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학습 목표

1. “Lung Ultrasound”의 기본 원리와 사용방법을 알아야 한다

2. "Lung Ultrasound Score (LUS)” 를 측정하고 계산할 수 있다

3. LUS를 통해 모니터링할 수 있는 질환을 이해한다

①. 쇽(shock) 에서 수액 치료의 결정

②. 기계호흡관련 폐렴에서 치료 반응 평가

③. 급성호흡곤란증후군에서 호기말양압의 적용 평가

④. 인공호흡기 이탈에서 평가



초음파 기계 설정 및 probe 선택 환자 자세

검사 부위 Initial basic view

• 기계 설정 : no harmonic (THI ; tissue harmonic imaging)

• Probe (5MHz) : micro-convex or curve-linear probe

• Perpendicular to the rib

• Marker to Left of screen 

• Depth : 10cm

• Bat sign

• Supine (B-line)

• Reclined at 45 degree (pleural effusion)

• BLUE point : fast & simple

• Semi-quantitative measure 

Lung : 4~7MHz !





Branches of critical care ultrasound

Critical care ultrasound

General critical care 
ultrasound

Critical care 
Echocardiography

• Pleural
• Lung
• Abdomen 
• Vascular – procedure and diagnostic

“B-line & alveolar interstitial syndrome”
• pulmonary edema in acute heart failure or volume overload

• Non-cardiogenic pulmonary edema
• Pneumonia

• Pulmonary embolus
• Acute lung injury



A-line & B-line

Intensive Care Med (2020) 46:1081–1083

B-lines

Reverberation artifact Air-fluid interface in the interstitial 
space

Normal Septum 
= 300μm : 
cannot be seen 
using US



Transition from A to B or from B to A

Chapter 14, Whole body ultrasound in the critically ill

A line B line Hepatization Pleural effusion

Lung sliding (-) Lung sliding (+)

Normal Septum 
= 300μm : 
cannot be seen 
using US



Terminology

M-mode

M-mode

M-mode

M-mode

Bat wing sign Shred sign

Seashore sign

Barcode sign

Lung point

Sinusoid sign

A line
B line

Squad line

Hepatization



Lung & Pleural Ultrasound

• 검사부위 : BLUE points & Quantitative Measure Points

Upper Blue Points Lower Blue Points

PLAPS (Posterior and/or Lateral, Alveolar 
and/or Pleural Syndrome) 

※ BLUE : Bedside Lung Ultrasound in Emergency ; by Lichtenstein



Lung ultrasound: Diagnostic algorithm

Chest 2008; 134:117-125 “BLUE protocol”
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Lung Ultrasound Score 계산법

질환 or 임상 상황 Pathophysiology 폐초음파소견

DILD
ARDS

Interstitial thickening B or B’-profile

ARDS
Cardiac/pulmonary edema

Fluid therapy
Ventilator weaning

Interstitial edema B-profile

Pneumonia Consolidation/effusion B or B’ profile, C-profile

1. Lung ultrasound score는 “alveolar-interstitial syndrome” 의 초
음파 소견이다

2. 모니터링이란 의학적 진단 후 치료 혹은 처치가 원하는 결과를
달성하고 있는지 평가하는 것으로, 2회 이상의 검사 비교를 필요
로 한다

Alveolar-interstitial syndrome was defined according to the Fleischner Society's
recommendations as the presence of one or the combination of ground-glass opacities,
consolidation, reticulation, and septal thickening.



• 검사부위 : BLUE points & Quantitative Measure Points I

B line

Landmark

Para-sternal

Mid-clavicle

2nd ICS
3rd

4th

5th

MAL

Points Number of ULCs Extravascular lung water

0 <5 No signs

1 5-15 Mild degree

2 15-30 Moderate degree

3 >30 Severe degree



• 검사부위 : BLUE points & Quantitative Measure Points II

Landmark

Para-sternal

Mid-clavicle

2nd ICS
3rd

4th

5th

MAL

Points Degrees of lung aeration Patterns

0 Normal aeration Horizontal A-lines (or no more than two B-lines)

1 Moderate loss of aeration Multiple B lines, either regularly spaced (7mm apart), or irregularly spaced and even 
coalescent but only visible in a limited area of the intercostal space

2 Severe loss of aeration Multiple coalescent B-lines, in prevalent areas of the intercostal spaces and observed 
in one or several intercostal spaces

3 Complete loss of aeration Lung consolidation, with or without air bronchograms



2 0 1 0 0 2

2 0 3 0 2 3
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Unsolved problem: standardization & Inter-observer variation → Reliable & objective results

Automation of B-line counting



Unsolved problem: standardization & observer variation → Reliable & objective results

