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Ultrasound and lung

The lung is a major hindrance for the use of ultrasound at the thoracic level.

1992, TR Harrison, Principles of Internal Medicine

Ultrasound imaging is not useful for evaluation of the pulmonary parenchyma.

2001, TR Harrison, Principles of Internal Medicine

Ultrasound represent organs filled with fluid or tissue very well. 

However, “Air” in the lung is a major hindrance for the use of ultrasound at thorax due to “artifacts”



LUS: Emerging field of pulmonology area

?

Pubmed search: # lung ultrasound # thoracic ultrasound



Why we use LUS?

Breathing 

• Evaluation : ‘inspection’, ‘palpation’, ‘percussion’, ‘auscultation’

• More information from other modality (see how patient breathe)

• CXR? → cannot see

• CT? → not real-time, cannot perform frequently

• EMG? → invasive, not-intuitive

• Then, how about US? (real-time, non-harmful, and easily repeated)



Personal experience about LUS

• 2017: SECCI → “BLUE protocol”, “A-line”, “B-line”… artifacts

• 2018: Application LUS in diverse fields (Airway disease, ILD, Pleural disease, ICU)

• 2019: Diaphragm muscle, Intercostal muscle

• Co-work with Department of Rehabilitation Medicine

• Respiratory muscle power: thickening fraction and excursion of diaphragm

Today`s main issue
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What is the lung ultrasound (LUS)?

• Thoracic ultrasound

• Lung ultrasound (LUS)

• Pleura: pleural thickness, irregularity, pleural effusion

• Respiratory muscle

• Diaphragm ultrasound (DUS)

: diaphragm thickness, diaphragm thickening fraction, diaphragm excursion

• Intercostal muscle 

• Others 

Volpicelli et al 2019 ERS handbook - Thoracic ultrasound



What is the lung ultrasound (LUS)?

• Lung ultrasound (LUS)

• Integrated understanding between “Real images” and “Artifact images”

• Real images : lung consolidation, pleural effusion etc.

• Artifacts : Reverberation artifacts (A-line, B-line), comet-tail signs etc.

Real image Artifacts Integrated interpretation!



• Bat sign

• Images of two ribs and intercostal space

• Visceral–parietal pleura interface

Lung sliding in posterior-lateral areaLung sliding in anterior lung

F Mojoli et al. AJRCCM Vol 199. No 6, March, 2019

H.R.W. Touw et al. The Netherlands Journal of Medicine, 2015

Basic: Lung sliding and Bat-sign

• Lung sliding

• Opposite direction movement of pleura and chest wall

• Shimmering appearance of the pleura

• Lung sliding (+) = intact VPPI

• Curtain sign at basal lateral



Skin

Pleura

Ultrasound monitor

Lung

Basics: A-line (reverberation artifacts, normal artifacts)

A-line = Air



Skin

Pleura

Ultrasound monitor

Lung

Interstitial space/Alveoli

……

Basics: B-line (reverberation artifacts, abnormal artifacts)



Skin

Pleura

Ultrasound monitor

Lung

Interstitial space/Alveoli

……

Basics: other artifacts (reverberation – comet-tail)

Comet-tail = intact of VPPI = No pneumothorax!



• Lung sliding (+) + A-line (+)

• Normal aerated, normal movement of lung

• Seashore sign

F Mojoli et al. AJRCCM Vol 199. No 6, March, 2019

Basics: Lung sliding and A-line

No motion of chest wall

Motion of lung = lung sliding



• Lung sliding (-) + A-line (+) = No movement of pleura + much air beneath the pleura

→ Suspect pneumothorax first!  → 1st chest M-mode and find lung point!

Basics: Lung sliding and A-line

Barcode sign Stratosphere sign



• Lung point: The point of lung sliding pattern change

• Point at which visceral and parietal pleura meet

• Highly accurate for diagnosis of pneumothorax

• Dynamic point 

• Affected by 

body position, size of pneumothorax, and pleural adhesion

• Detected in both B-mode and M-mode

F Mojoli et al. AJRCCM Vol 199. No 6, March, 2019

Basics: Lung point (Pneumothorax)



• Pleural Thickness

• Normal pleura: 0.3mm, hyperechoic band

• Not possible distinguish visceral and parietal pleura

• Diffuse pleural thickening → pleurisy, malignancy

• Pleural nodularity, pleural thickening (> 7mm) → malignancy

Advanced: Pleura & Pleural effusion

• Irregularity 

• evidence of recent inflammation

• Comet tail artifacts (can be seen in elderly)

