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주요 호흡기 증상들

⚫ 기침

⚫ 가래

⚫ 호흡곤란(숨참)

⚫ 객혈(피가래)

⚫ 흉부불편감(가슴 답답함)

⚫ 천명(쌕쌕거림)



호흡기계(Respiratory System)를 보호하기 위한 작용들

Harrison's Principles of Internal Medicine, 20e > Pneumonia



Mucus

⚫Mucus = mucous secretion

◆ Increased mucus = mucous hypersecretion

◆Mucus consists of water (95%), most of which is bound in a viscoelastic gel containing 

mucins.

⚫Mucins: mucus의 주성분

◆ 19 mucin (MUC) genes: two groups

▪ Membrane associated mucins: MUC1, MUC4

▪ Gel-forming secreted mucins: two are especially prominent in inflammatory airway diseases

• MUC5AC in airway goblet cells (large [luminal diameter, >2 mm] and small airway)

• MUC5B in submucosal gland mucous cells (large airway)

• The gel-forming mucins in mucus are high-molecular weight glycoproteins that are key 

components of mucous cells and are rich in carbohydrates

Murray 6th, Chapter 10 Airway Epithelium and Mucous Secretion



Mucus

⚫ Epithelial mucin production and secretion play major roles in clearance of inhaled “invaders” 

by cough and by mucociliary clearance. 

⚫ Normally mucin production is modest, and inhaled foreign substances are cleared 

asymptomatically and without obvious pathologic changes.

⚫ Mucous hypersecretion in the large conducting airways is manifested in symptoms, 

predominantly cough and sputum production. Unlike the effects in the large airways, 

bronchiolar hypersecretion is generally asymptomatic early and consists of luminal mucous 

plugging, which can ultimately lead to incapacitation and death. 

Murray 6th, Chapter 10 Airway Epithelium and Mucous Secretion



Mucus Clearance in Normal Airways

Fahy JV, N Engl J Med 2010;363:2233-47 [PMID 21121836]



Structure of Airway Mucus

Fahy JV, N Engl J Med 2010;363:2233-47 [PMID 21121836]



Representation of the two layers that compose the airway 
surface layer (ASL)

Button B, Respir Physiol Neurobiol 2008;163:189-201 [PMID 18585484]



Airway Mucosal Disease and Mucus Characteristics

Fahy JV, N Engl J Med 2010;363:2233-47 [PMID 21121836]



Morphology of Healthy and Dilatated Bronchi

Chalmers JD, Nat Rev Dis Primers 2018;4:45 [PMID 30442957]



Airway Mucus Secretion and Hypersecretion 

Rogers DF, Respir Care 2007;52:1134-46; discussion 46-9 [PMID 17716382]

Asthma or 
COPD or 

(CF)

Inflammation



Examples of Stimuli That Induce Mucin Synthesis 
in vitro or in vivo by EGFR Activation in Airways

Burgel PR, Thorax 2004;59:992-6 [PMID 15516478]



Mucous Hypersecretion

⚫Asthma

◆Goblet cell numbers in the 

conducting airways are increased

even in mild asthma

◆A history of asthma with chronic 

sputum overproduction is associated 

with an accelerated decline in 

maximal expiratory airflow 

(indicative of airway obstruction)

⚫COPD

◆ Increased expression of mucins in 

bronchioles in COPD and an increased 

number of goblet cells in peripheral 

airways.

◆Chronic mucous hypersecretion is often 

associated with excessive decline in 

pulmonary function and increased risk for 

hospitalization. 

◆ The progression of COPD was strongly 

associated with an increase in 

inflammatory mucous exudates in the 

lumens of small airways.

Lange P, N Engl J Med 1998;339:1194-200 [PMID 9780339]

Vestbo J, Am J Respir Crit Care Med 1996;153:1530-5 [PMID 8630597]



Impaired Mucociliary Clearance

⚫Conditions

◆ asthma

◆ chronic bronchitis/COPD

◆ cystic fibrosis 

◆bronchiectasis

◆primary ciliary dyskinesia

Lin VY, Eur Respir J 2020;55 [PMID 31672759]

⚫ Interventions

◆Cough clearance by physical therapy

◆Mechanical interventions

▪ Flutter valves

▪ Vibration vests

◆Pharmaceutical interventions



Factors That Improve Mucociliary Transport

⚫ increased ciliary beat frequency

⚫ higher mucus elasticity (to store the transmitted energy)

⚫ lower mucus viscosity (to reduce loss of energy)

⚫ higher adhesivity (that hinders wave formation in the gel layer)

⚫ increased spinnability (a measure of the thread forming ability of mucus)

⚫ a thinner mucus layer

⚫ a periciliary (sol) layer that is just less than the height of the cilia (to improve coupling with ciliary 

tips)

Rogers DF, Respir Care 2007;52:1176-93; discussion 93-7 [PMID 17716385]



Factors That Improve Cough Clearance

⚫ lower mucus elasticity (to reduce recoil of cough-sheared mucus)

⚫ higher mucus viscosity

⚫ lower adhesivity (to promote wave formation in the gel)

⚫ lower spinnability (ability to be spun into a thread)

⚫ a thicker mucus layer

⚫ a periciliary layer that is higher than the height of the cilia

Rogers DF, Respir Care 2007;52:1176-93; discussion 93-7 [PMID 17716385]



Mucoactive drugs Potential mechanism of action

Expectorants

Hypertonic saline 

(고장성 식염수)

Guaifenesin

Increases secretion volume and/or hydration

Stimulates secretion and reduces mucus viscosity

Mucoregulators

Carbocisteine (OTC)

Anticholinergic agents

(tiotropium etc.)

