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Measure and Monitoring

• Basic of evaluation of disease 

• From understandable evidence

• Reliable information that can be shared by physicians or patients

• Affected by disease characteristics 
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For examples, 

• COPD
• High symptom group: CAT ≥ 20

• PFT definition: FEV1/FVC < 0.7 post bronchodilator

• Asthma
• Asthma Control Test: 3-5-1-2-4

• Hyper-responsiveness: FEV1 decrease 15% by mannitol

• Lung cancer
• RECIEST PR: ≥ 30% decreased
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→ Subjective

→ Subjective

→ Objective

→ Objective

→ Objective



Lack of objective measures in our guideline

6



Lack of objective measures in our guideline

• Definition of chronic cough: ≥ 8 weeks

• Cough VAS/NRS: severity

• Cough Symptom Score: frequency

• COAT: QoL

→ Patient-reported, not objective
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What is objective measure of cough?

• Subjective
• “decided by personal judgement, feeling, or opinions”

• Patient reported

• e.g.: Severity (NRS/VAS), frequency, diary, questionnaire (LCQ, COAT etc.)

• Objective 
• “not influenced by personal factor”

• Quantifiable, consistently replicable 

• e.g.: frequency, intensity, sensitivity

J Thorac Dis 2023;15(4):2288-2299 8



Subjective vs. Objective

• Not quantifiable

• Lack of consistency

• Personal aspect

• Not truly represent reality
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J Thorac Dis 2023;15(4):2288-2299 10
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History of Subjective/Objective measures of cough

Subjective

Objective

1990                    1995                   2000                  2005                    2010                   2015     2020

Cough NRS/VAS LCQ HARQ
CHQ

COAT

Capsaicin challenge

Voluntary cough suppression

Mechanical challenge

LCM
VitaloJAKHACC

LEO-sound



Cough: Airflow

CHEST 2021; 159(1):282-293 12

Intensity or amplitude

Cough count or frequency



Cough: Gastric and Esophageal pressure

CHEST 2021; 159(1):282-293 13

Cough count or frequency

Intensity or amplitude



Cough: threshold of trigger

J Investig Allergol Clin Immunol . 2013;23(5):289-301.
Journal of Neuroscience 23 February 2011, 31 (8) 2948-2958
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단원 5. 만성기침의 진단

그림 4. 만성기침의 진단적 접근

• 객혈

• 호흡곤란

• 쉰 목소리

• 구토

• 연하곤란

• 전신증상(발열, 체중감소, 

사지부종을 동반한 체중 증가)

• 기포음/천명음/협착음의 청진

• 기저 폐질환 및 심질환

• 잦은 폐렴

• 섭식장애

• 55세 이상 30갑년 이상 흡연자

• 45세 이상 흡연자에서 새롭게 

발생한 기침 또는 기존 

기침양상의 변화

경고
증상

흡연 또는

ACEI/DPP41 복용

금연 또는

약제 중단

±

후비루/비염증상

± 알레르기 검사

± 부비동CT

± 혈청 IgE

± 폐기능 검사

± 기관지유발 검사

± 기관지확장제 반응

± 유도객담 검사

± 호기 

산화질소(FeNO)

± 상부소화기

내시경

± 24시간

식도산도검사

상기도기침증후군

에 대한 치료

기침형천식 또는 

호산구기관지염에 

대한 치료

위식도역류에 

대한 치료

만성기침

원인 질환 치료와 추가 검사

만성기침에 대한
경험적 치료/검사

원인 질환 치료와
추적관찰

원인미상 기침

대증치료

신경조절제

비약물적치료

추적 관찰

정상

없음

있음

있음

호전

호전 없음

비정상
또는
임상적 진단

비정상
또는
임상적 진단

비정상
또는
임상적 진단

호전 
없음

호전 
없음

호전 
없음

호전 호전 호전

악화/
재발 악화/재발

없음

비정상

비정상정상/
기침
원인 불명확

*

정상경로

비정상경로

양방향경로*

• 경험적 치료에 정해진 1 순위는 없으며 의사의 
임상적인 판단에 따라 선택

• "상기도기침증후군→기침형천식→위식도역류"는 
예시이며 판단에 따라 순서는 바뀔 수 있음

• 임상적으로 의심될 경우 각 질환에 대한 검사없이 
경험적 치료를 시작할 수 있음

• 원인 약물 중단 또는 경험적 치료에 대한 호전 여부는 
치료 개시 4-6주 후에 판단

• 2가지 이상 원인이 동시에 의심되면 함께 검사/치료

ACEI = angiotensin converting enzyme inhibitor
DPP4I = dipeptidylpeptidase-4 inhibitor
FeNO = fractional exhaled nitric oxide

호전
없음

흉부CT 촬영

± 기관지내시경

± 심초음파

병력청취, 신체진찰

흉부X선 ± 부비동 촬영



Gastric / Esophageal pressure
- Manometry

Respiratory Physiology & Neurobiology 257 (2018) 42–5 18

Gastric (Pga) and oesophageal pressure (Poes)



Gastric / Esophageal pressure
- High Resolution Manometry (HRM)
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단원 5. 만성기침의 진단



HRM
- Objective marker for weak peristalsis 

• Figure C: Long-break = weak peristalsis (≥5cm)

