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ABDOMINAL ULTRASOUND IN CHILDREN - ARE WE CAREFUL
ENOUGH WHEN IT COMES TO LUNG BASES?
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Introduction

Objective — To investigate the frequency of positive findings within
the lung bases during abdominal ultrasound (US) examinations in
children with referral diagnosis not suggesting pulmonary disease. Ma-
terials and methods — A retrospective study included all children with
abdominal US performed within 2 years by a single pediatric radiolo-
gist in the regional children’s hospital. Of all examined children, 22
(mean 7.4 y, SD=4.2 y) had pathological findings detected within the
lung bases, without referral diagnosis suggesting a pulmonary pathol-
ogy. Each abdominal US included a trans-abdominal (trans-hepatic
and trans-splenic) approach to both lung bases. Results — While per-
forming abdominal US a detected pulmonary pathology included: 19
pneumonias and 3 pleuropneumonias, with the most common referral
diagnosis being abdominal pain (15 children), followed by nausea and
vomitting (3 children), febrile convulsiones (2 children), exacerbation
of juvenile arthritis (1), and a routine follow-up a day after hydrostatic
reduction of ileocolic intussusception (1). In outpatients with referral
diagnosis of abdominal pain, 0.95% had positive lung base US find-
ings. Conclusion — Each radiologist should be aware of the potential
pathological finding within the lung bases when performing abdomi-
nal ultrasound in children. Its detection might have a serious impact
on the patient’s treatment.

prominent one (2, 3). Pneumonia can also
be found as an “accidental” finding in other

Abdominal ultrasound (US) in children
represents one of the most frequently used
diagnostic radiological procedures in daily
clinical practice, with the most common re-
ferral diagnosis being acute abdominal pain.
The causes of acute abdominal pain in chil-
dren which stand out are: constipation, mes-
enteric lymphadenitis, acute appendicitis,
gastroenteritis and ileocolic intussusception
(1). However, the causes of acute abdominal
pain in children can also be of extra-abdom-
inal origin, of which pneumonia is the most

conditions that demand an abdominal US
evaluation. Accurate and prompt diagnosis
of pneumonia is essential to implement early
antibiotic therapy and prevent its complica-
tions, such as pleural effusion, necrosis and
abscess formation (2). Although US was for
a long time considered inadequate for the
evaluation of pathological changes within the
lungs, numerous studies over the last two de-
cades have shown that US is not only an en-
tirely valid method in the diagnostics of lung
diseases, but in the diagnostics of pneumonia
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even more sensitive compared to chest X-ray
(CXR) in the adult, and especially in the pe-
diatric population (4-10).

While performing an abdominal US it is
possible to transhepatically and transspleni-
cally visualize both lung bases, as well as the
pathological changes within them. However,
during the US examination of the abdomen,
the lung bases are often not in the primary
focus of the investigator, so a positive find-
ing can be overlooked, especially if the refer-
ral diagnosis does not suggest the existence of
pulmonary pathology, and/or if the ultraso-
nographer is not experienced enough.

This study represents the experience of a
single pediatric radiologist at a regional chil-
dren’s hospital. Its aim is to investigate the
frequency of positive findings within the
lung bases during abdominal US examina-
tions in children with referral diagnosis not
suggesting pulmonary disease, and to empha-
size the importance of careful examination of

both lung bases while performing abdominal
US in children.

Material and methods

A retrospective study was conducted at the
regional children’s hospital, comprising a
two-year period (1 Jan 2013 - 31 Dec 2014).
The data for the number of abdominal US
exams, both outpatient and inpatient, was
retrieved from the Radiology Department
protocols. In addition, the data for referral
diagnoses under which the children were sent
to abdominal US examinations were also re-
trieved from the former. Regarding the study
group, an inclusion criterion was for the pa-
tients to have positive findings on lung bases
visualized during the abdominal US, while
the referral diagnosis did not suggest lung
pathology.

A positive finding within the lung bases
was detected using both the trans-hepatic

Fig. 1 Normal US finding of the right lung base transhepatically - supradiaphrag-
matic projection of the liver (,mirror image* (MI) phenomenon). L - liver.




and trans-splenic approach. All of the US
examinations were conducted using Acuson
§2000 and X300 (Siemens, Erlangen, Ger-
many) ultrasound devices, with 5 MHz con-
vex, and 9 MHz and 7.5 MHz linear probes.
In patients with positive trans-abdominal
US findings within the lung bases, the trans-
thoracic US approach to the lungs and pleura
was also used.

