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Today`s Topics

• Introduction

• Pneumonia/Infection

• Pleural effusion

• IPF/ILD

• COPD

• Protocols and novel technique



Introduction



History and Milestone of Thoracic Ultrasound

1995~1998

Bedside ultrasound : Dr. Lichtenstein and others

2008 BLUE protocol (CHEST)

2012 International consensus

2019 Lung Ultrasound in Critically Ill patients (AJRCCM)



History and Milestone of Thoracic Ultrasound



History and Milestone of Thoracic Ultrasound



Insurance of Thoracic Ultrasound in South Korea

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

정하는 비급여 대상이라 할지라도 진료의사의 의학적 판단에 따라 질환

이 있거나 질환이 의심되어 의사가 직접 시행한 경우 다음과 같이 요양급

여함. 다만, 의사가 동일한 공간에서 방사선사의 촬영하는 영상을 동시에 

보면서 실시간으로 지도하고 진단하는 경우도 포함함.

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 횡스

캔,종스캔 또는 시상면 스캔

2) 판독소견서 

(1)흉벽,흉막 등

기흉의 유무, 기흉의 위치, 흉수의 유무, 흉수의 양과 위치, 흉

수의 성상, 흉벽, 흉막 내 국소병변 유무, 국소병변의 크

기, 위치, 초음파 특성, 흉막 두께의 이상 유무를 포함해

야 하며 이상소견이 있는 경우 세부내용을 상세 기술해

야 함



Before we start, true image vs. artifacts

인지의 차이



TUS start with memorizing findings 

AJRCCM Vol 199. No 6, March, 2019

A 

- White arrow : Pleural line

- Red arrow : Long Reverberation artifacts (A-line) 

B 

- Star : Short Reverberation artifacts (B-line)

C 

- Dashed red line : Shred sign (Subpleural consolidation)

D

- Red arrow : Small pleural effusion

E

- Sinusoidal sign 

F

- Tissue like lesion, pleural effusion



TUS start with memorizing findings 

AJRCCM Vol 199. No 6, March, 2019

A: Tissue like lesion without air-bronchogram

B (transverse) & C (longitudinal) 

: Tissue like lesion with air-bronchogram (red arrow)

: Dynamic air-bronchogram : moves with tidal ventilation

: Static air-bronchogram : no changes during tidal ventilation

D: Red arrow : Pleural effusion

E: Multiple septa and adherence

F: Pleural effusion with collapsed lung



TUS start with memorizing findings 



TUS start with memorizing findings 



Resolution: US vs. CT

해상도가 낮지 않을까?



Resolution of US

Resolution 

= Sound Velocity / 2×Frequency

• 1MHz → 770 μm

• 2~12MHz (Convex): 64~385 μm

• 8~15MHz (linear): 50~100 μm

• 1~6MHz (phased array): 128~770 
μm

• Cf) alveoli 1개의 크기 200~300 μm



Pneumonia/Infection



Pneumonia – TUS vs. CXR/CT

Respiratory Medicine 128 (2017)

Emerg Med J 2012;29 



• 65세 이상

• Respiratory failure 동반

• Dyspnea, Cough etc.

• X-ray vs TUS

J Am Geriatr Soc 68:2855-2862, 2020.

Pneumonia – TUS vs. CXR in elderly, immobilized patients



Pneumonia – Detection of severe pneumonia

Critical Care Medicine (2019)

Pulmonary gangrene by TUS



Nat Rev Dis Primers 7, 25 (2021).

Pneumonia – Bacterial vs. Viral 



Modern Pathology (2021) 34:1614–1633

Pneumonia – Severity of COVID19



CHEST 2023; 163(1):176-184

Pneumonia – Severity of COVID19



Pneumonia – Severity of COVID19



Pneumonia – Pathogen ? 

Sci Rep (2019) 9:17957

Bacterial vs. Viral pneumonia in 147 children hospitalized CAP

1) Consolidation size : Viral < Bacterial (15mm vs. 20mm, p<0.001)

2) Bilateral consolidation : Viral > Bacterial (51.9% vs. 8.0%, p<0.001)

Bacterial pneumonia Cut-off : 21mm (AUC 0.85)



Pleural Effusion



CHEST 2020; 158(5):2082-2089

Pleural effusion by TUS



Pleural effusion – Volume assessment

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

Maximal distance between mid-height of the diaphragm and visceral pleura (D)

→ V (ml) = 16 x D (mm)



LUS is a sensitive tool for detection of pleural effusion

F. Remerand et al. ICM (2010) 36:656-664

Pleural effusion – Volume assessment



Pleural effusion – Different types

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



Pleural effusion – Malignant pleural effusions

Can Respir J Vol 20 No 1, 2013

A & B

Malignant pleural effusion

: nodules on diaphragm or nodules on parietal pleura

: pleural thickening > 1cm

: hepatic metastasis



증례 제목: 발열로 내원한 56세 남자

증례 요약: 
#ICH, thalamus, Rt. 

#Tracheostomy state

56세 남자가 발열로 내원 (BT 38.4)

내원하여 확인한 신체징후상 SBP 70mmHg로 감소

Lab. Data: WBC 16840 CRP 134 

UA nitrite (-) WBC 2-3

X-ray: 우측 흉수소견

Aspiration history (-)

T-tube: yellowish sputum

흉수 소견에 대한 확인 위해 bedside US 진행함.





