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ECHOGRAPHIE PLEURO-PULMONAIRE
Approche de |'étude parenchymateuse
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Echographie pleuro-pulmonaire et
condensation alvéolaire

« Hépatisation » pulmonaire
Se 90% Spe 98%

Accolé a la plevre dans 98 %
des cas.

Perte du glissement pleural
dans la majorité des cas

Bronchogramme visible
Lichtenstein, | C M 2004

Echographie pleuro-pulmonaire et
condensation alvéolaire

Intensive Care Med (2004) 30:276-281
DOI 10.1007/500134-003-2075-6 ORIGINAL

DaneliAxTilchtenstéfi Ultrasound diagnosis of alveolar consolidation

Nathalie Lascols

Gilbert \ll;:;u in the critically ill

* Aspects échographiques:

» Traduction échographique de I’hépatisation
parenchymateuse

» Limites:
v Superficielle: réguliére : épanchement ou plévre

v’ Profonde: réguliére en cas de consolidation lobaire
compléte ou irréguliére a la jonction parenchyme
consolidé et aéré

Echographie pleuro-pulmonaire et
condensation alvéolaire

Sublimée en cas d’épanchement
au contact

*Cardiaque
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Echographie pleuro-pulmonaire et
condensation alvéolaire

Moins le poumon est aéré, plus
il est visible en échographie ...

Echographie pleuro-pulmonaire et
condensation alvéolaire

* Aspects échographiques:
» Echostructure:

» The Dynamic Air Bronchogram. Lichtenstein D, Meziére G,
Seitz J. Chest. 2009 Feb 18.

v Bronchogramme aérien: images hyperéchogénes
punctiformes ou linéaires sans ombres acoustiques
postérieures

v Bronchogramme aérien dynamique: plutét en faveur d’un
sd alvéolaire non rétractile ?

v Bronchogramme aérien statique: plutdt en faveur d’une
atélectasie ?

Echographie pleuro-pulmonaire et
condensation alvéolaire

Echographie pleuro-pulmonaire et
condensation alvéolaire




Echographie pleuro-pulmonaire et Echographie pleuro-pulmonaire et
condensation alvéolaire condensation alvéolaire
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Lichtenstein D, Meziére G & Seitz J (2002). Le “bronchogramme aérien dynamique”, un signe échographique de consolidation alvéolaire
non rétractile. Réanimation 2002;11 Supplt 3:98s (Abst)

Echographie pleuro-pulmonaire et Echographie pleuro-pulmonaire et
syndrome alvéolo-interstitiel syndrome alvéolo-interstitiel
* Bedside ultrasound of the lung for the monitoring of * Caractéristiques des lignes B: ‘\
acute decompensated heart failure. , . .
Volpicelli G et al. Am J Emerg Med. 2008 B itefact en queue de cometAes : &. m
* The comet-tail artifact: an ultrasound sign of alveolar- > Nombreuses (>2) sur une méme coupe [ ) T
interstitial syndrome. » Naissant de la ligne pleurale
Lichtenstein et al. Am J Respir Crit Care Med 1997 % Bien définie ‘

» Hyperéchogéne

» Descendant jusqu’au bas du champ
d’exploration échographique

* Caractérisé par la présence d’un artéfact: ligne B

* Ligne B: air-eau=impédances acoustiques éloignées
mélées a un méme endroit

* Ligne B: constantes dans I'cedéme pulmonaire (mais > Effacant les lignes A
pas que ...) » Assujettie au glissement pleural




Echographie pleuro-pulmonaire et
syndrome alvéolo-interstitiel

Echographie pleuro-pulmonaire et
approche de I'’étude parenchymateuse

Hl_CLINICAL INVESTIGATIONS

Comparative Diagnostic Peyformances of Auscultation,

Chest Radiographby, and Lung Ultrasonography in Acute
Re Syn >
ie D.tEi

Lignes « B3 » = verre dépoli (type OAP)

Lignes « B7 » = épaississement des septa
(type fibrose)

Lichtenstein et al Anesthesiology 2004

Echographie pleuro-pulmonaire et
syndrome alvéolo-interstitiel

« Queues de cométe »

DYSPNEE AIGUE: OAP vs BPCO décompensée:
Queues de cométe présentes chez 40/40 OAP
Queues de cométe absentes chez 24/26 BPCO décompensée

Queue de cométe absentes chez 79/80 patients non dyspnéiques
Lichtenstein et al Intensive Care Med 1998

