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Abstract

Background: Pneumonia is a deadly disease which needs fast and correct examination and therapy. Some studies
suggest that lung ultrasound could be useful and fast examination for diagnosing pneumonia. Furthermore, it has more
favorable safety profile and lower cost than chest X-ray (CXR) and Computed Tomography (CT).

Objective: The aim of this study is to know accuracy of lung ultrasound versus chest radiography for diagnosing
pneumonia and whether it can replace chest radiography as routine examination.

Methods: We made structured research on several databases including Science direct, Proquest, Pubmed, and EBSCO
Host. The selected studies underwent critical appraisal based on Oxford CEEBM diagnostic study clinical appraisal.

Results: Six diagnostic studies comprising of 752 participants met inclusion criteria were critically appraised.
Sensitivity of lung ultrasound in pneumonia is better than chest radiography (68%-98.5% vs. 47%-77.7%). Specificity
of lung ultrasound is better than chest radiography in pneumonia (57%-98.5% vs. 59.5%-94%). All of studies showed
lung ultrasound is better and statistically significant.

Conclusions: Our study indicates that lung ultrasound is better than chest radiography for diagnosing pneumonia and
can become routine examination. It may represent a useful first-line approach for confirmation of clinical diagnosis.
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1. Introduction

Pneumonia ranks as the third cause of death worldwide, preceded only by ischemic heart disease and cerebrovascular
diseases. It is the leading infectious cause of death and one of the most common reasons for emergency room (ER) visits
and hospital admissions. In patients with clinically suspected pneumonia, a correct differential diagnosis is essential for
proper treatment orientation. Diagnostic and treatment delays and failure can entail a significant increase in mortality,
while inappropriate use of antibiotics to treat respiratory symptoms that are not secondary to bacterial infection
contributes to the development of antibiotic resistance [1].

Traditionally, the diagnosis of pneumonia is based on three mainstays: clinical and laboratory data, imaging techniques,
and microbiological studies [2]. International guidelines recommend the use of chest x-ray as first line examination,
despite its low sensitivity and specificity [3]. Besides, image quality is lower in patients in decubitus position and when
using portable devices; it implies patient mobilization, radiation exposure, and high interobserver variability [4].
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Thoracic computed tomography (CT) scan, although considered as the gold standard, is often not performed and
involves an important exposure to ionizing radiations, limiting its use to difficult cases [2]. Its use is reserved for more
complex cases and where therapeutic failure occurs. Its main drawbacks are the need to transfer the patient to the X-
ray unit and high cost [5].

In this context, and although it is not considered in current clinical practice guidelines, bedside lung ultrasound for
pneumonia has attracted interest in recent years because it is portable and fast, does not use radiation, is easily
reproducible, and allows real-time scanning. Available data also suggest high diagnostic performance [6].

The aim of this mini systematic review is to know accuracy of lung ultrasound versus chest radiography for diagnosing
pneumonia and whether it can replace chest radiography as routine examination.

2. Methods

We made structured research on several databases including Sciencedirect, Proquest, Pubmed, and EBSCOHost. We
included studies in people aged 18 years and older with clinical suspicion or confirmed diagnosis of pneumonia,
comparing lung ultrasound versus chest radiography.

Computerised PubMed, ScienceDirect, EBSCOHost, and Proquest searches were performed in 20 February 2021. With
few restrictions only for english languange, published in the last 10 years, and studied in human. Our search is also
restricted to article or journal only. Index and free-text search terms included ‘pneumonia’ and (‘ultrasonography’ or
‘ultrasound’) and ‘chest radiograph’. We independently performed the preliminary screening based on titles and
abstracts, to include potentially relevant articles. After the first screening, studies were retrieved in full text to check
eligibility according to inclusion criteria and exclusion criteria. We exclude article with no abstract, opinion paper,
supplementary and review article. We include all diagnostic studies with outcomes in title or abstract. In order to
provide greater comprehensiveness to the review, we did not use any age filters despite the fact that potentially eligible
studies had to be in adults; we reviewed the full text of any studies involving children to identify possible subgroups of
adults. The selected studies then underwent diagnostic study critical appraisal.
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3. Results

For each included study, two researchers (LM and AP) manually extracted data concerning the number of true positives,
false positives, true negatives, and false negatives. In cases where this information was not explicitly reflected, 2x2
tables for calculating the required data were constructed.

