Ultrasound of the Chest: Applications and Clinical
Uses in Adults and Pediatrics
Essay
Submitted in Partial Fulfillment

For Master DegreeIn
Radiodiagnosis

Submitted by
Heba Mounir Azzam
[M.B., B.CH; Cairo University]

Supervised by

Prof. Dr. Youssriah Yahia Sabri

Professor of Radiology
Faculty of Medicine
Cairo Univer gty

Dr. Mohamed Abd El Latif Shahin

L ecturer of Radiology
Faculty of Medicine
Cairo Univer gty

Faculty of Medicine
Cairo Univer gty
2008



Abstract

bral regions, and the posterior mediastinum as well as in tumour staging
and pulmonary embolism CT and MRI are considered superior to ultra-
sonography. Ultrasound is a reliable and efficient imaging method to
evaluate a wide range of perplexing medical problemsin the chest and to
guide diagnostic and therapeutic procedures. Although the ribs, spine and
air-filled lungs act as barriers to ultrasound visualization of intra-thoracic
diseases, the presence of fluid in the pleural space and tumor,
consolidation or atelectasis in the lung provide ample sonographic
windows for evaluation .

Chest ultra-sonography is considered as a reliable method for the
diagnosis of chest wall, pleural, pulmonary and most of the mediastinal
diseases as well as guiding interventional procedures for their subsequent
management. Its lack of ionizing radiation and need of contrast, low cost,
bedside availability and dynamic imaging capacity afford ultrasound
certain advantages over other techniques; particularly in the critical care
setting where conventional radiography is often suboptimal. On the other
hand, in the aortopulmonary window, the subcarinal and paraverte
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INTRODUCTION

Chest diseases are considered one of the coneshand most widely spread
diseases among pediatric and adult age groupsuBead its wide spread it has to be
properly diagnosed in order to be properly manadéahy imaging techniques are
used for proper diagnosis of chest diseases ingudplain films,CT
scan,MRI,angiography and the intra-thoracic ultvargi[Antoine et al., 2005].

Examination of the chest is a rapidly devetgpapplication of ultrasound (US)
and may be used to evaluate a wide range of pedapparenchymal, pleural and
chest wall diseases. Most chest diseases are ddbquevaluated with chest
radiography. However, when chest radiography da¢satow identification of the
location and nature of an area of increased opagitsasonography (US) can help
establish the diagnodiStephens et al., 2007].

Ultrasonography (US) has been underused enafinored as a diagnostic tool in
the chest, especially in the lung, because airthadony thorax were traditionally
considered an obstacle to transmission of thesdtnad beam. However, since US
has been gaining recognition as a highly useful loahe evaluation of pleural
lesions, its role in imaging of the lung and exéraltac mediastinum has expanded
and its usefulness has been recognjk4athis,1997].

Computed tomography and magnetic resonancgimgaare superior to US in
evaluation of the mediastinum, but US is a reasenalternative in certain situations
(eg, to avoid unnecessary investigation of a notimahus simulating a mediastinal
mass). In cases of chest wall lesions, US may erlabélization of the site of origin
to soft tissues or an extrapleural intrathoracicatmn. Osseous involvement,
particularly rib involvement, is easily evaluatedhwJS [Kim et al., 2000].

Ultrasound may be helpful in evaluation ofgi&tent or unusual areas of increased
opacity in the peripheral lung, pleural abnormeasifiand mediastinal widening. US is
particularly useful in patients with complete op@metion of a hemithorax at
radiography. In cases of pulmonary parenchymabiesiidentification of air or fluid
bronchograms at US and of pulmonary vessels at ¢mw imaging is useful for
differentiating

pulmonary consolidation or atelectasis from lungsses and pleural lesions. US
allows characterization of pleural fluid collect®oras simple, complicated, or
fibroadhesivgKim et al., 2000].

Ultrasound is an excellent imaging modality dssessing the motion and integrity
of the diaphragm. The demonstration of normal diagmatic excursions,
diaphragmatic paralysis and paradoxical motion. Thmvement of each
hemidiaphragm can be observed on individual lowigial scans.Normal and
compromised movement is best apprecigedton et al.,2003].
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The optimal frequency of the transducer forstHdS varies with the age of the
patient, the location of the lesion, and the planhapproach.Transthoracic chest US
can be performed with any modern US unit. A 2-5-Mtdrvilinear probe allows
visualization of the deeper structures, and theoseacan field allows a wider field of
view through a small acoustic window. The chestlwakura, and lungs may be
quickly surveyed with the curvilinear probe. Onceadonormality has been identified,
a high-resolution 7.5-10-MHz linear probe can bedu® provide detailed depiction
of any chest wall, pleural, or peripheral lung atonality. Both gray-scale and color
Doppler imaging are useful for the assessment @urpl and parenchymal
abnormalitiegKoh et al., 2002].

