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SUMMARY

This was a prospective cohort study to determine the
interrater reliability (IRR) of lung ultrasonography (LUS)
and chest radiography (CXR), and evaluate the accuracy
of LUS compared with CXR for detecting pediatric
pneumonia compared with chest computed tomography
(CT) scan. Children aged 3 months to 18 years with a
CXR and LUS performed with or without a clinica
diagnosis of pneumoniawere included in the study. Four
pediatric radiologists blinded to clinical information
reported findings for the CXR and LUS images, and two
radiologists reviewed CT scans to determine an overal
finding. IRR was estimated for 50 LUS and CXR images.
The main outcome was the finding from CT ordered
clinically or the probability of the CT finding for patients
clinically requiring CT. Latent class analysiswas used to
evaluate the sensitivity and specificity for findings (eg,
consolidation) for LUS and CXR compared with CT.

Of the 132 patients in the cohort, 36 (27%) had CT
performed for aclinical reason. Pneumoniawasclinically
documented in 47 patients (36%). The IRR (95% ClI) for
lung consolidation was 0.55 (0.40, 0.70) for LUS and
0.36 (0.21, 0.51) for CXR. The sensitivity for detecting
consolidation, interstitial disease, and pleura effusion
wasstatistically similar for LUSand CXR compared with
CT; however, specificity was higher for CXR. The
negative predictive value was similar for CXR and LUS.
The authors concluded that LUS has a sufficiently high
IRR for detection of consolidation; and compared with
CT, LUS and CXR have similar sensitivity, but CXR is
more specific for findingsindicating pneumonia.

COMMENTARIES
Evidence-based Medicine Viewpoint

Relevance: Chest radiographs are commonly done for
managing children with suspected lower respiratory
tract conditionsincluding pneumonia, although their
value in uncomplicated cases is debatable. Diagnosis of
pneumonia in developed countries relies heavily on
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radiologic‘ confirmation’, whereasthe WHO recommends
(for devel oping countries) clinical criteriaalone. Thecrux
of the problem is that neither clinical criteria nor
radiographic findings can be considered foolproof for
diagnosing pneumonia. Even attempts to introduce
objectivity toclinical aswell asradiologic criteriahave not
improved the situation. For example, the recent
Community Acquired Pneumonia Etiology Study
(CAPES) [1] from India showed that only 44% children
with WHO/IMNCI-defined pneumoniahad WHO Class|
X-rays (i.e consolidation and/or pleura effusion).
Similarly other smaller studies identified radiological
features of pneumonia in less than 40% children with
clinical pneumonia[2]. Inyet another study, almost half
the children with clinical pneumonia[3] had normal chest
X-ray (CXR); although two-thirds of those with normal
CXR had crackles or rales on auscultation. Even arecent
Cochrane review [4] reported that CXR do not affect the
clinical outcome in children with clinical pneumonia
(although thisconclusion was based on limited data). The
other major limitation with chest radiography issignificant
inter-observer variationininterpreting images[5,6].

Lung ultrasonography (LUS) is emerging as a
potential aternative to CXR, being radiation-free,
relatively affordable and feasible at the point-of-care.
The critical issue is whether it is efficacious. Several
studies [7-10] compared LUS against CXR, and
emerging data suggests a slight superiority of LUS over
CXR [11]. LUS is aso reportedly superior to chest
auscultation for identifying pneumonia[12]. However, an
important limitation in such studies is the absence of
appropriate  reference  standard(s) for  labeling
pneumonia. CXR findings are not the ideal reference
standard because they suggest (but not necessarily
confirm) pneumonia, but pneumonia can exist with
normal CXR. The same limitation holds for clinica
diagnosis, and also clinical plus radiographic diagnosis.
Obviously, the WHO/IMNCI definition of pneumonia
cannot be used as the reference standard for pneumonia
asit hasmoderate sensitivity and poor specificity [13].
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Some studies evaluating LUS vs CXR have the
limitation that the reference standard for pneumonia
diagnosis includes CXR findings as one of the criteria
[14-16]. Evenarecent meta-analysis[17] of eight studies,
reporting excellent sensitivity and specificity of LUS,
showed that the reference standards included clinical
diagnosis plus CXR in five studiesand CXR alonein the
other three. While such data can give an overal
impression of the utility of LUS, they are inappropriate
for comparing LUS against CXR.

Against this backdrop, the recent study by
Ambroggio, et al. [18] is different from previous studies
in that LUS and CXR have not been directly compared
against each other, but against another reference standard
(vizCT scan). Briefly, theinvestigatorsincluded children
with variousrespiratory illnesses, and performed CXR as
well as LUS in them. A few of the children required CT
for clinical reasonsand thiscould be used asthereference
test. In the others, a statistical method called latent class
modeling was used to estimate the likelihood of CT
findings and this was used as the reference standard. The
twin objectives were to (i) calculate inter-observer
concordance of LUS and CXR reports; and (ii) compare
LUSversus CXR for diagnosisof pneumonia.