• Subpleural consolidation

NR Qureshi et al. Thorax, 2009;64:139-43



Advanced: Pleura & Pleural effusion

Pleural effusion

• Identifying: fluid features, septation, plankton sign

M.R. Vial et al. US Respiratory & Pulmonary disease, 2017;2(1):23-25

Large pleural fluid with plankton sign
Passive atelectasis with static air-bronchogram
Ascites

Multiple and thin-walled septation 



Advanced: Pleura & Pleural effusion

Pleural effusion

• Quantifying: amounts of fluid

• Maximal perpendicular interpleural distance from the base to apex by intercostal space 

→ > 800ml : >45mm in Rt. or >50mm in Lt.

• Maximal distance between parietal and visceral pleura at lung base (Sep)

→ V (ml) = 20 x Sep (mm)

• Choose the maximal distance between mid-height of the diaphragm and visceral pleura (D) 

→ V (ml) = 16 x D (mm) 

• Pleural effusion paravertebral length (LUS) and cross-sectional area (AUS) 

→ V (ml) = LUS  x AUS

Brogi et al. Critical Care (2017) 21:325

Better than counting daily drainage or Chest X-Ray



Non-cardiac US in pulmonology

Alqahtani JS et al. BMJ open Resp Res 2020;7



Advanced: Diaphragm ultrasound (DUS)

Diaphragm ultrasound

• High frequency linear probe (7~18MHz)

• Intercostal view at 8th to 10th intercostal space (zone of apposition)

• Measurement

• Diaphragm thickness (muscle mass, no significant Rt. to Lt. difference)

• Diaphragm thickening fraction (contractility)

• Diaphragm excursion (mobility)

Intensive Care Med 2015;41:642-649



Advanced: Diaphragm thickness & Thickening fraction

TJ An et al. Under review
J Appl Physiol 1997:83:291-296

J Othop Sports Phys Ther 2013;43:927-931
Intensive Care Med 2015;41:642-649

Diaphragm thickening fraction (= Change in thickness)

Thickness at peak−inspiration −(Thickness at end−expiration)

(Thickness at end−expiration)
x 100(%)

Thickening Fraction (TF) (%)

Ferrari et al. 2014 36%

DiNino et al. 2014 30%

Dube et al. 2014 29%

Pirompanich et al. 2018 26%

Blumhof et al. 2016 20%

B-mode measurement

M-mode measurement

A) end-expiration 
B) peak inspiratory muscle contraction

Cut-off value of successful extubation



Advanced: Diaphragm excursion

TJ An et al. Under review
Boussuges et al. CHEST 2009;135:391-400

Mean normal values ± SD Pathologic values

Tidal excursion Female: 16±3 mm
Male: 18±3 mm

Female: < 9mm
Male: < 10mm

Sniff test Female: 26±5 mm
Male: 29±6 mm

Female: < 16mm
Male: < 18mm

Maximal deep breath Female: 57±10 mm
Male: 70±11 mm

Female: < 37mm
Male: < 47mm

Position of probe

Anterior subcostal view (mid-clavicular line)

• 2-6MHz (low frequency)

• Diaphragm excursion (mobility)

• Sniff inspiratory velocity (power)



Advanced: Intercostal muscle

Intercostal muscle

• Chest wall musculature

• Affect chest mechanics

• In animal model, intercostal muscle ↔ lung volume

• In previous study, intercostal muscle in 2nd and 3rd intercostal space is important
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Pulmonary rehabilitation

• Exercise capacity in chronic respiratory diseases

: powerful indicator of health status impairment

• Pulmonary rehabilitation (PR) 

: Specialized program of exercise and education

: Comprehensive intervention

a) Exercise training + Education + Self-management 

b) Patient assessment with “Patient-tailored therapy”

→ How we evaluate chronic respiratory diseases?



