
ECHOGRAPHIE*PLEURO-PULMONAIRE*
Principes)d’échographie)pulmonaire)

Dr*BONNEC*J.M.(1)*(2)**
Dr)BOBBIA)X.)(1))–)Dr)CLARET)P.G.)E)Pr)DE)LA)COUSSAYE)J.E.)(1))
(1))Pôle)Anesthésie)RéanimaLon)Douleur)Urgence)E)GHU)CarémeauENîmes)

(2))Pôle)Urgences)–)SAMU)–)SMUR)–)CH)Perpignan)

Séminaire)Echographie)du)PaLent)Aigu)
Faculté)de)Médecine)Nîmes)–)16)au)18)Décembre)2013) Historiquement…)

)
1967:*Joyner*CR,*Hermans*RJ,*Reid*JM*
Reflected)ultrasound)in)the)detecLon)and)localisaLon)
of)pleural)effusion.)JAMA.)1967)
)
1992:*TargheJa*R,*Bourgeois*JM,*Chavagneux*R,*
Balmes*P.**
Diagnosis)of)pneumothorax)by)ultrasound)immediately)
aaer)ultrasonic)guided)aspiraLon)biopsy.)Chest.)1992)

20*ans*

Actuellement…)

Bibliographie)fin)2013:))
«*chest*ultrasonography*and*ED*»*

En*Pathologie*Médicale:*
Can)chest)ultrasonography)replace)
standard)chest)radiography)for)evaluaLon)
of)acute)dyspnea)in)the)ED?)

Zanobeg)et)al.)Chest*Mai*2011*
*

=>*«*This*technique*could*become*the*
rouZne*imaging*modality*for)paLents)with)
dyspnea)presenLng)to)the)ED)»*
)
)

En*Traumatologie:*
DiagnosLc)accuracy)of)ultrasonography)in)
the)acute)assessment)of)common)thoracic)
lesions)aaer)trauma.)

Hyacinte)AC)et)al.)Chest*Octobre*2011*
*

=>*«*Thoracic*ultrasound*as*a*bedside*
diagnosZc*modality*is*a*beJer*diagnosZc*
test*than*CE*and*CXR*in)comparison)to)CT)
scanning)when)evaluaLng)supine)chest)
trauma)paLents)in)the)emergency)segng,)
parLcularly)for)diagnosing)
pneumothoraces)and)lung)contusions.)»)
*

Matériel)requis)
•  Le)meilleur)=)celui)dont)on)dispose)…)
•  La)polyvalence)=)affaire)de)
compromis)…)

)
Idéalement:**

! *Sonde*étroite*(passage*intercostal)*
! *Fréquence*5*à*7*MHz*
! *Pas*de*place*à*l’uZlisaZon*du*mode*
Doppler*(pour*le*moment…))



Matériel)requis)

•  Localement:)UrgencesESMURERéanimaLons)

Matériel)requis)

Figure 1.
Panel (a) shows the GE Vscan device, panel (b) is a perspective of the pocket-size Vscan
device compared to a traditional stethoscope.
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Is*pocket*mobile*echocardiography*the*next-generaZon*
stethoscope?*

Liebo)et)al.)Ann)Intern)Med)2011)

En)maLère)
d’échographie)

pleuropulmonaire)
=)

?*

Matériel)requis)

1) 2)

1)

2)

Matériel)requis)
•  Entrave*à*l’examen*pleuro-
pulmonaire:*

→)l’uLlisaLon)des)filtres)dynamiques)
•  Réglage*correct*du*gain:*
→)limiter)au)maximum)le)gain)pour)
l’analyse)dynamique)du)
mouvement)pleural)

•  Réglage*de*profondeur:*
→)limiter)la)pénétraLon=)magnifie)
l’image)pleurale)



ApprenLssage)de)la)technique)

•  Courbe)d’apprenLssage)brève)
•  Double)lecture)en)phase)d’apprenLssage)+++)
•  Principe)de)précauLon)=)quesLons)simples)

ApprenLssage)de)la)technique)

•  27)praLciens)–)SAMU)Necker)–)avril)2007)
•  8)praLciens)avec)formaLon)d’écho)générale)préalable)dont)

seulement)4)avec)1)an)d’expérience)
•  Test):)25)boucles)écho)pulmonaire)de)5’)
•  Pré-test*–*FormaZon*(1h*PNT*+*1h*OAP)*–*Post-test*

)

ApprenLssage)de)la)technique)

=>)The)sonographic*image*paJerns*are*relaZvely*simple*(yes/
no)pleural)sliding)and)yes/no)BEline)presence))

=>)As)demonstrated)by)this*relaZvely*basic*teaching*module,)
require*minimal*Zme*and*effort*(one)didacLc)oneEhour)session))

for)rapid)image)recogniLon)improvement.)

ApprenLssage)de)la)technique)
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interventions; PU gave faster results than CXR; and 
PU was performed competently by naïve physicians 
after a brief (2-h) training session. 
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pneumothorax by PU but not CXR resulted in thera-
peutic intervention. However, it is possible that some 
of these pneumothoraces would have remained 
asymptomatic if untreated. The actual impact of PU 
for follow-up of pneumothorax drainage remains to 
be assessed by conducting a randomized study. 

 Like every ultrasound examination, the quality of PU 
examination results depends to some extent on the per-
son conducting the examination. The learning curve of 
ICU residents in this study showed that the residents’ 
results were reliable after 2 h of training. These results 
confi rm that for PU, as for echocardiography  41   and 
general ultrasonography,  42   training for nonradiologist 
physicians is simple and does not take a long time.  43   

 Finally, this study excluded patients placed on 
mechanical ventilation because PU specifi city is 
decreased in these patients.  23,24   The accuracy of PU 
for detection of pneumothorax after drainage in these 
patients remains to be assessed. 

 It is clear that many clinicians are reluctant to per form 
PU for pneumothorax follow-up, most likely because 
of concerns that it lacks specifi city and sensitivity. 
The results of our study are very reassuring, because 
PU showed a nearly perfect PPV except in patients 
with giant emphysema; all pneumothoraces detected 
on CXR were also diagnosed using PU. The sensitivity 
of PU has not been determined using systematic CT 
scan as a gold standard because it was not feasible to 
perform a CT scan three times in each patient. 

