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Chronic sputum

 Significant troublesome and  symptom in practice 

 Accelerated decline in lung function 

 ↑ Hospitalization and ↑ all-cause mortality

 Prevalence : 1.2% to 13%, globally 

Am J Respir Crit Care Med 1996; 153: 1530-5.

Chest 1994; 106: 827-34.

Eur Respir J 2003; 22: 413-7.

Am J Respir Crit Care Med 2007; 175: 32-9.



(6.3%)

J Korean Med Sci 2014; 29: 825-830 



Lancet Respir Med 2023; 11: 637–49 



BMC Pulmonary Medicine (2022) 22:69



2585 (59.3%), 953 (21.8%), and 825 (18.9%) participants had 

mucus plugs in 0, 1 to 2, and 3 or more lung segments

JAMA. 2023;329(21):1832-1839



Am J Respir Crit Care Med. 2024;209(12):1508-1510



Scientific Reports | (2025) 15:30193 



Pathogenesis and 
pathophysiology 



NEJM 2010; 363: 2233-47

Nature Reviews Immunology volume 21, pages347–

362 (2021)

Human Airway Epithelium

https://www.nature.com/nri


Mucus

• 97% water and 3% solids (mucins, non-mucin proteins, 
salts, lipids, and cellular debris)

• Maintaining hydration in the airway 

• Trapping  particulates, bacteria, and viruses

• Antioxidant, antiprotease, and antimicrobial activities

• The gel forming mucins: principal polymeric components 
of normal mucus



NEJM 2010; 363: 2233-47

N Engl J Med 2019;380:1941-53

Structure of Airway Mucus



Mucin 

• Account for less than 30% of solids

• Large glycoproteins (up to 3×106 D per monomer) 

• Tandemly repeating amino acids  rich in  serine and threonine 
residues linked by their hydroxyl side groups to  sugar chains  

(O-glycosylation)

• 50 to 90% carbohydrate, highly anionic

• 17 genes encoding mucins 

(seven are secreted and the remainder is membrane-bound)



Two subtypes of mucin 

• Secreted mucins

Forming mucus gel and not membraned-bound 

provide physical barrier and enable mucocililary clearance

: MUC2, MUC5AC, MUC5B, MUC6, MUC7, MUC8, MUC9 and MUC 19

• Transmembrane mucins

Anchored to the cell membrane with extracellular, transmembrane and 

cytoplasmic domains 

Involved in cell signaling, immune modulation and pathogen interference

MUC1, MUC3, MUC4, MUC11/12, MUC13, MUC14, MUC15, MUC16,    

MUC17, MUC20, MUC 21, and MUC 22 

Physiol Rev 2006; 86: 245–278



Characteristics of airway mucins

Physiol Rev 2022; 102: 1757–1836



MUC5B: protective mucin

 Constantly expressed  

 Produced in surface secretory cells throughout the 

airways and by submucosal glands

 Gel formation, maintaining structural stability and   

effective mucus clearance

 Mediates baseline barrier and clearance functions

 ↓Proportion ↓airway protection and ↓mucus clearance

Physiol Rev 2006; 86: 245–278



MUC5AC: Disease-related mucin

 Induced by pathogens, gases, inflammatory mediators, 

adrenergic, cholinergic, and neurohumoral factors

 Predominantly produced in proximal airways by surface 

goblet cells 

 Augmentation of  proximal barrier and clearance function 

 ↑ Proportion ↑mucus production and viscosity

Physiol Rev 2006; 86: 245–278



N Engl J Med 2017;377:911-22.

Associations between Total Mucin Concentrations and 

Phlegm Production and Disease Severity in COPD



AJRCCM 2022; 205: 631-640



AJRCCM 2022; 205: 631-640



NEJM 2019;380:1941-53



Clinical assessment



Causes of Sputum Production

Category Representative Causes

Upper airway Postnasal drip (rhinitis, sinusitis)

Airway inflammation Asthma

Chronic airway diseases COPD, Bronchiectasis, 

Infection Bronchitis, pneumonia, TB, NTM 

Reflux-related GERD

Environmental Smoking, pollution

Dehydration Low fluid, dry air

Others ACEi, aspiration



Clinical assessment 

 Patients history

 Symptom Evaluation

 Imaging

 Pulmonary Function Tests

 Sputum evaluation 



JAMA. 2025;334(3):253-264



JAMA. 2025;334(3):253-264



Management 



Primary goal
Reduction of mucus viscosity 

Enhancement of airway hydration

Improvement of mucociliary clearance 

Multimodal approach
Lifestyle modification 

Airway clearance technique

Pharmacological therapies

Non-pharmacological interventions



Life style modification

• Hydration

• Smoking cessation
reverses goblet cell hyperplasia, improves mucociliary function, and 

decreases mucus viscosity.

smoking induces airway dehydration, increases mucus  viscosity, and 

impairs MCC

• Regular physical activity and pulmonary rehabilitation
: indirectly enhance airway clearance by improving ventilatory mechanics and 

cough efficacy



분류 (Category) 기술명 (Technique)

능동적 기술 (Active) 기침법 (Coughing)

허핑 (Huffing)

가슴팽창운동 (Chest Expansion Exercise)

능동주기 호흡법 (Active Cycle of Breathing, ACBT)

자가배출법 (Autogenic Drainage)

보조기침법 (Assisted Coughing)

