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Pneumonia 

Asthma 

Foreign object 

inhalation 
Pulmonary embolism 

Pneumothorax 

Pleural effusion 

Mycardial infarction 

Heart failure 

Anaemia 
COPD 







Normal Features 
 

Pleura 

Sliding of visceral against 

parietal pleura 

Greater in longitudinal 
vs. transverse plane 

No significant pleural fluid 

Artefactual A lines - 

pleural reflection in 2/3 

normal subjects and  

most with Pneumothorax 
 



Sensitivity of Chest XR  and US for Pneumothorax 
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Normal Features 
 

Lung  

Air scatters US waves  

Lung parenchyma visible if 

edematous or consolidated  

Z lines - do not move with 

inspiration/pleural sliding, do 

not reach screen end  

E lines - vertical lines in soft 

tissue, small, SC emphysema  

B lines (comet tails) 

C lines, subpleural 

consolidation, 

effusion/hepatisation 
 



Normal LUS 

• Predominance of A-lines in the presence of lung sliding indicates an exacerbation 

of asthma or chronic obstructive pulmonary disease (COPD) (89% sensitivity and 

97% specificity) Lichenstein D. Relevance of lung ultrasound in the diagnosis of acute respiratory failure: the BLUE Protocol. Chest 134(1):117-

125, 2008. 

 

• In patients with normal chest ultrasound scans, chest radiographs were normal in 

the majority (90%) of cases. This result suggests that in the ED, when chest 

ultrasonography is normal, the radiographic examination can be avoided in a 

large number of patients Zanobetti M. et as. Can Chest Ultrasonography Replace Standard Chest Radiography for Evaluation of 

Acute Dyspnea in the ED? Chest 139(5): 2011 

 

• Anterolateral sonographic pattern without B lines rules out any radiologic alveolar 

consolidation with a specificity of 90% and a negative predictive value of 84% 
Volpicelli G. Detection of sonographic B-lines in patients with normal lung or radiographic alveolar consolidation. Med Sci Monit 2008; 14:CR122–CR128 

 

 

 



Case scenario 

• Pt woken up in the early hours gasping for 

air 

Feeling feverish, Chesty cough 

• sweatty, Sat O2 78% on RA, RR 28/min, 

tachy105/min 

• o/e wheezy bilateraly 

• PMH Asthma, Parkinsons disease, Epilepsy, 

Ca prostate,  

    Last ECHO 2016 EF 55-60%, concentric           

LVH, mild AS 

    VBG mild resp. acidos 

• Diff dg ?Asthma exacerb ?PE ?ADHF 

 



R1 
1 2 

3 4 

R2 

R L 



Alveolar consolidation 

• Shape and margins  

 



Alveolar consolidation 

• Echotexture  

 



Alveolar consolidation 

• Bronchograms 
In patients with alveolar consolidation 

displaying air bronchograms on an 

ultrasound: 

- dynamic air bronchogram indicates 

pneumonia (distinguishing it from 

resorptive atelectasis) 

- static air bronchograms are seen in 

most resorptive atelectases and 1/3 

pneumonia  
 

Dynamic air bronchogram has sensitivity 

61%, specificity 94%, PPV 97%, NPV 43% 
Lichtenstein D. The Dynamic Air Bronchogram : A Lung Ultrasound Sign of 

Alveolar Consolidation Ruling Out Atelectasis. Chest. 135 (6):1421–1425, 

2009. 

 



Alveolar consolidation 

• Bronchograms 

  Compression atelectasis 

 



Alveolar consolidation 

• Lung pulse 

 

• The characteristic vibration in rhythm 

with the heartbeat of the 

consolidated lung is called lung pulse 

and is a highly specific sign of 

nonventilated lung Lichtenstein D. The ‘lung point’: an 

ultrasound sign specific to pneumothorax. Intensive Care Med 2000; 

26:1434–1440  

• Atelectasis 

 

 



LUS patterns of pneumonia 

 

• Hypoechoic consolidated area of varying 

size and shape, with irregular borders. The 

echotexture can appear homogeneous or 

inhomogeneousReissig A Transthoracic sonography in the 

diagnosis of pulmonary diseases: a systematic approach. Ultraschall 

Med 2009; 30: 438-454; quiz 455-456  

 