Echographie pleuro-pulmonaire et
approche de I'étude parenchymateuse

e PERSPECTIVES: Orientation diagnostique
étiologique de la détresse respiratoire en
pré-hospitalier:

re 2011, 15R114
ntent/15/2/R114
C‘: CRITICAL CARE

Combination of lung ultrasound (a comet-tail
sign) and N-terminal pro-brain natriuretic peptide
in differentiating acute heart failure from chronic
obstructive pulmonary disease and asthma as
cause of acute dyspnea in prehospital
emergency setting

Gregor Prosen'?, Petra Klemen'*?, Matej Strnad'? and Stefek Grmec'?*+*




Echographie pleuro-pulmonaire et

approche de I'’étude parenchymateuse

Table 4 Test ch istics of

dified Boston

d ination and NT-proBNP?

PERSPECTIVES: Orientation diagnostique étiologique de la
détresse respiratoire en pré-hospitalier:

NT-proBNP and combination of

Characteristic Ultrasoundb Modified Boston criteria

‘examination scoring

100% 80%

(95% CI 98 to 100) (95% ClI 77 to 85)
96% 90%

(95% CI 93 to 100) (95% CI 86 to 93)

(95% CI 1.98 to 89.94) (95% CI 1 5.5 to 1848)
0
(95% Cl 0.07 to 052)

(95% Cl: 0.90 to 0.97) (95% CI 0:80 to 091)

NT-proBNP

86%
(95% Cl 82 to 90)
90%
(95% Cl 85 to 94)
(95% C1 172 10 3386)
(95% C1 002 10 023)

(95% CI 0.84 to 0.94)

Ultrasound examination +

NT-proBNP

P value®

100%

(95% Cl 98 to 100)
100%

(95% Cl 97 to 100)
100%

(95% CI 98 to 100)
100%

(95% CI 96 to 100)

Infinite

0

(95% Cl 0.98 to 1.00)

<001

<001

<001

<001

<001

<001

<001

proBNP was statistically significantly different from the
use of single methods. It had values of 100% sensitivity,
100% specificity, 100% NPV, 100% PPV, LR" infinite,
LR zero, and AUROC 0.99.
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ECHOGRAPHIE PLEURO-PULMONAIRE
B.L.U.E. Protocol
nthése et intégration clinio

Echographie pleuro-pulmonaire et
approche de I’étude parenchymateuse

Chest Lung
Auscultation,  Radiography,  Ultrasonography,
% % %

Pleural effusion
Sensitivity 42 39 92
Specificity 0 85 93
Diagnostic 81 47 93
accuracy
Alveolar
consolidation
Sensitivity 8 68 93
Specificity 100
Diagnostic
accurac

B.L.U.E. Protocol

C T Chest 2008;134;117-125
H E S Beside Lung Ultrasound in Emergency

Etude observationnelle ayant pour
but de décrire
le profil échographique de
admis pour détre

Official publication of the American C ollege of Chest Physicians

Relevance of Lung Ultrasound in the
Diagnosis of Acute Respiratory Failure
The BLUE Protocol

Daniel A. Lichtenstein and Gilbert A. Meziere



B.L.U.E. Protocol

B.L.U.E. Protocol

Eléments de sémiologie échographique recueillis:

Table 4—Accuracy of the Ultrasound Profiles*

Positive Predictive Negative Predictive

Disease Ultrasound Signs Used Sensitvity, % Specificty, % Value, % Value, %
Cardiogenic pulmonary - Diffuse bilateral anterior B+ lines 97(62/64) 95 (187/196) 87(62/71) 99 (187/189)
edema associated with lung sliding (B profile)
COPD or asthma Predominant anterior A Tines without 89(74/83) 97 (172/177) 93 (74/79) 95 (172181)

PLAPS and with lung siding (normal
profile) or with absent lung sliding /
without lung point

X

‘The B profile

+ ou —Glissement Pulmonary embolism — Predominant anterior bilateral A lines SLO721)  99(238/239) 94 (17718) 95 (238/242)
Ligne(s) B ldural plus venons thromboss +
pleural | Pneumothorax Absent anterior lung slding, absent §9(89) 10025151 100(858) 99 (251/252)
—_— — anterior B lines and present lung point
Preumonia Diffuse bilateral anterior B+ lines 11(983)  100(77177) 100 (919) 70 (177/251)
associated with abolished lung slding
(B' profile)
* PLAPS: Predominant anterior B+ lines on one 145(12/83) 100 (177177) 100 (12/12) L5 (177/248)
side, predominant anterior A lines on
Posterolateral alveolar and/ e other (VB profle)
Anterior alveolar consolidation (C profile] ~ 2L5(18/83) 99 (I75/177)  90(18/20) 73(175/240)
or pleural syndrome A profile plus PLAPS 53 96 (1T01TT)  83(35/42) 78 (170218)
A profile plus PLAPS, B, A/B or Cprofile ~ 89(74/83) 94 (167177) 85 (T484) 95 (167176)

