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Background: The clinical methods of diagnosing pneumonia have been for many years chest X-rays (CXR) and computed
tomography (CT) scans. However, a relatively new modality that is promising, efficient, and cheap is the lung ultrasound (LUS).
The scope of this systematic review focuses on evaluating the diagnostic performance of LUS, CXR, and CT for diagnosing
pneumonia.

Objective: The first aim of this review is to assess the diagnostic accuracy of lung ultrasound in comparison with chest X-rays and
CT scans.

Methods: PubMed, Cochrane, Embase, and Scopus were electronically searched without date and language limitations were set.
Inclusion criteria covered only those diagnostic studies that involved comparing lung ultrasound, chest X-ray, and CT scans in human
beings with suspected pneumonia. Both abstraction and quality of studies were assessed by two researchers and the quality was
assessed using PRISMA and QUADAS-2 checklists.

Results: There were 13 empirical studies included in the review which referred to different patients and contexts. Although none of
the imaging techniques could achieve both high sensitivity and high specificity, CT scans produced the highest sensitivity, with values
higher than 95% on all occasions, and specificities ranging between 80% and 90%. Lung US was most helpful in pediatric and acute
care populations, whereas CT was preferred when there was uncertainty regarding the presentation.

Conclusion: Lung ultrasound is a very sensitive, specific, practical method of subsequent lung examination; it is useful in
environments that need fast bedside assessment and for patients particularly vulnerable to radiation exposure, such as children.
Even though chest X-ray remains valuable in excluding pneumonia in outpatient practices, it lacks sensitivity and is therefore less
useful in diagnosing early disease. Computed tomography scans are the most accurate type of scans but should only be used in the
more severe interventions due to cost and radiation exposure.
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Introduction

Pneumonia poses a significant global health threat, particularly affecting the elderly, infants, and individuals with
compromised immune systems.' To achieve early and adequate treatment, proper identification of pneumonia is therefore
very important in preventing any complications that might arise. The routine investigations done in the diagnosis of
pneumonia are CXR and CT scans which have been widely used as gold standards ever since they proved to be efficient
and easy to obtain in the diagnosis of pneumonia.” However, LUS has been discovered in recent years to be equivalent to
conventional methods but is radiation-free and cheaper.®**

Pneumonia has nonspecific manifestations and may range from mild respiratory signs to the development of severe
respiratory failure and other systems manifestations. This variability often makes the diagnosis challenging, especially in
the areas where there are few resources in form of CT scans and the like.” diagnostic tools matter because underdiagnosis
or misdiagnosis leads to the wrong treatment, prolonged hospital stay, and increased healthcare costs.°
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The most utilized imaging technique in the diagnosis of pneumonia is Chest X-ray, a fast and non-invasive tool which
offers details of the lungs. Chest x-ray images view the lungs, heart, and blood vessels and help to determine if the patient
has pneumonia.” However, it fails inaccurate test results, especially in early and slight changes that define pneumonia.®
Chest X-rays can also fail to demonstrate a consolidation or an interstitial pattern in an obese patient or a patient with
chronic lung disease.” Chest X-ray, however, has low test accuracy and cannot identify small lesions although CT scans
can.'® However, due to augmentation of radiation dose, cost, and availability, CT scan is less preferable for the initial use,
especially in children and pregnant mothers.'!' LUS has emerged into the spotlight as a possible replacement or
complementary tool to routine imaging for diagnosing pneumonia. Ultrasound utilizes high-frequency sound waves to
form images of lung tissue that can help to detect specific patterns of pneumonia-like B-lines, consolidations and pleural
effusion.'? It has been proved that LUS has an equal test result accuracy to chest X-rays and is even superior to CT scans
in some cases, especially in recognizing consolidations and pleural diseases.'>'*

LUS is particularly safe, as it does not require radiation exposure and can be safely used repeatedly in individuals
who are sensitive to radiation, such as children and pregnant women.'> Thirdly, LUS can be done at the bedside making it
possible to do quick assessments of the patient, especially in emergency or critical care conditions.'® This portability also
comes in handy, especially in settings where there is a scarcity of resources to have other imaging techniques.’

