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Ultrasound (US) guidance has fundamentally changed
ICU practice related to central venous catheter (CVC)
access. Real-time techniques have been adopted for all
anatomic sites of insertion. The past decade has seen
several fundamental questions answered; novel modifi-
cations introduced, and new questions raised. Here, we
review (1) the proven advantages of ultrasound guidance,
(2) changing techniques afforded by ultrasound, and (3)
the implications for teachers and trainees.

Many studies of internal jugular vein (IJV) CVC
insertion confirm that, when compared with the anatom-
ical landmark approach, ultrasound-guided cannulation
decreases access time, number of attempts, arterial
punctures, failure rates, and the risk of catheter-related
bloodstream infection [1-3]. Meta-analyses affirm these
findings [4] leading professional societies in Europe and
the United States, as well as the Agency for Healthcare
Research and Quality, to promulgate ultrasound-guidance
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as the standard of care [5]. Thus, all ICUs should have a
dedicated machine so that ultrasound is readily available
for vascular access and to facilitate training and simula-
tion. Basic equipment includes a igh-frequency
(15=5 MHz), linear array transducer with the ability to
save and store images for documentation and teaching
purposes. Small, curvilinear probes may be helpful for
pediatric insertions or in anatomically constrained areas
around the clavicle of adults.

Remarkably, some practitioners have resisted the push
towards ultrasound guidance, perhaps overestimating the
difficulty in learning a new method, as discussed below.
There are several important caveats. First, some practi-
tioners use a quick-look technique, mark an entry point on
the skin, and attempt puncture “blindly”. This method is
less successful than real-time guidance (73 vs. 100 %),
more likely to cause complications (36 vs. 0 %), and
simply cannot be recommended [2]. Second, most studies
report on IJV cannulation, while fewer address subclavian
(SC) and femoral vein (FV) insertion. Nevertheless,
recent studies show that landmark methods are also
inferior at the SC and FV sites [6], prolonging access time
and causing more complications. Finally, most studies
have compared orienting the transducer perpendicular to
the vein (Short-axis view) while the needle is inserted in
the long-axis. The results reported can perhaps also be
extrapolated to other real-time methods, some of which
are mentioned below, but with less confidence.

Ultrasound opens new windows on the central veins.
Once a vein can be seen directly, not just inferred from
anatomic relationships, needles can be inserted from
novel entry points, in “unusual” orientations, and without
routinely employing Trendelenburg positioning. As an
example, experienced US operators have learned that it is
easier to access the subclavian vein from a site substan-
tially more lateral than when using anatomic landmarks.
If fact, while often termed “subclavian” insertion, entry is
more often into the axillary vein. At this site, there is less


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



706

Before puncture

During puncture

Transverse

Longitudinal

Guidewire Catheter

Fig. 1 Transverse and longitudinal ultrasonographic views during internal jugular vein (/JV) catheter placement. Note that in the
longitudinal view the carotid artery is not visualized simultaneously with the jugular vein

overlap of the artery and vein and a greater (possibly
safer) distance between yein and pleura. Many investi-
gators have shown this approach to be safe and highly
effective, although perhaps technically more demanding
than a short-axis IJV puncture [7-9]. Ultrasound has also
led to resurgence of the supraclavicular approach to the
SC in which the transducer is placed in the supraclavic-
ular fossa and oriented towards the junction of IJ'V and SC
[10]. This method has also been successful in children.
Once an entry point is chosen, the US transducer can be
oriented transverse to the vein, showing a short-axis
image, or parallel to the vein, revealing it in long-axis
(Fig. 1). The needle, too, can be in line with the trans-
ducer or perpendicular to it [11]. Each of these has
advantages and disadvantages, often depending on the
anatomic site or the particular anatomy of the patient.
Smaller transducers offer some advantages in the confined
space around the clavicle, where a micro-convex probe
has been shown to be effective [7]. In one study, expe-
rienced emergency medicine physicians cannulated the
axillary vein using both the longitudinal and transverse
approaches. The longitudinal method was associated with
fewer attempts, skin punctures, and arterial injuries, as
well as requiring less time [8]. The large study of Fragou
and colleagues used a longitudinal orientation, whereas
O’Leary and co-investigators found the short-axis
approach to be highly successful [6, 9]. Similar uncer-
tainty surrounds the IJV. While most studies have
described a short-axis view [2, 3], one showed a longi-
tudinal, in-plane technique to increase needle visibility
and permit following the needle tip all the way into the
vein in a simulation model. On the other hand, a free-
hand, short-axis technique was quicker than both longi-
tudinal free-hand or needle-guided approaches. Needle
guides may improve visualization of the needle, but are
not more effective than free-hand methods in facilitating

vessel puncture [12]. In a human torso mannequin, lon-
gitudinal puncture of the jugular vein was less likely than
short-axis puncture to penetrate the posterior wall, sug-
gesting a safety advantage. In a prospective study,
anaesthetists with experience in ultrasound-guided can-
nulation have higher first pass success and fewer carotid
artery punctures when using a short-axis, rather than a
long-axis, approach [13]. A large prospective, randomized
trial is needed to determine whether one approach is
clearly superior. In the future, biplane or 3-D ultrasound
may obviate this dilemma.

Ultrasound has spawned several innovations. For
example, instead of relying on blood return to show
venous entry, one method trusts visualization of the
needle tip and dispenses with the syringe altogether. The
wire is pre-loaded into the needle and, once US demon-
strates venous puncture, the wire is advanced under direct
vision. Another modification relates to Trendelenburg
positioning, often recommended in the hope of maximally
distending the vein. While the IJV cross-sectional area
(CSA) is often much larger when supine than when the
head is elevated (50 % increase in CSA), Trendelenburg
offers little in addition (mean increase in CSA only 17 %)
and, in some patients, even makes the vein smaller [4, 14,
15]. With US, the size of the vein can be directly ascer-
tained and, when it is sufficiently large in the supine
position, there is probably no reason to tilt the patient
head-down.

A major challenge relates to learning and teaching
ultrasound-guided cannulation, especially since many
experienced clinicians are already comfortable using
anatomic landmarks. Those who resist adopting US cite
insufficient training, lack of equipment, or beliefs that US
is too time-consuming. Some express concern that the
availability of US will prevent newer physicians from
attaining sufficient skill to insert catheters using anatomic
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landmarks alone; a fear that is probably accurate and
could be a problem in an emergency if US is unavailable
[16]. Guidelines for standardized US training were
recently published [17]. Instruction should include
didactic training with video-based learning, but also
hands-on simulation. With appropriate training, adequate
skill can be acquired rapidly (only 8 procedures), even by
novice operators [11].

In conclusion, US makes CVC insertion significantly
safer and more successful. It is truly time for all

intensivists to gain the skills necessary, and perhaps to
explore different styles and approaches to find those that
serve their patients best. When taught properly, new users
quickly attain sufficient proficiency to make the invest-
ment worthwhile.

Conflicts of interest On behalf of all authors, the corresponding
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