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Thoracic Ultrasonography for the
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Seth J. Koenig, MD; Mangala Narasimhan, DO, FCCP; and Paul H. Mayo, MD, FCCP

Thoracic ultrasonography is a noninvasive and readily available imaging modality that has impor-
tant applications in pulmonary medicine outside of the ICU. It allows the clinician to diagnose a
variety of thoracic disorders at the point of care. Ultrasonography is useful in imaging lung
consolidation, pleural-based masses and effusions, pneumothorax, and diaphragmatic dysfunction.
It can identify complex or loculated effusions and be useful in planning treatment. Identifying
intrathoracic mass lesions can guide sampling by aspiration and biopsy. This article summarizes
thoracic ultrasonography applications for the pulmonary specialist, related procedural codes,
and reimbursement. The major concepts are illustrated with cases. These case summaries are
enhanced with online supplemental videos and chest radiograph, chest CT scan, and ultrasound

correlation.
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Editor’s Note: The online version of this article
includes three videos intended to enhance the major
concepts presented. The videos can be viewed at: http://
chestjournal.chestpubs.org/content/140/5/1332.full

Thoracic ultrasonography is a noninvasive and readily
available imaging modality that has important
applications in pulmonary medicine. Thoracic ultra-
sonography gives the clinician a powerful tool that
enables the pulmonary consultant to diagnose a variety
of thoracic disorders quickly at the point of care. This
article summarizes applications of thoracic ultrasonog-
raphy for the pulmonary specialist. The article is
accompanied by online videos that are designed to
enhance the reader’s understanding of the field. For
the purposes of this article, thoracic ultrasonography
refers to imaging of the chest wall, pleural space,
diaphragms, and the lungs. The article is designed
specifically for the pulmonary specialist and, therefore,
does not consider ultrasonographic assessment of the
heart and its great vessels.
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The usefulness of thoracic ultrasonography rests
with its immediate application. This requires a para-
digm shift in the approach to thoracic imaging. The
ultrasound examination is integrated with the results
of the physical examination and the clinical impres-
sion. Observation, palpation, percussion, and aus-
cultation are key elements in the evaluation of any
patient. The ultrasound examination of the chest
extends the physical examination and allows the
examiner to better characterize disease processes.
Thoracic ultrasonography is performed at the bed-
side of the patient by the pulmonary consultant who is
aware of all aspects of the clinical situation. There is no
time delay, which is inherent to standard radiographic
techniques, and the pulmonary consultant applies the
results with full clinical knowledge of the patient, unlike
the radiologist. Chest radiography and chest CT scan
are important imaging modalities for the pulmonary
consultant and should be used in conjunction with
ultrasound to make treatment decisions.

EQUIPMENT REQUIREMENTS

Most modern portable ultrasound machines are
capable of all aspects of thoracic imaging. A phased
array transducer (frequency range 3.5-5.0 MHz) with
a small footprint designed for cardiac imaging can be
used for most aspects of the thoracic examination.
This transducer type offers adequate penetration
and resolution of deep structures in the thorax. For
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detailed examination of the pleural surface and adja-
cent chest wall the examiner will need to use a high-
frequency linear vascular transducer (frequency range
7.5-10.0 MHz) in order to optimize the resolution of
near field structures. Use of a high-frequency probe
improves resolution but sacrifices depth of pene-
tration. Therefore, high-frequency probes are not
suitable for examination of deeper thoracic struc-
tures, such as atelectatic lung within a large pleural
effusion, the entire curvature of the diaphragm, or
lung consolidation that is beyond the depth of pen-
etration of a typical vascular probe. Doppler capa-
bility is not a requirement for comprehensive thoracic
ultrasonography.

How 1O PERFORM THORACIC ULTRASONOGRAPHY

Thoracic ultrasonography is best performed with
the patient in the seated position. By convention, the
transducer is held in longitudinal scanning plane
with the transducer indicator in a cephalad position.
With standard machine setup, this means that images
on the left side of the screen are cephalad structures.
Knowledge of machine control is integral to image
acquisition. Total, near, and far field gain must be
adjusted for optimal image quality. Depth should be
set to place the target structure in the middle of
the screen and/or focal point should be adjusted for
optimal image quality.