Although LUS has been incorporated widely in clinical practice there are still concerns as far as diagnosis of
pneumonia is concerned and its definitive role in comparison to conventional tools such as CXR and CT scans. The CT
scan has the greatest effect on patients with an intermediate chance of illness and is particularly helpful in ruling out
pneumonia. This diagnostic test correction may reduce the prescription of unnecessary antibiotics and enable prompt
identification of the patient’s symptoms [The CT scan has the greatest effect on patients with an intermediate chance of
illness and is particularly helpful in ruling out pneumonia. This diagnostic correction may reduce the prescription of
unnecessary antibiotics and enable prompt identification of a different source of the patient’s symptoms.

Prior systematic reviews have mainly addressed the comparison of two interventions, most often LUS with C-XR."”
Yet, a comparative study incorporating all three modalities ultrasound, chest X-ray, and CT scan has not been adequately
investigated. Such a comparison is necessary to determine the strengths and weaknesses of each modality and if it can be
used to inform clinicians about the best approach in terms of the modality to use depending on the clinical indications,
the patient and the available resources.>®

This systematic review therefore seeks to help address this gap by comparing the diagnostic accuracy and efficacy
of LUS, CXR, and CT in the identification of pneumonia in different populations. This review aims, therefore, at
summarizing direct comparative evidence from relevant studies to give a clear and balanced picture of the various
applications of each of the described imaging modalities and how these findings can be harnessed to enhance the
currently available best practices in clinical management and decision-making processes leading to treatment of
patients.

Methodology

The approach used in this systematic review is guided by a structured protocol that aims at identifying the diagnostic
performance and efficiency of LUS, CXR, and CT in diagnosing pneumonia. It involves the formulation of a research
question, an efficient search, criteria for the selection and rejection of articles, data abstraction, quality assessment of the
studies, and synthesis of data.

Research Question and Objectives
The primary research question guiding this systematic review is: The questions to be answered include the following:

How effective and accurate is LUS in diagnosing pneumonia in terms of sensitivity, specificity, and general diagnostic
performance compared to chest X-ray and CT scan in both adult and pediatric patients? (Table 1)
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Table 1 PICO Framework for Research Question of Recent Study

Component Description

Population Adults and pediatric patients suspected or diagnosed with pneumonia

Intervention Diagnostic imaging using lung ultrasound (US)

Comparator Diagnostic imaging using chest X-ray (CXR) and computed tomography (CT)

Outcome Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic odds ratio (DOR) for each
modality

Search Strategy

To improve the validity of the obtained results, the Pubmed, Cochrane, Embase, and Scopus database search was carried
out without restrictions concerning publication language or year of publication. To identify such articles, the following
MeSH terms and free-text terms were used in the search strategy: pneumonia, LUS, chest X-ray, and CT scan. The
“AND” as well as the “OR” operators were applied to make the search terms more specific and ensure that all deserving
studies were identified. This was done to increase the specificity of the results for relevant publications while also being
as comprehensive as possible in the amount of data available, in the time frame from the conception of the topic until the
present. Also, the reference lists of all the articles and the relevant reviews included in this study were manually searched
to identify any other study that may have been included.

Inclusion Criteria

Studies were included if they met the following criteria: Preference will be given to studies that include the following
criteria: 1. investigations that employed original research and specifically compared at least one of the three imaging
techniques (US, CXR, CT) used in diagnosing pneumonia; 2. human subjects of any age, although adult and/or pediatric
subjects specifically; 3. include study designs like RCT, cohort, cross-sectional, case-control.

Exclusion Criteria
1. published as case reports, narrative reviews, and/or commentaries; 2. did not compare at least two of the modalities; 3.
were conducted on animal models or cadaveric specimens; and/or 4. published in languages other than English.