 Conclusions 

 This study showed that PU diagnostic performance 
was excellent for pneumothorax follow-up after drain-
age. PU offered several advantages over CXR: PU 
diagnosed all residual pneumothoraces, many of which 
were not identifi ed by CXR; PU led to extra therapeutic 

  Figure  6. Infl uence of the learning curve for the diagnosis of 
residual pneumothorax by ICU residents.   
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Internes:*
Aucune*expérience*préalable*en*
échographie*PP*
2*Heures*de*formaZon*préalable*à*l’étude*
E  2)DES)Néphrologie)
E  1)DES)Santé)public)
E  1)DES)Anesthésie)
E  1)DES)Cardiologie)



Les)grands)principes)échographiques)
appliqués)à)l’échographie)pleuroEpulmonaire)

Le)thorax)est)un)
milieu)partagé)airE
eau:)la)différence*

importante*
d’impédance*

acousZque*entre*air*
et*eau)génère)les)

signes)
échographiques.)

)

Les)grands)principes)échographiques)
)appliqués)à)l’échographie)pleuroEpulmonaire)

Le)point)de)départ)
de)la)sémiologie)
échographique)
pulmonaire)est)la*
ligne*pleurale.)

)

Les)grands)principes)échographiques)
)appliqués)à)l’échographie)pleuroEpulmonaire)

A*l’état*physiologique:)le)parenchyme)
pulmonaire)est)échographiquement)«)neutre)»)

Les)grands)principes)échographiques)
)appliqués)à)l’échographie)pleuroEpulmonaire)

La)sémiologie)
échographique)
pulmonaire)est)
basée)en)grande)
parLe)sur)l’étude*
des*artéfacts*
classiquement)

considérés)comme)
indésirables.)

)



Les)grands)principes)échographiques)
)appliqués)à)l’échographie)pleuroEpulmonaire)

L’échographie)pleuro)
pulmonaire)s’appuie)
sur)une)étude))de)la)

dynamique.)

)

TEMPS)(sec))

Conduite)de)l’examen)échographique)

! Etude*longitudinale*:)
stabilité)des)repères)
échographiques)en)mode)
B)(repère)+++))

! Etude*antéropostérieure:)
définit)3)niveaux)
d’exploraLon)

Conduite)de)l’examen)échographique)

•  Niveau*1:))
! Analyse)de)
la)paroi)
antérieure)
chez)un)
paLent)en)
décubitus)
dorsal.)

)

Conduite)de)l’examen)échographique)

•  Niveau*2:))
! Analyse)de)
la)paroi)
latérale)
jusqu’au)
plan)du)lit.)

)



Conduite)de)l’examen)échographique)

•  Niveau*3:))
! Analyse)de)
l’abord)
postérieur,)
nécessite)une)
mobilisaLon)
du)paLent.)

! Manœuvre)de)
latéralisaLon:)
MDL)

Conduite)de)l’examen)échographique)

•  Niveau*4:*
! )Analyse)de)la)paroi)
postérieure)et)des)
aires)susEclaviculaires)

! Nécessité)de)
mobilisaLon)+++:)DV,)
Assis,)DL))

! )Intérêt)clinique):)
PneumaLsaLon)de)
l’ARDS)en)
réanimaLon)?)

Aspect)échographique)pulmonaire)
normal)et)repères)

•  Seule)la)plèvre)est)
visible)
échographiquement:)
interface)
paroi=hydrique)et)
poumon=air)

•  L’image)pleurale)=)la)
ligne*pleurale.)

•  Point)de)repère)de)
départ)de)tout)
examen)

Aspect)échographique)pulmonaire)
normal)et)repères)

•  Sonde)en)posiZon*longitudinale*
•  Ligne)hyper-échogène)5)mm)en)arrière)de)la)
ligne)costale)



Aspect)échographique)pulmonaire)
normal)et)repères)

•  Ligne)pleurale)et)périoste)costal=)signe*de*la*chauve*
souris*

•  Signe)de)la)chauve)souris:)
! Repère)permanent)en)échographie)pleurale)
! Evite)de)confondre)la)plèvre)avec)toute)autre)structure)
)

Aspect)échographique)pulmonaire)
normal)et)repères)

•  A)parLr)du)repère)défini)
par)la)ligne)pleurale:)

! )Etude*des*signes*
staZques*du)poumon)
«)normal)»)=)mode)B)

! Etude*des*signes*
dynamiques*du)poumon)
«)normal)»)=)mode)TM)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

•  Les)images)artéfactuelles)normales)chez)le)
sujet)sain:))

•  Artéfacts*horizontaux:)
! Ligne*A*:)image)de)répéLLon)de)la)ligne)
pleurale:)longue)et)tangenLelle)à)la)ligne)
pleurale)

! Ligne*O:)ligne)A)plus)courte)et)moins)visible)
)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

→)Artéfact)de)réflexion)mulLple)



Aspect)échographique)pulmonaire)
normal:)signes)staLques)

A)

A) A)

A)

O)

O)

Lignes)A) Lignes)O)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

•  Les)images)artéfactuelles)normales)chez)le)sujet)sain:))
•  Artéfacts*verZcaux:)
! Ligne*B:)on)peut)en)voir)une)à)deux)chez)le)sujet)sain)
! Ce)sont)des)artefacts)linéaires)verLcaux)ou)queue*de*
comète:)partant)de)la)ligne)pleurale)et)joignant)le)bas)
de)l’image)(sans)épuisement))

! Fines)et)solidaires)du)mouvement)pleural)
! Elles)sont)surtout)visibles)en)zones)déclives)(dans)30)à)
40)%)des)cas))

)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

→)Artéfact)de)réverbéraLon)

Targhe|a)R.)J.)Clin.)Ultrasound,)1993)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

B) B)

Lignes)B)



Aspect)échographique)pulmonaire)normal:)
signes)staLques)

•  CaractérisZques*des*lignes*B:*
! Artéfact)en)queue)de)comètes)
! Nombre)restreint)à)l’état)physiologique)

(<2))sur)une)même)coupe)échographique)
! Naissant)de)la)ligne)pleurale)
! Bien)définie)
! HyperEéchogène)
! Descendant)jusqu’au)bas)du)champ)

d’exploraLon)échographique)
!  Effaçant)les)lignes)A)
! Assujege)au)glissement)pleural)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

•  RéanimaLon)médicale)–)Ambroise)Paré)
•  Comparaison)de)41)PNT)complets)vs)146)hémithoraxs)
sans)pneumothorax)(diagnosLc=CT))

•  DescripLon)des)artéfacts)staLques)dans)les)deux)
populaLons)

Aspect)échographique)pulmonaire)
normal:)signes)staLques)

•  Fréquence*+++*des*lignes*A*et*O*dans)le)cadre)de)l’examen)de)poumon)«)sains)»)
•  Fréquence*----*des*lignes*B*dans)le)cadre)de)l’examen)de)poumons)«)sains)»)

Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

•  Glissement*pleural=)signe)dynamique)normal)
correspondant)à)la)descente)crânioEcaudale)
du)poumon)lors)de)l’inspiraLon)

! Loi*du*tout*ou*rien:)un)glissement)minime)est)
retenu)

)
)



Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

•  En)Mode)TM:)
! )Signe*du*bord*de*mer:)ligne)pleurale)est)
hyperEéchogène,)mobile)avec)un)granité)
postérieur)immobile.)