It should be recognized that this is not the first such
study. A recent report from Iran [19] compared LUS and
CXR against CT in children with suspected pneumonia;
both showed good correlation with CT, although LUS
was dlightly superior for complicated cases, whereas
CXR was superior in uncomplicated cases. Overal
concordance was best when combination of LUS and
CXR findings was compared against CT. Another study
from Taiwan [20] showed that LUS finding of impaired
lung perfusion correlated well with the severity of lung
necrosis on CT; and the degree of impairment could
reliably predict the extent of necrosis.

Critical appraisal: Table | presents the
methodological characteristics of the study. The study
[18] had severa methodological refinements. LUS and
CXR images were stripped of identification details and
observers were blinded to clinical details. Efforts were
made to prevent observers from linking LUS findings
with CXR findings of individual patients by assigning
codes. Both index tests were performed within 36 hours
of each other, which is reasonable athough not ideal.
Detailed description of LUS procedure has been
provided, aswell asclear definitionsfor thetermsused to
describe findings. Similarly CXR was done obtaining
both antero-posterior as well as lateral films and
interpreted using objective criteria. Both LUS and CXR
interpretation were done taking care to report findingsin

INDIAN PEDIATRICS

1008

multiple lung/pleural regions. At least two radiologists
reported each LUS and CXR image; and 50 images
selected randomly were reviewed by four radiologists.
All the radiologists involved in this study were highly
trained experts, enhancing reliability of the observations.

Themgjor limitation in this study [18] is the absence
of a radiographic definition for the diagnosis of
pneumonia, both for LUS aswell as CXR; although to be
fair, pneumoniais not a ‘radiological diagnosis.’ In this
study, four individual radiographic findings have been
evaluated on LUSand CXR (vizconsolidation, interstitial
disease, effusion and other), without clearly defining a
priori which of these (singly or in combination) is to be
considered diagnostic of pneumonia. Although the
authors correctly emphasized that consolidation and
pleural effusion are most suggestive of pneumonia, this
does not automatically mean that consolidation and
pneumonia are synonymous. In the paper [18], the
objective in the abstract section stated that LUS was
compared with CXR for diagnosing ‘pneumonid,
whereas the Objective in the text stated comparison to
detect ‘disease’. This subtle ambivalence is reflected in
title of the paper also, wondering whether LUS could be
an alternativeto CXR in diagnosing pneumonia(whichis
the issue of interest); rather than stating a mere
comparison between LUS and CXR for specific
radiologic findings (whichiswhat theinvestigatorsdid).

Another important limitation is that the term
‘interstitial disease’ has not been defined at all; therefore
it could refer to interdtitial pattern of radiographic
findings (often seen in viral lower respiratory tract
infections), or true interstitial disease of childhood
(which can be of infective or non-infective origin).
Assuming that the authors intended the former, it is
pertinent that this pattern is seen in 30% xrays among
children with clinically defined pneumonia [1]. Further
the sonographic definition of interstitial disease in this
study [18] isone of thecriteriafor diagnosing pneumonia
in some other studies. In fact, a Canadian study reported
that the pattern defined as ‘interstitial disease’ in this
study [18] was the predominant LUS finding among
infants with lower respiratory infection and wheezing.
This suggeststhat the interstitial pattern on LUS or CXR
should also contribute to the definition of radiologic
pneumonia. This has been completely omitted in this
study [18]. This is especially pertinent because the
results showed that CXR had higher sensitivity and
specificity than LUS for interstitial disease; and also
better inter-observer concordance. It is possible that if
radiographic pneumonia had been defined including the
criteria for intertitial disease, the superiority of LUS
highlighted by the authorswould be negated.
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TABLE | CRITICAL APPRAISAL OF THE STUDY

Parameter

Comments

Validity
Aretheresultsof thestudy valid?

Wasthereference standard applied
regardlessof theindex test result?

Wasthere anindependent, blind
comparison between theindex test
and an appropriatereference (‘gold’)
standard of diagnosis?

Results
Test characteristicsand measures

Applicability
Do the methods described permit
replication?

The investigators applied two index tests (CXR and LUS) in 132 children (3 mo to 18 y)
hospitalized with variousrespiratory illnessesincluding (but not confined to) pneumonia, and
compared the results against CT scan findings (reference standard). The presence of
consolidation and/or pleura effusion on CT was labeled as pneumonia. However, actual
scans were available in only 36 (27%) children, and latent class modeling was used to
estimate the CT resultsin the rest. Infants younger than 3 mo were excluded. It is unclear
whether eligible participants were enrolled consecutively or an element of selection bias
existed.

Thisstudy hasthe distinction that theindex test(s) did not form part of thereference standard.
Although 73% children did not have the actua reference test (CT scan), the methodology
applied toimputethereferencetest result (latent classmodeling) isvalid and acceptable. The
results in the total cohort (n=132) and those with the actual CT scans (n=36) are not very
different. The primary objective of inter-observer concordance was appropriately measured
by eachindex test (LUS and CXR) being read by 4 observersindependently in asub-cohort of
50 patients sel ected through an unspecified randomization process.

