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Chapter 8

Technique and Devices for Securement
of the Catheter and Protection of the Exit
Site

Mauro Pittiruti

After completing the maneuver of insertion, the securement of the catheter and
protection of the exit site are of paramount importance for the optimal performance
of the venous access device (VAD) and for the minimization of complications such
as infection, catheter dislodgment and venous thrombosis.

The exit site of the catheter is a relevant route of bacterial contamination (so
called ‘extra-luminal’ route), and the prevention of infection is based on the proper
choice of the exit site and its appropriate protection. Both for peripheral and central
VADs, an exit site placed in a skin area of relevant bacterial contamination will
increase the risk of infection. Skin contamination by bacteria and fungi is particu-
larly high in skin areas that are humid, hairy, or close to natural or artificial connec-
tions with the digestive tract (mouth, anus, gastrostomy, enterostomy, etc.) or with
the respiratory tract (nose, mouth, tracheostomy, etc.) or with any other skin breech
(surgical drains, thoracostomy, nephrostomy, etc.). Examples of central VADs at
high risk for infection are CICCs with the exit site at the neck or close to a trache-
ostomy, or FICCs inserted in the common femoral vein and coming out of the ingui-
nal groove, or PICCs with the exit site to close to the axilla. Also, regardless of its
location, the exit site should be appropriately protected by using one or more of the
following strategies: tunneling, glue, proper securement devices, and semiperme-
able transparent membranes.

For both peripheral and central VADs, the choice of the exit site is very important
also for the prevention of dislodgment. An exit site placed in a very unstable area
such as the neck or the groin will be associated with a high risk of catheter dislodg-
ment. Though, the choice of a skin area with minimal movements and maximal
stability (for example: the infraclavicular region, mid-arm, mid-thigh, etc.) will not
be enough for preventing dislodgment. Additional strategies should be added, such
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as proper securement device (skin-adhesive sutureless device or subcutaneous
anchorage), cyanoacrylate glue, and semipermeable transparent membranes.

Finally, proper securement of the catheter has also a major role in preventing
venous thrombosis. Catheter-related thrombosis is a phenomenon caused by the
catheter insertion itself (damage of the vein wall integrity), by the permanence of
the catheter inside the vein (obstacle to the blood flow), and by the possible endo-
thelial irritation due to the infused solutions. Though, another major cause of
catheter-related thrombosis is the friction of the catheter on the vein wall caused by
the instability of the device. This occurs frequently both as ‘mechanical thrombo-
phlebitis’ for peripheral short cannulas and as major venous thrombosis for central
VADs, particularly for catheters with the exit site in the groin area or at the neck.
Many clinical studies have shown that an optimal securement of the catheter is asso-
ciated with a reduction of the risk of venous thrombosis.

In this chapter we will discuss different techniques and devices that may directly
or indirectly enhance catheter securement and/or protection of the exit site, with a
resulting favorable impact on the risk of infection, dislodgment, and thrombosis.

8.1 Protocols for Choosing the Exit Site

Different protocols have been described for the proper choice of the exit site of a
VAD. These protocols take into considerations the different aspects discussed above:
the contamination of the skin, its humidity, the stability of the region, and so on.

The first protocol of this kind was described by Dawson in 2013, as a guide for
the proper choice of the exit site of a PICC (i.e., an ultrasound guided central VAD
inserted in the deep veins of the arm): the so-called ‘ZIM’ (Zone Insertion Method).
The ZIM has become rapidly popular for all PICC insertions, both in children and
in adults. The basic concept of Dawson’s ZIM is that the ideal area for the exit site
at the arm is the middle third of the arm (‘green’ zone): catheters coming out of the
skin in the distal third (‘red’ zone), close to the antecubital fossa, will be too unsta-
ble, while an exit site in the proximal third (‘yellow’ zone), close to the axilla, will
be easily contaminated by the local bacterial flora. In short, when the only reason-
able puncture site is located in the yellow zone (for instance, because of the caliber
of the veins), any effort should be done for obtaining an exit site in the green zone,
tunneling the catheter. Interestingly, the ZIM method is useful in clinical practice
both for defining when tunneling is needed (i.e., when the ideal puncture site is in
the yellow zone and not in the green zone) and for estimating how long the tunnel
must be (i.e., long enough to obtain the exit site in the green area).

