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Introduction 
Lung ultrasound (LUS) was introduced to intensive care units and emergency departments 

more than 20 years ago, primarily as a tool for the assessment of patients with acute dyspnoea 1,2. 

Since then, it has gained popularity as a quick point-of-care examination enabling clinicians to 

answer crucial clinical questions. Over the last decade, the cardiology community has acknowledged 

the potential of LUS and expanded its use further, to assist with the diagnosis and management of 

patients with heart failure (HF) 3–5. 

The importance of recognizing and treating pulmonary congestion is a cornerstone in the 

management of patients with HF 6. LUS is a versatile, high sensitivity point of care examination to 

detect pulmonary deaeration due to increased extravascular lung water. It has many advantages to 

the extent that an integrated cardiopulmonary ultrasound exam is likely to become the reference 

standard in HF care. This approach allows the aetiology of HF to be defined, through the assessment 

of cardiac structure and function by echocardiography, at the same time as the assessment of 

pulmonary congestion provided by LUS. In addition, it facilitates the exclusion of other highly 

prevalent conditions that may mimic/overlap with HF (e.g., pneumonia, acute lung injury/acute 

respiratory distress syndrome [ALI/ARDS], pneumothorax). 

 

 

 

Lung ultrasound in heart failure: the findings  
B-lines and pleural effusions 

In a fully aerated lung, the only anatomical structure that can be visualized is the pleura, 

which appears as a smooth, hyperechoic horizontal line that moves synchronously with respiration. 

This line is called pleural line and its movement is the lung sliding, providing visual assessment of 

lung excursion during ventilation. The sonographic pattern of the aerated lung also includes parallel, 

hyperechoic, horizontal lines that can be seen at regular intervals from the pleural line (A-lines, 

Figure 1, Video 1) 7. When the air content in the lung decreases and lung density increases, vertical 

reverberation artifacts appear (B-lines, Figure 2, Video 2). B-lines originate from the pleural line and 

move synchronously with respiration, are laser-like in shape and extend towards the bottom of the 

US sector as displayed on the screen 8. B-lines are present in patients with HF and pulmonary 

oedema 9 where an increasing number of visualized B-lines is associated with a decreasing air/water 

content ratio 10–12.  

B-lines are not specific for cardiogenic pulmonary oedema and can be detected in patients 

with non-cardiogenic pulmonary oedema, including those with end stage renal disease and in 

ALI/ARDS 13, but also in pulmonary fibrosis (interstitial lung disease) 14 and interstitial pneumonia. 

Certain sonographic characteristics can help differentiate these various causes of B-lines 5 (Table 

1). 
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Pleural effusion can be easily detected by LUS, placing the phased array transducer on the 

surface of the chest wall in an intercostal space, and is displayed as an anechoic space above the 

diaphragm. Pleural effusion is advised to be sought at first in the dependent zones, i.e. lateral and 

posterior chest wall (e.g. posterior axillary line) at the level of costophrenic angles (Figure 3, Video 

3), which also allows other causes of chest X-ray radio-opacity, such as consolidation, mass, or an 

elevated hemidiaphragm to be ruled out (Figure 4, Video 4). LUS is more sensitive than chest X-ray 

in detecting pleural effusions, when using computed tomography (CT) as the reference standard 
15,16, and can determine the volume of pleural effusion and monitor its evolution. LUS can also 

provide information on its likely nature by differentiating between simple and complex effusions, and 

can help guide the optimal site for needle thoracentesis.  

 

Other sonographic features of congestion  

The pathophysiology of congestion in HF includes the different stages of hemodynamic, 

pulmonary and systemic congestion 17, that can be all assessed by ultrasound. Traditional 

echocardiography provides indicators of hemodynamic congestion, including a dilated left atrium, a 

high E/e’, elevated pulmonary artery systolic pressure, and dilated inferior vena cava (IVC). B-lines 

on LUS are a sign of pulmonary congestion (increased extravascular lung water) due to left sided 

HF, independent of - yet closely related with hemodynamic congestion. Chronically elevated left-

sided filling pressures eventually result in a rise in right atrial pressures and IVC distension. An IVC 

smaller than 21 mm that collapses >50% during inspiration suggests normal right atrial pressures 18, 

although this measurement should be interpreted in the context of the overall patient’s underlying 

pathophysiological and hemodynamic status and integrated with other echocardiographic findings; 

an increased IVC diameter can identify intravascular volume expansion prior to changes in 

symptoms or body weight, and predicts a high risk of  rehospitalization for HF or death in patients 

with acute or chronic HF 19,20. 

