slice CT scans, and

computational fluid dynamics in subjects with moderate and severe COPD exhibited

better regional lung deposition as well as significant improvements in static lung

volumes and a reduction in extrathoracic drug deposition.

• Extrafine triple combination therapy

Respiration 2012;84:441–453



Lancet. 2016 Sep 3;388(10048):963-73
BDP/FF/G, beclometasone diprionate, formoterol fumarate, and glycopyrronium. BDP/FF, beclometasone

diprionate and formoterol fumarate



Lancet. 2017 May 13;389(10082):1919-1929



Lancet. 2018 Mar 17;391(10125):1076-1084
BDP/FF/G, beclometasone diprionate, formoterol fumarate, and glycopyrronium. IND/GLY, indacaterol and 

glycopyrronium



PLoS One. 2017 Jun 15;12(6):e0178112

Patient on extra-fine particle ICS had lower pneumonia 
risk than those on fine-particle ICS



Inspiratory flow, flow acceleration, and inhaled volume are important factors for patients to

successfully inhale drug particles from handheld devices into the lower respiratory tract.

NPJ Prim Care Respir Med. 2022 May 26;32(1):18





Conclusion

• Small airway diseases (SAD) is a key pathological feature in COPD.

• Small airway narrowing is the major cause of increased airflow resistance in COPD,

and there is evidence that SAD occurs early in the natural history of COPD.

• The narrowing and destruction of small airways appears to precede the development of

emphysema.

• Early recognition of SAD and targeted treatment may improve clinical symptoms and

delay disease progression.
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