• LUS reported as effective as chest CT in 

detecting loculated effusion, lung necrosis 

or abscess that results from complicated 

pneumonia in childrenKurian J Comparison of ultrasound 

and CT in the evaluation of pneumonia complicated by parapneumonic 

effusion in children. AJR Am J Roentgenol 2009; 193: 1648-1654  

 



Sensitivity Specificity Positive 

LRs 

Negative 

LRs 

AUROC 

Alzahrani SA. Systematic review and 

meta-analysis for the use of ultrasound vs. 

radiology in dg pneumonia. Crit 

Ultrasound J. 2017 

 

85% 

 

 

93% 

 

11.05 

 

0.08 

 

0.978 

Hu QJ. Diagnostic performance of lung 

ultrasound in the diagnosis of pneumonia: 

a bivariate meta-analysis. Int Clin Exp 

Med. 2014 

 

97% 

 

94% 

 

15.62 

 

0.03 

 

0.99 

Accuracy of LUS in Pneumonia 
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Interstitial syndrome 

 

• Comet-tail artifact 

• Arises from the pleural line 

• Laser-like and hyperechoic 

• Spreading to edge of the screen 

• It erases A-lines 

• It moves with lung sliding 

• Present at the last intercostal  

   space in 28% of normal subjects  

 

 

 



Interstitial syndrome 

Number of B lines correlates with severity of interstitial involvement 



B-lines - Guide in Fluid management 

• B-line resolution occurs real-time as fluid is removed from the body. Thoracic 

ultrasound as a useful method for evaluating real-time changes in EVLW and in 

assessing a patient's physiologic response to the removal of fluid Noble, V.E. Ultrasound 

assessment for extravascular lung water in patients undergoing hemodialysis: time course for resolution. Chest. 2009; 135: 1433–1439 

 

 
 



B-lines - Guide in Fluid management 

• Description of real-time resolution of B-lines during ED management of CHF, within 

hours of initiation of treatment. It demonstrates that in CHF, B-lines reflect acute 

rather than chronic changes within lung parenchyma Liteplo AS.Real-time resolution of sonographic B-lines 

in a patient with pulmonary edema on continuous positive airway pressure. Am J EmMed. 2010. 4: 541-8. 

 

 
 



Accuracy of US in ADHF in the ED 

• Martindale JL et as. Diagnosing Acute Heart Failure in the Emergency 

Department: A Systematic Review and Meta-analysis. Academic 

Emergency Medicine. 2016; 23(3):232-42. 

 

• Lung US positive LR 7.4 (95% CI = 4.2 to 12.8)  

• Reduced EF observed on bedside ECHO positive LR 4.1 (95% CI = 2.4 to 

7.2) 

 

 



Sensitivity Specificity +LR -LR 

Pivetta 2015 0.91 0.94 14 0.1 

Piccoli 2012 0.91 0.95 19 0.1 

Andreson 2013 0.34 0.91 10.7 0.72 

Prosen 2011 1.00 0.95 20 0.00 

Russell 2015 0.343 0.97 10.9 0.67 

Liteplo 2009 0.58 0.85 3.9 0.5 

Cibinel 2012 0.94 0.84 7.8 0.8 

Ozkan 2015 1.00 0.80 5 0 

Accuracy of US in ADHF in the ED 
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Sensitivity Specificity +LR -LR 

Pivetta 2015 0.91 0.94 14 0.1 

Piccoli 2012 0.91 0.95 19 0.1 

Andreson 2013 0.34 0.91 10.7 0.72 

Prosen 2011 1.00 0.95 20 0.00 

Russell 2015 0.343 0.97 10.9 0.67 

Liteplo 2009 0.58 0.85 3.9 0.5 

Cibinel 2012 0.94 0.84 7.8 0.8 

Ozkan 2015 1.00 0.80 5 0 

Pos LR 15.7 

Neg LR 0.25 



Sensitivity Specificity +LR -LR 

Pivetta Chest 2015 0.91 0.94 14 0.1 

Piccoli J cardiac Failure 2012 0.91 0.95 19 0.1 

Anderson Amer J Emerg Med 2013 0.34 0.91 10.7 0.72 

Prosen Crit Care 2011 1.00 0.95 20 0.00 

Liteplo Acad Emerg Med 2009 

(ETUDES) 