Using a high-frequency linear transducer, the internal jugular vein (IJV) diameter can be 

measured. When congestion is severe, IJV distensibility, provoked by Valsalva manoeuvre, is 

markedly reduced, indicating a poor prognosis 21. Congestion in other organs can be also assessed 

by ultrasound, such as the kidneys. A comprehensive review of these novel techniques and their 

potential clinical utility can be found elsewhere 22. Recently, the VExUS score (venous excess 

ultrasound), including Doppler evaluation of the IVC, hepatic veins, portal vein, and renal venous 

flow has been proposed to assess presence and severity of venous congestion 23. Whereas systemic 

venous congestion (as assessed by IVC, IJV, hepatic veins, portal veins, renal veins) can be present 

in both right and left-sided HF, LUS B-lines indicate pulmonary congestion due to left-sided HF.  
 

Other sonographic features of deaeration 



4 
 

When the pulmonary air content is completely dissipated in areas of pulmonary consolidation 

(a potential precipitant of acute HF), the lung parenchyma can be directly visualized (Figure 5, Video 

5) with a hypoechoic or tissue-like pattern. Different aetiologies of consolidations may have also 

different sonographic appearance (Figure 5). Compression atelectasis is frequent in patients with 

HF; here, a large cardiogenic pleural effusion causes direct compression of the pulmonary 

parenchyma 4.  

On occasion, a focal interstitial syndrome (i.e. multiple B-lines localized only in a single area 

of the chest ‘zone’) can suggest pneumonia. These are thought to represent either the very early 

phases of pneumonia with the partial deaeration LUS pattern (B-lines) preceding the total deaeration 

LUS pattern (consolidation), or the focal oedema surrounding any consolidation. 

 

 

 

Lung ultrasound in heart failure: the technique  
Whenever possible, it is advised to perform LUS exams with a standardized approach, to facilitate 

interpretation and monitoring, as well as reproducibility 24. Several LUS protocols have been 

described, with a variable number of examination areas of the chest (zones) to be examined, ranging 

from 4 to 28 25–27 (Figure 6). Currently, the 8-zone scanning protocol is the most widely used, 

balancing the need for a simplified, rapid protocol, and good accuracy; 8  with studies suggesting it  

the most appropriate approach across multiple settings, including the diagnosis of HF (with the 8-

zone C-index non-inferior to the 28-zone C-index) 28, and for risk stratification 29. 

When integrating LUS during stress echocardiography, a simplified 4-zone scanning protocol 

is often used, placing the probe at the third intercostal space along the anterior axillary and mid-

axillary lines 30,31.  

In adult patients, both phased-array or convex transducers are sufficient to assess B-lines. If 

available, the abdominal preset (for the convex transducer) and the cardiac preset (for the phased-

array transducer) usually provide adequate image quality. Some machines have also a dedicated 

lung preset. The transducer should be placed in the intercostal space either perpendicular 

(longitudinal, sagittal) or in parallel orientation (transverse) to the ribs. Imaging depth depends on 

the size of the patient, but is usually set at ∼15–18 cm 22. Once the transducer position and gain 

settings are optimised for visualization of the pleural line and B-lines, it is advised to keep the 

transducer in the same location for at least one respiratory cycle. When a movie clip is recorded, the 

suggested length is of about 6 seconds 32,33. In each chest zone, the operator should scan all 

accessible chest surface to increase sensitivity. 

During the examination, patients can be positioned either sitting upright, semi-recumbent or 

supine; however, it is preferred to scan patients should be scanned in the same position if serial 

examinations are being performed 34. In those thoracic zones where a pleural effusion is visualized, 
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B-lines cannot be assessed, and the presence of pleural effusion should be described in the LUS 

report instead. 

