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Case
An 87-year-old woman with atrial ﬁbrillation, a
history of deep venous thrombosis, and a long
smoking history was admitted with progressive
shortness of breath and productive cough of 2 days’
duration with subjective fevers and chills. Vital signs
on admission included a respiratory rate of 30 breaths/
min and oxygen saturation of 89% on room air. The
patient was moderately dyspneic and there was
dullness to auscultation and percussion of the left lung
base, with mild inspiratory crackles in the left upper
lung ﬁeld.
Chest radiography showed opaciﬁcation of the lower
half of the left thorax consistent with pleural
effusion (Fig 1). A subsequent CT scan conﬁrmed
the pleural effusion but also demonstrated an
aberrant right subclavian artery coursing posterior
to the trachea and esophagus (Fig 2). More caudal
images from the same CT scan showed a partially
consolidated/compressed left lower lobe along with
the thoracic aorta abutting the left posterior chest

Figure 1 – Chest radiography demonstrating opaciﬁcation of the lower
left hemithorax, suggesting the presence of pleural effusion.

wall in some segments (Fig 3) and crossing sharply
toward the midline at a level just above the
diaphragm (Fig 4).
Pulmonary consultation was requested for treatment
of her pleural effusion. Thoracic ultrasound was
performed for further evaluation of the pleural ﬂuid
in preparation for diagnostic and therapeutic
thoracentesis (Video 1, showing two-dimensional
ultrasound of the left thorax, demonstrating lung
consolidation and/or compressive atelectasis with
surrounding ﬂuid).
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Question: Based on the interpretation of Video 1
and other patient data, what is the best next
ultrasound modality to use for further evaluation
of the left thorax?
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Answer: Color ﬂow Doppler imaging.
Video 2 shows color ﬂow Doppler imaging of the same
space, demonstrating a large pulsatile vessel, consistent
with the aorta. This is seen on the CT scan (Figs 3A, 3B)
as an unusual position of the aorta.

Discussion
Given the observation on CT scanning that the aorta
took a tortuous course and was near the chest wall along
some portions of its length, color ﬂow imaging was
added to further evaluate the ﬂuid surrounding the
patient’s consolidated left lower lobe prior to attempting
thoracentesis. The fact that this ﬂuid was ﬂowing
became apparent, with red color representing upstream
movement of blood toward the probe and blue color
representing downstream movement of blood away
from the probe. Flow was pulsatile as well. Thus, it
became immediately apparent that—in this region of the
thorax—this ﬂuid seen around the lung just deep to the
chest wall was not a pleural effusion but the aorta noted
on CT scanning. An alternative site for thoracentesis,
where the observed ﬂuid was clearly pleural and not
vascular, was then identiﬁed by ultrasound. The
remainder of the patient’s hospital course was
uncomplicated, and she was discharged to a physical
rehabilitation center prior to going home.
In the last several years, thoracic ultrasonography has become
the standard of practice for evaluation of pleural ﬂuid and
pleural drainage.1 It can be used not only for marking a site
for entry but also for real-time guidance during a procedure.
In addition, multiple studies have demonstrated the superior

safety and accuracy that ultrasound provides compared with
procedures done without ultrasound.2-6 Pneumothorax rates
for thoracentesis performed without sonographic guidance
have ranged from 4% to 30% whereas for those done with
ultrasound guidance the rates are almost uniformly less than
5%.2,3,7-12 Ultrasonography has also been shown to decrease
pleural hemorrhage rates, costs of hospitalization, and
lengths of stay while also increasing pleural ﬂuid yield.5,6 One
study also demonstrated how ultrasound could prevent
accidental organ puncture in up to 10% of cases in which the
needle insertion site had initially been chosen by chest
radiography and clinical examination alone.13
The most common ultrasonographic modality employed
in these cases is two-dimensional (2-D) imaging. This
can be used to visualize pleural ﬂuid and can
demonstrate several characteristics therein including
volume, complexity, and location relative to adjacent
structures. However, 2-D ultrasound does not readily
identify movement of ﬂuid (eg, ﬂow). Doppler
techniques such as color ﬂow imaging allow for
assessment of blood ﬂow within a given area of interest.
Color and color intensity represent direction and
velocity of the ﬂuid in question, respectively.14 Thus,
such technology can allow one to distinguish between
ﬂuid that is largely stationary (eg, pleural ﬂuid) and
ﬂuid in motion (eg, intravascular blood). Doppler
ultrasound is not routinely used as part of the
examination prior to thoracentesis, although it has been
described for evaluation of intercostal vessels.15
In our case, the tortuous aorta had the same
appearance as pleural ﬂuid often does on 2-D imaging.

