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ABSTRACT
Peripherally inserted central catheters (PICCs) are central vascular access devices inserted via deep veins of the
arm, also useful in critical care settings. The purpose of this article is to offer to a critical care clinician with good
skills in central venous catheterization, but who has limited experience on PICC catheters, the basic information
on how the procedure is performed and how to minimize the risks of complications or failure of the maneuver.
The main technical steps and the main precautions to be taken during PICC placement will be analyzed, with
reference to the differences compared to central catheterization. Specifically, the pre-procedural phase and the
intraprocedural main steps of the maneuver will be analyzed.
A dedicated Vascular Access Team is considered useful and desirable by the current literature, but when the use
of the PICC proves useful or even mandatory, the intensive care physician skilled in central venous catheters can
transfer skills from central to peripheral catheterization.
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Background
Peripherally inserted central catheters (PICCs) are central
vascular access devices inserted via deep veins of the arm.
These are playing an increasing role not only in hospital and
home care but also in critical care settings (1).
PICCs represent an attractive alternative to centrally inserted central catheters (CICCs) due to the lower incidence of
intraprocedural complications and the lower risk of infection
(2). In critical care setting the PICC offers, compared to the
CICC with exit site at the neck, several advantages, without
risk of pneumothorax during insertion and a greater distance
between the exit site and oropharyngeal secretions or tracheostomy. It can also represent an interesting option in the
management of patients undergoing noninvasive ventilation
with mask or continuous positive airway pressure helmet,
due to the possibility of insertion in a semi-seated or prone
patient (3).
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In most institutions PICCs are inserted by dedicated
teams, including physicians and nurses with specific skills,
and the procedure is considered nonurgent and elective
(1,4-6). Still a critical care clinician may be faced with the
need to position a PICC, without the possibility to rely on the
dedicated team, due to the lack of time or unavailability of
the dedicated team.
The purpose of this review is offering to a critical care clinician with good skills in central venous catheterization, as
“PICC occasional inserter”, the basic informations necessary
on how the procedure is performed, minimizing the risks of
complications or failure of the maneuver.

Description of the procedure
The main technical steps and the main precautions to be
taken during PICC placement will be analyzed, with reference
to the differences compared to CICC placement. Specifically,
the main pre-procedural phase and the intraprocedural steps
of the maneuver will be described.
Choice of the vein and the exit site
The critical care clinician skilled in CICC insertion, who
usually works on the internal jugular or subclavian veins, is
familiar with the risks and issues due to the puncture of a
vein which, despite being of medium-large caliber and with
significant blood flow, is very close to noble structures such
as pleura or carotid and subclavian artery. The choice of the
catheter’s caliber depends on clinical needs and the central
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vein is usually able to accommodate catheters of large calibers, at least in the short/medium term.
On the contrary, the veins of the arm used for PICCs (basilic, brachial or cephalic veins) do not present important risks
during the puncture maneuver but are much more sensitive
to trauma of the vascular wall and to the presence of the
catheter itself. Compliance with certain precautions is therefore necessary to reduce the risk of complications (7).
The path of the PICC in the venous system presents several
convolutions and potential obstacles to the correct advancement of the catheter. The dimensions of the vessels involved
are not always constant and any narrowing, upstream of the
puncture, could represent an additional source of risk.
A systematic ultrasound evaluation of the vessels, in the
arm and thorax, should be performed to identify those that
may be appropriate for the procedure (8). The technique
most often used is called Rapid Peripheral Vein Assessment
(RaPeVA), which allows the clinician to quickly and completely assess the available peripheral vascular system and identify the position of the median nerve (7).
The puncture site is usually chosen according to the ZIM™
method (9), in which the arm is divided into three portions
of equal size and the exit site must be located in the central
portion, called the Green Zone. The distal portion (Red Zone)
is more subject to forearm movements causing trauma, while
the proximal portion, near the axillary cavity (Yellow Zone), is
more exposed to infectious risk due to the greater physiological bacterial colonization and the difficulty to manage the
catheter.
During RaPeVA, once the target vein has been identified,
it is advisable to measure its diameter at its smallest point,
starting from the puncture site and along the entire visualizable proximal portion. The caliber of the catheter must
occupy at a maximum one-third of the caliber of the vein (7):
although some literature reports a catheter/vein ratio of 45%
(1,10), a ratio of 33% still appears safer. For example, in a 4
mm vein it is advisable to insert a catheter equal to or smaller
than 4 French; in a 5 mm vein it is advisable to insert a catheter equal to or smaller than 5 French and so on.
Catheter length assessment
Due to the interindividual patient variability, it is useful
to assess the length of the PICC prior to insertion, to optimize the out-of-skin tract and simplify the management. A
simple method, based on surface landmarks, consists in measuring the distance from the exit site to the ipsilateral clavicle–sternal articulation, adding to this distance 10 cm if the
access is from the right arm or 15 cm if the access is from
the left arm. This technique slightly overestimates the correct
distance but it allows to adjust the length of the PICC with
some precision (11).
Maximum sterile barrier precautions
For PICC insertion, as for all vascular access devices with
an expected indwelling time of more than 48/72 hours,
maximum sterile barrier precautions are mandatory (1,5).
Emergency conditions do not justify the avoidance of such
measures and in emergency conditions other types of vascular access devices are more suitable.