There are two main approaches to quantify B-lines: score- or count-based methods. Score-

based methods consider a minimum number of B-lines in one thoracic zone as a ‘positive’ zone 

(typically at least 3 B-lines) 8, then the number of positive zones are added up 25. Count-based 

methods entail that B-lines are counted to obtain a number for each thoracic zone: B-lines can be 

counted one by one 27,34 or, when confluent and overlapping, their number can be estimated from 

the percentage of space they occupy on the screen below the pleural line, divided by 10 (i.e. if about 

60% of the screen below the pleural line is occupied by B-lines, it would conventionally count as 6 

B-lines, up to a maximum of 10 per zone) (Figure 7). It is advised to count B-lines in the worst (less 

aerated/with more B-lines) point of each thoracic zone, then the number of B-lines in each zone can 

be summed up to obtain a total B-line count 4,8,35,36. All these methods have demonstrated good intra- 

and inter-observer agreement 37,38. A schematic overview of LUS approach in patients with 

suspected or established HF is shown in Table 2.   

Key points: To evaluate pulmonary congestion in patients with suspected or 
established HF, using a phased-array or convex probe may be appropriate (including 
handheld ultrasound devices), in sagittal or transverse orientations (transducer 
perpendicular or parallel to the intercostal space), ideally following the 8-zone protocol and 
maintaining the patient in the same position during serial examinations.  
 

 

 

Clinical applications 
Acute heart failure  

Diagnosis: Ruling in/out acute cardiogenic dyspnoea 

The typical LUS pattern of a patient with acute HF and pulmonary oedema is the presence 

of multiple (at least 3 B-lines in one chest zone), diffuse (at least two positive zones per hemithorax) 

and bilateral B-lines. It is important to distinguish this pattern from the presence of a few patchy B-

lines, especially when located at the lung bases, that can be seen even in healthy subjects, and 

which therefore do not qualify as multiple, diffuse and bilateral. 

LUS is a rapid diagnostic test, which takes less than 5 minutes.  Among patients hospitalized 

with acute dyspnoea, LUS has demonstrated high diagnostic accuracy for acute HF, with a sensitivity 

of 94-97% and a specificity of 97% 25,26 that has been shown to be superior to both clinical 

assessment (i.e. history, physical examination, electrocardiogram, and arterial blood gas) and the 

chest X-ray, even when there is superimposed pneumonia 25,39,40. Indeed, LUS is superior to chest 

X-ray alone (sensitivity of 91.8% vs. 76.5% and a specificity of 92.3% vs. 87.0%) 41, and has higher 
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accuracy than clinical assessment even when integrated with “traditional” diagnostic test (i.e. 

natriuretic peptides and chest X-ray) to diagnose acute HF 25,26.  

 

Monitoring: Assessing decongestion 

A higher number of B-lines on admission for an episode of acute HF is associated with greater 

risk, regardless of left ventricular ejection fraction (LVEF) and presence of HF signs and symptoms 
42. This suggests that B-lines might be a potential target for treatment but also useful to monitor 

response to decongestive therapies. 

Changes in B-lines are very dynamic and, for those who respond to diuretic therapy and other 

treatments, the number of B-lines decreases rapidly 27,43,44, regardless of the aetiology of acute HF 
45. Serial LUS can guide titration of diuretic therapy, leading to more rapid relief of congestion and, 

potentially, shortening the length of hospital stay 46–48. Resolution of pulmonary congestion detected 

by ultrasound during HF hospitalisation is associated with improved survival (combined endpoint of 

6 month all-cause death or AHF re-hospitalization) 48,49. However, at the moment, there is no 

evidence that titrating diuretic therapy based on B-lines can improve morbidity and mortality in 

patients hospitalized with HF 47. 

Although pleural effusions are typically monitored by chest X-ray in patients with acute HF, 

serial ultrasound scans are also effective in quantifying changes in the size of pleural effusion 

associated with decongestive therapy without exposing patients to radiation 50. 