The normal finding was visualized as a
supradiaphragmatic projection of the liver or
spleen (Fig. 1), which is based on the “mir-
ror image” phenomenon (11, 12). The crite-
ria for abnormal ultrasound findings within
the pulmonary bases were: the existence of a
consolidation of the lung parenchyma, pleu-
ral effusion, alveolar-interstitial edema (area
of compact B lines), or combinations there-
of. Vertically oriented “comet-tail” artifacts,
called B lines, in trans-abdominal US appear-
ance of lung bases, spread from the hemidia-
phragm to the bottom of the screen, are hy-
perechogenic and clearly defined (Fig. 2).
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They are a result of the accumulation of
fluid in the subpleural interlobular septa sur-
rounded by air (13, 14). A pneumonia-posi-
tive was considered each US finding of sub-
pleural consolidation with air-bronchogram
(Fig. 3), as well as consolidation with adja-
cent area of B lines, or focal area of compact
B lines. In children with positive US finding
within the lung bases, in which the pediatri-
cian or pediatric surgeon indicated CXR, we
compared US and CXR findings, if the time
interval between these diagnostic procedures
was not longer than 2 hours. The most com-
mon referral diagnosis for outpatients and in-
patients with abdominal US was found.

In the study group the prevalence of dif-
ferent referral diagnoses, as well as the distri-
bution of the most common intra-abdominal
pathological findings were calculated. In this
group of patients, distribution of different
lung base pathological findings was detected
as well. The frequency of positive findings
within the lung bases during abdominal US

Fig. 2 Compact pattern of hyperechogenic B lines observed transhepatically within the right
lung base, representing an alveolar-interstitial edema (AIE). L - liver.
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Fig. 3 Transhepatic approach to the right pulmonary base, within which a consolidation of
lung parenchyma is seen, with hyperechogenic linear structures corresponding to the air bron-
chogram (arrow heads). L - liver.

in the group of outpatients, and in the group
of outpatients with abdominal pain was cal-
culated.

Ethics statement

The Ethical Committee of the Institute for
Children and Adolescents Health Care of
Vojvodina has approved the research (date
of issue: 31 Jan 2015, registration number:
210/1-11). Its work conforms to the provi-
sions of the Declaration of Helsinki in 1995
(as revised in Tokyo 2004).

Results

During the two-year period, one pediatric
radiologist performed 1509 abdominal US
examinations in the inpatient children and
2979 US in the outpatient children, which

is 4488 abdominal US examinations in total
in 2013 and 2014. Abdominal pain was the
most common referral diagnosis - in 1469
examined patients (1257 outpatients, 212
inpatients), or 32.7% of all abdominal US
examinations.

Over the two-year period, in 22 children
aged 5 months to 17 years (average age 7.4
years, SD=4.2 years, 15 males and 7 females)
with abdominal US examination performed,
positive US findings within the lung bases
were found, for whom referral diagnoses did
not suggest the existence of pathology origi-
nating from the respiratory tract. The refer-
ral diagnoses for this group of children were:
abdominal pain (15 children), nausea and
vomiting (3), febrile convulsions (2), exac-
erbation of juvenile arthritis (1), and in one
child routine follow-up US of the abdomen
and pelvis was performed the day after the
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successful hydrostatic reduction of ileocolic 4, 5) and 3 pneumonias complicated with
intussusception. pleural effusion. Of the positive abdominal

While performing the US examinations US findings within the study group, the fol-
of the abdomen the following pulmonary pa- lowing stand out: splenomegaly (14 chil-
thologies were detected: 19 pneumonias (Fig. dren), mesenteric lymphadenitis (13), ascites

Fig. 4 A 2-year-old boy hospitalized because abdominal US revealed ileocolic intussusception, which was taken
care by hydrostatic reduction under US control. A day after, follow-up abdominal US transsplenically (a)
showed consolidation of the lung parenchyma within the left lung base (arrows), confirmed transthoracically (b)
(marked with calipers, cranio-caudal diameter of 28 mmy). S - spleen.

Fig. 5 (a) Transhepatically diagnosed pnewmonic consolidation with LL diameter of 32 mm, during abdominal
US examination in a 7-year-old boy with abdominal pain; (b) Shows how changes within the lung bases may
be overlooked with the adjustment of US parameters, in this case by reducing the depth of penetration of the
ultrasound waves strictly to the field of interest, with the intention to more clearly visualize the liver.
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Fig. 6 A 13-year-old boy came as an outpatient to the Pediatric Emergency Department with abdominal pain
and fever; (a) - During abdominal ultrasound a small area of consolidation (arrows) with the surrounding B
lines was detected transsplenically. N - area of normal US finding of the left lung base, S - spleen. Transthoraci-
cally this consolidation has not been observed. (b) - Lefi-sided pneumonia was confirmed on CXR (arrows).