The transducer is applied with firm pressure per-
pendicular to the chest wall over a rib interspace.
Adjacent interspaces are examined by sliding the
transducer to the next interspace. In this way, the
examiner lays down a scan line as the transducer is
moved over the chest wall. Scan lines should be per-
formed with an orderly series of longitudinal move-
ments of the transducer. Multiple adjacent scan
lines are performed such that the entire chest wall
is methodically examined at multiple interspaces
(Fig 1). The examiner develops a three-dimensional
model of the thorax by performing multiple two-
dimensional tomographic ultrasound planes. If an
abnormality is identified during the course of the
scanning, the examiner then focuses on that point.

Bone blocks the transmission of ultrasound, so that
when a focal abnormality lies deep to a rib, the trans-
ducer may be angled to look over or under the rib.
Aerated lung also blocks transmission of ultrasound,
so the liver and spleen may be used as ultrasound
windows by angling the transducer such that the
scanning plane passes through the liver or spleen to
image the lung. Consolidated lung and pleural effu-
sion transmit ultrasound very well, and may offer a
window for examination of the mediastinum and the
lung (Fig 2, Video 1).
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FIGURE 1. Ultrasonograph scan lines. A, Anterior scan line. The
ultrasound probe is held firmly perpendicular to chest wall. The
ultrasonographer moves the ultrasound probe cephalad and caudad
in one longitudinal line and then moves either lateral or medial
and repeats a longitudinal scan. Transducer marker points ceph-
alad. B, Midaxillary scan line. C, Posterior scan line. (The patient
provided written consent for the use of this photograph.)

LUNG ULTRASONOGRAPHY

Lung ultrasonography may be integrated into bed-
side evaluation as a valuable adjunct to the standard
chest radiograph and CT scan and, as an extension
conceptually, to physical examination of the thorax.
It is paired with ultrasonographic evaluation of the
pleural space, but it also has usefulness independent
of pleural pathology. This section will review applica-
tions of lung ultrasonography that are of interest to
the pulmonary consultant.
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FIGURE 2. Alveolar consolidation as ultrasound window to medi-
astinal structures. Longitudinal view midaxillary line on left.
Air Bronch = air bronchogram; Alv Cons = alveolar consolidation;
CW = chest wall; HD = hemidiaphragm; Pleff = pleural effusion.
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Key Findings

The standard semiology of lung ultrasonography
was developed by Dr Daniel Lichtenstein in the
1990s. His original work defined all the important
findings of lung ultrasonography' and has been fully
validated by subsequent investigators. For purposes
of efficient reporting, we suggest that his nomencla-
ture be standard in the field.

When performing lung ultrasonography, the exam-
iner positions the transducer over an interspace such
that the rib shadows are located on either side of the
screen (Fig 3, Video 2). The pleural line is identified
approximately 5 mm deep to the rib cortex. The pleu-
ral line, which appears as a shimmering echogenic
linear structure, is examined for movement. This may
occur either with the respiratory or cardiac cycle and
represents movement of the visceral pleura against
the parietal pleura. This movement is called lung
sliding when resulting from respiratory movement of
the lung, and lung pulse when it results from cardiac
movement.2? Reducing gain and depth improve visu-
alization of the pleural line. The presence of lung
sliding or lung pulse at the pleural interface is abso-
lute evidence that there is no pneumothorax at the
site of the examination. Multiple sites may be exam-
ined quickly to definitively rule out pneumothorax.
The absence of lung sliding suggests pneumothorax,
but there are a variety of other possibilities that must
be considered, such as pleurodesis. We routinely
assess for lung sliding before and after any transtho-
racic intervention. Provided lung sliding was present
before the procedure, loss of lung sliding following
the procedure is strong evidence for iatrogenic pneu-
mothorax. The presence of a lung point, defined as
intermittent visualization of lung sliding from mobile
partially collapsed lung, is diagnostic for pneumo-
thorax* (Video 3).
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FIGURE 3. Normal pleural line. Longitudinal anterior chest ultra-
sonograph displaying typical anatomic landmarks in normal lung.
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FIGURE 4. Normal aeration pattern with A-lines. Longitudinal
scan anterior chest. A-lines are repetitive reverberation artifacts,
with equal distances between them and the pleural line.