! *Intérêt:*Fixe)une)image)«)dynamique)»)dans)
le)dossier)

Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

•  ParLcularités)«)sémiologiques)»)du)glissement)pleural:)
! *Mal*visualisé*avec*sonde*basses*fréquences*
! *Minimisé*par*l’uZlisaZon*des*«*filtres*»*et*haut*
niveau*de*gain*

! *Loi*du*tout*ou*rien*
! *Aboli*par*l’apnée*
! )L’amplitude)augmente)du)sommet)à)la)base)chez)le)
sujet)sain)

! )Cas)de)mise)en)évidence)difficile:)AAG,)atcdt)de)
pleurésie,)dyspnée)à)Lrage)majeure,)emphyséme)
pariétal.)



Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

•  Etude)du)glissement)pleural)par)
deux)observateurs)

•  En)aveugle)des)condiLons)d’IOT)

Aspect)échographique)pulmonaire)
normal:)signe)dynamique)

•  Echographiste)S1:)
E)))IOT*correcte:)Se)95%,)
Sp)100%,)VPN)93%)et)
VPP)100%)

E  IOT*sélecZve:)Se)69)%,)Sp)93%,)VPN)
64)%)et)VPP)95)%)

•  Echographiste)S2:)
E  IOT*correcte:)Se)100)%,)
Sp)100)%,)VPN)100)%)et)
VPP)100)%)

E  IOT*sélecZve:)Se)79)%,)Sp)100)%,)
VPN)71)%)et)VPP)100)%)

)

Aspect)échographique)pulmonaire)
normal:)conduite)de)l’examen)

Repérage)ligne)pleurale)

Glissement)pleural)

Artefacts)horizontaux)
«)normaux)»:)ligne)A)/)O)

Artefacts)verLcaux)
«)normaux)»:)ligne)b)

Pathologie)parenchymateuse:)
Surcharge)alvéoloEintersLLelle)

•  Un)artefact)caractérisLque):)la)ligne)B)
•  Un)caractère)pathologique:)le)nombre)



Pathologie)parenchymateuse:)
Surcharge)alvéoloEintersLLelle)

•  CaractérisZques*des*lignes*B:*
! Artéfact)en)queue)de)comètes)
! Nombreuses)(>2))sur)une)même)coupe)
! Naissant)de)la)ligne)pleurale)
! Bien)définie)
! Hyperéchogène)
! Descendant)jusqu’au)bas)du)champ)
d’exploraLon)échographique)

! Effaçant)les)lignes)A)
! Assujege)au)glissement)pleural)
! A)disLnguer)des)lignes)E)(Emphysème)
sous)cutané))

Pathologie parenchymateuse : syndrome alvéolo interstitiel (AIS syndrome) 

Lichtenstein et al AJRCCM 1997 

Lignes « B3 » = syndrome alvéolaire (OAP) = verre dépoli 

Pathologie parenchymateuse : syndrome alvéolo interstitiel (AIS syndrome) 

Lichtenstein et al AJRCCM 1997 

Lignes « B3 » = syndrome alvéolaire (OAP) = verre dépoli 

Pathologie)parenchymateuse:)
Surcharge)alvéoloEintersLLelle)

•  PERSPECTIVES:)OrientaZon*diagnosZque*
éZologique*de*la*détresse*respiratoire*en*
pré-hospitalier:*

)

)
)

RESEARCH Open Access

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 Prosen1,2, Petra Klemen1,2,3, Matej Strnad1,2 and Štefek Grmec1,2,3,4*

Abstract

Introduction: We studied the diagnostic accuracy of bedside lung ultrasound (the presence of a comet-tail sign),
N-terminal pro-brain natriuretic peptide (NT-proBNP) and clinical assessment (according to the modified Boston
criteria) in differentiating heart failure (HF)-related acute dyspnea from pulmonary (chronic obstructive pulmonary
disease (COPD)/asthma)-related acute dyspnea in the prehospital setting.

Methods: Our prospective study was performed at the Center for Emergency Medicine, Maribor, Slovenia, between
July 2007 and April 2010. Two groups of patients were compared: a HF-related acute dyspnea group (n = 129) and
a pulmonary (asthma/COPD)-related acute dyspnea group (n = 89). All patients underwent lung ultrasound
examinations, along with basic laboratory testing, rapid NT-proBNP testing and chest X-rays.

Results: The ultrasound comet-tail sign has 100% sensitivity, 95% specificity, 100% negative predictive value (NPV)
and 96% positive predictive value (PPV) for the diagnosis of HF. NT-proBNP (cutoff point 1,000 pg/mL) has 92%
sensitivity, 89% specificity, 86% NPV and 90% PPV. The Boston modified criteria have 85% sensitivity, 86% specificity,
80% NPV and 90% PPV. In comparing the three methods, we found significant differences between ultrasound sign
and (1) NT-proBNP (P < 0.05) and (2) Boston modified criteria (P < 0.05). The combination of ultrasound sign and
NT-proBNP has 100% sensitivity, 100% specificity, 100% NPV and 100% PPV. With the use of ultrasound, we can
exclude HF in patients with pulmonary-related dyspnea who have positive NT-proBNP (> 1,000 pg/mL) and a
history of HF.

Conclusions: An ultrasound comet-tail sign alone or in combination with NT-proBNP has high diagnostic accuracy
in differentiating acute HF-related from COPD/asthma-related causes of acute dyspnea in the prehospital
emergency setting.

Trial registration: ClinicalTrials.gov NCT01235182.