In recent papers, similar Zone Insertion Methods have been described also for
CICCs and FICCS.

The so-called Central ZIM divides the neck/chest area in three zones: the red
zone corresponds to the neck, the yellow zone to the supraclavicular region, and the
green zone to the infraclavicular region. The red zone is an area of high skin con-
tamination (due to the bacteria coming from the mouth and the nose) and high
instability; non-tunneled CICC inserted in this area are prone to infection,
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dislodgment, and venous thrombosis. The yellow zone is the area where central
venipuncture is often performed: ultrasound-guided access to the internal jugular
vein (IJV), brachio-cephalic vein (BCV), subclavian vein (SBV) and external jugu-
lar vein (EJV) is commonly performed with the puncture site in this area. The yel-
low zone may be also acceptable as exit site in many patients, for example in older
children without tracheostomy. On the other hand, in neonates and in infants (and in
any patient with tracheostomy), an exit site in the yellow zone is not appropriate,
and the catheter should be tunneled so to obtain an exit site in the green zone.
Finally, the green zone is an ideal area both as puncture site and as exit site.

The so-called Femoral ZIM divides the groin/thigh area in three zones. The red
zone corresponds to the area close to the knee, quite unstable and not recommended
as exit site (this is also an area where venipuncture is quite difficult, as the superfi-
cial femoral vein is too deep). The yellow zone is the groin area and the upper third
of the thigh; while venipuncture is almost always quite easy in this area, since the
common femoral vein is quite large and easy to access (with the possible exceptions
of very small premature neonates and very obese children), the exit site is not ideal
since it is an unstable and highly contaminated area (inguinal groove, close to the
urinary tract and to the perineum). FICCs with exit site at the groin are acceptable
for limited period; if a FICC is planned to stay in place for more than 48 h and the
only option is the venipuncture in the yellow zone, the catheter should be tunneled
to the green zone (mid-thigh). Direct access to the superficial femoral vein at mid-
thigh would represent probably the ideal solution, as the exit site is in a clean and
stable area, with no tunneling required, but this venous access is feasible only in
older children, as in neonates and infants the superficial femoral vein is too small.

Very recently, the “ZIM’ has been proposed also for the insertion of peripheral VADs
in the upper limb. Different versions have been proposed, usually considering ‘green’
zones that corresponds to an ideal exit site (the forearm; the area above the antecubital
fossa), ‘yellow’ zones where the exit site is not ideal but acceptable for cannulas inserted
in emergency and expected to stay in place for less than 24 h (the dorsal side of the hand
and of the wrist; the antecubital fossa), and ‘red’ zones where the insertion of a short
peripheral cannula is consistently discouraged (the ventral side of the wrist).

8.2 Tunneling

Tunneling is a powerful technical tool for obtaining the ‘ideal’ exit site indepen-
dently from the choice of the puncture site. The most typical example is the inser-
tion of ultrasound guided CICCs in neonates, where the brachio-cephalic vein
(BCV) represents the safest and easiest access to the central veins; though, the punc-
ture site of ultrasound-guided access to the BCV is located in the supraclavicular
area, which is a rather unstable area for the exit site; therefore, in this situation it is
mandatory to tunnel the catheter so to move the exit site far from the puncture site,
to a stable and clean skin area (typically, to the infraclavicular region) (Fig. 8.1).
Catheter tunneling is a simple and safe maneuver that can be applied to any cen-
tral VAD (CICC, PICC or FICC), as long as the catheter is inserted using the
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modified Seldinger technique (needle venipuncture—guidewire through needle—
introducer over guidewire—catheter through introducer). Though theoretically pos-
sible, the tunneling maneuver has never been described for ECC.