 

Prognosis: Determining the timing of discharge 

Up to 45% of patients hospitalized with acute HF are either readmitted for HF or die within 

12 months of discharge 51. Those with a higher degree of residual congestion, including pulmonary 

congestion, at the time of discharge, are at particularly high risk 51,52. The importance of optimizing 

decongestion during a HF hospitalisation is consequently highlighted in the 2021 ESC Guidelines 6. 

Patients with a  high number of B-lines at discharge are at higher risk of readmission or premature 

death than those discharged without or with only mild pulmonary congestion  36,53–56. Prior studies 

investigating the prevalence and prognostic value of B-lines at discharge in patients hospitalized 

with HF have employed 4, 8 or 28-zone LUS protocols; specific cut-off values for these protocols are 

summarized in Table 3. Collectively, these findings suggest that LUS may detect subclinical 

pulmonary congestion pre-discharge in patients with acute HF, irrespective of ejection fraction, and 

identify those at greater risk for subsequent adverse outcomes. In addition to B-lines, pleural 

effusions can be detected with ultrasound in approximately half of the patients discharged after an 

acute HF episode  27, but it is unclear whether this finding is associated with an increased risk of 

cardiovascular events post-discharge 57.  

Key points: The LUS pattern of pulmonary oedema in acute left- sided HF consists of 
the presence of multiple (at least 3 B-lines), diffuse (in at least 2 zones per hemithorax), 
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bilateral B-lines. Using LUS may be appropriate in patients with acute dyspnoea to rule-in or 
rule-out pulmonary oedema in suspected acute left-sided HF. Using LUS may be appropriate 
to detect persistent pulmonary congestion prior to discharge in patients hospitalized with 
acute HF, to identify those at higher risk of readmission for HF or death.  
 

 

Chronic heart failure  

During follow-up: guidance of diuretic therapy  

The 2021 ESC Guidelines do not recommend serial echocardiography or assessment of B-

lines in ambulatory patients with HF unless clinical deterioration is suspected. Indeed, many of those 

with HF who attend routine clinical appointments usually feel well, do not report any symptoms and 

are free of congestion at clinical examination 58. However, decompensation is clinically silent in most 

patients and is often only recognized late, at a point when congestion demands urgent action. Thus, 

LUS could potentially be implemented in the routine clinical evaluation of outpatients, to facilitate 

early detection of subclinical congestion. In a single-centre, single-blind, randomized clinical trial, a 

LUS-guided strategy significantly improved the combined endpoint of urgent visit, re-hospitalisation 

and death at 6 months after an acute HF episode 59. Subsequently, the CLUSTER-HF trial also 

showed that LUS-guided treatment was associated with a 45% risk reduction in the primary end 

point (a composite of urgent HF visits, rehospitalization for worsening HF, and death from any 

cause), mainly driven by a reduction in urgent HF visits 60. Another trial that randomised outpatients 

with chronic HF, demonstrated a substantial reduction in hospitalizations for acute HF (by 56% at 90 

days), as well as decreasing NT-proBNP concentrations and improving quality-of-life in those 

patients whose treatment was guided by LUS 61. A summary of the clinical utility of LUS in acute and 

chronic heart failure is shown in Table 4. 

Key points: Integrating LUS into the routine evaluation of ambulatory patients with HF 
may be appropriate, to titrate diuretic therapy and reduce HF-related adverse outcomes, in 
particular the need for urgent visits.  
 

During stress echocardiography  

LUS can be easily performed during exercise testing, including stress echocardiography 31,62,63. 

The number of B-lines increases during exercise in patients with HF more than in control subjects 
64,65. In patients with HFrEF, peak B-lines are closely associated with resting NT-proBNP, peak VO2, 

and stress PASP 62. In patients with heart failure with preserved ejection fraction (HFpEF), the 

development of pulmonary congestion as measured by B-lines upon exercise correlates with 

exercise-induced worsening of diastolic function (particularly with peak E/e’ and global strain rate 

during late diastole) 66. Hemodynamic studies further suggest that the acute development of 

pulmonary congestion during stress is related to an increase in pulmonary capillary hydrostatic 
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pressure and systemic venous hypertension 67. Therefore, LUS during exercise can quantify the 

pulmonary congestion secondary to the raise in stress-induced intracardiac/pulmonary pressures. 

