Point of care Ultrasound
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"Lung Ultrasound Score (LUS)"
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=1t 7|4 2% 3 probe 41EH SR XA
« 7|A 274 : no harmonic (THI ; tissue harmonic imaging) . Supine (B-line)
* Probe (5MHz) : micro-convex or curve-linear probe « Reclined at 45 degree (pleural effusion)

7.5MHz linear probe Frequency
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Depth : 10cm

* BLUE point : fast & simple Perpendicular to the rib

« Semi-quantitative measure

Bat sign
Lung : 4~7MHz i







Branches of critical care ultrasound

Critical care ultrasound

General critical care Critical care
ultrasound Echocardiography
Pleural )

Lung

» Vascular — procedure and diagnostic

.

n

“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

Reverberation artifact Air-fluid interface in the interstitial

Pixel %

Intensive Care Med (2020) 46:1081-1083



Transition from A to B or from B to A

Pneumothorax

Normal lung surface

Interstitial syndrome

Normal Septum
= 300pm :
cannot be seen

using US

Alveolar consolidation

\

0,2

Pleural effusion

1 0,95
AlR/no fluid AlR/fluid air/FLUID N0 air/ELULD ey
allo
[ Lung sliding () Lung sliding (+) |
I A line B line Hepatization Pleural effusion I

Chapter 14, Whole body ultrasound in the critically ill



Terminology
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Lung & Pleural Ultrasound

« AR ®| : 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

Ultrasonography in Acute Respiratory Failure {(Modified BLUE)

Lung Sliding

/ Anv \ i

Present
(@) B profile A profile A/B or C profile B profile A profile
9 =
O R/O Pneumonia
S Check Lung Point
IJJ N/y Airway ds or Normal
PLAPS
D
o0 N
EF | Equality (RV dilatation) Pericardial effusion
Enlarged LV N
N v Y +/- DVT

N
Acute Pulmonary Edema Pericarditis y|  Gotoanother
Diastolic HF d/t Systolic CHF Cor pulmonale Cardiac tamponade finding

Chest 2008; 134:117-125 “BLUEF protocol”
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Lung Ultrasound Score A|AHH

L

INOV-£3-2UUB
Ac: 82A-112308
Chest

Series: 3476

A ozt Pathophysiology HXxgntAZ

DILD Interstitial thickening B or B'-profile
ARDS
ARDS Interstitial edema B-profile
Cardiac/pulmonary edema

Fluid therapy
Ventilator weaning

Pneumonia Consolidation/effusion

B or B’ profile, C-profile

Lung ultrasound score= “alveolar-interstitial syndrome” 2|
sof A70|ct

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.
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« AAIE Q| : BLUE points & Quantitative Measure Points |

Landmark

- Mid- Anterior | Mid- Para- | Inter- | para. | Mid- Anterior | Mid-

stern axillary axillary clavear | sternal cestal sternal | clavear |axillary axillary
S 2 g
b — “
@ -
s 3 2,
£ S — o
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Comet score : overall number of the ultrasound lung comets m

m Number of ULCs Extravascular lung water

0 <5 No signs
1 5-15 Mild degree
2 15-30 Moderate degree

3 >30 Severe degree
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Landmark

Normal aeration

Moderate loss of aeration
Severe loss of aeration

Complete loss of aeration

: BLUE points & Quantitative Measure Points Il

ART

LUS Score = POST

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

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

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

Lung consolidation, with or without air bronchograms
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LUS Score =

POST




Unsolved problem: standardization & Inter-observer variation - Reliable & objective results

Automation of B-line counting

Venue Ultrasound : Auto Bine Demo | GE Healthcare
= / — ==
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Unsolved problem: standardization & observer variation - Reliable & objective results

Deep learning using ultrasound

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 Expert
Philips SPARQ ultrasound (total 2415 clips) — 85:15 (Training:Test) o | 1

DL 0 | 45| 4

B-line identification by Deep learning

. : 12 |49
« Recognition (binary)
. i ot : : - AUC = 0.97
Semi-quantitative measurement (severity rating) (multiclass) Kappa unweighted :
0.88
Transducer (linear, curvilinear, phased array) adjustment Overall accuracy =

94%

Expert
0 1 2 | 3| 4
0 ]121] 8 1 0O
1 2 (72 ]10]0
DL 2 | 2| 6 |13 7|2
3 (0103 |11] 8

4 1 0 1 1 4

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

Pulmonary Edema Pulmonary Fibrosis

0% ' Controls

' Mild




Unsolved problem: Accessability

Portable & wireless ultrasound scanner

Gadgets > Office > Offlce Electronics > Scanners

Overview Related

L 4

Hot Selling Portable WIFI Wireless
Ultrasound Scanner Convex Array
Probe 3.5Mhz 80 Elements 16
Channel