A recently published protocol, so-called RAVESTO (Rapid Assessment of
Venous Exit Site and Tunneling Options) lists and describes all the possible options
for tunneling PICCs, CICCs, and FICCs.

PICC tunneling (Figs. 8.2 and 8.3) is indicated whenever the best puncture site
appears to be in the yellow zone. Tunneling has dramatically increased the

Fig. 8.1 Tunneled CICC
in neonate (puncture of the
brachio-cephalic vein and
tunneling to the infra-
clavicular area)

Fig. 8.2 Tunneled PICCs
in children: puncture site in
Dawson’s yellow zone and
exit site in the green zone
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Fig. 8.3

feasibility of PICC insertion in children, considering that the availability of a vein
of proper caliber is the main limitation to PICCs in this age group. Current PICCs
(i.e., peripherally inserted central catheters inserted in the deep veins of the arm
adopting ultrasound guidance and modified Seldinger technique) should be in poly-
urethane and power injectable; as such, they are available of no less than 3Fr of cali-
ber (i.e., | mm). Considering that the inner diameter of the vein should be at least
three times the external diameter of the catheter, the smallest acceptable vein for
PICC insertion must have a diameter of 3 mm. Veins of this caliber are rare in the
green zone of the arm of small children, but they may be present in the yellow zone;
in these cases, the vein is punctured in the yellow zone but the catheter is subse-
quently tunneled so to obtain an exit site in the green zone. The technique of PICC
tunnelling is described in Figs. 8.4, 8.5, and 8.6.

Several options of CICC tunneling are described in the RAVESTO protocol: (a)
CICC with puncture site in the supraclavicular area but tunneled downward, so to
obtain an exit site in the infraclavicular area (typically in neonates and infants after
access to the BCV, but also in critically ill children with tracheostomy) (Figs. 8.7,
8.8, and 8.9); (b) CICC with puncture site in the infraclavicular area but tunneled
downward so to obtain an exit site in the lower chest area (this may be used in chil-
dren, after access to the axillary vein, if a cuffed catheter is indicated: see below)
(Fig. 8.10); (c) CICC with puncture site in the supra/infraclavicular area but tun-
neled to the arm (so-called ‘chest-to-arm’ tunneling) so to have an exit site similar
to a PICC (this strategy is adopted when an exit site at the arm is preferred but the
insertion of a PICC is unfeasible); (d) CICC with puncture site in the supra/infracla-
vicular area but tunneled to the back, so to obtain an exit site in the scapular region



120 M. Pittiruti

Fig. 8.4 Technique of insertion of a tunneled PICC. (a) venipuncture; (b) insertion of the guide-
wire; (c¢), preparation of the tunnel using a 14G short cannula; (d) removal of the needle from the
cannula and insertion of the catheter

(this ‘back tunneling’ has been used in non-collaborative children at high risk for
pulling out the catheter, since the catheter exit site is out of reach, but also in criti-
cally neonates and children who must stay pronated most of the day) (Fig. 8.11).
The technique of CICC tunnelling is described in Figs. 8.12, 8.13, and 8.14.

The typical indication for tunneling a FICC is when the puncture site is at the
groin (access to the common femoral vein) and the planned exit site is at mid-thigh.
In short, an exit site at mid-thigh can be achieved either by direct puncture of the
superficial femoral vein at mid-thigh or by puncture of the common femoral vein at
the groin, with subsequent tunneling to the mid-thigh area. In both cases, the cath-
eter will be relatively protected by the risk of complications (infection, dislodgment,
thrombosis). The technique of FICC tunnelling is described in Figs. 8.15 and 8.16.
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Fig. 8.5 Technique of insertion of a tunneled PICC. (a) passage of the catheter through the can-
nula; (b) length estimation based on surface landmarks; (¢) insertion of the micro-introducer over
the guidewire and insertion of the guidewire; (d) completed insertion of the catheter

Different techniques of tunnelling are available. In most cases, it is recommended
to use metallic tunnelers. The tip of the catheter is connected to one end of the tun-
neler and the tunnel is made passing the device into the subcutaneous tissue.