Detecting a higher number of B-lines at peak exercise is associated with a greater risk of HF 

hospitalization and death in patients with both HFrEF 62 and HFpEF. Overall, these findings suggest 

that LUS may complement standard exercise testing to improve HF diagnosis and risk stratification  
68,69.  

 

 

In patients with chest pain and acute myocardial infarction 

Patients with acute coronary syndrome may develop pulmonary congestion, especially during 

or soon after an ST-elevation myocardial infarction (STEMI). A recent systematic review suggests 

that a high number of B-lines is a common finding in patients hospitalized with an acute coronary 

syndrome and identifies patients more likely to have adverse in-hospital and long-term outcomes 70. 

Whether assessment of B-lines might guide use of therapies that reduce pulmonary congestion after 

a myocardial infarction and improve morbidity and mortality in the short and long term, remains to 

be determined. 

 

 

In patients with shock/hypotension  

LUS can provide vital information when integrated with echocardiography in the assessment 

of hypotension and various types of shock, with the potential of detecting the underlying cause, and 

improving the quality of care delivered to critically ill patients.  

In hypovolaemic shock, the presence of a normal LUS pattern confirms the presence of ‘dry’ 

lungs which has a very high negative predictive value in ruling out a cardiogenic cause of 

hypotension 71,72 (Figure 8). Patients in cardiogenic shock due to LV failure or mitral/aortic valvular 

heart disease, eventually develop pulmonary congestion which would appear by LUS as multiple, 

diffuse bilateral B-lines, associated with a regular pleural line 13 (Figure 8). 

In patients with a pneumothorax, LUS has superior diagnostic sensitivity (88% vs. 52%) and 

similar specificity (99% vs. 100%) to chest X-ray 73. The combination of the absence of lung sliding 

(generating the barcode sign on M-mode), absence of B-lines, and the presence of a lung point (the 

transition point between a LUS pattern with lung sliding and without lung sliding) would suggest a 

pneumothorax as the cause of hypotension/shock (Figure 8) 8. The visualization of a normal LUS 

pattern along with non-compressible peripheral deep veins due to a thrombus would suggest 

pulmonary embolism, especially when coupled with RV dilatation and dysfunction 74. Moreover, 

triangular/polygonal hypoechogenic peripheral consolidations with sharp margins may be detected, 

as the sonographic appearance of pulmonary infarctions (Figure 8) 75. 
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In septic shock, the lungs are a frequent source of sepsis, due to lobar pneumonia which can 

be diagnosed with LUS with high sensitivity, through the visualization of consolidations often with 

dynamic air bronchograms, commonly at the most dependant zones of the lungs, with or without 

adjacent pleural effusion. The presence of punctiform echoes within an otherwise anechogenic 

pleural effusion could indicate exudative pleural effusion/empyema 76. The lungs can develop B-lines 

due to ARDS because of septic shock of extrapulmonary origin. LUS can be very useful in monitoring 

areation/deareation, assessing disease progression and recruitment in ALI/ARDS (including COVID-

19 pneumonia) 77. LUS can be performed also during transoesophageal echocardiography through 

dedicated views of the posterior regions of the lungs where lung consolidations and pleural effusions 

are most often seen, with promising preliminary results 78. 

Key points: In patients with shock/hypotension, LUS can complement the standard 
clinical evaluation to improve diagnostic accuracy. 

 

 

 

Integrated cardiopulmonary ultrasound 
How to integrate echocardiography and lung ultrasound  

Transthoracic echocardiography is guidelines-recommended as a key investigation in HF 6 

for the assessment of cardiac structure and function, defining HF phenotype based on LVEF 

measurement, as well identifying potential underlying aetiologies and mechanisms, and  guiding the 

introduction of treatment. The 2021 ESC Guidelines also mention the use of LUS in acute settings 

to confirm a diagnosis of HF, especially when natriuretic peptide testing is not available 6, since 

pulmonary congestion is one of the main causes of hospital admission in patients with HF 17. 