* Correspondence: grmec-mis@siol.net
1Center for Emergency Medicine, Ulica talcev 9, 2000 Maribor, Slovenia
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In Table 4, the sensitivity, specificity, PPV, NPV, LR+,
LR- and AUROC values are presented for ultrasound
examinations (cutoff point: two or more positive zones
bilaterally), modified Boston criteria (cutoff point: total
8 points), NT-proBNP (cutoff point: 1,000 pg/mL)
and a combination of ultrasound examination with NT-
proBNP. In comparing the methods, we found

significant differences between ultrasound signs versus
NT-proBNP (P < 0.05) and ultrasound signs versus
modified Boston criteria (P < 0.05). All 11 patients for
whom false-positive results were found using the NT-
proBNP method had values higher than 1,000 pg/mL
(mean, 1,564 ± 651.3; range, 1,200 to 2,750 pg/mL) and
a history of HF. In all of these 11 patients, we confirmed
the absence of comet-tail signs. With ultrasound, we can
exclude HF in pulmonary-related dyspneic patients with
positive NT-proBNP results and a history of HF. All five
patients for whom false-positive results were found
using the ultrasound method had NT-proBNP values
less than 1,000 pg/mL (mean, 541.3 ± 265.1) and a his-
tory of COPD/asthma. With the value of NT-proBNP,
we can exclude HF in ultrasound-positive pulmonary-
related dyspneic patients.
The combination of ultrasound examination and NT-

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.

Discussion
Our study demonstrates that ultrasound examination was
the best single method for confirming the diagnosis of
acute HF in the prehospital setting. Compared with clini-
cal assessment using modified Boston criteria and NT-
proBNP testing, lung ultrasound had a significantly better
AUROC with regard to diagnostic accuracy. Further-
more, the combination of ultrasound examination and

Table 3 Multiple logistic regression analysis of factors
used for differentiation between HF-related and
pulmonary-related acute dyspnea in prehospital
emergency settinga

Factor OR (95% CI)b P valuec

Ultrasound examination 53.7 (28.6 to 83.5) < 0.001

NT-proBNP 14.3 (8.1 to 29.4) < 0.001

Orthopnea 6.9 (1.9 to 18.39 < 0.001

Rales 5.1 (1.5 to 12.8) 0.014

Troponin T 2.1 (1.3 to 4.6) 0.018

petCO2 7.6 (2.9 to 19.6) < 0.001

HF medications 2.7 (1.3 to 5.1) 0.031

Asthma/COPD medications 0.12 (0.03 to 0.42) 0.028

Previous HF 7.4 (2.3 to 20.4) < 0.001

Fever 0.17 (0.06 to 0.49) 0.017
aOR, odds ratio; petCO2, partial pressure of end-tidal carbon dioxide; NT-
proBNP, amino terminal pro-brain natriuretic peptide; HF, heart failure; COPD,
chronic obstructive pulmonary disease; CI, confidence interval. bUnivariable
screening was performed on clinical, historical and biochemical variables to
identify potential predictors of HF. Odds ratios for the presence of HF were
generated and expressed with 95% CI. cMultivariable analysis with logistic
regression was used to identify potential predictor variables of a final
diagnosis of HF (variables from univariate analysis with P < 0.05 for entry into
model).

Table 4 Test characteristics of ultrasound examination, modified Boston examination, NT-proBNP and combination of
ultrasound examination and NT-proBNPa

Characteristic Ultrasound
examinationb

Modified Boston criteria
scoring

NT-proBNP Ultrasound examination +
NT-proBNPc

P valued

Sensitivity 100%
(95% CI 98 to 100)

85%
(95% CI 79 to 89)

92%
(95% CI 88 to 95)

100%
(95% CI 98 to 100)

< 0.01

Specificity 95%
(95% CI 91 to 100)

86%
(95% CI 82 to 90)

89%
(95% CI 84 to 92)

100%
(95% CI 97 to 100)

< 0.01

NPV 100%
(95% CI 98 to 100)

80%
(95% CI 77 to 85)

86%
(95% CI 82 to 90)

100%
(95% CI 98 to 100)

< 0.01

PPV 96%
(95% CI 93 to 100)

90%
(95% CI 86 to 93)

90%
(95% CI 85 to 94)

100%
(95% CI 96 to 100)

< 0.01

LR+ 20
(95% CI 1.98 to 89.94)

6.1
(95% CI 1.65 to 18.48)

8.36
(95% CI 1.72 to 33.86)

Infinite < 0.01

LR- 0 0.18
(95% CI 0.07 to 0.52)

0.09
(95% CI 0.02 to 0.23)

0 < 0.01

AUROC 0.94
(95% CI: 0.90 to 0.97)

0.86
(95% CI 0.80 to 0.91)

0.90
(95% CI 0.84 to 0.94)

0.99
(95% CI 0.98 to 1.00)

< 0.01

aNPV, negative predictive value; PPV, positive predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; AUROC, area under receiver-operating
curve; NT-proBNP, amino terminal pro-brain natriuretic peptide; UE, ultrasound examination. bUE alone was statistically significantly more accurate in diagnosing
HF than the modified Boston criteria and NT-proBNP (better sensitivity, specificity, NPV, PPV, LR+, LR- and AUROC; P < 0.01). cThe combination of UE and NT-
proBNP was the supreme method in diagnosing HF in a prehospital setting; when compared with UE alone, it had equal results in sensitivity, NPV and LR- (P =
0.99) and significantly better results in specificity, PPV and AUROC (P < 0.01). Compared with Boston modified criteria or NT-proBNP alone, UE + NT-proBNP was
significantly better with regard to all characteristics (sensitivity, specificity, NPV, PPV, LR+, LR- and AUROC; P < 0.01). dThe comparison of the four methods was
done using the c2 test with the Bonferroni correction for multiple comparisons. The AUROC accuracy of UE (lung comet-tail sign); NT-proBNP; Boston criteria for
diagnosing HF (clinical assessment); and the combination of ultrasound, NT-proBNP and Boston criteria were calculated and compared with univariate Z-score
testing. AUROC was compared using the technique proposed by Hanley and Mc Neil [20] and Jannuzzi et al. [21].
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Beside)Lung)Ultrasound)in)Emergency)
)
Etude)observaLonnelle)ayant)pour)

but)de)décrire)
*le*profil*échographique*de*paZents*
admis*pour*détresse*respiratoire*

METHODOLOGIE:*
E  Etude)échographique)de)401)paLents)consécuLfs)admis)pour)détresse)
respiratoire)

E  2)Opérateurs:)Gilles)Mezière)et)Daniel)Lichtenstein)
E  ConfrontaLon)des)données)de)l’échographie)pleuroEpulmonaire)aux)données)

diagnosLques)«)convenLonnelles)»)
E  Echographie)dans)les)20)premières)minutes)d’admission)et)durée)
U.S.)<)3)minutes)

B.L.U.E.)Protocol)
Eléments*de*sémiologie*échographique*recueillis:*

Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.
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costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.

www.chestjournal.org CHEST / 134 / 1 / JULY, 2008 119

 © 2008 American College of Chest Physicians
 at C.H.U. De Nimes on April 12, 2010chestjournal.chestpubs.orgDownloaded from 

Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary edema was ob-
served in 21 patients. Twenty patients had anterior-
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary edema was ob-
served in 21 patients. Twenty patients had anterior-
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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89% sensitivity. For pulmonary embolism, the A
profile plus venous thrombosis showed 99% speci-
ficity and 81% sensitivity. For pneumothorax, absent
anterior lung sliding, anterior A lines, and a positive
search for lung point yielded 100% specificity and
88% sensitivity. For pneumonia, specificity and sen-
sitivity were, respectively, 100% and 11% for the B’
profile, 100% and 14% for the A/B profile, 99% and
11% for the C profile, and 96% and 42% for the A
profile plus PLAPS. These four profiles indicated
pneumonia with 94% specificity and 89% sensitivity.
For all patients, lung ultrasound yielded correct
diagnoses in 90.5% of cases.