Data Extraction and Quality Assessment

The data extraction process was conducted by two researchers independently without any intervention from other
individuals, and a data extraction form with well-defined variables was used to minimize inter-observer variability.
Potentially relevant data sources were the study characteristics such as author, date of publication, study type, and
participants’ characteristics as well as diagnostic criteria for pneumonia, imaging techniques employed, and outcomes in
relation to diagnostic performance including test accuracy, positive predictive value, and negative predictive value. In the
event of a disagreement between the two reviewers, discussion was made, or a third reviewer was consulted. The quality
of studies that were included in the systematic review was evaluated with help of PRISMA statement for systematic and
meta-analyses and the QUADAS-2 tool which is used for evaluating the risk of bias and quality of diagnostic accuracy
studies. These assessments were used to categorize the studies as low, medium, or high quality.

Data Synthesis and Analysis

The synthesis of data was conducted in both the qualitative and quantitative analyses. Next a qualitative synthesis was
also done to do an analysis of all the studies that have been done on the different imaging modalities for diagnosis of
pulmonary embolism, their diagnostic performance across different settings and in different patients. For the level one
meta-analysis, the following criteria were planned before the analysis: If the overall variability between the studies
appears moderate to low and when the underlying characteristics of the population, Study design, and types of outcomes
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are similar in all the identified Studies. This review focused on the sensitivity and specificity of each study, but the other
secondary measures included positive predictive value (PPV), negative predictive value (NPV), and diagnostic odds
ratio (DOR).

Study Outcomes

The frequency of each imaging modality (US, CXR, and CT) used was also considered as an index for evaluation and the
two main estimated parameters were sensitivity and specificity of diagnosing pneumonia with usual imaging modalities.
The second age-related endpoints were PPV, NPV, and DOR. These outcomes give a thorough appraisal of the diagnostic
accuracy of both the testing modalities and can easily be used for comparison of the effectiveness of the two in various
clinical situations.

Ethical Considerations

Since the present study is a systematic review, it did not require direct interaction with people or the use of unpublished
and/or sensitive data. Therefore, it was not necessary to seek ethical clearances. However, every endeavor was made to
uphold the principles of ethical research such as, the process of reporting the findings of the study, declaration of the kind
of conflict of interest, if any, and giving credit to the original authors of the studies used in the research.

Results
Study Selection

The PRISMA standards were followed in a recent systematic review to select and screen research papers relevant to the
study’s objectives, which focused on “Ultrasound, Chest X-Ray, and CT Scan in Detecting Pneumonia.” In total, 1175
research articles were extracted using this search approach from electronic databases (Figure 1). Just 562 papers were
examined using the PRISMA procedures, while 613 articles were disqualified prior to screening. Only those papers were
evaluated for eligibility, and 13 research articles remained after exclusion criteria were applied. As shown in (Table 2), 13
papers were included in the most recent systematic review since they satisfied the inclusion criteria. These 13 included
studies provided a population of 2719 male and female patients whose ages ranged from 2 to 83 years old. In terms of the
clinical setting a total of 7 studies were conducted in adult patients admitted to ED, 3 studies included patients admitted
to ICU,2 studies Pediatric department, and one in the geriatrics department. Only 4 studies reported that the operators
were trained or licensed operators (Table 3).

Quality Assessment and Risk of Bias

Table 4 presents a risk of bias assessment using the QUADAS-2 tool, which evaluates the quality of diagnostic accuracy
studies. The studies listed in the table generally show low risk across four key domains: patient selection, index test,
reference standard, and flow and timing. This consistent low-risk rating across all categories indicates that the studies
included were designed and conducted with minimal bias. Thus, the findings from these studies can be considered
reliable for assessing the diagnostic accuracy of LUS, chest X-ray, and CT in detecting pneumonia.