Integrating cardiac and pulmonary assessments on ultrasound can help understand and 

identify earlier the pulmonary consequences of structural or functional cardiac pathology, and 

potentially individualise patient management. Real-time interpretation of B-lines, together with the 

non-invasive hemodynamic signs that can be measured by echocardiography, can provide 

simultaneous assessments of the cardiac and pulmonary situation, leading to more accurate 

diagnosis and earlier treatment initiation 79,80. The number of B-lines is related to invasive left 

ventricular end-diastolic pressure (LVEDP) measurements 81, to E/e’ 82, to tricuspid regurgitation 

velocity 42, to right ventricular (RV) function and RV–pulmonary artery coupling 83. However, in 

patients with the same hemodynamic profile, the degree of pulmonary congestion as detected by B-

lines can vary markedly. Therefore, echocardiography is useful to understand the aetiology of HF, 

whereas LUS B-lines are especially useful to detect the degree of pulmonary congestion. The routine 

assessment of B-lines may be particularly appropriate when either a high-end ultrasound machine 

or the expertise for more complex echocardiographic analyses is not readily available or when 

cardiac image quality is poor and initial diagnosis difficult. Therefore, whenever possible, these two 
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aspects of the patient’s compensation status – hemodynamic congestion and pulmonary congestion 

-  17  can be evaluated in an integrated ultrasound cardiopulmonary examination (Table 5). This 

approach can also provide concomitant information regarding perfusion (by the LV outflow tract time-

velocity integral as a non-invasive index of cardiac output) and pulmonary congestion (by B-lines), 

in a less invasive way compared to right heart catheterization. The integration of B-lines with IVC is 

also valuable and integrates different information, since IVC diameter and collapsibility index is a 

proxy for right atrial pressure, but also reflects intravascular volume status, whereas B-lines reflect 

extravascular lung water, which can be present in patients with either a normal or a dilated IVC 19. 

Key points: When evaluating patients with known or suspected HF, it is advised to 
integrate LUS B-lines in the echocardiographic assessment to provide information about the 
degree of pulmonary congestion, in both acute and chronic settings. 

 

 

Lung ultrasound in FoCUS  

Focus cardiac ultrasound (FoCUS) is a point-of-care cardiac ultrasound examination 

performed according to a standardized, but restricted, scanning protocol in patients presenting with 

circulatory or respiratory compromise, chest pain or trauma, dyspnoea, syncope or cardiac arrest 84. 

The FoCUS scanning protocol comprises five echocardiographic views sufficient for crude 

assessment of left and right ventricular size and function, pericardial effusion, and intravascular 

volume status.  

Since cardiovascular and pulmonary diseases frequently coexist and may share clinical 

presentations, LUS may help in the differential diagnosis of acute dyspnoea and hemodynamic 

instability and is therefore an integral part of the FoCUS examination 84. The presence of multiple, 

diffuse, bilateral B-lines in a dyspnoeic patient with LV dysfunction is almost unequivocally consistent 

with HFrEF. In the presence of left atrial dilation and/or visually-detected LV hypertrophy, multiple, 

diffuse, bilateral B-lines may indicate HFpEF, and natriuretic peptide measurement and a 

comprehensive echocardiography should be ordered for further evaulation 84. Figure 8 summarizes 

the main situations of respiratory and circulatory failure, where LUS integrated with FoCUS can be 

of particular value. 

Key points: Whenever possible, it is advised to integrate assessment of B-lines and 
pleural effusion into the FoCUS examination since it may help in the differential diagnosis of 
acute dyspnoea and hemodynamic instability. 
 