Discussion

Briefly, the B profile (anterior interstitial syndrome
with lung sliding) indicated pulmonary edema. The B’
profile (lung sliding abolished) indicated pneumonia.
The A/B profile (asymmetric anterior interstitial syn-
drome) and the C profile (anterior consolidation) indi-
cated pneumonia, as did the A profile plus PLAPS. The
A profile plus venous thrombosis indicated pulmonary
embolism. A normal profile indicated COPD/asthma.

These results correspond to physiopathologic pat-
terns, particularly echoed by ultrasound artifacts,
that have been in clinical use since 1994.23 The
pleural line is superficial. Most acute disorders reach
it: acute interstitial changes involve deep as well as
subpleural areas16,24; most (98.5%) cases of acute
alveolar consolidation abut the pleura21; pneumotho-
rax and pleural effusions always abut the wall.14 The
high acoustic impedance gradient between air and
fluid generates artifacts. Air stops ultrasounds, and
fluid facilitates their transmission. The air-fluid ratio
is 1 in pneumothorax; roughly 0.98 in asthma, COPD,

and normal lungs25; roughly 0.95 in interstitial syn-
drome24; near zero in alveolar consolidation; and
zero in pleural effusion (online document 2).

COPD and asthma are bronchial diseases assumed
to yield a normal lung surface. This explains the
ability of ultrasound to distinguish these entities
from pulmonary edema.26

In pulmonary edema, the transudate under pressure
is pushed along interlobular septa against gravity, up to
the anterior wall, explaining the quasiconstant ante-
rior, symmetric interstitial patterns (indicating an-
terior Kerley lines). Edema of interlobular septa is
constant and early.27,28 The B profile (with or with-
out PLAPS due to gravitational filling of dependent
alveoli) characterizes pulmonary edema with high
accuracy. Posterior interstitial syndrome was not
sought, since gravitational interstitial changes are phys-
iologic.24 Pulmonary edema produces transsudate,
which is not supposed to generate inflammatory adher-
ences (a factor that may hinder lung sliding, see below).

Pulmonary embolism does not yield interstitial
change. A normal anterior lung surface was usually
seen, as previously reported.29 None of 92 patients
with anterior interstitial patterns had pulmonary
embolism. The positive predictive value of deep
venous thrombosis was 89%, but 94% if associated
with the A profile, suggesting that the search for
venous thrombosis should be associated with lung
analysis (Table 2). Pneumothorax features have been
extensively described.14,15,30

Pneumonia yields numerous signs. The frequent
abolition of lung sliding (B’ profile) is explainable by
inflammatory adherences due to exudate.31 Abol-
ished lung sliding again shows low specificity for
pneumothorax (22% positive predictive value here).
Pneumonia can be found in a wide variety of loca-

Figure 6. Ultrasound profiles. Left panel: The A profile is defined as predominant A lines plus lung
sliding at the anterior surface in supine or half-sitting patients (stage 1/1!). This profile suggests COPD,
embolism, and some posterior pneumonia. Pulmonary edema is nearly ruled out. Middle: The B profile
is defined as predominant B " lines in stage 1. This profile suggests cardiogenic pulmonary edema, and
nearly rules out COPD, pulmonary embolism, and pneumothorax. Right panel: an A/B " profile,
massive B lines at the left lung, A lines at the right lung. This profile is usually associated with
pneumonia.
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary edema was ob-
served in 21 patients. Twenty patients had anterior-
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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89% sensitivity. For pulmonary embolism, the A
profile plus venous thrombosis showed 99% speci-
ficity and 81% sensitivity. For pneumothorax, absent
anterior lung sliding, anterior A lines, and a positive
search for lung point yielded 100% specificity and
88% sensitivity. For pneumonia, specificity and sen-
sitivity were, respectively, 100% and 11% for the B’
profile, 100% and 14% for the A/B profile, 99% and
11% for the C profile, and 96% and 42% for the A
profile plus PLAPS. These four profiles indicated
pneumonia with 94% specificity and 89% sensitivity.
For all patients, lung ultrasound yielded correct
diagnoses in 90.5% of cases.

Discussion

Briefly, the B profile (anterior interstitial syndrome
with lung sliding) indicated pulmonary edema. The B’
profile (lung sliding abolished) indicated pneumonia.
The A/B profile (asymmetric anterior interstitial syn-
drome) and the C profile (anterior consolidation) indi-
cated pneumonia, as did the A profile plus PLAPS. The
A profile plus venous thrombosis indicated pulmonary
embolism. A normal profile indicated COPD/asthma.

These results correspond to physiopathologic pat-
terns, particularly echoed by ultrasound artifacts,
that have been in clinical use since 1994.23 The
pleural line is superficial. Most acute disorders reach
it: acute interstitial changes involve deep as well as
subpleural areas16,24; most (98.5%) cases of acute
alveolar consolidation abut the pleura21; pneumotho-
rax and pleural effusions always abut the wall.14 The
high acoustic impedance gradient between air and
fluid generates artifacts. Air stops ultrasounds, and
fluid facilitates their transmission. The air-fluid ratio
is 1 in pneumothorax; roughly 0.98 in asthma, COPD,

and normal lungs25; roughly 0.95 in interstitial syn-
drome24; near zero in alveolar consolidation; and
zero in pleural effusion (online document 2).

COPD and asthma are bronchial diseases assumed
to yield a normal lung surface. This explains the
ability of ultrasound to distinguish these entities
from pulmonary edema.26

In pulmonary edema, the transudate under pressure
is pushed along interlobular septa against gravity, up to
the anterior wall, explaining the quasiconstant ante-
rior, symmetric interstitial patterns (indicating an-
terior Kerley lines). Edema of interlobular septa is
constant and early.27,28 The B profile (with or with-
out PLAPS due to gravitational filling of dependent
alveoli) characterizes pulmonary edema with high
accuracy. Posterior interstitial syndrome was not
sought, since gravitational interstitial changes are phys-
iologic.24 Pulmonary edema produces transsudate,
which is not supposed to generate inflammatory adher-
ences (a factor that may hinder lung sliding, see below).