Glucocorticoids 

Macrolide antibiotics

Metabolism of mucus producing cells, antioxidant and anti-inflammatory effects, modulates mucus production

Decreases secretion volume

Reduces airway inflammation and mucin secretion

Reduces airway inflammation and mucin secretion

Balsamo R et al., Eur Respir Rev. 2010 Jun;19(116):127-33. 

Mucoactive Drugs & Their Potential Mechanisms of Action



Mucoactive drugs Potential mechanism of action

Mucolytics

N-Acetylcysteine 

N-Acystelyn

Erdosteine

Dornase alfa

Gelsolin

Thymosin b4

Dextran

Heparin

Breaks disulphide bonds linking mucin polymers; Antioxidant and anti-inflammatory effects

Increases chloride secretion and breaks disulphide bonds

Modulates mucus production and increases mucociliary transport

Hydrolyses the DNA in mucus and reduces viscosity in the lungs

Severs actin filament cross-links

Severs actin filament cross-links

Breaks hydrogen bonds and increases secretion hydration

Breaks both hydrogen and ionic bonds

Mucokinetics#

Bronchodilators

Surfactants 

Ambroxol

Bromhexine (OTC)

Improves cough clearance by increasing expiratory flow

Decreases sputum/mucus adhesiveness

Stimulates surfactant production and inhibits neuronal sodium channels

Balsamo R et al., Eur Respir Rev. 2010 Jun;19(116):127-33. #: also referred to as cough clearance promoters.

Mucoactive Drugs & Their Potential Mechanisms of Action
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Bennett WD, ERJ Open Res 2020;6 [PMID 32802823]



Bennett WD, ERJ Open Res 2020;6 [PMID 32802823]



Bennett WD, ERJ Open Res 2020;6 [PMID 32802823]



Bennett WD, ERJ Open Res 2021;7 [PMID 34109248]



Bennett WD, ERJ Open Res 2021;7 [PMID 34109248]



Ohar JA, Chronic Obstr Pulm Dis 2019;6:341-9 [PMID 31647856]



Dicpinigaitis PV, Chest 2003;124:2178-81 [PMID 14665498]



Albrecht H, Respir Res 2012;13:118 [PMID 23270519]



Albrecht H, Respir Res 2012;13:118 [PMID 23270519]



Bilton D, Chest 2013;144:215-25 [PMID 23429964]
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Bilton D, Chest 2013;144:215-25 [PMID 23429964]



Bilton D, Chest 2013;144:215-25 [PMID 23429964]



⚫ 26 patients with COPD complaining of sputum and cough at least for 8 weeks who had not 

been treated with anticholinergic agents

⚫ Cough and Sputum Assessment Questionnaire (CASA-Q) 

Tagaya E, Pulm Pharmacol Ther 2016;39:81-4 [PMID 27350218]



Tagaya E, Pulm Pharmacol Ther 2016;39:81-4 [PMID 27350218]



Zheng JP, Lancet 2008;371:2013-8 [PMID 18555912]



Zheng JP, et al. Lancet 2008;371:2013-8.

◆ FEV1 between 25% and 79%

◆ Risk ratio 0·75 (95% CI 0·62–0·92, p=0·004)



Zheng JP, Lancet 2008;371:2013-8 [PMID 18555912]



Decramer M, et al. Lancet 2005;365:1552-60.

◆ 523 patients, GOLD II – III with frequent AE (at least two per year for 2 years)

◆ Oral NAC (anti-oxidant, anti-inflammatory agent) 600 mg/d versus placebo, 3 years

◆ Primary end point: yearly reduction in forced expiratory volume in 1 s (FEV1) and the number 

of exacerbations per year



Decramer M, et al. Lancet 2005;365:1552-60.

◆ Subgroup analysis suggested that the exacerbation rate might be reduced with N-

acetylcysteine in patients not treated with inhaled corticosteroids



Zheng J-P, et al. The Lancet Respiratory Medicine 2014;2:187-94.

◆ Chinese patients with moderate-to-severe COPD, long-term use of N-
acetylcysteine 600 mg twice daily can prevent exacerbations, especially in disease 
of moderate severity

◆ 1297 patients with postBD FEV1 30-70 %, 1-year treatment



Moretti M, Drugs Exp Clin Res 2004;30:143-52 [PMID 15553660]



⚫ 30 % reduction in exacerbations

⚫ 58 % reduction in hospital days

⚫ improved health status

⚫ lower COPD-related diseases costs

Moretti M, Drugs Exp Clin Res 2004;30:143-52 [PMID 15553660]



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]
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Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]



Tarrant BJ, Respirology 2017;22:1084-92 [PMID 28397992]



Tarrant BJ, Respirology 2017;22:1084-92 [PMID 28397992]



Regan KH, Respirology 2018;23:1127-37 [PMID 30242794]

Emerging Therapies in Bronchiectasis



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]



Lazaar AL, Respir Res 2020;21:149 [PMID 32532258]
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COPD: NICE guideline [NG115] 

⚫ Oral mucolytic therapy

◆ 1.2.40 Consider mucolytic drug therapy for people with a chronic cough productive of sputum. 