*Data in parenthesis indicate No. of patients (total).

veineuse

B.L.U.E. Protocol B.L.U.E. Protocol

Table 4—Accuracy of the Ultrasound Profiles* Table 4—Accuracy of the Ultrasound Profiles*

Positive Predictive Negative Predictive Positive Predictive  Negative Predictive

Disease Ultrasound Signs Used Sensitivity, % Specificity, % Value, % Value, % Disease Ultrasound Signs Used Sensitivity, % Specificty, % Value, % Value, %
Cardiogenic pulmonary  Diffuse bilateral anterior B+ lines 95 (187/196) 87(62/71) 99 (187/189) Cardiogenic pulmonary  Diffuse bilateral anterior B+ lines 97(62/64) 95 (187/196) 87(62/71) 99 (187/189)
edema associated with lung sliding (B profile) edema associated with lung sliding (B profile)
COPD o asthma Predominant anterior A Tines without 89(74/83) 93 (T4/79) 95 (172/181) COPD or asthma Predominant anterior A lines without 89(74/83) 97 (172177) 93 (T4/79) 95 (172/181)
PLAPS and with lung siding (normal PLAPS and with lung slding (normal
profile), or with absent lung sliding profile), or with absent lung sliding
without hung point ‘without Tung point
[monary embolism redominant anterior hilateral A Tmes 94(17118) 98(238/242) [ Pulmonary embolism  Predominant anterior bilateral A lines SL(17/21) 99 (238/239) ] 94(1718) 98(238/242)
plus venous thrombosis + ‘IS venous thrombosis +
Pneumothorax Absent anterior lung sliding, absent 88(8/9) 100 (251/251) 100/(8/8) 99 (251/252) Pneumothorax Absent anterior lung sliding, absent 88 (819) 100 (251/251) 100 (8/8) 99 (251/252)
anterior B lines and present lung point anterior B lines and present lung point
Pneumonia Diffuse bilateral anterior B+ lines 11(9/83) 100 (177177 100 (9/9) Pneumonia Diffuse bilateral anterior B+ lines 11(9/83) 100 (177177) 00 (9/9)
associated with abolished lung sliding associted with abolished hng slding
(B’ profile) (B’ profile)
Predominant anterior B+ lines on one 145 (12/83) 100 (177177) 00 (12/12) TL5 (177/248) Predominant anterior B+ lines on one 145 (12/83) 100 (177/177) 100 (12/12) TL5 (177/248)
side, predominant anterior A lines on side, predominant anterior A lines on
the other (A/B profile) the other (A/B profile)
Anterior alveolar consolidation (C profile) 215 (18/83) 99 (175/177) 90 (18/20) 73 (175/240) Anterior alveolar consolidation (C profile) 215 (18/83) 99 (175/177) 90 (18/20) 73 (175/240)
A profile plus PLAPS 42(35/83) 96 (170/177) 83 (35/42) 8(17 ) A profile plus PLAPS 42(35/83) 96 (170/177) 83 (35/42) 78 (1701218)
A profile plus PLAPS, B', A/B or C profile 89 (74/83) 94 (167/177) 88 (T4/84) 95 (167/176) A profile plus PLAPS, B, A/B or C profile 89 (74/83) 94 (167/177) 88 (T4/84) 95 (167/176)

*Data in parenthesis indicate No. of patients (total).

*Data in parenthesis indicate No. of patients (total).




B.L.U.E. Protocol

Table 4—Accuracy of the Ultrasound Profiles*

Positive Predictive  Negative Predictive

Disease Ultrasound Signs Used Sensitivity, % Specificity, % Value, % Value, %
Cardiogenic pulmonary - Diffuse bilateral anterior B+ lines 97 (62/64) 95 (187/196) 87(6271) 99 (187/189)
edema associated with lung sliding (B profile)
COPD or asthma Predominant anterior A lines without 89(74/83) 97 (172177) 93 (74/79) 95 (172/181)
PLAPS and with lung sliding (normal
profile), o with absent lung slding
without lung point
Pulmonary embolism  Predominant anterior bilateral A lines SLOIT21) 99 (238/239) 94(1718) 98(238/242)
plus venous thrombosis
Absent anterior hung sliding, absent BET89] i 1001(8/8) 99 (251/252)
anterior B lines and present lung point ]
P Diffuse-bilateral-anterior B+ O3 0aTAT 100 (919) 70 (177/251)
associated with abolished hung sliding
(B profile)
Predominant anterior B+ lines on one 145 (12/83) 100 (177/177) 100 (12112) TL5 (177/248)
side, predominant anterior A lines on
the other (A/B profile)
Anterior alveolar consolidation (C profile) 215 (18/83) 99 (175/177) 90/(18/20) 73 (175/240)
A profile plus PLAPS 42(35/83) 96 (170/177) 83 (35/42) 78 (170218)
Aprofile plus PLAPS, B, A/B or C profile 89 (74/83) 94 (167/177) 88 (74/84) 95 (167/176)