Pulmonary embolism does not yield interstitial
change. A normal anterior lung surface was usually
seen, as previously reported.29 None of 92 patients
with anterior interstitial patterns had pulmonary
embolism. The positive predictive value of deep
venous thrombosis was 89%, but 94% if associated
with the A profile, suggesting that the search for
venous thrombosis should be associated with lung
analysis (Table 2). Pneumothorax features have been
extensively described.14,15,30

Pneumonia yields numerous signs. The frequent
abolition of lung sliding (B’ profile) is explainable by
inflammatory adherences due to exudate.31 Abol-
ished lung sliding again shows low specificity for
pneumothorax (22% positive predictive value here).
Pneumonia can be found in a wide variety of loca-

Figure 6. Ultrasound profiles. Left panel: The A profile is defined as predominant A lines plus lung
sliding at the anterior surface in supine or half-sitting patients (stage 1/1!). This profile suggests COPD,
embolism, and some posterior pneumonia. Pulmonary edema is nearly ruled out. Middle: The B profile
is defined as predominant B " lines in stage 1. This profile suggests cardiogenic pulmonary edema, and
nearly rules out COPD, pulmonary embolism, and pneumothorax. Right panel: an A/B " profile,
massive B lines at the left lung, A lines at the right lung. This profile is usually associated with
pneumonia.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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Ultrasound Approach

Ultrasound was performed (Hitachi-405; Hitachi Medical; Tokyo,
Japan) with a 5-MHz microconvex probe (Fig 1). Patients were
investigated in a semirecumbent position, or were supine if intu-
bated (n ! 35). Scans were longitudinal. The pleural line, sought
between two rib shadows, indicates the pleural layers. The normal
lung14 displays lung sliding, a movement in rhythm with respiration
at the pleural line, indicating sliding of the visceral pleura against the

parietal pleura,15 and A lines (Fig 2), these repetitive horizontal
artifacts arising from the pleural line generated by subpleural air,
which, either intraalveolar or pure (pneumothorax), blocks ultra-
sound waves. Normal interlobular septa are not detected. Three
signs with dual answers were assessed, as follow.

Artifact Analysis: A or B Lines: The B line is the name given to
an artifact with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well defined; spread-
ing up indefinitely; erasing A lines; and moving with lung sliding
when lung sliding is present (Fig 3). It reflects the coexistence of
elements with a major acoustic impedance gradient, such as fluid
and air. Fluid at the subpleural interlobular septum surrounded
by air-filled alveoli (ie, septal edema) fulfills this condition. Three
or more B lines in a single view are called B " lines. B " lines
indicate the subpleural part of interstitial syndrome.16 Other
comet-tail artifacts can be seen; none has B line characteristics.14

Lung Sliding: Present or Abolished: Abolition (Fig 4) occurs
when the visceral pleura does not slide against parietal pleura
(inflammatory adherences, loss of lung expansion, atelectasis,
apnea, chronic symphysis) or is separated (pneumothorax, pneu-
monectomy). If abolished lung sliding is associated with A lines,
the search for pneumothorax is mandatory. The lung point is a
specific sign of pneumothorax, alternating lung sliding and
abolished lung sliding plus A lines at the same location.17

Alveolar Consolidation and/or Pleural Effusion: Absent or
Present: Pleural effusion classically yields an anechoic-dependent
pattern (Fig 5),18 an inconstant criterion. The roughly quadran-
gular shape with a regular lower border (the visceral pleura,
called the lung line) was required for the diagnosis. The inspira-
tory shift of the lung line toward the pleural line is called the
sinusoid sign. The sensitivity of these signs is 92%, and specificity
is 97%.5,19 Alveolar consolidation20 results in fluid-filled alveoli.
The alveolar-interstitial interfaces generate reflections yielding a
tissular pattern, absence of the lung line, absence of the sinusoid
sign. Ultrasound sensitivity is 90%, and specificity is 98%.21

Figure 1. Ultrasound areas. Stage 1 defines the investigation of the
anterior chest wall (zone 1) in a supine patient (1# in this semire-
cumbent patient). Stage 2 adds the lateral wall (zone 2) [left panel].
Stage 3 adds the posterolateral chest wall using a short probe,
moving the patient only minimally (zone 3) [right panel]. Each wall
is divided into upper and lower halves, resulting in six areas of
investigation. Note the shape of the microconvex probe, which
allows satisfactory analysis of the intercostal space, and satisfactorily
controlled compression maneuvers at the veins investigated in this
study: internal jugular, subclavian, iliofemoropopliteal veins, and as
far as possible, inferior vena cava and calf veins.

Figure 2. Normal lung surface. Longitudinal scan of an inter-
costal space. Left panel: Pleural line and A line (real-time). The
pleural line is located 0.5 cm below the rib line in the adult. Its
visible length between two ribs in the longitudinal scan is
approximately 2 cm. The upper rib, pleural line, and lower rib
(vertical arrows) outline a characteristic pattern called the bat
sign. The horizontal lines arising from the pleural line (horizontal
arrows) are separated by regular intervals that are equal to the
distance between the skin and the pleural line. These were called
A lines. A lines are usually large (see upper line) but can be
shorter (lower line), which has no clinical significance. Right
panel: M mode. An obvious difference appears on either side of
the pleural line (arrow). The motionless superficial layers gener-
ate horizontal lines. Lung dynamics generate lung sliding (sandy
pattern). This pattern is called the seashore sign.

Figure 3. Interstitial syndrome. These vertical comet-tail arti-
facts arise strictly from the pleural line, are well defined (laser-
like), hyperechoic, move with lung sliding, spread to the edge of
the screen without fading, and erase A lines (dotted arrows
indicate their theoretical location). This pattern defines B lines.
Several B lines in a single view, reminiscent of a rocket at lift-off,
are called lung rockets, or B " lines (featuring here, B3 lines).
Diffuse lung rockets indicate interstitial syndrome. One or two B
lines in a single view, referred to as the b line, have no pathologic
significance. This patient had cardiogenic pulmonary edema.
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Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary edema was ob-
served in 21 patients. Twenty patients had anterior-
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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PLAPS was always associated. In 12 cases, anterior-
predominant B ! lines in one lung coexisted with
predominant A lines in the contralateral lung;
PLAPS was seen in 11 cases. In 18 cases, anterior
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS.
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.

