
Use of Sonographic Guidance for
Selected Biopsies in the Lung and
Superior Mediastinum

mage-guided interventions in the chest are typically performed
with computed tomographic (CT) guidance and occasionally
with fluoroscopic guidance. Although sonography is frequently

used to guide thoracenteses and chest tube insertions, it is often an
underused modality for performing image-guided biopsies in the
lungs and mediastinum.

There are numerous advantages of using sonography as an
imaging guidance modality.1–8 It is widely available, relatively inex-
pensive, and extremely flexible, and the interventionist can use mul-
tiple different planes to access lesions safely. There is no ionizing
radiation, and the interventionist can obtain real-time images with
continuous monitoring of the needle position during advancement
and tissue sampling. In addition, adjacent vascular structures can be
identified and avoided with color Doppler imaging. With sonog-
raphy, it is also possible to perform the biopsy at the bedside of crit-
ically ill patients and perform procedures in a semiupright position
in patients with dyspnea, who cannot tolerate a supine position (as
is needed with CT).1

Sonographically guided procedures in the chest can be divided
into two main categories. The first category is the use of sono-
graphic guidance for interventions involving the lung or thoracic
wall, and the second is the use of sonographic guidance for medi-
astinal biopsies. Regarding the lung and thoracic wall procedures,
there are three subcategories: (1) biopsy of pleural-based pul-
monary nodules and masses, (2) biopsy of lesions in the pleural
space, and (3) biopsy of chest wall lesions. The second category of
mediastinal lesions that can be biopsied with sonographic guid-
ance can also be divided into three main subcategories. These
subcategories are based on the anatomic location and approach:
(1) an anterior approach for anterior and some middle mediasti-
nal lesions, (2) a posterior paravertebral approach for posterior
mediastinal lesions, and (3) a suprasternal approach for superior
mediastinal lesions.

This article will describe the use of sonography for biopsies of
pleural-based lung nodules and superior mediastinal lesions using
the suprasternal approach.
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Lung Lesions

Pulmonary nodules or masses that are surrounded by aer-
ated lung parenchyma cannot be visualized by sonography
and therefore cannot be biopsied. For these lesions, CT
or fluoroscopically guided biopsy is the recommended
approach and is widely used. However, sonography is an
excellent modality for pleural-based lung nodules and
masses.2 Both fine-needle aspirations and cutting-needle
biopsies of these lesions can be performed (Figure 1).

To perform these biopsies, an appropriate acoustic
window must be obtained. It will typically be at an inter-
costal location. For optimal visualization, the probe should
be aligned parallel to the rib interspace.2 The patient may
need to be placed in a decubitus or prone position for
lesions in the lateral or posterior portions of the lung. For
lesions in the anterior upper lobes, a supraclavicular
approach can be used. Anterior upper lobe lung lesions
may be difficult to access with CT because of the adjacent
clavicle and subclavian artery and vein (Figure 2 and Video
1). With diligent scanning, an acoustic window can usu-
ally be found to access the lesion from a supraclavicular
approach. Initial images should be obtained with the high-
est frequency probe that can penetrate to the lesion. Usu-
ally, it will be a linear or curvilinear probe. The lesion can
be localized and any adjacent vessels noted. The patient
can also be given specific breathing instructions to posi-
tion the nodule in the optimal location. The biopsy can
then be performed with the same ultrasound probe or a
different probe, depending on the preference of the inter-
ventionist. If a freehand approach is used, then some inter-
ventionists prefer to have an ultrasound probe with a small
footprint: sector, curvilinear, or linear. This type of probe
allows for maximal flexibility of needle and probe posi-
tioning. Alternatively, a probe with a commercially avail-
able guide can be used. The decision to use the freehand
approach or guide is up to the interventionist. Needle
guides are often easier to use for less experienced operators.
More experienced operators tend to use the freehand tech-
nique because of its flexibility with different approaches.
Sonography allows for real-time monitoring of both the
needle and nodule motion with respiration, which is espe-
cially valuable when biopsying small lung nodules.