0.58 0.85 3.9 0.5 

Cibinel Intern Emerg Med 2012 0.94 0.84 7.8 0.8 

Chiem Acad Emerg Med 2015 

(FLUID) 

1.00 0.80 5 0 

Lichtenstein Chest 2008 (BLUE 

protocol) 

0 

Lichtnestein Inten Care Med 1998 0.97 0.95 19.4 0.03 

Gargani Eur Heart Fail 2008 6.3 0.27 

Vitturi J Ultrasound 20122 0.97 0.70 0.04 

Unluer Intern Emerg Nurs 2012 0.95 0.95 18.2 0.05 

Specificity 0.76-1.00 

Sensitivity 0.88-0.97 

POS LR 4.6-33 

NEG LR 0.8-0 



‘’Because LUS B-lines do not provide sufficient evidence for the differential 

diagnosis of acute cardiogenic pulmonary edema versus primary respiratory 

disorders, great caution is warranted when this procedure is used.’’ 

Sperandeo M et al. Assessment of ultrasound acoustic artifacts in patients 

with acute dyspnea: a multicenter study. Acta Radiologica 2012;53:885–892.  

 



• Sensitivity and specificity for the presence of ADHF 

• LVEF <40%: 74 and 74  

• IVC – CI <20%: 52 and 86  

• B-lines min 10: 70 and 75 

• Combining modalities 36 and 100 





LuCUS protocol 

Sensitivity 83%, Specificity 83%, pos LR 4.8, neg LR 0.20  

47% percent of patients had changes in acute management 

42% had changes in acute treatment 

Overall, accuracy improved by 20% over clinical gestalt alone 



Pulmonary embolism 

• Multiple, hypoechoic lesions  

• Well demarcated  

• Dorsal basal position, right lung 

• Triangular/wedge, rounded or mixed  

• Pleural/ basal effusion 80%, focal eff 

• When the lesions are > 3 cm in size,  

    central hyperechoic structures 

    can be seen - segmental involvement  

Mathis G et al. Thoracic ultrasound for diagnosing pulmonary  

embolism: a prospective multicenter study of 352 patients.  

Chest 2005; 128: 1531-1538  

 

 

A meta-analysis has reported pooled sensitivity and specificity of 80% 

(95 % CI: 75 %, 83 %) and 93% (95 % CI: 89 %, 96 %), respectively Niemann T. 

Transthoracic sonography for the detection of pulmonary embolism--a meta- analysis. Ultraschall Med 2009; 30: 150-156  



• The echo picture of 

pulmonary embolism is that 

of acute pressure overload 

• Acute pressure overload is 

a result of massive 

pulmonary embolism or 

ARDS (both are forms of 

acute cor pulmonale - 

ACP) and is the 

commonest pattern of RV 

overload seen in critically ill 

patient 

Pressure - (volume) overload 

LV:RV 1:0.6 

If RV>LV = strain 

If free wall < 5mm = acute 

Apical best view  

IVC distension 

(Leg veins for DVT) 

 

Part of SHOCK scans 



• FoCUS risk-stratifies patients with pericardial effusion 

• 1B: Strong Recommendation, with Very Good Agreement; Level B 

Evidence 

• There is good evidence that pericardial effusions can be detected with 

high accuracy by clinicians trained in FoCUS 

Pericardial effusion 



Signs of tamponade: 

At least >1cm 

collection 

RV diastolic collapse 

RA systolic collapse  

'Swinging heart’ 

It’s not the volume 

but speed at which 

it accumulates 

 
Sensitivity 100% Specificity 96.9% accuracy 97.3%.  

Mean time form scan-operation = 12.1±5 minutes  
Rozycki GS  et al: The role of Ultrasound in patients with possible penetrating cardiac wounds: A prospective multicenter study. J trauma 46(4): 543-551, 1999 

Tamponade physiology 



• Focused sonography identified 14% with an acute life-threatening condition 

missed at the primary assessment 

• Diagnostic performance of focused sonography for the diagnosis of an 

acute life-threatening condition was: 

   sensitivity100%; specificity, 93.3%; PPV 76.7% NPV100% 

 



4 h after admission to the emergency department,  

88·0% in the point-of-care ultrasonography group versus 63·7% in the control group 

had a correct diagnose 

The absolute and relative effects were 24·3% (95% CI 15·0–33·1) 



Context is everything… 



Thank you for your attention 