• Total pleural adherence score
• 24 h following talc slurry instillation

• 9 zone (upper, middle, and lower 
zones in the anterior, lateral, and 
posterior chest wall)

• present (0), questionable (1), or 
absent (2)

• Cut off = 10 points
Chest. 2018 Nov;154(5):1115-1120

Pleural effusion – After pleurodesis



IPF/ILD



TUS findings in ILD

Manolescu et al. Clinical Interventions in Aging 2018:!3



Shanghai Chest 2018;2:41

Honeycombing by TUS



TUS vs. HRCT in severity of IPF

Manolescu et al. Clin Respir J. 2019 Nov 1. 

Purpose : Compare LUS with HRCT and PFT in IPF patients 

Methods : LUS (12-lung zone protocol) vs HRCT fibrosis index

Study group : 31 patients with stable IPF (pathologic confirmed)

Results : Median number of B-lines, average thickness of pleura <-> HRCT fibrotic score (p<0.001)

: pleural thickness cut-off : 2.4mm 

Conclusion : LUS is a good tool for IPF diagnosis and monitoring



TUS in SSc ILD: PFT and Symptoms 

M. Tardella et al. Medicine (2018) 97:18

Compare TUS B-line and HRCT in SSc: 40 SSc patients in Italy 

- At 14 lung intercostal space



TUS vs. serum KL-6 in IBM ILD

Yukai Wang et al. Rheumatology 2019;0:1-6

38 patients, Inflammatory myositis-associated ILD 

At 50 scanning sites

Conclusion 

- correlated with KL-6 (r=0.43, p<0.01)



Chest. 2020 Oct;158(4):1515-1525

TUS for long-term outcome in SSc



Chest. 2020 Oct;158(4):1515-1525



Respiratory Research (2023) 24:259

Diaphragm amplitude, lung functions, and lung density for IPF



COPD



Emphysema, Fibrosis

Lichtenstein et al. Intensive Care Med 2019 May;45(5):690-691

Diagnostics 2021, 11(3), 439



Pleural slip distance and lung hyperinflation

IJCOPD 2024:19 319–330 

0 points: normal pleural sliding and PSD≥ normal low

1 point: PSD < normal low + no pleural sliding sign in 2 area

2 points: PSD < normal low value + no pleural sliding (1–4 lung areas)

3 points: PSD < normal low value + no pleural sliding (5–8 lung areas) 

4 points: PSD < normal low value + no pleural sliding (9–12 lung areas)

5 points: PSD < normal low value + no pleural sliding (12 lung regions)



Pleural slip distance and lung hyperinflation

IJCOPD 2024:19 319–330 



DUS: stable vs. AE in COPD

IJCOPD 2022:17



Medicine 2022;101:51

Diaphragm excursion in COPD



AJRCCM 2024

Parasternal intercostal muscle in COPD



B-line in COPD: Why HF is important in COPD?

BMJ 2024

339647 people with COPD 97882 died

- 25.7% COPD
- 23.3% CV related



B-line and BNP correlation in COPD

Sriram KB et al. Intern Med J. 2017 Mar;47(3):324-327

B-line in COPD AE = COPD + increased BNP or HF



B-line in AECOPD and HF

IJCOPD 2023:18 693–703



Pre-hospital B-lines for management of AE

Zanatta et al. Crit Ultrasound J (2018) 10:22

Pre-hospital TUS in COPD

- Patients who has COPD or HF in Vicenza, Italy

- Case-Control study

- Pre-hospital TUS guided management (drugs, Oxygen, Lab tests)

Conclusion

- More appropriate pharmacologic therapy (p=0.01)

- Appropriate CPAP in COPD (p=0.011)

- TUS guided management: lower PCO2 than control 

(52.23mmHg vs. 42.62mmHg, p=0.049)

Furosemide (mg) Methylprednisolone (mg)

*

*



Protocols



BLUE protocol (Bedside Lung Ultrasound in Emergency)

Lichtenstein. Annals of Intensive Care 2014, 4:1

Lichtenstein. Acute and Critical Care 32(1):1-8, 2017



Proposal of AJRCCM review

AJRCCM Vol 199. No 6, March, 2019



Scanning zone

Various Scanning method 



Qualiative → Semiquantitive (grading, f/u, biomarker)



Beyond POCUS, Beyond Acute care 

• Big hurdle for radiologic findings
• Character of suspected lesion



Beyond POCUS, Beyond Acute care 



Beyond POCUS, Beyond Acute care 



Beyond POCUS, Beyond Acute care 



Take Home Messages



Limitation and Benefits

Many Hurdles 

1) Everyone can initiate TUS with short run-in curve, but it is hard to be expertise.

2) Costs of High-end ultrasound (100,000,000 won or more)

3) Not appropriate whole lung evaluation. Time-consuming.

But Great Benefits in TUS

1) Only tools : Real-time imaging, Can evaluate lung exercise physiology

2) Sometimes better than CT, and Almost always better than X-ray

3) No harms to patients by radiation

4) Various modality (Portable to High-End)



Limitation and Benefits

In chronic pulmonary disease,

1) Pleural Effusion: amount, character, monitoring, procedure

2) Pneumonia/Infection: better than X-ray, Severity, pathogen?

3) IPF/ILD: good radiologic marker, long-term outcome, diaphragm

4) COPD: hyperinflation, Stable vs. AE, Comorbid condition (Pneumonia, HF), 

5) Diaphragm: only tools for real-time diaphragm measures





Thank you (ds31316@gmail.com)
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