Ultrasound Accuracy

We retained characteristic combinations of signs
that produced specificities " 90% (Tables 3, 4). We
suggest a practical nomenclature that avoids repeti-
tive descriptions (Fig 6). The A profile designates
anterior predominant bilateral A lines associated
with lung sliding (with possible focalized B lines).

The A’ profile is an A profile with abolished lung
sliding and without lung point. The B profile desig-
nates anterior-predominant bilateral B ! lines asso-
ciated with lung sliding (with possible focalized A
lines). The B’ profile is a B profile with abolished
lung sliding. The A/B profile designates anterior-
predominant B ! lines on one side, predominant A
lines on the other. The C profile designates anterior
alveolar consolidation(s). PLAPS profile is described
in the Appendix. The normal profile associates the A
profile without PLAPS (regardless of posterior A or
B lines) [online document 1].

Ultrasound Accuracy Rates

For pulmonary edema, the B profile had 95%
specificity and 97% sensitivity. For COPD and
asthma (considered together for purposes of simplic-
ity), the normal profile had a 97% specificity and a

Table 3—Combined Results*

Diagnoses A Profile Plus PLAPS
Normal Profile, and A’
Profile Without PLAPS B Profile B’ Profile C Profile A/B Profile Lung Point

Pulmonary edema 2 0 621 0 0 0 0
COPD or asthma 4 751 3 0 1 0 0
Pulmonary embolism 108 109 0 0 10 0 0
Pneumothorax 0 1 0 0 0 0 8
Pneumonia 35 3 6 9 18 12 0

*Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table,
COPD and asthma are considered together; three columns in Table 2 were combined because analysis showed no loss in performance. One
patient with pneumonia and the A’ profile plus PLAPS was inserted in the A profile plus PLAPS column. The term lung point implies abolished
anterior sliding associated with anterior A lines.

Table 4—Accuracy of the Ultrasound Profiles*

Disease Ultrasound Signs Used Sensitivity, % Specificity, %
Positive Predictive

Value, %
Negative Predictive

Value, %

Cardiogenic pulmonary
edema

Diffuse bilateral anterior B! lines
associated with lung sliding (B profile)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189)

COPD or asthma Predominant anterior A lines without
PLAPS and with lung sliding (normal
profile), or with absent lung sliding
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181)

Pulmonary embolism Predominant anterior bilateral A lines
plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242)

Pneumothorax Absent anterior lung sliding, absent
anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252)

Pneumonia Diffuse bilateral anterior B! lines
associated with abolished lung sliding
(B’ profile)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251)

Predominant anterior B! lines on one
side, predominant anterior A lines on
the other (A/B profile)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248)

Anterior alveolar consolidation (C profile) 21.5 (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)
A profile 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).
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Deep venous thrombosis was sought using the same probe.22

Visualization of anatomic echoic intraluminal thrombosis or
absence of compressibility was considered as a positive finding
(Fig 1). An examination combined an anterior approach (analyz-
ing artifacts, lung sliding, alveolar consolidation), a lateral sub-
posterior search for posterolateral alveolar and/or pleural syn-
drome (PLAPS), and venous analysis.

Study Design

The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.

Results

This study included 260 patients with a definite
diagnosis: 140 men and 120 women (mean age, 68
years; range, 22 to 91 years; SD, 16 years).

Signs Observed

Pulmonary Edema: Pulmonary edema was ob-
served in 64 patients. Anterior-predominant bilateral
B ! lines were observed in 62 cases (diffuse in 59,
predominant involvement of lower halves in 3).
Anterior-predominant bilateral A lines were seen in
two cases. Anterior lung sliding was always pre-
served. In 56 cases, PLAPS was detectable. One
patient (with B ! lines) had internal jugular vein
thrombosis.

COPD: COPD was observed in 49 patients. In 38
cases, anterior-predominant bilateral A lines with
lung sliding and no PLAPS were observed. In five
cases, the same pattern with abolished lung sliding
(without lung point) was seen. Anterior-predominant
bilateral B lines were present in three cases, anterior
consolidation in one. PLAPS was seen in six cases.

Status Asthmaticus: Status asthmaticus was observed
in 34 patients. Asthma gave anterior-predominant A
lines with lung sliding in all cases, posterior consolida-
tion in one, and calf thrombosis in another.

Pulmonary Embolism: Pulmonary edema was ob-
served in 21 patients. Twenty patients had anterior-
predominant A lines with lung sliding. One had
anterior consolidation with absent lung sliding.
PLAPS was found in 11 patients. Seventeen patients
had venous thrombosis.

Pneumothorax: Pneumothorax was observed in
nine patients. Abolished anterior lung sliding was
associated with anterior-predominant A lines in all
cases. Lateroposterior lung point was present in
eight cases. PLAPS was found in five cases.

Pneumonia: Pneumonia was observed in 83 pa-
tients. In 75 cases, PLAPS was present. In six cases,
an anterior-predominant bilateral B ! pattern was
associated with lung sliding (with PLAPS in four
cases). In nine cases, anterior-predominant bilateral
B ! lines were associated with abolished lung sliding;

Figure 4. Pneumothorax. Left panel (real-time): one significant
item is the complete absence of the B line. Lower arrows: A lines;
upper arrow: pleural line. Right panel (M mode): this succession
of horizontal lines indicates complete absence of dynamics at, and
below, the pleural line (arrowheads). This pattern is called the
stratosphere sign. The lung point (not featured here) confidently
rules in the diagnosis.

Figure 5. Pleural effusion and alveolar consolidation; typical
example of PLAPS. Left panel: real-time, stage 2. The quad sign:
a pleural effusion on expiration (E) is delineated between the
pleural line (upper white arrows) and the lung line, always
regular, which indicates the visceral pleura (lower white arrows).
The shred sign: a lower-lobe alveolar consolidation (LL) yields a
tissular pattern, characteristically limited by the lung line (or the
pleural line when there is no effusion) and in depth by an
irregular border (black arrows), the shred line, as in connection
with aerated lung. Below, air artifacts are displayed. Between
consolidation and spleen (S) is the diaphragm, a basic landmark
in stage 2. Right panel: time-motion demonstrates the sinusoid
sign, a basic dynamic sign of pleural effusion. The sign will not be
generated by alveolar consolidation, which behaves like a solid
lesion.
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tions, which explains the asymmetric patterns (AB
profile), anterior consolidations (C profile), or lack of
anterior interstitial patterns (A profile). Note that
among seven patients initiating ARDS from pneu-
monia, only one had the B profile. Briefly, ultra-
sound highlighted distinctions between pneumonia
and pulmonary edema. If confirmed by further data,
this may provide a potential means of differentiating
hemodynamic from permeability-related pulmonary
edema.