* (1 review)
¥1,270,041
Size:

Select Size
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Fluid bolus therapy: “Knowing the Risk”

Stroke
volume

Normal
ventricular systolic function

Severe

hypovolemia
S
/
S = //__——_———_ :::trri:ulalsystnli:f\.mclinn
epSIS ponse. =
/////
Perioperative ot ordnepreload
large volume ==
losses S
Heart Intravascular
Hemodynamic function volume
alternation N N N or pul edema?
Fixed dose
- . N ! fluid Improved? Or pul edema?
Ollgurla T
1 N Pul edema?
l l Pul edema?
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Fluid administration

% +WwwiBandicam.co.kr

A

+ Echo, IVC, renal Diuretics , L
marfiicinm NFALLS = fluid administration limited by lung sonography



Treatment : Treatment : Fluid therapy - POCUS assessment

Point of Care Ultrasound Fluid Resuscitation Guide

- using IVC and lung ultrasound -

Underfilled Normal Distended
1.5-25cm
Intubated Not Intubated > 2.5 cm, non-varying IVC
Passive Triggering

3 ——

*“*Exceptions:
Elevated RA
pressure e.g.
tamponade, pHTN,
etc. or B-line
etiologies other than
pulmonary edema.

(Dmax-Dmin)
[ (Dmux+[)min)] >12%
2

-
-~

May still be fluid

A-line B-line responsive.

predominance predominance

C Fluid Resuscitate ) C Fluid Test ) ( Fluid Restrict** )

4 4 4

1,2 3 3.4
Give Crystalloid* Consider Crystalloid Hold Crystalloid

*Septic patients, c : Vasoactive agents
: : : stalloid may hel Sy
consider qynamlc fluid ar?é unlikely toyhame indicated to support
responsiveness test D ic fluid shock
il tatir b O e 2 ynamic flui
17 responsiveness test
b indicated if available Arntfield, Lee, Kory 2015

Development of a fluid resuscitation protocol using inferior vena cava and lung ultrasound,, Journal of Critical Care 31



Ultrasound assessment of antibiotic-induced pulmonary reaeration

in ventilator-associated pneumonia*

Bélaid Bouhemad, MD, PhD; Zhi-Hai Liu, MD; Charlotte Arbelot, MD; Mao Zhang, MD;
Fabio Ferarri, MD, PhD; Morgan Le-Guen, MD; Martin Girard, MD; Qin Lu, MD, PhD;

Jean-Jacques Rouby, MD, PhD

% of ROl examined in patients with failure of
antimicrobial therapy

60% -

50 %

40 % -

30 % -

20 %

10 % -+

35%

30 %

25%

20 %

15%

10 %

5%

% of ROl examined in patients with success of
antimicrobial therapy

Lung ultrasound reaeration score aimed at evaluating the effects of antibiotics on lung

Quantification of Reaeration

Quantification of Loss of Aeration

3 points 5 points —5 points —3 points —1 point
B2 =N C—=N N—C N — B2 N—=El

C — Bl Bl —C Bl — B2
B2 —C

Lung ultrasound re-aeration score

30 - |
Rho=0.85
: [
7 |Successful tx.
| 5 e -
0] :LU score>§ s
! L]

10 - H Treatment failure
: LUS score <-10
.20 : v
o .3 e P o
‘_,pn N-ﬁ"‘wa _1_01@ Apﬁ vnlﬁn
v 7

CT lung re-aeration fallowing

antibiotic administration (ml)

Critical Care Medicine. 38(1):84-92, January 2010






Volume [mL)

Pressure {cm water)

ARDS

Predicting Lung recruitment

Ventilator induced lung injury Over Distension

Hysteresis in ventilator

\

Overdistension
or ‘beaking’

- Titration by cardiac US

Optimal PEEP

Alveolar collapse & reopening

- Titration by LUS monitoring



Acute cardiogenic Chronic ALIVARDS Pulmonary
pulmonary edema heart failure fibrosis
Clinical setting acute chronic acute chronic
B-lines number ++E +i++ [+ ++ +E+ ++++++
B-lines multiple, diffuse, multiple, diffuse, non-homogeneous mare frequently
distribution bilateral bilateral, following distribution, presence posterior at lung
(white lung) decubitant regions of spared areas basis

(black and white lung)

Other LUS signs

pleural effusion

pleural effusion

pleural effusion, pleural
alterations,
parenchymal
consolidations of
Various size

pleural thickening

Echocardiogram

abnormal

abnormal

likehy mormal

likely normal

ALl = acute lung injury; ARDS = acute respiratory distress syndrome; LUS = lung ultrasound.