Outcome of Ultrasound, Chest x-Ray, and CT Scan in Detecting Pneumonia
The test results of the three imaging methods showed different sensitivity and specificity functions. Another study on
LUS showed that their sensitivity ranges from 86% to 98% thus making it useful in indicating cases of pneumonia.
Recognizing that this modality was most useful in situations where quick, at-the-bedside evaluation is feasible also ruled
helpful. The sensitivity of LUS varied from 85% to 95%, which reflected the ability of LUS to accurately rule out
pneumonia. One advantage is felt in acute care situations and especially within conditions of resource constraint.
Chest X-ray however produced comparatively lower sensitivity in the range of 70%-85%. This implies that chest
X-ray is not very accurate in diagnosing pneumonia especially since the test was carried out on patients who had early
signs of pneumonia. On the other hand, chest X-ray has adequate specificity that ranges from 80% to 90%, therefore,
indicating the effectiveness of chest X-ray to eliminate pneumonia, while the modifications have low test accuracy in
detecting early or mild pneumonia.

152 https: Medical Devices: Evidence and Research 2025:18



Al Nufaiei and Alshamrani
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Figure | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram illustrating the studies’ selection process.
Notes: This figure was adapted from Page M), McKenzie JE, Bossuyt PM, et. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021
Mar 29;372:n71. Creative Commons.'® *The studies were identified from the databases. ** The studies were excluded after the initial screening.
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Table 2 Characteristics of Included Studies

Author, Year Country Study Population Study Type of Outcomes Findings
Design Intervention
IM Unlukaplan, 2020'? | Pakistan Adults suspected of Cross- Lung ultrasound Diagnostic Lung ultrasound is
having pneumonia sectional accuracy accurate in diagnosing
study pneumonia in adults
T Ahmad, 2019%° Pakistan Children suspected of | Cohort study | Lung ultrasound Diagnostic Lung ultrasound is
having pneumonia accuracy effective in detecting
pediatric pneumonia
YI Haggag, 2019*' Egypt Patients with lung Randomized Lung ultrasound Diagnostic Lung ultrasound
consolidation controlled sensitivity, comparable to chest
trial (RCT) specificity, and X-ray
accuracy
A Taghizadieh, 20152 Iran Patients with Case-control Chest Diagnostic Chest ultrasound vs
community-acquired study ultrasound accuracy chest X-ray for
pneumonia community-acquired
pneumonia
E Karimi, 20197 Iran Patients suspected of Cross- Lung Sensitivity of Lung ultrasonography
having pneumonia sectional ultrasonography lung more sensitive than
study ultrasonography chest radiography
Y Amatya, 2018% Nepal Patients in a resource- Prospective Lung ultrasound Diagnostic Lung ultrasound
limited setting with cohort study accuracy effective in low-resource
suspected pneumonia settings
F Cortellaro, 2012'* Italy Patients in the Cohort study | Lung ultrasound Diagnostic Lung ultrasound
emergency department accuracy accurate in emergency
with suspected settings
pneumonia
J Martinez 2021% Spain Patients with suspected Cross- Lung ultrasound | Higher accuracy Higher accuracy for
COVID-19 pneumonia sectional for early COVID-19 pneumonia
study diagnosis
C Yan, R Hui, 2020% China Children with Retrospective | Lung ultrasound Diagnostic Lung ultrasound
suspected pneumonia cohort study accuracy accurate in children
confirmed by CT
A Ticinesi, 2016 Italy Older adults in a Cross- Lung ultrasound Diagnostic Lung ultrasound is
geriatric ward with sectional accuracy effective for older adults
suspected pneumonia study
ZI Bitar, 2019 Saudi ICU patients with Cohort study | Lung ultrasound Diagnostic Lung ultrasound
Arabia suspected pneumonia accuracy effective in ICU patients
JE Bourcier, 2014%° France Patients in the Prospective Lung ultrasound Performance Effective in emergency
emergency department | cohort study comparison departments
with suspected
pneumonia
RC Gibbons, 20213° USA Patients with suspected Cross- Lung ultrasound Radiographic Effective for COVID-19
COVID-19 pneumonia sectional diagnosis pneumonia
study

https:

154

Medical Devices: Evidence and Research 2025:18




Al Nufaiei and Alshamrani

Table 3 Characteristics of Enrolled Patients and Their Clinical Settings

Author, Year Sample Size | Age(years) | Gender Clinical settings Operator experience
IMUnlukaplan, 2020"° 125 73 £14.6 61% M ED Not reported