The initial literature search yielded a total of 114 studies, 6 of which met the inclusion criteria and were included in the
qualitative and quantitative synthesis. The predominant design was the cohort study (Tables 1) and all took place
between 2013 and 2015. Most studies were European, and altogether they involve a total of 752 participants.

Sensitivity of lung ultrasound in pneumonia is better than chest radiography (68%-98.5% vs. 47%-77.7%). Specificity
of lung ultrasound is better than chest radiography in pneumonia (57% -98.5% vs. 59.5%-94%). All of studies showed

lung ultrasound is better and statistically significant.

Table 1 Characteristics of included studies

Country | Design | Blind in LUS | Blind in gold standard
Corradi F, et al (2014) Italy Cohort Yes Yes
Bourcier JE, et al (2013) France Cohort Yes Yes
Pagano, et al (2015) Italy Cohort Yes Yes
Nazerian P, et al (2015) Italy Cohort Yes Yes
Ticinesi A, et al (2015) Italy Cohort Yes Yes
Liu X, etal (2014) China Cohort Yes Yes

Table 2 Critical appraisal and analysis of selected studies

USG CXR
Sample Disease . . . . p-value
Sensitivity | Specificity | Sensitivity | Specificity

21"53‘114; €\ 32 | Pneumonia |  68% 95% 64% 80% p<0.01
eBto;Ir(c;%rB])E, 144 Pneumonia 95% 57% 68% 76% p<0.01
Pagano, etal | 195 | ppeumonia |  98.5% 64.9% 73.5% 5950 | P<000
(2015) 1
gtajle(r;%“ls)lj' 190 | Pneumonia | 81.4% 94.2% 64.3% 90% p<0.05
ZIIC(IZDS;IS)A’ et 169 Pneumonia 92% 94% 47% 93% p<0.05
Liu X, et al , o o o p<0.00
(2014) 112 Pneumonia 94.6 98.5% 77.7% 94% 1

4. Discussion

The results of our study suggest that bedside lung ultrasound has an excellent accuracy for the diagnosis of pneumonia
in adults. Corradi et al. showed lower sensitivity of either lung ultrasound or chest radiograph because they conducted
on a small number of sample (n=32) [8]. Overall, our study showed significant differences between lung ultrasound and
chest radiograph in detecting pneumonia, although most of the included studies have problem regarding risk of bias.

Our findings are consistent with previous systematic reviews, although we only included 6 studies due to our inclusion
and exclusion criteria. Systematic review by Chavez et al [7] and Alvarez et al. showing more favorable data on the
diagnostic accuracy profile of the lung ultrasound. Chavez et al. obtained a weighted sensitivity and specificity of 94%
and 96%, which included 10 studies. Chavez et al. also included at least one study in which the unit of analysis was not
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the participant [7]. Alvarez et al [6] obtained sensitivity 80% to 90% and a specificity of 70% to 90%, they were included
16 studies. The main differences with our review are related to methodology and to the inclusion of fewer studies.

In addition to its diagnostic accuracy, lung ultrasound has other advantages over CXR and CT, as it can be done quickly
at bedside, is easily reproducible, has a relatively low cost, and avoids any exposure to ionizing radiation [1]. On the
other hand, ultrasounds are of limited value in patients with subcutaneous emphysema and in obese people due to the
thickness of the chest wall [4]. Moreover, it is not possible where access to the patient’s chest is limited by large
bandages, prosthetic material, or skin disorders. Another disadvantage of lung ultrasound is its observer-dependent
nature, as it implies the need for operators with certain skills and experience; however, the learning curve is relatively
fast and in the end the method can obtain high interobserver agreement [3].

5. Conclusion

Our study indicates that lung ultrasound is better than chest radiography for diagnosing pneumonia and could become
routine examination. It may represent a useful first-line approach for confirmation of clinical diagnosis.
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