A short tunneling can be achieved using a short peripheral cannula (Fig. 8.17).
The needle-cannula is passed in the subcutaneous tissue from the puncture site to
the planned exit site; the needle is removed, and the catheter is passed inside the
cannula. A 4-5Fr catheter can be threaded through a 14G cannula, while a 3Fr cath-
eter can adapt to a 16G cannula. The main disadvantages of this technique are (a)
that the needle is sharp (and not blunt as most metallic tunnelers) so that it may
cause subcutaneous bleeding, and (b) that the tunnel cannot be longer than 3—4 cm.

‘Pseudo-tunneling’ refers to the technique of extended subcutaneous route, i.e.,
a long trajectory of the needle in the subcutaneous tissue from the skin to the vein;
this is not a real tunnel, since the puncture site and the exit site coincide.
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4

Fig. 8.6 Technique of insertion of a tunneled PICC. (a), tip location by intra-cavitary ECG; (b)
closure of the puncture site by cyanoacrylate glue; (c¢) sealing of the exit site by cyanoacrylate glue;
(d) final dressing

Fig. 8.7 Tunnelled CICCs
in neonates and infants:
tunneling to the infra-
clavicular area
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Fig. 8.8

Fig. 8.9

Fig. 8.10 Tunnelled
CICC: tunneling to the
lateral chest
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Fig. 8.11 CICC tunneled
to the back

Fig. 8.12 Technique of insertion of a tunneled CICC. (a) puncture of the BCV and insertion of the
guidewire; (b) small incision of the exit site; (c¢) preparation of the tunnel by hydro-dissection; (d)
passage of the metallic tunneler
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Fig. 8.13 Technique of insertion of a tunneled CICC. (a) passage of the catheter through the tun-
nel; (b) insertion of the micro-introducer-dilator over the guidewire; (c¢) removal of the dilator and
of the guidewire; (d) insertion of the catheter through the micro-introducer

Fig. 8.14 Technique of insertion of a tunneled CICC. (a) peel away of the micro-introducer during
the insertion of the catheter; (b) complete insertion of the catheter; (c) after tip location, secure-
ment with subcutaneous anchorage; (d) glue over the puncture site and over the exit site
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Fig. 8.15 Technique of insertion of a tunneled FICC. (a) venipuncture and insertion of guidewire;
(b) local anesthesia on the planned exit site; (¢ and d) preparation of tunnel by hydro-dissection

Fig. 8.16 Technique of insertion of a tunneled FICC. (a) passage of the catheter through the tun-
nel; (b) insertion of the micro-introducer-dilator; (c¢) insertion of the catheter through the intro-
ducer; (d) securement by subcutaneous anchorage and protection by cyanoacrylate glue
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Fig. 8.17 16G short
needle cannula, used for
tunnelling

8.3 Catheter securement

Since a decade, sutures have been recognized as an inappropriate and dangerous
method for securing external catheters. The stitches that secure the wing to the skin
are inevitably associated with multiple chronic infective granulomas, with over-
growth of germs in the proximity of the exit site, increasing the risk of bacterial
contamination by the extra-luminal route. All current guidelines recommend avoid-
ing stitches as method of securement and adopt sutureless methods such as (a) skin-
adhesive sutureless devices that keep the wing attached to the skin; (b) semipermeable
transparent dressing with integrated securement; (c) subcutaneous anchorage sys-
tems (SAS).

Skin-adhesive sutureless systems (Figs. 8.18 and 8.19) and transparent dressing
with integrated securement have the advantage of being relatively inexpensive and
easy to apply, but the disadvantage of requiring a weekly replacement. Also, during
the replacement maneuver, there is some risk of accidental catheter dislodgment.

