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Abstract

Background: The subclavian vein is the preferred site for central venous
catheter placement due to infection risk and patient comfort. Ultrasound
guidance is useful in cannulation of other veins, but for the subclavian
vein, current ultrasound-guided techniques using high-frequency linear
array probes are generally limited to axillary vein cannulation.

Methods: We report a series of patients who underwent clinically
indicated subclavian venous catheter placement using a micro-
convex pediatric probe for real-time guidance in the vein’s
longitudinal axis. We identified rates of successful placement

and complications by chart review.

Results: Twenty-four catheters were placed using the micro-
convex pediatric probe with confirmation of placement of the

needle medial to the lateral border of the first rib. Sixteen of

the catheters were placed by trainee physicians. In 23 patients,

the catheter was placed without complication (hematoma,
pneumothorax, infection). In one patient, the vein could not be
safely cannulated without risk of arterial puncture, so an alternative
site was selected.

Conclusions: Infraclavicular subclavian vein cannulation using
real-time ultrasound with a micro-convex pediatric probe appears to
be a safe and effective method of placing subclavian vascular
catheters. This technique merits further study to confirm safety
and efficacy.
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Central venous access is a common
requirement in the critically ill patient for
a variety of indications, including poor
peripheral venous access, hemodynamic
monitoring, hemodialysis, plasmapheresis,
intravascular cooling, cardiac pacing,
administration of vasoactive agents,
parenteral nutrition, or chemotherapy. In
these patients, a central venous catheter is
typically placed in the internal jugular,
subclavian, or femoral vein. In the
emergency department setting, the internal
jugular is the most commonly selected site
(1). The femoral site and the internal

jugular site are typically associated with
increased risk of infection compared with
the subclavian site (2, 3). Furthermore, the
risk of arterial puncture is greater at the
jugular site than the subclavian site (4).
Generally speaking, the subclavian vein is
the preferred site of central venous access
when the procedure is performed by an
experienced operator, despite concern
about risk of pneumothorax (2).

Ultrasound guidance for venous access
is well described in the literature and
increasingly common (5). Ultrasound
guidance reduces time to venous
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cannulation and reduces risk of
complications during central venous access
(6). Ultrasound is frequently used for
placement of central venous catheters in the
internal jugular and femoral veins but less
commonly used in subclavian venous
access, perhaps due to poor visualization of
the vein from acoustic shadowing from the
overlying clavicle. Prior studies have
described methods of using ultrasound for
infraclavicular subclavian vein access using
7.5-MHz linear array probes. One approach
images the vein in short axis (7) and
another images the vein in long axis
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Figure 1. Demonstration of axillary vein cannulation using a standard linear array probe, in the long
axis (top panel) and short axis (middle panel) positions. The needle entry point is often more than
4 cm distal from the subclavian vein (bottom panel).

(Figure 1) (8). Both approaches are actually
transpectoral axillary vein cannulation,
rather than subclavian vein cannulation (9).
Advances in ultrasound technology,
including micro-convex probes and
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smaller footprint linear array probes, may
allow for real-time ultrasound guidance
of an infraclavicular subclavian vein
cannulation rather than axillary vein
cannulation (10).

We developed an approach to
cannulate the subclavian vein using a micro-
convex array pediatric ultrasound probe.
Although independently developed, this
approach is identical to the approach first
described by Lichtenstein (11).

Methods

This is a case series of critically ill medical
patients who received central venous
catheterization using an ultrasound-guided
infraclavicular subclavian vein approach.
Patients in this chart review were identified by
physician billing and review of all ultrasound
imaging during the study period. The
procedure was either performed by or
supervised by one of four attending physicians
who regularly place ultrasound-guided central
venous catheters (M.].L., EL.H., CK.G,, or
S.M.B.). The study occurred between October
2012 and June 2013. The population was

a convenience sample of patients admitted
to a 24-bed, tertiary care, teaching intensive
care unit, who had clinical indication for

a subclavian central venous catheter. This
study was approved by the local institutional
review board (#1024670) with waiver of
informed consent for the chart review
required to document rates of success or
complication. We documented success

of cannulation and occurrence of
pneumothorax, hematoma, arterial puncture,
or catheter-related bloodstream infection.

Description of Venipuncture

The method of venipuncture is detailed in
the accompanying video. Several different
venous catheters were used in this study,
including hemodialysis catheters, triple-
lumen catheters, and percutaneous
pacemaker—introducing catheters. All
ultrasound imaging was performed on

a CX50 (Philips Healthcare, Andover, MA)
using an 8-MHz micro-convex array
pediatric probe. We sterilized the selected
site with chlorhexidine and draped the
patient using full barrier precautions. We
covered the probe with a sterile plastic sleeve
and positioned it at the inferior margin of the
clavicle. We imaged the subclavian vein in
short axis and rotated the probe 90°,
visualizing the vein continuously, until it was
in long axis, with visualization of the vein
beneath the clavicle. It is important to identify
surrounding structures such as the pleura
and the artery before venipuncture. We found
that resting the probe against the clavicle
improved visualization and prevented
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translation of the probe. We positioned the
needle at a 45° angle at the center of the probe,
aligned along the ultrasound plane, and
entered the skin with visualization of the
needle shaft and tip throughout the entire
procedure. Subclavian placement is confirmed
by visualizing the needle and wire entering the
vein medial to the lateral margin of the first
rib, which is the anatomic boundary between
subclavian and axillary vein (Figure 2,

Video 1).