*Data in parenthesis indicate No. of patients (total).

B.L.U.E. Protocol

Table 4—Accuracy of the Ultrasound Profiles*

Positive Predictive Negative Predictive

Disease Ultrasound Signs Used Sensitivity, % Specificty, % Value, % Value, %
Cardiogenic pulmonary  Diffuse bilateral anterior B+ lines 97 (62/64) 95 (187/196) ST (6271) 99 (187/189)
edema associated with lung sliding (B profile)
COPD or asthma Predominant anterior A lines without 89(74/83) 97 (172177) 93(74/79) 95 (172/181)
PLAPS and with lung siding (normal
profile) or with absent lung sliding
without lung point
Pulmonary embolism  Predominant anterior bilateral A lines SLOIT21) 99 (238/239) 94(17/18) 98(238/242)
plis venous thrombosis
Pneumothorax Absent anterior lung sliding, absent 88(8/9) 100 (251/251) 100 (8/8) 99 (251/252)
atesior B lines and at lung oint
i
Pneumonia Diffuse bilateral anterior B+ lines 11(9/83) 100 (177177) 100 (9/9) 70 (177/251)
associated with abolished lung sliding
(B’ profile)
Predominant anterior B+ lines on one 145 (12/83) 100 (177177) 100 (12112) 715 (177/248)
side, predominant anterior A lines on
the other (A/B profile)
Anterior alveolar consolidation (C profile) 215 (18/83) 99 (175/177) 90/(18/20) 73 (175/240)
A profile plus PLAPS 42(35/83) 96 (170/177) 83 (35/42) 78 (170/218)
Aprofile plus PLAPS, B, A/B or C profle 89 (74183)  94(167077) ) 88 (74184 95 (167176)

*Data in parenthesis ndicate No. of patients (toa]

B.L.U.E. Protocol

Table 4—Accuracy of the Ultrasound Profiles*

Positive Predictive Negative Predictive

Disease Ultrasound Signs Used Sensitvity, % Specificty, % Value, % Value, %
Cardiogenic pulmonary  Diffuse bilateral anterior B+ lines 97 (62/64) 95 (187/196) 87(6271) 99 (187/189)
edema associated with lung sliding (B profle)
COPD or asthma Predominant anterior A lines without 89(74/83) 97 (172177) 93 (74/79) 95 (172/181) I
PLAPS and vith lung liding (normal [ N
profile). o with absent lun sliding P
without lung point
Pulmonary embolism  Predominant anterior bilateral A lines SLOT21) 99 (238/239) 94(1718) 98(238/242)
plis venons thrombosis +
Pneumothorax Absent anterior lung sliding, absent 88(8/9) 100 (251/251) 100 (8/8) 99 (251/252)
anterior B lines and present lung point
neumonia Diffuse bilateral anterior B+ lines 11(9/83) 100 (1771 100 (9/9) 70 (177/251)
associated with abolished lung sliding
(B’ profile)
Predominant anterior B+ lines on one 14.5(12/83) 100 (177/177) 100 (12112) TL5 (177/248)
side, predominant anterior A lines on
the other (A/B profile)
Anterior alveolar consolidation (C profile) 215 (18/83) 99 (175/177) 90 (18/20) 73 (175/240)
A profile plus PLAPS 42(35/83) 96 (170/177) 83 (35/42) 78 (170/218)
Aprofile plus PLAPS, B, A/B or C profle 89 (74/83)  94(167077) ) 8 (7484 95 (167/176)

*Data in parenthesis indicate No. of patients (total).