Suggested Algorithm

Anterior lung sliding is checked first. Its presence
discounts pneumothorax. Anterior B lines are sought.
The B profile suggests pulmonary edema. The B’, A/B,
and C profiles suggest pneumonia. The A profile
prompts a search for venous thrombosis. If present,
pulmonary embolism is considered. If absent, PLAPS is
sought. Its presence (A profile plus PLAPS) suggests
pneumonia; its absence (normal profile) suggests
COPD/asthma (Fig 7).

This algorithm, using ultrasound alone, would have
retrospectively given an accurate diagnosis in 90.5% of
cases. Its routine integration into the clinical approach
would give even better results. This algorithm was
called Bedside Lung Ultrasound in Emergency—the
BLUE protocol. When your patient is blue, promptly
perform a BLUE protocol. The absence of echocardi-
ography in this algorithm stems from the fact that, even
if yielding data of primary importance, it gives indirect
arguments, whereas lung ultrasound provides a direct
approach to acute respiratory failure. In practice, a
cardiac analysis completes our approach.

Clinical Implications

Using lung ultrasound saves time and decreases
the need for CT, whose drawbacks include delayed-
care implementation, irradiation,32–34 cost (therefore
available only in resource-rich countries), and the re-
quired supine position. Lung ultrasound is nearly
equivalent to CT in detecting most disorders,5 can be
repeated at will, and provides additional information.35

Online document 1 shows the number of erroneous
initial diagnoses using conventional tools. One fourth of
the patients in the first 2 h had erroneous or uncertain
initial diagnoses. Many more received inappropriate
therapy.

Lung ultrasound generates standardized, repro-
ducible patterns, explaining the high interobserver
agreement.5,11,21 Feasibility is high. Lung ultrasound
may appear complex at first sight but simply requires
a change in thinking.36 Once the process has been
learned, a step-by-step use will make it routine.37–44

Limitations

The operators in this study have several years of
experience. They were not blinded to the patient’s
clinical presentation, yet ultrasound profiles were
established based on objective signs.

Among the erroneous results (9.5%), some re-
sulted from limitations of this simplified ultrasound
approach: problems distinguishing pulmonary edema
and interstitial pneumonia, or embolism without
thrombosis. Others can be explained by possible
flaws in the reference tests: “decompensated COPD”
associated with the B profile or PLAPS, or “pulmo-
nary edema” without the B profile.

Figure 7. A decision tree utilizing lung ultrasonography to guide diagnosis of severe dyspnea.
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recommendations before the conferences, which laid the
foundation to work together and critique the recommen-
dations during the conferences. At each plenary
conference, a representative of each domain presented
potentially controversial issues in the recommendations. A
face-to-face debate took place in two rounds of modified
Delphi technique; after each round, anonymous voting was
conducted. A standardized method for determining the
agreement/disagreement and the degree of agreement and
hence for deciding about the grade of recommendation
(weak versus strong) was then applied [3, 4].

Results

Literature search results

A total of 209 articles and two books were retrieved by
the first track search. An additional 110 articles were
added from the second track over a 1-year period. These
320 references (see Electronic Supplementary Material 1)
were individually appraised based on methodological
criteria to determine the initial quality level. The final

judgment about the quality of evidence-based recom-
mendations was only done after assigning the articles to
each statement/question.

General results

A total number of 73 proposed statements were examined
by 28 experts and discussed in the three conferences.
Each statement was coded with an alphanumeric code,
which includes the following in order of appearance: the
location of the conference (Bologna, B; Pisa, P; Rome,
RL), the number assigned to the domain, and the number
assigned to the statement. Table 3 presents each statement
code with its grade of recommendation, degree of con-
sensus, and level of quality of evidence.

Statements and discussion

Pneumothorax

Technique

Statement code B-D1-S1 (strong recommendation:
level A of evidence)

• The sonographic signs of pneumothorax include the
following:

– Presence of lung point(s)
– Absence of lung sliding
– Absence of B-lines
– Absence of lung pulse

B-D1-S2 (strong: level A)

• In the supine patient, the sonographic technique
consists of exploration of the least gravitationally
dependent areas progressing more laterally.

• Adjunct techniques such as M-mode and color
Doppler may be used.

B-D1-S3 (weak: level C)

• Ultrasound scanning for pneumothorax may be a basic
ultrasound technique with a steep learning curve.

P-D1-S2 (strong: level B)

• During assessment for pneumothorax in adults, a
microconvex probe is preferred. However, other
transducer (e.g., linear array, phased array, convex)
may be chosen based on physician preference and
clinical setting.

Clinical implications

B-D1-S4 (strong: level A)

• Lung ultrasound should be used in clinical settings
when pneumothorax is in the differential diagnosis.

Table 2 Search terms used

MeSH
headings

Terms

Sonography (echographic OR echography OR sonographic OR
sonography OR ultrasonic OR ultrasonographic
OR ultrasonography OR ultrasound).ti

EM/CCM (bedside OR critical OR intensive OR emergency OR
emergent OR urgency OR urgent OR critical OR
critically OR shock OR unstable OR hypotensive
OR hypoperfusion OR sepsis).ti

ECHO (cardiac OR cardiologic OR cardiological
echocardiography OR echocardiographic OR heart
OR pacing OR chest OR lung OR congestive heart
failure OR CHF OR ADHF OR pressure).ti

LUNG (lung OR chest OR thoracic OR transthoracic OR
cardiothoracic OR pleural OR pulmonary OR
pulmonic OR pneumology OR pneumonic OR
alveolar OR interstitial OR pneumothorax OR
hemothorax OR consolidation).ti

OTHER (accuracy OR accurate OR sensitivity OR sensitive
OR specificity OR specific OR predictive OR
predict).ti

COST (cost OR effective OR effectiveness OR efficacy OR
efficacious OR efficient OR efficiency OR benefit
OR value).ti

Search databases: Books@Ovid June 02, 2011; Journals@Ovid Full
Text June 2003, 2011; Your Journals@Ovid; AMED (Allied and
Comp Medicine) 1985 to May 2011; CAB Abstracts Archive
1910–1972; Embase 1980–2011 week 22; ERIC 1965 to May
2011; Health and Psychosocial Instruments 1985 to April 2011;
Ovid MEDLINE(R) In-Process and Other Non-Indexed Citations
and Ovid MEDLINE(R) 1948 to present; Ovid MEDLINE(R) 1948
to May week 4 2011; Social Work Abstracts 1968 to June 2011;
NASW Clinical Register 14th Edition

580


