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Lung Ultrasonography: Aspect of Intensive Care
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Think Difficult.

Hold differen

Seven principles

+ Lung ultrasound is performed at best using simple equipment.

* Thorax, gas and fluids have opposite locations, or are mingled by pathologic
processes, generating artifacts.

+ The lung is the most voluminous organ. Standardized areas can be defined.

«  All signs arise from the pleural line.

« Static signs are mainly artifactual.

+ The lung is a vital organ. The signs arising from the pleural line are foremost
dynamic.

* Almost all acute life-threatening disorders abut the pleural line, explaining the

potential of lung ultrasound.

Lichtenstein DA Lung ultrasound in the critically il
A Intensive Care, 2004 Jan 94(13:1
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Principle

« 5-MHz Microconvex/Linear probe ( 4 -12 MHz )

— 1-17cm range of exploration
= Turn off filters : for artifacts
« Normal lung : invisible
+ Air : non transmitter
* Fluid : good mediator
« Pneumothorax : interrupt of visceral pleura

« Pleural effusion : identification of visceral pleura

Principle

« High frequency (5 -10 MHz)
— Greater resolution
— Less penetration
— Superficial structure
* Lower frequency (2 — 3.5 MHz)
— Greater penetration
— Less resolution

— Deep structure

Check point

« Boundary
— Sternum
- Anterior axillary line
— Posterior axillary line
« Area
— Upper BLUE point
— Lower BLUE point

— PLAPS (Posterior/ Lateral, Alveolar / Pleural syndrome) point

BLUE point

Lichienstern A, The BLUE-paints: three standardized points used
in the BLUE-protocel for ulirasound assessment
of the lung in acute respiratory Tailure. Crit Ultrsound J(2001) 3:109-110

BLUE point

Lichienstein DA, The BLUE-points: three standardized points used
in the BLUE-protocs] for ultrasound assessment
of the lung in acute respiratory faklure. Crit Ultrasound J (20013 3:109-110

PLAPS-point

» Posterior axillary line + Lower BLUE point
« Alveolar syndrome : consolidation

* Pleural syndrome : pleural fluid

» Milestone of pleural effusion

« The lowest point of the lung

* BLUE protocol : not pulmonary edema but

pneumonia
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Lateralization maneuver

+ Small amount pleural effusion
« Posterolateral consolidation

Ligh DAL luction to Lung Ul |
Whole Body Ultrasonography in the Critically 1L page 117-127

Manipulation

» Correct angle — right angle of pleura

« Zero pressure

Pleural line : 0.5 cm below the rib line

Distance of the ICS : 2 cm

Neonate : Same as adult
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10 signs
+ Bat sign
Lung water C-profie « A line
B-profile + Lung sliding
/ * Stratosphere sign
Period af clinical g ,..M_..,_"Wﬂ“ Graual MH!‘.‘.“‘.‘.?-_':‘I respiratory . LLII'IQ poir‘lt
* Sinusoid sign
/‘/ » Quad sign
= A-profile
= e * | Shred sign
* | Tissue like sign
+ B line
10 signs Bat sign
Location of the lung : Bat sign * Location of the lung — 1%t sign, landmark
Normal lung surface : Lung sliding, A-lines » Upper rib, lower rib, pleural line
Pleural effusion : Sinusoid sign, Quad sign « Pediatrics : same as adult

Alveolar consolidation : Shred sign, Tissue like - Normal : do not distinguish visceral and

wan parietal pleura

Interstitial syndrome : Lung rockets : o P y
4 ¢ * More important indicator than lung sliding sign

Pneumothorax : Lung point, Stratosphere sign

Bat sign ??
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Bat sign A-lines

= First letter of Alphabet

* Horizontal, Reverberations, Motionless
* Manifestation of air

= Only finding in two third of normal lung
* A-line + lung sliding = A profile

* A-line only without sliding = A’ profile

Lung sliding

* Pleural sliding (visceral pleura movement)

