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• Sustain inflation

• Sighs • High PEEP, low tidal volume

• Prone position • VV ECMO



Evaluation of lung recruitment

• P-V curve • Chest CT

• X ray • Clinical



• Deep sedation & musc relaxation  
• Can’t perform in spontaneously breathing pt 
• Special software

P-V curve Chest CT

• Radiation exposure  
• Transport pt outside the ICU  
• Time-consuming



Lung aeration pattern

N B1 B2 C

• A line 
• B line < 2 

• Multiple well 
defined B lines

Moderate loss of 
aeration

Normal Severe loss of 
aeration Consolidation

• Multiple 
coalescent B 
lines

• Dynamic 
airbronchogram



Total 12 regions need to be evaluated!
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vs

American Journal of Respiratory and Critical Care Medicine, 183(3), 341-347

Highly significant correlation between 
PV curves and US reaeration score  
(Rho=0.88; P<0.0001)



and

American Journal of Respiratory and Critical Care Medicine, 183(3), 341-347

+ 8 or more = +600ml 
+ 4 or less = +75~450 ml 
(Rho=0.63; P<0.05)



Repeatable 

American Journal of Respiratory and Critical Care Medicine, 183(3), 341-347

Regional analysisNo need deep sedation 
and paralysis



After general condition improving,  
what is the next step?

Weaning!



Supportive 
not therapeutic !!!

Ventilator related trauma 
Oxygen toxicity 

Ventilator induced 
diaphragm dysfunction



Weaning Parameters 
• Minute ventilation (Ve) 
• Max inspiratory pressure (PImax) 
• Breathing frequency 
• Rapid shallow breathing index (RSBI, RR/tidal volume) 
• Tracheal airway occlusion pressure 0.1 s (P 0.1)



Ventilator 
dependent in ICU

40%

Difficult 
weaning

20%

ICU stay spend 
for weaning

40%

Thille	AW.		Curr	Opin	Crit	
Care.	2013;19(1):57-64



Soummer	A.	Crit	Care	Med.	2012	Jul;40(7):2064-72.	

12 area

Before and end of SBT

N B1 B2 C

Moderate loss of 
aeration

Normal Severe loss of 
aeration Consolidation
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Soummer	A.	Crit	Care	Med.	2012	Jul;40(7):2064-72.	

Predict weaning failure

End-SBT LUS>17





42%

58%

42%

Cabello B, Intensive Care Med 2010,36:1171–1179

Cardiac related weaning failure



Weaning induce cardiac failure

+
Intra-thorasic  
pressure

Intra-thorasic  
pressure
Sympathetic 
tone

+





Apical 4 chamber



Pulsed 
wave 
Doppler
(PWD)

MV  tip 1-3mm



E: Early rapid filling 

A: Atrial kick



Grading of diastolic cardiac failure









Differentiating 
Normal vs Pseudo-normal

Tissue 
Doppler 
Imaging 
(TDI)



Differentiating 
Normal vs Pseudo-normal

LV relaxation









LVEDP



Weaning-induced PAOP elevation.

Lamia	B.	Crit	Care	Med.	2009	May;37(5):1696-701.	

Sen: 82% Spe:91%



Echocardiography for weaing

Caille	V.	Crit	Care.	2010;14(3):R120

117 Pt, T tube, before and 30 min 

 23 PT( 20 cariogenic) 
 Lower LVEF 36%:51% p=0.04 
 Higher E/E’(7.0 vs 5.6 p=0.04) 

68 Pt, T tube, before and 10 min 
No difference in LVEF 

 20 PT 
 Higher E/e’ basal and 10 min 
 Increasing of E/e’

Moschietto	S.	Crit	Care.	2012	May	14;16(3):R81



Moschietto	S.	Crit	Care.	2012	May	14;16(3):R81



E/e’=14.5	
AUC:0.86

Moschietto	S.	Crit	Care.	2012	May	14;16(3):R81



Intolerance of SBT 
Weaning related HF 

Diastolic heart function 

E/e’ good predictor

Use PWD and TDI

Bedside, different time





Evaluation of Diaphragm motion

• Transdiaphragmatic 
pressure (PDi)

Gold standard for bilateral 
paralysis 

• Fluroscopic sniff test

Higher false negative 



• CXR

For unilateral paralysis 
Sen: 90%; Spe: 44%

• Pulm function test

Needs pt cooperation



Diaphragm ultrasonography (DU)

Morphology and function assessment

• Paradoxical movement • Thickness of diaphragm (Tdi) 
• Thickening fraction 
• Inspiratory excursion





≈

• Array probe 
• Midclavian line 
• Subcostal area 

Respir Care 2016;61(4):542–555. 

Inspiratory	excursion	



Intensive Care Med (2017) 43:29–38 

2.67cm

6.86cm

Normal 
breathing

Deep  
breathing





Inspiratory	excursion	<10mm		
or	paradoxical	movement

Kim.	Crit	Care	Med.	2011	Dec;39(12):2627-30.



≈
Thickness of diaphragm (Tdi)  

Thickening fraction (TF) 

• Linear probe 
• Anteroaxillary line 
• 8~10th intercostal space

Respir Care 2016;61(4):542–555. 





B mode- Tdi

• Tdi= thickness of the hypoechoic structure

Intensive Care Med (2017) 43:29–38 



Am J Resplr Crit Care Med Vol. 155. pp. 1570-1574, 1997

No difference between Rt and Lt hemidiaphragm



Am J Resplr Crit Care Med Vol. 155. pp. 1570-1574, 1997

Paralyzed diaphragm
• < 2 mm 
• Significantly thinner than normal diaphragm

False positive: small body size
False negative: acute paralysis



M mode- TF

	

	

Intensive Care Med (2017) 43:29–38 

TLC

FRC



Ferrari et al. Critical Ultrasound Journal 2014, 6:8 



Ferrari et al. Critical Ultrasound Journal 2014, 6:8 

Rho=0.75, 
p<0.001



AUC=0.948 
CI [0.89-1.00]

Ferrari et al. Critical Ultrasound Journal 2014, 6:8 

• Sen=0.82 
• Spe=0.88 
• PPV=0.92 
• NPV=0.74

	Cut-off value: 36%





Chest 126:179–185 





US of Diaphragm 

Cut value is not well 
established

Easy and quick 

Thickness fraction<30~36%

Thickness <2mm

Inspiration exrusion<10mm

Diaphgram movement<1.1cm



+ 8 or more = +600ml 
+ 4 or less = +75~450 ml 
(Rho=0.63; P<0.05)

Lung US reaeration socre

	
	

Weaning threashold



Cross-sectional concordance study 
Prospective cohort study 



Lung examination- Modified LUS (LUSm)

4 area on each site 
• anterior–superior, 
• anterior-inferior,  
• lateral  
• postero-basal1

2

3

4

Avoid moving critical pt 
• prevent complications 
• facilitating examination 

process 



N B1 B2 C

Moderate loss of 
aeration

Normal Severe loss of 
aeration Consolidation

0 1 2 3
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4

• Total 8 region 
• Score: 0~24

1

2
3

4



Diaphragm examination- Thickening index (TI)

• Linear probe 
• Midaxillary line 
• 8~10th intercostal space

	

TLC

FRC





Inter-operator agreement 
(Kappa value)

• LUSm: 0.95  CI [0.92,0.98] 
• TI: 0.78  CI [0.65,0.87]





US of heart, lung and diaphragm is a 
promising method for weaning evaluation
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