B.L.U.E. Protocol

Lung Ishdlng The
BLUE
/ pres;n( 'i’y ?{shed\\ protocol
B profile A profile A/B or B’ profile Alines
l C profile
plu: without
PULMONARY  Venousanalysis ~ PNEUMONIA  PNEUMONIA  jynovoine  jung point
EDEMA
Thrombosed vein  Free veins 1
Need for other
PNEUMOTHORAX  diagnosis
modalties
PULMONARY Stage 3
EMBOLISM .
PLAPS no PLAPS This decision tree does not
aim at providing the diagnosis.
It indicates a way for reaching
PNEUMONIA  COPD or AIOE donuracy whenitky
ASTHMA ik

FIGURE 7. A decision tree utilizing lung ultrasonography to guide diagnosis of severe dyspnea.




APPLICATION PRATIQUE AUX URGENCES APPLICATION PRATIQUE AUX URGENCES

EMERGENCY Lung ultrasound is an accurate diagnostic tool for the diagnosis of
MEDICINE

A comparison of different diagnostic tests in the bedside evaluation of

JOURNAL pneumonia in the emergency department. pleuritic pain in the ED.

BM] Cortellaro et al. Emerg Med J, Janvier 2012

Volpicelli et al. Am J Emerg Med, Février 2012

* 120 patients admis pour suspicion de PNP: 81 diagnostic retenu
(67,5%)
ission: VP: 54/81 (Se 67%) et VN: 3

* 49 patients en rétrospectif et 41 en prospectif => 90 patients
tant au SAU avec une « douleur de type pleur

Conclusion : échographie pleuro-pulmonaire

LE « TOUT » ECHOGRAPHIE PULMONAIRE ??? (et plus...)
La démarche « Echographie Clinique »

Probablement pas...
Les stratégies diagnostiques combinées= démarche « écho-clinique »

Une réflexion échographique « clinicienne » intégrée

en ant . . . . .
[ Cmemenipora | (725 52 gimemerr el | Rapid evaluation by lung-cardiac-inferior
BT Goresso7 ] vena cava (LCl) integrated ultrasound for
ones ones Point poumon Pas de point

differentiating heart failure from pulmonary
disease as the cause of acute dyspnea in the
emergency setting

Katsuya Kajimoto'", Keiko Madeen', Tomoko Nakayama?, Hiroki Tsudo®, Tadahide Kuroda' and Takashi Abe®

ETT > En post polumon
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) bilat + on
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ETT
EP BPCO PRVG PRVG condens
ASTHME élevées normales ation

SHUNT
DM - _‘1 1 1
oAP SDRA
PNEUMONIE PNEUMONIE

+TDM

CARDIOVASCULAR
ULTRASOUND

90 Dyspnées aigues
consécutives
aux URGENCES




Conclusion : échographie pleuro-pulmonaire Conclusion : échographie pleuro-pulmonaire
(et plus...) (et plus...)
La démarche « Echographie Clinique » La démarche « Echographie Clinique »

Table 2 Plasma BNP, lung ultrasound alone or combined

with BNP, cardiac findings, and the LCl integrated Réﬂ exion CI ini que

d for di is of AHFS
Sensitivity Specificity NPV PPV Accuracy
(%) (%) (%) (%) (%) +
BNP 2100 pg/ml 924 351 764 671 688

Zig::gham 792 567 656 646 700 Gest—ion éChOgraphique
intégrée

Lung ultrasound 96.2 540 909 750 788

Both Lung 886 676 806 798 800
ultrasound and

BNP (2100 pa/ml)

Reduced EF

(LVEF <40%)

MR or TR

moderate

Focal multiple Diffuse multiple bilateral
Blines Blines

.
Intertiial pneumoria/poeumonitis

. Pulmonary fibrosis
- Bronchial asthma P - _Acute respiratory ditress syndrome (ARDS) |
- Chronic obstructive | pneumonits
pulmonary disease (COPD) Atelectasis
Pulmonary infarction i
Pulmonary contusion (reduced EF)

IVC collapsibility
<50%

Both preserved EF
and MR = moderate

Both reduced EF
and either MR or
TR > moderate

Non-cardiogenic - Pleural disease
ueute dyspnea - Neoplasia : MRorTR:

|

Non-cardiogenic
acute dyspnea

Collapsibility <50% ?

* Two major or one major and two minor criteria. BNP = brain natriuretic
peptide; LCI = lung-cardiac-inferior vena cava; AHFS = acute heart failure
ositive predictive value;
ferior vena cava; M ral

Non-cardiogenic Cardiogenic
acute dyspnea acute dyspnea
Figure 1 Algorithm for the diagnosis of acute dyspnea based on the lung-cardiac-inferior vena cava integrated ultrasound. LVEF = eft
ventricular ejection fraction; MR = mitral regurgitation; TR = tricuspid regurgitation; INC = inferior vena cava,