Ultrasound-guided venipuncture
Compared to CICC insertion with the direct Seldinger
technique, PICC requires the critical care clinician to change
the approach to ultrasound-guided venipuncture.
The modern micro-introduction systems, contained in the
PICC kits, are based on a 23G needle and 0.018 nitinol guide
wire. Such a fine needle is more prone to accidental and involuntary movements during the syringe disconnection maneuver after puncture.
For this reason, a viable option is to prick with the needle
without a syringe connected and primarily use ultrasound
vision instead of looking for blood reflux (Fig. 1).
PICC insertion
PICC insertion is based on the modified Seldinger technique. The catheter is inserted into the vein through a peelaway micro-introducer and not, as it happens during CICC
insertion, over the guide wire.
During PICC insertion it is recommended to follow the
progression of the catheter through the axillary vein in its
thoracic portion by ultrasound and to rule out, again by ultrasound, the catheter migration in the internal jugular vein.
The rotation of the patient’s head toward the operator helps
the correct progression of the catheter: this position partially
occludes the internal jugular vein and facilitates the advancement toward the anonymous vein. For the same purpose,
alternatively, it is also possible to manually compress the
internal jugular vein with the ultrasound probe (7). In case
of difficulty, it may be useful to extend the patient’s arm cranially, to render more linear the vessel portion of interest.
The use of the micro-introducer, during PICC insertion,
offers a sensitivity to the operator entirely different from the
one which is well known to those skilled in CICC insertion.
While to advance the CICC a fair amount of force is necessary to overcome the resistance of the catheter on the skin
and subcutaneous tissues, the sliding of the PICC through
the introducer is, instead, totally free of friction between the
micro-introducer and catheter. In order to detect and manage
any resistance to PICC advancement, transmitted from the tip
of the catheter to the operator’s hand, it is therefore important to advance the catheter slowly and regularly, holding it
very gently between the thumb and forefinger of the dominant hand. This allows to perceive the presence of any anatomical obstacle in the vascular system and overcome these by
tactile sensations.
Tip location
The technique still considered the most reliable and costeffective for verifying the position of the PICC tip (tip location)
at the cavoatrial junction is the intracavitary electrocardiogram (1,7,8,12). For the critical care physician, generally well
skilled in ultrasound diagnostics, the use of transthoracic
echocardioscopy for the PICC tip location may be faster and
easier (1,8). A four-chamber cardiac scan allows to visualize
the right atrium, the infusion via PICC of a few milliliters of
normal saline mixed with a small amount of air allows to measure the delay between injection and visualization of the fluid
in the right atrium (bubble test). Although in the literature a

© 2022 The Authors. AboutOpen - ISSN 2465-2628 - www.aboutscience.eu/aboutopen

Elli et al

AboutOpen 2022; 9: 13
Fig. 1 - Ultrasound-guided venipuncture in the arm.

Fig. 2 - Four-chamber view during bubble test.

maximum time of up to 2 seconds is reported, a delay of 1
second or less is considered a reliable indicator of the correct
positioning of the tip (8,13) (Fig. 2).
The intraprocedural tip location, thanks to the almost
total absence of risks for major complications associated with
venipuncture, makes the use of radiological diagnostics unnecessary, allowing immediate use of the catheter (1,14).
Catheter securement
One of the main aspects of PICC placement is correct
catheter securement. As recommended in the literature for
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the last 20 years, a sutureless device has to be used for infection risk reduction (1,5,7). In the last decade, a new device
has shown remarkable effectiveness in anchoring the catheter to the skin. It is the subcutaneous anchoring system (SAS),
particularly also suitable for difficult to manage exit sites,
such as the neck, and in patients with high risk of accidental
dislodgement (15,16).
At the end of the procedure, the application of cyanoacrylate glue to the exit site is recommended prior to the
application of the dressing. Cyanoacrylate glue is useful
for: hemostasis in the exit site, stabilization of the catheter
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and protection against bacterial migration through the exit
site (17).
The limit of this work is that it is not exhaustive of all the
good practices necessary for PICC insertion, but limits itself
to providing some ideas on the most important topics about
the maneuver, which can help in preventing or reducing the
event of failure or the onset of complications.

Conclusion
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A dedicated Vascular Access Team is considered useful
and desirable by the current literature (1,4-6). However, in
some situations this cannot be guaranteed or immediately
available. For this reason, a critical care physician may need
to insert a PICC occasionally, to meet therapeutic needs that
cannot be foreseen and cannot be postponed. When the use
of the PICC proves useful or even mandatory, the critical care
physician, skilled in central venous catheters, can transfer
skills from central to peripheral catheterization.
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