Subcutaneously anchorage (SAS) (Figs. 8.20 and 8.21) is probably the most
effective strategy currently available for catheter securement. SAS must be applied
at the time of insertion and stays in place as long as the catheter is in place, as no
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Fig. 8.18 Tunneled CICC
secured by skin adhesive
sutureless device
(StatLock)

Fig. 8.19 Tunneled CICC
secured by skin adhesive
sutureless device
(GripLok)

routine replacement is required. Though SAS are more expensive than the other
securement devices, they are surely cost-effective (a) when the VAD is expected to
stay in place for more than 5 weeks, and (b) when the risk of accidental dislodgment
is estimated to be high. Recent clinical studies have demonstrated the high effective-
ness of SAS in preventing dislodgment in neonates and children, as well as their
safety. The main limitation of SAS is that they are not available for catheter smaller
than 3Fr or bigger than 12Fr: this implies that they cannot be used for ECC in neo-
nates or for peripheral VADs, except for midline catheters. In all other central VADs
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Fig. 8.20 Tunneled CICC
secured by subcutaneous
anchorage (Securacath)

(PICCs, CICCs, FICCs) in infants and children, the adoption of SAS is certainly
beneficial and cost-effective and should be recommended. Figure 8.22 shows the
technique of SAS placement. Though not specifically recommended by the
manufacturers, many centers place a sterile gauze under the SAS, so to avoid pres-
sure damage to the skin (Fig. 8.23).
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Fig. 8.21 Subcutaneously
anchored securement
device (Securacath)

Fig. 8.22 Placement of subcutaneous anchorage. (a) insertion of the lower part of the device; (b)
placement of the catheter over the groove; (¢), closure of the device placing the upper part over the
lower part, so to block the catheter; (d) a gauze is placed under the device

8.4 Cuffed catheters

The only other strategy that allows a definitive securement of an external central
VAD as effective as the SAS is the use of tunneled-cuffed catheters. As opposed to
uncuffed catheters, which can be either tunneled or non-tunneled (depending on the
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Fig. 8.23 Tunneled PICC
secured by subcutaneous
anchorage: a gauze is
visible just under the
Securacath

clinical situation), cuffed catheters are supposed to be always tunneled: the cuffed
tract of the catheter is placed inside the tunnel, so that the cuff can progressively
anchor the catheter to the subcutaneous tissue, by the slowly development of a ster-
ile chronic inflammatory reaction. Recent studies have discussed the benefits of
cuffed-tunneled catheters compared to uncuffed tunneled catheters secured with
SAS. In both cases, tunneling has a proven role in reducing the risk of bacterial
contamination by the extraluminal route, but - as regards securement - SAS may
have some advantage over cuffs: (a) it is immediately effective as securement (while
the cuff requires a few weeks before the chronic inflammation secures the catheter);
(b) the cost of a cuffed catheter is superior to the cost of an uncuffed catheter + SAS;
(c) the incidence of cuff-related complications (infection, dislodgment, etc.) seems
to be higher than the incidence of SAS-related complications; (d) cuff-related com-
plications always imply the removal of the VAD, while SAS-related complications
do not; (e) removal of a cuffed catheter often requires sedation or local anesthesia,
while removal of a catheter secured with SAS is rapid and painless. It is quite likely
than in the next future cuffed-tunneled catheters will be replaced by uncuffed tun-
neled catheters secured with SAS.

8.5 Cyanoacrylate glue

Cyanoacrylate glue is one of the most effective and versatile technologies intro-
duced in the world of venous access in the last decade. Glue for venous access is
used in minimal amounts (0.15-0.35 ml) (Fig. 8.24) and should preferably be either
butyl-cyanoacrylate or octyl-butyl-cyanoacrylate, since octyl-cyanoacrylate dries
too slowly.

