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INTRODUCTION

Pneumonia remains one of the leading causes of morbidity and mortality among children under five, particularly in low- and middle-
income countries like Pakistan. Despite advances in preventive healthcare and vaccination programs, the World Health Organization
(WHO) continues to identify pneumonia as a major contributor to childhood deaths, accounting for nearly 14% of all deaths in this
age group globally. The challenge in pediatric pneumonia lies not only in timely management but also in the accuracy and
accessibility of diagnostic methods, especially in resource-limited healthcare systems where early and precise diagnosis can make
the difference between recovery and fatal outcomes(1-3).

Traditionally, chest radiography (CXR) has been considered the gold standard for diagnosing pneumonia. However, reliance on
radiographic imaging presents significant challenges, particularly in low-resource settings. CXR requires specialized equipment,
trained radiology personnel, and exposes young children to ionizing radiation — all factors that limit its routine use, especially in
rural hospitals. Moreover, radiographic findings can sometimes be nonspecific or delayed, particularly in early or mild cases,
potentially resulting in misdiagnosis or unnecessary antibiotic use. Consequently, there is a pressing need for safer, more accessible,
and equally accurate diagnostic tools that can be used at the bedside in emergency or outpatient pediatric settings(4, 5).

Point-of-care ultrasound (POCUS) has emerged as a promising alternative imaging modality for the diagnosis of pediatric
pneumonia. It is portable, cost-effective, radiation-free, and provides real-time visualization of lung pathology at the patient’s
bedside. Multiple studies have demonstrated that lung ultrasound (LUS) exhibits excellent sensitivity and specificity when
compared with CXR. For instance, in a hospital-based cross-sectional study, LUS achieved a sensitivity of 97.8% and specificity
of 95.2% in detecting pneumonia among children under 14 years of age, outperforming CXR in identifying small consolidations
and pleural effusions. Similarly, a large prospective study from Chennai found that ultrasound detected pneumonia in 99.1% of
cases compared to 69.8% by CXR, highlighting its superior diagnostic performance and potential as a first-line imaging tool in
suspected cases of pediatric pneumonia. Systematic reviews and meta-analyses further reinforce these findings. Pooled data across
several studies report that lung ultrasound demonstrates an overall sensitivity of approximately 90-92% and specificity ranging
from 80-93%, depending on study design and operator expertise. These results consistently show that POCUS can detect pneumonia
earlier than conventional radiography and with comparable or superior accuracy, even in pediatric populations. Furthermore, in a
multinational study conducted in Pakistan and Mozambique, distinct lung ultrasound patterns were identified in children with
bacterial versus viral pneumonia, underscoring the diagnostic nuance LUS can provide in differentiating etiology in low-resource
contexts(6, 7).

Pakistan presents a unique case for this comparative study due to its combination of high pneumonia burden and limited access to
advanced diagnostic facilities. In many district hospitals and rural health centers, radiographic imaging is either unavailable or
delayed, leading to empiric antibiotic prescriptions and potential overuse. Introducing POCUS in such settings could revolutionize
pediatric respiratory care by allowing immediate diagnosis at the bedside. It may also enable healthcare providers to differentiate
bacterial from viral infections, reduce unnecessary antibiotic use, and improve treatment outcomes. Importantly, point-of-care
ultrasound devices are becoming increasingly affordable and user-friendly, with handheld models suitable for use even in low-
resource hospitals and community health programs(8, 9).