However, neonates and infants are best imagghda high-resolution 5-10-MHz
linear-array transducer; children and adolescerdg require a 2—4- or 4—7-MHz
sector or linear-array transducer. Trans-sternara4sternal, and inter-costal
approaches are good for imaging of the lung, plearal anterior mediastinum.
Sector transducers are used in subxiphoid anddiagpisragmatic approaches with
the liver used as the acoustic window for evaluptjaxtaphrenic paravertebral
lesions. Suprasternal and supraclavicular appreaeinditate evaluation of the upper
mediastinum and lung apexggerman et al., 1995].

US is increasingly used to guide interventional ceaures of the chest.
Percutaneous pleural and lung biopsy can be peefdronder US guidance, with
either the freehand technique or a needle guidéusiéhs and other pleural
collections may also be safely drained or aspirateder US guidance. A range of
self-retaining pigtail catheters (8—14-F) is suigator this purposg¢Tatersall et al.,
2000].

Sonography has been found to be reliable and atector assessing and following
chest problems that cannot be elucidated with auimeal plain film radiography
alone. The conventional plain film radiography inmagtechnique appears to be
complementary with sonography serving to localinreahnormality, characterize a
mass and provide information about the pleural spamderlying lung, and
diaphragm. It can be safely used for guidance dubiopsy, thoracentesis and tube
placement. It is particularly recommended for al@tfdsince it is a readily available,
non-invasive technique that does not employ iogizidiation and that requires no
anesthesia and only rarely requires sedation. ighrising costs in medicine, the
fact that sonography is relatively inexpensivensadditional advantage. The portable
capability of this modality facilitates the exantioa and guidance of interventional
techniques in critically ill or isolated patiej&utton et al., 2003].



AIM OF WORK

The aim of this study is to evaluate the diagnosole of ultrasonography in
detecting and differentiating chest abnormalitiesd aguiding interventional
procedures of the chest in the pediatric and adgé groups. A representative
number of cases will be done.



SONOGRAPHIC ANATOMY

Ultrasound is a reliable and efficient imaging noethio evaluate a wide range
of perplexing medical problems in the chest andumle diagnostic and therapeutic
procedures. Although the ribs, spine and air-fililgs act as barriers to ultrasound
visualization of intra-thoracic diseases, the pmeseof fluid in the pleural space and
tumor, consolidation or atelectasis in the lungvpgte ample sonographic windows
for evaluatiofMcLoud and Flower, 1991

The chest wall muscles:

The normal chest wall appears as a series of eahogeft-tissue layers,
representing the layers of muscles and the faptaades. The ribs below the soft
tissue of the chest wall the ribs appear as caealr structures on transverse scans,
associated with posterior acoustic shadowing. Wthenribs are scanned along the
long axis, the anterior cortex should appear asmdimuous smooth echogenic line
[Koh et al, 2002].

Diaphragm:

On ultrasound scan of the abdomen, the diaphragecgnized as a bright,
curving echogenic line defining the cephalad extdrthe abdomen. The bright line
Is produced by strong sound wave reflection frome thterface between the
diaphragm and the air-filled lung abové\ferschakelen et al, 2005].

High-resolution ultrasound demonstrates a more ¢exnpppearance. The
muscle of the diaphragm is seen as a thin echogdjaeicepresenting the diaphragm-
liver capsule interface on the abdominal side afdighter, thicker echogenic line
representing the surface of the air-filled lungtbe thoracic side. A third echogenic
line is sometimes seen on the thoracic side is momimage artifact of the
diaphragm-lung surface. When disease is presenhanthorax, such as pleural
effusion or tumor, the diaphragm is seen as adhbirogenic lingLewandowski and
Winsberg, 1983].

Abdominal approach: When imaged from the abdontennbrmal diaphragm
Is approximately 5mm thick and is covered by patipteura on its thoracic side and
by peritoneum on its abdominal sifigeckh et al, 2002].

Pleur al space:

The pleural space is superficial and readigneined by ultrasound using either a
direct intercostals or an abdominal approach. Atirgquency (5-7.5 MHz) linear
transducer applied directly to the chest (diredencostals approach) provides a
broad, near field of view that allows excellentuaization of the pleural space. The
lower reaches of the pleural space may be effdgtexeamined by use of sector or
convex-array (3.5 MHz) transducers directly sup&riofrom the abdomen
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(abdominal approach).The liver and spleen provideographic windows to the
thorax. Sector transducers are frequently unsat@fafor examination of the pleural
space when applied directly to the chest .The sasctnner has a narrow view in the
near field and the pleural space is frequently ot by near-field artifac{8eckh

et al, 2002].

Direct inter-costal approach: The normal pd¢space is readily recognized when
the ribs are used as sonographic landmarks. Withear-array transducer oriented
perpendicular to the intercostals spaces, theanbgisplayed as rounded echogenic
interfaces with prominent acoustic shadowing. kdstal muscle is visualized
between the rib shadows. The location and deptthefribs are noted and the
thickness of the subcutaneous tissues and theyowgrhuscles of the chest wall are
determined. The air-filled lung, covered by vis¢glaura, is a potent reflector of the
ultrasound beam, blocking sound penetration deperthe chest and producing a
bright linear interface that moves with respiratiofhe normal back-and-forth
movement of the lung surface has been called fgdidign][Targhetta et al, 1992].