T Ahmad, 2019%° 282 <6 60%M | Pediatric Medicine Ward Not reported

Y1 Haggag, 2019*' 100 50.3£10.1 M&F ICU Not reported

A Taghizadieh, 2015% 30 638+ 183 | 93% M ED Not reported

E Karimi, 2019% 280 56 £19.8 57% M ED Not reported

Y Amatya, 2018% 62 58%13 M&F ED Trained physician

F Cortellaro, 2012' 120 6918 33% M ED Trained physician

J Martinez 2021% 87 218 53% M ICU Trained operator

C Yan, R Hui, 2020% 949 12.45 £13 47% Pediatric department Not reported

A Ticinesi, 2016 169 83 £9.2 80M 89F | Acute-care geriatric ward Not reported

ZI Bitar, 2019% 92 68.3 15%M ICU Trained physician

JE Bourcier, 2014%° 280 50.47+19 57% M ED Not reported

RC Gibbons, 20213 143 5664 53%M Inpatient Not reported

Table 4 Risk of Bias Assessment Using Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) Tool

Study Patient Index Reference Flow and Overall Risk of
Selection Test Standard Timing Bias
IM Unlukaplan, H Dogan, DN Ozucelik, 2020'° Low Low Low Low Low
T Ahmad, MA Farooq, S Ashraf, MN Igbal, 2019%° Low Low Low Low Low
Y1 Haggag, K Mashhour, K Ahmed, 2019%' Low Low Low Low Low
A Taghizadieh, A Ala, F Rahmani, A Nadi, 2015% Low Low Low Low Low
E Karimi, 20197 Low Low Low Low Low
Y Amatya, ] Rupp, FM Russell, | Saunders, 2018%* Low Low Low Low Low
F Cortellaro, S Colombo, D Coen, 2012'4 Low Low Low Low Low
) Martinez Redondo, C Comas Rodriguez, 2021%° Low Low Low Low Low
C Yan, R Hui, Z Lijuan, Y Zhou, 2020%¢ Low Low Low Low Low
A Ticinesi, F Lauretani, A Nouvenne, G Mori, Low Low Low Low Low
G Chiussi, 2016
Z| Bitar, OS Maadarani, AAM El-Shably, 2019%° Low Low Low Low Low
JE Bourcier, | Paquet, M Seinger, E Gallard, 2014’ Low Low Low Low Low
RC Gibbons, M Magee, H Goett, | Murrett, 20213° Low Low Low Low Low

CT scans had the highest diagnostic accuracy out of the three different types reaching or surpassing 95% accuracy

which makes CT scans the most accurate modality in diagnosing pneumonia, especially in complicated cases wherein
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other methods may give way to ambiguous results. This. An option also showed high specificity of CT scans, which was
usually higher than 90%, which facilitates proper assessment of pneumonia and other pulmonary pathologies.

It also extended the evaluation of these imaging strategies to a more detailed comparison of their performance within
various clinical contexts and patients. In parallel, investigation of LUS for adult and pediatric patients revealed a higher
efficacy of the former in the latter group including atypical presenting pneumonia and the cases when radiation should be
limited. Regarding clinical settings, there was a preference for lung ultrasound in inpatient settings including critical care
areas since it is portable and allows for quick examination. Regarding the outpatient criteria, the utilization of chest X-ray
and CT scans was quite different, notably the HITN study always involved chest X-rays, however, the utilization of CT
scans differed by the availability of equipment and the clinical suspicion of pneumonia.

Discussion

This systematic review presented present study’s data reveal an overview of the diagnostic performance and efficacy of
lung US, CXR, and CT in identifying pneumonia in various settings and population samples. The data reported by the
present study reveal little uniformity in the efficacy of these imaging techniques as a function of their application.