[2004]

◆ 1.2.41 Only continue mucolytic therapy if there is symptomatic improvement (for example, 

reduction in frequency of cough and sputum production). [2004]

◆ 1.2.42 Do not routinely use mucolytic drugs to prevent exacerbations in people with stable COPD. 

[2010]

⚫ Last updated: 26 July 2019

https://www.nice.org.uk/guidance/ng115/chapter/Recommendations#managing-stable-copd



Criner GJ, et al. Chest 2015;147:883-93.



Criner GJ, et al. Chest 2015;147:883-93.

It recommended N-acetylcysteine treatment for patients with moderate to severe 
COPD and a history of two or more exacerbations during the previous 2 years



1) Should mucolytics be prescribed to patients with stable COPD to prevent COPD exacerbations?

2) Are long-acting β-agonists (LABAs) or long-acting muscarinic antagonists (LAMAs) preferable in

patients with stable COPD to prevent COPD exacerbations?

3) Should roflumilast be prescribed to patients with COPD associated with chronic bronchitis and

exacerbations to prevent subsequent exacerbations?

4) Should fluoroquinolones be prescribed to patients with stable COPD to prevent COPD exacerbations?

5) Should macrolides be prescribed to patients with stable COPD to prevent COPD exacerbations?

Wedzicha JA, Eur Respir J 2017;50 [PMID 28889106]



1) Should mucolytics be prescribed to patients with 
stable COPD to prevent COPD exacerbations?

⚫ ERS/ATS recommendation

◆ For patients who have COPD with moderate or severe airflow obstruction and exacerbations despite 

optimal inhaled therapy, we suggest treatment with an oral mucolytic agent to prevent future 

exacerbations (conditional recommendation, low quality of evidence)

⚫ Remarks

◆ Moderate or severe airflow obstruction is defined as a post-bronchodilator FEV1/FVC <0.70 and an 

FEV1 % pred of 30–79%. The beneficial effect of mucolytic therapy on the rate of COPD 

exacerbations was driven by trials that administered high-dose mucolytic therapy (e.g. N-

acetylcysteine 600 mg twice daily)

Wedzicha JA, Eur Respir J 2017;50 [PMID 28889106]



GOLD 2021

⚫ Mucolytic (mucokinetics, mucoregulators) and antioxidant agents (N-acetylcysteine, 

carbocysteine, erdosteine) In COPD patients not receiving inhaled corticosteroids, regular 

treatment with mucolytics such as carbocysteine and N-acetylcysteine (NAC) may reduce 

exacerbations and modestly improve health status.

⚫ In contrast, it has been shown that erdosteine may have a significant effect on (mild) 

exacerbations irrespective of concurrent treatment with ICS. 

⚫ Due to the heterogeneity of studied populations, treatment dosing and concomitant 

treatments, currently available data do not allow one to identify precisely the potential target 

population for antioxidant agents in COPD

GOLD 2021



Polverino E, Eur Respir J 2017;50 [PMID 28889110]



Question 6: Is long-term mucoactive treatment (⩾3 months) 
compared to no treatment beneficial for treating adult 

bronchiectasis patients?

⚫ Recommendation

◆ We suggest offering long-term mucoactive treatment (⩾3 months) in adult patients with 

bronchiectasis who have difficulty in expectorating sputum and poor quality of life and where 

standard airway clearance techniques have failed to control symptoms (weak recommendation, low 

quality evidence).

◆ We recommend not to offer recombinant human DNase to adult patients with bronchiectasis 

(strong recommendation, moderate quality evidence)

Polverino E, Eur Respir J 2017;50 [PMID 28889110]



Mucoactives in Bronchiectasis

⚫ Recommendations

➢ Do not routinely use recombinant human DNase in adults with bronchiectasis. (A)

➢ Consider the use of humidification with sterile water or normal saline to facilitate airway clearance. (D)

⚫ Good practice points

✓ Consider a trial of mucoactive treatment in patients with bronchiectasis who have difficulty in sputum 

expectoration.

✓ Perform an airway reactivity challenge test when inhaled mucoactive treatment is first administered.

✓ Consider pre-treatment with a bronchodilator prior to inhaled or nebulised mucoactive treatments 

especially in individuals where bronchoconstriction is likely (patients with asthma or bronchial hyper-

reactivity and those with severe airflow obstruction FEV1 <1 litre).

✓ If carbocysteine is prescribed, a 6-month trial should be given and continued if there is ongoing clinical 

benefit.

Hill AT, Thorax 2019;74:1-69 [PMID 30545985]
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