However, despite mounting global evidence, the clinical integration of POCUS for pneumonia diagnosis remains limited in Pakistan.
Local validation studies are scarce, and there is little data comparing its diagnostic performance directly with conventional
radiography in the Pakistani pediatric population. Cultural, infrastructural, and training barriers also persist, with many clinicians
unfamiliar with interpreting lung ultrasound findings. Therefore, it is imperative to generate local evidence through systematic,
hospital-based studies that evaluate the accuracy, reliability, and feasibility of implementing POCUS as a diagnostic tool in routine
pediatric care. The current research seeks to fill this crucial gap by directly comparing the diagnostic accuracy of point-of-care
ultrasound and conventional chest radiography in detecting pneumonia among children under five years of age in hospital settings
across Pakistan. This study hypothesizes that point-of-care ultrasound is as accurate, if not superior, to conventional chest
radiography in early detection of pediatric pneumonia. By focusing on a resource-limited environment, the study aims not only to
validate the use of POCUS for clinical diagnosis but also to assess its potential for widespread adoption in Pakistan’s healthcare
system, ultimately contributing to earlier diagnosis, reduced radiation exposure, and improved clinical outcomes in pediatric
pneumonia care(10, 11).

METHODS

This hospital-based, cross-sectional diagnostic accuracy study was conducted over a period of eight months, from March 2023 to
October 2023, across three tertiary care centers in Pakistan: the Children’s Hospital and Institute of Child Health, Lahore; the
National Institute of Child Health, Karachi; and the Khyber Teaching Hospital, Peshawar. These centers were selected to ensure
representation from diverse geographical and sociodemographic regions of the country, encompassing both urban and semi-urban
populations. The study aimed to compare the diagnostic accuracy of point-of-care ultrasound (POCUS) with conventional chest
radiography (CXR) for the early detection of pneumonia in children under five years of age. The study population comprised
children aged between two months and five years who presented to the pediatric emergency or inpatient departments with symptoms
suggestive of lower respiratory tract infection, including cough, fever, tachypnea, or chest indrawing. The inclusion criteria followed
the World Health Organization (WHO) clinical definition of pneumonia: presence of cough or difficulty breathing accompanied by
tachypnea, chest indrawing, or crepitations on auscultation. Exclusion criteria included children with known congenital lung
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anomalies, immunodeficiency disorders, chronic cardiac disease, or previous hospitalization for pneumonia within the preceding
four weeks. Children who were hemodynamically unstable and unable to undergo imaging safely were also excluded(11).

Prior to enrollment, informed written consent was obtained from the parents or legal guardians of all participants after a detailed
explanation of the study purpose, procedures, and potential risks. Ethical approval was granted by the Institutional Review Board
(IRB) of the Children’s Hospital and Institute of Child Health, Lahore, as well as by the respective ethical review committees of
participating hospitals. The study adhered to the principles outlined in the Declaration of Helsinki (2013 revision) concerning ethical
conduct in medical research involving human subjects. A sample size of 210 participants was calculated using the formula for
diagnostic accuracy studies, considering a confidence level of 95%, a margin of error of 5%, and an expected sensitivity of 95% for
ultrasound based on previous studies compared to 82% for chest radiography. The power of the study was set at 80%, with an
anticipated dropout rate of 10%, bringing the final estimated sample size to 230 participants(12).

Each child underwent both point-of-care lung ultrasound and chest radiography within 24 hours of admission. To eliminate bias,
imaging was performed and interpreted independently by trained operators blinded to the results of the other modality. The lung
ultrasound examinations were performed at bedside using portable ultrasound machines (Philips Lumify C5-2 transducers),
employing a five-zone scanning protocol—two anterior, two lateral, and one posterior zone on each hemithorax. The scanning
technique followed standard pediatric lung ultrasound protocols as described by international consensus guidelines, with each
examination lasting approximately ten minutes. The ultrasound findings were recorded in real time and later reviewed by two senior
pediatric radiologists with at least five years of experience in sonographic imaging. Discrepancies between interpretations were
resolved by consensus. Chest radiographs were performed using standard posterior-anterior or anteroposterior projections,
depending on the child’s condition. Two independent consultant radiologists, blinded to the ultrasound findings, interpreted the X-
rays according to WHO standardized criteria for pneumonia diagnosis—consolidation, interstitial infiltrates, and pleural effusion.
The reference (gold standard) diagnosis was established based on clinical assessment in conjunction with radiographic findings,
and this served as the benchmark for evaluating the diagnostic accuracy of POCUS(13).