When inserting VADs, glue is potentially useful for many different goals: (a) it is
highly effective in stopping any bleeding or oozing from the exit site soon after
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Fig. 8.24 Vial of 0.5 ml
cyanoacrylate glue

Fig. 8.25 Cyanoacrylate
glue for sealing the
exit site

insertion (and such action is also quite cost-effective, as it avoids the risk for an
unscheduled dressing change, as it may occur when bleeding is excessive); (b) clos-
ing the breach of the exit site, glue effectively reduces the extraluminal contamina-
tion by bacteria; (c) it contributes to proper securement of the catheter, preventing
dislodgment; (d) last, it is precious for closing skin incisions without the need of
stitches.

Glue has been shown to be effective and safe as additional securement of short
peripheral cannulas and ECC, used together with semipermeable transparent dress-
ing. It has been shown to be safe, effective, and cost-effective in any CICC, PICC or
FICC, where it significantly reduces the risk of local bleeding and infection by seal-
ing the exit site (Fig. 8.25). Also, it is the first option for skin closure (Fig. 8.26)
after placement of ports or tunneled catheters.
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Fig. 8.26 Cyanoacrylate
glue for closing the
puncture site

Fig. 8.27 Semipermeable
transparent membrane over
the exit site

Clinical studies have shown glue to be safe even on the skin of premature new-
borns. In vitro studies have demonstrated that the long-term use of glue does not
alter the chemical and physical properties of polyurethane catheters.

Obviously, even if glue represents an important strategy for the protection of the
exit site, it must be always used in association with semipermeable transparent
membranes.

8.6 Semipermeable Transparent Membranes

Sterile semipermeable transparent dressings in polyurethane are the best protection
of the exit site and of the area surrounding the emergency of the catheter from the
skin, also contributing to catheter securement (Fig. 8.27). Gauze dressings should
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not be used routinely for covering the exit site of venous access devices, as they
offer no protection at all from bacterial contamination, and they do not contribute to
catheter securement. In short, current guidelines recommend that all exit sites of
peripheral and central VADs should be protected by transparent membranes: they
must be applied properly and replaced weekly.

Commercially available transparent dressings may have different clinical perfor-
mance, since they have different degrees of transparency, of skin adhesiveness, of
permeability, etc.; some transparent dressings are bordered (a feature that decreases
the risk of unscheduled dressing change), while some have integrated securement
devices. One important feature is permeability, which becomes critical in premature
newborns, characterized by a very high trans-epidermal water loss (TEWL). In all
neonates, infants, and children, we recommend using transparent membranes with
high MVTR (Moisture Vapor Transfer Rate). A transparent membrane with poor
permeability (MVTR <1500)—if used in a child with high perspiration—will be
associated with accumulation of humidity below the dressing and possible macera-
tion of the skin. For the same reason, the adoption of transparent dressings with
chlorhexidine-releasing gel pad should be always avoided in pediatric patients,
since the transpiration of the skin area covered by the gel pad will be completely
abolished; furthermore, the chlorhexidine released by the gel, acting on the macer-
ated skin, may increase the local damage to the epidermidis.

8.7 Conclusions

In short, proper catheter securement and proper protection of the exit site require a
multimodal strategy that should include: (a) wise choice of the exit site and the
adoption—when needed—of tunneling techniques; (b) sutureless securement
devices (preferably: subcutaneous anchorage for central VADs with caliber 3Fr or
bigger); (c) cyanoacrylate glue (to be used for all VADs); (d) semipermeable trans-
parent dressings (to be used for all VADs).

Catheter securement and protection of the exit site is still an unsolved issue for
UVC (see chapter below), though in the future cyanoacrylate glue may play a role
in this regard.

The association of cyanoacrylate glue and semipermeable transparent dressing is
currently the best securement/protection strategy for ECC and short peripheral
cannulas.

Long peripheral cannulas, midline catheters and all external central VADs should
be secured and protected by a triple strategy: cyanoacrylate glue, sutureless device,
and transparent dressing. In most central VADs, the most effective and cost-effective
sutureless device is the SAS (subcutaneous anchored securement).
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