As assessment tool of pulmonary diseases

• When meet patients with dyspnea…

F.Mojoli et al. AJRCCM 2019;199(6):701-714



As assessment tool of COPD

LUS in COPD 

• Similar A-line pattern 

• Combined with focal B-line or subpleural consolidation

• Frequently combined with pneumothorax and pulmonary congestion

• Different status diaphragm and intercostal muscle

A A

AA

A A
A

AA

A

A or B1 A or B1



As assessment tool of COPD

LUS in COPD

• Healthy vs COPD: Different status of stable condition of diaphragm muscle

N.Rittayamia et al. AnnalsATS 2020;17:10



As assessment tool of COPD

Lung functions

• Correlation between diaphragm force reserve ratio and lung functions

N.Rittayamia et al. AnnalsATS 2020;17:10



As assessment tool of COPD

Stable vs. AE

• Maximal values were different between stable and AE condition, not tidal volume.

TJ An et al. Not published data

Diaphragm thickness (mm), mean ± SD Stable AE p-value 

at end-expiration 17.0 ± 6.0 18.9 ± 7.4 0.542 

at tidal inspiration 24.5 ± 7.9 24.9 ± 11.3 0.862 

at maximal deep inspiration 41.8 ± 14.9 35.7 ± 14.1 0.151 

TFdi (%), mean ± SD    

at tidal inspiration 51.3 ± 51.0 42.3 ± 45.3 0.523 

at maximal deep inspiration 158.4 ± 83.5 94.8 ± 81.4 0.010 

DE (mm), mean ± SD    

at tidal inspiration 19.6±5.4 20.9±8.7 1.000 

at maximal deep inspiration 40.5±12.5 30.8±11.1 0.007 

 



As assessment tool of COPD

TJ An et al. Under review

Distinguishing AE status from stable condition

AUROC – TF (0.745), DE (0.721)



As assessment tool of COPD

SY Lim et al. IJCOPD 2019:14 2479-2484

Monitoring after AE

Time to subsequent exacerbation Time taken to recover from the exacerbation



As assessment tool of COPD - intercostal muscle



As assessment tool of ILD

LUS in ILD

• Different distribution and degree of B-line, pleural irregularity, and combined subpleural consolidation 

• Different status diaphragm muscle

B1 A

B2B2

A A
A

AB2

A

B2 B1



Manolescu et al. Clinical Interventions in Aging 2018:3

As assessment tool of ILD

B-line = interstitial line



As assessment tool of ILD

• Lung ultrasound scoring system (lung aeration score)

• A-line & B-lines (≤ 2) = normal aeration = score 0

• B-lines (≥ 3) with well-spaced = moderate loss of aeration = score 1

• Coalescent B-lines = severe loss of aeration = score 2

• Tissue-like pattern = complete loss of aeration = score 3

Mongodi S et al. Modified Lung Ultrasound Ultraschall in Med 2017; 37: 530–537

F Mojoli et al. Am J Respir Crit Care Med 2019



L Pisani et al. Intensive Care Medicine Experimental 2019, 7:44

As assessment tool of ILD



Mongodi et al. Ultrasound J (2020) 12:27

• 28 year-old male

• DM/PM ILD exacerbation

• Treated with R (Rituximab), Cs (Cyclosporine), and Ig 

(IVIG)

• LUSS at 12 regions (0~36 scores)

• LUSS daily

→ Guiding needs of CT

→ Guiding additional immunosuppressive therapy

As assessment tool of ILD



As assessment tool of ILD

Diaphragm

• Healthy vs IPF

• 12 participants each

• Difference in diaphragm excursion during deep inspiration, not in tidal breathing

Boccatonda et al. Multidisciplinary Respiratory Medicine (2019)14:1



As assessment tool of ILD

Diaphragm excursion correlated with lower lung functions in IPF patients

Boccatonda et al. Multidisciplinary Respiratory Medicine (2019)14:1



Pulmonary rehabilitation and lung ultrasound 

• Pulmonary rehabilitation (PR) 

: Specialized program of exercise and education

: Comprehensive intervention

a) Exercise training + Education + Self-management 

b) Patient assessment with “Patient-tailored therapy”

Pulmonary Rehabilitation program
Screening & assessment Post follow-up



Pulmonary rehabilitation and lung ultrasound 

• “Patient-tailored therapy” = Personalized medicine

• Exercise capacity = whole body status + Lung + Heart + Muscles

• Proper assessment tools are needed

• Lungs and adjacent organs

• PFT, CT, Echocardiography, and Ultrasound

• Respiratory and peripheral muscles

• EMG, hand-grip test, and Ultrasound

• Whole body status

• BIA, DXA, and Ultrasound



Current PR protocol in Yeouido St. Mary`s hospital

• For personalized treatment

• Ultrasound: LUS+DUS ± Intercostal muscle 

In-patient 

COPD, Asthma, ILD

CC, PI, ROS, P/Ex

X-ray, CT, LAB, PFT

Individualized PR

Consultation to 

Rehabilitation Medicine

Lung ultrasound

Basic: A-line, B-line, 

Consolidation, Effusion, 

Functional (Lung sliding), 

Geometric (LUS mapping)