The reference standard (CT) was read by two independent experts and showed total
concordance. Theindex tests (LUSand CXR) wereinterpreted by two of four expert pediatric
radiologists, although it is unclear whether these were the same (or different) ones who
interpreted the CT scan images. The study specifies that the radiologists were blinded to
clinical data, but itisnot explicitly mentioned whether they were blinded to theresults of the
reference standard.

LUSvsactual CT (n=36)

¢ Consolidation: Sn0.63, Sp 0.75, LR+ 2.52, LR-0.49

e Pleura effusion: Sn0.80, Sp0.78, LR+ 3.64, LR—0.26

e Interstitial disease: SNNA, Sp0.57, LR+ NA, LR—NA
CXRvsactual CT (n=36)

¢ Consolidation: Sn0.58, Sp 0.85, LR+ 3.87, LR-0.49

« Pleurd effusion: Sn0.60, Sp0.92, LR+ 7.5, LR-0.43

e Interstitial disease: SNNA, Sp0.85, LR+ NA, LR—NA
LUSvsreference standard and CXRvsreference standard (n=132)

« Numeric datanot provided for sensitivity and specificity; theseare shown only inafigure.
Hence LR cannot becalculated p

« Positiveand negative predictivevaluesare presented in aTablein the study.

The methods described for performing, aswell asinterpreting LUS and CXR arereplicable.
Thedetailsof CT scan (for examplewith or without contrast, high resol ution or otherwise,

€fC) are not mentioned.

CT: Computed tomography; CXR: Chest X-ray; LR+: Positive likelihood ratio; LR— Negative likelihood ratio; LUS Lung ultrasound; Sh:

Sengitivity; Sp: Specificity

Yet another limitation isthat, not all the 132 LUS and
images were examined for
concordance. The reason(s) for this are not elaborated. It
would have al so beeninteresting to examinethe LUS and
CXR data of the 36 children with clinical pneumonia, to
study whether either modality correlated with the clinical

CXR

diagnosis.

The authors emphasi zed the superiority of LUS over
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CXR for detecting consolidation and pleural effusion, as
well as better inter-observer concordance for these
findings. However, careful analysis of the data shows
overlapping confidence intervals (Cl) for amost all
parameters (specific findings as well as inter-observer
concordance), suggesting comparability of the two
modalities. In fact the only clear differences (i.e. non-
overlapping Cl) were superior inter-observer

inter-observer
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concordance of CXR for interstitial findings, and also
greater specificity of CXR for pleural effusion aswell as
interstitial disease, and higher sensitivity (but lower
specificity) of CXR for other findings. These data suggest
adight edgeof CXRover LUS.

Extendibility: The CXR protocol in this study [18]
included interpretation of both antero-posterior and
lateral films; thisis rarely donein our setting, making it
difficult to extrapolate the findings directly. Last but not
theleast, the observersinthisstudy weretrained pediatric
radiologists, whereasinreal life, most CXR in emergency
rooms are read by clinicians managing patients. Previous
studies have documented that inter-observer variation is
minimized with high level of training and expertise
[21,22]. In our setting, the relative ease and low cost of
chest radiography (in urban settings), and interpretation
at the point-of-care by professionals not trained to
interpret radiologic images, creates the dual problems of
overuse and potential for incorrect interpretation. Lung
ultrasonography has not become popular in our setting as
yet; however the same problems are anticipated with this
modality also.

Conclusion: This study showed that LUS is comparable
to CXR for detection of certain findings suggestive of
pneumonia in children (viz consolidation and pleural
effusion), but isinferior for detecting interstitial patterns.
The overall utility for diagnosis of pneumonia and
potential for replacing CXR as the primary imaging
modality cannot be gauged from the data presented inthis
study.
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Pediatric Emergency Medicine Physician’s Viewpoint

The most useful finding of this article is the moderate
inter-rater reliability (IRR) of lung ultrasound (LUS) for
pneumonia and relatively poor IRR for chest X-ray
(CXR). The calculated operating characteristics of LUS
compared with CXR, using computed tomography asthe
gold standard, is less dependable and less useful due to
thelow rate of gold standard testing and thefact that other
studies report much higher sensitivities and specificities
[1]. When comparing patient-centered outcomes, a
randomized controlled trial by Tsung, et al. [2]
demonstrated that when LUS is used in the pediatric
emergency department to evaluate for pneumonia, there
is decreased CXR utilization and likely decreased length
of stay. They report a 30% decrease in CXR use by
novice sonographers, and a60% decrease by experienced
sonographers, without misdiagnoses or adverse events.

Pediatric emergency medicine physiciansareoftenin
the challenging position of evaluating the child with
clinica features concerning for pneumonia. The
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differential diagnosesin these cases are extensive—from
a viral triggered asthma exacerbation to influenza or
bacterial pneumonia with effusion. The IRR findingsin
this study support the growing body of evidence that
point-of-care LUS may supplant CXR in cases of “rule
out pneumonia’ [3,4]. By wheeling the ultrasound
machine to the bedside, the clinician can rapidly
document the presence or absence of a pleural effusion
and/or consolidation, without exposure to radiation.
Bedside LUS decreases length of stay, cost and radiation
for our patients and isindispensableto the busy clinician
in search of immediate answers.
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