In order to assess the underlying lung, the exam-
iner must change the machine to a deeper depth set-
ting. Normally aerated lung shows an A-line pattern,
which is a reverberation artifact (Fig 4, Video 4).
B-lines indicate an abnormality in the interstitial or
alveolar compartment.? These comet-tail artifacts
project from the pleural line, move with respiration,
and extend to the bottom of the ultrasound screen
(Fig 5, Video 5). In normal individuals, it is common
to find a few B-lines over the lower lateral chest and
an occasional single B-line elsewhere. More than
three B-lines in a single field is abnormal. Diffuse
B-line pattern may result from cardiogenic pulmo-
nary edema and is associated with a smooth pleural
line. When B-lines result from noncardiogenic lung
injury, such as ARDS, intersitial lung disease, or
pneumonia, the pleural surface is often irregular,
and B-line distribution is nonhomogeneous with small
subpleural areas of lung consolidation.®” Lung disease
may be focal or diffuse, so that the cardinal findings
on ultrasonography of the lung may be multifocal or
unifocal, similar to distribution of disease found on
standard chest radiography. The presence of an A-line
pattern over the anterior chest, whether unilateral or
bilateral, rules out cardiogenic pulmonary edema, as
the presence of A-line pattern indicates that the pul-
monary artery occlusion pressure is <18 mm Hg 5

Consolidated lung is tissue density and has similar
echogenicity as the liver and spleen? (Fig 6, Video 6).
Sonographic air bronchograms are visualized as
punctate echogenic foci within consolidated lung. If
they move in synchrony with the respiratory cycle,
the bronchus supplying the area is patent’® (Video 7).
Small areas of subpleural consolidation with irregu-
larity of the pleural line occur with disease of the
peripleural lung.

Tumor masses adjacent to the pleural surface
are readily detected with lung ultrasonography.!' The
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FIGURE 5. B-lines. Longitudinal scan anterior chest. B-lines must
efface A-lines and project to bottom of screen.

tumor mass is generally hypoechoic and surrounded
by aerated lung. (Fig 7, Video 8). A small mass may
require the examiner to angle the probe over or under
the rib for optimal visualization. Pleural and chest wall
invasion by tumor is discernible with ultrasonography
and requires use of a high-frequency vascular probe.
Ultrasonography is more accurate than chest CT scan
for detection of chest wall invasion.!2 A mass within
consolidated lung may also be visible, as is a lung
abscess. Typical features of a peripheral abscess reveal
irregular hyperechoic borders abutting the pleural
surface at an acute angle. Internally, the abscess
cavity will be heterogeneous with relatively anechoic
areas with echogenic foci, corresponding to both air
and tissue necrosis (Fig 8, Video 9).

Pleural fluid causes compressive atelectasis of
the adjacent lung. The degree of atelectasis is pro-
portional to the size of the effusion and yields an

L
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FIGURE 6. Alveolar consolidation with pleural effusion. Longitu-
dinal scan midaxillary on right. Notice ultrasonographic hepatiza-
tion of airless lung with punctate areas of white representing air
bronchograms. AB = air bronchogram. See Figure 2 legend for
expansion of other abbreviations.
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ultrasonographic pattern of alveolar consolidation.
In large effusions, the compressed airless lung floats
with dynamic movement within the effusion. At the
interface between atelectatic lung and aerated lung,
there is often an echogenic boundary from which
comet-tail artifacts arise. These have the appear-
ance of B-lines, but are not so named, as strictly
speaking, B-lines originate at the pleural surface
(Fig 9, Video 10).

Clinical Applications

Lung ultrasonography may be used as a diagnostic
modality. The scan is performed in order to establish
and follow the course of disease. The clinician uses
the ultrasound findings to supplement chest radiog-
raphy and CT scan. The hand-held ultrasound machine
provides a convenient, portable, and reliable means
of identifying a variety of disease processes with-
out the delay and radiation associated with stan-
dard radiographic techniques. Lung ultrasonography is
superior to physical examination and has similar per-
formance characteristics as chest radiography and
CT scan for a variety lung diseases.’!* Ultrasound can
be used in algorithmic fashion for the bedside evalu-
ation of respiratory failure.’> Another major advan-
tage of lung ultrasonography is that it may reduce
patient exposure to ionizing radiation. The overuse
of CT scanning raises the concern of inappropriate
patient exposure to radiation.'¢ It is possible to replace
CT scanning with thoracic ultrasonography for cer-
tain applications. Lung ultrasonography has limita-
tions. Lung lesions that are surrounded by aerated
lung are not visible with ultrasonography, such as
a pulmonary nodule or mass and most mediastinal
structures.