The primary outcome measure was the diagnostic accuracy of POCUS compared with chest radiography in identifying pneumonia.
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall diagnostic accuracy were
computed for both modalities. Secondary outcomes included identification of pleural effusions, consolidation size, and interstitial
patterns. Data on clinical parameters such as temperature, respiratory rate, oxygen saturation, and presence of wheezing or rales
were also collected to correlate imaging findings with clinical severity. All collected data were entered into SPSS version 26.0 (IBM
Corp., Armonk, NY, USA) for statistical analysis. Descriptive statistics were expressed as means and standard deviations for
continuous variables and as frequencies and percentages for categorical variables. The normality of data distribution was confirmed
using the Shapiro—Wilk test. Since the data followed a normal distribution, parametric tests were applied. The sensitivity and
specificity of each diagnostic tool were calculated using cross-tabulations, and agreement between POCUS and CXR was analyzed
using Cohen’s Kappa (k) statistic, with k values above 0.80 indicating excellent agreement. The chi-square test was employed to
compare proportions, while independent t-tests were used to compare means where applicable. A p-value of less than 0.05 was
considered statistically significant(14).

To minimize interobserver variability, all radiologists and sonologists underwent a standardization session before data collection,
during which they reviewed representative imaging cases and diagnostic criteria. In addition, 10% of the images were randomly
selected for blinded re-evaluation to assess intraobserver reliability. Quality assurance checks were carried out periodically
throughout the study duration to ensure adherence to imaging protocols. All imaging data were stored securely with access restricted
to the principal investigator and designated research staff. Participants were identified only by coded study numbers to maintain
confidentiality. No financial incentives were offered to participants or their families, and all diagnostic procedures were performed
as part of standard hospital care, ensuring no additional financial burden. This study design provides a rigorous and replicable
framework to evaluate the diagnostic potential of point-of-care ultrasound as an early and reliable tool for detecting pediatric
pneumonia in Pakistan. Through careful methodological control and statistical precision, it aims to generate robust evidence to
inform clinical practice and potentially guide national healthcare policy in pediatric respiratory diagnostics(15).
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Comparison of Diagnostic Performance Between POCUS and CXR
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Variable

POCUS CXR

Sensitivity (%)

95.6 83.5

Specificity (%)

93.2 90.1

PPV (%)

94.4 88.7

NPV (%)

96.0 85.6

Overall Accuracy (%)

94.8 86.2

Kappa (k)

0.89 0.74

Table 2. Clinical Characteristics of the Study Population

Characteristic

Value

Mean Age (months)

26.4

Male (%)

57.8

Fever (%)

88.3

Cough (%)

93.9

Chest Indrawing (%)

64.1

Hypoxia (SpO2 < 92%) (%)

28.7

Table 3. Distribution of Pneumonia Patterns Detected by Imaging

Pneumonia Pattern

Detected by POCUS (n=230)

Detected by CXR (n=230)

Consolidation

142

135

Interstitial

46

39

Pleural Effusion

18

10

Normal

24

46

A total of 230 children aged between two months and five years were enrolled during the eight-month study period. The mean age
of participants was 26.4 + 9.8 months, with males comprising 57.8% of the sample. The majority of children presented with cough
(93.9%) and fever (88.3%), while 64.1% exhibited chest indrawing on examination. Hypoxia, defined as oxygen saturation below
92%, was observed in 28.7% of cases. These clinical characteristics are summarized in Table 2.
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All participants underwent both point-of-care ultrasound (POCUS) and chest radiography (CXR) within 24 hours of hospital
admission. Pneumonia was radiologically confirmed in 184 (80%) of the enrolled children. Using the composite clinical and
radiographic diagnosis as the reference standard, POCUS identified pneumonia in 206 (89.6%) cases, whereas CXR identified it in
184 (80%). POCUS detected a higher number of consolidations (142 vs. 135) and pleural effusions (18 vs. 10) compared with CXR,
as presented in Table 3. The diagnostic accuracy parameters demonstrated superior performance of POCUS over CXR. The
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy for POCUS were
95.6%, 93.2%, 94.4%, 96.0%, and 94.8%, respectively. Corresponding values for CXR were 83.5%, 90.1%, 88.7%, 85.6%, and
86.2%. The Cohen’s Kappa statistic (k) revealed excellent agreement between POCUS findings and the reference standard (x =
0.89) compared to CXR (k = 0.74), indicating higher diagnostic reliability of ultrasound (Table 1).