After standard skin preparation and draping, local anes-
thesia should be administered to the nodule surface under
direct visualization. Typically, a 22-gauge spinal needle can
be used to instill lidocaine into the soft tissues. The pleural
surface should be adequately anesthetized, which helps pre-
vent patient discomfort and motion during the actual
biopsy. Conscious sedation can also be used as needed.
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Figure 1. Biopsy of a pleural-based lung nodule in a previously asympto-
matic 12-year-old female patient with new bilateral lung nodules. A, Com-
puted tomogram showing an approximately 2.5-cm nodule in the inferior
right middle lobe (arrow). B, Color Doppler sonogram of the nodule show-
ing a few vessels peripheral to the lesion. C, Sonogram obtained at the
appropriate intercostal level showing the nodule and a 20-gauge cutting
needle within the central portion of the nodule (arrow). Because the sus-
picion was for benign disease (ie, infectious etiology), cutting-needle
biopsies were performed and sent for histology and microbiology. Only
necrotic debris was noted but no fungal elements. The nodules eventu-
ally decreased in size and disappeared.
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Sonographically guided lung biopsies have a success
rate of greater than 90% and a complication rate of less than
5%.2 Pneumothorax is a well-known complication of lung
biopsies. A potential disadvantage of sonographic guidance
for lung biopsies is that development of pneumothorax
would obscure visualization of the nodule and therefore
make the intervention impossible. However, pneumotho-
rax will often prevent successful biopsy under CT guidance
as well. If pneumothorax is present, the lung nodule can
become very mobile and difficult to penetrate with the nee-
dle under CT or fluoroscopic guidance. A chest radiograph
is obtained immediately after and 2 to 4 hours after the
biopsy to check for pneumothorax.

Mediastinal Lesions

Mediastinal lesions can be difficult to access with any imag-
ing modality because of overlying bony and vascular struc-
tures. As one would expect, anterior mediastinal lesions can
be approached by an anterior parasternal approach, and pos-

terior mediastinal lesions can be accessed from a postero -
lateral paraspinal approach. Superior mediastinal/substernal
lesions can be difficult to access with CT because of the over-
lying manubrium and great vessels of the aortic arch. To per-
form these biopsies under CT guidance, either gantry
angulation or a triangulation method must be used.5 Some
investigators also use a trans-sternal approach5 or a modified
direct coronal approach9 with CT. However, many superior
mediastinal lesions are amenable to sonographically guided
biopsy because of the multiplanar capabilities of sonogra-
phy.1,2,5,6 It is important to have the patient positioned with
the neck extended as much as possible. This position allows
for access into the superior mediastinal substernal space. 
A roll of towels or sheets can be placed under the patient’s
shoulders to facilitate neck extension. Unlike CT, the patient
does not have to be supine. The biopsy can be performed
with the patient semiupright, with the head of the bed ele-
vated up to 45° or more. This position is helpful for patients
who cannot lie flat for various reasons. The great vessels can
be visualized and avoided with color Doppler imaging.
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Figure 2. Supraclavicular approach for a lesion in the anterior right upper lobe of a 49-year-old female smoker with a new lesion in the right upper
lobe anterior segment and right upper extremity pain. A and B, Sequential computed tomograms through the lesion (arrows) showing the adjacent
bony and vascular structures, which make computed tomographic access somewhat difficult. C, Transverse color Doppler sonogram, angled infe-
riorly from a supraclavicular approach, showing the right upper lobe lesion (arrow). The subclavian vein (star) drapes over this lesion as seen on
color Doppler imaging. With real-time sonography, a relatively easy approach to the lesion was found. D, Transverse sonogram, angled inferiorly from
a right supraclavicular approach, showing an 18-gauge cutting needle in the lesion (arrow) (see Video 1). A 17-gauge coaxial needle sheath was used.
The final pathologic result was an invasive, poorly differentiated adenocarcinoma of the lung.
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Although not mandatory, it is very helpful to have
diagnostic CT or magnetic resonance imaging (MRI)
available to help plan any sonographically guided proce-
dures in the chest, particularly for the mediastinal lesions.
As with sonographically guided biopsies of lung lesions,
initial scanning is performed to identify the lesion in the
superior mediastinum as well as the adjacent great vessels.
The highest frequency probe that can visualize these struc-
tures should be used. Once all structures are identified, then
an approach using either a freehand technique or needle
guide that avoids the major vascular structures should be
planned. If the freehand approach is used, then an ultra-
sound probe with a small footprint is the easiest to use
because there is limited space in the suprasternal notch of
the base of the neck. The larger linear array and curvilinear