PLEURAL ULTRASONOGRAPHY

Pleural ultrasonography is an easy-to-use modality
that aids in the identification and characterization
of pleural abnormalities. It can also be used to guide
pleural procedures. Equipment requirements and scan-
ning tactics are identical to those used for lung ultra-
sonography as described previously.

Key Findings

Pleural fluid appears as an anechoic or hypoechoic
space within the thorax. An anechoic space is black,
whereas a hypoechoic effusion has reduced echoge-
nicity relative to tissue density, using the liver as a
reference standard. Free-flowing pleural fluid dis-
tributes in a dependent manner. In the seated patient,
pleural fluid is found in the lower thorax, whereas in
the supine patient it is found in posterior location.
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FIGURE 7. Lung mass. A, Ultrasonograph image of lung mass.
Longitudinal scan, anterior right chest. Notice irregular borders
with hypoechoic interior. B, Chest radiograph. C, Chest CT scan.
Transthoracic biopsy proved non-small cell adenocarcinoma.
See Figure 2 for expansion of abbreviation.

Loculated pleural effusions may occur any place in
the thorax and require targeted ultrasound scanning.

The typical boundaries that subtend a pleural effu-
sion are the chest wall, the hemidiaphragm, and the
visceral pleural surface. Identification of the hemidi-
aphragm requires visualization of the liver or spleen
in order to avoid inadvertent subdiaphragmatic device
insertion. Identification of the visceral pleural sur-
face is critical in order to avoid inadvertent pleural
laceration.

There are typical dynamic findings associated with
pleural effusions. These include diaphragmatic move-

Wall of -

-

Abscess
¥~

FIGURE 8. Lung abscess. Longitudinal scan posterior superior
chest. Notice irregular borders with small amount of air in
periphery. Center is hypoechoic consistent with fluid or necrotic
tissue. Air = air within the cavity. See Figure 2 legend for expan-
sion of other abbreviation.
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ment, movement of the atelectatic lung within the
pleural effusion, and movement of tissue elements
within the pleural effusion. These result from the
effect of respiratory and cardiac function.

Ultrasonography allows characterization of the size
of a pleural effusion. The size of a pleural effusion
may be estimated qualitatively as small, moderate,
or large. A quantitative approach requires several mea-
surements from frozen images and correlates with
the amount of pleural fluid removed with thora-
centesis.!” The authors do not do this in ordinary clin-
ical operations.

Ultrasonography is superior to standard radiography
and chest CT scan to characterize the internal com-
plexity of an effusion, such as septations' (Figs 10, 11,
Videos 11, 12). The presence of pleural fluid complex-
ity suggests an exudative effusion, but an anechoic
effusion may be either transudative or exudative.!92?
Pleural ultrasonography findings may suggest spe-
cific diagnoses. For instance, a malignant pleural
effusion may have metastatic foci on the hemidia-
phragm (Fig 12, Video 13).

Pitfalls

Most pleural effusions are readily identified using
ultrasonography. However, obesity, heavy muscula-
ture, and soft tissue edema may degrade image quality
such that the examiner is unable to clearly identify
the inside of the chest wall or the visceral pleural sur-
face. The pleural effusion may be so echogenic that it
is not identifiable with confidence. This occurs with
complicated pleural effusion, empyema, hemothorax,
hydrofibrothorax, fibropurulent collection, and coex-
isting consolidation. These situations require expert-
level pleural ultrasonography.