Diagnostic Accuracy of Lung Ultrasound (LUS)

Lung US across the studies included in this review had a high sensitivity that ranged between 86% and 98% and high
specificity that ranged between 85% and 95%. This implies that the US is highly effective in the diagnosis of pneumonia
especially where there is a need to quickly assess a patient at the bedside. This high sensitivity is because of the high
ability to detect pleural effusions and lung consolidations which are characteristics of pneumonia. This is in concordance
with other studies done by Alzahrani et al 2017 which showed that LUS has high sensitivity and specificity in the
diagnosis of pneumonia, especially in resource-poor countries.’’ Further, Cortellaro et al (2012) observed that lung
ultrasound gives several advantages in emergency procedures since it entails faster execution, unlike the conventional
techniques that involve radiation.'*

Though its diagnostic accuracy has shown to be high depending on the type of pleural abnormality, the method can be
heavily dependent on the experience of the scanner and place of practice. Observations have revealed that experience
level does influence the curve, and that lung ultrasound may have consequences on the diagnostic results among the less
qualified personnel.” Nevertheless, lung ultrasonography can be effective in different clinical contexts such as intensive
care units and pediatrics because of its noninvasive nature and lack of radiation effect.””

Diagnostic Accuracy of Chest X-Ray
The chest X-ray (CXR) is used routinely in the diagnosis of pneumonia and the sensitivity varies from 70% to 85% and
the specificity from 80% to 90%. These outcomes received correlation with research by Haggag et al (2019) noting that
chest X-ray is less effective than lung ultrasonic in early-stage pneumonia identification but stays helpful to exclude the
disease.?! The lower sensitivity of CXR may perhaps be linked to the use of this technique being less capable of
detecting small and early consolidations and the dependence on the radiologist’s qualitative evaluation of the images.**
This is a significant limitation, especially when there are unusual features of typical pneumonia or when pneumonia may
be associated with another pulmonary disease and this may cause confusion in the distinction.?®

Similarly, Cp in a study by Ticinesi et al, (2016) was lower than that of CT scans for complicated cases of pneumonia
but CXR stays as the most economical and feasible approach to the diagnosis of OP among outpatients.?” Second, CXR
is relatively available and more independent of radiologists’ interpretation since clinicians with even basic radiology
knowledge can also easily interpret the CXR image.*

Diagnostic Accuracy of Computed Tomography

This study confirmed previous studies that CT was the most accurate of the three providing high sensitivity which is often
over 95% and specificity of over 90%. This makes CT the best reference tool when diagnosing pneumonia, particularly
the complicated ones for which other imaging methods are inconclusive.*’ CT scans are more diagnostic in diagnosing
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pulmonary diseases as compared to other imaging techniques because it provide high-resolution images of the lung
parenchyma hence enhancing the visualization of small pulmonary changes.**

The current study has been further buttressed by other studies as regards to the high sensitivity and specificity of CT
scans. For example, Gibbons et al cited that in a study they conducted in 2021, they were able to determine that CT scans
proved to be much more accurate when used in distinguishing pneumonia from other lung conditions including
pulmonary embolism or lung cancer. However, the utility of CT is somewhat restricted by its cost, the associated
radiation dose, and availability in many centers especially in developing countries.”> Moreover, there is the misuse of CT
in cases in which less invasive techniques such as US or CXR could be sufficient for diagnostic purposes despite the fact
that radiation exposure is a possible risk for personal damage, especially in pediatric patients.”> However, It has been
suggested that there are possibilities of a false positive reading of radiology images in diagnosing pneumonia in patients
with other medical conditions, such as congestive heart failure or pulmonary fibrosis when using X-ray or Lung
adenocarcinoma or pulmonary siderosis when using CT-scan and atelectasis when using ultrasound [A case of pulmonary
siderosis misdiagnosed as pneumonia, CT-scan and X-ray.>?