probes may not be able to fit into the relatively small
suprasternal notch space to allow adequate access to the
lesion. Some investigators will use an endoluminal curved
array probe (such as an endovaginal probe) to guide these
biopsies because of the small footprint and high fre-
quency.2 If a needle guide system is chosen, the probe may
need to be held at an angle relative to the notch because
the suprasternal notch may not allow complete contact
between the skin surface and the probe. Thus, the field of
view may be reduced. In such cases, it is important to angle
the probe appropriately, so that the target and projected
needle pathway are completely included in the field of
view. If available, a procedure can also be performed with
image fusion. The real-time sonograms are fused with
reconstructed CT or MRI volume sets.8 The advantage is
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Figure 3. Suprasternal approach for a superior mediastinal lesion in a 62-year-old male patient with a history of lung carcinoma and a new superior
mediastinal lesion. A, Computed tomogram scan showing the superior mediastinal lesion (arrow). B, Longitudinal color Doppler sonogram show-
ing the mediastinal lesion (arrow) and adjacent vessels (left subclavian vein [single star] and left subclavian artery [double stars] near the junction
with the innominate vein and artery). C, Longitudinal sonogram showing the mediastinal lesion (arrow) and left lobe of the thyroid (arrowhead).
D, Transverse sonogram showing a 20-gauge Chiba needle (arrow) in the lesion (see Video 2). The biopsy was performed via a suprasternal
approach, with the biopsy needle angled inferiorly into the lesion.
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that some lesions are not visualized on sonography but are
visualized on CT or MRI. Such lesions can still be biopsied
with sonographic guidance when the real-time sonograms
are fused with the CT or MRI.

After standard skin preparation and draping, local
anesthesia is administered, typically with a 22- or 20-gauge
spinal needle. Conscious sedation may also be used. Dur-
ing needle insertion, color Doppler imaging can be used
either continuously or intermittently until the needle is in
the lesion (Figures 3 and 4 and Videos 2 and 3). A chest
radiograph is obtained after the procedure to evaluate for
pneumothorax.

Needle Selection

A complete discussion of needle selection is beyond the
scope of this article. However, there are some basic princi-
ples that are typically followed. If the patient has a known
primary malignancy, and the lesion is likely a metastasis,
then a fine-needle aspiration with a 20- to 22-gauge spinal
or Chiba needle may be sufficient. A fine-needle aspiration
is typically sufficient for a lung nodule suspicious for a lung
primary malignancy. Fine-needle aspirations can also be
used to obtain cellular material for flow cytometry. In our
institution, a cutting-needle biopsy with an 18- or 20-gauge
cutting needle is often performed for lung nodules and
mediastinal lesions, if feasible. If there is concern for lym-
phoma, then an 18-gauge cutting needle for histology as
well as a sample for flow cytometry is obtained. For suspected
infectious lesions (ie, fungal lesions), a cutting-needle
sample, 18 to 20 gauge, is often needed. 

Complications

As with any other image-guided procedures, sonographi-
cally guided procedures in the lung and superior medi-
astinum may be associated with a variety of complications,
including vasovagal reactions, pneumothorax, hemoptysis,
and injury to adjacent vessels and organs, including internal
mammary vessels (mainly in the parasternal approach), the
esophagus, the trachea, and regional lymph nodes (espe-
cially in the suprasternal approach). Although penetration
of neck and mediastinal veins with 22-gauge needles has
been described as acceptable,6 in our institution, we try to
avoid all great vessels, particularly with larger needles. 

Conclusions

Sonography is often an underused modality for performing
biopsies of lung and superior mediastinal lesions in daily
clinical practice. However, with proper planning and tech-
nique, the interventionist can safely and easily perform
these procedures. Multiplanar imaging capability, lack of
ionizing radiation, and real-time needle visualization are all
strengths of sonography. In addition, these procedures can
be done at the bedside, and the patient does not necessar-
ily have to be in a supine or flat position. Color Doppler
imaging allows excellent visualization of important vascu-
lar structures without the need for intravenous contrast
agent administration. In addition, sonography is less
expensive and is often more readily available than CT. All
of these factors should encourage interventionists to use
sonography for these procedures.
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Figure 4. Suprasternal approach for a superior mediastinal lesion in a
57-year-old male patient with a history of non–small cell lung cancer,
acute myeloid leukemia, and transitional cell carcinoma with positron
emission tomography–positive superior mediastinal nodes. A, Axial
positron emission tomogram showing a positive lymph node in the
superior mediastinum (arrow). B, Transverse sonogram showing a 20-
gauge Temno needle (arrow) in the node (see Video 3). The right carotid
artery (single star) and right internal jugular vein (double stars) are in
close proximity to the node. The result was recurrent lung cancer. The
biopsy was performed via a suprasternal approach, with the biopsy nee-
dle angled inferiorly into the lesion.
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