Respiratory muscles



Points of lung ultrasound in PR by cases

• Screening of proper patient

• Resolution of acute exacerbation status of underlying disease 

• Regressed combined status, such as pneumothorax and pleural effusion

• Assessment of respiratory muscle 



Screening of proper patient

Case 1. 78/F

• Patients visit hypercapnic respiratory failure → BiPAP + bronchodilator therapy

• Alert mental status but, poor general condition → cannot perform PFT

• ABGA : 7.34-74.6-46.9-40.9-82.3 (room air)

• Lung sound decreased. 

Acute respiratory failure with Lung sliding (+), A-line (+) 

→ R/O COPD or asthma according to BLUE protocol?

→ R/O hypercapnic respiratory failure due to airway disease?

→ Early PR?

LUS basics



Screening of proper patient

Diaphragm excursion : 3.16mm

(Severe Diaphragm Dysfunction)

Diaphragm Thickness during maximal expiration: 1.23mm
Diaphragm Thickness during maximal inspiration: 1.26mm

Diaphragm TF : 2.4%

(Severe diaphragm dysfunction, borderline atrophy)

Perform NCS/EMG : Clinically definite ALS + Bulbar muscle weakness

→ low grade muscle training + Tracheostomy Rec for motor neuron disease (not routine PR program)

Persistent use of accessory muscle during breathing → DUS performed



Resolution of AE status of underlying disease

• In acute exacerbation status, dyspnea symptom is main hurdle for exercise

• Low compliance

• Hard to elevation of exercise level

• Mainly training muscle power

→ Proper timing of exercise? 

• Recovery of smooth lung sliding

• Recovery of prominent A-line

• Recovery of multiple B-lines

• Recovery of pleural effusion or pneumothorax



Regression of combined status

• Lung point: Lung sliding pattern change point

• Highly accurate for diagnosis of pneumothorax

→ How to use it?

D. Lichtenstein. Annals of Intensive Care 2014, 4:1



Regression of combined status

Case 2. 

• CC Dyspnea on exertion for 2 weeks

• Underlying COPD

• Previous CT: emphysema with bullae

Newly developed pneumothorax



Regression of combined status

Moderate to large amount of pneumothorax with extensive emphysematous lung

→ CTD? When we begin PR in this patient?



Regression of combined status

Primary outcome : lung re-expansion (≤8 weeks)

→ Conservative management was non-inferior to intervention group

• Conservative management: Only 15.4% underwent CTD

• Adverse event

• Intervention (26.6%) > Conservative (8.0%)

• Severe adverse event

• Intervention (12.3%) > Conservative (3.7%) 

• Pneumothorax recurrence in 1Y

• Intervention (16.8%) > Conservative (8.8%)

S. Brown et al. N Engl J Med (2020)



Regression of combined status

• V/S stable without hypoxia

• CTD insertion in extensive emphysema → High risk of adverse event or pneumothorax recurrence

→ Conservative care → monitored by Chest X-ray → not actually relaxed d/t quite a lot of pneumothorax

→ LUS monitoring begin (drawing a map of lung point)

Day 1 Day 3 Day 5

PR begin after Day 5 : resolution of pneumothorax



Assessment of respiratory muscles

In-patient 

COPD, Asthma, ILD

CC, PI, ROS, P/Ex

X-ray, CT, LAB, PFT

Individualized PR

Lung ultrasound

Basic: A-line, B-line, 

Consolidation, Effusion, 

Functional (Lung sliding), 

Geometric (LUS mapping)