Figure 2 – CT scan demonstrating the
pleural effusion as well as an aberrant
right subclavian artery posterior to the
trachea and esophagus.
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Figure 3 – CT scan (A, axial view; B, sagittal view), demonstrating the thoracic aorta coursing very near the posterior chest wall just deep to the ribs.

The posterior wall of the aorta was apposed to the
posterior chest wall, making it difﬁcult to see that the
visible ﬂuid was not free-ﬂowing in the pleural space
but, rather, was blood in the lumen of a large vessel.
Even observing some pulsatility on the image did not
clearly suggest the presence of a vessel because the
beating of the heart often causes an atelectatic left lung
to move in a cardiophasic fashion, a ﬁnding termed
“lung ﬂapping” or the “jellyﬁsh sign.”16 In essence, in
an effort to identify the pleural effusion in this patient,
it was not sufﬁcient to take the usual approach of
looking for an anechoic space with the relevant

landmarks (ie, hemidiaphragm, chest wall, and lung).
This typical anatomic location for thoracentesis
required further evaluation with additional
ultrasonographic modalities.
In our case, the preceding CT scan informed us of the
presence of the aorta adjacent to both the chest wall and
the pleural effusion. However, in many cases, CT
scanning is not done before proceeding with
thoracentesis. As mentioned previously, chest
radiography alone without ultrasound had been the
common practice prior to thoracentesis. As the current

Figure 4 – More inferiorly, the aorta
crosses sharply toward the midline at a
level just superior to the diaphragm.
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standard, ultrasound is often performed after
radiography, but usually only in the 2-D modality. The
unusual aortic anatomy in this case produced a
sonographic 2-D image similar to that of most freeﬂowing pleural ﬂuid surrounding an atelectatic left lung,
including the observed pulsatility. Had it not been for
the CT scan, there would not have been any clear
evidence that the ﬂuid seen on ultrasound was
intravascular rather than pleural and thoracentesis may
have been attempted—likely with catastrophic results.
Here we report a case in which using color ﬂow imaging
of the pleural space—rather than simple 2-D imaging
alone—signiﬁcantly changed treatment and, likely,
outcome.
The Discussion (Video 3) is a compilation of Videos 1
and 2 as well as a segment demonstrating the lungﬂapping sign in another area of this patient’s thorax
where there was no aorta—showing how pulsatility is
seen even when no arterial structures are immediately
adjacent to the lung (intended to refute the possible
response that the pulsatility observed should have
made it obvious that the ﬂuid was in a vessel rather
than pleural ﬂuid). Finally, for comparison, a segment
from another patient is shown, demonstrating
the usual location of the aorta relative to the pleural
ﬂuid.

Reverberations
1. Given the presence of anatomic variants—particularly
the common tortuosity of the thoracic aorta—ﬂuid noted
to be surrounding the lung by 2-D ultrasound should not
be presumed to be pleural in nature in all cases.
2. Particularly when thoracentesis is to be performed after
chest radiography alone (eg, without prior CT scan),
color ﬂow imaging is a useful adjunct to 2-D imaging
for further evaluation of what is suspected to be pleural
ﬂuid prior to needle insertion.
3. The addition of color ﬂow imaging to pleural ultrasound is easily performed and does not prolong the
procedure to any signiﬁcant degree.
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