Gargani Cardiovascular Ultrasound 2071, 9:6



Diagnosis: B-lines and NT-proBNP

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

10 7 —— NT-proBNP
ULCs
Reference line
08—
206 n=149
5 AUC NT-proBNP= 978 (.940-.995)
k= AUC ULCs=.893 (.832-.937)
&
¥ 04—
ULCs
+ e
N=149
02— Z+ 95 37
o
<
o
E - 1 16
00— T T T T T
00 0,2 04 06 08 1.0
1- Specificity NT-proBNP and ULC (r = 0.69, p<0.001)

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



Bedside Ultrasound Assessment of Positive
End-Expiratory Pressure-induced Lung Recruitment

Belaid Bouhemad', Hélene Brisson', Morgan Le-Guen', Charlotte Arbelot!, Qin Lu', and Jean-Jacques Rouby’

]Multidisciplinary Intensive Care Unit Pierre Viars, Assistance Publique Hopitaux de Paris, UPMC (Université Pierre et Marie Curie) Paris-6,
Department of Anesthesiology and Critical Care Medicine, La Pitié-Salpétriére Hospital, Paris, France

20 patients PEEP
release maneuver

A PEEP-induced Lung Recruitment (ml) B PEEP-induced Lung Recruitment (ml) C PEEP-induced Change in PaO, (%)
Ventilation in PEEP 15 cm H,O Ventilation in PEEP 0 - - 250 :
2 | ] 1400 o 1400 rho = 0.63; p<.05 o //
ho = 0.88; p<. 1
1200 4 rho = 0.88; p<.000 v 1200 4 8 2004
15 min LUS 15 min LUS
15 min : 1000 1000 8 1504
PV curve 15 min PV curve 8
ABG ABG 800 1 800 4 <]
o 8 100
Randomization 600 4 600 4 o
e} @ o 504
PEEP 400 4007 o
release maneuver g 0
200 200 E
Ventilation in PEEP 0 Ventilation in PEEP 15 cm H,0 l 0 04 é 50
|
i —200 T T T T T T 1 —200 T T T T —100 T f T T T T !
15 min LUS T T 15 min LUS T 0 2 4 6 8 10 12 14 <4 >4<6 >6<8 =28 0 2 4 6 8 10 12 14
15 min PV curve 15 min PV curve Lung Ultrasound Reaeration Score Lung Ultrasound Reaeration Score Lung Ultrasound Reaeration Score
20 patients ABG ABG

<4 > 75~450ml | | >8 > > 600ml

Recruiting lesion : anterior > lateral > posterior

Am J Respir Crit Care Med Vol 183. pp 341-347, 2011



- Recruited lung

: Collapsed lung

: Recruitment maneuvers

Alrway pressure (cmHz0)

: Conventional mechanical ventilation

Time (hour)







Lung compliance

Systolic function

Airway resistance 2. Cardiac

1. Respirato
pi ry load Diastolic function

Glottic edema load

. . Unresolved sepsis
Secretion/sputum retention

Ventilator induced Diaphragm dysfunction

Infusion Bag

X Intravenous (1V) ]" |
Pleural effusion 5

Infusion Pump

Hypo P/Mg/K
4. Metabolic Hyperglycemia

Mechanical 2]
Ventilator

Depressed central drive 3. Neuro-

muscular

Peripheral NM weakness Metabolic acidosis

Anxiety Overweight

5. Neuro-
psychological

Delirium 6. Nutrition

Malnutrition



US evaluation during weaning process

WEANING PROCESS

Before SBT

Detect high-risk patients

1- ECHOCARDIOGRAPHY

- Moderate to severe LV diastolic impairment

(E'<8cm/s, E/A0.8-1.5 0r > 2)

- Preload-independency

- LV systolic dysfunction (LVEF < 40%)
- Obstructive CM

2- LUNG/PLEURAL US

- Alteration in lung aeration

(LUS score)

- Pleural effusion related lung consolidation

During SBT

Predict weaning success

1- LUNG US
- No lung de-recruitment
(LUS score)

2- DIAPHRAGMATIC US
- No diaphragmatic dysfunction

(excursion and thickening during inspiration)  (LUS score)

After a failed SBT

Diagnose cause of failure

1- ECHOCARDIOGRAPHY
- CPE

(elevated LV filling pressure)

2- LUNG Us
- Lung de-recru

LUS at end of SBT 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

Intensive Care Med (2016) 42:1107-1117






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!