* Lung touching chest wall

» Greatest in lower thorax

» Absence : pneumothorax, intrathoracic adhesion,
critical parenchymal disease, esophageal

intubation

* M-mode : Seashore sign
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B-lines B-lines

Comet-tail sign : water contained anatomy * Interstitial syndrome

Originates from pleura, absence of air * 3atonce>Bline

; : « 2 at once < b line, maybe fissure
Hyperechoic, vertical narrow bands y

» B-pattern : multiple B-lines with interstitial

Obliterate A-line, move with lung sliding syndrome

3 more at once : abnormal interstitial pathology, - Sub B-line : pleural effusion ( compression of

lesion in alveoli, lung rockets normal lung tissue)

Join of B-lines : severity

Lung rockets

PLAPS point : non specific (d/t gravity)
Bilateral all fields : cardiogenic edema

Localized : consolidation (pneumonia, interstitial

diseases)
Lung rockets + lung sliding = B profile

Lung rockets without sliding = B’ profile

B-lines Stratosphere sign

« Barcode sign

L]

Absence of lung sliding

.

D/D with lung pulse

Pneumothorax in M mode

nstein DA Relevance of lung ultrasound in the dikgnosis of acule
ratory failure: the BLUE protocol Chest. 2008 Jul 134(1):117-25
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Lung point

» Indicator of pneumothorax

« Abrupt appearance

* Lateral side : Pneumothorax sizel

* On one side : lung sliding preserve

* On the other side : lung sliding absent

« Pneumothorax with no lung point : massive
pneumothorax (total collapse)

Lung point

End expiration or inspiration pause
Moderate use of M-mode
Progressive pattern

Entire lung area

Lung point

httpz/iwww.emeurious.com/blog-1

Lung point
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Quad sign Sinusoid sign

* PLAPS point » Dynamic sign

Dependent position The respiratory shift of the pleural line

« Static sign, pleural and lung line, rib « Small amount of effusion : lung inflation of
« Deep boundary of the collection : regular inspiratory phase— “no show”

+ Roughly parallel to the pleural line * M mode : sine curve

« Sub B-lines * Indicates a low viscosity, no septation

Shred sign

* Alveolar consolidation

* More common

« Boundary — pleural line, air-consolidative border
* Fractal line

« The nontranslobar sign of consolidation

= Mixed pattern :aerated lung and consolidation

« Tissular pattern

Lichtenstein DA, Lung ultrasound in the eritically ill.
Annals of Intensive Care 2014, 4:1

Tissue like sign

» The sign of translobar consolidation
* Hepatization
— Disorder looking like a solid organ
» No sinusoid sign : a size remains steady

* No fractal line
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Tissue like sign

BLUE-protocol

Acute respiratory failure

Very fast (< 3 min.)

Upper point : upper lobe

Lower point : middle lobe, lingular segment

PLAPS point : lower lobe

Accuracy

« U/S sensitivity : 98%

U/S specificity : 95%
+ X-ray sensitivity : 67%
» X-ray specificity : 85%

the diagnosis of paeumonia in the emergency department
Emerg Med J 2012.29:16-23

Pneumothorax

High frequency probe

Disappearance of lung sliding
Presence of lung point

Evaluation of whole respiratory cycle
Presence of B-line : r/fo pneumothorax
Supine : lower BLUE point

Fowler's : upper BLUE point

Pneumothorax

Pleural effusion

Hypoechoic

+ Amount: > 20ml

» The volume does change with respiration

Quadrangular shape with a regular lower border

» Useful Indicator of drainage site

Transudate : anechoic

« Exudate : echogenic feature
« Sub B-line

10
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Pleural effusion

Alveolar syndrome

* Water contained alveoli
* m/c in PLAPS point
* Does not change with respiration
= D/D with abdominal organ (etc liver.)
* Visible state of lung tissue
« Hepatization
— Consolidated lung looks like liver

— Air bronchogram indicate parenchymal syndrome

Lichtenstein DA, Ul d di is of alveolar lidation in the
eritically ilL Intensive Care Med (2004) 30:276- 281