ULTRASONOGRAPHY FOR PROCEDURAL GUIDANCE

Thoracentesis

Ultrasonography allows the pulmonary consultant to
perform thoracentesis in a safe and efficient manner.
Ultrasonography reduces complications, such as pneu-
mothorax, and increases success of fluid retrieval when
compared with traditional methods of guidance.?324

The examiner should seek unequivocal identifica-
tion of a pleural effusion. The assignment is simple:
identification of the best site, angle, and depth for
needle insertion that avoids injury to organs that may
be adjacent to the pleural effusion. The ultrasound
image should be obtained with the patient in the
position in which the procedure will be performed.
Any significant deviation in position will shift the
pleural fluid and may cause unintended complica-
tions. The transducer angle and position on the chest
wall that identifies a safe site for thoracentesis should
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FIGURE 9. Small pleural effusion with atelectasis and comet-tail
artifact. Longitudinal scan midaxillary line on right. There is a
small pleural effusion with atelectatic lung. Comet-tail artifacts
appear at interface of normal aerated lung and atelectatic lung.
See Figure 2 legend for expansion of abbreviations.

be replicated when inserting the needle. Depth of
needle insertion may be measured from the ultra-
sound image. Significant chest wall edema or obe-
sity may result in underestimation of the distance
required to access the fluid, as pressing firmly with
the transducer may cause significant compression
artifact that may result in an underestimate of depth
required for needle insertion.?> Some operators inter-
rogate the intercostal space prior to needle insertion
in order to identify an aberrantly positioned intercos-
tal vessel that precludes needle insertion at that site.
Although there are no published data to support this,
it may be a reasonable precaution to avoid the rare
complication of vascular injury.

Lung sliding should be assessed before and follow-
ing thoracentesis. The loss of lung sliding following
thoracentesis when it was present before the procedure
indicates that there has been a procedure-related

\ ’/HD

Pleff
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FIGURE 10. Complex septated pleural effusion. Longitudinal scan
midaxillary line left side. Notice the weblike appearance of septa-
tions. This proved resistant to standard catheter drainage. See
Figure 2 legend for expansion of abbreviations.
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pneumothorax. The finding of lung sliding following
thoracentesis obviates the need for chest radiography
performed in order to rule out pneumothorax.

Ultrasonography aids in selection of a safe insertion
site for a needle into a pleural effusion. The pulmo-
nary consultant may elect to do a simple thoracentesis
for diagnostic or therapeutie purposes. Access to
the pleural effusion is followed by wire insertion that
allows a variety of pleural drainage devices to be
inserted, such as small-bore drainage catheters,
large-bore chest tubes, long-term tunneled drain-
age catheters, and large introducers for medical tho-
racoscopy. In addition to its role in selecting a safe
trajectory for device insertion, ultrasonography may
be useful in making management decisions related
to pleural intervention. For example, a free-flowing,
anechoic, nonseptated effusion may be best managed
with simple thoracentesis, whereas an echodense,
septated effusion may require drainage with a larger
catheter. If the septations are thick walled and immo-
bile, the clinician may, in the appropriate clinical con-
text, proceed to surgical intervention. In managing the
complicated pleural space, the standard chest radio-
graph is a suboptimal imaging modality, so serial chest
CT scans are a usual concomitant in the management
of complicated pleural effusions. The pulmonary con-
sultant may substitute serial pleural ultrasonography
as an alternative, thereby reducing radiation exposure.
Ultrasonography may be used to check wire and/or
device position during pleural intervention. Multiple
loculations may require more than one drainage cath-
eter targeted by ultrasonography.

Transthoracic Aspiration/Biopsy

Ultrasonography can be used to identify pleural
and lung lesions that are adjacent to the chest wall.
This allows the pulmonary consultant to aspirate and
perform biopsy of the lesions with a transthoracic
approach. When standard radiography or CT scan-
ning identifies a lesion, the pulmonary consultant can
determine the need for biopsy. Ultrasonographic-
guided biopsy can be performed safely with high
sensitivity for diagnosis using needle aspiration or a
cutting biopsy needle.!! If the lesion can be identified
with ultrasonography, the best site, angle, and depth
are determined for device insertion. In our experi-
ence, it is not necessary to use real-time ultrasound
guidance for needle insertion for transthoracic proce-
dures.? The examiner can assess the size, the degree
of respiratory movement, and the vascularity (if color
Doppler is available) of the lesion. We routinely
assess the pleural surface for lung sliding before and
after the biopsy to rule out a pneumothorax.

Microbiologic diagnosis or therapeutic drainage
of a pleural-based lung abscess may be guided with
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FIGURE 11. Simple anechoic pleural effusion. Longitudinal scan
midaxillary line on left. Notice anechoic appearance of pleural
effusion with atelectatic lung floating within it. See Figure 2 leg-
end for expansion of abbreviations.

ultrasonography.?” A concern of the procedure is the
possibility of soiling the pleural space. This risk is
reduced if there is pleural symphysis as detected by
loss of lung sliding at the site of needle insertion into
the abscess cavity (Video 14).