(6), and appendicitis (2), or the combination
thereof. Of the 15 children with the referral
diagnosis of abdominal pain, 10 (66.7%) had
mesenteric lymphadenitis.

Of the 22 children with positive lung base
US findings, 18 were outpatients and 4 were
inpatients. For every 165 outpatients one had
a positive lung base US finding for pneumo-
nia/pleuropneumonia, which amounts to
0.6%. Of the 1257 examined outpatients
with referral diagnosis of abdominal pain, 12
had positive lung base US findings for pneu-
monia/pleuropneumonia, i.e. 1 in every 105
examined patients, or 0.95%. Three patients
underwent CXR, and lung US findings were
confirmed for all of them. In one patient the
finding was positive only transabdominally,
i.e. transsplenically, while the trans-thoracic

approach showed a normal finding (Fig. 6).

Discussion

Lung and pleura ultrasonography is emerg-
ing as a complementary method in recent
years, primarily to CXR, but, in some seg-
ments, even to CT, which is the golden stan-
dard in the diagnostics of pulmonary diseases

(4-10, 13, 15-20). However, this method is
still not regularly applied in a large number
of diagnostic centers.

In the course of the US examination of the
abdomen, the trans-abdominal evaluation of
costophrenic angles is already recognized, i.e.
the eventual presence of pleural effusion in
them, but often, in everyday clinical practice,
the great potential of the evaluation of patho-
logical changes within the lung parenchyma
of the lung bases is ignored. The aim of this
research was to point out the importance of
the trans-hepatic and trans-splenic evalua-
tion of lung bases when performing the ab-
dominal US.

Trans-abdominal US examination of the
lung bases is based on the acoustic phenom-
enon of “mirror image” (11, 12). The ultra-
sound waves which are transmitted through
the tissues are subject to reverberation (reflec-
tion), refraction, dispersion and absorption.
The number and proportion of the occur-
rences of these physical phenomena depends
on the type of tissue, the frequency of ultra-
sound waves, the ratio between the wave-
length and size of the target object, the object
surface orientation in space and the acoustic




resistance of the medium through which
the ultrasound beam passes through (12).
In children with normally aerated lungs,
there is a full reflection of the ultrasound
beam when reaching the boundary between
the diaphragm and the lungs. After another
reverberation on the liver parenchyma or
spleen, US waves are transferred back to the
phreno-pulmonary border and then returned
to the US probe. The receivers in the probe
cannot reconstruct the exact route of the US
beam transmission, so the “lesion” is local-
ized above the diaphragm, at a distance that
corresponds to the echo return time. There-
fore, a supradiaphragmatic projection of the
liver or spleen is seen.

When the parenchymal disease propa-
gates to the pleura, an acoustic window is
formed and this creates a transmission of an
ultrasound beam, enabling the evaluation of
lung tissue (13). Pulmonary consolidations,
hence, may be detected transabdominally
only if in contact with basal pleura (12). Dur-
ing the two years of work of a single pediat-
ric radiologist, it was noted that abnormal
findings within the lung bases were found in
22 patients, in whom the referral diagnosis
did not in any way suggest the existence of
a pulmonary pathology. Most of the referral
diagnoses in this group of children concerned
abdominal pain, and pneumonia is, in sev-
eral studies, referred to as the most common
extra-abdominal cause of the abdominal
pain (2, 3, 21). Our study revealed 0.95%
prevalence of pneumonia in outpatients with
abdominal pain, which is lower than it is re-
ported in the literature - 1.6% to 2.2% (2,
22-24). The reason for this might be the fact
that by the US trans-abdominal approach it
was possible to detect only pneumonic areas
which abutted the basal pleura. Diagnosis of
pneumonia in these children is of particu-
lar importance in everyday clinical practice,
since it puts a physician-clinician on the right
track for treatment, i.e. it contribudes to the
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timely diagnosis and treatment of these chil-
dren, as well as prevents the development
of complications (pleural effusion, necrosis,
abscess) which prolong the treatment period,
increase the number of hospital days, treat-
ment costs, are treated by combinations of
several antibiotics, and, most importantly,
in some cases, they can have lasting effects.
Naturally, with timely diagnosis the number
of negative laparotomies should decrease (2).
The greatest number of children in our study
had splenomegaly along with pneumonia, as
well as mesenteric lymphadenitis, which is
considered one of the most common causes
of abdominal pain in children (21, 25). Addi-
tionally, one of the causes of abdominal pain
is irritation of the diaphragmatic, basal pleu-
ra, which was probably the cause of pain in
three of the children with pleuropneumonia.