The bright linear interface of the lung surfacéhis sonographic marker of the
visceral pleura. A thin dark line of pleural fluisl normally present, separating the
parietal from the visceral pleura. The parietalpdeappears as a less distinct, weakly
echogenic line, often obscured by reverberatioifaatt Its location is inferred by its
relationship to the ribs and the visceral pleigackh et al, 2002].

L ung parenchyma:

Air-filled lung covered by visceral pleura, causehighly reflective interface
that blocks transmission of the sound beam intoctrest. However, the ultrasound
image will display a pattern of bright echoes causg acoustic reverberation artifact
[Kremkau and Taylor, 1986].

These echoes are usually intense but formless mnidish in intensity with
distance from the transducer. However, wheneveruttrasound beam is directly
perpendicular to the visceral pleura-lung interfdbe bright linear surface of the air-
filled lung will be repeatedly duplicated on theaiges as a series of bright lines at
fixed intervals. The strength of these pattern rMeeeation artifacts also diminishes
with increasing distance from the transducer. Térenal lung surface is identified by
its motion, gliding back and forth with inspirati@amd expiration, the ‘gliding sign’
[Beckh et al, 2002].

In addition, vertically oriented "comet-tail" adifts can also be normally seen,
originating at the pleura-lung interface. The vigadion of these artifacts in a
healthy adult is usually confined to the last intestal space above the diaphragm.
With a curvilinear probe, these artifacts are deeian out to the edge of the screen.
The comet-tail artifact results from the fluid-ridubpleural interlobular septae,
which are surrounded by air. Hence, these artifappear closely spaced, separated
from each other by an average distance of 7[Kwh et al., 2002].
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M ediastinum:

Because the mediastinum is surrounded by shadotamg and reflective
lung, it offers a challenge to sonographic evaaratHowever, with careful attention
to technique and patient positioning, most areabeMmediastinum can be efficiently
examinedBetsch 1994].

Ultrasound is best for examination of the supeaond anterior mediastinum
and is less useful for the posterior mediastinumd para-vertebral region. When
abnormalities are detected, sonographic guidancdeaised for biopsy. The ability
to visualize the needle continually as it coursethé lesion is a significant advantage
because this area is so rich with major vascutacsires. Detailed knowledge of the
three-dimensional anatomy of the mediastinum isicati because the planes of
sonographic examination are usually oblique andreatlily related to the standard
orthogonal planed of computed tomography (CT) argymetic resonance imaging
(MRI) [Beckh et al, 2002].

The upper mediastinum is accessible to sonographigstigation by use of
supra-sternal approach .The innominate veins, cantaootid, brachiocephalic and
subclavian arteries are examined. Each vessetigifabd by its location and Doppler
characteristics. Tortuous vessels, which causeratalavidening of the mediastinum
on chest x-ray films, are easily recognized. Methat masses are precisely localized
and characterized as solid, cystic, vascular anfeadl. The relationship of masses to
cardiac and vascular structures can be accuragélyadi[Beckh et al, 2002].

The ascending aorta, anterior mediastinum and aubal region are best
imaged from a right para-sternal approach withghgent lying with the right side
down. The pulmonary trunk and left side of the antemediastinum are best imaged
with a left para-sternal approach with the patiena left lateral decubitus position
[Wernecke et al, 1990].

Large posterior masses may be imaged from a postgara-vertebral
approach. Lesions near the diaphragm are evaldiadedthe abdomen through the
liver or spleen. Large masses displace lung andlmeaynaged directly through the
intercostal spacqgdunpei et al, 2005].

The thymus is a prominent normal anterior mediasstructure in children up
to 8 years of age. The thymus has two well-defirtedngle-shaped lobes with
homogenous echogenicity slightly less than thyrgidnd. The normal gland is
closely applied to mediastinal vessels and may ¢etely encircle the left
innominate vein. In infants less than 2 years thld,normal thymus extends from the
thoracic inlet to the base of the heart. From thge af 2 to 8 years, the thymus
remains a prominent sonographic landmark when segrthe mediastinum, even
though it is less obvious on chest radiographsgiessive fatty replacement makes
the thymus blend with mediastinal fat and becommegmaphically invisible in older



children and adults. Sonographic visualization e thymus in an adult suggests
neoplastiadiseasgWernecke and Diederich, 1994].

Figure 1: Normal US appear ance of the chest [Koh et al, 2002].
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Figure 1A:
 Below the relatively echogenic subcutaneous tissue, the intercostal muscles

appear hypoechoic but contain multiple echogenic fascial planes.

* Thepleural interface appearsas an echogenic line.

« The sharp change in the acoustic impedance at this interface results in
reverberation artifacts (*), appearing as a series of horizontal lines parallel to
the pleural interface.

* Vertical comet tail artifacts (+) can also be seen.

Figure 1B:
* On the high-resolution scan, the visceral and parietal portions of the pleura

can beresolved.
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