Assessment of Diaphragmatic Function

Ultrasonography may be used by the pulmonary
consultant to assess diaphragmatic function.28? Com-
pared with fluoroscopy, ultrasonography is more accu-
rate, with the advantage that it can be performed
at point of care. The same transducer used for lung
ultrasonography identifies the hemidiaphragm in the
longitudinal scanning plane at the midaxillary line.
Typically, the patient is studied in semisupine posi-
tion. When assessing diaphragmatic function in patients
receiving mechanical ventilatory support, a ventilator-
cycled breath will cause the diaphragm to be pushed

Metastasis - F11

Hct Sign

FIGURE 12. Large pleural effusion with evidence of diaphrag-
matic pleural metastasis. Longitudinal scan midaxillary on left.
Patient had renal cell carcinoma. Het sign = hematocrit sign. See
Figure 2 legend for expansion of other abbreviations.
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in a caudad direction, thereby giving the false impres-
sion of normal diaphragmatic contractile function.
Therefore, when testing diaphragmatic function the
ventilator must be turned to the lowest support set-
ting to avoid a false-negative result. Aerated lung
may make it difficult to visualize the hemidiaphragm,
particularly on the left. The examiner may angle the
ultrasound beam through the liver or spleen to image
the diaphragm in its entirety. The diaphragm appears
as a thin, curvilinear, echogenic respirophasic struc-
ture that normally moves in caudad direction with
inspiration (Fig 13, Video 15). Hemidiaphragmatic
paralysis is inferred by absent or paradoxical move-
ment of the hemidiaphragm, whereas paresis shows
reduced movement during inspiration (Video 16).
Deep inspiration, tidal breathing, and sniff testing
may be used to demonstrate abnormal diaphragmatic
motion. Diaphragmatic movement may be quanti-
fied using two-dimensional and M-mode ultrasonog-
raphy; however, we find qualitative visual assessment
is sufficient.

PracTicAL USE OF BEDSIDE
ULTRASONOGRAPHY: A CASE EXAMPLE

A common cause for pulmonary consultation is
evaluation of dyspnea. We were called to evaluate a
patient with sickle cell disease who presented in the
ED with hypoxemia, fever, purulent sputum, and
pleuritic chest pain over the lower posterior left
thorax. The chest radiograph was clear (Fig 14). The
admitting team had ordered a chest CT scan to rule
out pulmonary embolism. Thoracic ultrasonography
was performed and showed generalized A-line pat-
tern including the anterior chest and a focal area of
alveolar consolidation in the posterior segment of the
left lower lobe (Videos 17, 18). The generalized A-line
pattern ruled out an alveolar interstitial syndrome
and, in particular, cardiogenic pulmonary edema.
The finding of focal alveolar consolidation with the
patient’s constellation of symptoms defined presenta-
tion with acute chest syndrome. Pneumonia was also
in the differential diagnosis, as well as focal atelec-
tasis. We canceled the chest CT scan and recom-
mended treatment of acute chest syndrome. The
repeat chest radiography performed the following
day showed a left lower lobe consolidation. Review
of the patient record showed that he had been sub-
jected to seven chest CT scans for similar presenta-
tion within the past 3 years.

LIMITATIONS OF THORACIC ULTRASONOGRAPHY
Limitations of image quality of thoracic ultrasonog-
raphy are obesity, heavy musculature, edema, and an
inability to properly position a patient for a complete
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FIGURE 13. Frozen image of diaphragm with arrows indicating
caudad and cephalad direction. With normal diaphragmatic func-
tion, there is caudad movement during inspiration. Cephalad
movement during inspiration indicates paradoxical motion. Refer
to video 15. See Figure 2 legend for expansion of abbreviation.

examination. However, even with these limitations, an
experienced examiner can generally obtain important
information. The rate of incomplete, ambiguous, or
noninterpretable studies depends on the examiner
and the population being examined. Another limita-
tion of thoracic ultrasonography is the difficulty in
documentation of the imaging component of the
examination results. Full image documentation of
lung ultrasonography entails capturing, in digital
format, multiple scan lines that are impractical to
review for serial comparison and difficult to label and
store. Most operators will capture a few representa-
tive images either as video clips or as printed single
images, while writing a brief written report. It is,
therefore, difficult to do visual comparisons of serial
lung ultrasonography examinations.