Pitfalls 
 As with every diagnostic technique, there are some limitations with LUS examinations, which 

should be acknowledged to master this tool. There are still uncertainties about the exact physical 

origin of B-lines 11, although they are clearly related to a partial deaeration of the pulmonary 
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parenchyma. LUS is an easy to learn ultrasound technique, with a short learning curve that can be 

limited to about 20 exams 85,86, but some training is needed to ensure reproducibility and the correct 

interpretation of findings. Initiatives that would ensure quality standards and safe patient care, for 

instance an LUS certification program, could facilitate the standardisation of this procedure for both 

clinicians and other healthcare professionals involved in the care of patients with HF, who can 

successfully assess B-lines 87,88. B-lines are artifacts: although no clinically significant differences 

have been reported by using different machines and settings, attention should be paid to avoid 

magnification or deletion of artefactual images. Different LUS scanning protocols have been 

proposed and used, in research and in clinical practice, as previously discussed.   

 Probably, the main pitfall is the clinical interpretation of B-lines in the absence of an 

established diagnosis. B-lines are not specific for cardiogenic pulmonary oedema: being a sign of 

partial pulmonary deaeration, they can be present in patients with interstitial lung disease, such as 

pulmonary fibrosis, as well as ALI/ARDS, and interstitial pneumonia (including COVID-19 

pneumonia). As highlighted in Table 1, there are some LUS features that can help differentiate these 

conditions, taking into account that a strong integration with clinical and other routine diagnostic 

findings is mandatory. This point further reinforces the need for LUS training, to ensure that 

healthcare providers will not categorize every patient with B-lines as having HF. 

Importantly, the absence of substantial pulmonary congestion on ultrasound does not 

exclude HF, particularly in the context of severe obesity or isolated right-sided HF;  therefore, 

clinicians should not forget to evaluate systemic/venous congestion 89.   

 

Gaps in current evidence 
In recent years major advances have been made in our understanding of the utility of LUS 

as an imaging tool in the diagnosis, monitoring and risk stratification of patients with HF, but areas 

with lack of evidence remain. Table 6 lists selected topics that deserve to be addressed in future 

clinical research. 

Whilst waiting for additional evidence regarding the clinical utility of LUS, especially in titrating 

diuretic therapy, we already have solid data supporting the use of this tool in daily clinical practice to 

complement either FoCUS or comprehensive echocardiography in the assessment and 

management of patients with HF. 

 

 

 
Conclusions 

LUS is an easy to learn, rapid and versatile point-of-care diagnostic method. B-lines on LUS 

are the sonographic sign of a partially deaerated lung, that can be detected in patients with HF, 

providing a semiquantitative evaluation of pulmonary interstitial oedema. 
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Sonographic B-lines are useful for the diagnosis, monitoring and prognostic assessment of 

patients with HF. Therefore, it would be useful too integrate routine evaluation of B-lines and pleural 

effusions into standard transthoracic echocardiographic protocols in patients with suspected or 

confirmed HF, as well as in the FoCUS examination. This integrated cardiopulmonary ultrasound 

approach has the potential to improve clinical management and potentially patient outcomes with 

further research required.   
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Legend of figures and videos 
 
Figure 1 
The sonographic pattern of a normally aerated lung with the pleural line (dotted yellow line) and A-
lines (dotted orange lines). 
 
Figure 2 
B-lines indicated by dotted white lines. 
 
Figure 3 
The left costophrenic angle with pleural effusion. 
 
Figure 4 
Pleural effusion with compression atelectasis  
 
Figure 5 
Different patterns of consolidation at LUS: A) pneumonia; B) pulmonary infarction; C) compression 
atelectasis; D) obstructive atelectasis. 
 
Figure 6 
Different LUS scanning protocols, ranging from 4 to 28 zones. The imaging protocol should be 
performed upon both hemithoraxes. In the 28-zone protocol the left hemithorax does not include the 
fifth intercostal space. 
 
Figure 7 
How to quantify B-lines 
 
Figure 8 
Integrated cardiopulmonary ultrasound for the differential diagnosis of respiratory and circulatory 
failure 
 
 
 
Video 1 
The sonographic pattern of a normally aerated lung with the pleural line and A-lines 
 
Video 2 
Multiple B-lines in a patient with acute cardiogenic pulmonary oedema 
 
Video 3 
The right costophrenic angle in a patient with pleural effusion and ascites 
 
Video 4 
Pleural effusion with compression atelectasis  
 
Video 5 
Sonographic appearance of pneumonia with air bronchogram 
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