Respiratory muscles

• Muscles in respiration

• Overall amount, Diaphragm, Intercostal and etc



Assessment of muscles – Diaphragm muscle

Diaphragm muscle power or reserve → Correlated with lung function

∴ Diaphragm dysfunction → correlated with poor lung function

N.Rittayamia et al. AnnalsATS 2020;17:10



Assessment of muscles – Diaphragm muscle

A. Ticinesi et al. JAMDA (2016)

Diaphragm and sarcopenia



Assessment of muscles – Diaphragm muscle

Diaphragm atrophy was confirmed by DUS

Diaphragm muscle training – inspiratory muscle training

Nutritional screening

- Oral protein supplement in sarcopenia or cachexia

Routine Pulmonary Rehabilitation program 

Diaphragm dysfunction was confirmed by DUS

Diaphragm muscle training – inspiratory muscle training

Lt diaphragm evaluation ± neurologic screening ± EMG

Routine Pulmonary Rehabilitation program 



Follow-up after pulmonary rehabilitation

• Compare diaphragm US findings before and after PR

• LZapp = Length of Zone of apposition

• SZapp = Thickness of Zone of apposition

D. McKenzie et al. Respiration Physiology 123 (2000):225-234
Crimi et al. IJCOPD 2018:13 3131-3139



Follow-up after pulmonary rehabilitation

D. McKenzie et al. Respiration Physiology 123 (2000):225-234
Crimi et al. IJCOPD 2018:13 3131-3139



Follow-up after pulmonary rehabilitation

D. McKenzie et al. Respiration Physiology 123 (2000):225-234
Crimi et al. IJCOPD 2018:13 3131-3139



Follow-up after pulmonary rehabilitation

D. McKenzie et al. Respiration Physiology 123 (2000):225-234
Crimi et al. IJCOPD 2018:13 3131-3139

Current our hospital policy

• 8 weeks pulmonary rehabilitation protocol

• Mainly, Diaphragm US only F/U

• At 4 week and at 8 week
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Reimbursement of thoracic ultrasound

흉부(흉벽, 흉막, 늑골 등) 초음파 검사는 「초음파 검사의 급여기준」에서

정하는 비급여 대상이라 할지라도 진료의사의 의학적 판단에 따라 질

환이 있거나 질환이 의심되어 의사가 직접 시행한 경우 다음과 같이 요

양급여함. 다만, 의사가 동일한 공간에서 방사선사의 촬영하는 영상을

동시에 보면서 실시간으로 지도하고 진단하는 경우도 포함함.

- 흉부(흉벽, 흉막, 늑골 등) 초음파 검사는 좌·우 각각 해부학적 부위의

영상을 획득하고, 검사의가 판독소견서를 작성하고 보관하여야 함. 이

경우 획득하여야 하는 표준영상의 범위를 아래와 같이 권고하고, 판독

소견서에는 환자의 인적사항과 검사 관련 내용이 포함되어야 함. 다만, 

제한적 초음파는 문제되는 부위 위주로 영상을 획득하고, 판독소견서를

작성·보관하여야 함.



Reimbursement of thoracic ultrasound

1) 표준영상의 범위

가) 흉벽, 흉막 등

좌·우측 각각의 전면 및 측면 흉곽을 4개 이상의 구역으로 나누어 각 구역의 횡스캔, 종스캔 또는 시상면 스캔.

필요시 후면 흉곽을 2개 구역으로 나누어 각 구역의 횡스캔, 종스캔 또는 시상면 스캔

2) 판독소견서

나) 검사소견

(1) 흉벽, 흉막 등

기흉의 유무, 기흉의 위치, 흉수의 유무, 흉수의 양과 위치, 흉수의 성상, 흉벽, 흉막 내 국소병변 유무, 국소병변의 크기, 위치, 초음파 특성, 흉막 두께의 이상

유무를 포함해야 하며 이상소견이 있는 경우 세부내용을 상세 기술해야 함



Examples LUS reading paper



Summary

LUS

• Widely accepted modality of evaluation of Lung dynamic and it`s adjacent organ

• Lung sliding, A-line, B-line, Lung point etc.

• As assessment, monitoring tool

DUS

• Diaphragm motion (Excursion), Diaphragm mass (Thickness), Diaphragm contractility (Thickening fraction)

• Easy way to find diaphragm dysfunction and atrophy

• Correlated with lung functions and symptoms

LUS/DUS in PR 

• Another useful tool for assessment of pulmonary disease, especially COPD and ILD (Indication of PR)

• Assessment (lung condition, pneumothorax, pleural effusion, diaphragm condition etc)

• Follow up (improvement of diaphragm dysfunction, thickness after PR)

• Well correlated with exercise capacity, symptoms, and lung functions after PR





Thank you for your attention.