BARRIERS TO IMPLEMENTATION

Thoracic ultrasonography requires training in image
acquisition, image interpretation, and cognitive back-
ground that allows integration of the results into the
clinical management of the patient, as the pulmonary
consultant assumes all responsibility for the perfor-
mance and interpretation of the study. Thoracic
ultrasonography requires specific training in image
acquisition, image interpretation, and in the cogni-
tive elements of the field.

CHARGES, CODING, AND REIMBURSEMENT

There are routine charges, defined as a global fee,
a technical fee, and a professional fee, where the
global fee is the combined sum of the technical and
professional charges. If thoracic ultrasonography is
performed in the hospital setting, all of the technical
costs are absorbed by the institution, as the hospital
owns the machine and provides the supplies required
for scanning. The clinician receives payment only
for the professional component of the procedure.
In contrast, office-based thoracic ultrasonography
allows reimbursement for both the technical and pro-
fessional component, provided the pulmonary practice
owns the ultrasound machine. The current proce-
dural terminology codes that are relevant to thoracic
ultrasonography are as follows:

1. 76604 Ultrasound, chest (includes mediastinum),
real time with image documentation. When the
pulmonary consultant performs thoracic ultra-
sonography with image documentation and a
report of the results placed in the chart, he or

FIGURE 14. Portable chest radiograph of case patient. A, Initial chest radiograph. B, Chest radiograph
12 h later.
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she should bill for this activity using this code.
Just as a radiologist would submit charge for a
chest radiograph, the pulmonary consultant should
do the same.

2. 76942 Ultrasonic guidance for needle place-
ment. When the pulmonary consultant uses
ultrasonography to guide needle insertion with
image documentation and a report, he or she
should bill for this code, just as a radiologist
would do.

3. 75989 Ultrasonic guidance of percutaneous
drainage. This code is appropriate for guidance
of drainage devices that will stay in the patient
for some period of time (eg, chest tubes, tunneled
catheters). Image documentation and a report
are required.

A recent generation, portable, fully equipped
ultrasound machine with a cardiac and vascular trans-
ducer that permits all aspects of ultrasonography
including Doppler can be purchased for approxi-
mately $40,000. This level of capability is not required
for the pulmonary practice that performs only tho-
racic ultrasonography. A new machine with a single
cardiac transducer without Doppler that has full tho-
racic capability costs approximately $20,000. Very capa-
ble preowned machines are available for <$10,000.
It is important to purchase the machine with an ade-
quate warranty.

The decision to purchase an office-based machine
is predicated on volume of service, insurance mix,
and reimbursement levels. In the New York City area,
Medicare reimbursement rate is heavily weighted
toward global reimbursement. The 76604-26 code
(professional component only) pays approxi-
mately $30.00, whereas the global fee (technical plus
professional components) pays approximately $100.00.
The 76942-26 (professional) and 76942 (global) pay
approximately $35.00 and $220.00, respectively. Pur-
chase of a machine for office-based ultrasonography
is economically justifiable if the practice is structured
to perform thoracic ultrasonography on a regular
basis and is particularly feasible if the practice per-
forms office-based thoracentesis. Reimbursement
rates vary according to geographic area and insurer,
so the reader should consult with their local carrier.

CONCLUSION

Thoracic ultrasonography is a safe, easy-to-learn,
portable imaging modality that has usefulness for
the pulmonary consultant. The authors routinely take
a portable ultrasound machine on hospital rounds
when performing pulmonary consultations. The his-
tory and physical examination is followed, when indi-
cated, by a goal-directed ultrasound examination.
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Diagnostic and therapeutic procedures may be guided
with ultrasonography at the point of care, minimizing
ionizing radiation. Ultrasound can also be used rou-
tinely in the outpatient setting with the ultrasound
machine deployed in the examining room on a real-
time basis. With continued reduction in both size and
cost of ultrasound machines, this imaging modality
will find its place at the bedside of patients, both as
an extension of the physical examination and to safely
guide thoracic procedures.
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