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Introduction

Pneumonia causes 3 million deaths globally, or 29% of deaths
annually, and is the leading cause of death worldwide among
children younger than 5 years [1-3]. Lobar pneumonia with em-
pyema has an occurrence rate of 44.9 and 10.5 episodes per
100,000 children-year, respectively, in children under 5 years
old in Taiwan [4], which is much less than the described 5-10%
of children with bacterial pneumonia worldwide [2]. About one
in 150 children hospitalized for pneumonia suffer from em-
pyema [5] and there is an increasing in frequency in America,
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Abstract

Objective: To study the sonographic features of lobar
pneumonia with parapneumonic effusion in children.

Materials and methods: Retrospective review of 11 chil-
dren with lobar pneumonia and parapneumonic effusion.
The clinical pictures, plain chest X-rays, computed tomo-
graphic chest sonographic findings were collected and stud-
ied.

Results: Among the 11 patients with lobar pneumonia
and para-pneumonic effusions, chest X-ray only showed
6 with pleural effusion. Chest sonography all showed evi-
dence of lobar consolidation with complex septation as well
as plexiform fibrin appearance within the parapneumonic
effusion.

Conclusions: Pan-lobar consolidation is important for
diagnosing lobar pneumonia. The presence of complex as
well as plexiform fibrin formation warrants early interven-
tion to clear the fibrin debris. Chest sonography is useful for
the detection of pneumonia and parapneumonic effusion
in children.

Europe, and Asia. However, lobar pneumonia still causes a sig-
nificant mortality rate in children, especially those under five
years of age. The under-diagnosis of para-pneumonic empyema
is further associated with increased morbidity and mortality.

Patients with lobar pneumonia and empyema are generally
assessed by chest radiography throughout its course. In the re-
cent 2-3 decades thoracic computed tomography has been em-
ployed more frequently for assessment. However, due to the
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radiation-exposure of these examinations, chest sonography
has been used with its advantages of radiation-free, high por-
tability and relatively easy operability. Since the early 1990’s,
chest sonography has been performed widely in adults, but
much less commonly in children. Most notably, the use of chest
sonography in pediatric patients with lobar pneumonia has
rarely been described. This research was conducted to study
the sonographic features of lobar pneumonia with parapneu-
monic effusion in children.

Methods

The research was conducted in a tertiary teaching hospital
by reviewing the clinical records from 2011 to 2012. The eli-
gibility criteria included people with an age of <18 years, with
confirmed diagnosis of lobar pneumonia and parapneumonic
effusion by chest radiography and chest Computed Tomography
(CT).

Chest sonography was performed within 48 hours of admis-
sion. The exclusion criteria were age >18 years and pleural ef-
fusion secondary to autoimmune diseases, tumors, malignancy,
or hepatic, renal, or cardiac disorders. All included patients had
obvious clinical symptoms of lower respiratory infection .

Diagnostic thoracentesis was performed under ultrasound
guidance. Pleural fluid, pH, glucose, and LDH were evaluated.
The gross and microscopic appearances of the fluid were re-
corded. Indications for pleural drainage were purulent pleural
fluid, gram stain and/or culture positive pleural fluid, positive
urine pneumococcal antigen test, pleural fluid acidosis (pH<7.2),
Lactate Dehydrogenase (LDH) >1000IU/I, ratio of pleural fluid to
serum protein level of >0.5; ratio of pleural fluid to serum Lac-
tate Dehydrogenase (LDH) level >0.6; and the ratio of pleural
fluid and serum lactate was greater than two-thirds of the up-
per limit of normal for serum levels [14].

Radiography

All the patients underwent chest radiography on admission.
Antero-posterior or postero-anterior, and/or lateral chest radi-
ography were performed in the radiology department (at bed-
side with a portable unit) and were all analyzed by radiologists
who were blinded to the ultrasound findings. The radiologists
reported the presence of lobar consolidations and/or pleural
effusion.

Chest sonography

Two operators performed the chest ultrasound using a com-
mercially available sonographic equipment equipped with ap-
propriate transducer frequency. The anterior chest area was
delineated from the clavicle to the diaphragm and from the
sternum to the anterior axillary line on supine position and the
lateral area was delineated from the anterior to the posterior
axillary line and from the axilla to the diaphragm while poste-
rior chest area was defined from the line encircling the paraver-
tebral line, medial lower scapular line, posterior axillary line and
the lower posterior rib cage on each side on the supine, prone,
sitting or decubitus position on each side. There were two ex-
perienced investigators who performed the bedside chest sono-
graphic examinations. Chest sonography was interpreted inde-
pendently from the radiographic findings.

The study was approved by the ethical committee of the in-
stitutional board.

Results

A total of 11 children with lobar pneumonia and parapneu-
monic effusion were recruited.