덧대기 기침법 (Splinted Coughing)

수동적 기술 (Passive) 자세변경 배출법 (Postural Drainage)

두드리기 (Percussion)

진동법 및 흔들기 (Vibration & Shaking)

가슴팽창운동과 자세변경 배출법

도구 활용 (Devices) 에어로비카, 플루터, 아카펠라

BPET (Positive Expiratory Pressure Device)

High-frequency chest wall oscillation (고주파 가슴벽 진동)

IPPB (Intermittent Positive Pressure Breathing, 간헐적 양압 호흡)



기침법

허핑 기침(Huffing cough) 보조 기침(Assist cough)

호흡재활 지침서 2015
대한결핵및호흡기학회 외



체위배담법(Postural drainage)

호흡재활 지침서 2015
대한결핵및호흡기학회 외



호기양압치료(Positive expiratory pressure; PEP therapy)

1) 목적: 환자가 숨을 내쉴 때 10∼20 cmH2O 정도의 압력을 받게하여 호기 기간동안 기도를
개방하게 하는 도구이다. 말초 분비물이 큰 기도로 이동하도록 도와준다.  플루터와 아카펠
라는 진동법이 동시에 적용되는 도구이다.

2) 방법: 
기구를 통해 흡기 시간보다 2∼3배 길게 숨을 내쉬고 약 10∼20회 반복하고 기침을 시행한

다
호흡재활 지침서 2015

대한결핵및호흡기학회 외



고빈도흉벽진동기(High frequency 

chest wall oscilation)

기침보조기(Mechanical insufflations-
exsufflator(MIE)/Cough assist machine)

호흡재활 지침서 2015
대한결핵및호흡기학회 외



Mucoactive drugs 



Eur Respir Rev 2010; 19: 116, 127–133



Hypertonic saline 

Critical Care (2025) 29:68



N Engl J Med 2006;354:241-50

N Engl J Med 2006;354:229-40



N Engl J Med 2025;393:1565-1577



Carbocisteine

 Restoring equilibrium between sialomucins and focomucins
(glycoproteins that regulate viscoelastic properties of bronchial 
mucus)  via the intracellular stimulation of sialyl transferase 
enzyme

 Reducing cellular damage by activating protein kinase B 
phosphorylation

 Antioxidant and anti-inflammatory effects by Suppression of  NF-KB 

and ERK1/2 MAPK signaling pathways 

 Potential benefits through the inhibition of bacterial adherence to 
ciliated epithelial cells, reducing levels of IL-6/8 and scavenging 
reactive oxygen species (ROS)

Critical Care (2025) 29:68



NEJM 2025; 393: 1565-1577



Mechanisms of bronchodilatory action of antimuscarinic 
agents and beta2-adrenergic receptor agonists

Multidisciplinary Respiratory 

Medicine 2014, 9:50



AJRCCM 2017; 196: 139-149



N Engl J Med 2022;387:1173-84



N Engl J Med 2011;365:689-698 Lancet Respir Med 2014;2: 361–68



Lancet Respir Med 2019; 7: 845–54

Primary outcome of frequency of exacerbations

Time to first exacerbation survival curves



Lancet 2015; 385: 857–66



Ensifentrine

International Journal of Chronic Obstructive 

Pulmonary Disease 2021:16 2363–2373 

Breathe 2025; 21: 250206

activates cystic fibrosis transmembrane 

conductance regulator (CFTR), enhancing chloride 

ion secretion and mucociliary clearance



Am J Respir Crit Care Med 2023; 208: 406–416
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N-acetylcysteine (NAC)

Critical Care (2025) 29:68 Antioxidants 2023, 12, 1713



BMC Pulmonary Medicine (2024) 24:434

12-week, prospective, single-arm, open-label, 

Phase IV multi-center trial

NAC (Mucomyst® )  via nebulizer. 

Each vial (4 mL) of  Mucomyst contains 0.8 g 

NAC, diluted  with normal saline in a 1:1 ratio



Erdosteine
Antioxidant

Anti-inflammatory properties

Modulation of  bacterial adhesiveness

Pulm Pharmacol Ther 2008; 21: 304–308

Pulm Pharmacol Ther 2015; 33: 47–51.

Chemotherapy 2001; 47: 208–214.

Eur Respir J 2017; 50: 1700711



Critical Care (2025) 29:68

Ambroxol



Pharmacodynamics activity

Pulmonary Pharmacology & Therapeutics 53 (2018) 80–85



Eur Respir J 2025; 66: 2501126



Eur Respir J 2025; 66: 2501126
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Interventional and surgical 

treatment for COPD 



Eur Respir J2020; 56: 2000556.



AJRCCM 2020; 202: 681–689



CHEST 2026; 169(1):73-83



Targeted lung denervation

Thorax 2015;70:411–419

Physically interrupting parasympathetic pulmonary nerve input into the lung

Main bronchi using radiofrequency catheter blocks parasympathetic signaling within  

bronchial nerve branches, decreasing acetylcholine release and thus airway obstruction 



AJRCCM 2019; 200: 1477-1486



AJRCCM 2025; 211: 2318-2329



Summary 

Mucus plugging: Clinical significance

Mucin expression and CFTR dysfunction 

Physiotherapy

Use of mucoactive drugs

Bronchoscopic intervention 

Still unmet need in clinical practice 
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