What is the utility of lung ultrasound in helping to diagnose pneumonia?
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Pneumonia is a major cause of mortality and morbidity worldwide. It is defined as an infection of the lower respiratory tract associated with respiratory symptoms, fever and evidence of parenchymal involvement on physical examination or x-ray. Pneumonia is a clinical diagnosis. However, in certain situations, such as in severe disease or when clinical findings are inconclusive, radiographic confirmation of pneumonia may be needed. While chest x-rays (CXR) are convenient due their ease of use and access, numerous studies have shown that there is wide variability in their interpretation. Another disadvantage is that x-rays are a source of ionizing radiation. Although x-rays provide a small dose of radiation compared to other tests such as computed tomography (CT), children are thought to be more sensitive than adults to the induction of cancer due to their more rapidly dividing cells and longer life expectancy. Ultrasound (US) is increasingly being used to diagnose lung conditions such as pleural effusion, empyema, pneumothorax, pulmonary embolism and pneumonia. The advantages of US are that it is rapid, portable and does not involve radiation. However, the current guidelines do not recommend lung US as a diagnostic method of pneumonia. This has led to my PICO question: in hospitalized children with clinical suspicion of pneumonia, how does lung US compare to CXR in helping to diagnose community-acquired pneumonia (CAP)? 
A PubMed literature search was performed using key words: “pediatric,” “community acquired pneumonia,” “ultrasound” and “chest x-ray”. The search yielded 54 articles, and three relevant articles were used for this critical appraisal. Caiulo et al. (2013) performed a prospective observational study with the aim to evaluate the reliability of lung US in diagnosing lung abnormalities associated with pneumonia. This study shows that US is superior to CXR. The positive likelihood ratios for both US and CXR are infinity and raise the post-test probabilities to 100%, thus showing that both tests are very good for ruling in pneumonia. The negative likelihood ratio for US is lower than that for CXR showing that US is better at ruling out pneumonia. One limitation is that it is a single center study. Another limitation is that the study was not performed in the United States and used the British Thoracic Society guidelines as the standard for the diagnosis of pneumonia. However, these guidelines are similar to the guidelines used in the United States, which makes this study applicable. Another important result of this study was a subgroup analysis showing that US is better than CXR in identifying pleural effusions in CAP. 

Reali et al. (2014) performed a prospective observational study with the intention to define the accuracy of US in the diagnosis of CAP. This study shows that US is more sensitive and specific than CXR. The positive likelihood ratio for US is higher than that for CXR, showing that US is better at ruling in pneumonia. The negative likelihood ratio for US is lower than that for CXR showing that US is better at ruling out pneumonia. The limitations of this study are that it was a single center study and that it was not performed in the United States. However, the study is applicable because it follows the British Thoracic Society guidelines for diagnosis of pneumonia, which are similar to American guidelines. Just as in the study by Caiulo at al., subgroup analysis showed that US is superior to CXR at identifying pleural effusions. 

Esposito et al. (2014) performed a prospective cross-sectional study with the objective to evaluate ultrasonography in the diagnosis of CAP. In this study, pneumonia was diagnosed in CXR-confirmed cases only. However, it is a non-inferiority study, showing that US is nearly as reliable as CXR in diagnosing pneumonia. US had a high positive LR and a low negative LR showing that US is good for both ruling in and ruling out pneumonia. The limitations are that this is a single center study and that it was not performed in the United States. However, similarly to the previous two studies, the British Thoracic Society guidelines were used as diagnostic standard of pneumonia in addition to CXR. This study also showed that US is superior to CXR at identifying pleural effusions. 
It is important to note that in all three studies, ultrasound operators had variable training in lung ultrasonography. Thus, results could be influenced by the operator’s experience and further studies are needed to examine inter-observer variability.
[bookmark: _GoBack]In conclusion, these studies suggest that US is a valuable tool in diagnosis of CAP. US has a high detection rate in identifying pneumonia in children with clinical suspicion of pneumonia. Detection rate is comparable to if not higher than with CXR. Also, all studies show that US is significantly better at identifying pleural effusions and should be utilized for this purpose. Nevertheless, multicenter studies are needed to examine concordance between operators in performing US examinations because results could be influenced by the operator’s experience. 
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