Results

We identified on chart review 24 patients who
underwent this procedure. We included all
patients known to have undergone this
procedure. No patient screened was found to
have inadequate ultrasound windows. Sixteen
of the catheter attempts were performed by
trainees. In one trainee attempt, the subclavian
vein of a slender patient completely collapsed
when attempting venipuncture, and the
procedure was aborted out of concern for

Pleura

damaging distal structures. In that patient,

a small hematoma was noted. In the remaining
23 patients, there was no subsequent
documented hematoma, pneumothorax, or
catheter-related bloodstream infection. During
the period covered by this review, the only
pneumothorax in our intensive care unit
attributed to subclavian vein catheterization
occurred during a blind landmark technique
performed by a physician who does not

use ultrasound guidance for subclavian
catheterization. Ten procedure notes
documented the number of needle punctures,
with eight successful on the first attempt
and one requiring two attempts. In one
patient, four attempts were made, and then
the procedure was handed over to the
supervising physician, who successfully
placed the catheter.

Discussion
It appears that ultrasound-guided

infraclavicular subclavian vein

Clavicle

First rib

Guidewire

catheter placement using a pediatric
micro-convex array probe, as described in
the accompanying video, can be successfully
performed with low risk of complication.
Although the difference between
subclavian and axillary venipuncture is
largely academic, there are potential benefits
of subclavian venipuncture over axillary
venipuncture. Cannulation of the smaller
and more distal axillary vein may have
increased risk of damaging the medial
cutaneous nerve, as it runs medial to the
axillary vein in this location (12). Axillary
venipuncture is typically deeper than
subclavian venipuncture, which may
increase the technical difficulty of safely
performing the procedure. Transpectoral
axillary vein cannulation may also require
longer puncture needles and longer
introducer sheaths, as the catheter must
traverse through more tissue. Catheter-
related thrombosis is related to impedance
of blood flow (13). Cannulation of the
larger subclavian vein may, in principle,

Figure 2. Ultrasound image of a right subclavian cannulation. The probe is placed at the inferior margin of the clavicle (top right), and the subclavian
vein is imaged (top left). The needle is placed directly under the curved portion of the probe, entering at a 45°angle (top right). The guidewire is seen
entering the subclavian vein. Subclavian placement is confirmed because the needle and wire entry are medial to the lateral margin of the first rib

(bottom left). This method allows for needle entry within 1 to 2 cm from the clavicle (bottom right).
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cause less reduction in blood flow than the
smaller axillary vein.

This technique exploits the shape and
frequency of the probe. This probe has a tightly
curved, small footprint. Consequently, the skin
entry point is often directly beneath the center
of the probe, rather than along a lateral edge.
Venipuncture is typically subclavian or
proximal axillary, rather than the mid-distal
axillary venipuncture that occurs with
a standard linear array vascular access probe.
One can also generally visualize the distal
subclavian vein without acoustic shadowing
from the clavicle. In ultrasound imaging, visual
resolution is related to the probe frequency.
The pediatric micro-convex probe has
a decreased frequency (and therefore decreased
resolution) compared with the standard linear
probe (8 vs. 12 MHz), although it offers good
resolution for visualization of vascular
structures and far superior resolution than the
typical phased array/sector array probe (<5
MH?z) used for chest or abdominal imaging. It
is possible that an endocavitary probe may
also be applied in this technique, as it has
a similar shape, size, and frequency as
the pediatric curvilinear probe. The
endocavitary probe has been described
for supraclavicular visualization of the
subclavian vein (14). Clinicians wishing to
use this technique should be aware that
the pediatric micro-convex probe costs
around $8,000 to $10,000 (cheaper

alternatives may exist), and the probe has
several applications other than vascular
access and pediatric imaging. We find this
probe well suited for pleural and lung
ultrasonography.

Although not tested in this study, we
believe the micro-convex array approach may
also have a niche in internal jugular central
venous catheter placement. In some patients
(i.e., those with short necks or morbid obesity),
a standard vascular access probe may have too
great a footprint to allow for a long-axis
approach of the internal jugular vein. The
approach we describe may allow for use of
long-axis approach in more patients.

This is an uncontrolled case series, with
convenience sampling and no comparator
group. We acknowledge that such a study
cannot assess the relative safety and usefulness
of the various alternative approaches to
subclavian vein cannulation. A formal
randomized controlled trial would be
necessary to answer that question, although
current linear-array techniques have been
reported to have low complications and high
success rates. A previous trial demonstrated no
difference between a linear-array technique
and blind cannulation (15). Although we
witnessed no major complications, we
conceive of some potential problems that can
occur with this approach. The vein is
visualized in long axis, with the needle placed
at a steep angle of approach (45°). An

advantage of a long-axis view over a short-
axis view is that the operator can visualize the
entire subcutaneous portion of the needle,
avoiding inadvertent puncture of distal
structures. A disadvantage is that often only
one vessel (vein or artery) is seen at a time.
Although an experienced operator should
have no difficulty discerning vein from artery,
an inexperienced operator could use an
ultrasound to unwittingly perform subclavian
artery puncture. Similarly, an inexperienced
operator, while manipulating the needle,
syringe, or wire, could inadvertently move
the needle deeper and puncture distal
structures. Many of our trainees, who were
familiar with short-axis internal jugular
access, reported greater difficulty in
performing this technique their first time
compared with their usual approach, as it
requires alignment of the needle with the
ultrasound plane.

With increasing emphasis placed on
use of ultrasound guidance for venous
catheterization, there is need for a safe and
easy technique to cannulate the subclavian
vein. Other published methods that use the
standard linear probe result in axillary vein
cannulation. We describe a method that uses
a probe that allows for an infraclavicular
subclavian vein cannulation. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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