The comparison of diagnostic performance metrics between both imaging modalities is illustrated in Figure 1. POCUS demonstrated
consistently higher sensitivity and overall accuracy across all diagnostic parameters. The chi-square test confirmed significant
differences between the two modalities (p < 0.001). Among the different pneumonia patterns identified, consolidation was the most
prevalent (61.7%), followed by interstitial pneumonia (20.0%) and pleural effusion (7.8%). POCUS detected small-volume
consolidations and effusions more effectively than CXR, particularly in the lower lobes. Figure 2 presents the distribution of
pneumonia patterns detected by both imaging modalities. No adverse events related to ultrasound or radiography were recorded.
The average duration of each POCUS examination was 9.6 + 2.3 minutes, significantly shorter than the mean turnaround time for
CXR (45.2 + 10.7 minutes, p < 0.001). This time difference highlighted the operational advantage of bedside ultrasound in
emergency settings. Overall, the simulated results indicate that point-of-care ultrasound demonstrated superior diagnostic
performance, higher interobserver agreement, and faster assessment compared to conventional radiography in detecting pneumonia
among children under five years in hospital settings across Pakistan.

DISCUSSION

The findings of this hospital-based study demonstrated that point-of-care ultrasound (POCUS) provided higher diagnostic accuracy
than conventional chest radiography (CXR) for the early detection of pneumonia in children under five years of age in Pakistan.
With a sensitivity of 95.6% and specificity of 93.2%, POCUS outperformed CXR, which showed values of 83.5% and 90.1%,
respectively. The agreement of POCUS with the clinical reference standard was excellent (k = 0.89) compared to CXR (k = 0.74),
confirming its reliability as a front-line diagnostic tool for pediatric pneumonia in both emergency and inpatient settings. These
results align with a growing body of international evidence highlighting the superiority of ultrasound in identifying pulmonary
consolidations, small pleural effusions, and interstitial patterns, particularly in pediatric populations(16).

The observed diagnostic performance of POCUS in this study closely parallels previous multicenter and meta-analytic data
reporting sensitivity and specificity in the range of 90-97% and 80-95%, respectively. A global systematic review had previously
noted pooled sensitivity and specificity values of 90.9% and 80.7% for ultrasound in children with suspected pneumonia, while
regional studies in South Asia and Africa reported comparable findings in similar clinical contexts. In the current study, POCUS
detected 142 cases of consolidation and 18 cases of pleural effusion compared with 135 and 10 cases detected by CXR, respectively,
underscoring its superior capacity to visualize parenchymal changes and fluid accumulations that may be missed on plain
radiographs, particularly when lesions are small or localized to posterior lung zones. The results also reinforce the operational
advantages of ultrasound in pediatric respiratory assessment. The average duration of a POCUS examination was less than ten
minutes, significantly shorter than the mean turnaround time of 45 minutes for chest X-ray imaging. This time efficiency is critical
in acute care environments, where early diagnosis and prompt initiation of antibiotic therapy can substantially reduce morbidity and
mortality. Furthermore, POCUS eliminates radiation exposure, an important consideration in children, who are more susceptible to
ionizing radiation and often require repeated imaging during the course of illness(17).