J Neurogastroenterol Motil, Vol. 24 No. 3 July, 2018 21



Long break in HRM
- Higher in Cough patient, Predictor of poor outcome

J Neurogastroenterol Motil, Vol. 24 No. 3 July, 2018 22

Outcome of anti-reflux treatment in Cough patients
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EMG for cough effort level

Respiratory Physiology & Neurobiology 257 (2018) 42 24
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EMG for cough muscle threshold 

Eur Respir J 1997:10:983-989 26

Relationship of IEMGp (●) and IEMGp/tEC (▲) and cough stimulus intensity (cough threshold values (T)), r2=0.754; p<0.01



EMG for distinguishing cough, huff, and swallowing

EO, external oblique muscle

SCM, sternocleidomastoid muscle

SH, suprahyoid muscles

TH, thyrohyoid muscle

PLoS ONE 2020. 15(12): e0242810. 27



EMG for distinguishing cough, huff, and swallowing

PLoS ONE 2020. 15(12): e0242810. 28

Com: Compression phase

ExpAcc: Expiratory Acceleration
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Peak cough flow

• Evidence with peak expiratory flow

• Other chronic disease 

• Lack of evidence with cough as result

30



PCF with other measures

Appl. Sci. 2020 31
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Cough sound and cough efforts

Respiratory Physiology & Neurobiology 257 (2018) 42 33



Phase of Cough Sound

BMJ Open Resp Res 2017;4 34



BMJ Open Resp Res 2017;4 35



Cough Sound vs. VAS (subjective) and Esophageal pressure (Objective)

BMJ Open Resp Res 2017;4 36



Cough sound has good repeatability 

• ICC of Power and Frequency 

• P1 (ICC 0.93 and 0.94)

• P0.5 (ICC 0.93 and 0.94) 

BMJ Open Resp Res 2017;4 37

Intraclass correlation coefficients (ICC)



Objective measures of cough intensity - limitation

• Little is known to patient’s outcome

• No continuous measure or monitoring

• No study in ambulatory setting

• Not much comparing with subjective measure
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Cough frequency

• Not only as severity or frequency → Outcomes

• Recent advance in Technology
• Development of mobile device, IoT technology, and AI

• e.g.: Leicester Cough Monitor (LCM), VitaloJAK, Hull Automatic Cough 
Counter (HACC), and LEO sound syndrome etc. 
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Cough frequency

41

• Benefit of device 
• Cough attacks anytime

• Nocturnal cough

• Behavior associated cough

• Ambulatory evaluation

• 24 hours



Leicester Cough Monitor

Eur Respir J 2008; 31: 1013–1018
IEEE Trans Biomed Eng. 2007 Aug;54(8):1472-9.
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Leicester Cough Monitor – 24hr, Ambulatory

Eur Respir J 2008; 31: 1013–1018
IEEE Trans Biomed Eng. 2007 Aug;54(8):1472-9.
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validation 24 hours and ambulatory



Leicester Cough Monitor - Performance

Eur Respir J 2008; 31: 1013–1018
IEEE Trans Biomed Eng. 2007 Aug;54(8):1472-9.
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VitaloJAK

45



VitaloJAK
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VitaloJAK – Use in RCC RCT
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Peripheral Cough reflex sensitivity

• e.g.: capsaicin, citric acid, ATP

• Gradient escalation
• C2: Solution inducing 2 cough

• C5: Solution inducing 5 cough

J Investig Allergol Clin Immunol 2013; Vol. 23(5): 289-301 49



Peripheral Cough reflex sensitivity

• Control vs. Chronic Cough patient (n=46)

• C5 reasonable cut-off

Respiratory Medicine (2014) 108, 1371-1376 50



Central Cough reflex sensitivity

• Voluntary Cough Suppression Test
• Modifying from capsaicin challenge test

• “try not to cough” 

• CS5: moderately correlated with 
objective cough frequency
• In RCC: sensitivity (100%) and specificity 

(91.3%) when 39 µmol/L as threshold

Eur Respir J 2019; 53: 1802203 51



Central Cough reflex sensitivity

• Brain functional magnetic resonance imaging (fMRI)
• CC: Activation of the midbrain during airway irritation

• but not in healthy subjects

• Healthy: Activation in the medial prefrontal cortex during airway irritation
• but not in CC subjects

Thorax 2016;71:323–329. 52



Central Cough reflex sensitivity
• A: dorsomedial prefrontal cortex (DMPFC) in 

healthy subject after capsaicin inhalation

• C: right anterior insula (AI) and right inferior 
frontal gyrus (IFG) in cough patient

Thorax 2016;71:323–329. 53
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Future of cough measure

• Objective + Subjective

• Smaller, AI, anywhere

• Needs of validated objective measure for cough diagnosis, severity, 
and monitoring

• In various chronic respiratory disease
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Summary - Objective measure and monitoring of cough

• Cough intensity
• Esophageal/Gastric pressure – Manometry, High resolution manometry

• About cough muscle - EMG

• Peak Cough Flow

• Cough sound: Sound power or intensity
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Summary - Objective measure and monitoring of cough

• Cough frequency
• 24 hours, Mobile, and automated

• Measure/monitoring value + outcome 

• Leicester cough monitor, VitaloJAK, HACC, LEO sound etc. 

• Cough sensitivity
• pph: capsaicin, citric acid, ATP

• Central: Voluntary cough suppression test, brain function MRI
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Thank you for listening
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