Pneumonia can, on occasion, be found
accompanying serious, urgent abdominal pa-
thology, which in our research was the case
with three children (2 appendicitises and 1
ileocolic intussusception). The existence of
pneumonia (2 patients) or pleuropneumonia
(1 patient) in these children had a significant
impact on the type and duration of the anti-
biotic therapy applied. Generally, in all pa-
tients with trans-abdominal US diagnosed
pneumonia/pleuropneumonia in the region
of lung bases, this finding brought a new and
extremely important clinical information
that had significantly influenced the clinical
course and faster recovery of these patients. A
few studies showed that lung ultrasound of-
ten provides clinicians with new information
of great value for the treatment of patients,
compared to other diagnostic methods (8,
13, 26).

Our hypothesis that radiologists do not
always pay enough attention to the pulmo-
nary bases was the most clearly demonstrated
in a child with intussusception. The initial
US examination showed the existence of il-
eocolic intussusception, which was taken care
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the immediately after the diagnosis (hydro-
static reduction under US control), but not
the existence of left-sided pneumonia, which
was diagnosed at the follow-up US after less
than 15 hours. Of course, hypothetically, it
is possible that it developed during these 15
hours, but it still seems more probable that
pneumonia existed. However, in searching
for emergency abdominal surgery diagnosis,
simply not enough attention was devoted to
the evaluation of lung bases. The initial and
follow-up US examinations were performed
by different pediatric radiologists. In the
great desire of radiologists to get a better,
“full screen” display of liver and spleen for
their better and more accurate evaluation, it
is easy to overlook the important pathologi-
cal changes within the lung bases.

In one child, our study showed that a
finding within the lungs can be positive only
transabdominally and completely negative
transthoracically. Considering that the per-
former of the US examinations is an expe-
rienced pediatric radiologist in the field of
lung US diagnostics, lack of experience can-
not be blamed for the absence of trans-tho-
racic pneumonia visualization. This indicates
that low trans-thoracic approach and the
trans-abdominal approach are not the same,
although often identified as such. Two of
our previous studies have shown that trans-
abdominal findings can be more extensive
compared to the trans-thoracic, but so far
we have not had the situation where positive
US findings were detected using trans-splenic
approach, whereas trans-thoracic approach
showed a normal LUS pattern (8, 27). We
have noticed this situation only once on the
right side, using trans-hepatic approach, and
described the reason for it (28). At this point,
we do not have an explanation for this phe-
nomenon within the left lung base, but we
will search for it in the future studies.

This study has several limitations. In the
available literature databases, studies dealing

with this kind of research were not found.
The possibility of comparing data from this
survey with data from other studies was
limited, because only those with somewhat
similar topics were available. It was not pos-
sible to re-review previous abdominal US
examinations in children with short interval
follow-ups because we do not have a system
for saving all the US images of every child,
but only print a few specific images. There-
fore, we cannot determine the reason why
the lesions were not identified on the initial
US exam (incomplete inclusion of the lung
bases, interpretation error?). Also, CXRs
were not performed in all children with the
US detected pneumonia, which depended
on the clinical practitioner’s decision. Lung
ultrasound is widely excepted in our hospital,
and most of the time, when the US finding
is pneumonia-positive, CXR is avoided, es-
pecially when the US finding is supported by
clinical finding and laboratory data.

Conclusion

In conclusion, every radiologist should be
aware of the potential pathological findings
within the lung bases, which can be detected
by carefully performed ultrasound examina-
tion of the abdomen. These findings are not
very common, but can have a very significant
impact on the clinical course and treatment
of the child. The trans-abdominal ultrasound
approach might sometimes provide addi-
tional information about the lung bases, even
when compared to a standard trans-thoracic
approach. The protocol for the abdominal ul-
trasound examination, especially in children
with acute abdominal pain, should include
the examination of the lung bases.

What is already known on this subject

Lung ultrasound is already recognized as an extremely useful
diagnostic tool in detecting pneumonia in every day pediatric
clinical practice. The causes of acute abdominal pain in chil-




dren can be of extra-abdominal origin, of which pneumonia is
the most prominent one.

What this study adds

This study brings attention to the need of careful examination
of lung bases while performing abdominal ultrasound, espe-
cially for patients with abdominal pain. It can have a serious
impact on the treatment of children. In the available literature
we could not find the study dealing with this particular topic.
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