A. Performance of chest radiography and chest sonography for
detecting effusions

The performance of chest radiography versus chest sonog-
raphy revealed that chest sonography detected all 11 patients
with parapneumonic pleural effusion. The findings were consis-
tent with chest computed tomography. Chest radiography failed
to detect 5 patients with parapneumonic effusion. There were
11 lobar pneumonia cases and 8 involving the basal area. Ten
patients with at least 1 side effusion and 6 chest radiography
failed to show adequate evidence of pleural effusion.

B. Specific sonographic features of parapneumonic effusion:

Chest sonography among the 11 patients with parapneu-
monic effusion all showed evidence of lobar consolidation
(Figure 1). Lobar distribution of pan lobar area of consolidation
with air-bronchogram throughout the lobar region delineating
the sonographic features of lobar pneumonia. The chest so-
nography thus provided differentiation between pleural effu-
sion and lobar consolidation. There was 1 patient with scanty
fibrin floating within the pleural effusion (Figure 2) while all the
others showed plexiform fibrin appearance within the parap-
neumonic effusion, some part densely packed and some part
relatively loosely adhered to each other (Figure 3). All children
with sonographic features of parapneumonic effusion showed
effusive fluid analysis compatible with empyema. None of these
patients with lobar pneumonia had simple pleural effusion
without fibrin formation within the pleural cavity.

Figure 1: Chest sonographic images of lobar consolidation at
right middle lobe showing diffuse lobar airbronchogram (white ar-
rows).
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Figure 2: Parapneumonic effusion with fibrous single fibrinous
strand (narrow arrow) and atelectic lung tissues (wide arrow).

Figure 3: Lobar pneumonia with consolidated lobar lung pa-
renchyma and many airbronchograms (long arrow) as well as
plexiform fibrinous formation within the parapneumonic effusion,
some part densely packed (single short arrow) and some part rela-
tively loosely adhered each other (double short arrows).

Discussion

Empyema occurs in approximately 2% of patients with bac-
terial pneumonia [1]. Over 40% of patients with pneumonia
develop unilateral pleural effusion and on the affected side ap-
proximately 10% of parapneumonic effusions become infected
and progressed to empyema [14].

The value of chest sonography follows from the limitations
of radiography and chest CT. Previous studies have shown that
sonography is much more sensitive than supine chest x-ray for
establishing the diagnosis of pleural effusion [12]. An average
of 150 ml of pleural effusion is required for detection on a stan-
dard x-ray with a patient in standing position in adults [15]. In
contrast, a minimum of 5 ml of effusion can be detected in chest
sonography latero-dorsally near the diaphragm, in both stand-
ing and sitting positions [15]. Aside from the subjectivity in the
interpretation of radiography,43% pleural effusion may be un-
detectable by chest radiography.

Additionally, in patients with lobar pneumonia, the diagno-
sis of pleural effusion poses another challenge, especially for
children with lobar pneumonia involving the lower part of the

lung lobes, the opacity with lobar pneumonia often masking the
haziness of the parapneumonic fluid. This study shows that the
performance of chest sonography on pleural effusion is better
than conventional radiography.

Extremely small effusions cannot be detected using CT,
which usually also does not visualize fibrin strands or locula-
tions because they are too thin [3-9]. Instead, CT only provides
information about abnormalities on the lung. Hence, CT imag-
ing may not be used routinely for parapneumonic effusions
unless another diagnosis is suspected (e.g., tumor or abscess)
[16], especially because of concerns regarding radiation expo-
sure on a growing child and because less invasive techniques
usually suffice for diagnosis and management [9]. Therefore, CT
imaging and chest radiograph often do not differentiate simple
parapneumonic effusion from empyema and cannot detect dy-
namic changes in the lung or pleura. These changes are often
best seen by chest sonography [12-13,17-18]. Sonography is
also superior due to its portability, much detailed features for
lung parenchymal tissue as well as intrapleural tissue depiction,
non-radiation, no contrast requirement, and low cost. Most
patients also do not require sedation [18]. Due to the advan-
tages of chest sonography, more and more applications of chest
sonography has been explored in pediatrics. [19-21]. However,
the sonographic study of lobar pneumonia and empyema have
been rarely done.

This study has several limitations. First, this is a single-cen-
ter, retrospective review. Second, when using chest sonogra-
phy as a routine monitoring tool, physicians should be aware
of its limitations. Sonography generally sometimes is operator
dependent. While its accuracy for diagnosing pneumonia with
para-pneumonic effusions and empyema is clearly established,
accuracy depends on the learning curve. Third, obese patients
are frequently difficult to examine because of the thickness of
subcutaneous tissue [22-23].

In conclusion, patients with lobar pneumonia and parapneu-
monic have multiple features comparable with known patho-
logic changes to their lung parenchyma, pleural lines and the
content of pleural effusion . T he presence o f consolidation
throughout the whole lobar portion of the lung with fibrin accu-
mulation including fibrin plexus and fibrin adherence is specific
of lobar pneumonia with parapneumonic effusion. T he chest
sonographic findings may be useful markers for the clinical rec-
ognition and follow up of children with lobar pneumonia and
parapneumonic effusion.
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