Automated Lung Ultrasound B-Line Assessment Using a Deep Learning Algorithm

IEEE Trans Ultrason Ferroelectr Freq Control. 2020 Nov;67(11):2312-2320

Yale New Haven Hospital Emergency Department
Philips SPARQ ultrasound (total 2415 clips) – 85:15 (Training:Test)

B-line identification by Deep learning
• Recognition (binary)
• Semi-quantitative measurement (severity rating) (multiclass)

Transducer (linear, curvilinear, phased array) adjustment

Deep learning using ultrasound

0 1

0 45 4

1 2 49

0 1 2 3 4

0 21 8 1 0 0

1 2 7 2 0 0

2 2 6 13 7 2

3 0 0 3 11 8

4 1 0 1 1 4

Expert Expert

DL

DL
AUC = 0.97

Kappa unweighted : 
0.88

Overall accuracy = 
94%

Kappa linear weighted : 0.65
Overall accuracy (perfect match) = 

56%



Unsolved problem: low specificity - pulmonary fibrosis vs. pulmonary edema

Deep learning using ultrasound

A Soft Computing-based B-line analysis for Objective Classification of Severity of Pulmonary edema and 

fibrosis

JACC : Cardiovascular imaging, 2015 (8)4; 493-8



Unsolved problem: Accessability

Portable & wireless ultrasound scanner



실제 적용



①. 쇽 (shock) 에서 수액 치료의 결정

Sepsis

Severe 

hypovolemia

Perioperative 

large volume 

losses

Hemodynamic 

alternation

oliguria

Fluid bolus therapy: “Knowing the Risk”

Heart
function

Intravascular 
volume

Fixed dose 
fluid 

therapy

Results

N N N or pul edema?

N ↓ Improved? Or pul edema?

↓ N Pul edema?

↓ ↓ Pul edema?



Treatment : Fluid management

¶FALLS = fluid administration limited by lung sonography

Fluid administration

Diuretics+ Echo, IVC, renal 
perfusion



Treatment : Treatment : Fluid therapy - POCUS assessment

Development of a fluid resuscitation protocol using inferior vena cava and lung ultrasound,, Journal of Critical Care 31 
(2016) 96-100



②. 기계호흡관련 폐렴에서 치료 반응 평가

Critical Care Medicine. 38(1):84-92, January 2010
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③. 급성호흡곤란증후군에서 호기말양압의 적용 평가

ARDS

Ventilator induced lung injury 

Hysteresis in ventilator



Differentiating between cardiogenic and non-cardiogenic pulmonary edema

Gargani Cardiovascular Ultrasound 2011, 9:6



Diagnosis: B-lines and NT-proBNP

European Journal of Heart Failure 10 (2008) 70–77

ROC curve for NT-proBNP and ULCs for differentiating dyspnea of cardiac origin from non-cardiac origin

NT-proBNP and ULC (r = 0.69, p<0.001)



Comparison PV curve method  with  LUS for PEEP in ARDS(N=30)/ALI(N=10)

≥8  → > 600ml≤4  → 75~450ml

Recruiting lesion : anterior > lateral > posterior

Am J Respir Crit Care Med Vol 183. pp 341-347, 2011
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몇 시간 후?

2 0 1 0 0 2

2 0 3 0 2 3

2 0 0 0 0 2

2 0 0 0 0 2
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④. 인공호흡기 이탈에서 평가

1. Respiratory 
load

2. Cardiac
load

3. Neuro-
muscular

5. Neuro-
psychological 6. Nutrition 

4. Metabolic 

Lung compliance

Airway resistance

Glottic edema

Secretion/sputum retention

Systolic function

Diastolic function

Unresolved sepsis

Depressed central drive

Peripheral NM weakness

Anxiety

Delirium

Hypo P/Mg/K

Hyperglycemia

Overweight

Malnutrition

Ventilator induced Diaphragm dysfunction 

Metabolic acidosis

Pleural effusion



Intensive Care Med (2016) 42:1107-1117

US evaluation during weaning process

LUS at end of SBT Value Potential utility

LUS score <13 Increased likelihood of success of extubation

LUS score 13-17 Indetermine likelihood

LUS score >17 Increased likelihood of failure of extubation



2 0 1 0 0 2

2 0 0 0 0 3

2 2 2 2 2 2

2 2 2 2 2 3
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Limitation of Lung ultrasound

Lung Ultrasound interpretation

• Subcutaneous emphysema

• Calcification of the pleura

• Large thoracic dressing

• Pleural symphysis & pleurodesis

• Generalized edema

• Overlying lines and tubes

• Obese

• Over-distension of alveoli

Lung Sliding interpretation

• Small Tidal Volume

• Pleural adhesion

• COPD

• Rt. main bronchial intubation & atelectasis

• HFOV



Thank you for your attention!