Comparison With Other Studies

The results of this systematic review correlate with prior research on the diagnostic performance of imaging techniques in
pneumonia. For instance, another meta-analysis study by Alzahrani et al (2017) acknowledges that LUS was highly
sensitive and specific and that more so in children since they are receptive to ionizing radiation.*® A similar observation
was made by Lichtenstein & Meziére, 2008 who observed that lung USG was more sensitive than the chest X-ray in
identifying lung consolidations and pleural effusion which are signs of pneumonia.” Nevertheless, Martinez Redondo
et al, 2021 like Bitar et al, 2019 have revealed that the accuracy of chest X-rays is questionable, especially in cases of
early or atypical pneumonia manifestations. These and other related research highlight the need for other imaging
techniques like CT in complicated cases, which require precise diagnosis. This is in agreement with Ye et al (2015) and
Balk et al (2018) who identified that CT scans are 97% sensitive and 96% specific in diagnosing pneumonia, especially in

critical patients.*®!

Implications for Clinical Practice

The implications of this evidence as derived from this systematic review are of significant value to clinical practice. On
account of the high sensitivity and specificity of LUS, it is a useful modality in different clinical contexts, especially in
patients in acute care and pediatric patients where speed and limitation on the use of radiation are desirable. The study
also indicates that the chest X-ray, while less sensitive than LUC, can be used for initial evaluation and to rule out the
presence of pneumonia in outpatients. However, it lacks sensitivity in early-stage pneumonia; this makes other imaging
modalities useful in some clinical situations.

Although CT has better diagnostic specificity, it should be only used for the cases in which other imaging studies are
non-diagnostic or in situations where there is a need to analyze the extent of lung disease in detail. Because of the cost
and radiation risk associated with the usage of CT scans, their application should be appropriate with special considera-
tion to children and areas of low individuality. Therefore, the decision of which imaging modality to use should
encompass the clinical scenario that patients are in, the population, which is being served, and the resources available
to enhance the diagnostic yield and therefore the patients’ outcome. Future research study should try to provide a more
concrete definition of pneumonia and examine the applicability of diagnostic parameters that make use of high-end
imaging systems including artificial intelligence-based imaging.

Limitations of the Study

The study’s weaknesses are multi-dimensional. These include: One limitation is that only the articles in English were
considered rather than all articles, which could lead to bias. Also, the quality and methodologies used in the studies range
from good to poor and hence greatly influence the efficiency and credibility of the results. There is concern that the
specificity claimed across different clinical areas contributes to conclusion variability thus complicating generalizability
of the results. Only patients with pneumonia are included, which makes it easy to generalize the findings, yet the primary
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limitations to the generalization of these results are differences in patient populations, clinical settings, and the experience
of the clinicians. Clinically, this could be addressed by standardizing the radiology procedures and providing clear
guidelines. Moreover, different image modalities have been adopted in the various studies making comparison challen-
ging due to the leading contexts in which they were taken and the level of expertise of the clinicians who undertook the
imaging interpretation. This variability may influence the results obtained as to the efficiency and reliability of LUS,
chest X-ray, and CT scans in diagnosing pneumonia.

Conclusions

This systematic review aims to summarize the diagnostic performance as well as the efficacy of lung US, CXR, and CT
scans in diagnosing pneumonia. The results indicate that there are advantages and limitations of each imaging modality,
and these should be used in clinical practice depending on each of these aspects. CT scans should be used to assess
complicated cases, but they give the best result accuracy but are expensive, have risks of radiation and are more
centralized. Given the fact that LUC possesses high sensitivity and specificity and is noninvasive, it is especially useful in
pediatric and critical care settings and areas with limited capabilities to perform advanced imaging studies. Although
relatively less sensitive and specific than sputum culture, Chest X-ray continues to be useful in the initial diagnosis and
exclusion of pneumonia particularly in OPD patients and in low awareness settings. It is therefore the responsibility of
the clinician to weigh factors such as the clinical situation, population targeted and resources available to promote the
best imaging outcomes for the patients. Additional future studies should be directed towards implementing new
technologies including artificial intelligence imaging for better diagnosis rates and pneumonia patients’ outcomes with
careful consideration when used with infants, children, older adults and pregnant women. Further research performing
a meta-analysis focusing on specific outcomes like sensitivity, specificity, positive predictive value, and negative
predictive value will provide a clearer comparison between the imaging modalities.

Disclosure
The authors report no conflicts of interest in this work.
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