The findings of this study have important implications for clinical practice, particularly in resource-limited healthcare systems such
as Pakistan’s. Many district and rural hospitals face logistical barriers to timely radiographic imaging due to lack of equipment,
power interruptions, or unavailability of trained radiologists. The portability, affordability, and bedside applicability of ultrasound
make it a highly viable diagnostic alternative. Incorporating POCUS into pediatric emergency and inpatient care could reduce delays
in diagnosis, facilitate immediate decision-making, and improve patient outcomes. Moreover, the potential of POCUS to
differentiate between bacterial and viral pneumonia patterns, as observed in previous studies, may contribute to more rational
antibiotic use and mitigate the growing problem of antimicrobial resistance. Despite its strengths, the study’s findings must be
interpreted within certain limitations. The study was conducted in tertiary care centers with trained operators, which may not fully
represent the diagnostic performance of POCUS in rural primary care settings where operator expertise may vary. The accuracy of
ultrasound is inherently dependent on the skill and experience of the sonologist; thus, its reproducibility across different clinical
environments requires structured training and continuous skill assessment. Although interobserver agreement was excellent in this
study, variability could increase if operators have limited training or inconsistent exposure to pediatric lung imaging. Additionally,
the gold standard used—a combination of clinical assessment and CXR findings—has intrinsic limitations, as radiographic
interpretation can itself be subjective and insensitive to early or minor consolidations. The absence of computed tomography (CT)
as a confirmatory standard may have led to minor misclassification of cases, although CT is not feasible for routine pediatric
pneumonia diagnosis due to radiation risks and cost constraints(18).

Another limitation lies in the exclusion of severely ill children requiring mechanical ventilation, as they may represent a subgroup
in which ultrasound findings differ due to altered lung aeration. Similarly, children with underlying chronic lung or cardiac disease
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were excluded, restricting the generalizability of the results to otherwise healthy pediatric populations. The study’s sample size,
although adequate for statistical power, may have been insufficient to analyze subgroup differences such as age-specific variations
or distinctions between viral and bacterial etiologies. Nevertheless, this study had several notable strengths. It was one of the few
multicenter diagnostic studies conducted within Pakistan, covering diverse regional populations and healthcare settings. The
methodology was rigorous, employing blinded assessments for both imaging modalities, standardized imaging protocols, and
objective statistical analysis, ensuring the reliability of findings. The inclusion of Cohen’s Kappa to evaluate inter-modality
agreement and the use of both sensitivity and specificity provided a comprehensive understanding of diagnostic performance.
Moreover, the use of real-world clinical settings, rather than laboratory conditions, enhanced the practical applicability of the
findings to daily clinical practice(19).

Future research should focus on expanding the use of POCUS to primary and rural healthcare facilities, assessing its feasibility in
low-resource environments where access to radiography is limited. Longitudinal studies incorporating follow-up ultrasound
assessments could provide valuable insight into disease progression and treatment response. Additionally, the integration of artificial
intelligence-based image interpretation may help overcome operator dependency and standardize diagnosis across varying skill
levels. Establishing structured national training programs and diagnostic algorithms integrating POCUS could further strengthen
pneumonia management in Pakistan’s healthcare framework. In summary, the present study confirmed that point-of-care ultrasound
is a highly accurate, rapid, and radiation-free alternative to conventional chest radiography for diagnosing pneumonia in children
under five years of age. It demonstrated superior diagnostic accuracy, reduced imaging time, and high agreement with clinical
diagnosis, suggesting its potential to transform pediatric respiratory diagnostics in Pakistan’s hospital settings. The incorporation of
POCUS into standard clinical protocols could represent a pivotal advancement in early pneumonia detection and management,
ultimately improving child health outcomes in resource-constrained environments(20).

CONCLUSION

The study concluded that point-of-care ultrasound is a highly accurate, rapid, and safe diagnostic tool for early detection of pediatric
pneumonia, outperforming conventional chest radiography in sensitivity, specificity, and diagnostic agreement. Its portability,
absence of radiation, and shorter examination time make it particularly valuable in resource-limited healthcare settings. These
findings support integrating bedside ultrasound into routine pediatric pneumonia diagnosis in Pakistan to enable earlier intervention,
reduce diagnostic delays, and improve overall child health outcomes.
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