Interstitial syndrome

Thickened interlobular septum
B-lines, Lung rockets sign

Upper and lower BLUE point

B1 = 7mm apart (moderate air loss)
B2 = 3mm apart (severe air loss)
D/D with Z-line

PLAPS point : less clinical importance

"
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Lung pulse

Disappearance of lung sliding
Heart beating

r/o pneumothorax

D/D pneumothorax : no lung pulse

Atelectasis : selective intubation, ARDS

Lichtenstein [3A, et al. The "lung pulse™: a
complete atelectasis. Intensive Care Med 2(

n carly ultrasound sign of
03 Dee; 290125218792

“lung pubse”; un early ultrasound sign
msive Care Med (2003) 29:2187-2192

Pulmonary edema

* Anterior-predominant bilateral B line ( more > 4)
* Presence of lung sliding

» B-profile

» Smooth pleura

= Abrupt onset of B-line : endpoint of fluid therapy

* Proceed to C-profile

Pulmonary edema

Y

\

L DA Rel ol ling
respiratory filure: the BLUE protocol. Chest

in the dizgnosis of acule
2008 Jul 13401 3:117-25

12
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Lung water C-profile

B-profile

Death

Gradual worsening of respiratory

Fapnea
fadure

Period of elinical quisscence

A-profile

Lung contusion

» Alveola

* Increas

Lichtenstein DA, The Comet-tail artifact,
American Journal of Respiratory and Critical Care
Medicine. 1997 156 (5): 16401646,

FALLS-Protocol

FALLS-protocol

1) Ruling out obstructive shock

Simple Carthac SONOGraphy
Paricardial

* Not yet supported by clir

lamponade
IRight ventricle diatation
BLUE-protocol: prsumothoras (4'preie

* Pulmonary artery occlus

» Dichotomy

2) Ruling out cardiogenic shock |
1 BLUE proteco! | pulmenary sdema (B profie)

» Change of A-lines to lun

{3) Ruling out hypovolemic shock | (A-prafie)
« Direct biomarker of clinid {

Cormection of parsmeters of shock
e Husd BamnLAon

Lichienstein DA BLUE-protocol and FALLS-protocol:
two applications of lung ultrasound in the eritically ill.
Chest. 2015 Jun; 147(6): 1659-70.

Hyponatremia

» Assessment of volume state
* Hypovolemic hyponatremia : A-line (dry lung)
+ Dilutional hyponatremia : B-line (hypervolemia)

= Fast lung rockets sign, before respiratory

symptom

Procedure

+ Safest window

* Quad and sinusoid sign

 Fluid visible over 3 intercostal space

* 15 mm distance (interpleura) is minimum required

= Patient position : dorsal, lateral decubitus

ol Feasibility and safety of ultrasound-
tilated patients.
).955-8

Lichtenstein D, et
aided is in
Intensive Care Med, 1999 Sep;25(
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_.Lung sliding S~ e
e presant -~ .w!ly . abolished p::l::cﬂ
— ! y NG » Lung rockets : only anterolateral part
B profile A profile AE or B profile A lines
Cpnlsme [ \ . . o
l l 1 ' ~ * Pulmonary edema : diffuse B-line + lung sliding
PULMONARY  Veswussnsiysis  PNEUMONIA  PNEUMONIA Ju:::nmr r":;"‘;';:"
St b i + Pneumothorax : A-line + Lung point + sliding(-)
Thrombosed vein  Free veins l ) _'. )
1 PNEUMOTHORAX = « Pneumonia : B-pattern + sliding(-), A-profile
PULMONARY Stage 3
EMBOLISM S
A +PLAPS, A/B profile, C-profile
1
PNEUMONLA COPD or
ASTHMA
Limitation

* Do not evaluation of trachea
+ Chest tube

+ Dressing

* Subcutaneous emphysema

— No Bat sign
~ E-lines

+ Huge bullae
- finding of lung sliding
- D/D with pneumothorax

.1 30pt
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Sono-guided Vascular Access and Intervention
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